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Abstract. This pilot study explores the feasibility of using text from Electronic Health Record 

(EHR) at the University Medical Center Utrecht to classify patient eligibility for cardiovascular 

risk management. The primary goal is to improve the identification of at-risk patients and facil- 

itate timely, personalized interventions. Through a ResNet architecture, which is used as a 

feature extractor, the outputs are then passed into a neural network classifier to predict patient 

eligibility for cardiovascular risk management. Despite excluding numerical data from EHR 

during model training and inference, and the imbalanced nature of the dataset, the model 

achieved promising results with an accuracy of 85% and an F1-score of 0.85. This preliminary 

analysis demonstrates the feasibility of the approach and establishes a solid foundation for 

further improvements. Future research directions include integrating Explainable AI techniques 

to enhance model transparency, expanding the dataset, and addressing class imbalance through 

data augmentation or resampling techniques. 
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Abstract. Cardiac amyloidosis is a major cause of left ventricular hypertrophy, characterized 

by thickening of the left ventricular walls due to amyloid fibril dep- osition. Early diagnosis is 

crucial for optimizing patient management and reduc- ing morbidity. This study proposes an 

approach based on automated echocardio- graphic image analysis for cardiac amyloidosis 

classification. A total of 21 sub- jects were included in this study. The A4-chamber view was 

selected from all cardiac chambers, and an automated pipeline was developed for field-of-view 

recognition. Machine and deep learning models were implemented to differenti- ate cardiac 

amyloidosis from healthy conditions using echocardiographic images. Preliminary results show 

high classification accuracy of 92% using Gradient Boosting, suggesting a potential 

improvement in differential diagnosis. This study highlights the growing role of artificial 

intelligence in cardiac imaging and paves the way for more efficient and precise diagnostic 

tools.  

 

Keywords: Cardiac amyloidosis, artificial intelligence, classification, echocardiographic 

images. 
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Custom Attention in Transformer Architectures for Multiclass 

ECG Beat Classification 

Elia PATTACINI1,2, Vaidotas MAROZAS2 

1 Polytechnic University of Milan, Milan, Italy 

2 Kaunas University of Technology, Kaunas, Lithuania 

elia.pattacini@mail.polimi.it 

 

Abstract. Electrocardiogram (ECG) beat classification plays an important role in diagnosing 

and managing cardiovascular conditions. This study introduces a method for classifying ECG 

beats into normal, supraventricular, and ventricular types using a transformer-based 

architecture with a custom attention mechanism. The preprocessing steps include filtering, 

resampling, normalization, and seg- mentation of ECG signals. Two classification approaches 

are proposed: (a) a cas- cade method employing sequential binary classifications, and (b) a 

multiclass method for direct classification. Synthetic data simulating supraventricular and 

ventricular arrhythmia is generated to address data imbalance and enhance model performance. 

The training and testing processes leveraged various datasets, in- cluding the MIT-BIH 

Arrhythmia, Supraventricular Arrhythmia, European ST, and Long-Term ST databases. The 

results highlight the superior performance of the cascade model, achieving a macro-average F1 

score of 0.92 and a precision score of 0.90 on the Long-Term ST database. These findings show 

the importance of dataset selection and enhancement, demonstrating the model's potential for 

clinical applications. 

 

Keywords: Electrocardiogram, Arrhythmias, ECG beat classification, synthetic data; RR 

interval normalization  
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The influence of color on semantic ulcer segmentation using deep 

learning models 
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Abstract. Accurate and early image analysis is crucial for proper diagnosis and treatment. 

Convolutional neural networks (CNNs) have the ability to precisely classify and segment the 

affected wound areas, which has revolutionized biomedical imaging for automatic detection 

and diagnosis. However, CNN models often face challenges like generalization and overfitting 

issues due to limited wound image data. In addition, RGB images are computationally intensive. 

They may prompt the model to focus on irrelevant features, such as color variations, instead of 

the most important ones, like silhouettes, ultimately leading the model to the over- fitting 

problem. This study investigates the influence of color on ulcer semantic segmentation. We 

explore different color-to-grayscale conver- sion techniques to study the learning behavior of 

the CNN model. Tra- ditionally, image conversion from an RGB color space to grayscale uses 

fixed transformation parameters, e.g., YUV color model weights, which are standardized for 

human observers. The YUV color model separates luminance (Y) from chrominance (U and 

V), allowing efficient brightness and color information representation. However, machine-

based process- ing does not require ‘seeing’ the content but focuses on extracting the essential 

features for model training, data augmentation, or future design of task-specific sensors. 

We designed a universal model architecture to analyze the learning procedure’s ability to learn 

task-specific weights for color-to-grayscale conversion. The experiment results show how 

grayscale images based on learned weights could be used in task-specific semantic 

segmentation compared to color images and grayscale images obtained using traditional 

conversion techniques. The grayscale images based on learned weights are computationally 

efficient, and simplified feature representation helps the model emphasize the most relevant 

attributes while suppressing irrelevant ones. 

Keywords: Convolution neural network, Foot ulcer segmentation, Image Modalities, learned 

grayscale, RGB and grayscale images 
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OP005 

Zinc phosphate-protein hybrid nanoflowers as new local drug 

delivery systems 

Kornelia BOBROWSKA1, Elżbieta REMISZEWSKA1, Aleksandra GŁOWACKA2, Piotr 

GOLEC2, Kamila SADOWSKA1*  
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Trojdena 4, 02-109 Warsaw, Poland 

2 Department of Molecular Virology, Institute of Microbiology, Faculty of Biology, University of 
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Motivation and Aim: Osteomyelitis is an inflammation of bone tissue and bone marrow, 

mainly caused by Staphylococcus aureus and Pseudomonas aeruginosa [1]. The primary 

challenge in infection treatment today is bacterial resistance to antimicrobial agents, largely 

driven by inappropriate, insufficient, or excessive use of antibiotics. Local antibiotic delivery 

has emerged as a promising therapeutic approach to address the limitations of conventional 

treatments and manage osteomyelitis effectively [2]. The aim of this study is to manufacture 

local drug delivery systems composed of organic and inorganic component, which mimics 

composition of bones.  

Novelty: Zn-protein nanostructures as drug carriers for local delivery of antibiotics used in the 

osteomyelitis treatment was studied for the first time. 

Methods: Manufactured Zn-BSA nanostructures were characterized by Fourier-transform 

infrared spectroscopy (FTIR), X-ray diffraction (XRD) and scanning electron microscopy 

(SEM). Drug release kinetics were evaluated by ultraviolet-visual spectroscopy (UV-vis) and 

the antibacterial activity against Pseudomonas aeruginosa and Staphylococcus aureus were 

studied by optical density and disc diffusion methods. Toxicity studies are being conducted 

both in vitro and in vivo using zebrafish models. 

Main results: Although, metal-protein nanoflowers are known for years, synthesis of Zn-based 

nanoflowers has not been studied in details. Therefore, in the first step the parameters of 

synthesis, as time, concentration and volume of PBS and ratio of reagents were studied. The 

optimal parameters were found to obtain Zn-BSA nanoflower-like structures with high content 

of protein, which was proved by FTIR spectroscopy (see Figure 1 A). X-ray diffraction analysis 

showed, that the inorganic phase was a hydrated zinc phosphate (see Figure 1 B). The content 



of inorganic phase in Zn-BSA samples increased with time and PBS concentration. Two 

antibiotics, namely ciprofloxacin (CF) and vancomycin (VN), used in osteomyelitis treatment 

were successfully embedded in Zn-BSA nanostructures. The antibacterial activity of the 

synthesized nanoflowers was demonstrated against S. aureus and P. aeruginosa, two main 

pathogens found in osteomyelitis and the results are presented in Figure 2. 

 

Figure 1. A) FTIR spectra of ZnBSA nanoflowers in comparison to BSA and zinc phosphate; B) X-ray 

diffractograms of ZnBSA and Zn2(PO4)3·4H2O (JCPDS 00-033-1474).  

 

Figure 2. Susceptibility testing of P. aeruginosa (A) and S. aureus (B) using the disk diffusion method. 

Conclusion: The designed nanoflowers have the potential to serve as an effective local 

antibiotic delivery system. With their non-toxic, biodegradable components and eco-friendly 

synthesis, hybrid nanoflowers show great promise as drug delivery systems for treating 

infections in the skeletal system. 

Acknowledgements: Project financed by Polish Ministry of Science and Higher Education, 

Program Science for the Society NdS-II/SP/0335/2023/01. 
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Nanolayer of monocrystalline Si towards 

nanodosimetry of electron radiation 

Galina BOKA1, Yuri DEKHTYAR2, Mirko ROCCA2, Elizabete SKREBELE2, Hermanis 

SOROKINS2 

1 Oncology Center of Latvia, 4 Hipokrata street, Riga LV-1038, Latvia 

2 Riga Technical University, 6A Kipsalas Street, Riga LV-1048, Latvia 

Hermanis.Sorokins@rtu.lv 

Abstract. Nanodosimetry aims to measure the ionizing radiation dose absorbed in nanosized 

volumes. For that, photothermostimulated exoelectron emission (PTSE) of monocrystalline 

silicon (Si) nanolayer might be used to detect weak electrons, because their mean free path in 

the solid is around 100 nm. The current work aims to explore the possibility of using 

monocrystalline Si for nanodosimetry of high energy electron radiation. It is demonstrated that 

the PTSE of monocrystalline Si can be used for the identification of 6 MeV electron radiation 

doses 35-60 Gy. The total emitted charge of PTSE is connected with the delivered dose. The 

near-threshold photoelectric emission spectroscopy and Fourier-transform infrared 

spectroscopy (FTIR) indicate that PTSE is influenced by radiation-induced reconstructions. 

Keywords: High energy electron radiation. Exoelectron emission. Monocrystalline silicon. 

Nanodosimetry. 
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The role of sphingosine kinase 1 pharmacological modulation  

on crucial pro/anti-apoptotic proteins in alpha-synuclein-
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Motivation and Aim: Alpha-synuclein (α-syn) is a presynaptic protein highly abundant  

in the brain, where it plays a crucial role, particularly in regulating synaptic plasticity  

and neurotransmitter turnover. Nonetheless, the exact mechanisms remain unclear,  

but α-synuclein is capable of undergoing conformational alterations and progressively 

aggregating, ultimately leading to the formation of filamentous structures known as Lewy 

bodies (LBs), which are a hallmark of Parkinson's disease (PD). Moreover, growing evidence 

suggests that the altered expression or activity of sphingosine kinase 1 (Sphk1), which 

synthesizes sphingosine-1-phosphate (S1P), is implicated in PD and other neurodegenerative 

diseases. 

Novelty: This underscores the importance of investigating the interaction between α-syn  

and Sphk1, an area that remains poorly understood in the pathomechanism of PD. Moreover, 

the other aim was to analyze the potential protective mechanism of S1P modulators,  

such as siponimod and ponesimod, in a PD cellular model. 

Methods: In the genetic context of familial PD, evidence for the critical role of the α-syn gene 

(SNCA) comes from dominantly inherited gene duplications and several missense mutations. 

Therefore, SH-SY5Y cells, transduced with a lentivirus carrying the human α-syn gene  

(SH-SNCA), along with control cells transduced with an empty vector, were used to model PD 

in vitro. The mRNA and protein levels of key pro- and anti-apoptotic proteins were analyzed 

using RT-PCR, Western blotting, and Fluorescence-Activated Cell Sorting (FACS). 

Main results: First, overexpression of α-syn in SH-SY5Y cells resulted in a reduction of brain-

derived neurotrophic factor (BDNF) mRNA levels and an increase in the pro-apoptotic/anti-

apoptotic Bax/Bcl-2 ratio. Furthermore, treatment with the Sphk1 inhibitor (SK1-I) 

significantly elevated α-syn expression in SH-SNCA cells. On the other hand, pharmacological 

activation of Sphk1 led to an increase in BDNF mRNA levels. In contrast, the expression  

of neurotrophic tyrosine kinase receptor 2 (NTRK2), a receptor for BDNF, was decreased  

by the Sphk1 activator and upregulated by SK1-I treatment. Notably, the administration  

of the Sphk1 activator/inhibitor had opposite effects on the Bax/Bcl-2 ratio, inducing its 

reduction and elevation, respectively. Finally, administration of S1P receptor modulators, such 



as siponimod and ponesimod, increased BDNF levels, which were reduced by the pro-apoptotic 

agent, cell-permeable C2-ceramide. Moreover, siponimod and ponesimod enhanced  

the phosphorylation of key pro-survival kinases AKT and ERK1/2, which was diminished  

by C2-ceramide. Both compounds notably protected cells from C2-ceramide-induced toxicity. 

Conclusion: Our results suggest that both α-syn overexpression and the imbalance in Sphk1 

activity may be linked to an elevation in the Bax/Bcl-2 ratio, a reduction in BDNF levels,  

and inhibition of AKT/ERK1/2 kinases. Moreover, siponimod and ponesimod provide 

protection against these alterations, positioning them as promising candidates for future PD 

studies. 

Acknowledgements: This research was funded by the National Science Centre, Poland, under 

grant No. 2019/32/C/NZ4/00455. 
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Motivation and Aim: Nowadays, there is a growing recognition of DNA methylation as 

a pivotal role in cancer development. Thus, the potential of hypomethylating agents like 

azacitidine (AZA) and decitabine (DEC) as therapeutic tools for myelodysplastic syndromes 

(MDS) and acute myeloid leukaemia (AML) is emerging. Despite their established clinical use 

in cancer treatment, the precise molecular mechanisms through which these drugs influence 

DNA and chromatin structure remain inadequately understood. While the primary mechanism 

of action for AZA and DEC involves the modification of DNA methylation patterns via the 

inhibition of DNA methyltransferase (DNMT) activity, their broader, multi-layered effects on 

chromatin structure and DNA mechanics have yet to be fully explored. Furthermore, the 

differences between AZA and DEC in terms of their incorporation into DNA and RNA, as well 

as their potential effects on chromatin modifications and nuclear architecture, suggest that these 

drugs may have more complex and far-reaching impacts than currently recognized. Therefore, 

the use of advanced measurement methods has allowed to shed new light on the molecular and 

cellular processes that accompany the previously defined mechanism of action of the indicated 

agents. 

Novelty: By means of innovative tools and methodologies provided by biomedical engineering, 

the effects of DNA methylation inhibitors on chromatin organization in leukemia cells could 

be explored. 

Methods: All the experiments were performed on the newly-established primary leukaemia 

cell line AML-007 (consent of the Bioethics Committee at the Medical University of Wrocław 

no. 593/2012). The research aimed to elucidate the cellular and molecular effects of AZA and 

DEC on cancer cells, with particular emphasis on their influence on cell viability and 

proliferation, nuclear morphology, its refractive index and stiffness as well as chromatin 

mailto:przemyslaw.sarelo@pwr.edu.pl


accessibility and structure. The advanced techniques such as atomic force microscopy (AFM), 

optical tweezers (OT), Fourier-transform infrared microscopy (μFTIR), digital holographic 

microscopy (DHM) were employed and accompanied by well-known confocal laser scanning 

microscopy (CLSM), flow cytometry and cell-based assays. 

Main results: The CLSM revealed significant changes in cell nucleus size and actin fiber 

structure following treatment with both drugs. As the concentration of the methylation inhibitor 

was higher, the area of the cell nucleus increased. The OT experiments showed that both AZA 

and DEC decreased cell nucleus stiffness, with DEC having a more significant effect. The 

changes in the refractive index of cell nuclei, which were examined by DHM, indicated 

chromatin loosening, what was also confirmed by chromatin condensation analysis by means 

of flow cytometry. It demonstrated that DEC increased chromatin accessibility in 

a concentration-dependent manner, while the effects of AZA were less pronounced. AFM 

studies have shown that both AZA and DEC induced chromatin decondensation and disrupt its 

proper structure. This softening effect is likely a result of DNA hypomethylation, which 

promotes a more open chromatin configuration. It was proven that the above-mentioned 

changes were not caused by cell death, however the tested cells were characterized by reduced 

metabolic activity in cell-based assays. Moreover, the spectroscopic analysis by means of 

μFTIR confirmed differences in DNA methylation and chromatin structure between control and 

drug-treated cells. 

Conclusion: All the obtain results suggest that while both drugs affect chromatin structure, 

they do so via different mechanisms, what is followed by distinct molecular and cellular 

changes, and though despite so far well-defined mechanism of action. Moreover, the study 

clearly demonstrates that chromatin structure alterations can be observed not only through 

biological methods but are also reflected in biophysical parameters, such as refractive index 

and nuclear stiffness. 

Acknowledgements: The study was supported by the statutory funds of the Department of 

Biomedical Engineering, Faculty of Fundamental Problems of Technology, Wroclaw 

University of Science and Technology and statutory funds of the Wrocław Medical University 

subsidy with internal number of SUBK.Z516.24.068. 
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An Approach to Create a Computational Model 

of a Trabecular Bone 

 

Kristina BLIZNAKOVA1, Dimitar TRIZLOV1, Nikolay DUKOV1, Stoyan IVANOV1, 

Zhivko BLIZNAKOV1 

1 Medical University of Varna, Varna, Bulgaria 

kristina.bliznakova@mu-varna.bg 

Abstract. Spheres are simple 3D geometrical primitives, which when arranged in specific 

patterns, can form structures exhibiting fractal characteristics. Consequently, spheres are used 

to construct breast phantoms for x-ray imaging. This study aims to apply this approach of 

creating complex breast phantoms to bone applications. For this purpose, we utilized realistic 

tibia outlines based on Computed Tomography patient data and a 3D texture derived from 

spherical geometrical primitives. Then, these were combined to generate a trabecular bone 

model. Three bone models were created, and x-ray planar images of these models were 

produced using a dedicated x-ray imaging simulator. The models were evaluated by orthopedic 

physicians, who confirmed the realistic appearance of the trabecular structures. The bone model 

is intended for use in osteoporosis research studies and 3D printing techniques. 

 

Keywords: spherical geometrical primitives, bone model, x-ray images, model- ling and 

simulation 
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Assessment of quality of colorectal endoscopic images 
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Motivation and Aim:  According to the World Health Organization (WHO), colorectal cancer 

(CRC) is the third most common cancer worldwide and accounts for approximately 10% of 

cancer-related deaths.  Colon polyps are defined as abnormal tissue growth that projects from 

the mucous layer. They are histologically classified into non-neoplastic and neoplastic 

(adenomatous) polyps. The latter gives rise to 95% of CRC cases. Such polyps must be removed 

during colonoscopy. Many classification algorithms have been developed based on texture 

analysis or neural networks to minimize the risk of medical errors. However, the low quality of 

the endoscopic images can deteriorate the performance of classifiers trained on carefully 

selected datasets.  

Novelty: We employed a reference-free Naturalness Image Quality Evaluator1 (NIQE) to 

investigate how endoscopic image quality affects the detection rate of adenomatous polyps.  

Methods: We analyzed 2,439 unique colorectal polyp images (547 non-neoplastic and 1892 

neoplastic) obtained through narrow-band imaging. Dual-tree complex wavelet transform (DT-

CWT), Gray Level Co-occurrence Matrix (GLCM), Local Binary Pattern (LBP), and Multi-

Fractal Spectrum with Local Fractal Dimension2 (MFS-LFD) were used to extract features.  

Then, the corresponding binary classifiers were created through supervised learning. We 

downsampled the neoplastic images to obtain balanced datasets. We repeated the ten-fold cross-

validation ten times and averaged the classification metrics such as accuracy (ACC), true 

positive rate (TPR), true negative rate (TNR), Matthews correlation coefficient (MCC).  For 

each texture algorithm, we tested several classifiers and reported the results only for the best 

one. We repeated the process after filtering out all pictures with NIQE greater than the chosen 

threshold (8.5). There were 199 and 580 images of non-neoplastic and neoplastic polyps, 

respectively.  Again, we used balanced datasets. 

 

Main results:  

Fig. 1 and Table 1 show that regardless of the feature extraction algorithm, the classifiers' 

performance on the unfiltered dataset was inferior but markedly improved for the images with 

the best quality. For the DT-CWT, the accuracy increased from 66% to 78%, and MCC 

increased from  32% to  56%. 



 

Fig. 1.  Accuracy of the polyp classification for the four different feature extraction algorithms 

before and after filtering the low-quality images (with a high value of the NIQE index). 

Table 1. The performance metrics of four classifiers before and after filtering the low-quality 

images (with a high value of the NIQE index). 

Method Classifier 

Before NIQE filtration After NIQE filtration 

Polyps 
ACC 

[%] 

TPR 

[%] 

TNR 

[%] 

MCC 

[%] 
Polyps 

ACC 

[%] 

TPR 

[%] 

TNR 

[%] 

MCC 

[%] 

DT-CWT SVM 

2439 

65.6 63.0 68.2 31.5 

779 

77.8 74.4 81.3 56.3 

GLCM SVM 62.8 51.6 73.9 26.4 70.4 60.5 80.6 42.0 

LBP 

Random 

forest 

(bagging) 

63.8 65.9 61.6 27.7 73.6 73.4 73.7 47.6 

 

MFS-LFD 

Random 

forest 

(bagging) 

65.1 63.1 67.2 30.4 74.4 72.5 76.4 49.4 

 

 
 

Conclusion: The application of NIQE enabled the filtering of images whose quality may limit 

the classifiers' applicability for clinical deployment. Further studies are required to establish 

how the endoscopists' experience determines image quality. 
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AI-Assisted Detection of Sinusitis in an Equine Model? 
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Motivation and Aim: Diagnostic imaging in both human and veterinary medicine is rapidly 

evolving, with significant advancements in artificial intelligence (AI) applications, including 

i.a. automated disease detection and assisted clinical decision-making. In equine practice, 

computed tomography (CT) is the preferred method for imaging the head and diagnosing 

paranasal sinus diseases due to the anatomical complexity and superimposition of osseous, 

dental, and soft tissue structures [1]. CT imaging aids in diagnosing the causes of paranasal 

sinus diseases and identifying the affected compartments, allowing for more targeted surgical 

treatment [2]. Therefore, this study aims to semi-automatically segment the paranasal sinuses 

of healthy and diseased horses and demonstrate the feasibility of AI-assisted sinusitis detection 

using the K-means clustering algorithm. 

Novelty: To date, equine sinuses have been semi-automatically segmented on CT images in 

only a few studies [3-6], focusing on volume measurements of paranasal sinuses [3], their 

communication [4], anatomical relationships with maxillary cheek teeth [5], and volumetric 

changes with age [6]. However, all these studies examined only healthy adult horses. To the 

best of our knowledge, this study is the first attempt at AI-assisted identification of diseased 

paranasal sinuses on CT images of equine heads, which may advance veterinary practice. 

Methods: The study was conducted on CT scans of the heads of 30 horses, aged 2 to 25 years, 

acquired using a 64-slice CT scanner (GE Healthcare, USA). The study focused on the rostral 

maxillary sinus (RMS), caudal maxillary sinus (CMS), and frontal sinus (FS). In 15 horses 

(control group), no radiological signs of sinusitis were observed, while in 15 horses, at least one 

sinus on at least one side exhibited a hyperdense area indicative of inflammation (disease 

group). The RMS, CMS, and FS were semi-automatically segmented using 3D Slicer ver. 5.6.0 

following a previously described protocol [6], and morphometric measurements (volume [mm³] 

and surface area [mm²]) were extracted. Since both RMS and CMS volume and surface area 

increase with age [6] due to dental eruption [5], volume, surface area, and horses' age 
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represented an input data for clustering. Clustering was performed using the unsupervised K-

Means machine learning method [7] implemented in the Scikit-Learn module in Python ver. 

3.11. Clustering considered three classes: healthy sinus/control group (0), sinusitis/diseased 

group (1), and healthy sinus/diseased group (2). To assess how the K-Means predicted clusters 

aligned with clinical classifications, classification metrics (accuracy, precision, recall, and F1-

score) were calculated using a confusion matrix. 

Main results: RMS, CMS, and FS were successfully segmented using a semi-automatic 

protocol in both healthy horses and horses diagnosed with sinusitis. Since not all sinuses were 

inflamed in the diseased horses, classification was assessed by comparing healthy horses [0,1] 

and distinguishing between inflamed and healthy sinuses within diseased group [1,2]. 

Table 1. Classification metrics of sinuses into healthy sinus (0, 2) and sinusitis (1) classes. 

 RMS [0, 1] RMS [1, 2] CMS [0, 1] CMS [1, 2] FS [0, 1] FS [1, 2] 

Accuracy 0.73 0.80 0.58 0.77 0.73 0.60 

Precision 0.71 0.81 0.56 0.84 0.70 0.78 

Recall 0.73 0.80 0.57 0.77 0.70 0.60 

F1-score 0.72 0.80 0.56 0.75 0.70 0.52 
 

The K-means clustering algorithm achieved the highest classification metrics for distinguishing 

between healthy and inflamed RMS within the diseased group and the lowest metrics for 

classifying inflamed CMS when compared to healthy horses (Table 1). However, in all cases 

considered, the classification metrics exceeded 0.50, indicating a level of accuracy that may be 

valuable for further clinical applications in equine veterinary practice. 

Conclusion: Semi-automatic segmentation of head CT images is effective for identifying both 

healthy and inflamed sinuses. The K-means clustering algorithm demonstrated high accuracy 

and precision in classifying healthy and inflamed sinuses in comparison to healthy horses and 

within diseased horses, thus may be implemented into equine clinical practice. 

Acknowledgements: Project no WZ/WM-IIB/2/2024 partially financed by the PMSHE 
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Motivation and Aim: The aim of this study was to evaluate the surface-area-to-volume ratio 

(BS/BV) as a potential diagnostic indicator for the assessment of femoral head morphology in 

avascular necrosis (AVN), with the goal of identifying distinct structural differences that could 

aid in the early detection and understanding of AVN progression. BS/BV representing Bone 

Surface normalized by Bone Volume, was calculated to assess the structural characteristics of 

femoral heads affected by AVN compared to healthy specimens. 

Novelty: Unlike traditional methods, the use of micro-CT-based morphometric analysis allows 

for precise quantification of bone structural alterations. The findings provide a new perspective 

on the diagnostic potential of the BS/BV ratio in AVN, offering a more objective and 

quantifiable measure of bone changes associated with this condition. 

Methods: The study was approved by the Institutional Review Board of Poznan University of 

Medical Science, approved by the Bioethics Committee (Approval No. 777/2022, 15 November 

2022). Fourteen femoral heads were collected( 7 from patients with diagnosed avascular 

necrosis undergoing total hip arthroplasty (THA)  and 7 from cadavers without diagnosed 

diseases of the musculoskeletal system). Patients with known history of hip trauma, infection, 

and rheumatoid arthritis were excluded. Inclusion criteria also involved a macroscopic 

inspection of specimens. The micro-CT evaluation was conducted using a GE phoenix v|tome|x 

s240 system (Waygate Technologies, Wunstorf, Germany). The microCT reconstruction of 

femoral head specimens and the datasets were analyzed usingsoftware (Volume Graphics 2.2, 

Heidelberg, Germany). Following the approach used in the pilot study [6,7]. The 

bonemorphometric parameters were computed with using open-source software, which was 

created in project R01EB021391 (Textural Biomarkers of Arthritis for the Subchondral Bone 

in the Temporomandibular Joint) supported by the National Institutes of Health (NIH in the 

USA). 

Main results: The average BS/BV mm-1 was found to be 1.45 ± 0.39 for femoral heads with 

AVN and 1.69 ± 0.26 for healthy femoral heads. This indicates that femoral heads affected by 

AVN exhibit a lower surface-area-to-volume ratio compared to healthy specimens. 

Furthermore, the minimum observed BS/BV mm-1 values were notably different between 

AVN-affected (minimum: 0.65) and healthy specimens (minimum: 1.15), highlighting distinct 

structural variations associated with the presence of AVN. 

Conclusion: These findings underscore the potential diagnostic utility of surface-area-to-

volume ratio in distinguishing between femoral heads affected by AVN and those from healthy 
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subjects. The results align with the hypothesis that AVN leads to alterations in bone 

morphology, reflected in lower BS/BV values compared to healthy counterparts 
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Motivation and Aim: The growing complexity of medical equipment and the limitations of 

traditional maintenance strategies highlight the need to explore alternative maintenance 

techniques. The aim would be to explore how integrating AI can significantly improve 

healthcare services by enhancing equipment data collection and employing sophisticated data 

analytics. 

 

Novelty: The emphasis in the alignment of AI-driven predictive maintenance with the core 

principles of Industry 5.0, such as human-centricity, sustainability, and resilience. This involves 

showing how AI not only improves maintenance but also enhances the roles of human workers, 

promotes sustainable practices by reducing waste and resource consumption, and ensures 

operational resilience 

 

Methods: A systematic literature review was performed, and an analysis of current trends, 

challenges and future directions is presented. The focus was on articles, reports and other types 

of resources from the last 10 years (2015-2025) in English specifically addressing AI 

applications in medical device maintenance. The relevant information from the included 

resources, for example AI techniques used, types of medical devices, reported benefits, 

challenges, and key findings. Finally, the alignment of the results found with the core 

principles of Industry 5.0, human-centricity, sustainability and resilience, was analyzed. 

 

Main results: A detailed categorization of AI and machine learning algorithms applied to 

predictive maintenance and articulation of their benefits in terms of time, costs, and safety were 

found. Also, the challenges arising from using AI in data quality, human resources, and ethical 

concerns, were defined. The alignment to Industry 5.0 principles was analyzed and found in 
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specific cases where the role of human workers, sustainable practices, and ethical 

considerations regarding the use of AI are highlighted. Future trends like more sophisticated AI 

models, integration with telemedicine platforms, and enhanced data analytics for 

comprehensive system oversight are presented.  

 

Conclusion: AI on predictive maintenance presents a paradigm shift in healthcare, offering 

significant improvements in operational efficiency, cost savings, and patient care. The medical 

device sector can harness the transformative power of AI to ensure the reliability, safety, and 

sustainability of its equipment. 
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Motivation and Aim: Otosclerosis is a middle ear disease that can lead to hearing loss if not 

detected early. Early detection of otosclerosis is critical to enable timely intervention, thereby 

limiting disease advancement and improving the likelihood of hearing preservation. However, 

the complexity of ear anatomy and the subtle radiological alterations associated with 

otosclerosis make diagnosis challenging, especially for non-specialist medical professionals. 

This study aims to develop an artificial intelligence (AI)-based diagnostic tool to assist in 

otosclerosis detection. 

Novelty: This research explores the application of deep neural networks, particularly 

convolutional architectures, to the automated analysis of computed tomography (CT) scans for 

the identification of otosclerosis-associated morphological alterations. Unlike traditional 

methods, this AI-driven system enhances diagnostic accuracy and accessibility, particularly in 

settings with limited otology expertise. 

Methods: A dataset of 120 CT images from patients with confirmed otosclerosis was compiled 

for AI model training. Different architectures of convolutional neural networks (CNNs) were 

tested to internally recognize the radiological patterns that allow the otosclerosis diagnosis. 

Model performance was evaluated using Accuracy computed by 10 cycles hold-out estimation, 

considering random 30 images for testing in each cycle. 

Main results: Preliminary results indicate that the AI model achieves 81% accuracy in 

detecting otosclerosis-related features in CT images. The model demonstrated effective 

discrimination between pathological and normal cases, supporting its potential utility as a 

reliable diagnostic support tool. Expert radiologist review confirmed the accuracy of the AI 

model's findings. 

Conclusion: The developed AI-based tool will provide an efficient and accurate method for 

otosclerosis detection, supporting clinicians in early diagnosis and treatment planning. Other 

architectures will be tested to improve the Accuracy. This advancement could lead to improved 

patient outcomes by enabling timely intervention and management of the disease. 
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Abstract. Hospital readmissions are common, unplanned, and potentially avoidable 

occurrences linked to elevated morbidity and mortality rates. In Colombia, the primary concerns 

regarding ICU readmissions involve the significant expenses associated with treating patients 

readmitted due to deteriorating circumstances or heightened illness severity, alongside 

inadequate discharge decisions made by certain physicians or experts, which decrease the 

efficacy of healthcare facilities. This study aims to develop a predictive model that provides an 

early warning for the readmission of adult patients to the intensive care unit. In order to 

accomplish this, a variety of database administration and data analysis technologies were 

employed, alongside with machine learning models referenced in the literature. These models 

were trained and validated using data provided by the Hospital Pablo Tobón Uribe (HPTU) in 

Medellín. As a result of this project, a predictive model was developed with an accuracy score 

of 0.74 and an AUC value of 0.74, providing valuable information to physicians and specialists 

when making ICU discharge decisions. This model generates alerts for patients at risk of 

readmission if discharged, improving decision-making in intensive care settings.  
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Motivation and Aim: Incorporating artificial intelligence into medical device design is 

transforming healthcare through advanced diagnostics, personalized treatment, and improved 

patient outcomes. However, the dynamic nature of AI presents unique challenges for regulatory 

bodies responsible for market approval, as they must ensure the safety, efficacy, and 

performance of these devices. Unlike traditional devices, AI systems are iterative and constantly 

learning from new data, making them less predictable. This unprecedented challenge requires 

regulatory agencies to adapt their frameworks to accommodate the unique characteristics of AI.  

Novelty: Artificial Intelligence's challenges are unique and unprecedented in medical device 

regulations. Intelligent systems are dynamic in nature and have an increasing learning rate from 

new data, making it difficult to track their safety and efficacy. This requires regulatory bodies 

to adapt existing frameworks designed for static devices to accommodate the evolving nature 

of AI technologies. 

Methods: Based on a search of bibliographic resources and official documents from different 

regions, proposing how to address the challenges that AI has imposed in other areas, we will 

establish a reference framework to address the most relevant aspects of medical devices. In 

particular, it will address the AI algorithm´s assessment, which often makes outcomes 

interpretation difficult, the software´s update and modification management, specifically the 

post-market long-term performance tracking, the ethical considerations, and global access to 

AI developments. 

Main results: Among the most relevant findings are regulatory gaps in specific risk addressing 

with a higher necessity for handle the safety and efficacy along their lifecycle, issues regarding 

data bias and quality where the guaranty of diverse and high quality datasets is a priority, a 

problem with the harmonization of AI-driven standards in different regions, and the difficulty 

of monitoring AI-based systems in the post-market phase. Discussion on these topics will be 

encouraged.  

Conclusion: The rapid advancement of AI in medical devices demands a paradigm shift in 

regulatory frameworks. Regulatory bodies can foster innovation while safeguarding public 

health by addressing challenges related to transparency, adaptability, ethics, and global 

harmonization. 
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Motivation and Aim: Advanced organotypic tissues made of polymeric membranes and 

human cells, in both homotypic and heterotypic co-culture systems with mesenchymal stem 

cells (MSCs), were developed as an ambitious attempt for the bio-fabrication of self-renewing 

human tissue models. Polymeric membranes mimic the in-vivo 3D microenvironment, 

recapitulating the natural niches for hosting cells and promoting cell-cell and cell-matrix 

interactions. 

Novelty: Through the modulation of the preparation process parameters, membranes with 

specific functionalities and structural features can be designed, representing a challenging 

strategy for the control of the cellular fate. Specific membranes properties provide the 

biochemical stimuli and mechanical support able to boost cellular adhesion, proliferation and 

differentiation, and thus the overall morpho-functional behavior 1-3. Porous semipermeable 

membranes enable the compartmentalization and the physical separation of cells allowing in 

the meantime their crosstalk by the selective mass transfer of the secreted paracrine factors and 

therefore mimicking the in-vivo physiological cell niches 3-5. Moreover, the membrane loading 

with a bioactive molecule constantly released in the time, represents a further strategy to trigger 

or modulate biological processes needed for tissue regeneration and therapy. 

Methods: Biodegradable membranes were prepared by phase inversion method. Nanoporous 

and microporous chitosan membranes were developed optimizing the polymer solution, by the 

addition of polyethylene glycol as porogen at different ratio, by blending with poly(ɛ-

caprolactone), or by adding drug-loaded inclusion complexes or mesoporous nanoparticles. The 

developed membranes were characterized and utilized for the creation of partial or complete 

skin layers using human keratinocytes and MSCs isolated from human dermis. Porous 

semipermeable membranes were used for membrane bioreactors design and optimization, as 

bioartificial liver engineering. Specific configurations and fluid dynamics were tested for 

human liver cell compartmentalization and dynamic direct and connected co-cultures with 

endothelial cells and MSCs.  
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Main results: Engineered microenvironments made by the combination of polymeric 

membranes with human cells were created as tissue models. Specific or complete epidermal 

strata and partial or complete skin layers were engineered by using biodegradable membranes, 

that through specifically tuned structural and physico-chemical surface properties, triggered 

proper cell responses modulating the stratification and terminal differentiation of human 

keratinocytes, and the epidermal and dermal differentiation of MSCs. The membrane loading 

with active compounds allowed cellular protection and repair in induced skin damages.  

Dynamic organotypic membrane bioreactors offered interesting opportunities for the design of 

bioartificial livers with high morpho-functional performance, simulating the high perfusion and 

the sinusoidal organization of the in vivo hepatic microenvironment. Cell compartmentalization 

allowed the physical separation of MSCs and the selective mass transfer of their secreted 

factors. A stable hepatic human phenotype was maintained for a prolonged time, which is 

strictly required for therapeutic purpose and for drug testing assessment in preclinical 

pharmacological research. 

Conclusion: Innovative culture strategies, by using engineered membrane biohybrid systems 

have been developed and presented in this work as interesting approach for skin and liver 

reconstruction, providing valid tools for therapeutic and drug-screening applications. 
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Motivation and aim: Currently, liver transplantation is the only method used to cure patients 

with liver failure. Because of the donor shortage, approximately 10% of patients on the 

transplantation waiting list die. Scientists have searched for alternative methods that prolong 

patients' lives until liver transplantation. One of the most promising techniques seems to be 

devices called bioartificial liver (BAL) support systems, which include biological material. The 

best source of cells for these devices is human hepatocytes. Unluckily, hepatocytes after 

isolation dedifferentiate very quickly and lose their ability to perform their functions. The aim 

of this research was to characterize our newly obtained cell type (liver-derived fibroblasts 

(LDFs)), which is derived from a liver isolate. Moreover, we want to use them as a potentially 

new source of cells in BAL devices. 

Novelty: Our newly obtained cell type, LDFs, dedifferentiated from isolated liver cells, can 

divide and partially retain hepatocyte functions such as albumin production. 

Methods: In our laboratory, we established a new method of human hepatocyte isolation on the 

basis of mechanical defragmentation and enzymatic digestion of liver tissue. This method 

allows the isolation of the whole range of liver cells, including hepatocytes. Isolated 

hepatocytes are cultured with a dedicated commercial medium kit, which enables the 

dedifferentiation of hepatocytes into fibroblast-like cells. Using flow cytometry, 

immunostaining, and western blot techniques, we investigated whether LDFs can produce 

proteins specific for hepatocytes. 

Main results: The results confirmed that LDFs can produce markers specific for hepatocytes 

even after dedifferentiation. However, the protein level during cell passages changed, which 

suggests the progression of cell dedifferentiation. 

Conclusion: Liver-derived fibroblasts (LDFs), which are dedifferentiated from isolated liver 

cells, seem to constitute promising biological material for use in BAL systems. 
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Abstract. Diabetes mellitus significantly compromises bone health, increasing the risk of 

fractures, osteoporosis, and limb amputations due to metabolic dys- functions. Effective bone 

regeneration is critical for managing complex fractures and bone-related complications, with 

over two million bone grafts performed an- nually. This research focuses on designing and 

developing personalized 3D-ar- chitected scaffolds to enhance bone regeneration in patients 

with diabetes using computational simulation techniques. These scaffolds are tailored to 

replicate the mechanical and structural properties of natural bone by optimizing key features 

such as anisotropy, porosity, and nutrient mass flow. The study highlights the transformative 

potential of personalized 3D-architected scaffolds in addressing critical challenges associated 

with diabetic bone health. Customizing scaffold de- signs to meet the specific needs of patients 

with diabetes aims to reduce postop- erative complications, improve healing outcomes, and 

enhance overall patient quality of life. Future work will refine scaffold designs and validate 

their perfor- mance in diabetes-specific clinical in vitro and in vivo models.  

Keywords: Scaffold, Bone Regeneration, Diabetes Mellitus 
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Motivation and Aim: During hemodialysis (HD), a few liters of excess fluid are removed from 

the body in the process called ultrafiltration (UF). This typically results in a decrease in blood 

volume, which in turn can lead to hemodynamic instability [1]. However, neither too much nor 

too little reduction in blood volume (BV) during HD is good for the patient, as it has been 

shown that there are specific ranges of relative blood volume (RBV) during HD that are 

associated with reduced all-cause mortality [2]. Intradialytic RBV changes are largely 

dependent on UF but can also be affected by various patient parameters. A few characteristic 

patterns of RBV changes during HD have been identified, including an exponential or a linear 

decrease. However, patients can exhibit a wide range of RBV patterns during HD, including 

a paradoxical increase in BV during the treatment. The aim of this study was to investigate 

possible patterns of RBV changes during HD using synthetic data generated with 

a mathematical model of cardiovascular response to HD. 

Novelty: We proposed a method for normalizing intradialytic RBV curves to reduce 

the influence of UF and thus enable the identification of patterns of RBV changes during HD 

regardless of the magnitude of RBV changes. 

Methods: We studied a publicly available synthetic dataset of BV changes during a standard 

4-hour HD simulated using a lumped-parameter model of the cardiovascular response to HD 

[3]. This dataset includes intradialytic BV curves simulated in a diverse cohort of 5,000 virtual 

patients with randomly assigned values of 90 physiological parameters and UF. We normalized 

all RBV curves to values in the range [-1 1], with 0 representing the initial (baseline) BV level 

and individual curves normalized to values [0 1], [-1 0], (-1 1], or [-1 1), depending on 

the direction of BV changes during HD and the maximum and minimum RBV levels during 

HD. We then applied various rules on the values and derivatives of such normalized RBV 

curves at specific time points during HD (at 10, 30, 60, 120, 180, and 240 min) to identify 

12 patterns of RBV changes during HD. All computations were performed in MATLAB® 

(The Mathworks Inc.).  

Main results: Fig. 1A shows the averaged normalized RBV curves corresponding to the 12 

considered patterns of intradialytic RBV changes (i.e. averaged curves from all virtual patients 

exhibiting a given pattern), whereas Fig. 1B shows the associated averaged original (non-

normalized) RBV curves for the same groups of virtual patients. We found that patients with 

relatively similar patterns in normalized RBV (e.g. patterns no. 7, 8, and 9) may show 

substantially different RBV changes during HD, which may be at least partly explained by 

different levels of UF. On the other hand, patients with similar overall RBV reduction during 
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HD may have significantly different patterns of intradialytic RBV changes (e.g. patterns no. 8 

and 12). 

Fig. 1. Averaged intradialytic RBV curves in 12 groups of virtual patients exhibiting 

the considered RBV patterns. A) normalized RBV curves, B) original (non-normalized) RBV 

curves. 

