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Abstract: In the last decade, consistent and successful innovations have been achieved in
the field of lasers and optics, collectively known as ‘photonics’, founding new applications in
biomedicine, including clinical biopsy. Non-invasive photonics-based diagnostic modalities
are rapidly expanding, and with their exponential improvement, there is a great potential to
develop practical instrumentation for automatic detection and identification of different types
and/or sub-types of diseases at a very early stage. While using conventional light for the studies
of different properties of objects in materials science, astrophysics and biomedicine already
has a long history, the interaction of polarized light and optical angular momentum with turbid
tissue-like scattering media has not yet been ultimately explored. Since recently this research area
became a hot topic. This feature issue is a first attempt to summarize the recognitions achieved
in this emerging research field of polarized light and optical angular momentum for practical
biomedical applications during the last years.
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The scope of the Biomedical Optics Express journal encompasses fundamental research, tech-
nology development, biomedical studies and clinical applications related to optics, photonics
and optical imaging in biomedicine. While using conventional light for the studies of different
properties of objects in material science, astrophysics and biomedicine has already a long history,
the interaction of polarized light waves with turbid tissue-like scattering media has not yet been
ultimately explored. This is an emerging research field and there is a significant progress achieved
last decade [1]. In fact, in addition to the conventional states of polarization, structurally shaped
radially or azimuthally polarized light with optical angular momentum plays an emerging role
in both classical and quantum science, and offers fascinating opportunities for exploring new
fundamental ideas, as well as for being used as a tool for practical biomedical applications. This
current feature issue was initially dedicated to the most recent progress in the use of polarized
light and optical angular momentum for practical biomedical applications. Finally, this feature
issue includes 19 papers (out of a total of 23 submissions) focusing predominantly on the current
progress of polarized light application in biomedical studies, clinical and pre-clinical applications.
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Nevertheless, in line with fields such as optical tweezers, editors anticipate the appearance of
publications dedicated to the further and more diverse use of orbital or optical angular momentum
in biomedical applications in coming years. The subjects of the current feature issue are listed
below, and include:

• Endoscopy and Fiber Optics

• Microscopy

• Optical Biosensors

• Optical Coherence Tomography

• Optical Diagnostics

• Tissue Optics and Spectroscopy

We provide a short introduction for each paper and classify them into several categories as
follows:

Endoscopy and fiber optics

A novel artificial neural network approach was developed for stand-alone differentiation of
esophageal gastroscopic images to normal, pre-cancerous, early cancer and advanced cancer is
presented by Du et al. [2].

Microscopy

Chen at al. report the advancements in non-invasive polarization-resolved second-harmonic
generation (PSHG) microscopy for the non-destructive investigation of collagen molecular level
properties [3]. Sprenger et al. introduced a high-contrast method of imaging intra- and peri-
tumoural stroma based on polarized light microscopy [4]. Zhao et al. paired the enhanced image
recombination transform algorithm with a light-efficient structured illumination microscope
to obtain exquisite, multi-color super-resolution images of dynamic processes in live cells [5].
Iqbal et al. compared two popular modalities, namely Mueller matrix transformation (MMT)
and direct interpretation of Mueller matrix (DIMM) for devising a better technique for the
interpretation of polarimetric variables and optical characterization of turbid media [6]. Raoux
et al. reported the use of polarization-resolved second harmonic generation (P-SHG) microscopy
to characterize human corneas [7], demonstrating that P-SHG is an effective tool for automatic
quantitative analysis of structural defects of human corneas and other collagen-rich tissues.
Huynh et al. applied polar decomposition to extract fundamental optical parameters from the
measured Mueller matrix images of bovine articular cartilage tissue [8]. Desapogu et al. reported
how implementation of micro-wave photonics in polarization imaging approach can be adapted
on a classical confocal fluorescence microscopy [9].

Optical biosensors

Li et al. investigated an opportunity to assess the glucose concentration changes in turbid media
utilizing light depolarization [10].

