

  diagnostics-13-01565




diagnostics-13-01565







Diagnostics 2023, 13(9), 1565; doi:10.3390/diagnostics13091565




Editorial



Lesion Detection and Analysis Using Optical Imaging



Viktor Dremin 1,2[image: Orcid]





1



Research & Development Center of Biomedical Photonics, Orel State University, 302026 Orel, Russia






2



College of Engineering and Physical Sciences, Aston University, Birmingham B4 7ET, UK







Received: 6 April 2023 / Accepted: 25 April 2023 / Published: 27 April 2023










The biomedical application of optical spectroscopy and imaging is currently an active, developing area of research, supported by recent technical progress in the development of light sources and detectors. Furthermore, the development of portable and low-cost optical imaging systems shows strong potential for the implementation of these technologies in everyday life and the daily practice of clinicians. In recent years, many studies have demonstrated that the use of modern optical imaging methods in conjunction with a priori data, as well as advanced data mining approaches, can significantly improve the quality of the medical diagnostic services provided [1,2].



The probing radiation of optical diagnostic methods is scattered due to random spatial variations in tissue morphology. Detection of diffuse reflected or transmitted light can provide information on the scattering and absorbing components of biological tissue. Changes in tissue morphology, including hyperplasia, collagen degradation in the extracellular matrix, and an increase in the nuclear–cytoplasmic ratio associated with the progression of various diseases, can affect the scattering signals. In addition, changes in hemoglobin-absorbing properties can assist with angiogenesis processes, the presence of tissue hypoxia and ischemia, etc. At the same time, incident radiation can excite biological tissue molecules, causing fluorescent radiation. Most endogenous fluorophores are associated with the morphology of the tissue or with various metabolic processes responsible for the functional state of the tissue. Mitochondrial function is an important parameter of tissue viability. According to indicators of respiratory chain activity, it is possible to predict cell death, diagnose tissue ischemia, or, on the contrary, talk about its malignant activity. Additionally, the dynamic change of scattering centers of biological tissues probed by laser radiation leads to the formation of speckle fields, the study of which makes it possible to obtain perfusion (blood flow) maps in various anatomical areas. Thus, biophotonic methods can provide unique opportunities for structural and functional analysis of biological tissues, as well as for early and non-invasive diagnosis and monitoring of the effectiveness of therapy in various diseases [1].



Biophotonics has broad prospects for development, since relatively cheap optical technologies allow images to be obtained and human tissues and organs to be influenced in real time with micron resolution and without the use of ionizing radiation. These technologies have found numerous applications in scientific research and clinical practice: dynamic light scattering methods (laser Doppler flowmetry [3,4], laser speckle contrast imaging [5,6], diffusing wave spectroscopy [7]); diffuse reflectance spectroscopy and visualization, including hyperspectral imaging [8,9]; fluorescence spectroscopy and visualization including lifetime measurements [10,11]; polarimetry [12,13]; videocapillaroscopy [14,15]; optical coherence tomography [16]; THz spectroscopy [17]; various microscopy techniques [18], etc. Modern laboratory and clinical studies show that the use of these instrumental approaches based on the registration of optical irradiation makes it possible to study various diseases from the cellular to the organismal level. Many of the mentioned methods have already reliably occupied their niches in everyday biomedical practice, such as pulse oximetry, optical coherence tomography, indocyanine green fluorescent imaging, and various microscopy realizations. However, further improvements in various optical technologies and their application methodology are still required prior to their large-scale implementation.



This Special Issue is one of many small steps on this long and fascinating journey. It highlights the advantages and unique features of using optical diagnostic technologies for the detection and analysis of lesions. The articles discuss the development and application of optical methods, expanding the current diagnostic capabilities of various diseases, and other aspects of spectroscopy and imaging in biology and clinical practice.