Conclusion: The proposed normalization of intradialytic RBV curves may help identify 

specific patterns of RBV changes during HD and may help assign individual patients to such 

patterns, even if their RBV curves differ in the magnitude of RBV changes during HD (the latter 

being strongly associated with UF). The ability to classify patients according to the pattern of 

normalized RBV changes during HD could potentially be used in the future to introduce some 

modifications to dialysis treatment that would be beneficial to a given type of patient, especially 

for patients suffering from intradialytic hypotension. Further research is needed to enable 

automatic clustering of patients exhibiting similar intradialytic RBV patterns (e.g. using 

machine learning clustering methods) and to investigate parameters influencing those patterns 

as well as possible treatment modifications that could improve hemodynamic stability in 

patients with specific RBV patterns. 

Acknowledgements: This study was supported by the National Science Centre, Poland 

(grant no. 2021/43/D/NZ5/01887). 
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David Boas, Ph.D. (Professor, Biomedical Engineering) is Director of the Neurophotonics 

Center at Boston University. He received his BS in Physics at Rensselear Polytechnic Institute 

and PhD in Physics at the University of Pennsylvania. During his academic career, he has 

supervised more than 50 students and post-doctoral fellows, and he has published over 300 

papers that have received over 46,000 citations and an h-index of 117. He is the founding 

President of the Society for Functional Near Infrared Spectroscopy and founding Editor-in-

Chief of the journal Neurophotonics published by SPIE. Dr. Boas was awarded the Britton 

Chance Award in Biomedical Optics in 2016 for his development of several novel, high-impact 

biomedical optical technologies in the neurosciences, as well as following through with 

impactful application studies, and fostering the widespread adoption of these technologies. He 

was elected a Fellow of AIMBE, SPIE, and OSA in 2017. 

As Director of the Neurophotonics Center, he facilitates the development and application of 

novel optical methods to address a broad range of neuroscience questions from basic science to 

clinical translation. His own research efforts focus on neurovascular coupling, cerebral oxygen 

delivery and consumption, functional near infrared spectroscopy (fNIRS), and physiological 

modeling. Studies are done in rodents and humans, invasively and non-invasively, 

microscopically and macroscopically, providing a powerful ability to translate findings from 

animals to humans, and conversely to address in animals questions raised during human studies. 

One example of this that will tie together many of Dr. Boas’ activities is studying functional 

brain recovery in survivors of stroke. Human neuroimaging by fMRI and fNIRS measures 

hemodynamic functional recovery but it is not known if neuro-vascular coupling differs in these 

patients compared to healthy subjects. Animal studies will answer this question enabling more 

quantitative interpretation of the human neuroimaging studies. 
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Motivation and Aim: AI is playing an increasingly pivotal role in the field of medicine. Novel 

Computer Aided Diagnosis methods offer promising avenues to assist pathologists, alleviating 

their workload and reducing associated costs. However, the development of specialized 

solutions tailored to specific tasks, such as support of the Follicular Lymphoma (FL) 

diagnosing, is impeded by various challenges, including multistage data collection and 

inconclusive annotation. 

To address the intricacies of pathologists' tasks, we propose an AI-based method for detecting 

centrocytes (CCs) and centroblasts (CBs) in FL cases. This is particularly challenging because, 

identifying CBs  presents a formidable challenge, even for experts, given their potential 

confusion with centrocytes. Our method is designed to detect cells and classify them into one 

of three categories: CBs, CCs, or other.  Using input data at x20 resolution, our proposed 

approach diverges from methods outlined in existing literature and comprises two distinct 

phases: detection and classification. 

Novelty: In this paper, we proposed a novel method to assist in the detection of centroblasts  

for the assessment of FL. The method operates effectively using lower-resolution input data 

compared to existing approaches in the literature1,2,3. CBs detection poses a significant 

challenge even for experts, as CBs can easily be misclassified as CCs, and classification is not 

always feasible. To address these challenges, we introduced a three-class schema wherein we 
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distinguish between centroblasts, non-centroblasts (centocytes and other cells), and an 

"unknown" class comprising ambiguous cells.  

Methods: For research purposes, we collected a dataset comprising 41 routinely stained 

hematoxylin and eosin glass slides depicting cases of FL across a range of grades. These slides 

were collected from the Maria Sklodowska-Curie National Research Institute of Oncology in 

Gliwice, Poland, and digitized using a 3DHISTECH PANNORAMIC 250 Flash II scanner. All 

experiments were conducted in strict adherence to the Declaration of Helsinki guidelines for 

responsible research practices. 

The collected dataset was annotated by trained pathologists employing a two-step annotation 

method and the active learning pipeline. In total, 12,704 cells were annotated, comprising 1,406 

CBs, 9,514 CCs, and 1,784 other cell types, subsequently partitioned into distinct train, 

validation, and test sets. 

Both the detection and classification steps were executed utilizing deep learning models, with 

YOLOv8 employed for cell detection and a shallow CNN model utilized for cell classification. 

 

Main results: While the majority of studies predominantly focus on CBs detection, we 

extended our investigation to assess its efficacy in classifying centroblasts against non-

centroblast cells, encompassing centrocytes and other classes, to mirror setups outlined in 

existing literature. In this particular configuration, we attained a precision of 58% and a recall 

of 57% for CBs classification. 

Pathologists also noted uncertainty in discerning particular cells, given the visual similarities 

between CBs and CCs. To mitigate this challenge, we introduced an artificial class 'unknown', 

designated for cells with a classification confidence score below 0.5 as determined by our 

softmax classifier. In this refined setup, with a focus on select cells, we achieved a precision of 

62% and a recall of 57%. 

Conclusion: The relatively modest performance of centroblast (CB) detection models, 

observed in both our proposed method and prior studies, suggests that this task poses challenges 

not only for seasoned pathologists but also for training highly effective machine learning 

systems. 

Our findings on CBs detection using the proposed method underscore the viability of detecting 

CBs within whole slide images  scanned at x20 resolution. Despite utilizing images with lower 

resolution, we have demonstrated the capability to achieve results in CB classification that are 

comparable to state-of-the-art approaches. 
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Motivation and Aim: Breast Cancer (BC) remains an immense global health concern, 

recognized as a leading cause of cancer-related death among women, requiring accurate and 

effective diagnostic methods. The widespread influence of this issue requires efficient screening 

and diagnostic methods to address its high recurrence and death rates. Mammography is 

considered a fundamental method in the detection of breast cancer. It is widely acknowledged 

for its effectiveness in reducing mortality rates by enabling the early identification of the illness 

by 42% since 1989 [1]. BC is a heterogeneous disease that consists of different molecular 

subtypes. The presence of both intra and inter-tumor heterogeneity plays a significant role in 

drug resistance and treatment effectiveness. The molecular subtypes are categorized into four 

classes based on the expression of immunohistochemical markers: Luminal A, Luminal B, 

HER2, and Triple-Negative [2]. In addition to facilitating tailored treatment methods, having 

an understanding of the molecular subtype of breast cancer helps with risk assessment and 

prognostication, which ultimately leads to improved patient outcomes. 

Novelty: This work aims to automate the process of classifying the molecular subtypes of BC 

using Artificial Intelligence (AI), leveraging advanced Deep Learning algorithms in multi-

modal radiological imaging, mainly mammography, to provide a non-invasive, efficient, and 

cost-effective alternative to biopsies [3]. 

Methods: Our research includes an end-to-end framework for classifying BC molecular 

subtypes from radiological images (e.g., mammograms), structured into three key stages. 

• Tumor Detection and Segmentation Based on Deep Learning: In the first stage, a deep 

learning-based segmentation model is employed to detect and precisely segment the tumor 

region. The model ensures accurate delineation of tumor boundaries, enhancing the 

reliability of subsequent feature extraction.  

• Feature Extraction via Image Processing & Radiomics: The second stage focuses on 

extracting key morphological and radiomic (texture-based) features from the segmented 

tumor region. Advanced image processing techniques are applied to quantify tumor shape 

and margin characteristics, which are crucial for distinguishing molecular subtypes.  

• Molecular Subtype Classification Based on Machine Learning: In the final stage, the 

extracted morphological and radiomic features are fed into machine learning models— such 

as Random Forest (RF), CatBoost, and Support Vector Machine (SVM)—to classify tumors 

into molecular subtypes (Luminal A, Luminal B, HER2+, and Triple- Negative).  



The proposed framework enhances subtype classification accuracy, providing a more precise 

approach to BC diagnosis from mammography.  

Main results: We employed quantitative and qualitative measures to compare the proposed 

framework to determine its effectiveness. We conducted an in-depth analysis of the relationship 

between tumor shape, margin, radiomics features, and BC molecular subtypes. This analysis 

identified novel correlations that are strongly supported by clinical data, offering new insights 

into the biological behavior of different subtypes. Based on the results we got from our private 

in-house dataset using this framework for subtype classification, we present a more accurate 

and efficient approach to classifying breast cancer molecular subtypes compared to existing 

methods.  

Conclusion: Our framework consistently outperforms other approaches in distinguishing 

subtypes such as Luminal, HER2-positive, and Triple-negative, highlighting its potential for 

use in clinical and research settings, contributing to more precise and personalized breast cancer 

treatment strategies. Future work will focus on expanding this framework to incorporate 

additional imaging modalities, such as MRI and ultrasound, to enhance the model’s diagnostic 

accuracy and generalizability across different clinical settings. Acknowledgements: This work 

was supported by the BosomShield Project, a grant from Marie Sklodowska-Curie Doctoral 

Networks Actions (HORIZON-MSCA-2021-DN-01-1- 101073222).  
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Abstract. This paper presents EGGS, a novel and purpose-driven image processing ap- proach 

designed specifically for creating a standardized and comprehensive dataset of avian egg 

images. The proposed approach integrates advanced techniques for image preprocessing, 

orientation detection, and the removal of damaged specimens, addressing key challenges in 

oological data analysis. With a primary focus on enhancing the quality of avian egg datasets, 

this study highlight the potential for combining advanced image processing techniques with 

deep learning models to address challenges in ecological data analysis. Beyond basic prepro- 

cessing, EGGS incorporates a robust orientation detection component and precise contour 

analysis, offering a focused and efficient framework for egg annotation. This innovative so- 

lution is tailored to support targeted ecological and heritage research, providing a unique tool 

for advancing ornithological studies. The resulting dataset not only enables downstream 

analyses but also serves as a critical resource for ornithological research, opening pathways for 

deeper insights into avian reproductive strategies, evolutionary adaptations, and environ- 

mental resilience.  
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Motivation and Aim: Cellular reprogramming, the artificial transformation of one cell type 

into another, has been attracting increasing research attention due to its therapeutic potential for 

complex diseases. However, discovering cellular reprogramming strategies solely through wet-

lab experimentation is hindered by long timeframes and high costs. This strongly motivates us 

to explore in-silico methods for identifying viable reprogramming targets and intervention 

strategies to achieve efficacious cellular reprogramming. 

 The formal computational framework of Boolean Networks (BNs), introduced by S. 

Kauffman1, has recently acquired significant interest in studying gene regulatory networks 

(GRNs) in the context of cellular reprogramming, where the goal is to control gene expression 

dynamics. Our work builds on previous research that applies Deep Reinforcement Learning 

(DRL) techniques to control BN models of GRNs2-3. In this study, we evaluate our approach 

using several BN models of real-life biological processes taken from the literature, whose 

properties have been experimentally validated.  

Novelty: We propose a novel control framework that leverages our concept of pseudo-attractors 

and reinforcement learning to efficiently navigate BN state transitions. Since finding optimal 

control strategies is generally an NP-hard problem, our approach enhances the computational 

feasibility of identifying minimal target control strategies for cellular reprogramming 

applications. 

Methods: A BN is a discrete dynamical system represented as a directed graph, where nodes 

correspond to genes and edges represent their interactions. Since finding attractors of large BNs 

is often computationally intractable, we define pseudo-attractor states as states where the BN 

dynamics spends a significant amount of time. To identify these states, we propose the Pseudo-

Attractor States Identification Procedure (PASIP). 

 We define the attractor-target control problem, where the goal is to drive a BN toward one 

of its (pseudo-)attractor states that aligns with a specified target configuration for a subset of 

genes. We formulate this control problem as a Markov Decision Process and solve it  using a 

DRL algorithm that optimises the length of control sequences while limiting the number of 

perturbed genes per intervention. To incorporate prior knowledge of the BN structure, we use 

a Graph Convolutional Network4 as part of the artificial neural network approximator for the 

action-value function learned by the DRL agent. 

 We evaluate our method on four real-world biological networks from the literature: the 

bladder tumorigenesis network (35 genes)5, the CD4+ T-lymphocyte network (188 genes)6, the 

bortezomib-induced apoptosis network (67 genes)7, and the T-leukocyte differentiation 

network (68 genes)8. 
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Main results: We demonstrate that our DRL-based approach effectively identifies optimal or 

near-optimal attractor-target control strategies across various cellular reprogramming case 

studies. On average, the length of the control strategies found is typically within one 

intervention of the optimal solutions obtained by an exact algorithm (see Tab. 1). Importantly, 

our approach can handle larger and more complex networks than state-of-the-art exact 

algorithmic methods (data not shown). 

Table 1: Comparison of the average number of steps required to control the network from the source state to the 

target configuration using GraphBDQ and an exact approach implemented in CABEAN9. The PASIP method 

correctly identifies all attractor states within the found pseudo-attractor states, with the numbers of each given in 

the ‘#Attr. states’ and ‘#PA states’ columns, respectively. 

Model Model size #PA states #Attr. states #Steps (GraphBDQ) #Steps (CABEAN) 

bladder 35 34 4 1.0 1.0 

t-diff 68 12 12 2.55 1.18 

bortezomib 67 5 5 1.99 1.05 

CD4+ 188 16 6 1.16 1.03 
 

Conclusion: The proposed framework offers a scalable and effective solution for BN control 

problems in the context of cellular reprogramming. By integrating graph-based models and 

reinforcement learning, we introduce a novel approach to solving the attractor-target control 

problem in large-scale BNs. Our PASIP method provides a strong alternative to traditional 

methods for finding BN attractor states, delivering results in a reasonable amount of time. 

Acknowledgements: Funded by the National Science Centre, Poland under the OPUS call in 
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Motivation and Aim: The surface properties of cardiovascular implants play a key role in their 

biocompatibility and interaction with blood and surrounding tissues. However, standard surface 

treatments do not prevent the release of harmful nickel ions into the body or improve the 

corrosion resistance of NiTi alloy. Advanced coating techniques, particularly Atomic Layer 

Deposition (ALD), enable the creation of thin, uniform coatings even on implants with complex 

geometries, improving their functionality and safety. 

Novelty: Recent studies related to implant coatings focus on developing ultrathin, bioactive 

layers that promote cell adhesion while minimizing thrombosis risk. This research shows the 

potential of thin coatings obtained by Atomic Layer Deposition Method, emphasizing the 

advantages of improving hemocompatibility and mechanical stability. The findings contribute 

to the continuous development of next-generation cardiovascular implants with optimized 

surface properties. 

Methods: The tested material was a NiTi alloy designed for use in implants coated with 

different coatings at various ALD process parameters. The surface properties were analyzed 

using transmission electron microscopy (TEM) and scratch test was used to assess coating 

adhesion. Biocompatibility was evaluated through corrosion resistance tests and endothelial 

cell proliferation assays. Hemocompatibility was assessed by measuring platelet adhesion and 

coagulation activity, ensuring the coatings effectively reduce thrombogenic potential. 

Main results: The ALD process parameters have a strong influence on the surface properties 

of the material. The obtained coatings showed good adhesion to NiTi alloys. Preliminary results 

indicate that thin coatings enhance endothelial cell proliferation, supporting faster healing and 

reducing the risk of clot formation. These improvements suggest that advanced coating 

strategies may lead to safer and more durable cardiovascular implants. 
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Conclusion: Surface modification of cardiovascular implants using advanced coating 

technologies presents a promising approach to improving their clinical performance. By 

enhancing endothelialization and reducing thrombogenicity, these coatings could help extend 

implant lifespan and lower the risk of postoperative complications. 

Acknowledgements: The research was funded by the National Science Centre, Poland, 

allocated based on decision No. 2023/49/B/ST11/03301. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



OP026 

Modification of titanium surfaces with circular and hexagonal 

TiO2 nanotubes 

Katarzyna ARKUSZ1*, Aleksandra JĘDRZEJEWSKA1, Ewa PARADOWSKA1,, Mieczysław 

JURCZYK1 

1 Department of Biomedical Engineering, Faculty of Engineering and Technical Sciences, University 

of Zielona Gora, Zielona Gora, Poland 

* Corresponding author. E-mail address: k.arkusz@iimb.uz.zgora.pl 

Keywords: titanium, nanotubes, anodization, surface modification, electrochemical properties 

Motivation and Aim: Titanium dioxide (TiO₂) nanotubes have gained significant attention for 

biosensing applications due to their high surface area and electrochemical properties. The 

objective of this study is to modify titanium surface with both conventional circular and novel 

hexagonal TiO₂ nanotubes and to comparatively evaluate their electrochemical properties to 

assess their potential for biosensing applications. 

Novelty: While the electrochemical behavior of circular TiO₂ nanotubes has been extensively 

investigated, hexagonal TiO₂ nanotubes represent a novel morphological variation that may 

offer superior electrochemical performance. This study introduces a systematic comparison 

between these two nanostructures, contributing to a deeper understanding of the impact of 

nanotube geometry on electrochemical properties. 

Methods: Titanium foil was anodized to fabricate both circular and hexagonal TiO₂ nanotubes. 

The electrochemical properties of these nanostructures were characterized in phosphate-

buffered saline (PBS) solution using open-circuit potential (OCP) measurements, 

electrochemical impedance spectroscopy (EIS), and Tafel analysis. To ensure a direct and 

meaningful comparison, the characteristic diameter of both nanotube morphologies was 

maintained at 50 nm, where the diameter of the hexagonal nanotubes was defined as the 

circumscribed circle around their hexagonal cross-section. 

Main results: Electrochemical impedance spectroscopy (EIS) measurements revealed that 

before thermal treatment, the impedance modulus (|Z|) at 0.1 Hz was approximately 1.2×10⁴ 

Ω·cm², which was about 25% lower than that of circular TiO₂ nanotubes. After thermal 

annealing at 550°C, the impedance modulus further decreased to approximately 9.0×10³ Ω·cm². 

These findings confirm that the hexagonal morphology and subsequent annealing process 

promote improved charge transfer properties, suggesting a clear advantage for advanced 

electrochemical applications where high ionic conductivity is essential.. 

Conclusion: The results of this study demonstrate that the modification of titanium surfaces with 

hexagonal TiO₂ nanotubes leads to a substantial improvement in electrochemical properties compared 

to circular nanotubes. After thermal treatment, further enhancement of conductivity parameters was 

observed. The observed improvements highlight the potential of hexagonal nanotubes for advanced 

electrochemical applications, particularly where high ionic conductivity is critical. Further research 

should focus on optimizing the fabrication parameters and exploring functionalization strategies to fully 

exploit their potential in engineering and sensor technologies. 
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Motivation and Aim: Due to the increasing number of people requiring rehabilitation and an 

aging society, the need to streamline, improve, and increase the availability of rehabilitation 

has been identified. In the present study, research was conducted to evaluate the feasibility of 

adapting an industrial-grade cobot to assist in the rehabilitation process. 

Novelty: This study is among the first to compare the kinematics of movements performed by 

a physiotherapist with those replicated by a UR10 cobot in neurological rehabilitation of lower 

leg. 

Methods: The study included four measurement series, which consisted of ten repetitions of 

Proprioception Neuromuscular Facilitation (PNF) movements. The first two series were 

performed with the assistance of a physiotherapist, the next two with the support of the Cobot 

UR10e. The lower limb movement was analyzed using the Noraxon Ultium Motion system 

using inertial sensors (IMU). The study analyzed the following parameters: hip flexion and 

abduction angles; knee flexion and rotation angles; ankle dorsiflexion angle; and motion cycle.. 

Main results: Based on the results, it can be seen that the cobot reproduces physiotherapeutic 

movements more precisely and with greater repeatability. The cobot reproduced the movements 

in the hip and knee joints very well with exception of the hip abduction and ankle dorsiflexion 

movements, where a weak similarity was obtained. 



 

 

Conclusion: From the analysis, it can be concluded that with proper adaptation, the robot could 

be used in the rehabilitation process. 

Acknowledgements: This research was conducted with support from the Silesian University 

of Technology and the Medical University of Silesia 
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Motivation and Aim: Despite the increasing use of robots in industry, assembly and 

manufacturing processes in small and medium-sized enterprises are still performed manually 

[1]. Integrating cobots (collaborative robot - is specifically designed to work safely alongside 

humans in a shared workspace). with manual assembly combines human dexterity and 

perceptual abilities with the precision and strength of robots [2]. In repetitive tasks, unlike 

humans, robots do not experience fatigue or fluctuations in work performance [3]. Their 

implementation reduces physical strain and lowers the risk of injuries, which are significant 

factors contributing to decreased productivity and absenteeism [4]. This study focused on 

designing human-robot interactions that enhance job satisfaction and performance. It examined 

the relationship between mental workload and task allocation and considered the role of 

feedback on safety and work outcomes. 

Novelty: Efforts are ongoing to identify the human requirements and expectations that are 

essential for effective collaboration and stable employment in this field [5]. It is crucial to 

understand which support systems enhance job satisfaction and performance when working 

with robots. To the authors' knowledge, the impact of positive and negative feedback (such as 

approval versus disapproval, critique) in human-robot collaboration has not yet been studied. 

Methods: The experiment followed a 2 (feedback type: positive vs. negative; between-subjects) 

× 4 (measurement time points; within-subjects) mixed-design. 53 participants were randomly 

assigned to one of the feedback conditions. The UR10e cobot was equipped with an RG2 

OnRobot gripper, enabling precise gripping of boxes and their handoff to participants. The 

cobot was positioned in front of a rack containing the boxes designated for the study. During 

each cycle, the robot delivered six boxes. Participants completed four task blocks with the robot. 

After each block, a 20-second feedback session was provided. First, the participant received the 

box from the cobot. Then, they assembled the components inside the box according to a detailed 

pattern provided on an instruction sheet inside. These components consisted of LEGO bricks, 

simulating parts of a printed circuit board. After completing the assembly, the participant 

evaluated the quality of their work by comparing the placement and color of the components 



against a reference circuit board. Finally, they placed the completed product back into the box 

and handed it over to the experimenter. 

Task completion time was measured from the moment the robot handed over the box to the 

participant until its return to the experimenter. Electrodermal activity (EDA), heart rate (HR), 

and heart rate variability (HRV) were recorded using the Empatica 4 device. Single-item scales 

were used to assess the intensity of stress, tension, fatigue, and happiness before and after 

working with the robot. After the study, participants provided information on their experienced 

pleasure and boredom during the experiment. 

Main results: Lack of prior experience working with a robot contributed to perceived stress 

and tension before the experiment while simultaneously evoking happiness due to the novelty 

of using the cobot. The task allocation used in the study reduced negative emotions and 

increased happiness. The highest HRV values were observed in the second block of the 

experiment. The type of feedback provided influenced participants' behavior. Participants who 

received approval for their work were less likely to modify their task execution strategy, which 

leading to longer task duration. In contrast, negative feedback shortened the time required to 

complete the task but also reduced enjoyment and increased boredom experienced during the 

work with cobot. 

Conclusion: The study shows that a lack of prior experience with a cobot triggered mixed 

emotions: participants reported stress and tension before the interaction, but also happiness due 

to the novelty of the situation. This highlights the need to address both stress-inducing and 

motivational factors when introducing cobots.The task allocation used in the study reduced 

negative emotions and increased positive affect over time, suggesting that structured task design 

can facilitate emotional adaptation in human–robot collaboration. HRV data showed lower 

physiological arousal in the second phase of the experiment, indicating growing comfort and 

task familiarity. This supports the role of adaptive task progression in reducing stress. Cobot 

feedback significantly shaped participant behavior. Positive feedback enhanced satisfaction but 

reduced behavioral flexibility, resulting in longer task durations. Negative feedback shortened 

completion time but lowered enjoyment and increased boredom. These findings reflect a trade-

off between affective experience and efficiency, depending on feedback type. Overall, the 

results point to the importance of feedback strategies that balance performance and emotional 

well-being. In small and medium-sized enterprises, where employees may lack prior 

technological exposure, carefully designed onboarding and supportive communication may 

foster sustainable engagement and effective collaboration with cobots. 
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Motivation and Aim: Conventional treatment of bacterial infections is based on the systemic 

administration of antibiotics (oral or intravenous). However, due to growing bacterial resistance to 

antibiotics, novel antibacterial therapies are being investigated extensively.  

Novelty: Antibacterial peptides (ABPs) are cationic molecules consisting of 12-45 amino acids that can 

hamper bacterial proliferation as effectively as antibiotics, whereby bacteria are not able to develop 

resistance for ABPs. ABPs are prone to inactivation by various proteolytic enzymes present in the human 

body. Thus, the aim of this study was to fabricate lipid nanoparticles as carriers of ABPs, protecting 

them from degradation and allowing their direct delivery to infected sites, particularly infected wounds 

and respiratory tract.  

Methods: Solid lipid nanoparticles were fabricated using the oil-in-water emulsification/solvent 

evaporation method. In brief, lipids were dissolved in organic solvent and homogenized with an internal 

aqueous phase containing selected APBs (bacitracin, nisin, or LL-37). As obtained primary emulsion 

was then poured into external aqueous phase containing surfactant and emulsified using ultrasound 

probe. After solvent evaporation, the nanoparticles were purified via centrifugation and repeated rinsing 

with Milli-Q water or diafiltration method, and freeze-dried. Physicochemical properties of the 

nanoparticles were evaluated using different methods, including atomic force microscopy (AFM), 

dynamic light scattering (DLS), zeta potential measurements; APBs encapsulation efficacy was also 

assessed. Antibacterial activity of the nanoparticles against both Gram+ and Gram- bacteria was 

determined. Cytotoxicity of the nanoparticles was assessed in vitro using either fibroblasts (L929) or 

lung epithelial cells (BEAS-2B, Calu-3). 

Main results: The properties of the nanoparticles varied depending on the type of lipid. The 

nanoparticles based on saturated fatty acid – stearic acid were significantly larger than the nanoparticles 

based on wax – cetyl palmitate (average diameters of approximately 340 nm and 40 nm, respectively). 

APBs encapsulation efficacy (EE) was related to the type of lipid used, and the properties of ABP itself. 

Highly water soluble bacitracin (BCT) was poorly loaded into the nanoparticles (EE = 15%), while less 
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soluble peptide LL-37 was successfully encapsulated in stearic acid nanoparticles (EE = 71%), but not 

as effectively in cetyl palmitate nanoparticles (EE = 34%) 1. The least water-soluble peptide, nisin, 

achieved the highest EE = 82% in stearic acid 2.  

Nisin-loaded stearic acid-based nanoparticles (NP_NSN) were spherical with an average particle size of 

around 300 nm and were cytocompatible with L929 fibroblasts for up to a concentration of 500 µg/ml. 

The nanoparticles were later embedded in hydrogel wound dressings based on gellan gum (GG) and a 

mixture of gellan gum and sodium alginate (GG/Alg). GG and GG/Alg sponges containing either free 

nisin (GG+NSN and GG/Alg+NSN) or nisin-loaded nanoparticles (GG+NP_NSN and 

GG/Alg+NP_NSN) were highly porous with a high swelling capacity (swelling ratio above 2000%). 

The most effective antimicrobial activity against Gram-positive Streptococcus pyogenes was observed 

for GG+NP_NSN, whereas in GG/Alg it was decreased by interactions between NSN and Alg leading 

to NSN retention within the hydrogel matrix. All materials, except GG/Alg+NP_NSN, were 

cytocompatible with L929 fibroblasts and did not cause an observable delay in wound healing. The 

materials developed are promising for wound healing application and the treatment of bacterial 

infections in the wounds. 

Since cetyl palmitate-based nanoparticles were significantly smaller, with average diameters below 50 

nm, they were suitable for direct pulmonary delivery via nebulization. Nanoparticles fabricated using 

different  lipid to LL-37 ratios, were spherical with median diameters of 35 – 42 nm, with a maximal 

LL-37 loading of 6.1%. Unloaded nanoparticles were negatively charged (-15.5 mV), while those loaded 

with LL-37 were neutral or positively charged (the more LL-37 encapsulated, the more positive charge 

of the nanoparticles). Increased zeta potential allowed more effective adsorption of mucins on the 

surface of nanoparticles, leading to enhanced penetration through artificial mucus. Unloaded 

nanoparticles were non-cytotoxic towards lung epithelial cells (BEAS-2B), on the contrary to LL-37 

alone (LD50: 157 µg/ml). Encapsulation of LL-37 protected the cells from the negative impact of the 

peptide. In the presence of the nanoparticles and LL-37, the cells were able to maintain their barrier 

properties in the air-liquid interface model (Calu-3). LL-37 as well as unloaded and LL-37 loaded 

nanoparticles, prevented the formation of Pseudomonas aeruginosa biofilm and were able to disrupt 

existing early biofilm. The dose of LL-37 required to decrease biofilm viability by 50% was lower in 

the case of loaded nanoparticles, than for LL-37 alone (LD50: 103 µg/ml and 310 µg/ml, respectively). 

The developed nanoparticles exhibited suitable properties for inhalation, the ability to migrate through 

mucus, cytocompatibility with lung epithelial cells, and antibiofilm properties against P. aeruginosa.  

Conclusion: This study proved that solid lipid nanoparticles are suitable carriers for ABPs, however, 

the selection of lipid and APBs must be done carefully to ensure successful encapsulation of peptides. 

Depending on the properties of the nanoparticles, they can be used in different applications, including 

antibacterial wound healing dressings and pulmonary delivery via nebulization. 
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Abstract. Extracts from the leaves of plants of the genus Verbesina have shown promising 

biomedical potential, especially for their antimicrobial and anti- inflammatory properties and 

their application in wound healing. In this study, we analyzed the biological properties of the 

methanolic extract of Verbesina persicifolia using the minimum inhibitory concentration 

(MIC) assay to determine its antimicrobial activity against various pathogenic bacteria. In 

addition, cell viability was evaluated using the Alamar Blue assay to determine the effect of 

plant extracts on bacterial viability and the cytotoxicity of the extracts in murine fibroblasts in 

culture. The results demonstrated significant antimicrobial activity, making the extract a 

potential candidate for the development of new antimicrobial agents. Furthermore, the non-

toxic effects on fibroblasts highlight its potential to promote wound healing, suggesting that 

Verbesina persicifolia could serve as a natural alternative for therapeutic applications in 

wound management.  

Keywords: Verbesina persicifolia, methanolic extract, antimicrobial properties, cytotoxicity, 
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Motivation and Aim: Staphylococcus aureus is a common pathogen responsible for various 

infections, often forming biofilm which decreases the efficacy of antimicrobial treatment 

leading to permanent colonization and significantly enhanced risk of developing antibiotic 

resistance. Biofilm formation involves extracellular polymeric substances (EPS), acting as a 

protective barrier. A promising strategy for combating biofilm-associated infections involves 

quorum sensing inhibitors (QSIs), which disrupt bacterial communication and virulence1,2. 

Among the potential QSIs, linolenic acid (LNA), a natural compound, has demonstrated 

antimicrobial activity against S. aureus, primarily by disrupting cell membranes, and also 

enhanced the activity of tobramycin against Pseudomonas aeruginosa3,4. Our study evaluated 

the antibacterial effects of gentamicin (GEN), tobramycin (TOB), azithromycin (AZM), and 

LNA on S. aureus in planktonic and early biofilm states. It assessed LNA’s role in biofilm 

inhibition and its synergistic effects with antibiotics5. 

Novelty: The novelty of this study lies in its investigation of the synergistic effects of linolenic 

acid (LNA) with antibiotics (gentamicin, tobramycin, and azithromycin) against S. aureus in 

both planktonic and early biofilm states. While LNA has been recognized for its antimicrobial 

properties, its impact on biofilm inhibition in combination with antibiotics remains 

underexplored. By evaluating the potential of LNA as a quorum sensing inhibitor (QSI) and its 

role in enhancing bacterial susceptibility to antibiotics, the study provides new insights into 

alternative strategies for combating biofilm-related infections and overcoming antibiotic 

resistance. 

Methods: The study examined S. aureus (ATCC 25923), cultured on Mueller-Hinton agar. 

Susceptibility testing was performed using the E-test for GEN, TOB, and AZM. Antibiotics and 

LNA were dissolved according to standard protocols and UV-disinfected. Minimum inhibitory 

concentrations (MICs) and minimum bactericidal concentrations (MBCs) were determined 

using broth microdilution and plating methods. Biofilm inhibition (MBIC) was assessed with a 

resazurin-based metabolic assay (AlamarBlue), while biofilm mass reduction was evaluated 

using a crystal violet assay (CV). Synergistic effects between antibiotics and LNA were 

57nalysed via a checkerboard assay. Statistical analysis was performed using one-way ANOVA 

with Tukey’s post hoc test, with significance set at p < 0.0001. 
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Main results: The MIC values of antibiotics against S. aureus ATCC 25923 were determined 

using E-tests and EUCAST guidelines. E-test results showed MICs of 0.125 µg/ml (GEN), 0.38 

µg/ml (TOB), and 0.19 µg/ml (AZM), while EUCAST values were 0.125 µg/ml (GEN, TOB) 

and 0.5 µg/ml (AZM). MBCs were 1 µg/ml (AZM, GEN) and 0.5 µg/ml (TOB). LNA’s MIC 

was not determined due to turbidity, but its MBC was 1024 µg/ml. 

For GEN and LNA, synergy was observed in six combinations allowing GEN dose reductions 

of 4 to 32 times while maintaining effectiveness. For TOB and LNA, synergy was found in five 

combinations enabling similar dose reductions. AZM and LNA showed synergy in two 

combinations, reducing AZM dose fourfold. Biofilm viability at MBIC90 remained comparable 

across synergistic treatments. 

Conclusion: LNA has the potential to prevent S. aureus biofilm formation as a QSI and affects 

planktonic bacteria, though only at high concentrations. Combining antibiotics with LNA 

enhances their effectiveness, reducing the required dose due to their synergistic effect. This 

strategy holds promise for treating S. aureus infections and combating antibiotic resistance in 

biofilms. However, further testing on various reference and clinical strains is needed to confirm 

its efficacy. 
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Motivation and Aim: Ovarian cancer remains one of the most lethal gynecological 

malignancies due to late-stage diagnosis and resistance to platin therapy developed with time. 

Hence, there is an urgent need for novel strategies that combine early detection with effective 

treatment. Surface-enhanced Raman spectroscopy (SERS) allows for highly sensitive 

molecular detection, but it requires optimized nanomaterials. The study aimed to design, 

fabricate, and characterize systems based on silver and copper nanoparticles (NPs) combined 

with alginate hydrogels for theranostic applications in ovarian cancer.  

Novelty: Multifunctional hybrid system that combines early cancer detection with targeted 

therapy, addressing key challenges in ovarian cancer management.  

Methods: Hollow alginate capsules were decorated with silver or copper nanoparticles. 

Prepared systems were evaluated in terms of physicochemical properties. Also, initial 

biological characterization was performed.   

Main results: SEM analysis confirmed successful decoration of hollow alginate capsules with 

silver and copper nanoparticles. Quantitative microstructural analysis of silver alginate particles 

indicated that the hydrogel capsules had a mean diameter of 1.11 ± 0.26 µm, and the average 

size of Ag NPs was  below 100 nm. Raman spectroscopy demonstrated enhancement in signal 

intensity for silver and copper modified capsules.  

Conclusion: The designed nanoparticles have the potential to enhance SERS detection of 

ovarian cancer biomarkers. The alginate hydrogel acts as a biocompatible carrier of carboplatin. 

The whole systems presents a promising solution for theranostics of ovarian cancer.  

Acknowledgements: This study was funded by the National Science Centre in Poland under 

the project „Theranostic nanoplatforms for therapy and diagnostics of ovarian cancer - 

preliminary studies”, no 2024/08/X/ST11/01187. 
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Motivation and Aim: The increasing demand for flexible and biocompatible electronic 

materials has generated significant interest in conductive polymers, especially poly(3,4-

ethylenedioxythiophene):polystyrene sulfonate (PEDOT:PSS)1. While PEDOT:PSS alone 

exhibits poor adhesion to elastic substrates such as polydimethylsiloxane (PDMS), 

incorporating silane crosslinkers and adhesion enhancers enables the formation of stable 

composites. Unlike traditional metallic conductive layers, which suffer from mechanical 

mismatch and cracking on soft substrates, PEDOT:PSS-based composites offer a flexible and 

biocompatible alternative for biomedical applications. However, the synthesis of such 

composites involves trade-offs, as increasing the crosslinking density or using stronger 

crosslinkers can improve stability and mechanical integrity but may concurrently diminish the 

conductivity and overall biocompatibility of the final layer. These limitations pose challenges 

for their biomedical applications, including neural interfaces, sensors, and wearable devices. 

This research is driven by the need to identify the optimal formulation to enhance the functional 

performance of PEDOT:PSS-based composites for biomedical uses. 

Novelty: This study investigates the use of various silane crosslinkers and solvents to enhance 

the stability, conductivity, and biocompatibility of PEDOT:PSS films on a flexible PDMS 

substrate, specifically targeting neural electrode applications. A significant innovation is the 

introduction of (3-mercaptopropyl)trimethoxysilane (MPTMS) crosslinker as an alternative to 

the commonly employed (3-glycidyloxypropyl)trimethoxysilane (GPTMS)2 to improve 

biocompatibility. Furthermore, this research systematically examines the role of solvents in 

boosting conductivity while assessing their effects on the adhesion and biocompatibility of the 

composite. By evaluating the impact of silane crosslinkers and their concentrations on adhesion 

to PDMS, this study offers new insights into optimizing PEDOT:PSS composites for cutting-

edge flexible bioelectronic devices. 

Methods: The composites were prepared by dissolving ethylene glycol (EG), 

dodecylbenzenesulfonic acid (DBSA), and a silane crosslinker (MPTMS or GPTMS) in a 1.3% 

PEDOT:PSS solution. The resulting liquid composite was then drop-casted onto an oxygen 

plasma-treated PDMS surface and subjected to an annealing process to enhance film stability. 

To evaluate the performance of PEDOT:PSS composites on PDMS substrates, a series of 

adhesion, electrical, and electrochemical tests were conducted. Adhesion strength was assessed 

under both dry and wet conditions to examine the effects of different silane crosslinkers and 

solvent concentrations on composite bonding and their stability in different environments. 

Electrical properties were characterized through sheet resistance measurements, providing 



insights into how crosslinker type, as well as solvent selection and concentration, influence 

conductivity. Electrical interface parameters such as interfacial impedance, redox 

activity, double-layer capacitance and charge storage capacity were evaluated based on the 

electrochemical studies carried out under simulated body conditions. 

Main results: In the investigated composite, a 1.3% PEDOT:PSS solution serves as the base, 

requiring the mandatory addition of dodecylbenzenesulfonic acid (DBSA) and a silane 

crosslinker (MPTMS or GPTMS) to induce crosslinking. While ethylene glycol (EG) addition 

is optional, it significantly enhances conductivity3. The optimal balance of adhesion and 

electrical performance was achieved with a 2 wt%PEDOT:PSS concentration of the silane 

crosslinker. However, exceeding 3 wt%PEDOT:PSS led to excessive shrinkage and a decline in 

conductivity. Notably, increasing the concentration of the EG did not compromise adhesion to 

the PDMS substrate. These findings provide valuable insights into how different crosslinkers 

and solvents influence stability, biocompatibility and electrical properties of the PEDOT:PSS 

composites on elastic PDMS surfaces, paving the way for the development of more tailored 

flexible electronics for biomedical applications. 

Conclusion: This study demonstrates the potential to develop and optimize PEDOT:PSS 

conductive layers on elastic PDMS substrates, emphasizing their applicability in flexible 

bioelectronic applications. However, challenges related to long-term stability and 

biocompatibility must be addressed to fully enable their use in biomedical devices such as 

implantable sensors, neural interfaces, and wearable electronics. The findings provide valuable 

insights into optimizing material composition to enhance adhesion, conductivity, and 

electrochemical performance. By refining crosslinking strategies and solvent selection, this 

research lays the groundwork for the design of flexible bioelectronic devices with custom 

electrochemical parameters, improved durability and functionality in physiological 

environments. 

Acknowledgements: The work was supported by National Science Centre (NCN), Poland: 
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Digital health technologies have significantly improved processes in healthcare, enabled 

personalized patient treatment and care and also increased prevention in medicine. Extended 

usage of digital technologies was accelerated by appearance of COVID-19 pandemics.  During 

the pandemic, interest for fast and reliable engineering solutions like digital health records, 

telemedicine, integration of wearables and small medical devices in the service of public health 

and preventing the spread of the epidemic emphasized the role of biomedical engineers in health 

care worldwide. Numerous challenges arose also in biomedical engineering education during 

and after the coronavirus pandemic: for a long time, the students were separated from their 

teachers and fellow students, from medical instrumentation and laboratories and from clinical 

practice. Willingly and not-willingly, distance learning methodologies were implemented in 

BME teaching, which resulted in an increased number of on-line BME courses.  The other 

change arising recently is extensive use of big data analytics and artificial intelligence in health 

care not only in research but also in clinical settings. In this paper, we want to tackle those 

issues and discuss the solutions educators found. An overview of biomedical engineering 

programs in sample countries from Europe is presented as a part of the survey conducted by the 

International Federation for Medical and Biological Engineering (IFMBE).  The survey is 

intended to support future generations of BME engineers and explore new demands for their 

employability.  
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Development in interdisciplinary areas has become faster in recent decades and encompasses 

many fields. Specialists in individual fields naturally regard their own area for the most 

important one. This brings quite frequently tension to discussions about new curricula 

development or restructuring existing curricula. keep in mind different levels of education in 

Bachelor, Master and PhD study. Here we can mention the metaphor of the cone we use in 

discussion about the ratio between deep and broad knowledge in a discipline. Bachelor study 

should lead to broader fundament that allows for successive deepening in Master study even 

when changing the topic. Master study goes deeper but still keeps certain breadth. And finally 

the PhD study focuses on a certain specialization. It is expected that a PhD student is able to 

orientate himself/herself in neighbouring disciplines and identify mutual relations with the 

specialization.  

At the Czech Technical University in Prague there were developed during last two decades 

several interdisciplinary study programs. The author has personal experience with the design 

of curricula in biomedical engineering and biomedical informatics. The Faculty of Biomedical 

Engineering (FBME) and Faculty of Electrical Engineering (FEE) chose different approaches 

to design of structure of courses in the study programs that will be put into contrast in the 

presentation. The main difference is due to the character of the Biomedical Technology (Bc.) 

and Biomedical Engineering (MSc.) study programs at FBME. They have accreditation from 

the Ministry of Health Care as health care study programes giving the graduates label of health 

care professionals. That is definitely an advantage. However, the main disadvantage is that the 

curricula are rather fixed with limited space for innovation or even introduction of new courses. 

