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1. Introduction


The rapid advancement of biomedical sensor technology has revolutionized the field of functional mapping in medicine, offering novel and powerful tools for diagnosis, clinical assessment, and rehabilitation. The ability to collect and analyze various physiological signals, even in real-time, has provided unprecedented insights into the “hidden” functioning of the human body. Biomedical sensors have not only enhanced our understanding of human physiology but have also significantly impacted clinical decision-making, patient management, and the development of personalized medical interventions.



This Special Issue presents a collection of 14 papers that showcase the diverse applications of biomedical sensors in the context of functional mapping. The papers can be grouped into three sections, highlighting their contributions to (i) medical diagnosis, detection and prediction; (ii) neurological and rehabilitation assessment; and (iii) medical applications and monitoring. Together, these papers shed light on the transformative role of biomedical sensors in understanding physiological mechanisms and enhancing healthcare practices.




2. Biomedical Sensors for Diagnosis, Detection and Prediction


This section focuses on the application of biomedical sensors for medical diagnosis, detection and prediction. The papers included in this section have a specific focus on the detection of conditions such as COVID-19 and hand osteoarthritis and the prediction of emotions by biosignals. Furthermore, novel approaches based on artificial intelligence and cutting-edge technologies are described.



The paper “COVID-19 Detection Using Photoplethysmography and Neural Networks” [1] presents a groundbreaking approach that utilizes deep learning and raw photoplethysmography signals acquired from a pulse oximeter to identify COVID-19 patients. Achieving an impressive 83.86% accuracy and 84.30% sensitivity in identifying COVID-19 patients, this non-invasive and cost-effective method holds promise for early detection and management of the COVID-19 pandemic, particularly in resource-limited healthcare settings.



In the paper “Toward Early and Objective Hand Osteoarthritis Detection by Using EMG during Grasps” [2], researchers explore the potential of electromyography (EMG) in detecting hand osteoarthritis at an early stage. By studying EMG characteristics during hand grasping tasks, the study provides valuable insights into identifying hand osteoarthritis patients before joint degeneration occurs, enabling timely intervention and improved patient outcomes.



The third paper “Applications of Laser-Induced Fluorescence in Medicine” [3] explores the various medical applications of laser-induced fluorescence (LIF). This highly sensitive spectroscopic method proves valuable in diagnosing and monitoring conditions such as cancer, dental diseases, and fungal infections, offering a versatile tool for medical diagnostics.



Additionally, the paper “Predicting Emotion with Biosignals: A Comparison of Classification and Regression Models for Estimating Valence and Arousal Level Using Wearable Sensors” [4] delves into predicting emotions using biosignals collected via wrist-worn sensors. By comparing different prediction models, the study highlights the effectiveness of regression models, particularly LSTM-based, in estimating emotional valence and arousal levels, enhancing our understanding of human emotions and their applications in healthcare.




3. Biomedical Sensors for Neurological and Rehabilitation Assessment


This section explores the applications of biomedical sensors in neurological assessment and rehabilitation. The papers collected in this section describe interesting advancements in the analysis of electroencephalography (EEG), EMG and Near-Infrared Spectroscopy (NIRS) signals for the extraction of biomarkers to characterize individual status in neuromuscular applications that can have a potential impact, for example, on the assessment of rehabilitation effectiveness.



The paper “Reliability of Mental Workload Index Assessed by EEG with Different Electrode Configurations and Signal Pre-Processing Pipelines” [5] evaluates the reproducibility and sensitivity of mental workload assessment from EEG signals using different electrode configurations and pre-processing pipelines. The findings provide valuable insights into developing reliable methods for assessing cognitive tasks, crucial for enhancing human performance in various domains.



In the paper “A Novel Approach for Segment-Length Selection Based on Stationarity to Perform Effective Connectivity Analysis Applied to Resting-State EEG Signals” [6], researchers proposed a novel approach for selecting appropriate segment lengths in EEG-based effective connectivity analysis. By addressing the critical issue of segment-length selection, this method offers valuable insights into studying brain network interactions during resting-state, improving our understanding of brain function and connectivity.



The paper “Reliable Fast (20 Hz) Acquisition Rate by a TD fNIRS Device: Brain Resting-State Oscillation Studies” [7] introduces a high-power setup for multichannel time-domain functional NIRS measurements. This high-speed acquisition method holds potential applications in studying brain resting-state oscillations, providing valuable information for neuroscientific and clinical research.



The paper “Combined Use of EMG and EEG Techniques for Neuromotor Assessment in Rehabilitative Applications: A Systematic Review” [8] presents a systematic review of combined EEG and EMG techniques in neuromotor assessment during rehabilitation. The review highlights the potential of cortico-muscular interactions for improving rehabilitation approaches in patients with impaired locomotor functions, paving the way for innovative rehabilitation strategies.