In a case study [19], Y. Goh et al. demonstrated the potential of photoacoustic imaging (PA) as a supplement to ultrasound (US) to increase the reliability of lipoma diagnosis. In this case, the authors showed that, using PA, it is possible to study the biochemical characteristics of fat necrosis. PA can identify the “mass-like” hypoechoic areas on US images as fat-containing, rather than fat-replacing. PA provided information on liquefied necrotic fat from cystic degeneration and fibrosis around the cavity. Therefore, the new biochemical information on fat and collagen content provided by PA can help to recognize ambiguous US results and increase confidence in the diagnosis of fat necrosis.



Several studies in this Special Issue concentrate on the application of Raman spectroscopy in combination with other techniques. Y. Khristoforova et al. combined patient data with Raman and autofluorescence spectral characteristics to better identify skin tumors (melanoma, basal cell carcinoma, squamous cell carcinoma and different benign tumors) [20]. The spectral characteristics of the tumors and patient data were used to construct classifiers based on projection on latent structures and discriminant analysis. Gender, age, and tumor location were found to be significant to the classification of malignant versus benign neoplasms. S. Al-Shareefi et al. applied Raman spectroscopy in dentistry and demonstrated that this method can detect changes in the content of minerals and the collagen matrix in various carious areas [21]. The caries-infected dentin showed a low phosphate peak and higher amide I, III and C-H bond peaks. The amide peaks (I, III) varied in occlusal lesions, as opposed to proximal. Additionally, there was a significant correlation between the mineral:matrix peak ratio and the equivalent Vickers microhardness number within carious lesions.



J. Sachs et al. evaluated the possible impact of dual-energy computed tomography (DECT) on cataract formation [22]. The authors studied the attenuation of X-ray radiation via the crystalline lens, considering clinical and demographic data. The authors concluded that the lens of women and people of color had a higher attenuation during DECT, which may indicate a higher density or increased calcium concentration and a high probability of cataract formation.



P. Glazkova et al. studied the possibilities of incoherent optical fluctuation flowmetry (IOFF) to analyze the perfusion of foot tissues in patients with diabetes mellitus [23]. Perfusion in foot tissues was also assessed using transcutaneous oxygen pressure measurements (TcPO2) as a reference standard. The high correlation coefficients were shown between the measurements of the perfusion parameters using IOFF and TcPO2. This study demonstrates that the IOFF method allows the identification of patients with a critical decrease in TcPO2 < 20 mmHg with sensitivity and specificity of 85.7% and 90.0%, respectively.



The work of E. Zharkikh et al. focuses on studying microcirculation features in patients who underwent COVID-19 using novel wearable laser Doppler flowmetry (LDF) devices [24]. In patients undergoing rehabilitation after contracting COVID-19, a decrease in skin perfusion and changes in the amplitude–frequency behavior of the LDF signal were found. The data obtained confirmed the presence of microcirculatory dysfunction for a long period after recovery from COVID-19.



In a study by E. Cinotti et al., the use of line-field confocal optical coherence tomography (LC-OCT) for the diagnosis of skin cancer was demonstrated [25]. LC-OCT is a new non-invasive imaging technology that combines the benefits of optical coherence tomography and reflectance confocal microscopy in terms of spatial resolution, penetration depth and image orientation, overcoming their corresponding disadvantages and limitations. Considering different types of skin malignant tumors (basal cell carcinoma, squamous cell carcinoma, melanoma), a statistically significant increase in specificity was obtained from 0.73 for dermoscopy to 0.87 for LC-OCT. At the same time, the sensitivity was similar for the two imaging methods (0.95). The increased specificity was mainly due to LC-OCT’s ability to differentiate basal cell carcinoma from other malignancies.



Two studies were devoted to the use of diffuse reflectance spectroscopy (DRS). V. Perekatova et al. reported on the comparative study of self-calibrating and single-slope DRS in terms of stability against various measurement disturbances [26]. The authors designed an experimental setup for DRS in a wide spectral range (from VIS to NIR), including a fiber-optic probe with two fibers for delivery and two used to receive light. This setup was capable of measuring with both single- and dual-slope (self-calibrating) approaches. The resistance of self-calibrating and traditional single-slope approaches to different instrumental disturbances was studied in phantom and in vivo experiments in human skin. The new method showed high stability to instrumental disturbances introduced into the source and detection channels, while the traditional single-slope approach demonstrated stability only to perturbations in the source channels.