At FBME there is the study program Biomedical and Clinical Informatics which is more 

flexible and offers up-to-date courses on AI, big data, ethical and regulatory issues of AI in 

medicine etc. Similar philosophy for development of study programs was chosen at FEE where 

study program Medical Electronics and Bioinformatics is offered. It has several specializations: 

Bioinformatics, Medical Electronics, Image Processing, and Signal Processing. In all of them, 

there is enough space for optional courses, which opens the possibility to introduce up-to-date 

topics in the education. 
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Motivation and Aim: Digital technologies such as learning and teaching software with the 

personalized speed of learning, virtual reality tools, AI-driven educational platforms stimulate 

the need for the development and employment of new methodologies for education. It imposes 

the need for special skills by educators and researchers to encourage students and young 

researchers to lead investigations more effectively. These methods are particularly convenient 

for the education of young researchers giving them a wide overview of sciences. It concerns 

biomedical engineering (BE) as well as other science domains. AI-driven education also 

implicates new ethical problems.  

Novelty: Convergence approach in sciences emphasizes the importance of matching balance 

and synergy between theory and practice, specifically in the interdisciplinary fields such as 

biomedical engineering, biomedicine and bioengineering. It involves collaboration across 

various disciplines and technologies, and crossing of ideas to tackle complex challenges, 

generate new knowledge, and develop innovative solutions in healthcare and medicine. 

Methods: The analysis focused on the educational methods employed at the Nalecz Institute 

of Biocybernetics and Biomedical Engineering, Polish Academy of Sciences (IBBE PAS), 

which aim to provide students with a comprehensive understanding of various science domains 

and their applications. Our educational methods are based on the concept of convergence in the 

research.  

In our experience, interdisciplinary collaboration among biomedical engineering researchers, 

technologists, and end-user groups — such as physicians, nurses, and other healthcare 

professionals — enhances outcomes that enable to gain unique and deep insights into BE. This 

develops multidirectional understanding of research problems and encourage students to 

interactions, e.g. asking questions, discussions, brain storming while solving problems, team 

working and compromising.  

At IBBE PAS, workshops for young researchers and Ph.D. students provided by clinicians in 

healthcare units are organized. For instance, during a workshop at the Gdansk Medical 

University clinics, young researchers have the opportunity to observe daily hospital practices 

and identify needs for improvements in diagnostics and treatment processes. Other Ph.D. 

students involved in the European Maria Skłodowska-Curie Doctoral Network project they do 

internships in project partner institutions, that are universities, collaborating vendors and 

healthcare units to observe and participate in their daily activities and discuss scientific, 
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practical/technological problem and clinical needs. Our teaching approach is based on 

interdisciplinary collaboration, personal observation of students, and building relationships 

with members of end-user groups. Direct communication with physicians is also facilitated 

through joint projects. For example, close cooperation between scientists from IBBE PAN and 

the Medical University of Białystok resulted in a joint doctoral dissertation written by a doctor 

employed at IBBE PAN who graduated from the Doctoral School of the Medical University of 

Białystok. Based on his research concerning digital pathology, it was proved that results of AI 

based tool prepared in IBBE PAS for histopathological evaluation of ISCL patients tissue 

samples compared to classical methods used by pathologists (morphometry and microscopic 

inspection), reveal prognostic and predictive potential. 

IBBE PAS introduces to Ph.D. students not only AI-based software useful for scientists but 

mainly the ethical problems related to AI utilization, such AI hallucination and confabulations, 

publishing papers based on analysis done by AI tools, and text generated using LLM tools. 

Moreover, the knowledge about plagiarism is introduced.  

As digital ethics, data privacy is important in biomedical engineering, Ph.D. students and young 

researchers practice a data management system, which is a technology used to organize and 

store various types of data with special regards to anonymized data from hospitals. 

Personalized, interactive, and engaging learning methods are employed in both online and 

blended learning environments, under the condition that educators receive ongoing training and 

practice in new educational methodology. 

Main results:  

In general, recommended strategies for transforming research and education highlight the 

institutional support in gathering necessary infrastructure and software, as well as providing 

continuous professional development for educators and researchers through appropriate courses 

on new tools and teaching methodologies. This increase in the teachers' and supervisors' skills 

indicates that the curriculum is continuously redesigned to incorporate the process of student 

and researcher education in not only knowledge of AI-based tools but also their ethical 

considerations. At IBBE PAS, we focus on the selection open-minded and creative candidates 

for Ph.D. study. Than the convergence approach in education through involvement of Ph.D. 

students into ongoing projects as well as end-users communications is successfully applied, 

resulting in well-educated young researchers, ready for work in interdisciplinary teams. 

Conclusion: Digital technologies are more than just tools; they are powerful catalysts for 

transforming education and research. To successfully adapt to these technologies, a strategic 

approach, a focus on adopting innovation, and continuous learning of both educators and 

researchers are necessary. The experience of IBIB PAN shows that Ph.D. students who are 

reluctant to acquire new skills and methodologies do not achieve significant scientific results 

within a given time, being unable to meet the interdisciplinary requirements in biomedical 

engineering. Therefore, the key factor is related to requirements and proper examination of 

candidates for Ph.D. study. 

Acknowledgements: This work was supported IBBE PAS according to didactic duty for 

graduate and PhD students. 
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Motivation and Aim: Recent developments in digital health and the experience of the COVID-

19 pandemic have brought both new opportunities and challenges to Biomedical Engineering 

(BME) education. As digital health technologies become mainstream in clinical settings, the 

alignment of academic curricula with these trends is essential. This paper introduces ANEEB, 

the National Association of Biomedical Engineering Students in Portugal, and presents a 

comparative overview of the country’s top BME programs according to Shanghai Ranking[1] 

and EduRank[2]. The goal is to understand how well these programs are preparing students for 

the digital health era and to highlight ANEEB’s role as a unifying and empowering platform 

that promotes the academic and professional development of Biomedical Engineering students 

across Portugal. 

Novelty: Portugal offers a unique academic ecosystem where BME is taught at several high-

ranking institutions (Aveiro, Porto, Coimbra, Lisbon, and Braga). Each program shares 

common foundations but presents distinct curricular approaches, particularly regarding the 

integration of digital health topics. This student-led analysis highlights those differences by 

identifying concrete innovations: the University of Coimbra, NOVA University of Lisbon and 

University of Lisbon (Instituto Superior Técnico - IST) offer structured units on Machine 

Learning in Medicine and Health Information Systems as optional and mandatory modules in 

the MSc in Biomedical Engineering; the University of Minho places a strong emphasis on 

medical device development, fostering technical and design skills relevant to digital health 

technologies; and the University of Porto promotes interdisciplinary projects involving 

informatics, signal processing, and wearable technologies. These varied strategies demonstrate 

how digital health is being progressively incorporated into BME curricula and serve as potential 

models for broader adoption. The analysis also explores how ANEEB acts as a collaborative 

platform between students, academics, and industry. 

Methods: Curricular information will be gathered from official academic sources, including 

program websites and course plans. Interviews with students, professors, and professionals 

from Portuguese companies in the biomedical sector will be conducted to better understand the 

perception and incorporation of digital health topics in education. 

Main results: The analysis revealed both overlapping and diverging trends among programs. 

Core subjects such as medical imaging, biomechanics, instrumentation, and signal processing 

are consistently present, while approaches to digital health and medical informatics differ across 
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institutions. A recurring challenge is the limited clinical exposure and hands-on experience 

provided to students. Some universities are addressing this by promoting internships or clinical 

placements. ANEEB also plays an active role by maintaining an internship platform that 

promotes opportunities from companies and research centers, while fostering connections 

between students, professionals, and industry stakeholders in the biomedical engineering field. 

Additionally, there is increasing discussion on solutions such as partnerships with healthcare 

institutions and the integration of simulation-based learning, aiming to strengthen practical 

training and bridge the gap between academic knowledge and professional practice. Findings 

from the national study “O Futuro da Engenharia Biomédica na nossa geração” [3], conducted 

by ANEEB, reinforce this need: students call for updated curricula, more practical components, 

greater access to internships, and increased exposure to market realities through alumni talks 

and career-oriented workshops. These insights highlight the urgency of aligning academic 

training with employers’ expectations. Beyond organizing academic events and managing an 

internship platform, ANEEB also seeks to influence educational development by meeting with 

course coordinators at the beginning of each mandate to share feedback and results from 

national studies. Reports such as [3] consolidate student perspectives and aim to guide 

institutions in improving curricular relevance and professional preparedness. 

Table 1: Overview of selected curricular components across top-ranked BME programs in Portugal 

(Aveiro, Coimbra, Lisbon - IST, Minho, and Porto). 

University Biomechanics Bioinformatics Biomaterials 

and Tissue 

Engineering 

Medical 

Imaging 

Biomedical 

instrumentation 

Clinical 

Engineering 

Aveiro ✗ ✓ ✓ ✓ ✓ ✗ 

Coimbra ✗ ✓ ✗ ✓ ✓ ✗ 

Lisbon 

(IST) 
✓ ✗ ✓ ✓ ✓ ✓ 

Minho ✓ ✓ ✓ ✓ ✓ ✓ 

Porto ✓ ✓ ✓ ✓ ✓ ✓ 

 

Conclusion: Portugal presents a diverse and evolving BME education landscape. Student-led 

coordination through ANEEB fosters collaboration, mobility, and knowledge-sharing across 

students from the various institutions. 

Acknowledgements: We thank IFMBE for the invitation to contribute to the NBC 2025 SP10 

session and for supporting student involvement in the global biomedical engineering 

community. 
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Motivation and Aim: During the past decade, mapping complex structural and functional 

networks in living human brain using non-invasive neuroimaging technologies has been widely 

developed and employed on a variety of cognitive and clinical neuroscience researches. Among 

all modern neuroimaging technologies, magnetic resonance imaging (MRI) has been 

considered as one of the most reliable and reproducible neuroimaging modalities for exploring 

the complex brain networks with superior spatial and temporal resolutions. The connectome 

MRI techniques may be capable of mapping the structural and functional alterations in the 

brains with neurological disorders. In these studies, we aimed to develop, optimize and utilize 

the connectome MRI techniques and demonstrate their potential use in applications on 

neurological disorders.  

Novelty: The potential use of connectome MRI techniques in applications on neurological 

disorders was successfully demonstrated.  

Methods: In our previous studies, we have developed a variety of connectome MRI techniques 

for mapping the brain structural and functional connectome in both ex vivo samples and in vivo 

applications. Additionally, we have also incorporated these connectome MRI techniques with 

multiple analysis approaches, including region-of-interest analysis, connectivity analysis and 

network analysis.  

Main results: In this talk, I will introduce how we employ these connectome MRI techniques 

and analysis methods to map the brain connectivity and investigate the complex brain networks 

in healthy and diseased conditions. The pre-clinical and clinical applications on neurological 

disorders, such as stroke1, dementia2-4 and tremor5, will be introduced and discussed. 

Conclusion: We have developed connectome MRI techniques and the analysis approaches. The 

potential use of these techniques has been shown and demonstrated in the applications with 

neurological disorders. 
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Motivation and Aim: 

Radiochromic films are used for dose measurement in diagnostic radiology. Especially, dose 

measurement for computed tomography (CT) 1). Also, quality control and quality assurance 

such as half-value layer measurement 2).  

To perform onsite creation of density-dose calibration curve for the radiochromic film 

dosimetry and quality assurance of low dose range to measure doses of CT. It is needed to 

improve convenience and immediacy. We evaluated the difference between the two subtraction 

processing methods for correction of nonuniformity to reduce the uncertainty of the 

radiochromic film. 

The purpose of this study is to develop a method for creating a calibration curve, which is a 

preliminary step in measuring actual CT dose. The fitting curve is a method for easily visually 

comparing the non-uniformity corrections made by the two types of subtraction methods, and 

is a method for standardizing the relationship between film density and X-ray dose of CTs. 

Novelty: The two differential methods for correcting for non-uniformity in the reaction layer 

of radiochromic film have not been compared. 

Methods: Two RGB images were obtained, and the red channel was extracted from each image. 

One scanned image was irradiated with 385 nm UV-A rays to express the inhomogeneity of the 

active layer, and the other scanned image was X-rays were irradiated on the film. Two 

subtraction methods of a radiochromic film (Gafchromic XR-QA2) were compared, one was 

the image subtraction method that performed pixel by pixel subtraction between two images, 

and the other was the data subtraction method that performed subtraction of the mean pixel 

value in the regions of interest between two images. We evaluated and compared the shape of 



the calibration curves and fitting curves created by the method for 16-bit images with a flatbed 

scanner and 8-bit images with a mobile scanner. 

Main results: The calibration curve and fitting curve by the data subtraction method were more 

smoothly obtained than those by the image subtraction method using both 16-bit (Fig.1) and 8-

bit images. Especially, uncertainty was reduced at very low dose ranges, such as less than 200 

mGy.  

Fig. 1. 

Conclusion: The data subtraction method was superior in reducing uncertainty at the extremely 

low dose range of the calibration curve. Moreover, convenience and immediacy can be 

improved by creating a calibration curve using 8-bit images with a mobile scanner. 
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Motivation and Aim: The goal of this research is to develop the Speckle Contrast Optical Spectroscopy 

(SCOS) for non-invasive, contactless measurement of blood flow dynamics in diabetic wounds 

following plasma therapy. Diabetic foot ulcers (DFUs) are one of the most common complications of 

diabetes. Despite being largely preventable, they remain a major cause of mortality and reduced quality 

of life in diabetic patients [1, 2]. These patients often suffer from circulatory issues caused by 

atherosclerosis and microvascular dysfunction, leading to a lifetime risk of developing DFUs of 

approximately 15–25% [3-5]. Therefore, monitoring of blood flow dynamics in such wounds is crucial 

for understanding the healing process and optimizing treatments such as cold plasma therapy (CAP). 

Novelty: We propose the use of SCOS [6,7] for assessing blood flow dynamics and microcirculation 

parameters in diabetic wounds undergoing cold plasma therapy (CAP). Unlike traditional histological 

methods, which are invasive and may disrupt wound healing, SCOS provides a non-invasive, 

contactless, real-time alternative, potentially with deeper tissue penetration than existing optical imaging 

techniques such as Hyperspectral Imaging (HSI) [8], Laser Doppler Imaging (LDI) [9], and similar to 

the Laser Speckle Imaging (LSI) [10]. This study aims to provide knowledge on oxygenation and 

perfusion changes during the plasma therapy on wound healing.  

Methods: The SCOS system works by analyzing laser speckle patterns generated by the movement of 

red blood cells, providing real-time perfusion metrics. The system as presented in fig. 1 includes a high-

speed, high resolution camera Chronos 2.1-HD (Kron Technologies, Canada) with a 1:1 macro lens, 

long coherence length diode laser (CrystaLaser, USA) with light attenuator, a medical-grade computer 

for data processing, all attached to an adjustable positioning arm and medical-grade cart with emergency 

power supply. The system allows to analyze speckle contrast in spatial (single pixel images size of a 

speckle) and temporal (few kHz camera frame rate) dimensions. The system is developed for a clinical 

measurement campaign involving 100 patients suffering from diabetic wounds, randomly assigned to 

two groups: Control Group (receiving standard diabetic wound care) and Plasma Group (receiving 

plasma therapy in addition to standard care). SCOS will analyze speckle contrast to quantify changes in 

blood perfusion over the healing process. Multiple regions of the wound will be imaged, including 

periphery and central zones, to evaluate regional perfusion variations. 

Main results: The Speckle Contrast Optical Spectroscopy (SCOS) system has been successfully 

developed and optimized for contact-less monitoring of blood flow dynamics in diabetic wounds. Initial 

tests of the SCOS system demonstrated its ability to capture high-resolution speckle patterns, allowing 

for quantification of blood flow.  Ongoing further refinements are in place to adjust the imaging system 

for the clinical phase.  

 



 

Figure 1. Optical system for SCOS 

Conclusion: By advancing the capabilities of SCOS for contactless speckle observation in the special 

and temporal dimensions, this research will show the microvascular behavior in pathological conditions 

undergoing cold plasma supported wound healing process.  
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Motivation and Aim: To ensure efficient whole-body dermoscopy diagnostics and early 

screening of skin cancers, a laser multi-spectral-line imaging technique covering visible and 

near infrared (NIR) ranges has been developed.  

Novelty: To our best knowledge, this is the first attempt to obtain and analyze a set of four 

spectral line images (three visible and one near-infrared), related to large areas or the whole 

body of human skin. Visible spectral images ensure sorting of malformations as pigmented or 

vascular, as well as mapping the distribution of three main skin chromophores over the 

malformations [1, 2]. In addition, the NIR images help to identify deeper (dermal) skin tumors, 

including malignant melanomas [3]. 

Methods: The snapshot multi-spectral-line imaging method [4] is applied in this study. Four 

laser spectral line (450 nm, 520 nm, 638 nm and 850 nm) illumination source is a side-emitting 

optical fiber spiral, Y-coupled to 3W RGB and 4W NIR lasers via SMA connectors – see Figure 

1. High-resolution 61 Mpx Sony camera with removed infrared cut-off filter is placed within 

the illuminating fiber spiral. The camera-illuminator platform can be moved vertically up and 

down at typical heights 0.5 m and 1.5 m, while the patient changes his/her body position 

relatively to the camera, to enable imaging of any part of his/her skin with suspicious 

malformation(s). To avoid ambient illumination, the system and the patient are covered by a 

light-shielding tent. The system is operated from outside by means of Wi-Fi. Spectral line 

images are extracted from the camera digital image data set as described in [2]. 
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Figure 1. Schematic of the laser multispectral imaging setup. 

Main results: Sets of four spectral line images (B - 450 nm, G - 520 nm, R – 638 nm, IR – 850 

nm) of volunteer skin fragments comprising malformations in grayscale have been collected, 

the spectral image ratios were calculated, as well. In most cases, the number of malformations 

detected in the visible spectral images exceeded that detected in the 850 nm image, or all 

malformations disappeared at 850 nm; the image contrast always decreased with wavelength. 

A few malformations detected at all wavelengths most probably comprised higher chromophore 

concentration and/or were deeper penetrated in skin. At this stage of the project, only sets of 

distant skin spectral images of “relatively healthy” volunteers have been collected, without any 

clinical specifications of the imaged malformations. Clinical measurements with involvement 

of dermatologists are planned in March-August 2025, so by the time of conference enough 

oncology patient data would be available to discuss in more detail the potential 

advantages/disadvantages of this technology for skin cancer detection and early screening. 

Conclusion: A new spectral imaging technology for distant assessment of skin tumors has been 

proposed, implemented and tested on volunteers. The set of combined 450/520/638/850 nm 

spectral images show a potential for advanced quantitative clinical diagnostics in dermatology. 
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Motivation and Aim: Phased array coils are widely used in modern clinical MRI systems due 

to their high signal-to-noise ratio (SNR), broad coverage, and adaptability to various 

geometries. However, conventional phased array coils require multiple RF receiver channels, 

limiting their accessibility. This study presents the development of an array-liked quadrature 

surface coil comprising two loop coils and a 90° hybrid coupler to enhance SNR in rat brain 

imaging. Experimental results demonstrate that the proposed coil increases SNR by over 50% 

in the cortex region compared to two conventional surface coils. This design facilitates multi-

channel coil operation without additional RF receiver hardware, making it a cost-effective 

solution. 

Novelty: This study develops a quadrature surface coil that enhances SNR in rat brain MRI 

without multiple RF receiver channels. This approach significantly boosts SNR, especially in 

the cortex and the middle brain regions, while maintaining comparable image coverage. By 

eliminating the need for additional receiver channels, this design offers a cost-effective and 

practical solution for laboratories with limited resources. 

Methods: The quadrature coil coil consists of two overlapping surface coils (2 × 1.5 cm each), 

designed to minimize mutual interference and maintain signal integrity. A 90° hybrid coupler 

ensures equal power distribution and a phase shift, enabling in-phase signal summation to 

improve reception sensitivity. All MR measurements were performed using an high-strength 

gradient integrated 3 T whole-body MRI platform. To evaluate coil performance, T2-weighted 

images (T2WI) of rat brains were acquired with the following parameters: repetition time = 

4000 ms, echo time = 68 ms, resolution = 0.117 × 0.117 mm², and slice thickness = 1 mm. For 

comparison, T2WI were also acquired using a single-loop surface coil (35 mm diameter, Doty 

Scientific, Columbia, SC, USA) and a homemade curved surface coil with an elliptical 

geometry (major axis: 28 mm, minor axis: 22 mm). 

Main results: Figures 1a-c illustrate the proposed quadrature surface coil, single-loop surface 

coil, and curved surface coil, respectively. Figures 1d-f present SNR maps of the same slice 

position for each coil configuration. The proposed coil significantly improves SNR in the upper 

brain region while maintaining comparable imaging coverage. The SNR results from six 

different regions of interest (ROIs) are presented in Table 1 for quantitative comparison. In 
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regions close to the coil (ROIs 1–3), the quadrature surface coil demonstrated a significantly 

higher SNR, ranging from 89.4% to 120.5% greater than the single-loop surface coil and 45.8% 

to 58.8% higher than the curved surface coil. In the middle brain regions (ROIs 4 and 5), the 

quadrature surface coil outperformed the single-loop surface coil by 34.4% to 41.7% and 

exceeded the curved surface coil by 11.7% to 21.2%. In the deep brain region (ROI 6), the SNR 

achieved by the quadrature surface coil was similar to that of the curved surface coil, with both 

being lower than the single-loop surface coil. 

 

Figure 1: Comparison of T2-weighted images (T2WI) acquired using three different coil 

configurations. The top row displays (a) the quadrature surface coil, (b) the single-loop surface 

coil, and (c) the curved surface coil. The middle row presents SNR maps obtained with (d) the 

quadrature surface coil, (e) the single-loop surface coil, and (f) the curved surface coil. The 

bottom row shows the corresponding T2WI images acquired using (g) the quadrature surface 

coil, (h) the single-loop surface coil, and (i) the curved surface coil. 

Table 1:  The SNR results from 6 ROIs (Figrue 1g – i) 

 ROI 1 ROI 2 ROI 3 ROI 4 ROI 5 ROI 6 S.D. 

Proposed coil 50.5 48.1 54.0 24.6 24.8 8.1 373.2 

Single-loop surface coil 22.9 25.4 24.9 18.3 17.5 10.2 284.2 

Curved surface coil 31.8 33.0 34.9 20.3 22.2 7.5 328.9 

 

Conclusion: This study successfully developed an array-liked quadrature surface coil optimized for rat 

brain imaging. The proposed coil significantly enhances SNR while maintaining comparable imaging 

coverage. Furthermore, the design eliminates the need for multi-channel scanning hardware, offering a 

practical and cost-effective alternative for resource-limited laboratories. 
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Abstract. In this study, we synthesized titanium-doped hydroxyapatite (HAP- Ti) by 

microwave-assisted hydrothermal method and evaluated its antibacterial activity against 

Pseudomonas aeruginosa. The synthesis was optimized by con- trolling parameters such as 

temperature, reaction time, and molar ratio of precur- sors to favor the homogeneous 

incorporation of titanium into the crystalline struc- ture of hydroxyapatite. Structural and 

morphological characterization was per- formed by X-ray diffraction (XRD) to confirm the 

crystalline phase and scanning electron microscopy (SEM) to analyze the morphology and 

particle distribution. The antibacterial activity of HAP-Ti was evaluated by minimum inhibitory 

con- centration (MIC) assays, cell viability assays, and biofilm inhibition in P. aeru- ginosa 

cultures under controlled conditions. Different concentrations of the bio- material were exposed 

to bacterial cultures and cell viability was determined by spectrophotometry. Biofilm inhibition 

was analyzed by crystal violet staining and microscopy, observing the density and distribution 

of adhered structures. The re- sults showed a concentration-dependent inhibition, with a 

significant reduction in bacterial growth and biofilm formation in the presence of HAP-Ti. 

These find- ings highlight the potential of HAP-Ti for biomedical applications, particularly in 

the development of implants and prostheses with antimicrobial properties, which could 

contribute to the prevention of biofilm-associated infections and im- prove the biocompatibility 

of medical devices. Keywords: Hydroxyapatite, Titanium doping, Antibacterial activity, 

Biofilm inhibition, Biomedical applications 
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Motivation and Aim: This study addresses the persistent challenges of in-stent restenosis and 

thrombosis in cardiovascular stents by exploring innovative coating strategies for 

biodegradable Fe-30Mn-1C (FeMnC) alloys [1]. While polymer-coated drug-eluting stents 

have reduced restenosis rates, they have also introduced complications such as delayed 

endothelial healing [2]. Conducting polymers like polypyrrole (PPy) offer a promising 

alternative due to their drug-eluting capabilities and potential to modulate iron-based stent 

degradation [3]. Additionally, nanodiamonds (NDs), known for their biocompatibility and 

functionalization potential, present an opportunity for targeted drug delivery.  

This study aims to test the hypothesis that (1) one-step electrodeposition of a PPy coating on 

the surface of a cast biodegradable FeMnC alloy is feasible, and (2) nanodiamonds can be 

successfully incorporated into the polymer matrix during this process without altering the 

alloy's corrosion properties. 

Novelty: The main novelty of this study lies in the one-step electrodeposition of PPy coatings 

on biodegradable FeMnC alloys, incorporating NDs directly into the polymer matrix during the 

deposition process. Unlike previous studies that relied on multi-step fabrication methods or pre-

functionalization of NDs before polymer integration, this approach aims to achieve a uniform, 

drug-eluting coating in a single step, enhancing both the biodegradation control of the alloy and 

the targeted drug release capabilities of the stent. Additionally, the study explores how NDs 

influence the corrosion properties of FeMnC, ensuring that the integration does not compromise 

its mechanical integrity and degradation profile. 

Methods: The FeMnC stent alloy was fabricated by melting pure elemental constituents in an 

Al2O3 crucible under an argon atmosphere in an induction furnace (Balzer). Subsequently, it 

was cast into a copper mould to receive the Fe69Mn30C1 (in wt%; FeMnC) ingot. Cast FeMnC 

samples were polished with SiC abrasive papers up to 2000 grid, rinsed with ethanol, and dried 

in the air. Pristine NDs were chemically functionalized during three steps of oxidation, 

hydroxylation, and arylation processes, yielding a highly stable water-based solution with a zeta 
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potential of -40 mV required for successful electrodeposition process. PPy coatings were 

electrosynthesized in an aqueous solution containing sodium salicylate and pyrrole, with or 

without NDs. The synthesis parameters were optimized regarding the physico-chemical and 

electrochemical properties of the resulting polymer coating on FeMnC. All the electrochemical 

studies were conducted in a three-electrode, water-jacketed cell controlled by a potentiostat 

Autolab PGSTAT204 (Metrohm, Herisau, Switzerland). The working electrode was either bare 

FeMnC or FeMnC coated with PPy or PPy-NDs, with an exposed area of 0.11 cm2. The 

reference electrode was Ag/AgCl in saturated KCl, and the counter electrode was a platinum 

grid (BioLogic). The measurement temperature was maintained at 37° C +/- 1 °C using a 

thermostat TC120-ST26 (Grant Instruments, United Kingdom). Corrosion studies were 

performed in simulated body fluid (SBF) prepared according to Kokubo and Takadama’s 

composition (Na+ - 142 mmol L-1, K+ - 5 mmol L-1, Mg2+ - 1.5 mmol L-1, Ca2+ - 2.5 mmol L-1, 

Cl- - 148.6 mmol L-1, HCO3
- - 4.2 mmol L-1, HPO4

2- - 1.0 mmol L-1, SO4
2- - 0.5 mmol L-1). 

Main results: This study demonstrates the successful electrodeposition of the conducting 

polymer PPy on the surface of an active FeMnC alloy for potential temporary implant 

applications. It also establishes an effective chemical functionalization procedure for pristine 

NDs, yielding a highly stable water-based solution. Incorporating passivating salicylate and 

pyrrole monomer into the deposition process facilitated the formation of PPy coatings with 

embedded NDs on the FeMnC surface. The resulting PPy-ND matrix can serve as an efficient 

drug reservoir, paving the way for advanced drug-release systems, particularly degradable 

metallic implants. Indeed, to validate the system for these applications, studies regarding drug 

incorporation, long-term stability, and influence of PPy on FeMnC corrosion mechanism should 

be performed in the future. 

Conclusion: This work presents a novel method for electrically integrating functionalized NDs 

into smart conducting polymer PPy coatings on highly active FeMnC alloy surfaces for stent 

applications. This innovative method facilitates the development of multifunctional coatings, 

providing a versatile platform for advanced bio-interfaces in medical implants. The study shows 

the feasibility of combining conducting polymers with nanomaterials to enhance surface 

functionality and tackle critical challenges in implantable device technologies. 
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Motivation and Aim: Chronic wounds present a significant challenge in modern medicine due 

to their high treatment costs and severe impact on patients’ quality of life. These wounds are 

particularly prevalent among ageing populations and individuals with comorbidities such as 

diabetes and cardiovascular diseases. Oxygen plays a crucial role in key physiological processes 

engaged in wound healing including cell proliferation, collagen deposition, and microbial 

burden reduction. However, chronic wounds are often characterized by inadequate oxygen 

supply, leading to hypoxic conditions that impair healing. Currently applied techniques aimed 

at increasing wound site oxygenation such as hyperbaric oxygen therapy and sub-atmospheric 

pressure dressings, though relatively effective,  are costly and require specialized equipment. 

Consequently, there is an urgent need for novel, cost-effective, and accessible therapeutic 

solutions to enhance wound healing while minimizing hospitalization time and treatment 

expenses. To address these challenges, this study explores an innovative approach involving 

the incorporation of perfluorocarbons into wound dressing systems.  

Novelty: Perfluorocarbons (PFCs) are synthetic compounds known for their exceptional 

capacity to dissolve and transport gases, particularly oxygen. This unique property has led to 

their exploration in medical applications, including their integration into wound dressings to 

enhance oxygen delivery to hypoxic tissues. 

Several research initiatives have demonstrated the potential of PFC-infused dressings. For 

example, Patil et al. [1] investigated oxygenating wound dressings based on modified 

methacrylamide chitosan with pentadecafluorooctanoic chains, which were capable of 

maintaining elevated oxygen levels for up to 48 hours. These hydrogels promoted collagen 

production and accelerated wound healing in experimental models. Another study introduced 

gel-based wound dressings incorporating lyophilized nanometric additives capable of 

dissolving and delivering oxygen. This additive contained perfluorodecalin-encapsulated 

albumin nanoparticles, and its application significantly reduced hypoxia-inducible factors while 

expediting wound closure in a diabetic mouse model [2]. Despite these promising 

developments, the commercial availability of PFC-based wound dressings remains limited. By 

involving layered oxygenating modification into a bandage, this study aims to provide a safe 

and effective wound-healing environment. 
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Methods: The primary objective of the study was to evaluate in vitro the influence of an 

oxygenating layer on human dermal fibroblast function. An alginate-based layer containing 

oxygen-releasing elements was applied to a support, with perfluorocarbons serving as the 

oxygenating agent.  The biological response of human dermal fibroblast cells exposed to these 

constructs was assessed, focusing on cell function and morphology. Flow cytometry, 

fluorescence microscopy, and scanning electron microscopy were employed to analyze cellular 

characteristics. 

Additionally, the effectiveness and clinical applicability of a modified dressing incorporating 

an oxygenating layer has been under investigation. The research is focused on patients with 

chronic, non-healing wounds where conventional treatments had failed or yielded suboptimal 

results. The study examines whether oxygenating dressings could enhance healing rates, reduce 

inflammation, and improve overall patient outcomes. For this purpose, a specialized bandage 

with an oxygenating layer was has been developed and is being applied to patients with non-

healing wounds. The dressing is changed at regular intervals, and healing progress is closely 

monitored. The study has been ongoing with full ethical approval, ensuring patient safety and 

informed consent. 

Main results: The applied membrane coatings adsorbed onto the patch supported the viability 

of human fibroblasts cultured in the presence of modified supports for 10 days. Furthermore, 

fluorescence microscopy revealed that cells grown in the presence of the investigated material 

exhibited normal morphology. The treatment outcomes using the bandage with oxygenating 

elements, compared to the initial wound condition following treatment with unmodified 

dressings, demonstrated a beneficial effect of the dressing modification. To date, out of the 8 

patients enrolled in the trial, 5 have completed the study. The inclusion criterion was the 

presence of a chronic, non-healing wound persisting for more than 3 months despite treatment 

with standard dressings at a local medical center. The applied dressing design, which maintains 

a moist wound environment and includes an oxygenation-enhancing layer, promoted healing of 

chronic wounds within 4 weeks in all 5 treated patients. Complete epithelialization was 

achieved in 2 patients, while the remaining wounds progressed to at least the granulation stage, 

with the majority demonstrating the formation of resistant epidermis.  

Conclusion: The investigated platform, incorporating an oxygenating factor, supports the 

growth and morphology of human fibroblasts and can be recommended as a component of a 

dressing system. Furthermore, by evaluating the clinical efficacy of this novel therapeutic 

approach, the study aims to provide valuable insights into chronic wound management, 

potentially paving the way for more accessible and effective treatments that can be further 

implemented in medical practice. 
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Abstract. Oxidized titanium alloys, such as Ti 6Al 4V, are widely used in medical implants 

because their biocompatibility depends on surface properties like morphology, chemistry, and 

electrical charge. Laser processing in atmospheric, oxygenated conditions produces a thin oxide 

film with an embedded electrical charge, altering these surface characteristics. Although SEM 

is routinely employed to assess morphology and chemistry, its potential for evaluating surface 

charge is underexplored. In this study, we laser processed Ti 6Al 4V samples and used SEM in 

backscattered electron (BSE) mode to quantify surface charging. We correlated changes in BSE 

signal strength with work function measurements, finding that a work function increase from 

approximately 4.85 to 5.00 eV—indicative of greater surface charging—was accompanied by 

a measurable decrease in BSE image grey levels. Measurements at 10, 15, and 20 keV revealed 

a significant difference between 10 and 15 keV, while at 20 keV, the effect of surface charge 

on electron scattering was minimal. This approach demonstrates that BSE imaging can integrate 

charge analysis into routine SEM evaluations of laser-pro- cessed implant surfaces. Keywords: 

laser processing, titanium oxide, surface charge, scanning electron microscopy.  
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Motivation and Aim: The aim of this study is to investigate the effect of annealing temperature 

(350 °C - 550 °C) on the structural, electrochemical and mechanical properties of hexagonal 

titanium dioxide nanotubes (hTNTs). It is expected that the results of this research will provide 

a complementary study of hTNTs to expand their applications in industry and medicine, 

especially for implants applications.  

Novelty: While extensive research has been conducted on the effects of annealing on the 

properties of conventional circular titanium dioxide nanotubes, the emerging morphological 

variant—hexagonal titanium dioxide nanotubes - offers potential enhancements in mechanical, 

electrochemical, and corrosion properties. This study aims to provide novel insights into the 

thermal stability of hTNTs, thereby expanding their potential applications and contributing to 

a deeper understanding of how nanotube geometry influences their properties. 

Methods: First, hexagonal titanium dioxide nanotubes were prepared by sonoelectrochemical 

anodization for 1 h at a potential of 20 V. Anodization was carried out in a two-electrode system 

in an electrolyte of composition: 94% ethylene glycol, 0.3 wt.% ammonium fluoride and 

0.1 wt.% disodium edetate. The samples were then thermally modified in an argon atmosphere 

at temperatures: 350 °C, 450 °C, and 550 °C for 3 h. Scanning electron microscopy, Raman 

spectroscopy, nanoindentation, and electrochemical tests (open-circuit potential (OCP), 

electrochemical impedance spectroscopy (EIS), Tafel analysis) in Ringer's solution were used 

to characterize the samples.  

Main results: Annealing does not affect the diameter value of hTNTs and slightly reduces their 

length. At 350 °C and 450 °C there is a transformation of the amorphous phase of hTNTs into 

the anatase crystalline phase, and at 550 °C into the anatase-rutile crystalline phase. Annealing 

removes fluorine ions remaining in hTNTs after anodizing. As the annealing temperature 

increased, an increase in OCP, hardness and Young's modulus of hTNTs was observed, and 

there were also a decrease in corrosion rate and corrosion current of hTNTs. Annealing at 550 

°C improves the corrosion resistance, increase the open circuit potential and improves the 

adhesion strength of hTNTs to titanium while maintaining high Young's modulus and ductility. 

Conclusion: The results confirm that annealing, especially at 550 °C, is an effective strategy 

for optimizing the properties of hTNTs. This modification improves the corrosion, mechanical, 

structural and electrochemical properties of hTNTs. The obtained parameters of thermally 

modified hTNTs make this material a promising technique for modifying titanium surfaces for 

medical applications. Further in vivo studies are required to evaluate the biocompatibility and 

long-term effects of applying hTNTs to implants. 
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Motivation and Aim: Calcium carbonate (CaCO3) microparticles are widely used in 

biomedical engineering, due to their excellent biocompatibility, biodegradability and porous 

microstructure suitable for drug loading 1,2. Bacitracin (BCT), a promising antibacterial agent 

effective against a number of Gram positive bacteria species 3, has been recently shown to 

enhance osteogenic differentiation of mesenchymal stem cells 4,5, making it a perfect candidate 

for loading into CaCO3 microparticles. Our previous studies aimed at immobilization of BCT 

on CaCO3 microparticles had not been promising, therefore this study focused on the 

development of (Ca/Zn)CO3 carriers for BCT.  

Novelty: To the best of our knowledge this is the first study on the influence of Zn2+ addition 

to CaCO3 microparticles to enhance the efficacy of BCT entrapment and biological 

performance of such microparticles including antibacterial efficacy and osteogenic potential.  

Methods: (Ca/Zn)CO3 microparticles were obtained by precipitation method from equimolar 

Na2CO3 and (Ca/Zn)Cl2 solutions. For fabrication of Zn-enriched microparticles, 5%, 10% or 

20% vol. of CaCl2 solution used for precipitation was exchanged to equimolar ZnCl2 solution. 

The morphology, size and surface area of the microparticles were evaluated. BCT was adsorbed 

on the microparticles form aqueous solution. The efficacy of BCT adsorption and subsequent 

BCT loading were determined using modified o-phthalaldehyde-based amine detection method. 

BCT release and degradation of the microparticles were assessed in vitro using phosphate-

buffered saline (PBS), followed by the evaluation of microparticle cytotoxicity and osteogenic 

potential using human mesenchymal stem cells (hMSC). Antibacterial activity of the 

microparticles was determined using Kirby-Bauer agar diffusion assay on Staphylococcus 

aureus (ATTC 25923), Staphylococcus epidermidis (ATCC 700296) and Streptococcus 

pyogenes (ATCC 12384).  
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Main results: The morphology of the microparticles was strongly dependent on the addition 

of Zn2+ to the microparticles. The microparticles containing Zn2+ were larger, cubic in shape 

with predominant calcite structure. The adsorption efficacy of BCT increased significantly upon 

addition of Zn2+ (maximal drug loading of approximately 40%) due to strong affinity of BCT 

to Zn2+. BCT was released from the microparticles within 24 h, the degradation of Zn2+ 

containing microparticles was three times slower than in the case of non-modified CaCO3 

microparticles. The microparticles were cytocompatible with hMSC, except the microparticles 

with the highest Zn2+ content. The microparticles with adsorbed BCT successfully inhibited the 

growth of S. aureus, S. epidermidis, and S. pyogenes. (Ca/Zn)CO3 microparticles enhanced 

osteogenic differentiation of hMSC, however this effect might be also attributed to the release 

of Zn2+ rather than BCT.  

Conclusions: The developed (Ca/Zn)CO3 microparticles with adsorbed BCT could serve as 

antibacterial and osteogenic materials for the treatment of bacterial infections and regeneration 

of bone tissue.  
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Motivation and Aim: Biomedical Engineering is consolidating its role as a key discipline in 

the face of pressing global health challenges, including the rise of chronic, neurodegenerative, 

and cardiovascular diseases. By integrating knowledge from engineering, medicine, and 

computer science, it enables the development of innovative technologies for diagnosis, therapy, 

and patient care. In recent years, Spain has witnessed a notable expansion in academic offerings 

related to this field, reflecting both educational demand and strategic national interest. This 

abstract aims to provide a comprehensive overview of Biomedical Engineering education in 

Spain, analyzing its academic breadth, pedagogical innovation, and alignment with current and 

emerging healthcare system needs. 



 

Novelty: This work offers a comparative and previously underexplored analysis of the Spanish 

academic landscape in Biomedical Engineering. It highlights how universities integrate 

emerging technologies—such as artificial intelligence, 3D printing, and telemedicine—within 

interdisciplinary curricula to respond to 21st-century health system needs. Additionally, it 

explores the connection between academic training and employability in medical technology 

sectors. 

Methods: A qualitative descriptive analysis was conducted based on data collected from 

official university websites, national academic registries (e.g., RUCT), and postgraduate 

program repositories. Universities were included if they offered accredited undergraduate or 

master’s degrees in Biomedical Engineering as of April 2025. Curricular mapping focused on 

teaching modalities (on-campus, hybrid, online), technological integration (AI, simulation, 

biosensors), and industry collaboration. Emphasis was placed on educational innovation and 

alignment with the biomedical labor market. 

Main results: The analysis reveals a diverse and competitive academic ecosystem. Public 

universities such as Universidad Politécnica de Madrid, Universidad de Zaragoza, and 

Universitat Politècnica de València offer research-oriented programs with practical training in 

digital health, biosensors, and clinical engineering. Private institutions like Universidad de 

Navarra, Universidad San Pablo-CEU, and Universidad Internacional de Valencia emphasize 

flexible learning modalities and strong ties to the healthcare industry, supporting international 

mobility and job readiness. 



All programs demonstrate a strategic focus on employability, preparing graduates for roles in 

hospitals, medical device companies, clinical services, and R&D centers. The synergy between 

education, technology, and innovation positions Biomedical Engineering as a driver of Spain’s 

digital healthcare transformation. According to recent data, Biomedical Engineering graduates 

in Spain have an employment rate of approximately 96.9%, positioning the discipline among 

those with the highest employability nationally. This high employability is attributed to the 

strong alignment between academic curricula and labor market needs, particularly in sectors 

such as hospitals, medical device companies, clinical services, and R&D centers. The synergy 

between education, technology, and innovation positions Biomedical Engineering as a driver 

of Spain’s digital healthcare transformation. 