Next, the paper “Whole-Body Adaptive Functional Electrical Stimulation Kinesitherapy Can Promote the Restoring of Physiological Muscle Synergies for Neurological Patients” [9] introduces a novel treatment approach, Adaptive Functional Electrical Stimulation Kinesitherapy (AFESK™), for neurological patients using whole-body adaptive functional electrical stimulation kinesitherapy. This treatment shows promise in restoring physiological muscle synergies, enhancing motor functionality, and improving rehabilitation outcomes.



Finally, the paper, “Technology Acceptance Model for Exoskeletons for Rehabilitation of the Upper Limbs from Therapists’ Perspectives” [10] addresses the challenges of integrating exoskeleton technology into clinical practice for upper limb rehabilitation. By investigating therapists’ perspectives on exoskeleton acceptability, this study reveals factors influencing their willingness to adopt the technology. The findings suggest that integrating exoskeletons with multi-sensor feedback systems may improve acceptance and facilitate better patient outcomes.




4. Biomedical Sensors for Medical Applications and Monitoring


This last section emphasizes the role of biomedical sensors in medical applications and monitoring, describing novel technologies and tools to improve health monitoring in different medical scenarios.



The paper “Towards a Practical Implementation of a Single-Beam All-Optical Non-Zero-Field Magnetic Sensor for Magnetoencephalographic Complexes” [11] introduces a single-beam all-optical two-channel magnetic sensor scheme developed for non-zero-field magnetoencephalography and magnetocardiography applications. This innovative sensor scheme utilizes a single laser beam with time-modulated linear polarization to detect magnetic resonance, providing valuable insights for neurological assessments and diagnostic applications.



The paper “Experimental Assessment of Cuff Pressures on the Walls of a Trachea-Like Model Using Force Sensing Resistors: Insights for Patient Management in Intensive Care Unit Settings” [12] investigates the pressures exerted by endotracheal tube cuffs on the walls of a test bench mimicking the laryngotracheal tract. The study provides valuable insights for patient management in intensive care unit settings, highlighting the need for periodic checks of cuff pressure to prevent pressure-related complications.



Continuing in the realm of prosthetic control, the paper “Questioning Domain Adaptation in Myoelectric Hand Prostheses Control: An Inter- and Intra-Subject Study” [13] delves into the challenges of domain adaptation techniques in myoelectric hand prosthesis control. The results question the conventional approach based on transfer learning and suggest the need for further exploration in this area.



The last paper in this section, “Multi-Scale Evaluation of Sleep Quality Based on Motion Signal from Unobtrusive Device” [14], introduces a multi-scale method for evaluating sleep behavior using motion signals obtained from a pressure bed sensor. The algorithm provides a good correlation between sleep quality measures obtained with polysomnography and pressure bed sensors, offering potential applications for home monitoring of sleep and improving subjects’ awareness of potential sleep disorders.




5. Conclusions


The Special Issue “Biomedical Sensors for Functional Mapping: Techniques, Methods, Experimental and Medical Applications” presents a comprehensive collection of cutting-edge research in the field of biomedical sensors. The papers cover a wide range of applications, including medical diagnosis and detection, neurological assessment and rehabilitation, and medical monitoring. These advancements pave the way for improved healthcare practices, patient outcomes, and personalized medicine. As biomedical sensor technology continues to evolve, the findings from these research studies hold significant promise in revolutionizing medical practices and addressing complex health challenges, ultimately leading to better human health and well-being.







Author Contributions


Conceptualization, A.M., M.W.R. and A.S.; writing—original draft preparation, A.M., M.W.R. and A.S.; writing—review and editing, A.M., M.W.R. and A.S. All authors have read and agreed to the published version of the manuscript.




Funding


This work was partially funded by Fondazione Cariplo and Regione Lombardia, Project “Active3—Everyone, Everywhere, Everyday (ref. 2021-0612)”.




Acknowledgments


We would like to extend our heartfelt gratitude and appreciation to all the contributors to this Special Issue. The success of this collection of research papers is a testament to the dedication, expertise, and hard work of each and every author. Their valuable insights, innovative methodologies, and groundbreaking findings have enriched the field of medical diagnostics and detection using biomedical sensors. We are also deeply thankful to the peer reviewers for their diligent and meticulous evaluations, which have ensured the high quality and rigor of the published papers. Additionally, we extend our thanks to the editorial and technical teams for their unwavering support throughout the process, ensuring a smooth and efficient publication journey. Finally, we express our gratitude to the readers and the broader scientific community for their interest and engagement in this Special Issue, as it is their enthusiasm that drives the advancement of knowledge and fosters progress in healthcare technologies. Together, we have achieved a remarkable and significant contribution to the field, and we look forward to continued collaboration and further advancements in biomedical sensor applications.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Lombardi, S.; Francia, P.; Deodati, R.; Calamai, I.; Luchini, M.; Spina, R.; Bocchi, L. COVID-19 Detection Using Photoplethysmography and Neural Networks. Sensors 2023, 23, 2561. [Google Scholar] [CrossRef] [PubMed]