In another study [27] A. Selifonov et al. used spectrophotometry measurements of diffuse reflectance and total transmittance in a wide spectral range (from 200 to 800 nm) to analyze the optical and molecular diffusion properties of cat ovarian tissues in the follicular and luteal phases using glycerol as an optical clearing agent. The authors found that the efficiency of optical clearing was significantly lower for the ovaries in the luteal phase compared with the follicular phase. The authors claim that the ability to recognize the phase in which the ovaries are stated, using their approach, could be useful in the context of cryopreservation, new reproductive technologies and ovarian implantation.



Finally, I. Zlotnikov et al. demonstrated the use of confocal laser scanning microscopy (CLSM) and Fourier-transform infrared spectroscopy (FTIR) to study the interactions of antibacterial drugs with bacterial cells [28]. More specifically, using these optical techniques, the authors studied the efflux effect of drug molecules from E.coli bacterial cells. It was demonstrated that eugenol, which acts as an adjuvant to rifampicin, significantly increased the penetration of the antibiotic and the maintenance of its intracellular concentration. In addition, optical methods were used to study bacteria localized inside macrophages, where the availability of bacteria for antibiotics is reduced, and an approach for effective drug delivery inside macrophages was demonstrated.



Thus, this Special Issue contains new developments and advanced ideas pertaining to optical spectroscopy and imaging for active translation to biological and clinical practice. The published manuscripts provide new insight into state-of-the-art modern methods of biomedical optics and expand readers’ knowledge of the possible areas of their application.



The peculiarity of biophotonics is that it combines physics, biology and medicine. The interdisciplinarity of biophotonics allows scientists from different fields to unite and collaborate to solve complex problems. Biophotonics and related fields are continuously developing and will undoubtedly become the main avenue for the development of biomedical engineering in the coming decades.






Funding


The work was supported by the Russian Science Foundation under the project No. 22-75-10088.




Conflicts of Interest


The author declares no conflict of interest.




References


	



Tuchin, V.V. Handbook of Optical Biomedical Diagnostics, Volume 2: Methods, 2nd ed.; SPIE: Bellingham, DC, USA, 2016; p. 688. [Google Scholar]

	



Zharkikh, E.; Dremin, V.; Zherebtsov, E.; Dunaev, A.; Meglinski, I. Biophotonics methods for functional monitoring of complications of diabetes mellitus. J. Biophotonics 2020, 13, e202000203. [Google Scholar] [CrossRef] [PubMed]

	



Dremin, V.; Zherebtsov, E.; Makovik, I.; Kozlov, I.; Sidorov, V.; Krupatkin, A.; Dunaev, A.; Rafailov, I.; Litvinova, K.; Sokolovski, S.; et al. Laser Doppler flowmetry in blood and lymph monitoring, technical aspects and analysis. Proc. SPIE 2017, 10063, 1006303. [Google Scholar]

	



Zherebtsov, E.; Kozlov, I.; Dremin, V.; Bykov, A.; Dunaev, A.; Meglinski, I. Diagnosis of skin vascular complications revealed by time-frequency analysis and laser Doppler spectrum decomposition. IEEE Trans. Biomed. Eng. 2023, 70, 3–14. [Google Scholar] [CrossRef]

	



Mizeva, I.; Dremin, V.; Potapova, E.; Zherebtsov, E.; Kozlov, I.; Dunaev, A. Wavelet Analysis of the Temporal Dynamics of the Laser Speckle Contrast in Human Skin. IEEE Trans. Biomed. Eng. 2019, 67, 1882–1889. [Google Scholar] [CrossRef] [PubMed]

	



Vaz, P.G.; Humeau-Heurtier, A.; Figueiras, E.; Correia, C.; Cardoso, J. Laser Speckle Imaging to Monitor Microvascular Blood Flow: A Review. IEEE Rev. Biomed. Eng. 2016, 9, 106–120. [Google Scholar] [CrossRef]