Table1. Spanish universities offering bachelor’s and/or master’s degrees in biomedical 

engineering 

No University Bachelor’s Master’s Type Key Features 

1 
Universidad de 

Navarra 
x x Private 

Hand-on training with a focus on 

applied research and 

collaboration with technology 

centers  

9 
Universidad 

Europea de Madrid 
x  Private 

Program taught in English, 

emphasizing advanced medical 

technologies and regenerative 

medicine 

10 
Universidad de 

Mondragón 
x  Private 

Training in the design of 

monitoring equipment and 

healthcare information systems 

11 
Universidad de 

Alicante 
x  Public 

Specialization in telemedicine, 

biomedical imaging and 

bioengineering devices 

12 
Universidad Rey 

Juan Carlos (URJC) 
x  Public 

Bilingual program with the 

opportunity to study at leading 

international universities 

13 
Universidad de 

Vigo 
x  Public 

Balanced training in technology, 

basic Sciences, and biomedicine, 

enabling interdisciplinary 

projects 

14 
Universitat Rovira I 

Virgili (URV) 
x  Public 

Multidisciplinary approach 

combining scientific, technical, 

and management knowledge 

2 
Universidad Carlos 

III de Madrid 
x  Public 

Strong foundation in biology and 

physiology, integrating 

engineering and science 

3 

Universidad 

Politècnica de 

Catalunya (UPC) 

x x Public 

Development and application of 

technological advances in 

medicine and healthcare 

4 

Universidad 

Politécnica de 

Madrid (UPM) 

x x Public 

Engineering problem-solving in 

the medical field, integrating 

knowledge in engineering and 

medicine 



5 
Universidad San 

Pablo – CEU 
x x Private 

Training to design and manage 

activities related to health and 

social care products and services 

6 

Universidad 

Pompeu Fabra 

(UPF) 

x x Public 

Focus on solving problems in 

medicine and biology through 

ICT (Information and 

Communication Technologies) 

7 

Universitat 

Politècnica de 

València (UPV) 

x x Public 

Notable academic offering with 

high demand for the Biomedical 

Engineering degree 

8 
Universidad de 

Barcelona 
x x Public 

Training in information and 

communication technologies 

applied to the biomedical field 

15 
Universidad de 

Girona 
x  Public 

Training to design and manage 

activities related to health and 

social care products and services 

16 
Universidad de 

Valladolid 
x x Public 

Training in telemedicni and 

biomedical sensor development 

17 
Universidad Pública 

de Navarra (UPNA) 
 x Public 

Emphasis on medical 

instrumentation and hands-on 

experiences in healthcare centers 

18 
Universidad de 

Zaragoza 
 x Public 

High technological component 

and innovation in biomedical 

devices 

19 
Universidad de 

Extremadura 
 x Public 

Close ties with local hospitals 

and clinical focus 

20 

Universidad 

Internacional de 

Valencia (VIU) 

 x Private 
Online format aimed at practicing 

professionals 

21 

Universidad del 

País Vasco 

(UPV/EHU) 

 x Public 
International cooperation and 

global health focus 

22 

Universidad 

Nacional de 

Asunción 

(Paraguay) 

 x Public * 
Program in collaboration with 

UPV/EHU 

23 
Universidad de 

Sevilla 
 x Public 

Focus on digital heath, big data, 

and emerging technologies 

24 

Universidad 

Autónoma de 

Madrid  

x x Public 

Update curriculum with focus on 

medical innovation and 

technology transfer 

 

25 
Universidad de 

Nebrija 
x  Private 

Interdisciplinary approach with a 

focus on digital health and 

entrepreneurship in biomedical 

technologies 

* Program in collaboration with UPV/EHU 

 



Conclusion: Biomedical Engineering in Spain has positioned itself as a field of high academic 

relevance and social impact. The synergy between academic excellence, healthcare innovation, 

and technological integration has created a favorable environment for training professionals 

capable of leading digital transformation in health services. This discipline not only meets 

current educational and labor demands but also acts a driving force in the modernization of 

health care systems.   

References: 

[1] Universidades de Biomedicina. Uniscopio. Published May 6, 2024. 

https://uniscopio.com/universidad/universidades-biomedicina/ 

[2]  Seib.org.es. Published 2025. Accessed April 22, 2025. 

https://seib.org.es/formacion/titulaciones-oficiales/ 

[3]  Registro de Universidades, Centros y Titulos (RUCT) - Ministerio de Educaci?n, Cultura y 

Deporte. Educacion.gob.es. Published 2025. Accessed April 22, 2025. 

https://www.educacion.gob.es/ruct/consultaestudios?actual=estudios 

[4]  jcortazar. Mejores Universidades en España para Ingeniería Biomédica en 2024/2025. 

CampusHome. Published December 4, 2024. Accessed April 22, 2025. 

https://campushome.es/blog/mejores-universidades-en-espana-para-ingenieria-biomedica/ 

[5]  Universidad Autónoma de Madrid. Grado en Ingeniería Biomédica | UAM. Universidad 

Autónoma De Madrid. https://www.uam.es/uam/biomedica.  

[6]  Unibertsitatea M. Grado en Ingeniería Biomédica. Mondragon Unibertsitatea. 

https://www.mondragon.edu/es/grado-ingenieria-biomedica.  

[7]  Grado en Ingeniería Biomédica Facultad Medicina - Valladolid. https://med.uva.es/grado-en-

ingenieria-biomedica/.  

[8]  De Alicante U. Grado en Ingeniería Biomédica. Grado En Ingeniería Biomédica. 

https://web.ua.es/es/grados/grado-en-ingenieria-biomedica/.  Published November 4, 2025. 

[9]  Grado en Ingeniería Biomédica : UPV. 

https://www.upv.es/titulaciones/GIB/menu_1014824c.html.  

[10] Universidad CEU San Pablo. Grado en Ingeniería Biomédica en Madrid | CEU San Pablo. 

Universidad CEU San Pablo. https://www.uspceu.com/oferta/grado/ingenieria-biomedica.  

[11] Ruiz J. Ingeniería Biomédica - Universidad Rey Juan Carlos. 

https://www.urjc.es/universidad/calidad/2001-ingenieria-biomedica.  Published March 21, 2025. 

[12] Grado en Ingeniería Biomédica. Universitat Pompeu Fabra Barcelona. 

https://www.upf.edu/es/web/graus/grau-enginyeria-biomedica.  

[13] Universidad Politécnica de Madrid. 

https://www.upm.es/Estudiantes/Estudios_Titulaciones/EstudiosOficialesGrado/ArticulosRelacionado

s?fmt=detail&prefmt=articulo&id=551d88ff1da0f210VgnVCM10000009c7648a____.  

[14] Ingeniería Biomédica - UPC Universitat Politècnica de Catalunya. UPC Universitat Politècnica 

De Catalunya. https://www.upc.edu/es/grados/ingenieria-biomedica-barcelona-eebe.  

[15] Grado en Ingeniería Biomédica - Madrid. Universidad Europea. 

https://universidadeuropea.com/grado-ingenieria-biomedica-madrid/.  

[16] Grados - landings. Landings. 

https://www.unav.edu/web/landings/grados?utm_medium=pmax&utm_source=google&utm_campaig

n=grados_2526&utm_content=nueva-

estrategia&gad_source=1&gbraid=0AAAAADrPcEYtMVmIWZGmnZt8rEZzvcwsX&gclid=CjwKC

https://uniscopio.com/universidad/universidades-biomedicina/
https://seib.org.es/formacion/titulaciones-oficiales/
https://www.educacion.gob.es/ruct/consultaestudios?actual=estudios
https://campushome.es/blog/mejores-universidades-en-espana-para-ingenieria-biomedica/
https://www.uam.es/uam/biomedica
https://www.mondragon.edu/es/grado-ingenieria-biomedica
https://med.uva.es/grado-en-ingenieria-biomedica/
https://med.uva.es/grado-en-ingenieria-biomedica/
https://web.ua.es/es/grados/grado-en-ingenieria-biomedica/
https://www.upv.es/titulaciones/GIB/menu_1014824c.html
https://www.uspceu.com/oferta/grado/ingenieria-biomedica
https://www.urjc.es/universidad/calidad/2001-ingenieria-biomedica
https://www.upf.edu/es/web/graus/grau-enginyeria-biomedica
https://www.upm.es/Estudiantes/Estudios_Titulaciones/EstudiosOficialesGrado/ArticulosRelacionados?fmt=detail&prefmt=articulo&id=551d88ff1da0f210VgnVCM10000009c7648a____
https://www.upm.es/Estudiantes/Estudios_Titulaciones/EstudiosOficialesGrado/ArticulosRelacionados?fmt=detail&prefmt=articulo&id=551d88ff1da0f210VgnVCM10000009c7648a____
https://www.upc.edu/es/grados/ingenieria-biomedica-barcelona-eebe
https://universidadeuropea.com/grado-ingenieria-biomedica-madrid/
https://www.unav.edu/web/landings/grados?utm_medium=pmax&utm_source=google&utm_campaign=grados_2526&utm_content=nueva-estrategia&gad_source=1&gbraid=0AAAAADrPcEYtMVmIWZGmnZt8rEZzvcwsX&gclid=CjwKCAjwn6LABhBSEiwAsNJrjtGO_BfMhsDbmos4_Bnv2VzgBWVeDvMvFX0q82U0dRg-zPD2Eri05RoC8X8QAvD_BwE
https://www.unav.edu/web/landings/grados?utm_medium=pmax&utm_source=google&utm_campaign=grados_2526&utm_content=nueva-estrategia&gad_source=1&gbraid=0AAAAADrPcEYtMVmIWZGmnZt8rEZzvcwsX&gclid=CjwKCAjwn6LABhBSEiwAsNJrjtGO_BfMhsDbmos4_Bnv2VzgBWVeDvMvFX0q82U0dRg-zPD2Eri05RoC8X8QAvD_BwE
https://www.unav.edu/web/landings/grados?utm_medium=pmax&utm_source=google&utm_campaign=grados_2526&utm_content=nueva-estrategia&gad_source=1&gbraid=0AAAAADrPcEYtMVmIWZGmnZt8rEZzvcwsX&gclid=CjwKCAjwn6LABhBSEiwAsNJrjtGO_BfMhsDbmos4_Bnv2VzgBWVeDvMvFX0q82U0dRg-zPD2Eri05RoC8X8QAvD_BwE


Ajwn6LABhBSEiwAsNJrjtGO_BfMhsDbmos4_Bnv2VzgBWVeDvMvFX0q82U0dRg-

zPD2Eri05RoC8X8QAvD_BwE.  

[17] Ingeniería biomédica - G1074. Estudios. https://web.ub.edu/es/web/estudis/w/grado-g1074.  

[18] Grado en Ingeniería Biomédica | UC3M. https://www.uc3m.es/grado/biomedica.  

[19] Virgili URI. Grado en Ingeniería Biomédica URV | Universitat Rovira i Virgili. Universitat 

Rovira I Virgili. https://www.urv.cat/es/estudios/grados/oferta/enginyeria-biomedica/.  

[20] Escola de Enxeñería Industrial. Grado en Ingeniería Biomédica - EEI. EEI. 

https://eei.uvigo.es/es/estudios/grados/grado-en-ingenieria-biomedica/. Published December 16, 2024.  

[21] Estudia > Oferta formativa > Grados > Detalle. https://www.udg.edu/es/estudia/Oferta-

formativa/Graus/Fitxes?IDE=1434&ID=3105G1517.  

[22] Grado en Ingeniería Biomédica Universidad Nebrija. 

https://www.nebrija.com/lp/grado/ingenieria-

biomedica/?Cod_TipoFRM=3028&utm_campaign=2024-25_Grado_Nacional-

FCVN&utm_medium=Google&utm_source=GoogleSearch&utm_content=3028&gad_source=1&gbr

aid=0AAAAACk16aVeFg1eiFc5OZmRZZwOwwRQR&gclid=CjwKCAjwn6LABhBSEiwAsNJrjp5

Y0UmBdcKt3VXnARJ_yhnf_4wlO9STQUgzmwK9nmSCpjh9UFEYkhoC25sQAvD_BwE&gclsrc=a

w.ds.  

[23] UAM - Escuela Politécnica Superior - Máster Universitario en Ingeniería Biomédica 

(GTSTmuib). Www.uam.es. Published 2025. Accessed April 22, 2025. 

https://www.uam.es/ss/Satellite?c=Page&cid=1446837483518&language=es&nodepath=Grupos+de+

Trabajo+de+Solicitud+de+Titulaciones+%28GTST%29&pagename=EscuelaPolitecnica%2FPage%2F

UAM_sinContenido  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.unav.edu/web/landings/grados?utm_medium=pmax&utm_source=google&utm_campaign=grados_2526&utm_content=nueva-estrategia&gad_source=1&gbraid=0AAAAADrPcEYtMVmIWZGmnZt8rEZzvcwsX&gclid=CjwKCAjwn6LABhBSEiwAsNJrjtGO_BfMhsDbmos4_Bnv2VzgBWVeDvMvFX0q82U0dRg-zPD2Eri05RoC8X8QAvD_BwE
https://www.unav.edu/web/landings/grados?utm_medium=pmax&utm_source=google&utm_campaign=grados_2526&utm_content=nueva-estrategia&gad_source=1&gbraid=0AAAAADrPcEYtMVmIWZGmnZt8rEZzvcwsX&gclid=CjwKCAjwn6LABhBSEiwAsNJrjtGO_BfMhsDbmos4_Bnv2VzgBWVeDvMvFX0q82U0dRg-zPD2Eri05RoC8X8QAvD_BwE
https://web.ub.edu/es/web/estudis/w/grado-g1074
https://www.uc3m.es/grado/biomedica
https://www.urv.cat/es/estudios/grados/oferta/enginyeria-biomedica/
https://www.udg.edu/es/estudia/Oferta-formativa/Graus/Fitxes?IDE=1434&ID=3105G1517
https://www.udg.edu/es/estudia/Oferta-formativa/Graus/Fitxes?IDE=1434&ID=3105G1517
https://www.nebrija.com/lp/grado/ingenieria-biomedica/?Cod_TipoFRM=3028&utm_campaign=2024-25_Grado_Nacional-FCVN&utm_medium=Google&utm_source=GoogleSearch&utm_content=3028&gad_source=1&gbraid=0AAAAACk16aVeFg1eiFc5OZmRZZwOwwRQR&gclid=CjwKCAjwn6LABhBSEiwAsNJrjp5Y0UmBdcKt3VXnARJ_yhnf_4wlO9STQUgzmwK9nmSCpjh9UFEYkhoC25sQAvD_BwE&gclsrc=aw.ds
https://www.nebrija.com/lp/grado/ingenieria-biomedica/?Cod_TipoFRM=3028&utm_campaign=2024-25_Grado_Nacional-FCVN&utm_medium=Google&utm_source=GoogleSearch&utm_content=3028&gad_source=1&gbraid=0AAAAACk16aVeFg1eiFc5OZmRZZwOwwRQR&gclid=CjwKCAjwn6LABhBSEiwAsNJrjp5Y0UmBdcKt3VXnARJ_yhnf_4wlO9STQUgzmwK9nmSCpjh9UFEYkhoC25sQAvD_BwE&gclsrc=aw.ds
https://www.nebrija.com/lp/grado/ingenieria-biomedica/?Cod_TipoFRM=3028&utm_campaign=2024-25_Grado_Nacional-FCVN&utm_medium=Google&utm_source=GoogleSearch&utm_content=3028&gad_source=1&gbraid=0AAAAACk16aVeFg1eiFc5OZmRZZwOwwRQR&gclid=CjwKCAjwn6LABhBSEiwAsNJrjp5Y0UmBdcKt3VXnARJ_yhnf_4wlO9STQUgzmwK9nmSCpjh9UFEYkhoC25sQAvD_BwE&gclsrc=aw.ds
https://www.nebrija.com/lp/grado/ingenieria-biomedica/?Cod_TipoFRM=3028&utm_campaign=2024-25_Grado_Nacional-FCVN&utm_medium=Google&utm_source=GoogleSearch&utm_content=3028&gad_source=1&gbraid=0AAAAACk16aVeFg1eiFc5OZmRZZwOwwRQR&gclid=CjwKCAjwn6LABhBSEiwAsNJrjp5Y0UmBdcKt3VXnARJ_yhnf_4wlO9STQUgzmwK9nmSCpjh9UFEYkhoC25sQAvD_BwE&gclsrc=aw.ds
https://www.nebrija.com/lp/grado/ingenieria-biomedica/?Cod_TipoFRM=3028&utm_campaign=2024-25_Grado_Nacional-FCVN&utm_medium=Google&utm_source=GoogleSearch&utm_content=3028&gad_source=1&gbraid=0AAAAACk16aVeFg1eiFc5OZmRZZwOwwRQR&gclid=CjwKCAjwn6LABhBSEiwAsNJrjp5Y0UmBdcKt3VXnARJ_yhnf_4wlO9STQUgzmwK9nmSCpjh9UFEYkhoC25sQAvD_BwE&gclsrc=aw.ds
https://www.nebrija.com/lp/grado/ingenieria-biomedica/?Cod_TipoFRM=3028&utm_campaign=2024-25_Grado_Nacional-FCVN&utm_medium=Google&utm_source=GoogleSearch&utm_content=3028&gad_source=1&gbraid=0AAAAACk16aVeFg1eiFc5OZmRZZwOwwRQR&gclid=CjwKCAjwn6LABhBSEiwAsNJrjp5Y0UmBdcKt3VXnARJ_yhnf_4wlO9STQUgzmwK9nmSCpjh9UFEYkhoC25sQAvD_BwE&gclsrc=aw.ds
https://www.uam.es/ss/Satellite?c=Page&cid=1446837483518&language=es&nodepath=Grupos+de+Trabajo+de+Solicitud+de+Titulaciones+%28GTST%29&pagename=EscuelaPolitecnica%2FPage%2FUAM_sinContenido
https://www.uam.es/ss/Satellite?c=Page&cid=1446837483518&language=es&nodepath=Grupos+de+Trabajo+de+Solicitud+de+Titulaciones+%28GTST%29&pagename=EscuelaPolitecnica%2FPage%2FUAM_sinContenido
https://www.uam.es/ss/Satellite?c=Page&cid=1446837483518&language=es&nodepath=Grupos+de+Trabajo+de+Solicitud+de+Titulaciones+%28GTST%29&pagename=EscuelaPolitecnica%2FPage%2FUAM_sinContenido


OP047 

Future vision: A strategic model for structured cooperation 

between Biomedical Engineers and Medical Physicists for mutual 

benefit 

Carmel J CARUANA1*, Eric PACE1, Sam AGIUS1 

1Medical Physics, Faculty of Health Sciences, University of Malta, Msida, Malta 

* Corresponding author. E-mail address: carmel.j.caruana@um.edu.mt 

Keywords: Strategic planning, biomedical engineering, medical physics, inter-professional 

cooperation 

Motivation and Aim: We live in unprecedented times: medical device technology is expanding 

at breakneck speed whilst disruptive developments such as artificial intelligence are impacting 

and sometimes redefining professional roles. Meanwhile, the Biomedical Engineering and 

Medical Physics professions both face difficult challenges resulting from external factors: 

chock-a-block curricula which can only accommodate additional content with very great 

difficulty, seemingly endless ongoing austerity economics leading to attempts at the over-

commoditization of higher-level professional roles and competition from lesser qualified 

professions who seek to usurp part of their roles. In these circumstances strategic vision for 

both roles, strengthening of the respective Education and Training systems of both professions 

in line with that strategic vision and a symbiotic mutually-supportive alliance between the two 

professions are essential. However, a strategic, unified role-development and inter-professional 

cooperation model for providing strategic vision and to guide members of both professions does 

not exist. 

Novelty: Although there have been many mostly informal discussions in the past regarding the 

relationship between the roles of Biomedical Engineers and Medical Physicists, these tended to 

be mostly on strategically inconsequential issues of role-overlap and regarding whether the two 

roles should be combined into a single profession. It has also been proposed that their education 

should be combined into a single academic programme1.  However, these discussions do not 

acknowledge the obvious major differences in focus which are becoming increasingly wider 

given the external pressures arising from political, economic, social, technological and 

legislative issues. To our knowledge this is the first formal attempt at creating a model of the 

two roles and their inter-relationship for the benefit of both professions and which is both 

visionary and strategic in nature. 

Methods: A search of the literature using the search strings: ‘biomedical engineering AND role 

development’, ‘medical physics AND role development’, ‘biomedical engineering AND 

strateg*, ‘medical physics AND strateg* and ‘biomedical engineering AND medical physics’ 

([Title/Abstract]) was carried out using Pubmed and Web-of-Science and a model set up based 

on identified strategic role development issues. 

Main results: A proposed model for both roles and for inter-professional cooperation between 

the two professions is shown in the diagram.  



In order to fend off over-commoditization and competition the education and training of 

Biomedical Engineers should be geared towards the development of medical devices (medical 

device development life cycle). Biomedical Engineers relate to manufacturers and vendors and 

their education should focus on the major engineering disciplines, engineering design, product 

development and medical device development related legislation. This will ensure that they 

remain at the forefront in the area of medical device development. 

On the other hand, Medical Physicists should focus totally on the effective, safe and optimized 

clinical use of such devices in hospitals (intra-hospital medical device use cycle) to ensure that 

they too remain the top experts on the use of medical devices and on protection from physical 

agents within hospitals. However, since medical physicists interact mostly with patients and 

healthcare professionals their education should include also heavy doses of anatomy, 

physiology, pathology, medical ethics and communication and people skills. If possible, the 

learning of these subjects should be shared with healthcare professionals so that they may 

develop the essential inter-professional skills necessary to thrive in the hospital milieu.  

The two professions should cooperate in an ongoing manner particularly regarding medical 

device clinical trials, post-market device surveillance and intra-hospital device maintenance and 

upgrade.  Biomedical Engineers can help Medical Physicists resolve clinical problems which 

involve deep knowledge of the technological aspects of medical devices. In turn, Medical 

Physicists can help bridge the gap between Biomedical Engineers based in industry and the 

hospital inter-professional political environment.   

 

Conclusion: A strategic model for role development and structured cooperation between 

Biomedical Engineers and Medical Physicists has been presented. Both Biomedical Engineers 

and Medical Physicists are relatively small professions when compared to other healthcare 

professions. This weakness can only be overcome by adherence to strategic models which are 

designed to strengthen both professions and increase the cooperation between both professions 

for mutual support. The authors appreciate that such strategies may require changes to present 

cherished perspectives; however, history teaches that roles that do not adapt to environmental 

change and increase their competitive edge would slowly but surely be eventually replaced. 
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Motivation and Aim: Subarachnoid haemorrhage (SAH) patients are carefully monitored in 

the neurointensive care unit (NICU) to prevent or minimise the impact of secondary brain 

injury. Although monitoring is extensive to ensure sufficient blood flow and oxygenation 

continuously, techniques related to cerebral blood flow (CBF) remain few and mainly focus on 

macrovascular CBF. Macrovascular blood flow, however, gives no guarantee that the 

microcirculation is functioning. Also, these different components of CBF may uncouple in 

times of critical illness and a common complication is loss of autoregulation. By combining 

different techniques, the advantages of each can be utilized to gain more information about the 

CBF. Therefore, we are investigating the feasibility of fibre-optical continuous microcirculation 

monitoring combined with blood flow MRI using a scanner located in the NICU. 

Methods: Laser Doppler flowmetry (LDF) has been adapted for long-term monitoring of 

cerebral microcirculation [1], providing local microcirculatory data at high temporal resolution. 

A two-channel fibre optical probe evaluated for use during MRI scans of the brain was 

implanted and securely fixed during routine surgery. Long-term bedside monitoring took place 

4-6 hours per day for up to 10 days in the NICU. Spatial coverage of global and regional CBF 

assessments was added through MRI. Arterial spin labelling (ASL) [2], generating absolute 

CBF maps of the whole brain, and 2D-flow MRI, estimating the total inflow to the brain, were 

performed with simultaneous LDF monitoring. The LDF system was placed in the MR control 

room during the MRI and connected to the patient using the 5m optical cable pulled through a 

wave trap. Risk analysis and training in case of emergency were carried out for the simultaneous 

measurements. Analysis studies are ongoing, comparing the different CBF methods to each 

other, and investigating and comparing long-term LDF data to clinical data, e.g. mean arterial 

pressure (MAP) and intracranial pressure (ICP), and clinical procedures such as drug boluses, 

ventilator adjustments, and head position changes. 

Main results:  The simultaneous MRI and LDF setup has been evaluated in three SAH patients 

and long-term bedside LDF monitoring has been achieved in nine patients to date, resulting in 

eight combined measurements and over 200 hours of bedside LDF data. The simultaneous MRI 
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and LDF measurements did not cause any complications for the patients or influence the data 

quality of either method, indicating that combined measurements are feasible in the NICU. 

Preliminary results from data analyses suggest that the combination of different CBF methods, 

covering both global and local CBF, and correlation analyses with clinical data like MAP and 

ICP, can provide several perspectives on blood flow and cerebral autoregulation at once, thus 

giving physicians more information for treatment decisions. 

Conclusion:  

In summary, this combined setup allows for simultaneous measurement of both macro- and 

microvascular components that can lead to increased understanding of CBF in critical illness, 

especially with LDF monitored bilaterally. The continuous mode of LDF can potentially give 

early warnings of deterioration, particularly in combination with the clinical monitoring data, 

which may indicate when another MRI is necessary to assess CBF comprehensively. With more 

data, it would be possible to investigate how these methods could complement each other during 

neurointensive care.  

Acknowledgements: This research was funded by Swedish Foundation for Strategic Research, 

grant number RMX18-0056, and the Swedish Research Council Agency for Innovation 

Systems, grant number 2020-03131. 

References: 

1. Mauritzon, S., et al., Analysis of laser Doppler flowmetry long-term recordings for investigation of 

cerebral microcirculation during neurointensive care. Front Neurosci, 2022. 16: p. 1030805. 

2. Tapper, S., et al., Method for detection of cerebral blood flow in neurointensive care using 

longitudinal arterial spin labeling MRI. PLoS One, 2024. 19(11): p. e0314056. 

 

 

 

 

IP02  

 

How to Promote Innovation and Entrepreneurship in the 

Classroom of Undergraduate Students 

Martha Zequera 

 

 

 

 



Oral Session OS07 

Biomeasurements 

Chairs: Halina Podbielska (Poland), Tilmann Sander-Thömmes 

(Germany) 

OP049–OP054 
 

OP049 

A Blood Pressure Normalization Method for Aortic Pulse 

Wave Velocity 

Kristina KÖÖTS, Kristjan PILT, Ivo FRIDOLIN, 

Department of Health Technologies, Tallinn University of Technology, Ehitajate tee 5, 19086 

Tallinn, Estonia 

97ristina.koots@taltech.ee 

Abstract. Arterial stiffness is an independent risk factor for cardiovascular dis- eases (CVD). 

Aortic pulse wave velocity (aoPWV) is a clinically used parameter for the arterial stiffness 

estimation, although it is influenced by blood pressure (BP). The aim of this study was to 

investigate whether and how aoPWV measurements obtained with a brachial single-cuff 

oscillometric device Arteriograph could be BP normalized. An exploratory study was 

conducted in 26 apparently healthy subjects (25-72 years). The aoPWV measurements were 

carried out in the supine position and during maneuvers designed to rise arterial BP. The 

aoPWV values were then normalized using mean arterial blood pressure (MAP). A moderate 

linear relation- ship (r = 0.53, p <0.001) was observed between MAP and aoPWV with individ- 

ual-specific linear models describing the relationship for each subject. It was shown that the 

subjects with elevated arterial BP and aoPWV had a BP normalized aoPWV (aoPWVnorm) 

below 10 m/s. This indicates that the cause for an in- creased aoPWV (>10 m/s) was the 

increased BP rather than the increased intrin- sic stiffness of the arteries. Measurement of 

aoPWV at different BP levels is suggested to enable subject-specific BP normalization when 

estimating arterial stiff- ness. 

Keywords: Arterial Stiffness, Blood Pressure, Aortic Pulse Wave Velocity, Pressure-

normalized Aortic PWV 
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Motivation and Aim: Pleural effusions, particularly large ones, have an impact on respiratory 

system mechanics and, therefore, patients’ efficiency [1]. One of the initial and most frequent 

symptoms of pleural effusion is dyspnea (shortness of breath); nevertheless, the physiological 

mechanisms behind this have not been fully understood. This work aims to analyze thorax CT 

scans of patients with pleural effusion to assess the link between the hemidiaphragm shape and 

the levels of dyspnea reported by patients. 

Novelty: This study is among the first to quantitatively assess the relationship between 

diaphragm shape and perceived dyspnea in patients with pleural effusion. By analyzing CT 

imaging alongside subjective symptoms, the research offers new insights into the physiological 

basis of dyspnea in pleural effusion cases. 

Methods: All measurements and medical imaging took place at the Department of Internal 

Medicine, Pulmonary Diseases, and Allergy at the Medical University of Warsaw, all patients 

signed an informed consent to participate in the study. The study protocol was approved by the 

Medical University of Warsaw's Institutional Review Board (KB 105/2012) and registered at 

ClinicalTrials.gov (NCT02192138) on July 16, 2014. CT thorax scans from 21 patients (16 with 

right and 5 with left large pleural effusion) were analyzed, all images were obtained within 14 

days prior to the therapeutic thoracentesis (TT). Measurements of the left and right 

hemidiaphragm positions were performed using HorosTM software, additionally, three-

dimensional segmentations were created in the 3D Slicer image computing platform with the 

assistance of the Total Segmentator AI model. Measurements of hemidiaphragm shape were 

performed in three coronal sections of the thorax (Figure 1A – P1, P2, and P3) and two sagittal 

sections of the thorax (Figure 1A – P4 and P5). The contact point between the diaphragm and 

the chest wall on the contralateral side was marked and projected perpendicularly to the 

ipsilateral side. The diaphragm center was identified at the level where the inferior vena cava 

crosses it, defined as the midpoint between the vena cava and adjacent aorta. Straight lines were 

drawn from the contact points to this center. In the sagittal plane, measurements were taken 

between anterior and posterior contact points. The outlines of the left and right 
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hemidiaphragmatic domes were traced and measured, and lengths above the reference line were 

marked as positive (+), those below as negative (−); based on that the percentage of ipsilateral 

hemidiaphragm inversion was calculated. Dyspnea was evaluated in 17 patients immediately 

before the TT using the modified 10 point Borg scale. 

Main results: The results of this work seem contradict the assumptions of other authors [2] and 

confirm our other analyses that the degree of dyspnea need not be related to improper 

hemidiaphragm work associated with its deformation (Figure 1B). Surprisingly, Spearman’s 

correlations between the Borg dyspnea score and the percentage of ipsilateral hemidiaphragm 

inversion appeared to be negative (although statistically insignificant) and equal to -0.22 (p-

0.404) and -0.37 (p=0.146) for the coronal and sagittal sections, respectively. The results 

confirm our previous analyses supported by computer simulations showing that anatomical 

inversion of the hemidiaphragm seen in USG imaging does not necessarily lead to functional 

inversion (pendulum breathing) [3]. 

Conclusion: Reasons for dyspnea in pleural effusion still seem to be uncertain and require 

further studies.  

Acknowledgements: This study was supported by the National Science Center, Poland (grant 

N 2019/35/B/NZ5/02531) and The Nalecz Institute of Biocybernetics and Biomedical 

Engineering, Polish Academy of Sciences.  

 

Figure 1. A) Measurement placement:P1, P2 and P3 are coronal sections of the thorax, P4 and 

P5 are sagital sections of the thorax. B) A chart illustrating the relationship between the 

percentage of ipsilateral hemidiaphragm inversion and the reported level of dyspnea on the 

Borg scale. The ipsilateral hemidiaphragm refers to the left or right side of the chest with the 

pleural effusion. 
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Motivation and Aim: Measurement of Auditory Brainstem Responses (ABR) is the only 

method used in clinical practice which allows an objective assessment of hearing thresholds. 

Pure-tone audiogram can be reconstructed by determining the sound pressure level (SPL) for 

which wave V of the Auditory Evoked Potentials (AEP) is detectable. 

Magnetoencephalography (MEG), as a technique complementary to electroencephalography 

(EEG), also has a potential to be used in the reconstruction of the pure-tone audiogram by 

determining the sound pressure level as an auditory response detection limit. MEG gives the 

possibility to perform non-contact measurements and avoid difficulties related to the use of 

scalp electrodes in EEG. 

Traditional magnetometry is based on Superconducting Quantum Interference Devices 

(SQUIDs), which require liquid helium cooling to operate, generating high operating costs and 

limiting their widespread use. Novel sensors, Optically Pumped Magnetometers (OPMs), can 

be used at room temperature and placed closer to the signal sources, resulting in an increase in 

an amplitude of measured signal. 

The aim of the presented research was to apply OPM technology to identify sound pressure 

level at which magnetic auditory evoked response M100 was detectable. 

Novelty: There are very few studies in which the gold standard, SQUID MEG, was used in 

peri-threshold auditory evoked magnetic fields measurements [1][2][3]. The proposed method 

based on OPMs gives a new input to the field. 

Methods: Hearing thresholds of each subject were assessed using the psychoacoustic 

(subjective) method, a classical tonal audiometry. The magnetic brain responses to sine stimuli 

at peri-threshold levels (5-10 dB SL, SL: sensational level) were recorded using a developed 

dedicated acoustic source, which did not interfere with measurements conducted inside a 

magnetically shielded room. 

Signals were acquired using both systems, SQUID-MEG and OPM-MEG. Measurements using 

a 125-channel Yokogawa gradiometer based on SQUIDs were conducted at the Physikalisch-

Technische Bundesanstalt (PTB) in Berlin, while OPMs (QZFM: QuSpin Zero Field 

Magnetometers) were used independently at PTB and Warsaw University of Technology. 

Individualized anatomy derived 3D-printed sensor holders for OPMs and EEG caps were used. 
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Obtained data were analyzed to assess the feasibility of magnetic measurements in objective 

hearing threshold assessment. The detectability of the M100 (100 ms latency) peak of auditory 

evoked fields, in relation to the sound pressure level of the stimulus was investigated. 

Main results: The amplitude of the M100 auditory evoked response obtained using OPM-MEG 

was several times higher comparing to SQUID-MEG. Due to the dewar-related fixed geometry 

of SQUID system, magnetic dipoles of brain responses were only partially visible. 

The M100 response was detected with both OPM- and SQUID-MEG for sound pressure level 

10 dB above the subjectively determined thresholds (10 dB SL). 

Conclusion: The OPM technology offers numerous advantages over traditional SQUID-based 

magnetometry, including the ability to position sensors directly on the subject's scalp, which 

improves signal reception and results in higher amplitudes of measured brain responses. 

Furthermore, their ease of use and lower maintenance cost is a clear advantage. 

The conducted research showed that the registration of magnetic brain responses to tonal 

stimulation was possible for the sound pressure level 10 dB above individual hearing thresholds 

(10 dB SL). This is consistent with the research results available in the literature in which 

SQUID sensors were used. The feasibility of recording auditory evoked responses at peri-

threshold levels was confirmed.  

Hearing thresholds can be determined by identifying the sound pressure level at which the 

M100 magnetic auditory evoked response is detectable. This approach is a valuable 

complement to measurements of auditory evoked potentials, which currently provide the only 

objective method for determining hearing thresholds. Future work could be to compare the 

MEG AEF threshold with the AEP threshold within participants. 
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Abstract. The advancement of real time physiological monitoring technologies plays a vital 

role in ensuring the safety of individuals operating in extreme envi- ronments, including pilots, 

athletes, and professionals exposed to harsh environ- mental conditions. This article introduces 

a concept for digital measurement modules designed for non-invasive and continuous 

monitoring of critical physi- ological parameters. These include cardiovascular, respiratory, and 

musculoskel- etal system activity. The proposed solutions integrate advanced measurement 

technologies such as electrocardiography (ECG), impedance cardiography (ICG), 

electromyography (EMG), and Doppler ultrasonography to assess blood flow. The modules are 

optimized for mobile applications, offering high precision and resistance to external 

interferences. Their implementation enables the real- time collection and analysis of 

physiological data, facilitating early detection of potentially hazardous conditions. This is 

particularly relevant in scenarios where exposure to extreme gravitational forces, ischemic 

hypoxia, or other envi- ronmental stressors can significantly impact human performance and 

safety. A key advantage of these modules is the ability to provide continuous and reliable 

physiological assessment without restricting movement, making them suitable for use in 

dynamic environments. The collected data can also contribute to re- search on human adaptation 

to extreme conditions, helping to refine safety pro- tocols and enhance overall performance in 

aviation, professional sports, and other high risk industries. The developed technology 

represents a step forward in phys- iological monitoring, combining precision, mobility, and real 

time adaptability, thus offering a valuable tool for both safety and performance optimization.  

Keywords: measurement modules, medical devices, physiological parameters, non-invasive 

monitoring, extreme conditions 
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Motivation and Aim: Near-infrared spectroscopy (NIRS) is widely used for non-invasive 

assessment of tissue optical properties. In scattering media such as biological tissues, especially 

when scattering (μʹs) is much greater than absorption (μa), the mean photon pathlength (d) 

depends on optical properties μa and μʹs. When μa increases, a smaller percentage of light 

penetrates deeper tissues compared to superficial tissues, causing d to decrease. Conversely, 

when μʹs increases, light scatters more before reaching the detector, leading to an increase in d. 

Common data analysis approaches assume infinitesimally small changes in optical properties 

or, equivalently, that d remains constant, resulting in errors that grow as the magnitude of 

changes in optical properties increases.  

Time-domain NIRS (TD-NIRS) measures distributions of times of flight of photons (DTOFs), 

providing information about light propagation. DTOFs allow for the analysis of attenuation (A), 

mean time of flight (m1) and variance (V) [1]. Sensitivity factors [2] relate changes in these 

measurands to Δμa, but they assume an infinitesimally small Δμa. Data analysis based on 

sensitivity factors is an established method for recovering Δμa.  

Novelty: This study introduces analytical equations for non-linear sensitivity factors that extend 

the validity of existing data analysis approaches to large optical property changes. The 

equations allow recovering any magnitude of Δμa or Δμʹs, provided the diffusion approximation 

remains valid. Furthermore, we propose how the method can be accurately applied for multi-

layered tissues, increasing their applicability. 

Methods: We derived analytical equations for sensitivity factors in infinite (IM) and semi-

infinite (SM) homogeneous media using the diffusion equation [3], which is an analytical 

solution of the radiative transfer equation (RTE) that relies on the diffusion approximation. 

Sensitivity factors were obtained by differentiating the definitions of A, m1, and V with respect 

to μa, μʹs, or r (source-detector distance). We extended the equations for large changes by 

introducing an averaging technique and making the sensitivity factor equations non-linear.  

Main results: Results demonstrate that the derived sensitivity factors allow for accurate 

recovery of large Δμa or Δμʹs. The equations were verified for both IM and SM. The non-linear 

sensitivity factors eliminate errors introduced by assuming infinitesimally small perturbations 

in parameter recovery. We present an equation for A that may enable modelling tools to provide 

outputs in absolute units, provided reference value has been measured experimentally.  



Conclusion: The non-linear sensitivity factors eliminate errors introduced by assuming 

infinitesimally small perturbations or a constant d, enabling more accurate parameter recovery 

in NIRS applications. Furthermore, even large changes can also be accurately recovered. These 

findings contribute to improving biomedical and clinical applications of NIRS by providing 

more reliable methods for analyzing tissue absorption and scattering properties.  
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Motivation and Aim: Central Nervous System (CNS) tumors are among the most common 

cancers and leading causes of cancer-related deaths in adolescents, young adults, and children. 

With approx. 90,000 new cases annually, survival outcomes depend on age, tumor location, and 

grade, with WHO grade 4 tumors having the poorest prognosis(5-year survival: 6.8%) [1,2]. 

Brain tumors, particularly high grade gliomas [3], pose a significant challenge in neurosurgical 

oncology due to their infiltrative growth and blurred tumor margins. Neurosurgeons use various 

techniques for intraoperative visualization of tumor borders, such as intraoperative MRI [5], 

intraoperative ultrasound, neuronavigation, fluorescence-guided surgery [4], and intraoperative 

histopathology, each with limitations in availability, cost, and accuracy. Neuronavigation can 

be misleading post-resection due to brain tissue shift, while 5-5-Aminolevulinic acid (5-ALA) 

is limited to glioblastoma multiforme cases only. The lack of a rapid, effective, and affordable 

intraoperative technique for real-time tumor border identification highlights the urgent need for 

novel approaches. 

In addition to the rapid identification of brain tumor borders, which affects the extent of tumor 

resection, there is a need to develop a method for the quick diagnosis of the tumor type 

(according to the WHO 2021 Classification of CNS Tumors) that would be as accurate as 

histopathological examination. Intraoperative diagnosis influences the neurosurgeon's decision 

regarding the extent of resection and could also shorten the patient's waiting time for adjuvant 

treatment after tumor resection. The aim is to develop and validate a database of Raman and 

infrared spectra of healthy and neoplastic brain tissues, including gliomas, meningiomas, and 

metastases. By applying vibrational spectroscopy, we seek to establish a robust, label-free, and 

real-time method for tumor identification and classification that can enhance surgical precision, 

minimize healthy tissue resection, and improve patient outcomes. 

Novelty: This research aims to develop a novel classification algorithm for distinguishing 

healthy brain tissue from various neoplastic tissues, enabling neurosurgeons to make precise 

surgical decisions based on biochemical composition rather than relying solely on visual and 

mailto:marlena.gasior-glogowska@pwr.edu.pl


structural imaging techniques. The underlying hypothesis suggests that each type of brain tumor 

has a unique biochemical signature, which is reflected in its characteristic Raman spectral bands 

and infrared absorption patterns.  

Methods: 69 brain tumor specimens were collected during planned tumor resection surgeries 

at the Operation Unit of the 4th Military Hospital. Under microscopic control, at least two 

adjacent 2×2 mm samples were obtained from an area with a high probability of tumor presence. 

One sample was washed in saline and immediately subjected to spectroscopic analysis, while 

the second sample was fixed in formalin and sent to the histopathology laboratory for 

validation. FT-Raman and ATR-FTIR spectrometers were used to analyze the biochemical 

composition of the tissue samples, providing insight into molecular alterations associated with 

tumor progression and differentiation from healthy brain tissue.  

Main results: Spectroscopic analysis successfully differentiated healthy brain tissue from 

tumor-infiltrated regions, revealing distinct biochemical alterations between normal and 

neoplastic tissues. Initial findings suggest that nontumor brain tissue exhibits higher levels of 

structural lipids and well-preserved protein secondary structures, while tumor tissues show 

increased metabolic activity markers, a disrupted lipid-protein balance, and altered nucleic acid 

compositions. These observed differences lay the groundwork for the potential intraoperative 

differentiation of tumor margins using vibrational spectroscopy. 

Conclusion: Our results highlight the clinical potential of vibrational spectroscopy as a non-

invasive, label-free diagnostic tool for improving intraoperative tumor identification, 

optimizing resection strategies, and facilitating glioma classification. By correlating spectral 

data with histopathological and cytogenetic findings, we ensured the robust validation of 

spectral biomarkers. This approach supports the development of methodologies for 

differentiating healthy brain tissue from tumor-infiltrated regions and for subtyping gliomas, 

particularly distinguishing high-grade from low-grade gliomas. 
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Abstract. Stereoacuity, the ability to perceive depth based on binocular disparity, is a crucial 

function of the human visual system. Traditional methods for assessing stereoacuity rely on 

subjective patient responses, making them potentially prone to bias. This study used 

electroencephalography (EEG) to investigate event-related potentials (ERPs) as potential 

markers for the objective assessment of depth perception based on binocular disparity. EEG 

data were collected for 32 participants, categorized into normal and abnormal stereoacuity 

groups, under controlled viewing conditions. Comparing participants' brain activity with 

normal and abnormal stereoacuity, data analysis revealed significant differences in ERP 

amplitudes within the 75-185 ms time window following the onset of visual stimulus (related 

to P1 and P2 components of ERP), particularly in the parietal regions. These findings suggest 

that specific ERP components could serve as neurophysiological indicators for objectively 

assessing depth perception.  