Optical coherence tomography

Afsharan et al. utilized polarization-sensitive optical coherence tomography (PS-OCT) to
determine the polarization properties of human retinal vessel walls [11].
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Optical diagnostics

Roa et al. integrated convolutional neural networks (CNN) and K-nearest neighbor (K-NN)
techniques for the quantitative analysis of Mueller matrix images and classifying cervical collagen
and elastin [12]. Bibikova et al. explored theoretically an opportunity of independent control of
the state of light polarization at two different wavelengths [13]. Jain et al. utilized polarimetric
imaging to investigate the structural anisotropy of different regions in a coronal cross-section
of a human brain in vitro [14]. Ivanov et al. introduced an enhanced diagnostic approach for
assessment of ex vivo colon specimens by combine use of Stokes and Mueller matrix polarimetry
approaches [15].

Tissue optics and spectroscopy

Liu et al. evaluated the correlation between multiple texture features of images and polarization
parameters derived from the Mueller matrix images [16]. Zhu et al. considered how to demarcate
layered structures within the concept of complex Mueller matrix and multi-color backscattering
polarimetry [17]. Macdonald et al. investigated potential improvements of continuous-wave
diffuse reflectance spectroscopy within highly scattering media by employing polarization gating
[18]. Song et al. utilized Stokes polarization imaging approach for evaluation of so-called tissue
optical clearing [19]. Based on the statistical analysis of different polarimetric metrics derived
from the experimental Mueller matrix, Rodrigues et al. presented an optical model for tissue
classification [20].

We hope that this feature issue will encourage the scientific community to contribute more
actively to this exciting emerging research field of polarization and orbital angular momentum of
light in biomedical applications.
Disclosures. The authors declare that there are no conflicts of interest related to this article.

References
1. T. Novikova, I. Meglinski, J.C. Ramella-Roman, and V.V. Tuchin, “Polarized light for biomedical applications,” J.

Biomed. Opt. 21(7), 071001 (2016).
2. W. Du, N. Rao, C. Dong, Y. Wang, D. Hu, L. Zhu, B. Zeng, and T. Gan, “Automatic classification of esophageal

disease in gastroscopic images using an efficient channel attention deep dense convolutional neural network,” Biomed.
Opt. Express 12(6), 3066–3081 (2021).

3. C. Chen, A. Nair, S. Chuang, Y. Lin, M. Cheng, C. Lin, C. Chang, S. Chen, and C. Lien, “Dual-LC PSHG microscopy
for imaging collagen type I and type II gels with pixel-resolution analysis,” Biomed. Opt. Express 12(5), 3050–3065
(2021).

4. J. Sprenger, C. Murray, J. Lad, B. Jones, G. Thomas, S. Nofech-Mozes, M. Khorasani, and A. Vitkin, “Toward a
quantitative method for estimating tumour-stroma ratio in breast cancer using polarized light microscopy,” Biomed.
Opt. Express 12(6), 3241–3252 (2021).

5. T. Zhao, H. Hao, Z. Wang, Y. Liang, K. Feng, M. He, X. Yun, P. Bianco, Y. Sun, B. Yao, and M. Lei, “Multi-color
structured illumination microscopy for live cell imaging based on the enhanced image recombination transform
algorithm,” Biomed. Opt. Express 12(6), 3474–3484 (2021).

6. M. Iqbal, B. Gul, S. Khan, S. Ashraf, and I. Ahmad, “Isolating individual polarization effects from the Mueller
matrix: comparison of two non-decomposition techniques,” Biomed. Opt. Express 12(7), 3743–3759 (2021).

7. C. Raoux, M. Schmeltz, M. Bied, M. Alnawaiseh, U. Hansen, G. Latour, and M. Schanne-Klein, “Quantitative
structural imaging of keratoconic corneas using polarization-resolved SHG microscopy,” Biomed. Opt. Express
12(7), 4163–4178 (2021).

8. R. Huynh, G. Nehmetallah, and C. Raub, “Mueller matrix polarimetry and polar decomposition of articular cartilage
imaged in reflectance,” Biomed. Opt. Express 12(8), 5160–5178 (2021).

9. R. Desapogu, G. Le Marchand, R. Smith, P. Ray, E. Gillier, S. Dutertre, M. Alouini, M. Tramier, S. Huet, and J. Fade,
“Label-free microscopy of mitotic chromosomes using the polarization orthogonality breaking technique,” Biomed.
Opt. Express 12(8), 5290–5304 (2021).