	



Meglinski, I.; Tuchin, V.V. Diffusing wave spectroscopy: Application for blood diagnostics. In Handbook of Coherent-Domain Optical Methods: Biomedical Diagnostics, Environmental Monitoring, and Materials Science; Springer: New York, NY, USA, 2013; pp. 149–166. [Google Scholar]

	



Zherebtsov, E.; Dremin, V.; Popov, A.; Doronin, A.; Kurakina, D.; Kirillin, M.; Meglinski, I.; Bykov, A. Hyperspectral imaging of human skin aided by artificial neural networks. Biomed. Opt. Express 2019, 10, 3545. [Google Scholar] [CrossRef] [PubMed]

	



Dremin, V.V.; Zherebtsov, E.A.; Popov, A.P.; Meglinski, I.V.; Bykov, A.V. Hyperspectral imaging of diabetes mellitus skin complications. In Biomedical Photonics for Diabetes Research; CRC Press: Boca Raton, FL, USA, 2022; pp. 177–195. [Google Scholar]

	



Mycek, M.A.; Pogue, B.W. Handbook of Biomedical Fluorescence; CRC Press: Boca Raton, FL, USA, 2003; p. 694. [Google Scholar]

	



Zherebtsov, E.; Potapova, E.; Mamoshin, A.; Shupletsov, V.; Kandurova, K.; Dremin, V.; Abramov, A.; Dunaev, A. Fluorescence lifetime needle optical biopsy discriminates hepatocellular carcinoma. Biomed. Opt. Express 2022, 13, 633–646. [Google Scholar] [CrossRef]

	



He, C.; He, H.; Chang, J.; Chen, B.; Ma, H.; Booth, M.J. Polarisation optics for biomedical and clinical applications: A review. Light Sci. Appl. 2021, 10, 194. [Google Scholar] [CrossRef]

	



Ivanov, D.; Dremin, V.; Borisova, E.; Bykov, A.; Novikova, T.; Meglinski, I.; Ossikovski, R. Polarization and depolarization metrics as optical markers in support to histopathology of ex vivo colon tissue. Biomed. Opt. Express 2021, 12, 4560–4572. [Google Scholar] [CrossRef]

	



Dremin, V.; Kozlov, I.; Volkov, M.; Margaryants, N.; Potemkin, A.; Zherebtsov, E.; Dunaev, A.; Gurov, I. Dynamic evaluation of blood flow microcirculation by combined use of the laser Doppler flowmetry and high-speed videocapillaroscopy methods. J. Biophotonics 2019, 12, e201800317. [Google Scholar] [CrossRef]

	



Margaryants, N.B.; Sidorov, I.S.; Volkov, M.V.; Gurov, I.P.; Mamontov, O.V.; Kamshilin, A.A. Visualization of skin capillaries with moving red blood cells in arbitrary area of the body. Biomed. Opt. Express 2019, 10, 4896–4906. [Google Scholar] [CrossRef] [PubMed]

	



de Boer, J.F.; Leitgeb, R.; Wojtkowski, M. Twenty-five years of optical coherence tomography: The paradigm shift in sensitivity and speed provided by Fourier domain OCT [Invited]. Biomed. Opt. Express 2017, 8, 3248–3280. [Google Scholar] [CrossRef] [PubMed]

	



Smolyanskaya, O.; Chernomyrdin, N.; Konovko, A.; Zaytsev, K.; Ozheredov, I.; Cherkasova, O.; Nazarov, M.; Guillet, J.P.; Kozlov, S.; Kistenev, Y.V.; et al. Terahertz biophotonics as a tool for studies of dielectric and spectral properties of biological tissues and liquids. Prog. Quantum Electron. 2018, 62, 1–77. [Google Scholar] [CrossRef]

	



Thorn, K. A quick guide to light microscopy in cell biology. Mol. Biol. Cell. 2016, 27, 219–222. [Google Scholar] [CrossRef] [PubMed]

	