Keywords: Electroencephalography (EEG), Event-Related Potential (ERP), Depth Perception, 

Stereoacuity 
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Abstract. The aim of this study was to analyze the relationship be- tween the cognitive load 

when using selected online services and the level of accessibility of these services. The Zara 

website was selected for the study as a website with a low level of accessibility and the Zalando 

website as a website with a good level of accessibility. The accessibility of websites was 

determined on the basis of their compliance with the web content accessibility guidelines 

(WCAG) using automatic on- line tools supported by an expert evaluation. The cognitive 

workload was estimated based on the analysis of the time-domain HRV (heart rate variability) 

parameters and NASA-TLX inspired questionnaires. In the study participated 5 persons with 

visual impairments, 4 men and 1 woman, on average 40 years old. The results indicate a 

significant influence of the level of website accessibility on the mental workload of the users 

with visual impairments.  

Keywords: cognitive workload, web accessibility, ECG, HRV, self-assessment questionnaire 
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Motivation and Aim: Understanding neurovascular coupling (NVC) is important for 

neuroscience and has clinical value in studying various brain functions and neurological 

disorders such as stroke and Alzheimer’s disease (AD). Two non-invasive modalities - 

functional near-infrared spectroscopy (fNIRS) and magnetoencephalography (MEG) - can be 

used to simultaneously measure cortical hemodynamics and neuronal activity1. 

Novelty: The combined measurement has become feasible due to the reduced size of optically 

pumped magnetometers (OPM) sensor in MEG and the development of an in-house fNIRS 

device2, enabling concurrent measurements in a magnetically shielded room. A custom 3D-

printed helmet, based on segmentation of each individual’s anatomical MRI, ensures precise 

opodes placement. This experimental setup is flexible and can be used in combination with 

motor or visual activation for NVC studies.  

Methods: Motor activation tasks included self-paced ball squeezing and finger opposition 

movements of the right hand for 20 seconds each. Four participants performed the tasks in 

sequence. Our in-house developed fNIRS system, consisting of 15 sources and 9 detectors, was 

used to measure the hemodynamic response. It records optical signals at 750 nm and 850 nm 

with a sampling rate of 15 Hz. The optode array was centered over C3. We focused on channels 

corresponding to the first and second nearest neighbors (source-detector pairs) with distances 

of 1.8 cm and 3.5 cm, respectively. Data analysis was performed using the MNE-NIRS software 

package (mne.tools/mne-nirs/). Channels with SCI values exceeding 0.5, which may indicate 

strong physiological signals, were excluded3. Subsequently, channels exceeding the threshold 

of coefficient of variation = 15% were considered to contain unphysiological noise and were 

excluded. To further clean the data, the negative correlation enhancement algorithm was 

applied4. Among the 81-channel grid, we selected only those channels that showed a 

statistically significant oxy-hemoglobin response for analysis. Subsequently, measurement 

epochs were averaged across three channels with the highest amplitude, followed by averaging 

across subjects.  



Main results: As shown in Fig. 1, oxy-hemoglobin increases and reaches a plateau within the 

first 6 s and 8 s for the ball squeezing and finger opposition task, respectively. Then it remains 

almost stable until the end of stimulation at 20 s. Following stimulus cessation, a post-stimulus 

undershoot of oxy-hemoglobin peaks approximately 10 s later. This was observed in 3 out of 4 

subjects in individual analysis. Finally, oxy-hemoglobin returns to baseline approximately 10 s 

later. On the contrary, deoxy-hemoglobin decreases during the ball squeezing task, and comes 

back to the baseline value at 10 s after stimulation ceases. However, during the finger tapping 

task, deoxy-hemoglobin does not decrease and remains near baseline throughout the task. The 

grand average value at the plateau (10 - 20 s) was extracted for one-sample t-test against the 

baseline (before the stimulation start). The average response is 0.36 ± 0.31 µM (p = 0.0759) for 

ball squeezing and 0.26 ± 0.07 µM (p = 0.0083) for finger tapping. There is greater variance in 

the ball-squeezing paradigm compared to the finger-tapping paradigm, likely due to differences 

in how subjects performed the task. 

Fig. 1: The average epoch waveform response to ball squeezing (left) and finger tapping (right). 

Oxy-hemoglobin (“HbO”) and deoxy-hemoglobin (“HbR”) are shown in red and blue lines 

 

Conclusion: We have demonstrated the feasibility of fNIRS group analysis in the developed 

simultaneous measurement setup. Future work will focus on incorporating visual or multi-

sensory stimulation, mapping neuronal activity, and localizing activation sources, which will 

be valuable for further NVC studies 
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Motivation and Aim: Healthy heart is not a metronome, as the resting sinus rhythm of the 

heart is highly irregular and continuously adapts to respiratory activity, blood pressure 

fluctuations and neural impulses from autonomic centres [1]. Heart rate variability (HRV), by 

capturing the interplay between these regulatory systems, is considered a measure of heart–

brain interactions [2]. An important aspect of heart–brain crosstalk is the maintenance of 

adequate cerebral perfusion. The integration and regulation of cerebral blood flow and systemic 

arterial blood pressure are governed by cerebral autoregulation. However, the contribution of 

the autonomic nervous system (ANS) to cerebral blood flow regulation remains understudied 

in the scenario of physiological challenges induced by respiration. This study aimed to analyze 

the relationship between entropy-based HRV measures and cerebral autoregulation during 

a controlled breathing maneuver. 

Novelty: The impact of breathing at a fixed rate on the relationship between ANS activity and 

cerebral autoregulation remains unclear. The controlled breathing protocol applied in this study 

presents a non-invasive and easy implementable approach that induces substantial changes in 

respiratory rate (RR) and end-tidal CO2 (EtCO2), thereby stimulating both the baroreflex and 

chemoreceptors and altering cerebral autoregulation. Heartbeat irregularity and complexity 

were estimated using several entropy-based HRV metrics. These measures have been recently 

proposed as complementary to standard time and frequency-domain HRV metrics [3]. 

Methods: All signals were acquired non-invasively in young, healthy volunteers (Bioethical 

Committee agreements: KB-170/2014 and KB–179/2023/N). Arterial blood pressure (ABP) 

was measured using photoplethysmography. Cerebral blood flow velocity (CBv) was recorded 

using transcranial Doppler ultrasonography. RR and EtCO2 were measured using capnography. 

A spontaneous breathing task was performed for 5 minutes, followed by three consecutive 5-

minute controlled breathing sessions at fixed rates of 6, 10, and 15 bpm. The interbeat interval 

signal was derived from ABP. HRV entropy was estimated using multiscale entropy (MSEn), 

approximate entropy (ApEn), sample entropy (SampEn), and Fuzzy Entropy (FuzzEn) applying 

the Neurokit2 computational package in Python. Cerebral autoregulation was assessed using 

transfer function analysis (TFA) to evaluate phase shift (PS) and gain between ABP and CBv 

slow fluctuations in the very-low frequency (VLF; 0.02–0.07Hz) and breathing frequency (BF, 

[0.1,0.17,0.25]±0.02Hz) ranges. The analysis was performed in MATLAB following the 

CARNET guideline. A linear mixed-effects model (LMEM) was used to analyse the changes 



in TFA metrics across the three combined RR, with subjects treated as random effects and RR, 

EtCO2 and entropy metrics as fixed explanatory variables. 

Main results: 70 healthy volunteers were included in the analysis (mean age 22±3 years). 

At higher fixed RR, EtCO2 decreased (p<0.001), accompanied by a concomitant increase in 

ABP (p<0.001) and a decrease in CBv (p=0.039). PS at VLF gradually increased (p=0.025), 

while PS at BF decreased (p<0.001). ApEn, SampEn, MSEn and FuzzyEn significantly 

increased with higher RR (p<0.001). The LMEM model adjusted for EtCO2 and RR 

demonstrated that PS at the VLF was significantly influenced by heartbeat irregularity (ApEn; 

p=0.031) and complexity (FuzzyEn; p=0.044). At BF, the LMEM model revealed that PS was 

affected by MSEn (p=0.040), while other entropy metrics were nonsignificant. Changes in gain 

at VLF and the BF were primarily explained by the RR and EtCO2, with the impact of ANS 

metrics being negligible. 

Fig.1 Changes in cerebral autoregulation 

metrics (phase shifts, PS) at (A) very-low 

frequency (VLF) and (B) breathing 

frequency (BF), as well as entropy metrics 

(C) fuzzy entropy (FuzzEn) and (D) 

multiscale entropy (MSEn) during 

controlled breathing. Data are presented as 

median (black square) with interquartile 

range (whiskers). 

Conclusion: The controlled breathing 

protocol induces significant changes in 

HRV and cerebral autoregulation. The 

LMEM, adjusted for EtCO2 and RR, 

showed that PS at both VLF and BF was significantly influenced by entropy metrics. Notably, 

the specific entropy metrics contributing to this influence varied depending on the analyzed 

frequency range: at VLF, ApEn and FuzzyEn were involved, whereas at BF, MSEn was a key 

determinant. This suggests that different entropy methods capture distinct aspects of heartbeat 

signal dynamics. 
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Abstract. The ageing population poses significant challenges to health- care systems, 

particularly regarding the monitoring and prevention of sedentary behaviour among the elderly. 

Prolonged inactivity is associated with increased risks of chronic diseases and reduced quality 

of life. This study aims to evaluate an innovative IoT-based intelligent monitoring system 

designed to track sedentary behaviour and automate attendance registration in elderly care 

centers. The system integrates a miniaturized and ergonomically designed wearable device with 

a fixed station to monitor physical activity levels and attendance in real-time. Data is 

transmitted to an IoT platform, providing caregivers with action- able insights and timely alerts 

regarding prolonged sedentary periods. A pilot study involving three elderly volunteers was 

conducted primarily to assess technological feasibility and the accuracy of the system in 

distinguishing between sedentary and non-sedentary behaviour using the Metabolic Equivalent 

of Task (MET) as a reference. Results indicate that the system accurately differentiates activity 

states; however, further studies with larger sample sizes are recommended to validate these 

findings comprehensively and achieve statistically significant outcomes.  

Keywords: IoT, elderly care, sedentary behaviour monitoring, wearable devices, healthcare 

technology, MET index, real-time monitoring, RFID attendance tracking 
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Motivation and Aim: Accurate, data-driven simulations of human physiological functions are 

increasingly important for advancing medical research while minimizing risks and costs 

associated with human trials. This study explores the feasibility of developing a modular 

simulation framework capable of realistically modeling human body systems and physiological 

processes occurring within them. As a proof of concept, this presentation focuses on developing 

a hybrid respiratory system model. The aim is to investigate how such a model, which combines 

hardware and software, can enhance the precision, safety, and efficiency of medical 

examinations regarding the respiratory system and lead to the development of adaptable, 

patient-tailored protocols operating on devices such as mechanical ventilators. 

Novelty: The presentation focuses on the initial implementation of a modular hybrid modeling 

approach, demonstrating how the respiratory system can be simulated using integrated software 

and hardware components. While the long-term objective is to build a comprehensive, scalable 

environment incorporating multiple body systems, this contribution focuses primarily on the 

respiratory module. It highlights its potential to adapt its functioning to diverse patient profiles, 

integrate seamlessly with clinical decision support systems and existing medical devices such 

as mechanical ventilators, and advance precision medicine by fostering a patient-centered 

approach. 

Methods: A hybrid respiratory model was developed as the first module within a modular 

physiological simulation framework. The system integrates a software component, simulating 

diverse, patient-specific breathing cycles with hardware that mimics respiratory mechanics via 

two mechanically driven cylinders. It interfaces with medical devices and supports standardized 

testing protocols like spirometry to enable precise lung function analysis. In this case, a hybrid 

approach allows for flexibility in research applications and medical device optimization. 

Main results: The hybrid respiratory model accurately replicated lung mechanics across a wide 

range of simulated patient conditions and profiles. It allowed for controlled interaction with 

ventilators and generated reliable spirometry data. These results demonstrate the model’s 

adaptability and potential for improving the design and validation of respiratory medical 

devices. 

Conclusion: The hybrid respiratory system model establishes a strong foundation for a hybrid, 

modular physiological simulation framework. By enabling realistic, hardware-integrated 

simulations, it advances medical device development, supports personalized clinical decision-

making, and opens the path for future integration of additional physiological modules 

representing other body systems. 

Acknowledgements: This work was supported by the National Science Centre, Poland (Grant 

No 2021/43/D/ST7/01912). 
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Motivation and Aim: The lack of access to real-world data and practical tools in academic 

settings, combined with the considerable gap between technology creators and end users, has 

led to challenges in generating projects with a strong social impact. In this context, the National 

Association of Biomedical Engineering Students (ANEEB) promotes initiatives that bridge the 

intersection between education, technology, and society from the early stages of students’ 

academic careers in Portugal. The goal of this study is to demonstrate that student-led initiatives 

can meaningfully engage with emerging technologies in a practical, ethical and socially relevant 

manner, efficiently preparing students to become innovation-driven, addressing real challenges 

even before entering the job market. 

Novelty: This study highlights the strategic role of student associations, such as ANEEB, in 

promoting the adoption of emerging technologies within education and research to address both 

societal and industrial needs. It explores how ANEEB facilitates closer connections between 

academic theory and real-world challenges by leveraging international collaboration and 

prioritizing social impact. Through initiatives including online job fairs, competitions, 

pedagogical sessions, summer internship platforms, and scholarship programs, the association 

fosters the development of digital technology skills.  

Methods: ANEEB actively integrates the use and exploration of emerging technologies, 

examples include Hackatons where participants develop innovative prototypes and solutions 

using artificial intelligence and digital platforms, promoting practical problem-solving and 

technological creativity [3]; Pedagogical sessions and project competitions emphasize artificial 

intelligence and optimization techniques, helping students gain familiarity with cutting-edge 

tools and methodologies; Career platforms such as online job fairs and summer internship 

programs connect students with real-world opportunities [4]; Summarized articles and active 

social media engagement keep students updated on the latest scientific and technological 

advances [2]. 

All these projects are designed with a strong emphasis on ethics, interdisciplinarity, 

accessibility, and active student engagement, ensuring that future biomedical engineers are 

equipped to apply emerging technologies in ways that are both responsible and socially 

impactful. 
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Main results: Participation in ANEEB-led initiatives has resulted in the development of 

innovative prototypes and policy proposals, enhanced digital literacy and a greater 

understanding of biomedical engineering and has increased national visibility and tangible 

contributions to curricular reforms and early-stage research. 

Notably, ANEEB played a crucial role in establishing a new Biomedical Engineering college 

under the Portuguese Order of Engineers (OE), giving students a stronger voice in curriculum 

planning and accreditation processes. Feedback indicates that students not only broaden their 

academic and professional horizons through these initiatives but also contribute to shaping the 

future of biomedical engineering in Portugal. 

Conclusion: Student associations are not merely support structures, they are powerful engines 

of innovation with tangible social impact. The ANEEB experience shows that when these 

organizations are driven by competent, motivated, and socially conscious students, emerging 

technologies can be harnessed as essential tools for purposeful research. By fostering 

collaboration from the early stages of higher education, we are building a scientific culture 

focused on inclusion and social responsibility, effectively bridging the gap between tomorrow’s 

professionals and the evolving needs of society. 

Acknowledgements: We would like to thank the International Federation for Medical and 

Biological Engineering (IFMBE) for inviting us and promoting our participation in the NCB 

2025 SP11 session, and for being a beacon of support for student involvement in the global 

biomedical engineering community.  
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Motivation and Aim: Monitoring brain oxygenation and metabolism using near-infrared light 

is valuable for diagnosing and managing neurological conditions such as stroke, traumatic brain 

injury, and neurodegenerative diseases. Near-infrared spectroscopy (NIRS) offers advantages 

in portability, real-time monitoring, and cost. Advancements in emerging technologies and 

instrumentation, including pulsed broadband lasers and single-photon detectors for time-

domain NIRS (TD-NIRS) at multiple wavelengths [1], are enabling various new applications 

and research [2].  

Novelty: This study explores how the effective use of advancements in TD-NIRS 

instrumentation led to new research and applications.  

Methods: TD-NIRS measures time-of-flight (and possibly wavelength) of single photons that 

have travelled from a laser source to a detector. This enables depth-resolved assessment of 

optical properties at multiple wavelengths. We used a state-of-the-art TD-NIRS system 

developed at IBIB PAN. We improved data analysis method and developed a two-layered 

blood-lipid phantom, which enabled accurate recovery of tissue oxygen saturation (StO2) in 

both deep and superficial layers and its validation. Two layers mimic cerebral and extracerebral 

tissues for measurements on a head.  

Main results: Advancements in instrumentation and data analysis have significantly reduced 

the influence of superficial StO2 on measurements of deep StO2, such as in brain monitoring.  

Conclusion: These advancements bring TD-NIRS closer to routine clinical applications, such 

as real-time, non-invasive monitoring of cerebral StO2, which is highly valuable in both clinical 

and research settings.  
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Engineering: why I reject the manuscripts? 

Adam LIEBERT 

In this presentation, I will offer practical guidance on best practices for publishing scientific 

papers in the field of biomedical engineering, based on my experience as Editor-in-Chief of 

Biocybernetics and Biomedical Engineering, a journal published by Elsevier. The journal 

focuses on publishing high-quality research that integrates mathematical, physical, chemical, 

and engineering approaches with biomedical applications. The Editorial Board is particularly 

interested in studies that enhance our understanding of physiological processes and contribute 

to the development of diagnostic, monitoring, or therapeutic systems used in biology and 

medicine. 

Drawing on my editorial experience, I will discuss the most common reasons manuscripts are 

rejected. These include a poor fit with the journal’s scope, insufficient analysis or discussion of 

the authors’ own data, methodological flaws, weak organization and presentation, and ethical 

concerns. The goal of this talk is to help researchers— especially early-career scientists —

understand the expectations of the editorial board and how to avoid frequent mistakes. By 

aligning submissions with the journal’s mission and maintaining high scientific and ethical 

standards, authors can significantly improve their chances of successful publication. 
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Motivation and Aim: In spite of widely used linear Fickian description of diffusion, the 

derivation of transport equations from Linear Nonequilibrium Thermodynamics by Kedem and 

Katchalsky (KK) in 1958 yielded the diffusion parameter proportional to solute concentration 

[1]. We attempted an alternative derivation that, depending on assumptions, provides the KK 

formula or, for non-osmotic case, constant diffusion parameter as proposed by Fick [2]. 

Novelty: The new derivation yields linear diffusion of solute in solvent, but in osmotically 

active media (permselective membranes, porous structures an additional term proportional to 

osmotic pressure decreases the effectiveness of diffusive transport. 

Methods: The general scheme of mass transport processes of Linear Nonequilibrium 

Thermodynamics is applied with specific assumptions for the Onsager parameters. The case of 

ideal diluted solution is considered and the transport equations are transformed for the 

description of volumetric flux and separate description of diffusion and convective transport. 

The hydrostatic pressure gradient is eliminated from the solute transport equation. 

Main results: The obtained formula for solute diffusivity parameter, D, according to the KK 

model is: ( )2

KK S,KK VD RT L L c= − , c.f. [1], whereas according to the new model is: 

( )2

N S,N VD RT L L c= − , where 
S,KKL , 

S,NL  and VL  are derived from the Onsager solute and 

volume transport parameters,   is the Staverman reflection coefficient, and c  is the molar 

concentration of solute. Note that free diffusion parameter, i.e., without induced osmosis, 0 =

, in the KK model is still dependent on concentration, while according to the new formula it is 

a constant as in [2].The general equation for solute transport contains also the convective 

component, and the description of volumetric flux is the same in both models [1]. The 

exemplary numerical simulations for of the transport in diffusion chamber show the possible 

difference between the investigated transport models and the Fick formula.  

Conclusion: The linear Fickian diffusive law can be derived from Linear Nonequilibrium 

Thermodynamics for free diffusion, however in the osmotically active media the diffusive 

parameter is modified due to osmotic effect and contains a component proportional to solute 

concentration. 
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Motivation and Aim: Black-box models using machine learning techniques for predicting 

individual treatment outcomes in personalized medicines are very useful but have two important 

disadvantages. First, they are useless if a new type of treatment or significantly changed 

treatment protocol is introduced as they require new learning cycle based on available clinical 

data to provide reliable prognosis. Second, they do not answer the questions why a specific 

outcome is predicted and how it could be improved. On the other hand, models based on 

describing treatment with ordinary differential equations (ODEs) provide means to test 

alternative treatment protocols but require model parameters estimation which is difficult, if 

possible at all, for individual patients, due to scarcity of available data that would relate directly 

to processes taken into account in the model. Construction of a hybrid model that would 

combine ODE modeling with machine learning used to estimate parameters of the model, 

instead of the treatment outcome should help in using the best of these two approaches. 

Novelty: This paper presents an universal method combining ODE and machine learning 

techniques to describe disease dynamics, predict treatment outcome and provide information 

about patient data crucial for estimating model parameters. Using adjoint sensitivity analysis 

makes it possible to apply backpropagation technique to train the artificial neural network 

whose desired output (actual parameter values) is not known. Instead, training is based on the 

output of a dynamical model that is compared to clinical data. Such hybrid model allows to test 

alternative treatments for an individual patient in silico, taking into account current patient state. 

Applicability of such approach has been tested with analysis of cancer growth, metastasis and 

anticancer treatment with Kaplan-Meier survival curves showing Metastasis Free Time and 

average prediction error for metastasis time as quality indices. 

Methods: Cancer growth, metastasis and response to adjuvant radio- and chemotherapy was 

modeled by a simple ODE model [1] and related to clinical data on non-small cell lung cancer 

patients. A multilayer artificial neural network was used to determine parameters of this model. 

Training was performed using clinical data on metastasis free time and overall survival. Blood 

morphology results were entered as input data for the artificial neural network. For 

backpropagation in training, the adjoint sensitivity analysis [2] was applied. 

Main results: Kaplan-Meier survival curves obtained from simulation corresponded to the 

clinical curves, proving applicability of the proposed method. Predictions of metastasis free 
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time for individual patients varied with respect to their accuracy, depending on the cancer stage 

at the moment of diagnosis. However, it must be stressed that only basic blood morphology 

results were used and they might not be of sufficient predictive value. Nevertheless, using the 

machine learning subsystem that provides means for linking clinical data to model parameters 

of a dynamical system not only facilitates reliable testing of alternative treatment protocols but 

through that linking opens way for a new explainable AI in biomedical applications. 

Conclusion: Though only a single instance of the proposed method was developed for specific 

group of patients and specific treatment, the method that combines machine learning and ODE-

based modeling opens new application areas. It allows to overcome one of the major obstacles 

in effectively using mathematical modeling as a tool for planning individual patient treatment 

and predicting its outcome 

Acknowledgements: This work was partially supported by the SUT internal grant 
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Abstract. An accurate prediction of clinical outcomes in acute ischemic stroke is  essential for 

improving patient management. There is growing research interest in EEG-  based 

neurophysiological biomarkers. In this context, although the prevalence of  epileptiform 

patterns is emerging, their role as potential predictors of outcome is still  poorly investigated. 

In this study, we investigate whether interictal epileptiform  discharges (IEDs) detected in the 

acute phase can contribute to predicting long-term  functional outcomes in treated ischemic 

stroke patients and to the development of a  predictive model. We retrospectively analyzed 

clinical, neurophysiological, and  neuroimaging data from 228 acute ischemic stroke patients 

(mean age: 74±14 years;  122 females). Patients were classified into two groups based on their 

3-month modified  Rankin Scale (mRS) scores: good outcomes (mRS 0–2, 127 patients) and 

poor  outcomes (mRS 3–6, 101 patients). Standard 19-channel EEG recordings were  conducted 

to assess epileptiform abnormalities and IEDs. Feature selection was  performed based on the 

Gain Ratio method, and predictive models were developed  using five different machine 

learning (ML) techniques: classification tree, logistic  regression, naïve Bayes, artificial neural 

network, and support vector machine. Our  results identified the National Institutes of Health 

Stroke Scale (NIHSS) at admission,  mRS anamnestic, chronic heart failure, acute infectious 

disease, sum of lobes with a  infarct area, atrial fibrillation, and IEDs as significant predictors 

of ischemic stroke  functional outcomes. Logistic regression achieved the best performance, 

with an  accuracy of 81% and an AUC of 0.83. These findings confirm the importance of clinical  

and radiological features while also highlighting the predictive value of interictal EEG  

epileptiform patterns for stroke outcome prediction.   

Keywords: EEG, Interictal epileptiform discharges, Ischemic stroke, Machine learning 
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Motivation and Aim: The integration of emerging technologies such as artificial intelligence 

(AI), the Internet of Things (IoT), big data, and blockchain into medical device development 

has significant potential to transform healthcare delivery. Despite these advantages, major 

challenges persist in interoperability, data privacy, regulatory complexities, and high 

implementation costs. This research aims to propose an innovative and structured 

methodological model that effectively addresses these challenges, facilitating the successful 

integration of emerging technologies into medical devices while ensuring significant social 

impact. 

Novelty: Recent literature underscores the significance and complexity of integrating emerging 

technologies in medical device development. Ching et al. (2024) identified critical challenges 

such as data interoperability, ethical concerns, and cybersecurity but did not propose a 

structured methodological framework. Ferri et al. (2022) focused on clinical and economic 

evaluation frameworks without detailing a clear methodology for technological integration. 

Sharma et al. (2024) emphasized interdisciplinary stakeholder involvement but lacked a 

structured methodological model. The existing gap, therefore, is the absence of a systematic 

and replicable methodological framework that explicitly integrates technological feasibility, 

regulatory compliance, ethical considerations, and stakeholder engagement in medical device 

development. This research addresses this gap by uniquely combining the GAITS (Guidance 

and Impact Tracking System) and VDI (Verein Deutscher Ingenieure) methodologies, 

providing a structured and comprehensive approach specifically designed to overcome these 

complexities. 
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Methods: The proposed methodological model integrates GAITS and VDI frameworks to 

create a structured process encompassing technological feasibility, regulatory compliance, 

ethical considerations, and stakeholder involvement. This approach has been empirically 

validated through its application in the Biomedical Instrumentation course at Universidad 

Peruana Cayetano Heredia, where engineering students developed innovative medical device 

prototypes addressing real-world healthcare challenges. 

 

Main results: Several case studies demonstrate the feasibility and impact of the proposed 

methodology. Students successfully developed prototypes integrating IoT, AI, and data 

analytics, improving elderly patient monitoring and safety. A comparative analysis of 

prototypes highlights key advantages, including increased autonomy, real-time health tracking, 

and early warning systems. Until now we have obtained data for 225 students. 

Conclusion: The integration of GAITS and VDI methodologies offers a robust solution for 

overcoming the technical, ethical, and regulatory challenges inherent in developing innovative 

medical devices. The proposed model ensures effective technology integration with substantial 

social impact, making it a valuable tool for academia and industry stakeholders aiming to foster 

sustainable and impactful healthcare innovation. 
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Abstract. The present study introduces an automated device for the controlled  application of 

the Semmes-Weinstein 10g monofilament (SWM-10g), designed  for quantitative assessment 

of plantar sensitivity and early detection of diabetic  peripheral neuropathy (DPN). As a 

common complication of diabetes mellitus,  DPN increases the risk of lower extremity 

ulceration and amputation. Our research introduces an innovative automated application 

technique for SWM10g,  characterized by its unique design, efficient methodology, and 

significant advantages in reduced size and enhanced portability compared to previous ap-  

proaches documented in scientific literature [19], [20], [21].  Ten healthy Colombian volunteers 

(4 men, 6 women; aged 20-50 years) participated with University Ethics Committee approval. 

Assessments covered six regions on each foot's plantar surface, with three repetitions per 

region, totaling 360  measurements. Results were consistent between both methods, reporting 

normal  tactile plantar sensitivity thresholds below 5.0 grams-force with a mean of ap-  

proximately 1.0 grams-force. Participants reported positive sensitivity with the  traditional 

manual SWM-10g monofilament test, which demonstrated 100%  specificity. Sensitivity 

comparisons across all contact points revealed that the 1st  metatarsal and calcaneal branch 

points exhibited significantly lower sensitivity  compared to other evaluated points (p < 0.01). 

Gender-based comparative analysis yielded no statistically significant differences.  This 

research is preliminary and focuses on the innovation of a device for the  evaluation and 

measurement of plantar sensitivity, with clinical evaluation not  being its main objective. The 

clinical assessment and results presented in this  study constitute complementary work carried 

out to test the equipment's functionality, which also explains the limited number of subjects 

included in the  study. Further refinement of the development is recommended before 

subsequent  evaluation in patients with DPN, complemented by comparisons with nerve con-  

duction studies (NCS) and autonomic function testing (AFT) for early detection  of sensitivity 

loss. The methodology establishes groundwork for the quantitative  assessment of plantar 

sensitivity thresholds and demonstrates potential for enhanced accuracy. 

Keywords: Diabetes mellitus, Foot ulcer prevention, Medical robotics, SWM-10g 

monofilament, Electronic measurement system, Embedded electronic device, Nerve conduction 

studies (NCS), Autonomic function testing (AFT) 

 

 



OP069 

AI-based tool to support clinical decisions using predictive factors 

derived from tumor-infiltrating lymphocyte quantification in 

breast cancer 

Shrief ABDELAZEEZ1*, Alessio FIORIN2,3,4, Carlos LOPEZ2,3,4, Laia ADALID2,3, Marylene 

LEJEUNE2,3,4, Anna KORZYNSKA1 

1 Laboratory of Analysis and Processing of Microscopic Image, Nałęcz Institute of Biocybernetics and 

Biomedical Engineering Polish Academy of Sciences, Ks. Trojdena 4, 02-109 Warsaw, Poland 

2 Oncological Pathology and Bioinformatics Research Group, Institut d’Investigació Sanitària Pere 

Virgili, Tortosa, Spain 

3 Department of Pathology, Hospital de Tortosa Verge de la Cinta, Institut Català de la Salut, Tortosa, 

Spain 

4 Department of Computer Engineering and Mathematics, Universitat Rovira i Virgili, Tarragona, 

Spain 

* Corresponding author. E-mail address: sabdelazeez@ibib.waw.pl  

Keywords:  Artificial Intelligence, Tumor-Infiltrating Lymphocytes (TILs), Breast Cancer, 

Histopathological Imaging, Stromal TILs Quantification, Clinical Decision Support, Active 

Learning, Deep Learning 

Motivation and Aim:  Breast cancer is one of the most common cancers globally, and 

measuring stromal Tumor-Infiltrating Lymphocytes (sTILs) is crucial for predicting patient 

outcomes and guiding treatment. However, the manual quantification of sTILs by pathologists 

is time-consuming, subjective, and prone to human error. This study aims to develop an AI-

based tool to automate the quantification of sTILs in histopathological images, helping 

pathologists make accurate and consistent clinical decisions. 

Novelty: This work introduces a novel dual-pathway AI framework designed to analyze breast 

cancer histopathological images. Unlike existing methods, the proposed tool integrates two 

parallel deep learning pathways: one for the detection and segmentation of TILs and another 

for the identification of stromal regions. The outputs are combined using a quantification 

algorithm to estimate the sTILs score. Additionally, the framework incorporates an active 

learning approach, where pathologists provide offline feedback to refine the TILs segmentation 

model, reducing false positives, false negatives and enhancing reliability. This combination of 

dual-pathway analysis and active learning represents a significant advancement in the field of 

computational pathology.  

Methods:  

The AI tool leverages a dual-pathway deep learning framework to analyze regions of interest 

(ROIs) in H&E-stained whole slide images (WSIs) of breast cancer. The first pathway employs 

an AttentionUNet model for TILs detection and segmentation, chosen for its ability to focus on 

relevant features and improve segmentation accuracy in histopathological images. The second 

pathway utilizes a DeepLabV3+ model with a ResNet101 backbone for stromal region 

mailto:sabdelazeez@ibib.waw.pl


segmentation, chosen for its superior feature extraction capabilities and efficiency in processing 

large-scale image data. The outputs from both pathways are integrated using a quantification 

algorithm that calculates the sTILs score by estimating the area of TILs within the stroma 

divided by the total stromal area, multiplied by 100 to yield a percentage score. 

To enhance model performance, an active learning approach was implemented, where 

pathologists provided feedback on false-positive TILs predictions, enabling iterative refinement 

of the segmentation model. The study utilized two datasets: a private dataset comprising 10 

WSIs for TILs segmentation annotated by three different pathologists and 60 WSIs for sTILs 

scoring evaluation (with ROIs annotated and scored by a single pathologist), and the publicly 

available BCSS dataset for stroma region segmentation. Figure 1 provides a comprehensive 

overview of the AI tool’s framework, highlighting the dual-pathway architecture, the 

quantification process, and the active learning feedback loop. 

Figure 1: AI Tool Framework for sTILs Scoring. 

Main results: The proposed AI tool demonstrated strong performance in sTILs quantification, 

achieving a high correlation with pathologist evaluations. Regression and correlation analyses 

were conducted on the 60 ROIs, and the results are presented in a detailed Table 1. The tool’s 

ability to accurately quantify sTILs across varying levels of immune infiltration highlights its 

potential as a reliable decision-support tool in clinical settings. 

Table 1: Statistical Analysis to assess AI tool performance 

Correlation Analysis Regression Analysis Agreement 

Spearman R2 Square Kappa Index 

0.6928 0.7554 0.6608 

 

Conclusion: This study introduces a robust AI tool for sTILs quantification in breast cancer 

histopathology, overcoming manual assessment limitations. By combining a dual-pathway deep 

learning framework with active learning, it delivers accurate, reproducible sTILs scores, aiding 

pathologists in clinical decision-making which improve processes in healthcare, enables 

personalized patient treatment and care.  

Acknowledgements: This study is part of the BOSOMSHIELD European Project, funded 

under the Horizon Europe Research and Innovation Program (Grant Agreement No. 

101073222). 
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Motivation and Aim: Diabetic foot complications are a major health concern, often leading to 

severe conditions such as ulcers and amputations if not detected early. Thermographic imaging 

has emerged as a promising, non-invasive tool for identifying abnormal temperature patterns 

associated with diabetic foot pathology. However, accurately classifying plantar thermograms 

remains a challenge due to variations in temperature distribution and the need for robust 

automated analysis methods. 

This study aims to develop a deep learning-based classification model for plantar thermograms 

using Convolutional Neural Networks (CNNs) to improve detection accuracy. By incorporating 

advanced architectures such as ResNet and U-Net, along with data augmentation techniques, 

and a new dataset taken in the Footlab-BASPI laboratory, we seek to enhance model 

generalization and optimize classification performance under 5 classes based on the thermal 

change index (TCI).  

Novelty: This study introduces a comparison between deep learning-based approaches for 

classifying plantar thermograms, specifically designed for diabetic foot screening. We employ 

Convolutional Neural Networks (CNNs), including ResNet and U-Net architectures, to enhance 

feature extraction and classification accuracy. Additionally, we apply data augmentation 

techniques to a dataset of 374 thermograms, from 132 diabetic patients and 55 healthy controls 

to improve model generalization. 

Methods: This study compares deep learning methods to classify plantar thermograms, aiming 

to detect abnormal temperature patterns linked to diabetic foot complications. The normal 

temperature pattern is the butterfly pattern, found in the control group, the TCI measures how 

far is the distribution of temperatures from the control group in 5 classes, as shown in table 1. 

A dataset of 374 thermograms was expanded and diversified through data augmentation 

techniques such as rotation, flipping, scaling, and intensity adjustments. These enhancements 

aimed to improve the model's robustness and generalization across varied thermogram samples. 

Table 2. TCI ranges for each class. 

Class TCI range (℃) Quantity of thermograms Quantity of thermograms after data 

augmentation 

Class 1 TCI ≤ 2 110 330 

Class 2 2< 𝑇𝐶𝐼 ≤ 3 50 150 

Class 3 3 < 𝑇𝐶𝐼 ≤ 4 55 165 

Class 4 4 < 𝑇𝐶𝐼 ≤ 5 68 204 



Class 5 TCI > 5 91 273 

Comparisons between Convolutional Neural Networks (CNNs) were made, specifically 

between ResNet for its feature extraction capabilities and U-Net to enhance the segmentation 

of key temperature regions. A hybrid model combining both architectures was also tested and 

compared. The models were trained on thermograms categorized into five classes based on the 

Thermal Change Index (TCI), with performance evaluated through metrics coming from the 

confusion matrix (accuracy, precision, recall, F1-Score). Hyperparameter tuning further refined 

the models, the dataset was split into 80% train and 20% validation and test. 

 

Figure 2. Example from the database taken in the Footlab BASPI laboratory (STANDUP project). 

Main results: The hybrid deep learning-based classification approach demonstrated strong 

performance in distinguishing plantar thermograms based on the Thermal Change Index (TCI). 

The combination of ResNet and U-Net architectures proved to be particularly effective, 

enhancing both feature extraction and spatial analysis of thermographic patterns, with an 

accuracy of 87%. The application of data augmentation techniques contributed to improved 

model generalization, enabling robust classification across an expanded dataset. Additionally, 

evaluation on thermograms from the Footlab - BASPI laboratory confirmed the model’s 

applicability in real-world conditions. 

Overall, the hybrid architecture achieved promising classification results, highlighting the 

potential of deep learning techniques for advancing diabetic foot screening through automated 

thermogram analysis. 

Conclusion: This study demonstrates the potential of deep learning-based approaches for the 

classification of plantar thermograms, offering a promising solution for early detection of 

diabetic foot complications. By leveraging a combination of the architectures ResNet and U-

Net, along with data augmentation techniques, we have developed a robust and efficient 

model capable of accurately classifying thermograms based on the Thermal Change Index 

(TCI). 

The results indicate that deep learning, particularly CNNs, can significantly improve the 

accuracy and reliability of thermogram analysis, supporting clinical decision-making and 

enhancing the screening process for diabetic foot conditions. With the successful application of 

this approach to the Footlab - BASPI dataset, we highlight the feasibility of integrating deep 

learning models into clinical practice for non-invasive, automated diabetic foot screening. 
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Motivation and Aim: Law enforcement officers often face threats from outside their field of 

vision, limiting their situational awareness and increasing the risk of injury [1]. This study aims 

to develop a vibration-based feedback system that enhances users' ability to detect and locate 

potential hazards outside their visual field using real-time computer vision and vibration-based 

stimulation. 

Novelty: The proposed system integrates object detection cameras with vibration-based 

actuators to create an intuitive, wearable hazard detection system. The system maps detected 

objects to vibration-based feedback zones, offering real-time guidance for the user. Unlike 

previous solutions, this approach provides spatial awareness without visual or auditory 

distractions [2]. 

Methods: The system employs two cameras for object detection and depth estimation using 

YOLOv8 and stereo vision techniques [3, 4]. The detected object's angular and distance 

coordinates are transmitted via Bluetooth to a microcontroller, which activates vibration-based 

actuators. Six actuators correspond to six 20° angular ranges, while detection distances of up to 

18 meters are divided into six subranges, each with distinct vibration patterns. The prototype 

was tested on 33 volunteers, who identified simulated threats based solely on vibration-based 

feedback. Accuracy and error patterns were analyzed. 

Main results: The system achieved a 68.4% accuracy rate in hazard localization across 297 

test points. Analysis of error patterns revealed that angular misinterpretations were more 

frequent than distance errors. Common user feedback highlighted issues with device comfort, 



actuator density, and signal interpretation. Notably, hazards within 1.5 meters were identified 

with 94% accuracy, suggesting strong potential for close-range threat detection. 

Conclusion: This study demonstrates the feasibility of a vibration-based feedback system for 

enhancing situational awareness in law enforcement. Improvements in actuator placement, 

signal differentiation, and device ergonomics are necessary for practical implementation. 

Future research will focus on optimizing signal processing, expanding testing cohorts, and 

refining the system for real-world deployment. 

Acknowledgements: This research was supported by the Institute of Metrology and 
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Abstract. Maintaining cognitive function and fine motor skills is crucial for  healthy aging, 

enabling older adults to remain independent, engaged, and enjoy  a high quality of life. 

However, both cognitive abilities and motor skills can de-  cline with age, impacting daily 

activities and overall well-being. Cognitive  games, particularly those incorporating a motor 

component, offer a promising  approach to address this challenge. In the paper we describe our 

ongoing research  that is focused on design and development of a suite of digital games and 

tasks  designed to train fine hand motor skills, eye-hand coordination, perception, visual  field, 

and other cognitive abilities. These games are specifically tailored for individuals who cannot 

use standard mouse and keyboard interfaces, primarily targeting the elderly, post-stroke 

patients, and individuals recovering from upper  limb fractures. We present already developed 

games and results of analysis based  on user acceptance testing. In the conclusion we propose 

future enhancements. 

Keywords: cognitive game, motor skills, cognitive impairment, personalization, user 

acceptance 
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Motivation and Aim: Motor imagery (MI) and motor execution (ME) classification play a crucial 

role in the development of brain-computer interfaces (BCIs), offering potential applications in 

neurorehabilitation, assistive technologies, and human-computer interaction1. While ME detection is 

relatively well-established due to its stronger neural activation, MI classification remains challenging 

due to its inter-subject variability2. Traditional spectral analysis methods, such as power spectral density 

(PSD), may not always be optimal for capturing the temporal dynamics of EEG signals, while modern 

machine learning and deep neural network approaches3, despite their potential, are often 

computationally expensive, and may not be well-suited for real-time applications. 

The aim of this study is to evaluate the effectiveness of parametric autoregressive (AR) modelling 

techniques4 in extracting discriminative features for MI and ME classification.  

Novelty: Unlike previous applications of AR modelling in EEG analysis, our work focuses on its 

optimization for the classification of motor imagery (MI) and executed movements (ME). The idea lies 

in determining coefficients that capture differences between MI and ME states, leading to improved ME 

and MI detection accuracy.  

Methods: The data used in this study were obtained from the "EEG Motor Movement/Imagery 

Dataset"5, a publicly available dataset provided by PhysioNet. This dataset contains EEG recordings of 

subjects performing motor execution and motor imagery tasks. The methodology consists of the 

following steps: 

1. EEG Preprocessing: raw EEG signals are filtered using a bandpass filter (8–30 Hz) to isolate 

sensorimotor rhythms, particularly the μ (8–13 Hz) and β (13–30 Hz) bands, which are 

associated with motor activity. A common average reference (CAR) is applied to minimize 

noise and inter-electrode variability. EEG trials are segmented into fixed-length windows based 

on event markers, ensuring sufficient temporal resolution for classification. 

2. Stationarity Analysis: the Augmented Dickey-Fuller (ADF) test is applied to assess whether 

EEG signals are suitable for AR modelling.  

3. Feature Extraction via AR Modelling: an AR model of order p is fitted to each EEG segment, 

where p is optimized using Akaike Information Criterion (AIC) to prevent under and overfitting. 

The AR coefficients serve as feature vectors representing the temporal dynamics of EEG signals 

for classification. 

4. Classification using LDA: Extracted AR features are used as input for a Linear Discriminant 

Analysis (LDA) classifier. LDA is chosen due to its computational efficiency and ability to 

maximize class separability, making it well-suited for real-time EEG classification. 

Main results: The proposed parametric modelling approach demonstrates promising results in 

detecting MI and ME states. Key findings include: 



• Classification Accuracy: The mean classification accuracy across all patients is 76.37%, with a 

standard deviation (SD) of 4.26%. highlighting the robustness of parametric features for 

executed movement detection. The mean classification accuracy for MI is 67.66%, with SD of 

7.14%., reflecting the inherent challenges of distinguishing imagined movements based on EEG 

signals. 

• Feature Discriminability: AR coefficients extracted from ME trials exhibited higher 

discriminability compared to MI trials, suggesting that executed movements produce more 

distinct neural signatures. 