10. D. Li, C. Xu, M. Zhang, X. Wang, K. Guo, Y. Sun, J. Gao, and Z. Guo, “Measuring glucose concentration in a
solution based on the indices of polarimetric purity,” Biomed. Opt. Express 12(4), 2447–2459 (2021).

11. H. Afsharan, M. Hackmann, Q. Wang, F. Navaeipour, S. Jayasree, R. Zawadzki, D. Silva, C. Joo, and B. Cense,
“Polarization properties of retinal blood vessel walls measured with polarization sensitive optical coherence
tomography,” Biomed. Opt. Express 12(7), 4340–4362 (2021).

https://doi.org/10.1117/1.JBO.21.7.071001
https://doi.org/10.1117/1.JBO.21.7.071001
https://doi.org/10.1364/BOE.420935
https://doi.org/10.1364/BOE.420935
https://doi.org/10.1364/BOE.416193
https://doi.org/10.1364/BOE.422452
https://doi.org/10.1364/BOE.422452
https://doi.org/10.1364/BOE.423171
https://doi.org/10.1364/BOE.426637
https://doi.org/10.1364/BOE.426145
https://doi.org/10.1364/BOE.428223
https://doi.org/10.1364/BOE.426630
https://doi.org/10.1364/BOE.426630
https://doi.org/10.1364/BOE.414850
https://doi.org/10.1364/BOE.426079


Introduction Vol. 12, No. 10 / 1 Oct 2021 / Biomedical Optics Express 6258

12. C. Roa, V. Du Le, M. Mahendroo, I. Saytashev, and J. Ramella-Roman, “Auto-detection of cervical collagen and
elastin in Mueller matrix polarimetry microscopic images using K-NN and semantic segmentation classification,”
Biomed. Opt. Express 12(4), 2236–2249 (2021).

13. E. Bibikova, N. Kundikova, Y. Mukhin, and V. Chirkov, “Composite polarization systems for independent controlling
polarization of two beams with different wavelengths,” Biomed. Opt. Express 12(7), 4046–4055 (2021).

14. A. Jain, L. Ulrich, M. Jaeger, P. Schucht, M. Frenz, and H.G. Akarcay, “Backscattering polarimetric imaging of the
human brain to determine the orientation and degree of alignment of nerve fiber bundles,” Biomed. Opt. Express
12(7), 4452–4466 (2021).

15. D. Ivanov, V. Dremin, E. Borisova, A. Bykov, T. Novikova, I. Meglinski, and R. Ossikovski, “Polarization and
depolarization metrics as optical markers in support to histopathology of ex vivo colon tissue,” Biomed. Opt. Express
12(7), 4560–4572 (2021).

16. Y. Liu, Y. Dong, L. Si, R. Meng, Y. Dong, and H. Ma, “Comparison between image texture and polarization features
in histopathology,” Biomed. Opt. Express 12(3), 1593–1608 (2021).

17. Y. Zhu, Y. Dong, Y. Yao, L. Si, Y. Liu, H. He, and H. Ma, “Probing layered structures by multi-color backscattering
polarimetry and machine learning,” Biomed. Opt. Express 12(7), 4324–4339 (2021).

18. C. Macdonald, S. Sridhar, H. Do, J. Luna-Labrador, M. Adel, and A. Da Silva, “Controlling the optical pathlength in
continuous-wave reflectance spectroscopy using polarization,” Biomed. Opt. Express 12(7), 4401–4413 (2021).

19. J. Song, N. Zeng, W. Guo, J. Guo, and H. Ma, “Stokes polarization imaging applied for monitoring dynamic tissue
optical clearing,” Biomed. Opt. Express 12(8), 4821–4836 (2021).

20. C. Rodriguez, A. Van Eeckhout, L. Ferrer, E. Garcia-Caurel, E. Gonzalez-Arnay, J. Campos, and A. Lizana,
“Polarimetric data-based model for tissue recognition,” Biomed. Opt. Express 12(8), 4852–4872 (2021).

https://doi.org/10.1364/BOE.420079
https://doi.org/10.1364/BOE.427907
https://doi.org/10.1364/BOE.426491
https://doi.org/10.1364/BOE.426713
https://doi.org/10.1364/BOE.416382
https://doi.org/10.1364/BOE.425614
https://doi.org/10.1364/BOE.426627
https://doi.org/10.1364/BOE.426653
https://doi.org/10.1364/BOE.426387