	



Jarque-Bou, N.J.; Gracia-Ibáñez, V.; Roda-Sales, A.; Bayarri-Porcar, V.; Sancho-Bru, J.L.; Vergara, M. Toward early and objective hand osteoarthritis detection by using EMG during Grasps. Sensors 2023, 23, 2413. [Google Scholar] [CrossRef] [PubMed]

	



Kwaśny, M.; Bombalska, A. Applications of laser-induced fluorescence in medicine. Sensors 2022, 22, 2956. [Google Scholar] [CrossRef] [PubMed]

	



Siirtola, P.; Tamminen, S.; Chandra, G.; Ihalapathirana, A.; Röning, J. Predicting Emotion with Biosignals: A Comparison of Classification and Regression Models for Estimating Valence and Arousal Level Using Wearable Sensors. Sensors 2023, 23, 1598. [Google Scholar] [CrossRef] [PubMed]

	



Mastropietro, A.; Pirovano, I.; Marciano, A.; Porcelli, S.; Rizzo, G. Reliability of Mental Workload Index Assessed by EEG with Different Electrode Configurations and Signal Pre-Processing Pipelines. Sensors 2023, 23, 1367. [Google Scholar] [CrossRef] [PubMed]

	



Góngora, L.; Paglialonga, A.; Mastropietro, A.; Rizzo, G.; Barbieri, R. A Novel Approach for Segment-Length Selection Based on Stationarity to Perform Effective Connectivity Analysis Applied to Resting-State EEG Signals. Sensors 2022, 22, 4747. [Google Scholar] [CrossRef] [PubMed]

	



Re, R.; Pirovano, I.; Contini, D.; Amendola, C.; Contini, L.; Frabasile, L.; Levoni, P.; Torricelli, A.; Spinelli, L. Reliable Fast (20 Hz) Acquisition Rate by a TD fNIRS Device: Brain Resting-State Oscillation Studies. Sensors 2022, 23, 196. [Google Scholar] [CrossRef] [PubMed]

	



Brambilla, C.; Pirovano, I.; Mira, R.M.; Rizzo, G.; Scano, A.; Mastropietro, A. Combined use of EMG and EEG techniques for neuromotor assessment in rehabilitative applications: A systematic review. Sensors 2021, 21, 7014. [Google Scholar] [PubMed]

	



Scano, A.; Mira, R.M.; Gabbrielli, G.; Molteni, F.; Terekhov, V. Whole-Body Adaptive Functional Electrical Stimulation Kinesitherapy Can Promote the Restoring of Physiological Muscle Synergies for Neurological Patients. Sensors 2022, 22, 1443. [Google Scholar] [CrossRef] [PubMed]

	



Luciani, B.; Braghin, F.; Pedrocchi, A.L.G.; Gandolla, M. Technology Acceptance Model for Exoskeletons for Rehabilitation of the Upper Limbs from Therapists’ Perspectives. Sensors 2023, 23, 1721. [Google Scholar] [CrossRef] [PubMed]

	



Petrenko, M.; Vershovskii, A. Towards a Practical Implementation of a Single-Beam All-Optical Non-Zero-Field Magnetic Sensor for Magnetoencephalographic Complexes. Sensors 2022, 22, 9862. [Google Scholar] [CrossRef] [PubMed]

	



Crivello, A.; Milazzo, M.; La Rosa, D.; Fiacchini, G.; Danti, S.; Guarracino, F.; Berrettini, S.; Bruschini, L. Experimental assessment of cuff pressures on the walls of a trachea-like model using force sensing resistors: Insights for patient management in intensive care unit settings. Sensors 2022, 22, 697. [Google Scholar] [CrossRef] [PubMed]

	



Marano, G.; Brambilla, C.; Mira, R.M.; Scano, A.; Müller, H.; Atzori, M. Questioning domain adaptation in myoelectric hand prostheses control: An inter-and intra-subject study. Sensors 2021, 21, 7500. [Google Scholar] [CrossRef] [PubMed]

	



Coluzzi, D.; Baselli, G.; Bianchi, A.M.; Guerrero-Mora, G.; Kortelainen, J.M.; Tenhunen, M.L.; Mendez, M.O. Multi-Scale Evaluation of Sleep Quality Based on Motion Signal from Unobtrusive Device. Sensors 2022, 22, 5295. [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 authors. 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


  sensors-23-07063


  
    		
      sensors-23-07063
    


  




  





media/file0.png