• Inter-Subject Variability: While AR modelling provides stable features for ME classification, 

MI feature patterns showed significant variability across subjects, indicating the need for 

subject-specific model adaptation. 

.

 

Figure 3 Screenshot of the developed application illustrating the EEG signal analysis from channel C3 for patient S014.  
The figure presents real and modeled signals, Z-plane plot, spectral representation, and time-domain graph with vertical 

markers indicating the analysis window width. Two sliders at the bottom allow for the selection of the measurement 
moment and the adjustment of the analysis window width. 

Conclusion: This study demonstrates the potential of parametric modelling, specifically AR-based 

feature extraction, for EEG classification in MI and ME tasks. The findings suggest that AR coefficients 

can serve as meaningful features for BCI applications, particularly in executed movement detection. 

However, the lower classification accuracy for MI underscores the need for additional feature detection 

techniques, e.g.  based on deep learning or hybrid approaches, to improve performance. 

 

Acknowledgements: This work has been completed while the first author was the Doctoral Candidate 

in the Interdisciplinary Doctoral School at the Lodz University of Technology, Poland. 

References: 

[1] Mulder T. Motor imagery and action observation: cognitive tools for rehabilitation. J Neural Transm 

(Vienna). 2007;114(10):1265-78. doi: 10.1007/s00702-007-0763-z. Epub 2007 Jun 20. PMID: 

17579805; PMCID: PMC2797860. 

[2] Padfield, N., Zabalza, J., Zhao, H., Masero, V., Ren, J.: Eeg-based brain-computer interfaces using 

motor-imagery: Techniques and challenges. Sensors 19(6), 1423(2019) 

[3] Al-Saegh, A., Dawwd, S.A., Abdul-Jabbar, J.M.: Deep learning for motor imagery eeg-based 

classification: A review. Biomedical Signal Processing and Control 63, 102172 (2021) 



[4] Haderlein, J.F., Peterson, A.D., Burkitt, A.N., Mareels, I.M., Grayden, D.B.: Autoregressive models 

for biomedical signal processing. In: 2023 45th Annual International Conference of the IEEE 

Engineering in Medicine & Biology Society (EMBC).pp. 1–6. IEEE (2023) 

[5] Schalk G, McFarland DJ, Hinterberger T, Birbaumer N, Wolpaw JR. BCI2000: a general-purpose 

brain-computer interface (BCI) system. IEEE Trans Biomed Eng. 2004;51(6):1034-1043. 

doi:10.1109/TBME.2004.827072 

  



 

PLENARY LECTURE 4 

PL4 

High-Resolution Magnetoencephalography: A New Window to Human Brain 

Function? 

 

 

Prof. Lauri Parkkonen, PhD (Finland) 

The main research area of Parkkonen is non-invasive neuroimaging, mainly instrumentation 

and data analysis methods related to MEG as well as human neuroscience of sensory modalities 

and cognition. He has contributed to MEG instrumentation and signal processing methods that 

are currently in active use in over 100 laboratories world-wide. Currently he pursues the use of 

optically-pumped magnetometers for MEG, exploits real-time feedback of measurements of 

brain activity to study cognition and plasticity, both for basic neuroscientific research and for 

clinical applications. He is also coordinating a national consortium to develop a biobank for 

functional brain-imaging data. 

Parkkonen has also contributed to ultra-low-field MRI research and to invasive monitoring of 

local cortical activity. In cognitive neuroscience, Parkkonen has shed light on the neural 

mechanisms of sensory processing, particularly conscious visual perception. Recently he has 

pioneered the emerging field of social neuroscience to uncover brain mechanisms supporting 

social interaction by using hyperscanning i.e. simultaneous recording of the brain activity of 

the interacting participants. 

Aalto Brain Centre 

Department of Neuroscience and Biomedical Engineering, 

Aalto University School of Science 

Finland 

 

 



Oral Session OS11 

Artificial Intelligence in Healthcare: Diverse Applications 

Chairs: Paulo de Carvalho (Portugal), Fabiola Martinez-Licona 

(Mexico) 

OP075–OP080 

 

OP075 

Neurosymbolic AI approach for dry and wet 

AMD classification using OCT images 

Aleksandar MILADINOVIĆ1, Alessandro BISCONTIN1, Miloš AJČEVIĆ2, Agostino 

ACCARDO2, Dario MARANGONI3, Daniele TOGNETTO3, Leandro INFERRERA3 

1 Institute for Maternal and Child Health IRCCS “Burlo Garofolo”, Trieste, Italy 

2 Department of Engineering and Architecture, University of Trieste, Trieste, Italy 

3 Department of Medicine, Surgery and Health Sciences, Ophthalmology Clinic, 

University of Trieste, Trieste, Italy 

Abstract. Accurate classification between dry and wet age-related macular degeneration 

(AMD) is crucial for determining appropriate treatment strategies and improving patient 

outcomes. However, deep learning convolutional neural networks (CNNs) often face 

challenges when  working with small datasets, particularly in the context of rare pathologies, 

which can hinder their robustness and generalizability. To address  these issues, we employed 

a neurosymbolic approach that integrates medical knowledge in the form of symbolic AI, 

enhancing the model’s interpretability and reasoning capabilities. The aim of this study was to 

improve the classification of retinal conditions, specifically dry AMD, wet  AMD, and healthy 

retinas. Our results demonstrated an overall accuracy  of 93%, indicating the effectiveness of 

this methodology in accurately  classifying retinal diseases. These findings suggest that the 

neurosymbolic approach holds promise for advancing diagnostic support in ophthalmology 

while providing a transparent decision-making framework. 

Keywords: Neurosymbolic AI, Optical Coherence Tomography, OCT,  Retinal imaging 
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Abstract. Estimating body ratios from X-rays is an interesting re-  search topic important for 

clinical applications such as assessing chil-  dren’s development or deviations from expected 

growth patterns. Re-  search on these issues typically involves time-consuming and resource-  

intensive methods, such as manual body length measurements or high-  resolution image 

annotations. We have proposed a preprocessing frame-  work and adapted pre-trained 

convolutional neural network models to  estimate the lengths of the body parts of children and 

young adults from  low-resolution, dual-energy, whole-body, X-ray absorptiometry images.  

Furthermore, we proposed a solution for the automatic estimation of  body ratios and the 

determination of samples significantly deviating from  the average. The dataset of X-ray 

absorptiometry images was expanded  with annotations of the length of individual body parts 

performed un-  der the supervision of a specialist. The experimental results show that  the 

proposed preprocessing techniques and the adapted convolutional  neural network model 

achieved a mean relative error of up to 4.24 be-  tween the estimated and annotated lengths of 

body parts percent and  the Lin correlation coefficient of convergence of 0.92. It was shown 

that,  by employing low-resolution images and deep learning methods, one can  accurately 

estimate the lengths of specific body parts, facilitating the  precise detection of samples that 

deviate from the average. 
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Abstract. Gastrointestinal stromal tumors (GISTs) are the most com-  mon mesenchymal 

neoplasms, primarily driven by KIT or PDGFRA mutations. While tyrosine kinase inhibitors 

(TKIs), such as imatinib, have  transformed treatment, resistance remains a significant 

challenge. Alter-  native TKIs offer options but with increased toxicity and inconsistent  

efficacy. This study investigates artificial intelligence-driven radiomics  for predicting primary 

TKI resistance in GIST patients. Sixteen patients  were classified as imatinib-sensitive or -

resistant based on CT scans taken  at baseline and one year post-treatment. Expert radiologists 

manually  segmented CT scans and extracted the volume of interest, composed of  the principal 

mass and metastasis. A total of 93 radiomic features were  extracted from each axial slice from 

the axial view. A genetic algorithm  was implemented for feature selection and model 

hyperparameter optimization. The Support Vector Classifier demonstrated the highest accuracy 

(95%), underscoring the potential of AI-driven radiomics to guide  personalized GIST 

treatment.   

Keywords: artificial intelligence, genetic algorithm, gastrointestinal stromal tumors, machine 

learning, radiomics 
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Motivation and Aim: One of the reasons that slows down the healing of a wound is its 

infection. Therefore, it is important to recognize this condition, perform a microbiological test 

and introduce antibiotics for treatment.  On the other hand, excessive use of antibiotics in wound 

treatment leads to the emergence of antibiotic-resistant strains, which is an undesirable 

phenomenon. Therefore, it is very important to correctly identify wounds that require antibiotic 

treatment. The aim of the study was to develop a machine learning (ML) model for wound 

image classification that would enable automatic determination of whether the wound is 

uninfected or it is infected and the patient requires antibiotic treatment. 

Novelty: The accuracy of the model will be compared with the results of expert clinicians and 

nursing students. 

Methods: We selected 445 photos showing wounds without infection. These wounds were not 

microbiologically tested. The remaining 454 photos showed infected wounds that had a positive 

microbiological test and the patient received antibiotic treatment. The photos were taken with 

Xiaomi Redmi Note 7 smartphone or Sony DSC-W810 compact camera. First, we created a 

test set by randomly selecting 82 images showing 42 uninfected and 40 infected wounds. Then 

from the remaining images, we randomly selected 154 for the validation set. The remaining 663 

were  the training set. We used five pretrained models from YOLO generation 8. These models 

were trained on the train data set and then their accuracy was verified on the test set. Accuracy 

was calculated as the ratio of well-classified wounds to the number of wounds that were 

assessed. 

Main results: The models achieved a mean accuracy (±SD) of 0.929±0.013. The images from 

the test set were also evaluated for infection by six experts and six nursing students. They 

achieved an accuracy of 0.732±0.084 and 0.689±0.056, respectively. Statistical analysis 

revealed that the ML models were significantly better than the experts and the students, while 

the results of experts and students did not differ significantly. 

Conclusion: The results of ML models in classifying wound images could significantly help 

physicians and clinicians in making decisions about prescribing antibiotics to patients with 

wounds. 
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Motivation and Aim: Accurate assessment of TPS in NSCLC is critical for treatment planning 

and prognosis. However, current methods involve extensive manual labor and expertise due to 

the need for annotating individual slides. The aim of this study is to develop an automated deep 

learning approach using MIL to predict TPS at the slide level. This would reduce reliance on 

time-intensive manual annotations and expert resources while providing assistance by 

highlighting regions of high diagnostic value and offering preliminary TPS for experts’ 

reference. 

Novelty: The proposed method introduces an end-to-end pipeline that leverages MIL for 

predicting TPS without requiring detailed region-of-interest (ROI) labeling. By combining 

embedding extraction with a multilabel classification network and an aggregation model, this 

approach efficiently automates the assessment of TPS in NSCLC while drastically reducing the 

need for additional annotations, requiring only the overall score value. 

Methods: The framework consists of two key components: 

1) A multilabel classification deep neural network based on the MobileNetV3Large [1] 

architecture and trained on a publicly available dataset [2]. The architecture was chosen due to 

the combination of high accuracy in classifying tumor and background regions (92% and 99% 

respectively) and low parameter count,  ensuring computational efficiency. While predicting 

the tissue type in each patch of an entire whole-slide image (WSI), the network effectively 

captures relevant histopathological features. As a result, it also functions as a low-resource 

embedding extractor by average-pooling activations from the final layer before the classifier. 

These embeddings are then passed to the next stage of the pipeline 

2) A lightweight MIL model with gated attention trained on 136 WSIs, which leverages 

embeddings from tumor-classified patches to predict the overall TPS (0-100) for the entire slide.  

In addition, the model generates an attention map highlighting  regions of interest,enabling 

further analysis of the most relevant patches. 
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Abstract. The electrocardiogram (ECG) is a fundamental tool in cardiovascular  evaluation, 

widely used in clinical settings due to its accessibility, low cost, and  ease of application. Recent 

advances in artificial intelligence (AI) have expanded the potential applications, enabling the 

estimation of demographic characteristics such as age and sex from ECG signals. This study 

aims to develop and  validate an AI model capable of estimating age and sex from ECG records 

in a  local population, evaluating its performance compared to previous studies and  analyzing 

its potential impact on clinical applications. A convolutional neural  network (CNN) was trained 

using a dataset of 275,000 anonymized ECGs. The  model achieved an 87% accuracy in sex 

classification and an average absolute  error of 9 years for age estimation. These results suggest 

that the predicted age  may serve as a biomarker for biological aging and cardiovascular risk. 

The integration of this AI tool into clinical practice could lead to more efficient patient  

stratification and optimize healthcare resource allocation   

Keywords: Electrocardiogram, Artificial Intelligence, Age Estimation, Sex Classification, 

Machine Learning 
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Motivation and Aim: Spin-off creation is an important fuel for academic valorization and a 

catalyst for an innovative economy. However, the journey towards the creation of the academic 

spinoff is very bumpy. In an era of global grand challenges, the societal impact dimension is 

utmost crucial. This presentation aims at sharing the experience of successes and failures in 

crossing the chasm and discusses the role and importance of the interaction between all 

stakeholders in the ecosystem of today. 

Novelty: In this presentation the journey of more than 25 years involvement in spinoff creation 

in the large research group “ETRO.RDI” recognized since 2005 as a group of expertise in 

applied research at VUB, will be critically assessed within the context of the evolution of  the 

academic and societal framework. We highlight the importance of each single element in the 

value chain: alignment of the technical expertise with business acumen and navigating 

regulatory frameworks.. 

Methods: A multidimensional analysis of the spinoff venture from the academic 

entrepreneurial point of view will be discussed.  All the readiness levels, far beyond the well-

known technology readiness level (TRL) will be discussed. For ventures in the domain of 

biomedical engineering and healthcare, the extra dimension of the critical assessment of 

clinical, quality and regulatory affairs adds to the multi-dimensionality. 

Main results:  The complex interactions between all the stakeholders of the ecosystem are 

discussed to deliver the utmost important outcome to translate the innovative idea in business:  

the value proposition. Timing, regulatory affairs, agility, serendipity, resilience, and a multi-

sectoral network are crucial elements of the matrix on the road to success.. 

Conclusion: This talk aims to equip attendees with practical insights to transform engineering 

breakthroughs into thriving enterprises. Whether you are considering launching a spin-off or 

mailto:johan.stiens@vub.be


looking to refine your approach, this session offers a roadmap for turning engineering expertise 

into impactful, scalable businesses.. 

Acknowledgements: Author thanks the VUB for the financial support over the last 20 years 

for the IOF-GEAR program financing, more in particular the funding of the Tech4Health 

consortium for the period 2020-2025. 

References: 

[1] Spin-offs: reinforcing a vector of value creation for EU-27, The Deep Tech Opportunity, EU report 

25-02-2025, https://digital-strategy.ec.europa.eu/en/library/spin-offs-driving-innovation-across-eu-27 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



OP081 

Bioimpedance Method for Monitoring Chronic Wounds 

Jari VIIK1*, Atte KEKONEN1,2, Magdalena ANTOSZEWSKA3 

1 Faculty of Medicine and Health Technology, Tampere University, Finland 

2 CutoSense, Littoinen, Finland 

3 Department of Dermatology, Venereology and Allergology, Medical University of Gdansk, Poland 

* Corresponding author. E-mail address: jari.viik@tuni.fi 

Keywords: Wound, Bioimpedance, Quantitative, Long-Term, Monitoring  

Motivation and Aim: Chronic wounds pose a significant global health burden, often leading 

to prolonged suffering, increased healthcare costs, and elevated risk of complications. Current 

wound assessment methodologies are predominantly subjective, relying on visual inspection 

and manual measurement, and typically require the removal of dressings. This process not only 

disrupts the wound environment but also increases the risk of infection. There is a critical need 

for the development of quantitative assessment method that enables continuous monitoring of 

chronic wound status and healing progression without unnecessary dressing removal. 

Novelty: The developed measurement system, WoundWatch®, enables non-invasive, long-term 

monitoring of chronic wounds without the need to remove the dressing. It incorporates an 

electrode-dressing array allowing for the simultaneous assessment of a larger wound area. The 

developed quantitative parameter, the Wound Status Index (WSI), provides an objective 

measure of wound healing progression. 

Methods: The WoundWatch® system incorporates a purpose-built bioimpedance device, 

mobile measurement software, and a screen-printed electrode array. The method employs a 

two-electrode measurement technique to capture bioelectrical signals. The superficial layers of 

the skin exhibit high impedance, while the presence of a wound markedly reduces impedance. 

As the wound heals, the impedance increases. The impedances of the wound and healthy skin 

are measured separately. By relating the impedances of the wound and the impedance 

representing surrounding healthy skin, we have defined the quantitative parameter WSI 

representing the wound status1. The measuring device is connected to a connection cable from 

the electrode array located outside the dressing, eliminating the need to remove the dressing. 

The method and equipment2 were tested on several acute wounds before the clinical proof-of-

concept study3. The reference method in the clinical proof-of-concept study was the 

measurement of wound surface area using planimetry. The WoundWatch® system was further 

developed based on insights gained from the proof-of-concept study, leading to a clinical study 

measuring hard-to-heal wounds of various etiology4 having digital planimetry as a reference. 

Currently, a clinical trial5 concerning the monitoring of venous ulcers is ongoing at University 

Clinical Centre in Gdansk (Poland) and in Wound Center, Tampere University Hospital 

(Finland). 

Main results: Initial evidence of the bioimpedance-based method’s capability for assessing 

wound status was provided through testing with four acute wounds1. Long-term measurement 

was demonstrated by 142 hours of continuous monitoring of wound healing from beneath the 
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primary dressings2. The clinical proof-of-concept of the measurement system and method were 

assessed in an open, non-randomized follow-up study of seven venous ulcers3. A strong 

correlation was found between the WSI and the wound surface area, with a Pearson correlation 

coefficient of r(93) = -0.84, p < 0.001. Following enhancements to the WoundWatch® system, 

the feasibility of bioimpedance measurement and method for the monitoring of chronic wounds 

in the clinical setting was demonstrated with 14 hard-to-heal chronic ulcers4. Again, a strong 

correlation was found between the WSI and the wound surface area, r(91) = -0.86, p<0.001. 

Most recent, ongoing study with venous ulcers is also yielding promising results. 

Conclusion: The WoundWatch® system represents a scientifically advanced, non-invasive, 

quantitative, and long-term wound monitoring solution. By leveraging bioimpedance 

measurements and the novel Wound Status Index (WSI), it provides healthcare professionals 

with an objective tool to track wound healing progression accurately. The system is designed 

for application in both home care settings and healthcare facilities. Ongoing clinical trials in 

Gdańsk and Tampere are focused on securing the medical device designation and CE marking 

to facilitate the system's integration into clinical practice. 
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Motivation and Aim: There is no medical grade instrumentation to measure cortex 

oxygenation in absolute units and without calibration. Device, to be used in monitoring of brain 

in surgery theatres (e.g. cardiac surgeries, mechanical thrombectomies), in acute respiratory 

failure, traumatic brain injuries, strokes, intensive care units, etc.. 

This abstract and presentation will tell the story of shifting from an idea to a product from the 

perspective of an active researcher. 

Novelty: BRAINmed – calibrationless, quantitative near infrared spectroscopy (qNIRS) to 

measure tissues haemodynamic properties in absolute units. 

Methods:  

The process of shifting from an idea to a product: 

1. The idea for a product: From the very beginning, be sure who has the rights. If your affiliated 

institution works on the same topic, consider a spin-off with the institution. Otherwise, as in 

our case, make sure (document) there is no crossing points in the research. Additionally, 

build your own lab, equipped by you. Otherwise, consider the spin-off. 

2. Check the market: define users of your product and a client (the person who makes decision 

on buying). Find them, approach and ask what do they know about the technology, will they 

use it and is it actually needed. Maybe they do not know yet that they want it. Pay for the 

consultancy as needed. Talk to the final users and client as soon as possible to verify the 

idea. If possible, talk with potential strategic investor as soon as possible. 

3. Find the team: technical knowledge on electronics, programming, scientists recognizable in 

the field (be one yourself or convince others to join the team). A business developer person 

would be an ideal addition as well. The cheapest option is to make the team members 

shareholders. They might do some work for the future revenue. Keep the key competences 

and technologies within the company. Limit number of main shareholders to the core team 

members and sign contracts with complementary team members, where shares will be 

transferred after meeting certain milestones. 

4. Apply for soft or investing money: a R&D project is most recommended. However, 

remember that this might be hard to get and you need to pay at least 20% of your own 

contribution. A venture capital money is challenging and may not be recommended for 

everyone as the seeding money is an order of magnitude less than the R&D project and 

investors expect the revenue of minimum 10 times the investment in 3 to 4 years. They will 
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pump-up the value of the company and sell you to the highest bidder in the next investment 

round. Look for the smart money, where the investor takes the responsibility in running the 

company, provides resources, business knowledge, contacts, etc.. Calculate and plan 

financial liquidity and react in advance if financial problems arise in your calculation. 

5. Execute the project: make sure you have a solid R&D manager who knows the technology 

and has an experience in running projects (this is most probably you), apply professional 

tools to manage tasks, the team will not work just by itself as often happens in the academia. 

Plan the development work until entering the market, not only when you have money from 

an R&D project. If a clinical trial is needed, this will take 1-2 years and will be heavily 

expensive. Apply for a patent. 

6. Launch the product: Start selling, lending, giving samples of your product to the research. 

Try to be as open as possible with your data. Scientists do not like closed systems. 

7. Sell: the company or the product. Preferably, sell the company with the developed product 

to a strategic investor. The more your product is developed the better selling conditions. Stay 

with the new owner as the R&D team if desired. If selling the product on your own, build 

sell forces. However, the financial success look much better if selling the company. 

8. Pivot: if the original project fails, pivot to other market if applicable or to a new product. Do 

not hold to the original idea for too long.  

Main results:  

The method of elevating the idea to the product is based on the example of the BRAINmed 

device as shown in fig. 1. 

   
Figure 1. BRAINmed – quantitative Near Infrared Spectroscopy 

Key features of the system as in fig. 1: frequency domain NIRS, multi-frequency technique (up 

to 63), 0.5 ms measurement time per frequency, frequency band 80 MHz – 450 MHz, 

absorption and reduced scattering measurements in absolute unit of 1 /mm-1, haemoglobin 

concentrations in absolute units of μM, no calibration on physical phantoms nor measurements 

of the baseline needed. Turn on and measure. 

Conclusion:  
Some of the key points to successfully develop a product: know your market, invest in an external market 

research, apply for R&D projects and a patent, look for smart money – not just money, keep the key 

competences and technologies within the company, be ready to sell it all, do not attach yourself too 

much to the technology you have been developing for past few years. 

The developed qNIRS device might not only measure the tissue saturations, but the venous oxygen 

saturation as well. Where the ratio of venous and tissue oxygen saturations shows the actual tissue 

oxygen consumption, critical in monitoring brain state (actual oxygen consumption within the brain), 

e.g. at intensive care units or operation theatres. 
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Motivation and Aim: The commercialization of biomedical engineering and med tech 

innovations is normally initiated by identification of unmet clinical need or sometimes by novel 

technology producing new opportunities for nee products and applications. After this phase a 

real work starts to push the innovation towards products and finally successful sales. This is a 

story of the path of new MedTech technology, finding the go-to market need, and the challenges 

to reach the sales and acquiring the funding in present world situation,  

Novelty: New method to integrate bioimpedance sensor and fast impedance spectra 

measurement into an ordinary anesthesia or puncture needle was developed, Further, tissue 

identification methods were developed so that the tissue where the needle tip is can be 

identified. A company Injeq was established 2011 to commercialize the technology. 

Methods: The technology to sensor integration, measurement and tissue identification was 

tested using finite element modelling[1], fantom in-vitro experiments, animal tissue and live 

animal testing as well as four major clinical trials in three different application areas namely 

finger joint injections[2], liver biopsy guidance and cancer identification[3], and lumbar 

puncture [4]. Further several user interview and reports were completed to identify the go-to 

market area.  

Main results: The developed technology clearly helped finding the needle target tissue in all 

application areas. The pediatric lumbar puncture was selected as market entry area. With several 

million funding received from various investors including three successful crowdfunding 

rounds, a CE mark  based on the MDR for this target application was secured by Injeq company 

in late 2021. With secured dealership contracts throughout the Europe and beyond, the company 

was intended to go public early the 2022 with target 8M€ new investments. However, the 

European political environment changed dramatically 24th February 2022 diminishing the 

investment opportunities, thus the company decided to delay the public offering and IPO. This 

forced the company to try to attract other funding with greatly reduced strategic 

maneuverability. With still not fully polished product in challenging MedTech market, the sales 

were not picking up as expected and the company run out of financing in 2024 filing 

bankruptcy.  

Conclusion: The story of the Injeq intelligent needle commercialization highlights the 

challenges in MedTech area, finding the actual target need, pushing a novel product to an 

established and low margin market, and the challenges of finding long term funding that would 

enable companies to dully prove the technology market potential. 
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Motivation and Aim: The aim is to give an overview of the technology transfer of an optical 

guidance system for neurosurgery.  

Methods: Laser Doppler flowmetry (LDF) is well recognized for microcirculation studies [1], 

and five aminolaevulinic acid (5-ALA) fluorescence microscopy is FDA approved for brain 

tumor surgery [2]. FluoRa, is a probe-based optical system combining LDF and 5-ALA 

fluorescence for guidance during neurosurgery [3]. Malignant tissue is detected in situ during 

brain tumor biopsies and resection. Simultaneously microcirculation and grey-white matter 

changes are identified with LDF. For stereotactic neurosurgery as DBS implantations, the probe 

acts as a guide and a “vessel alarm”. FluoRa is developed for invasive use in the nervous system 

and is thus a Class III device. The parts are designed and constructed in line with the General 

Safety and Performance Requirements.  

Main results: Over 15 years the technique has been systematically improved, and evaluated in 

different studies including more than 130 DBS implantations [4, 5], 45 needle biopsies [6, 7] 

and 75 tumor resections [8]. The latter includes children with brain tumors undergoing resection 

(Phase II, Eudrat 2013-005565-40) [9]. A summary of all studies is found in [10]. In parallel to 

the research, technology transfer towards commercialization was initiated more than 5 years 

ago when the spin-off company, FluoLink AB, was founded. Covid-19 and thereafter the 

Medical Device Regulations (MDR) has slowed down the process. A multicenter investigation 

according to Good Clinical Practice, of an updated version of FluoRa, was submitted in 2023 

to the Swedish Medical Product Agency. Despite major efforts it has not been approved. This 

has prohibited evaluation of the device in additional neurosurgical clinics. The presentation will 

give an overview of the steps and hurdles so far of technology transfer towards 

commercialization of the optical device for neurosurgical use. 

Conclusion: A system for optical guidance in neurosurgery has been developed and proof of 

concept shown. Due to the complexity of MDR, the technology transfer process towards 

commercialization of new investigational devices is slowed down. Additionally, MDR has a 

major negative impact on research in biomedical engineering, including clinical evaluations of 

novel medical devices.  
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Motivation and Aim: This publication introduces a new approach for analyzing muscle 

cooperation using neural networks in biomechanics and medical applications. Various neural 

network models, including Echo State Networks (ESN), Long Short-Term Memory (LSTM), 

and recurrent neural networks, were utilized with electromyographic (EMG), kinematic, and 

dynamic data. The objective was to assess individual muscle contributions to overall muscle 

force production. The methodology involved training and testing neural networks on datasets 

representing lower limb muscle activity, predicting force generation, and validating results 

against biomechanical simulations in OpenSim. The findings highlight the potential of neural 

networks for accurate muscle function modeling, with applications in rehabilitation and sports 

injury prevention. This interdisciplinary approach connects machine learning with 

biomechanics, creating new avenues for research and practical use. 

Novelty: Human movement is complex due to the intricate interactions between muscles, joints, 

and neural inputs. Understanding muscle cooperation is crucial in fields such as biomechanics, 

rehabilitation, and sports science. Conventional methods for modeling muscle behavior often 

depend on simplified mathematical models, like Hill-based muscle models, which struggle to 

accurately represent nonlinear interactions [1]. This publication combines neural network 

technology with biomechanical data to introduce a new approach for modeling muscle 

cooperation. By utilizing electromyography (EMG), kinematic, and dynamic data, this method 

aims to predict the individual contributions of muscles to overall muscle force generation. 

Methods: The dataset used in this study was sourced from an open-access biomechanical 

repository [2], containing EMG signals, kinematic, and dynamic data from eight lower limb 

muscles. Preprocessing involved filtering the EMG signals, normalizing the kinematic data, and 

splitting the dataset into training and testing sets. Five different neural network architectures 

were evaluated: Echo State Networks (ESN), Long Short-Term Memory (LSTM), support 



vector machines (SVM), random forests, and regression models [3]. Training and testing were 

performed in MATLAB, with validation through biomechanical simulations in OpenSim. Error 

analysis focused on the absolute and relative differences between the predicted and simulated 

forces. To assess generalizability, models were also tested on movements not part of the training 

set, such as knee lifts and stair descents [4]. 

Main results: The neural networks demonstrated varying degrees of accuracy in predicting 

muscle forces. Recurrent and LSTM models performed the best, especially in capturing the 

nonlinear relationships between EMG signals and muscle forces. While SVM and random 

forest models delivered satisfactory results, they faced challenges in generalizing to untrained 

movements. Error analysis showed that recurrent models were particularly effective in 

predicting complex movements, while LSTM models provided computational efficiency for 

real-time applications. The findings underscore the potential of neural networks to improve 

biomechanical modeling by providing accurate, non-invasive estimates of muscle activity. 

However, limitations include the need for high-quality input data and difficulties in generalizing 

the results to different populations. 

Conclusion: This study illustrates the potential of using neural networks to model muscle 

cooperation in biomechanics. By integrating EMG, kinematic, and dynamic data with machine 

learning, a strong framework is established for analyzing muscle contributions to movement. 

The proposed method has practical applications in rehabilitation, allowing for personalized 

therapy plans, and in sports, enhancing training programs and injury prevention strategies. 

Future research should aim to expand the dataset to include a wider range of subjects and 

movements, improve model robustness, and explore real-time implementation possibilities. 
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Motivation and Aim: Diseases and injuries of the spine are increasingly common, with many 

cases requiring surgical intervention involving implants. Dynamic intervertebral disc 

endoprostheses offer the potential to preserve mobility in the implanted segment, thereby 

reducing the risk of postoperative complications such as adjacent segment disease. This study 

aims to design and evaluate an intervertebral disc endoprosthesis incorporating auxetic 

structures to improve its mechanical performance and reduce stress on spinal structures. 

 

Novelty: The research explores the use of auxetic structures with different geometries in 

intervertebral disc endoprostheses. Unlike the designs with conventional structures, the study 

investigates how auxetic properties can influence stress and strain distribution, potentially 

leading to improved implant longevity. 

 

Methods: The study included a literature review of the mechanical properties and biomechanics 

of the lumbar spine, the current state-of-the-art in auxetic structures, and experimental and 

numerical studies of auxetic structures used in biomedical engineering. In the design and 

research part, the design of an intervertebral disc endoprosthesis using auxetic structures with 

different basic geometries was proposed and numerical studies were carried out on the effect of 

the used geometry on the distribution of stresses and strains in the endoprosthesis structure and 

lumbar spine structures. 

 

Main results: The analysis revealed that the honeycomb-type auxetic structure placed in the 

insert, due to the accumulation of stresses, is destroyed and thus fails to fulfill its role in the 

intervertebral disc endoprosthesis. In contrast, the use of a star-type auxetic structure presents 

a potential solution to the problem of overloading the anatomical structures of the spine after 

the implantation of an intervertebral disc endoprosthesis. The maximum stress value was found 

to be located on the insert, specifically on the auxetic layer. This contrasts with the conventional 

endoprostheses, where the maximum stress occurs on the spherical part of the insert. The 

maximum stress value on the endoprosthesis (442.12 MPa) is higher than the values reported 

by other researchers. Nevertheless, the stress values do not exceed the yield strength of the 

material (908 MPa). The maximum stresses on the anatomical structures of the spine were 

found to be smaller than those reported in studies. 
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Conclusion: In conclusion, the honeycomb-type auxetic structure in the insert is unsuccessful 

due to stress accumulation, while the star-type auxetic structure offers a potential solution to 

reduce overloading of the spine after implantation. The maximum stress is concentrated on the 

auxetic layer, in contrast to conventional implants where it occurs on the spherical component. 

The findings suggest that incorporating star-type auxetic structures in intervertebral disc 

endoprostheses may positively influence the stress and strain distribution, potentially improving 

the longevity and functionality of the implant. The maximum stress (442.12 MPa) remains 

below the material's yield strength (908 MPa), thereby ensuring structural integrity. 

Additionally, the stress on the spine's anatomical structures is lower, indicating an improvement 

in implant performance. 
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Motivation and Aim: Modern biomedical engineering continuously strives to develop 

innovative materials that can be applied in regenerative medicine and tissue engineering. 

Hydrogels based on biopolymers such as chitosan exhibit promising potential as biomaterials 

supporting tissue regeneration. The combination of chitosan with bioactive glass and the 

addition of biologically active substances such as retinol and resveratrol may further enhance 

their therapeutic properties. The aim of this study was to design and manufacture hydrogel 

materials based on chitosan and whey protein isolate, crosslinked with functionalized dextran 

and enriched with high-calcium bioactive glass, retinol, and resveratrol. The research focuses 

on assessing the impact of these components on mechanical properties, bioactivity, and the 

ability to release active substances, contributing to the development of advanced regenerative 

therapies. 

Novelty: This study presents novel hydrogel materials based on chitosan and whey protein 

isolate, crosslinked with oxidized dextran and enriched with bioactive glass, retinol, and 

resveratrol. For the first time, a detailed investigation into the impact of these components on 

bioactivity, mechanical properties, and the controlled release of biologically active substances 

has been conducted. The results indicate the possibility of precisely modifying biomaterial 

properties, which could contribute to the advancement of modern tissue engineering therapies. 

Methods: The hydrogels were obtained by crosslinking chitosan and whey protein isolate with 

functionalized dextran. These materials were produced in two forms: injectable hydrogels and 

lyophilized, highly porous three-dimensional scaffolds. Structural analysis was performed 

using FTIR spectroscopy and SEM-EDS microscopy. Mechanical properties were evaluated 

through compression and rheological tests. The bioactivity of the materials was assessed by 

incubation in simulated body fluid (SBF), while the controlled release of biologically active 

substances was analyzed using UV-VIS spectroscopy. Antioxidant properties were determined 

using the ABTS• assay, and cytotoxicity and metabolic activity effects on RAW 264.7 and N2a 

cell lines were examined. 

Main results:  The obtained hydrogels exhibited high bioactivity and the ability to support 

mineralization in SBF solution. Bioactive glass improved the mechanical properties and 

structural stability of the materials, while resveratrol enhanced their antioxidant properties. The 



release profile of active substances depended on their concentration in the material, with higher 

concentrations of resveratrol leading to intensified release, whereas the effect for retinol was 

the opposite. High concentrations of resveratrol demonstrated cytotoxicity toward the tested 

cell lines, while bioactive glass improved cell viability and metabolic activity. 

Conclusion: The results showed that the introduction of bioactive glass and biologically active 

substances significantly improved the therapeutic properties of the hydrogels. The materials 

demonstrated the ability to promote tissue regeneration, which was confirmed through tests on 

cell lines. Physicochemical analyses indicated adequate stability and structure of the hydrogels, 

and mechanical tests confirmed their suitability for medical applications. 

The conducted studies confirmed that the developed hydrogels have significant potential as 

biomaterials for tissue engineering, particularly in bone and cartilage regeneration. Bioactive 

glass improved the mechanical parameters and bioactivity of the materials, while resveratrol 

exhibited strong antioxidant effects. Optimizing the concentration of active substances may 

enable controlled drug release and the customization of biomaterials for specific medical 

applications.z 
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Motivation and Aim: Spaceflight poses a variety of dangers to the human body, among them 

radiation and microgravity. Adaptation to this harsh environment can cause serious health 

problems. One of the most threatening issues that astronauts experience during space missions 

is bone tissue deterioration. It is thought to be caused by the dysregulation between bone 

formation and resorption, resulting in tissue density loss, however, the exact mechanisms are 

still not fully understood. To study those effects, microgravity-simulating devices have been 

developed, although each of them introduces certain artifacts to the experiment. The aim of this 

study was to establish a protocol for studying MG-63 osteoblast-like cells cultured on polymeric 

scaffolds and microspheres in simulated microgravity conditions and to characterize their 

behavior. 

Novelty: Research on skeletal changes in space is complicated by inconsistencies between 

studies and the limitations of in vitro models of the isolated cells. Since extracellular matrix 

(ECM) influences cellular responses to microgravity, incorporating scaffolds mimicking bone 

tissue can provide more accurate insights into bone adaptation in space. 

Methods: The study includes preparation of the scaffolds and microspheres made from poly(L-

lactide-coglycolide)(PLGA), characterization of their properties, and experiments on 

osteoblast-like MG-63 cells in simulated microgravity conditions on a random positioning 

machine (RPM) in terms of their morphology, viability, and proliferation. Cell morphology was 

examined using scanning electron microscopy (SEM), while cell viability was evaluated using 

the Alamar Blue assay and live/dead fluorescence staining. Moreover, the cytotoxicity of the 

system was assessed by measuring lactate dehydrogenase (LDH) release. Additionally, pH of 

the culture medium was measured as a function of culture time. 

Main results: Three experiments were performed and, as a result, a protocol for culturing MG-

63 osteoblast-like cells on PLGA biomaterials on the RPM was successfully established. The 

study showed that cells remained viable up to 7 days of culture in simulated microgravity 

conditions, both on scaffolds and microspheres. Cells cultured on the microspheres exhibited 



weak adhesion to their surfaces but preferentially formed spheroids. Moreover, cells in the 

samples exposed to the RPM demonstrated increased metabolic activity; although, these 

conditions also resulted in higher cytotoxicity. This finding suggests greater cell activity and 

proliferation under RPM conditions. 

Conclusion: The study demonstrated that the development of material-cell constructs based on 

PLGA scaffolds and osteoblast-like cells can serve as a research model for assessing the impact 

of microgravity on bone tissue. 
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OP089 

Unsupervised segmentation of defective skulls in volumetric data 

by using deep networks dedicated to modality transfer 

Kamil KWARCIAK 

AGH University of Krakow, Kraków, Poland 

* Corresponding author. E-mail address: kamil.kwarciak@gmail.com 

Keywords: Generative artificial intelligence, Deep learning, Modality translation, Synthetic 

data 

Motivation and Aim: Skull segmentation from MR images is a crucial yet challenging task in 

modern computational medicine. MRI primarily focuses on soft tissues rather than bone 

structures, making direct skull segmentation difficult. While CT imaging provides well-

established skull segmentation techniques, its radiation exposure poses health risks, 

highlighting the need for an MRI-based approach. This study aims to develop an unsupervised 

skull segmentation methodology by leveraging modality translation techniques. By converting 

MR images into synthetic CT representations, this approach enables effective skull 

segmentation without requiring labeled MR data, addressing both clinical and computational 

challenges. 

Novelty: This study introduces a novel approach to MRI-based skull segmentation by 

transforming the problem into a modality translation task, followed by CT-based segmentation. 

Unlike traditional supervised methods that rely on annotated MRI datasets, presented method 

leverages deep generative models such as generative adversarial networks, denoising diffusion 

models, and contrastive learning techniques to achieve unsupervised segmentation. 

Additionally, integration of the super-resolution strategy addresses the lower resolution of MRI 

compared to CT, ensuring high-quality segmentation results. This methodology not only 

surpasses existing supervised methods but also outperforms a cutting-edge foundation medical 

segmentation model and other modality translation techniques. 

Methods: This study employs an unsupervised skull segmentation pipeline that leverages 

modality translation techniques to convert MR images into synthetic representations. A diverse 

set of deep generative models is explored, including generative adversarial networks (GANs), 

denoising diffusion models, and contrastive learning methods. Once MR images are 

transformed into their CT counterparts, well-established CT-based segmentation techniques are 

applied. Additionally, a super-resolution approach is integrated to compensate for the lower 

resolution of MRI data, ensuring high-quality segmentation suitable for clinical applications. 

Main results: The proposed methodology outperforms traditional supervised segmentation 

methods, demonstrating superior accuracy and robustness in MRI-based skull segmentation. It 

also surpasses a state-of-the-art foundation medical segmentation model and outperforms 

existing modality translation techniques. The integration of super-resolution further enhances 

the quality of segmentation, addressing the limitations of MRI’s lower resolution. Additionally, 

ablation studies highlight the effectiveness of MR-to-CT translation for unsupervised skull 



segmentation, showcasing its potential in applications such as infant skull imaging and 

defective skull reconstruction. These results establish the proposed approach as a significant 

advancement over conventional segmentation techniques. 

Conclusion: This study presents a novel unsupervised approach to MRI-based skull 

segmentation by leveraging modality translation techniques, transforming the problem into a 

more manageable CT-based segmentation task. The proposed methodology outperforms 

traditional supervised methods and state-of-the-art segmentation models while maintaining fast 

inference for volumetric data. Additionally, the integration of super-resolution ensures high-

quality segmentation, addressing the resolution gap between MRI and CT. The results 

demonstrate the potential of MR-to-CT translation for broader applications, such as infant skull 

imaging and defective skull reconstruction, opening new research area in computational 

medical imaging. 
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Motivation and Aim: Cancer remains one of the leading causes of death worldwide, and the 

therapy of this disease has been a significant challenge [1]. Conventional treatment methods, 

such as chemotherapy and radiotherapy, often lack specificity, leading to side effects and 

damage to non-cancerous tissues. Therefore, there is a pressing need for more specific and 

efficient therapeutic approaches. Theranostics represents a new paradigm that integrates 

therapeutic and diagnostic modalities within a single system, providing an appealing alternative 

[2]. The aim of the research was to develop, synthesize, and assess innovative multifunctional 

particles with potential theranostic applications. Two types of materials were researched in this 

study: hollow hydrogel capsules and magnetic-core nanoparticles, both functionalized with 

metal nanoparticles to enhance therapeutic efficacy. 

Novelty: This work presents the fabrication of silver or copper alginate multifunctional 

hydrogel capsules through a template-assisted synthesis pathway utilizing calcium carbonate 

particles. Furthermore, iron oxide nanoparticles were synthesized and subsequently coated with 

silver or copper alginate, achieving a novel integration of diagnostic and therapeutic 

capabilities. In comparison to traditional drug delivery systems, these materials facilitated 

controlled release, improved targeting, and potential imaging in the future, positioning 

themselves as promising candidates for next-generation cancer treatments. 

Methods: Multifunctional alginate-based capsules were synthesized using calcium carbonate 

templates and further modified with silver or copper (Fig.1). Moreover, iron oxide 

nanoparticles were developed and coated with either silver or copper alginate. The obtained 

materials were characterized through scanning electron microscopy (SEM), transmission 

electron microscopy (TEM), and Fourier-transform infrared spectroscopy (FTIR). In vitro 

cytotoxicity studies were performed to assess their biocompatibility and anticancer properties. 
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Fig.1 Fabrication process of silver alginate hydrogel capsules 

Main results: The structural and physicochemical characterization confirmed the successful 

fabrication of hydrogel capsules and hydrogel-coated iron oxide nanoparticles. The capsule size 

was controlled by adjusting the size of the calcium carbonate sacrificial templates, which were 

produced either by regular mixing or ultrasonication. Metal-alginate hybrid structures were 

formed through reduction of silver nitrate/copper sulfate with the use of ascorbic acid. Silver 

alginate hydrogel capsules demonstrated the highest anticancer efficacy. Magnetic-core 

nanoparticles coated with copper alginate also exhibited promising results, suggesting their 

potential for further investigation in theranostic applications. 