Goh, Y.; Balasundaram, G.; Tan, H.M.; Putti, T.C.; Ng, C.W.Q.; Fang, E.; Bi, R.; Tang, S.W.; Buhari, S.A.; Hartman, M.; et al. Photoacoustic Tomography Appearance of Fat Necrosis: A First-in-Human Demonstration of Biochemical Signatures along with Histological Correlation. Diagnostics 2022, 12, 2456. [Google Scholar] [CrossRef]

	



Khristoforova, Y.; Bratchenko, I.; Bratchenko, L.; Moryatov, A.; Kozlov, S.; Kaganov, O.; Zakharov, V. Combination of Optical Biopsy with Patient Data for Improvement of Skin Tumor Identification. Diagnostics 2022, 12, 2503. [Google Scholar] [CrossRef]

	



Al-Shareefi, S.; Addie, A.; Al-Taee, L. Biochemical and Mechanical Analysis of Occlusal and Proximal Carious Lesions. Diagnostics 2022, 12, 2944. [Google Scholar] [CrossRef]

	



Sachs, J.R.; Nahmias, J.A.; Hiatt, K.D.; Bomar, J.G.; West, T.G.; Bunch, P.M.; Benayoun, M.D.; Lack, C.; Thompson, A.C. Study of the Natural Crystalline Lens Characteristics Using Dual-Energy Computed Tomography. Diagnostics 2022, 12, 2857. [Google Scholar] [CrossRef]

	



Glazkova, P.; Glazkov, A.; Kulikov, D.; Zagarov, S.; Kovaleva, Y.; Babenko, A.; Kononova, Y.; Kitaeva, E.; Britvin, T.; Mazur, N.; et al. Incoherent Optical Fluctuation Flowmetry: A New Method for the Assessment of Foot Perfusion in Patients with Diabetes-Related Lower-Extremity Complications. Diagnostics 2022, 12, 2922. [Google Scholar] [CrossRef]

	



Zharkikh, E.V.; Loktionova, Y.I.; Fedorovich, A.A.; Gorshkov, A.Y.; Dunaev, A.V. Assessment of Blood Microcirculation Changes after COVID-19 Using Wearable Laser Doppler Flowmetry. Diagnostics 2023, 13, 920. [Google Scholar] [CrossRef]

	



Cinotti, E.; Brunetti, T.; Cartocci, A.; Tognetti, L.; Suppa, M.; Malvehy, J.; Perez-Anker, J.; Puig, S.; Perrot, J.L.; Rubegni, P. Diagnostic Accuracy of Line-Field Confocal Optical Coherence Tomography for the Diagnosis of Skin Carcinomas. Diagnostics 2023, 13, 361. [Google Scholar] [CrossRef] [PubMed]

	



Perekatova, V.; Kostyuk, A.; Kirillin, M.; Sergeeva, E.; Kurakina, D.; Shemagina, O.; Orlova, A.; Khilov, A.; Turchin, I. VIS-NIR Diffuse Reflectance Spectroscopy System with Self-Calibrating Fiber-Optic Probe: Study of Perturbation Resistance. Diagnostics 2023, 13, 457. [Google Scholar] [CrossRef] [PubMed]

	



Selifonov, A.A.; Rykhlov, A.S.; Tuchin, V.V. The Glycerol-Induced Perfusion-Kinetics of the Cat Ovaries in the Follicular and Luteal Phases of the Cycle. Diagnostics 2023, 13, 490. [Google Scholar] [CrossRef] [PubMed]

	



Zlotnikov, I.D.; Ezhov, A.A.; Vigovskiy, M.A.; Grigorieva, O.A.; Dyachkova, U.D.; Belogurova, N.G.; Kudryashova, E.V. Application Prospects of FTIR Spectroscopy and CLSM to Monitor the Drugs Interaction with Bacteria Cells Localized in Macrophages for Diagnosis and Treatment Control of Respiratory Diseases. Diagnostics 2023, 13, 698. [Google Scholar] [CrossRef] [PubMed]












	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  diagnostics-13-01565


  
    		
      diagnostics-13-01565
    


  




  





media/file0.png