Conclusion: The present study demonstrated the potential of multifunctional hydrogel capsules 

and magnetic-core nanoparticles as effective theranostic agents for cancer treatment. Among 

the tested materials, silver alginate hydrogel capsules emerged as the most promising candidate. 

Nevertheless, copper alginate-coated magnetic-core nanoparticles also revealed considerable 

potential, and therefore additional studies aimed at optimization and in vitro validation are 

justified. 
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Motivation and Aim: This work focuses on supporting the diagnosis and treatment of scoliosis. 

The motivation for choosing this topic stems from the author's personal experience with 

adolescent idiopathic scoliosis (AIS) and interest in technological solutions that support 

medicine. AIS affects 2-3% of the population and accounts for 80% of all scoliosis cases. It is 

a three-dimensional deformity of the spine, characterized by a lateral curvature greater than 10 

degrees, often accompanied by vertebral rotation. The progression of the disease is typically 

assessed through Cobb angle measurements on radiographs. Since these measurements form 

the basis for diagnosis and treatment decisions, including invasive scoliosis correction surgery, 

they should be as reliable and efficient as possible. 

This study challenges the assumption that Cobb angle measurement is the most critical factor 

in scoliosis diagnosis and treatment. The goal was to develop an effective support system for 

scoliosis patients by addressing broader needs beyond Cobb angle measurement, focusing on 

improving communication and access to reliable information. 

Novelty: A literature review highlighted the need for increased accuracy and repeatability of 

Cobb angle measurements. However, it also revealed a lack of access to databases that could 

facilitate the verification and improvement of measurement methods. While many studies 

emphasize the importance of Cobb angle measurement, this work identifies a gap in 

understanding its practical significance in clinical settings. 

Interviews with doctors who regularly perform Cobb angle measurements revealed that, in 

practice, the accuracy of this measurement is not the primary concern. Instead, it is just one of 

several important factors considered when assessing scoliosis, alongside body balance and the 

overall clinical evaluation. A physiotherapist specializing in scoliosis treatment confirmed these 

findings, emphasizing that X-ray examinations should be viewed as part of a broader treatment 

process. 

To incorporate the perspectives of patients and their families, a pilot survey was conducted 

among 23 individuals affected by scoliosis (18 patients and 5 parents). The results indicated 

that the most significant area requiring support is communication – both between patients and 

specialists and among patients themselves. Additionally, access to reliable information about 

scoliosis emerged as a key concern. 

This study ultimately concludes that the most critical aspect of scoliosis diagnosis and treatment 

is not just improving Cobb angle measurement accuracy but rather enhancing communication 

and access to trustworthy information for patients. 
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Methods: To address these identified needs, a comprehensive approach was taken. The study 

involved: a literature review to examine existing methods and their limitations, particularly 

regarding Cobb angle measurement; interviews with specialists, including doctors and 

physiotherapists, to understand the real-world importance of Cobb angle measurement and the 

broader diagnostic and therapeutic proces; a pilot survey conducted with scoliosis patients and 

their families to determine their primary concerns and needs. 

Based on these findings, a mobile application concept was developed to comprehensively 

support scoliosis patients by improving access to information and communication with 

specialists. 

Main results: As a response to the identified needs, a mobile application named 

"SKOLIOŻApka" was designed. The app serves as a comprehensive support tool for scoliosis 

patients by offering: reliable information about scoliosis, a database of specialists 

recommended by patients, personal stories from other patients to provide emotional suport, 

tools to help patients accept their appearance, a platform for improved communication between 

patients and specialists, as well as among patients themselves. 

Additionally, the app is planned to include automatic Cobb angle measurement with accuracy 

comparable to manual methods and will allow a smartphone to function as a scoliometer. 

Conclusion: The paper confirms that while improving Cobb angle measurement accuracy is 

important, a more pressing need exists in supporting patient-specialist communication and 

access to reliable scoliosis-related information. The findings justify the development and 

implementation of the proposed mobile application, which aligns with the needs identified 

through literature analysis, specialist interviews, and patient surveys. 

If the application is to be further developed, enhancements will be necessary, including refining 

its graphical interface and adding additional functionalities. Collaboration between the app 

administrator, patients, and specialists will be crucial to ensure its effectiveness. 

Future research should also explore new solutions that directly support medical professionals, 

such as: automating the analysis of X-ray images, including Cobb angle measurement and body 

balance parameters, developing more precise methods for assessing spinal curvature and 

establishing new clinical guidelines for scoliosis treatment. 
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Abstract. Accurate wound image analysis is important for effective treatment  planning and 

monitoring healing progression. This paper introduces a deep learn-  ing methodology for 

automated wound segmentation by developing an innova-  tive framework that uses 

EfficientNet and UNet architectures. Our research tack-  les essential issues in wound 

assessment, which involve multi-class segmentation  along with boundary precision and test-

time augmentation. To enhance segmen-  tation quality, the proposed methodology employs a 

composite loss function  combining focal, boundary-aware, and dice loss modules. The 

experimental re-  sults show equivalent or better performance than current methodologies with 

our  three-class model achieving an average F1 score of 0.8876. This work represents  a 

significant advancement toward comprehensive wound assessment systems that  can support 

decision-making across diverse healthcare settings.   

Keywords: Wound Segmentation, Deep Learning, Medical Image Analysis,  Computer Vision, 

Boundary-Aware Loss, Multi-class Segmentation 
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This paper presents a method for automated segmentation of wound areas and  scale markers 

in medical images using a U-Net-based neural network. The  model was trained on a dataset of 

371 original images, augmented through rotations to increase its generalization ability. Training 

was conducted over 100  epochs, with dynamic learning rate adjustments to stabilize the 

process. The  model’s performance was evaluated using accuracy, loss metrics, and confusion  

matrices, with segmentation quality assessed through Dice-Sørensen and Jaccard indices. 

Results show good performance in segmenting wound areas and  scale markers, with the model 

achieving a median Dice-Sørensen coefficient of  0.7068 for wounds and 0.9397 for scale 

markers. Future work may include expanding the training dataset and exploring the use of 

classification-oriented  neural networks as encoders to further improve segmentation accuracy.   

Keywords: Medical image segmentation, U-Net, Deep learning, Wound detection, Scale 

markers localization, Convolutional neural networks (CNNs), Dice-  Sørensen coefficient, 

Jaccard index, Data augmentation 
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Abstract. Untreated wounds may lead to serious complications, underscoring  the need for 

consistent monitoring. In clinical practice, wound imaging offers a  potential tool for objective 

assessment. However, obtaining quantitative  analysis requires accurate semantic image 

segmentation, a task that is often  time-consuming. Despite deep learning has shown 

effectiveness in image  segmentation, several challenges remain, especially in occluded or low-

light  images. This study aims to provide a novel semantic segmentation approach for  wound 

images, designed to overcome some of these limitations. A semantic  segmentation framework 

that combines a Convolutional Neural Network-based  encoder with a lightweight multilayer 

perceptron decoder was proposed. A  dataset consisting of 451 images was employed for the 

training, validation, and  testing of a semantic segmentation architecture. During the training 

phase, the  model achieved a pixel accuracy of 99.02%, with 98.82% on the validation set  and 

98.27% on the test set. The corresponding F1 scores were 0.97 for both  training and validation, 

and 0.95 for the test set. The deigned framework and  the produced model provided a valuable 

solution for automatic wound  assessment through precise image segmentation approach. The 

proposed  method offers a remarkable contribution to telemedicine, providing a  significant 

advancement for automatic wound management.   
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Abstract 

Accurate segmentation of wounds and scale markers in clinical images remains  a significant 

challenge, crucial for effective wound management and automated  assessment. In this study, 

we propose a novel dual-attention U-Net++ architecture, integrating channel-wise (SCSE) and 

spatial attention mechanisms to  address severe class imbalance and variability in medical 

images effectively.  Initially, extensive benchmarking across diverse architectures and encoders 

via 5-  fold cross-validation identified EfficientNet-B7 as the optimal encoder backbone.  

Subsequently, we independently trained two class-specific models with tailored  preprocessing, 

extensive data augmentation, and Bayesian hyperparameter tuning (WandB sweeps). The final 

model ensemble utilized Test Time Augmentation  to further enhance prediction reliability. Our 

approach was evaluated on a bench-  mark dataset from the NBC 2025 & PCBBE 2025 

competition. Segmentation  performance was quantified using a weighted F1-score (75% 

wounds, 25% scale  markers), calculated externally by competition organizers on undisclosed 

hard-  ware. The proposed approach achieved an F1-score of 0.8640, underscoring its  

effectiveness for complex medical segmentation tasks.   

Keywords: Image segmentation, Wound assessment, Deep learning, Medical imaging,  U-

Net++, Attention Mechanism, Bayesian Optimization 
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Abstract. Diabetic foot ulcers are a dangerous complication of diabetes and, if  uncared for, 

can lead to significant health risks. In treatment, wound annotation  and measurements are 

crucial. The development of AI models has the potential  to significantly transform medical 

diagnostic techniques and greatly benefit the  daily work of medical staff. With the support of 

deep learning, we aim to expand  on new ways to implement convolutional neural networks 

(CNNs) in the daily  work of medical staff. In this study we used the well renowned nnU-Net 

2.0 architecture. The models are trained using custom loss function which improves  

segmentation accuracy compared to the state of the art approaches. Segmentation was 

performed using an ensemble of models. For the dataset, we obtained  451 wound pictures with 

ground truth segmentations of wounds and scale markers and split the dataset into a holdout 

test part of 15% images and 85% of training/validation images. Various models achieved 

accuracy of 90,91%, 90.88%  and 91.65%. Model ended up with big accuracy and could be 

used in a medical  setting. 

Keywords: Wound area segmentation; Convolutional neural networks;  Deep learning; nnU-

Net 
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Abstract. Accurate segmentation of wound images is critical for effective diagnosis, treatment 

planning, and monitoring of wound healing. In this study, we introduce an advanced deep 

learning framework  for the simultaneous segmentation of wounds and scale markers. Our  

approach leverages state-of-the-art architectures—including U-Net++,  DeepLabV3+, and 

Segformer—combined with pre-trained encoders and  diverse transfer learning strategies (full 

fine-tuning, decoder-only tuning,  and partial tuning) to address the challenges posed by limited 

and heterogeneous clinical datasets. Evaluations conducted on the NBC2025 Challenge dataset 

demonstrate the effectiveness of our method, with models  achieving high F1-scores, including 

0.8934 on the test dataset, and competitive mean Intersection over Union (mIoU) values on the 

validation  set. Extensive data augmentation further enhances model generalization,  ensuring 

robust segmentation performance. The promising results under-  score the potential of deep 

learning-based segmentation as a reliable tool  for objective wound assessment, thereby 

supporting improved clinical  decision-making and patient care.   

Keywords: wound segmentation, deep learning, medical image analy-  sis, convolutional 

neural networks, transfer learning, semantic segmentation 
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Introduction to biosensing devices  
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Biosensing devices are analytical tools that combine a biological recognition element, such as 

enzymes, antibodies, or nucleic acids, with a physical transducer to detect specific biological 

or chemical targets. While this definition is widely recognized, a closer examination reveals its 

multi-faceted nature, providing a foundation for deeper exploration of biosensing technologies 

(bioSTs) and their applications. Technological advances in areas such as nanomaterials, 

microfluidics, and semiconductor-based sensors have greatly improved biosensor sensitivity, 

miniaturization, and real-time detection capabilities. These innovations have expanded their use 

across diverse fields, including medical diagnostics, environmental monitoring, and point-of-

care testing. In this session, we will explore how emerging interdisciplinary approaches that 

shaping the next generation of intelligent biosensing platforms. This session will highlight 

selected aspects of biosensing technology, including: (1) silicon-based sensor interfacing 

circuits, (2) novel bioreceptors and capture systems, and (3) a semiconductor chip designed for 

cell separation and other cellular assays.  
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Motivation and Aim: With the advanced silicon based processes have been continuously 

developed in past two decades, the conventional “Moore’s Law” predicts the transistor number 

in a chip will be doubled every eighteen months, so it gets more challenged due to the limit of 

the device sizes’ shrinking. However, the concept of “More than Moore’s Law” is playing a 

more important role as device scaling is becoming more difficult and expensive, different 

approaches have been explored to solve the limitation of Moore’s law, such as the development 

of 3D devices and package, the integration of diversified sensor and signal processing 

unit/system on a chip become a good way to extend the scope of “More than Moore’s Law”. In 

addition, the development of microfabrication technology brings the new medical applications 

based on Biological CMOS with Biological Micro-Electro-Mechanical System, MEMS process 

becomes more popular offered by famous foundry services such as TSMC, UMC, Infineon 

Technology etc.  

Furthermore, Point-of-Care-Test, POCT devices in daily health-care system provide significant 

help for aging society and modern life, most popular examples developed are blood pressure 

meter and glucose meter, they reduce the risk of stroke and complex syndrome happened based 

on daily monitoring parameters and profile analysis. Same concepts can be applied in the risk 

evaluation of urolithiasis (kidney stone) formation in early stages. According to the statistics of 

Dept. of Family Medicine, Taoyuan General Hospital in Taiwan, MOHW (Ministry of Health 

and Welfare), one of the 10 adults experience urolithiasis. The treatment cost of kidney stone 

spends huge   health-care insurance budget every year in Taiwan. 

mailto:eldanny@cycu.edu.tw


Therefore, to solve the health-care problem such as urinary stone forming prediction by using 

sensors integrated system on a silicon chip become more important and possible in advanced 

silicon process for new POCT device applications. 

Novelty: This paper presents diversified silicon based sensor technology and their readout 

circuit design for measuring four major parameters including pH, calcium ions concentration 

(Ca2+), uric acid level and conductivity (indicator for total dissolved solids) from the sample 

of the first void urine in the morning. Three kinds of sensors, i.e., potentiometric, amperometric 

and conductivity sensors are used in this system development. Multi-parameter sensing system 

integrated with signal processing chips as well as A.I. skill will be explored and discussed in 

this paper. 

Methods: This research presents the electronics system of multi-sensor platform in modular-

based approach that successfully developed for measuring and data-collection of four key 

parameters in urine sample to evaluate the risk of kidney stone formation in early stages. In 

addition, the on-chip sensor development and CMOS sensor interfacing circuits were designed 

and implemented in 0.35um and 0.18um technology. 

Main results: The system was designed for sensing range of pH between 2.0 and 10.0 with 

resolution of 0.1 and overall accuracy better than 10%, for calcium ion concentration the range 

is between pCa 1.0 and pCa 4.0 with pCa 0.1 resolution and accuracy better than 10%. Uric 

acid sensor was formed by an electrochemical cell. A wide-range amperometric readout circuit 

with ability to work with both two-electrode and three-electrode sensors was utilized. 

Measurement range for uric acid was between 20 ppm and 500 ppm with resolution of 1 ppm 

and accuracy better than 10%. Electro-conductivity was an index that used for measurement of 

total dissolved electrolytes in urine. A gold-coated four-electrode conductivity sensor was used 

for measurement of conductivity. 

Conclusion: This paper presented the design and implementation of a silicon technology based 

multi-sensor platform for the measurement and data collection of four key parameters in urine 

samples to evaluate the risk of urolithiasis in its early stages. Verification with standard 

solutions has shown that our system correlates well with measurements from standard 

instruments. To provide a potential point-of-care test device usage for kidney stone prediction, 

more clinical urine test data will be collected and analyzed for more accurate, reliable rick factor 

estimation. 

Acknowledgements: The authors would like to thank MOST’s two-year research project 
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Motivation and Aim: A key challenge in determining clinically significant proteins is the lack 

of sensitive and selective analytical tools, which limits their use in routine diagnosis. For 

example, lactoferrin (Lf), an iron-regulatory glycoprotein, influences inflammation and 

modulates the immune response through various mechanisms. It is a putative marker for 

autoimmune inflammatory diseases like Leśniowski-Crohn's and neurodegenerative diseases 

such as Alzheimer's. This study presents a comprehensive method for developing DNA-based 

bioreceptors and demonstrates their implementation in selective Lf biosensors. 

Novelty: Developing new bioreceptors is a challenge. In the case of DNA-type bioreceptors, 

like aptamers, it is time-consuming and resource-intensive, requiring Systematic Evolution of 

Ligands by Exponential Enrichment (SELEX) and sequencing methods. Producing antibodies 

is even more costly, as it involves animal or plant models and encounters stability issues due to 

environmental changes like pH or temperature. Lactoferrin's ability to bind with DNA makes it 

a promising candidate for a bioreceptor. Hence, predefined DNA sequences were utilized, and 

their affinity was rapidly screened using an optical method to select the optimal Lf-binding 

sequence, which lowered the production costs and ensured high stability and selectivity – 

essential factors for pre-clinical diagnostics of inflammatory and neurodegenerative diseases. 

Furthermore, transferring this technology to an impedimetric platform facilitated easy 

adaptation to biological samples, signifying a substantial advance in developing cost-effective 

and efficient biosensing methods. 

Methods: Two label-free methods, surface plasmon resonance (SPR) and electrochemical 

impedance spectroscopy (EIS), were used for lactoferrin detection. SPR is a key technique for 

studying intermolecular binding affinity and dynamics. This label-free method quantifies 

receptor-analyte interactions in real time. It enabled the affinity screening of DNA 

oligonucleotides to identify the one with the highest affinity for Lf, providing kinetic data 

essential for evaluating DNA sequences as Lf bioreceptors. The selectivity study determined  

EIS
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Fig. 1. Scheme of EIS and reference (SPR, ELISA) measurements in saliva samples. 

the DNA strand's suitability for an Lf biosensor, while thermodynamics offered insights into 

interaction driving forces. We also employed electrochemical impedance spectroscopy (EIS) to 

construct the Lf biosensor, analyzing the system's electrical properties through equivalent 

circuit model parameters and analyte concentration changes. Further efforts adapted the 

biofunctionalization protocol for an impedimetric Lf biosensor. Lf quantification was achieved 

by comparing signals pre- and post-interaction with the DNA bioreceptor layer. Finally, the 

performance of the developed Lf biosensors was evaluated using human saliva samples. 

Main results: The affinity screening results allowed for the rapid distinction of 72-mer dsDNA 

5’[TAGAGGATCAAAAAA]4TAGAGGATCAAA3’ having the highest affinity to Lf. The 

kinetic analysis indicated a fast association and a considerably slower dissociation. An 

equilibrium dissociation constant <10-6 showed a high specificity of Lf binding to the proposed 

DNA oligonucleotide, thereby providing a foundation for biosensing application. 

Thermodynamic parameters showed endothermic DNA-Lf complex formation, where positive 

enthalpy and entropy changes suggested an entropically driven process primarily influenced by 

hydrophobic forces supported by electrostatic binding. The selectivity study found minimal 

protein interference (<3%), confirming the bioreceptor's satisfactory selectivity for biosensing 

applications [1]. The biofunctionalization of electrochemical sensors was performed under the 

optimized molar ratio 1:10 of the linear linker/blocker. The changes in Lf concentration were 

correlated with resistance R3f of the equivalent circuit model, where the calibration was 

established as ratio of charge transfer resistance before and after interaction (R3f_before/R3f_after ) 

vs. Lf concentration (CLf) and characterized within a physiologically relevant Lf concentration 

range. Notably, the detection (1.25 nM) and quantification limits (2.5 nM) were the lowest of 

all the label-free methods and at least one order of magnitude lower than for immunosensors. 

Furthermore, the biosensors exhibited good shelf-life stability for 21 days of storage. Lastly, 

they were applied to measure Lf levels in human saliva (n=3), yielding consistent results with 

reference ELISA tests and confirming the utility of the proposed biosensor in saliva [2]. 

Conclusion: This work presents a label-free approach to developing DNA-based biorecognition layers 

and sensing proteins like lactoferrin. Effectively tackling bioreceptor design challenges, the DNA 

sequence with the highest affinity for Lf and its kinetics and thermodynamics of interaction with the 

target protein were identified. The bioreceptor showed remarkable selectivity for Lf over interferents 

and, when applied to the label-free impedimetric method, revealed high stability, sensitivity, and 

repeatability. The ability to quantify salivary Lf highlights the biosensor’s potential for preclinical 

inflammation screening. 
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Motivation and Aim: Membranes find utility in different biomedical applications, including 

drug delivery, artificial organs, tissue regeneration, diagnostic devices, and bioseparations [1-

2]. Recently, membrane processes have been employed for the separation and concentration of 

subcellular components such as extracellular vesicles (EVs), which play a pivotal diagnostic 

and therapeutic role in numerous pathological conditions. However, the separation and isolation 

of specific EV populations from other components found in biological fluids is still challenging. 

We developed a peptide-functionalized hollow fiber (HF) membrane module to achieve the 

separation and enrichment of highly pure EVs derived from human cardiac progenitor cells. 

Novelty: The strategy is based on the functionalization of Polysulfone HF membranes with a 

BPt peptide sequence able to bind extracellular vesicles characterized by highly curved 

membranes. 

Methods: HF membranes were modified by a nanometric coating with a copoly azide polymer 

Copoly (DMA-NAS-N3-MAPS) to limit non-specific interactions and to enable the conjugation 

with BPt peptide ligand (sequence: RPPGFSPFR-(O2Oc)-RPPGFSPFR-K-G-(O2Oc)2-Prg), 

by click chemistry reaction [3-4]. The BPt-functionalized module was integrated into a TFF 

process to facilitate the design, rationalization, and optimization of EV isolation. The isolation 

efficiency of the BPt functionalized HF membranes under TFF process was demonstrated by 

using a heterogeneous EV population derived from the culture media of human cardiac 

progenitor cells. 

Main results: The TFF integrated BPt-functionalized membrane module demonstrated the 

ability to selectively capture EVs with diameter <200 nm into the lumen of fibers while 

effectively removing contaminants such as albumin.  EVs successfully captured within the 

lumen of BPt-functionalized HFs were gently released by divalent metal cations solution. The 

captured and released EVs contain the common markers including CD63, CD81, CD9 and 

syntenin-1. Moreover, they retained round shape morphology and structural integrity as 

visualized by TEM images, highlighting the ability of this approach to concentrate and purify 



EVs minimizing shear stress. Additionally, it achieved the removal of contaminants such as 

albumin with high reliability and reproducibility, reaching a removal of 93%. 

Conclusion: The integration of BPt functionalized membrane within the TFF system allows to 

overcome one of the drawbacks of the current size-based isolation which is the presence of a 

large number of particles and/or aggregates with the same size of EVs and of other 

contaminants. Furthermore, the use of TFF BPt-functionalized membrane module reduces 

membrane fouling and the formation of the undesirable adsorption phenomena of non EVs 

components responsible of the filtration impairment. 
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Motivation and Aim: Evaluating neuronal cells typically involved cell culture and quantitative 

analysis using immunology [1], electrophysiology [2], molecular biology [3], and optical 

imaging techniques [4] in the past. However, limitations of these methods could be poor spatial 

resolution, destructiveness, complexity and high costs. The most commercial tool in 

electrophysiology could be microelectrode arrays (MEAs) with high unit price and non-

controllable for the distribution of neuronal cell growth and differentiation [5]. The low 

efficiency could be further improved by using new technology. In this work, we propose a 

controllable and multifunctional semiconductor chip for neuronal cells for separation, culture 

and potential sensing by means of the integration of 2 platforms including optically-induced 

dielectrophoresis (ODEP) and light-addressable potentiometric sensor (LAPS).  

Novelty: A semiconductor layer, hydrogenated amorphous silicon on indium tin oxide (ITO) 

on a glass, is applied for common substrate for the operation of ODEP and LAPS. Also the 

custom-designed system with 2 different operation schemes can be easily performed. In ODEP 

scheme, DC illumination with virtual electrode design and AC bias was applied to chip. After 

ODEP operation, the quick switch can be easily achieved by changing to AC illumination with 

defined patterns and DC bias applied to chip in this system. With this 2-in-1 functional chip, 

the neuronal cell separation, culture and measurement could be easily performed with an 

affordable cost.  

Methods:  A microfluidic chip was fabricated with 4 different layers from substrate of a-

Si:H/ITO/glass, adhesive tape with channel, top ITO/glass and polydimethylsiloxane 

connector. A peak-to-peak voltage (VPP) of 10V with frequency of 1 MHz was applied between 

top ITO and bottom ITO layer. Then B35 cells were introduced into channel, which can be 

manipulated by positive ODEP force with defined projected light pattern of rectangular shape. 

Due to the operation mechanism of LAPS measurement, an insulator should be added on a-Si:H 

layer. Therefore, different high dielectric constant layers including Al2O3, HfO2 and NbOx were 

fabricated on a-Si:H/ITO/glass substrate to study the feasibility of the culture for neuronal 

neuroblast cell line (B35) from the central nervous system of a 4-to-10-month-old rat with 

neuroblastoma. 



Main results:  Al2O3 is the most suitable surface to culture B35 cells based on optical 

microscope check. With and without Al2O3 layer, B35 cells could be both collected by positive 

ODEP force but different manipulation velocity. Certain B35 cells can be easily located in the 

defined location by virtual electrodes operation. Differentiation of B35 cells was optimized by 

using retinoic acid (RA) to have a synapse length of 150 μm. The effective potential shift could 

be found with approximately +250 mV with cultured B35 cells of 1×104 cells on Al2O3 LAPS 

surface after 2 days. With 4-aminopyridine (4-AP) of 1 mM treatment, the potential shift is 10 

mV.   

Conclusion: A controllable and multifunctional semiconductor chip and the custom-designed 

system are both developed for neuronal cell relative electrophysiology researches. Neuronal 

cells can be selected and separated by ODEP and culture in microfluidics. Surface potential 

generated by cells and drug could be both quantitatively measured by LAPS. In the future, 

stimulus signal within ms level could be realized by a high-speeding scanning given LAPS 

system optimization, which could be more friendly promoted to neuron electrophysiology 

studies. 
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Motivation and Aim: Chemoresistance remains a major challenge in the treatment of acute 

myeloid leukemia (AML), which is the deadliest blood cancer. AML is a highly heterogeneous 

disease with surprisingly few mutations, suggesting that non-genetic factors are also relevant 

to AML outcomes. While molecular markers are valuable for prognosis, they do not fully 

account for drug resistance. Many studies show that lab tests can predict chemoresistance. 

However, such tests use a complex and time-consuming methodology and require long-term 

cell culture and specialized instrumentation. Nevertheless, such tests rarely are used outside 

clinical studies. There is an urgent need to examine another approach to chemoresistance 

testing. Functional assays offer promising alternatives for real-time drug response profiling. 

This study aims to develop a novel flow cytometry-based biosensing assay that can rapidly 

predict topoisomerase II inhibitors (e.g. daunorubicin (DNR)) resistance in leukemia cells, 

focusing on real-time drug accumulation and efflux kinetics. Our results will be correlated with 

the cell's sensitivity in in vitro testing and, retrospectively, with the therapy outcome. 

Novelty: We introduce novel fluorescence-based parameters, that quantitatively describe DNR 

accumulation and efflux kinetics in leukemia cells. These parameters strongly correlate with 

IC50 values and provide a functional assessment of resistance, offering a clinically relevant 

alternative to traditional long-term cytotoxicity assays. 

Methods: Leukemia cell lines with varying sensitivities to DNR (AML-007 – primary leukemia 

cell line, derived from the blood marrow of 66-years-old patient diagnosed with AML at the 

Clinic of Hematology, Blood Neoplasms, and Bone Marrow Transplantation, Wrocław Medical 

University; K562, and others) were evaluated. Using flow cytometry, intracellular DNR 

accumulation was measured over time, taking advantage of the drug’s intrinsic fluorescence. 

Three parameters were introduced to assess drug susceptibility: Fluorescence Density (FD), 



which measures drug accumulation relative to cell size; Susceptibility Index (S-index), derived 

from FD, indicating cell susceptibility to the drug; and Deviation from Linearity (DfL), which 

quantifies how much the fluorescence accumulation pattern deviates from a linear model. These 

parameters collectively reflect drug uptake and sensitivity. Confocal microscopy was used to 

visualize DNR intracellular localization and co-localization with nuclei and mitochondria. 

Spectroscopic analysis further examined biochemical differences in membrane composition 

and rigidity, providing insight into the physical properties contributing to drug resistance. 

Main Results: AML-007 cells exhibited higher intracellular DNR accumulation and lower DfL 

values compared to the resistant K562 cells, which showed reduced drug uptake and deviations 

from linear accumulation patterns. Short-term exposure (30–120 min) enabled rapid 

differentiation between sensitive and resistant cells, demonstrating the power of flow 

cytometry-based biosensing for functional drug testing. Confocal microscopy revealed that 

sensitive cells exhibited DNR fluorescence in the area of cell nuclei, while resistant cells 

exhibited cytoplasmic localization of drug. Spectroscopic analysis confirmed altered membrane 

properties in drug-resistant cells, which may impact drug uptake. The S-index demonstrated a 

strong correlation with IC50 values across multiple cell lines, validating its utility as a 

predictive biosensing marker. 

Conclusion: This study introduces a novel flow cytometry-based biosensing assay for the rapid 

prediction of daunorubicin resistance in leukemia cells. The identified fluorescence-based 

parameters offer a fast, functional measure of drug susceptibility with significant potential for 

clinical applications. Validation in patient-derived samples may enable real-time resistance 

profiling, paving the way for personalized treatment strategies and improved outcomes in AML. 

We are convinced that developing a reliable and practical method of predicting chemoresistance 

would not only allow avoiding overtreatment but also challenge the existing standard of care 

for AML patients. First, it would help identify high-risk patients that will be directed to the 

transplantation without inefficient induction therapy. Second, early identification of high-risk 

patients with chemoresistant illnesses will ethically allow them to participate in clinical studies. 
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Motivation and Aim: Magnetocardiography (MCG) has been recently demonstrated as a method that 

allows for the diagnosis of cardiac patients better than a sole ECG, due to its ability to embrace 

electrically silent phenomena, such as intracellular ionic currents and vortex currents [1,2,3]. Modern 

MCG equipment can be used at the bedside, which significantly increases its availability. To achieve 

this aim, it is important to build the new guidelines for the measurement and interpretation of the MCG 

curve: its morphology depends on the measurement site. 

Novelty: We demonstrate the results of measurement of cardiogenic magnetic field in clinical 

conditions, using a novel atomic sensor, based on optical measurement of alkali atoms, in a spin 

enhanced relaxation free (SERF) regime. Such results were hard to obtain so far, as the superconducting 

quantum interference device (SQUID) required liquid helium, which made it expensive and immobile, 

and the previous generations of SERF sensors required magnetically shielded rooms (MSRs).  

Methods: We have used the SERF sensor to obtain the MCG signal in healthy volunteers, outside the 

MSR, and have simultaneously measured the synchronized electrocardiogram (ECG).  

Main results: The figure presents an exemplary signal. The magnetic QRS complexes are well visible. 

The T wave morphology has been obtained by signal window averaging with overlapping windows 

aligned by QRS complexes. 



 

The MCG is potentially suitable for the assessment of: 1) low volume pathologies, such as 

microvasculature related cardiac insufficiency, which are undetected in the ECG due to low sensitivity, 

2) broad pathologies, which are symmetric, and hence undetectable in the bipolar measurement. Unlike 

the ECG, the MCG is a true unipolar recording whose amplitude is strictly dependent on the location of 

the source [3]. The interpretation of the magnetic phenomena is still developing; specifically, the multi-

ionic nature of the MCG [3] has to be further confirmed. 

Conclusion: The MCG is a valuable method, which allows for complementing the ECG, due to its truly 

unipolar nature. Further research is required to interpret the physiological and physical mechanisms 

responsible for various features of the MCG, in order to assure proper physiological interpretation of 

the MCG information content. 
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Motivation and Aim: The widespread use of machine learning (ML) techniques opens the old question 

on information content in the 12-lead electrocardiogram (ECG). The context for the question is also 

new: an optimal choice of feature vector is essential to reduce the models, so that they can be integrated 

into wearable sensors. Optimal choice of electrodes allows to reduce the redundancies, aiming at 

maximization of diagnostic yield at minimal equipment cost. 

Novelty: The utilization of ML models, namely PhysECG – the physically motivated projection of the 

ECG enables us to resolve the cardiac electric activity per each electrode separately, despite the fact that 

the 12-lead ECG measurements are essentially bipolar. The potential of Wilson Central Terminal (WCT) 

was shown to exhibit large departures from zero, so the question of whether the surface ECG can be 

truly unipolar is still open. The PhysECG projection is based on an assumption that unipolar electrode 

potentials may be treated as convolutions of a typical membrane potential with an electrode-specific 

function, which we refer to as the activity function. It may be interpreted as the mass of the activated 

ventricle within the sensitivity field of each electrode. 

Methods: With help of PhysECG we have extracted the activity function (AF) resolved per electrode. 

The AF were then validated by inverse procedure: reconstruction of the QRS which demonstrated the 

low error level. This allows us to identify and correlate the information content per electrode and not 

per lead. It allows us to observe the activity of each ventricle separately. The model was built on the 

21799 recordings of the PTB-XL database, and the presented data was analyzed in the group of 80 

recordings of a control group from PTB database. First, we analyzed the stability of the representation. 

Next, we calculated the cosine similarity (CS) between each pair of electrodes: 𝐶𝑆 = cos  𝜑  =

 ⟨𝐴𝐵⟩/(|𝐴||𝐵|). The similarity of AF is positive definite, as the numerator is a dot product of two 

positive definite AF. In consequence, the CS is 1 for a maximum correlation and 0 for a minimum 

correlation. 

Main results: The representation was shown to be stable. The morphology of the activity functions was 

qualitatively similar across the whole patient group. The cosine similarity revealed many interesting 

relations.  



1. The correlation between the limb leads (LL) is 

one of the highest. This is understandable, as 

since the introduction of unipolar leads by 

Wilson, it is known that the information delivered 

by the LL is insufficient to precisely represent the 

electrical state of the myocardium. 2. There is a 

high correlation RA-V1, as both of them are 

related to the right ventricular activity (RVA). 3. 

Similarly, there is a high correlation LL-V6. The 

LA-V6 correlation is high as well. Both 

correspond to the left ventricular activity (LVA). 

4. The lowest correlation observed is between V1, 

V2 and V4-V6, which validates our initial 

assumption, that the information delivered by this 

measure shows the LVA and the RVA separately [1]. 5. The precordial lead (PL) which has nearly equal 

(and low) correlations to all the LL is V3, which well corresponds with the results obtained with help of 

other ML models [2]. 6. The correlation between the LL, LA, and the LVA seen by V4-V6 seems to 

increase with the number of PL. This could be the manifestation of increased conductance between the 

postural wall and the LL, which was conjectured in [3]. Interestingly, the correlation between the RA 

and these leads increases as well. This subject requires further analysis.  

Conclusion: In general, it may be concluded, that: 1) the high correlation between the LL confirms the 

decision to introduce the PL by Wilson, 2) utilization of a single LL should be a sufficient proxy for the 

WCT at reduced number of leads, 3) the V3 electrode seems to be the most promising candidate for a 

single PL, as its statistical independence from all the LL seems to be the highest, which means that it 

adds the most value, as compared to all other PL. 

Moreover, it was demonstrated that the PhysECG technique reveals many interesting facts about the 

electrical activity of the heart. We have a strong feeling that we are starting to unleash the potential of 

this physically motivated projection. 
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Impedance cardiography (ICG) is a valuable tool in cardiovascular research and clinical 

practice due to its non-invasiveness, cost-effectiveness, and ability to provide real-time 

hemodynamic monitoring. The Lower Body Negative Pressure (LBNP) test is used to simulate 

orthostatic stress by shifting blood volume away from the upper body to the lower extremities, 

mimicking the effects of standing up. ICG can be effectively applied in this test to monitor 

hemodynamic responses in real time and differentiate between individuals with normal and 

abnormal autonomic control. 

In this study, 24 healthy men underwent graded LBNP exposure at -15, -30, and -50 mmHg. 

Each exposure has lasted for 10 minutes or until presyncope symptoms or signs occurred. 

Participants were divided into two groups: 13 individuals who successfully completed the test 

and 11 subjects who exhibited presyncopal symptoms or signs. For each participant, mean 

values of the intervals RR, CC, RC, CR,  as well as the ratios RC/RR and CR/RR were 

calculated from 1-minute signal segments recorded at 0 mmHg and -30 mmHg. For the 

definition of the respective intervals, see [1]. Additionally, means and standard deviations were 

computed for both groups. At 0 mmHg, signals were analyzed starting from the 3rd minute of 

the beginning of the recording. At -30 mmHg, data were assessed from the 23rd minute for the 

control group, whereas for the presyncopal group, analysis focused on the period preceding 

symptom onset. To identify statistical differences between groups, Student’s t-test and the 

Mann-Whitney U test were applied, depending on the data distribution. Moreover, differences 

were examined separately for both groups before the test started (0 mmHg) and during the test 

(-30 mmHg). We found statistically significant differences between the groups at -30 mmHg 

(in particular, p = 0.004 for CC intervals) and within each group separately at 0 mmHg and -30 

mmHg. In particular, for CC intervals and the control group, p = 0.01, and for the presyncopal 

group, p = 0.0001. Moreover, most measures were higher in the control group. However, no 

statistically significant difference was observed between the groups at 0 mmHg before the start 

of the LBNP test. 

In conclusion, our findings suggest that impedance cardiography parameters can effectively 

distinguish individuals with presyncopal symptoms from those who tolerate LBNP well, 

particularly at -30 mmHg. To further enhance the diagnostic and predictive value of this 

approach, future investigations could benefit from more refined, nonlinear measures of 

cardiovascular regulation. 

mailto:kattessm@pg.edu.pl


References: 

[1] Cybulski G. Ambulatory Impedance Cardiography. The systems and their Applications. Springer 

Science & Business Media; 2011. 

[2] Gąsiorowska A., Nazar K., Mikulski T., Cybulski G., Niewiadomski W., Smorawiński J., et al., 

Hemodynamic and neuroendocrine predictors of lower body negative pressure (LBNP) intolerance in 

healthy young men.  J. Physiol. Pharmacol. 56 (2005) 179–193.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



OP106 

The Effect of Data Filtering Methods on Heart Rate Asymmetry 

Measures 

Rafal PAWLOWSKI1*, Katarzyna BUSZKO1 

1 Ludwik Rydygier Collegium Medicum in Bydgoszcz Nicolaus Copernicus University in Toruń, 

Bydgoszcz, Poland 

* Corresponding author. E-mail address: rpawlowski@cm.umk.pl 

Keywords: Heart Rate Asymmetry, Heart Rate Variability, Poincare Plot, Artefacts Filtering 

Motivation and Aim: Heart Rate Asymmetry (HRA) refers to an imbalance between 

accelerations and decelerations in human Heart Rate (HR). This phenomenon is commonly 

observed in young, healthy individuals, although its extent varies depending on the applied 

assessment method. Standard approaches to HRA analysis rely on Poincaré plots, which 

interpret the distribution of points corresponding to HR accelerations and decelerations. During 

our research, we observed that different data filtering methods significantly impact HRA 

outcomes. Therefore, we decided to investigate this phenomenon in greater depth. To eliminate 

the potential influence of outliers resulting from a specific data acquisition method, we analyzed 

the impact of various filtering techniques on HRA results using synthetically generated RR 

interval sequences. 

Novelty: To the best of our knowledge, this is the first study to conduct a comparative analysis 

of the impact of different filtering methods on HRA measures. Using synthetic dataset allows 

for an unbiased assessment of preprocessing effects, and provides new insights into the 

methodological variability in HRA analysis. 

Methods: We analyzed 1000 synthetically generated heartbeat interval series (300 RRs each), 

designed to closely resemble natural tachograms, including ectopic beats [1]. Our study 

evaluated the most commonly used HRA measures: Porta Index (PI), Guzik Index (GI), and 

Ehlers Index (EI), as well as less frequently applied metrics such as the Area Index (AI), Slope 

Index (SI), and Deceleration Input (DI). To identify potentially incorrect heartbeat intervals, we 

employed two automated detection methods: a square-based approach (excluding intervals 

outside the 300 – 2000 ms range) and a quotient-based approach (marking intervals as incorrect 

if the change between consecutive intervals exceeded 20%). The results obtained using these 

filtering methods were compared to each other and to those derived from unfiltered data. 

Additionally, we assessed the impact of filtering by comparing the outcomes with values 

obtained from shuffled interval series. 

Main results: In four out of six HRA measures (GI, EI, AI, and SI), the differences caused by 

various filtering methods exceeded those observed between shuffled heartbeat series and their 

filtered counterparts. E.g. the median of differences in GI obtained by square and quotient 

filtering is -0.037 whereas the median of differences between shuffled data and quotient 

filtering is -0.011. Other differences between GI results obtained with different filtering 

methods are presented on boxplots in figure below. This finding suggests that the choice of 

filtering method has a greater impact on HRA results than the underlying data itself. 



 

Conclusion: When manual identification of incorrect HR intervals is not feasible, it is crucial 

to provide detailed information about the automated detection method used. Without this 

transparency, meaningful comparisons between different studies become challenging, 

potentially leading to inconsistencies in findings. Addressing these discrepancies could enhance 

the reproducibility and reliability of HRA analyses in future research. 
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Motivation and Aim: Impedance cardiography is an non-invasive technique allowing long-

term monitoring of signal reflecting the mechanical activity of the heart:  systolic time intervals 

and  beat-to-beat changes in stroke volume. One of the essential problems with transforming 

ICG method from research type to clinical applications is uncertainty in proper calculations of 

hemodynamic parameters, caused by ambiguous identification of characteristic points on the 

ICG curve. Among them, as reported from literature and our researches [1-5], the detection of 

the B-ICG point, which denotes the end of pre-ejection period (PEP) and the beginning of left 

ventricular ejection time (ET), seems to be the most difficult part of automatic analysis of ICG 

signals. Since the ICG signal is slowly fluctuating around the electrical zero it is necessary to 

estimate baseline level for each cardiac cycle to calculate properly the maximal amplitude of 

first derivative of ICG signal (dZ/dt) and identify the point B.   

Novelty:  In this study we compared three methods of identifying B-ICG and the dedicated for 

each cycle level of fluctuating baseline. We used two methods known from literature [2, 5]   

and introduced a new one, based on calculating the integral of the signal during each heart cycle.  

Methods:  For baseline level estimation and B-ICG identification we applied Miyamoto et al. 

method [2] modified later by Cybulski [3] (denoted by MC), the method described by Naidu et 

al. (denoted as SN) [5] and our algorithm (IC) where the baseline is identified for each cycle as 

the line for which area under and below line is equal within the cycle from Q-ECG (i) to Q-

ECG (i+1). We presumed that the sum of inflow and outflow of blood from the chest segment 

limited by receiving electrodes should be 0 within the cycle.  Since dz/dt reflects volume flow 

rate changes, the areas below and above the dz/dt curve (for positive or negative values, 

respectively, should be equal. The same unfiltered, raw signals were used in all three cases, and 

the same algorithms were used for identifying Q, B, X points.  

We compared the results of systolic time intervals ( PEP and ET) evaluated using each method 

with the results acquired by means of pulsed Doppler echocardiography in the ascending aorta 

from a suprasternal projection in supine position performed in young, healthy subjects.  

For recalculations we used echocardiographic data obtained in supine position (ES) from  

the study published earlier [6]. The comparisons were performed between mean values of 100 
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beat cycles calculated for each subject using each of three methods  MC, SN, IC and the ES by 

means of t-test for unpaired samples. Main results: For PEP the differences (dXX) between ICG 

and Echo values using three methods of automatic calculations IC, SN and MC, were 

respectively: dIC = 1,6±16.7 ms,  dSN = -14.6 ±24.7 ms,  dMC = -30.7±22.7 ms.  For ET  

the differences (dXX) between ICG and Echo values using three methods of automatic 

calculations IC, SN and MC, were respectively: dIC = 17.6±22.4 ms,  dSN = 24.6±35.5 ms,  dMC 

= 40.8±26.9 ms. 

Conclusion: We found that the discrepancies between the systolic time interval values 

estimated using ICG signal and those provided using pulsed Doppler visualizations were  

the smallest for newly introduced method (IC) based on calculating the integral of dZ/dt signal. 

However, we have to underline, that these comparisons were performed  between mean values 

of automatic calculations for each subject and the mean values in each subject using 

echocardiographic method; thuse there were no beat-to-beat comparisons. 
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Motivation and Aim: A closed suction system (CSS) is a device for pulmonary secretion 

removal in mechanically ventilated patients. Although the application of CSS and its effect on 

the entire respiratory circuit have been previously investigated [1, 2], the effect of CSS in the 

case of two patients ventilated by a single ventilator remains unknown. During the COVID-19 

pandemic, multi-patient ventilation using a single machine was analyzed. The aim of this study 

is to assess the effect of CSS by investigating pressure and flow transmission across the entire 

respiratory circuit consisting of two ventilated subjects, connected to one ventilator by Ventil – 

a pneumatic divider for independent ventilation. 

Novelty: To the best of the authors' knowledge, no studies have investigated the application of 

CSS in two subjects mechanically ventilated by a single ventilator. 

Methods: Two artificial lungs (TestLung 2000, IMT Analytics), representing mechanical 

properties of the respiratory system of two ventilated subjects, were connected to the Ventil 

device (its output channels). The Ventil was then connected to a pneumatic, piston-based 

system that mimicked a ventilator operating in mandatory, pressure-controlled ventilatory 

mode. CSS was mimicked by another smaller piston-based system generating negative pressure 

with different time and amplitude. The simulation of secretion removal was performed during 

both the inspiratory and expiratory phases for diverse resistances (5-50 mbar∙s∙L-1) and 

compliances (25-75 mL∙mbar-1) of both artificial lungs. CSS simulation was performed only 

for the left artificial lung. Pressure and flow signals, recorder during the CSS procedure in the 

right artificial lung and in the connection between the 'ventilator' and the Ventil, were analyzed. 

Main results: Due to the one-way valves in the Ventil’s outputs, the negative pressure in the 

respiratory tract of the left artificial lung, affected by the CSS procedure, was not transferred to 

the respiratory tract of the right artificial lung. When negative pressure occurs in the left 

respiratory tract it helps maintain a secure seal, by enhancing the closing action of the one-way 

valve in the right Ventil’s output. However, negative pressure can still transfer from CSS to the 

connection tube placed between the Ventil and the ventilator, potentially causing an emergency 

stop the ventilation from the latter. Moreover, an unexpected Ventil’s behavior can occur due 

to its control system instability. Thus, CSS in the one ventilated subject may indirectly and 

adversely affect the ventilation of the second ventilated subject. A relief valve preventing the 

negative pressure is recommended between the ventilator and the Ventil.  

mailto:kzielinski@ibib.waw.pl


Conclusion: The COVID-19 pandemic and the associated ventilator shortage now seem to be 

under control. However, these results could provide relevant clinical insights for future similar 

crises, such as terrorist threats or sudden respiratory pandemics. 
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Motivation and Aim: Diffuse correlation spectroscopy (DCS) is a noninvasive optical 

technique to monitor tissue blood flow. The blood flow index (BFI) measured by the DCS 
(𝐵𝐹𝐼𝐷𝐶𝑆) has been validated against several techniques which typically expressed the blood 

flow/perfusion with the units of  𝑚𝐿. 100𝑔−1. 𝑚𝑖𝑛−1 or 𝑐𝑚. 𝑠−1 [1-3], leading to the lack of 

direct comparison with 𝐵𝐹𝐼𝐷𝐶𝑆 expressed by the unit of 𝑚𝑚2 𝑠⁄ . In this study, we compared 

the 𝐵𝐹𝐼𝐷𝐶𝑆 with the diffusion, perfusion and flow parameters measured by the intravoxel 

incoherent motion magnetic resonance imaging (IVIM-MRI). IVIM-MRI technique provides 

information on the motion of water molecules in two components expressed in 𝑚𝑚2 𝑠⁄ : the 

slow one refers to the water molecular diffusion in tissues and the fast one reflecting blood 

perfusion in vessels [4, 5].  

Novelty: In this study, for the first time, we cross-evaluated the DCS ability to detect the 

Brownian like motion of scatterers and RBCs versus IVIM-MRI technique sensitive to 

Brownian motion and perfusion related incoherent motion of water molecules, all with the same 

unit of 𝑚𝑚2 𝑠⁄ .  

Methods: To compare the DCS and IVIM-MRI techniques in monitoring the tissue blood flow, 

we have carried out series of experiments on a tissue-mimicking phantom and muscle occlusion 

test on healthy adult volunteers. We utilized a container, with parallel holes to pass the 

transparent silicon tubes with the inner diameter of 1 mm representing a simplified model of 

muscle tissue with vessels. To mimic various blood velocities in muscles capillaries [Ivanov, 

1985 #402], silicon tubes were connected to the programmable syringe pump and four flow 

rates of 1, 2, 4 and 6 mm/s within the tube were applied. The container was filled with an agar-

gel mixture doped with NiCl3. The lipid-based liquid (SMOFlipid 20, Fresenius Kabi) was 

added to the mixture to obtain a turbid material with reduced scattering coefficient of 

μ′s = 1 mm-1 and absorption coefficient of μa = 0.003 mm-1. SMOFlipid, is a highly scattering 

fatty emulsion that consists of spherical oil droplets within a lipid membrane with ~0.5 𝜇𝑚 

diameter [6]. The liquid mixture to pump through the tubes was prepared using a SMOFlipid 

as the scatterers (i.e., mimicking the RBCs) and distilled water.  

      The occlusion test was performed on the gastrocnemius muscles of the healthy adult 

volunteers in partial venous occlusion (60 mmHg) and arterial occlusion (180 mm Hg).  



      We have considered Pearson’s correlation (𝑅2) approaches for statistical data analysis and 

evaluate the correlation between the flow index measured by the DCS and IVIM derived 

diffusion, perfusion and flow parameters. 

Main results: Based on tissue-mimicking phantom results, a strong positive correlation was 

found between the flow index measured by DCS and the IVIM-derived perfusion 

(𝑅2 = 87, 𝑝 < 0.05) and flow (𝑅2 = 80, 𝑝 < 0.05) parameters. In-vivo experiments on 

healthy adult volunteers during leg muscle occlusion showed moderate positive correlation 

(𝑅2 = 64, 𝑝 < 0.05) between the 𝐵𝐹𝐼𝐷𝐶𝑆 and the IVIM-derived perfusion parameter 

representing the blood perfusion. However, the 𝐵𝐹𝐼𝐷𝐶𝑆 is weakly correlated (𝑅2 = 26, 𝑝 >
0.05) with the diffusion parameter referring to the water molecular diffusion in tissues. Finally, 

the weak correlation (𝑅2 = 26, 𝑝 > 0.05) between the 𝐵𝐹𝐼𝐷𝐶𝑆  and blood flow parameter is 

reported as the IVIM-derived flow parameter is influenced by tissue blood volume fraction, 

which was not changing linearly during the leg muscle occlusion. 

 

 
Correlations of 𝐵𝐹𝐼𝐷𝐶𝑆 (blood flow index measured by DCS) versus (a) IVIM-derived perfusion, (b) IVIM-derived diffusion, (c) IVIM-

derived blood flow during baseline, venous, and arterial leg occlusion measured on 5 healthy adult volunteers.    

 

Conclusion: The moderate positive correlation between the 𝐵𝐹𝐼𝐷𝐶𝑆 and the blood perfusion 

parameter measured by IVIM-MRI indicates that 𝐵𝐹𝐼𝐷𝐶𝑆 primarily arises from scattered 

photons due to RBCs motion in the capillaries and intravascular blood perfusion. The weak 

correlation between the 𝐵𝐹𝐼𝐷𝐶𝑆 and D confirms the fact that 𝐵𝐹𝐼𝐷𝐶𝑆 is mostly influenced by 

blood perfusion in intravascular comparing to water molecular diffusion in extravascular.  
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Abstract. The purpose of this study was the detection of QRSs in ECG signals  using the 

Matching Pursuit (MP) method. Five groups of patients were consid-  ered: healthy controls 

(NORM), patients with ST-T change (STTC), myocardial  infarction (MI), conduction 

disturbance (CD), and hypertrophy (HYP). The ECG  signals were decomposed using MP 

algorithm in set of functions, so called atoms,  characterized by specific energy, amplitude, 

frequency and scale, corresponding  to different ECG patterns, QRS complexes and T waves. 

A threshold for fre-  quency ranging from 6 Hz to 45 Hz and scale value from 0.02 to 0.069 

was ap-  plied to identify the QRS patterns. The proposed algorithm allowed for the iden-  

tification of QRSs with a high performance independently on the patient group.  The average 

values of sensitivity, specificity, and positive and negative predic-  tive values were 98.94 %, 

100%, 100%, and 99.30 %, respectively. The QRSs  detection using an algorithm based on MP 

decomposition and on the application  of two thresholds for frequency and scale is very 

efficient, and it can be applied  in ECG wearable devices for monitoring patients in real time. 

Keywords: ECG, QRS detection, Matching Pursuit method 
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Motivation and Aim: Cognitive flow (also called "flow") is a phenomenon derived from the 

theory of positive psychology and was a particular focus of Mihály Csíkszentmihályi, who first 

described this concept. Flow largely explains why people remain highly engaged in tasks 

despite the absence of external rewards [1]. Experiencing a high level of flow can lead to 

increased efficiency and productivity. Maintaining such engagement is a key aspect of 

developing non-pharmacological interventions like rhythmic auditory stimulation for gait re-

education process. It may fluctuate due to various factors, including changes in the parameters 

of the applied auditory stimuli. Therefore, continuous monitoring of flow seems reasonable. 

However, it would be beneficial to establish objective measures of flow and better understand 

the body's physiological response to the experience. The aim of this study was to estimate low 

and high flow levels based on physiological data recorded during gait with metronomic 

stimulation, using machine learning methods. 

Novelty: This study explores the concept of objectifying low and high flow level assessment 

based on physiological signals recorded in real-time during exercises, which could, in a broader 

perspective, contribute to the optimization of therapeutic interventions and the improvement of 

their effectiveness. 

Methods: The study had a pilot character and continued the authors’ previous work [2]. The 

research group comprised 36 healthy individuals (15F/21M, 20-38 years old). The 

physiological signals were measured using the Empatica E4 device placed on the wrist, which 

enables recording electrodermal activity (EDA), local body temperature, accelerometric signals 

from three axes, and blood volume pulse (BVP).  All participants performed six transitions 

around the lab (about 2 min per transition), synchronizing their steps with the rhythm heard 

through the headphones (with 100%, 105%, and 95% of the preferred tempo with two different 

sound meters). The Flow Frequency Scale (11-item, 1-6 scale) questionnaire was filled in by 

participants after each given task. Recorded signals from every transition separately were 

processed as described in detail in [2,3,4]. The basic components of the EDA signal - tonicity, 

phase, and additive error - were determined. The calculated features of this signal included 18 

mailto:aleksandra.tuszy@polsl.pl


statistical values and eight related to galvanic skin responses. Additionally, five features of the 

BVP signal were calculated, and based on this same signal, 14 parameters related to HRV were 

determined. The total number of computed characteristics was 46. The research group was 

divided into low and high flow level subgroups by the median flow value of 61, based on scores 

from all 216 data points. 

Three independent classifiers, Support Vector Machine (SVM), k-Nearest Neighbor (kNN), and 

Naive Bayes, were used to build the flow level estimation model. The most differentiating 

features were selected using the Neighborhood Component Analysis algorithm, and the level 

of perceived flow (low/high) was determined based on the median score in the study group. 

The performance of the models was evaluated using k-fold cross-validation. 

Main results: Among the characteristics that most differentiate the groups in terms of flow 

level were EDA, BVP, and HRV metrics. Electrodermal activity-related features included the 

minimum value of skin conductance level, rapid phasic movements, the number of galvanic 

skin responses, and the number of significant galvanic skin response events. BVP signal 

features included low and high bandpass filtering and the fundamental signal frequency. HRV 

parameters covered the standard deviation of successive differences, the standard deviation of 

normal-to-normal intervals, the root mean square of successive differences, the percentage of 

successive RR intervals differing by more than 50ms, the triangular index, the baseline width 

of the RR interval histogram, very low frequency, low frequency, high frequency, and heart 

rate. kNN model achieved the highest accuracy (71.25%), followed by Naïve Bayes (70.00%) 

and SVM (68.75%). It also had the highest True Positive Rate (77.27%), indicating strong 

sensitivity in detecting high-flow states. Naïve Bayes excelled in Positive Predictive Value 

(80.85%), suggesting it produced the most reliable positive predictions. 

Conclusion: In our study, the kNN model achieved the highest accuracy and True Positive 

Rate. The observed results indicate satisfactory performance of the models. Similar machine 

learning applications have been described in some literature reports, such as using Naïve Bayes 

in [5]. The use of additional modalities with high measurement reliability, e.g. 

electroencephalography, can probably contribute to even higher accuracy of the proposed 

methods. The results suggest that objectification of flow level measurement may be possible. 

However, to fully confirm these observations, further work would need to be done, and similar 

studies should be conducted on an increased group of subjects. 
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Abstract. Subcutaneous adipose tissue (SAT) and intermuscular adipose tissue (IMAT) are two 

forms of body fat. The differential assessment of SAT and IMAT contents in sarcopenia and 

obesity by ultrasonic measurements is difficult due to their complex influence. In the present 

study, the possibility of using pattern recognition methods applied to ultrasound propagation 

signals to discriminate SAT and IMAT values was investigated using muscle tissue mimicking 

phan- toms. The muscle mimicking phantoms were made of gelatin (muscle) with oil (fat) outer 

layers (SAT) and oil inner inclusions (IMAT) with gradually varying SAT and IMAT contents 

from zero to 50 % with a step 12.5%. The set included a net of 25 phantoms with five grades 

of SAT and IMAT, each varied inde- pendently. Each phantom (object under study) passed 

multiple repeatable ultra- sonic tests. For each object, a set of parameters was extracted from 

the set of ultrasonic signals, including speed of sound, ultrasound attenuation at two fre- 

quencies and signal amplitude integrals. Decision rules were constructed for all objects based 

on the set of the extracted parameters. The efficiency of the con- structed rules was checked 

using the signals of the examination object. The re- sults of the experiments demonstrated the 

potential effectiveness of the proposed approach for determining SAT and IMAT values 

separately. Keywords: Quantitative Ultrasound, Pattern Recognition, Tissue Mode  
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Abstract. This study evaluates and compares the effectiveness of rule-  based methods and 

Large Language Models (LLMs) in detecting elec-  tronic protected health information (ePHI) 

within DICOM files, with  a particular focus on Polish names and identifiers. The research 

utilized  multiple test datasets containing DICOM and JSON data with identifiers  and popular, 

rare Polish names, as well as false names, which do not ex-  ist. We compared several 

approaches: rule-based methods (STRICT and  ANY mode), state-of-the-art (SOTA) models 

(GPT-4o, DeepSeek v.3,  Bielik v.2, and Llama v3.3), and the RoBERTa De-ID Named Entity  

Recognition (NER) model. Results demonstrated that rule-based meth-  ods achieved high 

precision and recall for structured data, with near-  perfect performance for popular and rare 

names. However, LLMs, while  flexible, require high false positive rates and significant 

processing time.  Rule-based algorithms are currently more effective for ePHI detection  in 

DICOM attributes, but they struggle with free-text attribute values.  Fine-tuning LLMs is 

suggested as a potential improvement for ePHI de-  tection in medical imaging data. 

Keywords: healthcare informatics, ICT in medicine, DICOM, large lan-  guage models 
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Abstract. This study explores expectations of potential users of wearable medi-  cal devices in 

Latvia. The opinions of healthy individuals were collected using  on-line free survey portal, this 

limited the study to the population of active in-  ternet and IT users. Out of 89 respondents, 44 

already use wearable devices,  like smart watches of fitness activity meters. Latvian respondents 

consider price  as the most important factor, determining intention to purchase the device. This  

is different from other developed countries, where easiness to use is perceived  as the most 

important factor. Alongside, Latvian respondents perceive wearable  devices as mostly suitable 

for fitness activity monitoring and seldom see any  health benefits except of fitness tracking. 

The medical doctors could change this  opinion, as the Latvian users consider medical doctors 

as the most creditable in-  formation sources about wearable medical devices. 

Keywords: Wearable devices, Fitness tracking, Health monitoring, User expec-  tations, Latvia   
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Motivation and Aim: State of the art studies report that walking is important in preventing diseases 

and increasing life expectancy. The study aims to analyze the relationship between objective, 

accelerometer-based walking activity features and reported subjective health. 

Novelty: This is the first cross-dataset study with a set of features derived for objectively measured 

walking activity signals compared to subjective health analyzed using absolute and relative probability 

distributions. The study shows that the sum of steps, variance of walking activity, and non-physical 

activity (NPA) periods are more related to poor health rating than the intuitively assumed relation with 

age. 

Methods: We used data from two studies: NHANES (2005-2006, random sample) [1] and UK Biobank 

[2] (non-random s.). The UKB dataset has almost 100000 examples with raw accelerometer data, 

measured for 7 days. The NHANES datasets contain derived step values per minute (7*24*60=1440 

samples per subject, step_signal={steps_per_ith_minute}, i=1..1440). We preprocessed the UKB raw 

data to step signals based on the approach described in [3]. We derived subjective health ratings 

(NHANES: range 1-5, 5=worst; UKB: range 1-4, 4=worst), selected the same age range (45-77 y.). 

Seven physical activity features (𝑓𝑃𝐴) were calculated for each step signal: sum for steps per day, NPA 

events (<10 steps/min), Hjorth activity (signal variance), signal energy, cadence (an average of max 

values in all 30-minute windows), Gini inequality index and the PA aggregation measure. Data were 

categorized into good health rating (NHANES 1-3, UKB 1-2) and poor health rating (NHANES 4-5, 

UKB 3-4) to further evaluate the probability of poor health rating with age. Next, we introduce the 

distribution of probabilities of poor health rating Pi as a function of given feature:  

𝑃𝑖 = 𝑃(𝑝𝑜𝑜𝑟 ℎ𝑒𝑎𝑙𝑡ℎ|𝑓𝑃𝐴 ≥ 𝑖) =
𝑁𝑝𝑔𝑖

𝑁𝑝𝑔𝑖 + 𝑁𝑛𝑔𝑖

 𝑅𝑃𝑅𝑖 =
𝑃(𝑓𝑃𝐴 ≥ 𝑖|𝑝𝑜𝑜𝑟 ℎ𝑒𝑎𝑙𝑡ℎ)

𝑃(𝑓𝑃𝐴 ≥ 𝑖|𝑔𝑜𝑜𝑑 ℎ𝑒𝑎𝑙𝑡ℎ)
=

𝑁𝑝𝑔𝑖/𝑁𝑝𝑖

𝑁𝑛𝑔𝑖/𝑁𝑛𝑖

 

where Npg is the No. of positive events (i.e., poor health rating) for the 𝑓𝑃𝐴 greater that i (≥ threshold); 

Nng the same for negative events (i.e., good health rating).  

The value of Pi is calculated for each possible feature value i, e.g., for the sum of steps Pi=1000 is the 

probability of finding an observation with a poor health rating when sum of steps per day is ≥ 1000. 

Additionally, we introduce the Relative Probability Ratio, comparing the probabilities for poor and good 

health ratings under given conditions. By changing i value we can obtain the distribution of P and RPR.  



Main results: For the NHANES dataset, there is no statistical difference between subjective health 

rating categories 2 vs. 3 (p=0.831) and 4 vs. 5 (0.696) concerning age (Fig. 1). Additionally, for both 

datasets and all categories, the effect size (rank biserial correlation), is very small, with maximum of 

0.071. However, there is an observable relationship between objectively measured PA features and 

subjective health ratings. Comparing all categories, the p-value is less than 0.05 for “sum of steps,” 

activity, cadence, and npa. For example, for the activity feature, the rank biserial correlation for the 

above examples is -0.145 for 2 vs. 3 and -0.21 for 4 vs. 5. In Fig. 1, examples of Pi and RPRi distributions 

are presented for “sum of steps”, activity (variance of step signals), and NPA.  

 
 

  

Fig. 1. From the top, left: age statistics for original subjective health ratings groups (NHANES, UKB), 

Pi and RPRi as a function of the sum of steps, NPA, and activity (N-No. of preprocessed examples). 

The interesting finding is that walking activity features are more related to poor health rating (Pi) than 

the intuitively assumed relation with age. Pi decreases until about 11000 steps are taken daily. Then, the 

distribution is flattened (UKB), and even Pi>11000 increases for NHANEs (smaller sample size). For 

example, for men: 𝑓𝑃𝐴 ≥ 11000 -> 𝑁𝑝𝑔11000 = 20 (poor health), 𝑁𝑛𝑔11000 = 191 (good h.), while 𝑓𝑃𝐴 <

11000 -> 𝑁𝑝𝑙11000 = 141 (poor h.), 𝑁𝑛𝑙11000 = 471 (good h.). For both datasets similar trend is observed. 

The variance of walking signal is also related to subjective health rating, reaching a decrease of Pi of 

~80% for NHANES. Finally, the RPR for NPA shows almost perfectly overlapping results for both 

datasets, showing an exponential increase in poor health ratings when the average NPA is high. 

Conclusion: The sum of steps, variance of walking activity, and NPA periods are more related to poor 

health rating than the intuitively assumed relation with age. The results were obtained for two different 

sets (random sample, small size vs. non-random sample, big size), indicating the same trends. 
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Abstract. This work aims at defining a validation approach to subjectively assess  the realism 

of breast phantom images acquired with x-ray systems. Various breast  phantoms were used to 

address specific questions. First, the realism of a breast  neoplasm model was evaluated. 

Second, different materials for phantom produc-  tion were evaluated for x-ray contrast, 

sharpness, inhomogeneity, and artifacts.  Third, 3D printing techniques for manufacturing 

breast tissues were explored.  Lastly, computational models were assessed by comparing 

manual and automatic  segmentations of the breast tissues. Two distinct grading scales were 

introduced  to aid radiologists in evaluating the phantoms. The first scale assesses computa-  

tional phantoms based on the realism of glandular tissue distribution, morphol-  ogy, and the 

preservation of fine parenchymal structures. The second scale is  designed to support the 

validation of physical phantoms, focusing on the realism  of the generated x-ray image. The 

scales have been applied to the selected cases  and will be further used in studies involving the 

production of anthropomorphic  phantoms.   

Keywords: radiologist evaluation, anthropomorphic phantoms, breast imaging,  breast 

neoplasm, segmentation 
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Therapeutic Effects of Temporal Interference Stimulation on 

Post-Stroke Motor Function Recovery: An Animal Study 
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Motivation and Aim: Traditional non-invasive brain stimulation techniques, such as direct 

current stimulation (tDCS) and alternating current stimulation (tACS), have shown potential in 

promoting post-stroke functional recovery. However, their therapeutic efficacy is significantly 

limited by the shielding effects of the scalp and skull, which reduce the effectiveness of 

electrical stimulation as tissue depth increases. Transcranial temporal interference stimulation 

(TIS) is an emerging non-invasive deep brain stimulation technique that has the potential to 

overcome these limitations. 

Novelty: The therapeutic effects and neuroregulatory mechanisms of TIS in stroke treatment 

remain largely unexplored. This study aims to investigate the efficacy of TIS in improving 

motor function following ischemic stroke. 

Methods: A middle cerebral artery occlusion (MCAO) rat model was employed to simulate 

stroke and evaluate post-treatment behavioral outcomes. One week before inducing stroke, 

stainless steel screw electrodes (1.4 x 8 mm) for minimal-invasive transcranial stimulation were 

implanted into the left cranial bone of the rats and secured with bone cement. On the day of the 

stroke induction, the rats underwent a 1.5-hour MCAO procedure, followed by the removal of 

the suture, wound closure, and recovery. The TIS treatment was initiated immediately after, 

involving intermittent theta burst stimulation (iTBS) at 1 mA for 15 minutes. In the sham-

treatment control group, carrier currents of the same frequency were applied without generating 

low-frequency interfering waves in the brain tissue. In the non-stroke control group, the same 

surgical procedures were performed without occluding the middle cerebral artery, and no 

stimulation was administered post-surgery. Behavioral assessments, mNSS and grid-walking 

tests, were conducted on days 4, 7, 14, and 21 post-stroke to evaluate motor function. 



Main results: The results showed that post-stroke, the neurological deficit scores and grid-

walking errors significantly increased in the MCAO and MCAO+TIS groups compared to the 

non-stroke control group, indicating marked impairment in motor function. Following 5 

consecutive days of TIS treatment, rats in the treatment group (MCAO+TIS) exhibited a more 

pronounced recovery trend compared to the untreated group (MCAO). 

Conclusion: These findings suggest that 5 consecutive days of TIS stimulation hold potential 

for improving motor impairments caused by ischemic stroke in the middle cerebral artery, 

providing a promising avenue for stroke rehabilitation.  
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Motivation and Aim 

Cognitive decline associated with aging, including conditions such as mild cognitive 

impairment (MCI) and early dementia, is a growing public health concern. As global 

populations age, innovative solutions are needed to support early detection, personalized 

interventions, and continuous monitoring outside traditional clinical settings. Information 

technologies (IT) offer promising tools to detect subtle cognitive changes, engage users in 

cognitive training, and provide remote support for both patients and caregivers. This abstract 

presents an overview of emerging IT solutions, focusing on their potential to enhance 

cognitive health management in aging populations. 

Novelty 

Recent advances in sensor technologies, mobile health applications, and artificial intelligence 

(AI) have enabled a new generation of cognitive monitoring tools. Unlike traditional cognitive 

assessments, which are often conducted episodically in clinical environments, modern IT-

based systems offer continuous, real-time data collection in naturalistic settings. This shift 

towards longitudinal and passive data capture opens new possibilities for detecting subtle 

cognitive changes that may indicate early decline. 

Methods 

This work reviews and synthesizes recent research on IT-based solutions for cognitive 

decline, including: 

• Wearable and ambient sensors for monitoring daily activities and behavioral patterns. 

• Smartphone-based cognitive screening tools and interactive applications for cognitive 

training. 

• AI-driven analysis of speech, typing patterns, and activity data for detecting cognitive 

changes. The focus is on solutions validated in research or clinical settings, with 

special attention to usability and acceptability among older adults. 

Main results 

Table 1 summarizes key categories of IT tools, their primary functions, and selected examples 

from recent literature. 

mailto:ankica.babic@uib.no


Technology Type Primary Function Examples 

Wearable sensors Activity, sleep monitoring Smartwatches, fitness trackers 

Smartphone apps Cognitive screening, training BrainHQ, Lumosity 

Ambient sensors Daily activity tracking Smart home systems 

Speech analysis AI Cognitive change detection Voice biomarkers from calls 

These tools demonstrate high potential for early risk detection and engagement in cognitive 

health promotion. However, challenges related to data privacy, digital literacy, and clinical 

integration remain. 

Conclusion 

IT-based technologies hold great promise for supporting healthy cognitive aging through early 

detection, continuous monitoring, and digital cognitive interventions. Future work should 

focus on improving interoperability between systems, ensuring clinical validation, and 

enhancing user-centered design to maximize adoption among older adults. Multidisciplinary 

collaborations between clinicians, engineers, and social scientists will be essential to 

translating these technologies into effective, scalable solutions for cognitive health 

management. 
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 Data mining procedures are aimed at extracting useful patterns from multidimensional data 

sets [1]. Patterns extracted from data sets are used, among others, in computer systems of 

artificial intelligence. A large group of data mining methods is based on models of neural 

networks 

 

   Neural networks are built using various types of neuron models [2].  Of great importance are 

networks built from formal neurons, often called multilayer perceptrons. In the middle of the 

last century, the perceptron was the first model of the learning process in the human nervous 

system. This model initiated the rapid development of neural networks and their versatile 

applications   
 

   Designing neural networks for a specific task  involves choosing their structure, e.g. the 

number of layers and the number of neurons in each layer, and setting the parameters (weights) 

of individual neurons in the network. According to the currently widely used back-propagation 

method,  the choice of structure is made at the beginning of the design process, often 

heuristically or experimentally based on a series of trials and errors. The back-propagation 

method is the basis of deep learning, the currently dominant methodology in computer artificial 

intelligence (AI)  systems [3]. 
     
  In  the presented work, a strategy of bottom-up formation of structures from formal neurons 

is presented. According to this strategy, the structure of the layered network is formed gradually 

starting from the lowest layers. The structure of subsequent layers is formed based on training 

feature vectors, created on the basis of data sets in accordance with the current task. According 

to the pattern recognition methodology, we take into account only such categories (classes) that 

can be represented by example feature vectors created on the basis of the data set. 

     The concept of bottom-up formation of hierarchical structures from formal neurons has been 

presented as the leading idea of the high learning method [5]. According to the high learning 

method, the lower layers of the neural structure are formed using a dipolar strategy [4]. Dipolar  

layers are designed in the network to aggregate the learning vectors in a separable manner. 

Learning vectors are aggregate in a separable manner if the number of the vectors or their  

dimension is reduced, provided that the learning sets remain separable. The highest layer of the 

hierarchical network is created at the end of the formation process according to the ranked 

strategy [4]. The ranked layer is a decision layer of the network that implements the mapping 

of all feature vectors representing one class into one output vector of the network with 

components equal to zero or one.    
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  The  creatio of hierarchical structures of formal neurons based on large, multidimensional 

training sets can be efficiently performed using the  basis exchange algorithms [4].  These 

algorithms are similar to linear programming and are aimed at minimizing convex and 

piecewise linear criterion functions, Computations according to the basis exchange algorithms 

are spatially limited to a finite number of dual vertices in the multidimensional parameter space, 

which allows for increasing the efficiency of computations  [6] The quality of the final solutions 

based on dual vertices can be further improved by maximizing the margins based on  the L1 

norm [7]. 
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Motivation and Aim: Quality control in digital pathology is essential for ensuring diagnostic 

accuracy, especially in cross-site collaborations where variability in scanners, staining 

protocols, and lab practices can lead to inconsistencies. This study aims to compare quality of 

digital images scanned by six different scanners using the same glasses. The goal is to identify 

scanner-specific artifacts that can influence results of tissue evaluation by AI based model 

performance, enabling their mitigation before diagnosis, thereby improving the reliability of 

digital pathology workflows in multi-institutional settings. 

Novelty: This work introduces a comprehensive framework for evaluating scanner quality in 

whole slide images produced by various scanners. It utilizes a VGG16 model trained on 

inflammatory spindle cell lesions and fine-tuned using transfer learning on breast cancer data. 

The study uniquely compares scanner quality across various institutions available in 

BosomShield project. This tool is prepared to provide insights into the variability introduced 
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by different devices and in future investigation their impact on deep learning-based diagnostic 

tools. 

Methods:  

The study analyzed two H&E-stained cancer biopsy datasets. The training set comprised 

annotated inflammatory spindle cell lesions from the Medical Pathomorphology Department in 

Bialystok, Poland, digitized at 40X magnification to train a VGG16 model. For fine-tuning, we 

used breast cancer tissue samples from the BosomShield project (Hospital de Tortosa Verge de 

la Cinta, Spain). The developed model detected artifacts, crushed tissue, and unfocused regions. 

Evaluation involved 50 slides scanned by multiple devices (VS200 Olympus, Aperio AT2, 

Ventana DP200, Pannoramic 3DHISTECH, and two NanoZoomer 2.0HT systems) at 20X and 

40X magnifications from partner institutions across Spain, Italy, and France. Scanner quality 

assessment quantified artifacts in five TILs-relevant breast cancer fragments per device, as 

illustrated in Figure 4.  

Figure 4: Framework for scanner quality assessment 

Main results: Our VGG16 model effectively identified image quality issues (AUCs: 0.942 

artifacts, 0.935 focus). Lower values indicate better scanner performance. Aperio AT2 had 

perfect focus (0±0); VS200 Olympus worst (0.57±0.1 unfocused). DP200 Roche detected 

largest crushing area (0.16±0.07) overestimated it, while VS200 Olympus led in artifacts area 

detection (0.3±0.03) also overestimated it. Zero values confirm true artifact absence. 

Pannoramic 3DHISTECH performed best (<0.001 artifacts) as relevant area for TILs evaluation 

was chosen by pathologies to be without artifact. 

Table 3: Fraction of areas classified across different scanners. 

Type of Scanner Unfocused Crushed Artifact 

Pannoramic 3DHISTECH  0.002 ± 0.00006 0.0006 ± 0.03 0.0003 ± 0.02 

DP200 Roche  0.028 ± 0.002 0.16 ± 0.07 0.0088 ± 0.0003 

NanoZoomer-2.0 HT C9600 (Spain) 0.004 ± 0.0002 0.006 ± 0.0003 0.008 ± 0.099 

Aperio AT2 Leica  0 ± 0 0.006 ± 0.0003 0.013 ± 0.001 

NanoZoomer-2.0 HT C9600 (France) 0.2 ± 0.1 0.004 ± 0.07 0.03 ± 0.187 

VS200 Olympus  0.57 ± 0.1 0.0003 ± 6.67E-07 0.3 ± 0.03 

  



Conclusion: The proposed framework integrates transfer learning and fine-tuning methods for 

quality evaluation in digital images scanned from E&H stained biopsy samples. The prepared 

model shows that the Aperio AT2 Leica, Pannoramic 3DHISTECH Scanner and NanoZoomer-

2.0 HT C9600 Hamamatsu scanners do not introduce unfocused area because of their good deep 

estimation measurement and do not detect false crushed and artifact area.  

Acknowledgements: This work was supported by the Academic Center of Pathomorphological 

and Genetic-Molecular Diagnostics, Bialystok, Poland, and the Bosom Shield project (Horizon 

Europe, Grant No. 101073222). 
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Motivation and Aim: The effectiveness of convolutional neural networks (CNNs) in medical 

image classification is influenced by various factors, including the choice of input color model. 

While RGB is commonly used, alternative representations may provide distinct advantages in 

feature extraction and classification performance. Understanding the impact of different color 

models on CNN-based breast cancer classification is essential for optimizing diagnostic 

accuracy and computational efficiency. 

Novelty: Despite the widespread use of CNNs in medical imaging, few studies have 

systematically investigated the impact of color space manipulation on classification 

performance. Most research relies on standard RGB input, overlooking the potential benefits of 

alternative color representations. While some models explore specific color models, 

comprehensive evaluations comparing multiple color spaces remain scarce. By providing 

insights into the role of color representation in CNN-based diagnostics, this study contributes 

to the refinement of automated breast cancer detection methods and the broader application of 

deep learning in medical imaging. The findings offer valuable guidance for optimizing 

preprocessing strategies and improving classification performance in medical image analysis. 

Methods: This study systematically examines the influence of input color models on binary 

classification performance in breast cancer detection. To achieve this, the research framework 

Iro was developed to train CNNs using images processed in the red-green-blue (RGB), 

grayscale (GSC), hue-saturation-value (HSV), and CIE LAB (LAB) color spaces. The 

MobileNet architecture was selected for its efficiency and suitability for medical image 

analysis. For consistency, all models were trained for 20 epochs using the RMSprop optimizer 

with a learning rate of 0.00001 and a batch size of 4, using 3-fold cross-validation method. The 

BreakHis dataset [1] was used, which contains histopathological images of breast tumors at 

different magnifications (40×, 100×, 200×, and 400×). The analysis was conducted separately 

for each magnification level to assess the impact of color representation across varying image 

resolutions. Performance evaluation was carried out using visualization techniques and 

statistical testing to identify patterns, assess model accuracy, and explore potential 

improvements in classification outcomes. 

Main results: The evaluation revealed that the HSV color model achieved the best 

classification performance (apart from 40× magnification), while the grayscale representation 

performed the worst. Interestingly, these findings contrast with the results obtained for general 
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image classification using the CIFAR10 dataset, where all colorspaces demonstrated similar 

effectiveness [2]. The detailed results are presented in Figure 1. 

Conclusion: The study demonstrated that the choice of input color model significantly 

influences the performance of convolutional neural networks in breast cancer classification. 

The HSV color space yielded the highest accuracy, while grayscale performed the worst, 

contradicting findings from general image classification on the CIFAR10 dataset. The lower 

performance of grayscale images may be attributed to the simplification of the input data by 

reducing it to a single channel instead of the three channels provided by other color models. 

This discrepancy suggests the domain-specific impact of color representation in CNNs, 

emphasizing the need for tailored preprocessing strategies in medical imaging applications and 

further studies. 

Figure 1 3-Fold CV Results of Binary Classification on BreakHis Dataset. The central line 

inside each box represents the median F1-score, while the box edges indicate the interquartile 

range (IQR) – spanning the 25th to 75th percentiles. The whiskers extend to the most extreme 

data points within 1.5×IQR from the lower and upper quartiles. 
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Motivation and Aim: Artifacts in biomedical signals, such as electrical disruptions in 

electrodes readings, can sometimes be overlooked, which creates a risk of extracting patterns 

or features from corrupted data without realizing the presence of measurement device errors 

that can compromise the reliability of the analysis1. In this study, we explored the accuracy and 

usability of simple neural network models in detecting an artificially introduced artifact in raw 

electroencephalography (EEG) signals representing resting-state brain activity. The signal 

consisted of 34048 samples, recorded at sampling frequency of 512 Hz. The primary objective 

of the study was to compare the efficiency of these models in terms of training time, as signal 

characteristics can vary significantly between patients and across individual resting-state 

recordings. 

Novelty: An artificial artifact, simulating a brief, spike-like disruption, was injected into dataset 

at a random location on one of the 64 EEG channels. This enabled systematic analysis of 

classification accuracy in a controlled environment. The performance of MLP, CNN, and deep 

CNN models was compared, with achieved accuracies of approximately 80%. 

Methods: Raw EEG data were used for the analysis, with impulse-like artifacts artificially 

added to clean recordings. Each signal trace contained an artificially added artifact at random 

location with the addition of a mask used to inform the models during training about channel 

on which the artifact occurs. The neural network models were trained to perform binary 

classification: presence or absence of an artifact. Feature extraction was intentionally omitted 

in order to assess the potential of neural networks in processing raw time-dependent data. 

Additionally, the use of hybrid neural network architectures, such as CNNs with integrated 

LSTM layers 2, was explored to enhance sensitivity to time-dependent variations in the signal. 

Main results: All tested models performed well under controlled conditions. However, the 

CNN model, despite improvements in accuracy and F1 score, required significantly more 

computational resources and longer training time.  

Table 4 Performance of models in artifact detection 

Model Accuracy F1 score 

MLP 67% 62% 

CNN 73% 58% 

Deep CNN 79% 60% 

 

 



Conclusion: The results suggest that even simple neural networks can successfully identify 

basic artifacts prior to any signal processing. Expanding model architectures with hybrid 

elements may lead to improved performance in detecting more complex artifacts commonly 

observed in EEG acquisition, as well as in capturing time-dependent patterns within the signal. 

Furthermore, the use of generative adversarial networks (GANs) presents a promising direction 

for generating more complex training scenarios and enhancing model robustness 3. 
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Motivation and Aim: Color normalization methods allow to reduce color variability between 

observed images. In histology and cytology, the colors of tissue samples are determined by the 

stains applied during the preparation process. Numerous color normalization methods have 

been proposed for digitized histopathological samples, improving the consistency of analysis1,2. 

Cytological images differ from histopathological images in structure; however, they contain 

similar objects (cells) at a similar scale and are prepared with dyes used also for 

histopathological slide preparation. Therefore, methods proposed for histopathological slide 

normalization may have a similarly beneficial impact on cytological images. 

Novelty: Although color normalization methods have been previously evaluated on cervical 

liquid-based cytology (LBC) images, their performance on conventional cervical smears 

remains unexplored. In this study, we evaluated the effectiveness of color normalization on 

digitized fragments of conventional cervical smear slides stained with Papanicolaou stain. This 

is particularly significant, as conventional cervical cytology differs from LBC in terms of 

structure and cell distribution. 

Methods: Classical normalization methods of Reinhard, Macenko, Vahadane and Khan, as 

well as deep learning-based methods, adaptive color deconvolution (ADC) 1, including two 

GAN methods, contrastive unpaired translation (CUT) and CycleGAN2, were applied to two 

Papanicolau-stained cervical cytology datasets: Bialystok3 and CRIC4. The GAN-based 

methods were trained on 80% of each dataset and tested on the remaining part. The ACD was 

fitted on 5 images of each dataset due to memory limits. The classical methods used one target 

image of each dataset because of the methods’ constraints. The results of the normalization 

methods performed on test images (185 Bialystok images and 78 CRIC images) were evaluated 

using structure-describing metrics – RMSE, PSNR, and SSIM (from the scikit-image package) 

– which assess noise, texture, color, and object shape, and the difference in luminance from the 

source or target dataset, given by the following formula: 

∆𝐿𝐵 = |⟨𝑚𝑒𝑑𝑖𝑎𝑛(𝐿𝑖𝑗)⟩
𝐴

− ⟨𝑚𝑒𝑑𝑖𝑎𝑛(𝐿𝑖𝑗)⟩
𝐵

| 

where: 

𝐿𝑖𝑗 – luminance of the pixel in the ith column and jth row of the analyzed image, 

⟨… ⟩𝐴 – mean calculated for the set of normalized images. 

⟨… ⟩𝐵– mean calculated for the set of reference images (target or source dataset). 

Main results: The ACD method reached the lowest RMSE and highest PSNR and SSIM when 

Bialystok was normalized to the CRIC dataset, and vice versa. The CUT method reached the 

lowest luminance difference (ΔL) from the target dataset for normalization in both ways. The 
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detailed results of the methods assessment are provided in Table 1. A visual example of 

normalization methods performance is shown in Figure 1. 

Figure 1: Image normalized with the assessed normalization methods 

Table 1: Quantitative assessment of color normalization methods using RMSE, PSNR, SSIM, and luminance difference. 

Measures shown with one standard deviation. 

Normalization Method RMSE PSNR SSIM ΔLBialystok ΔLCRIC 

Bialystok 

to CRIC 

ACD 14.5 ± 6.3 24.3 ± 3.0 0.94 ± 0.02 3.7 ± 1.1 1.0 ± 1.1 

CUT 26.8 ± 7.0 19.7 ± 2.0 0.70 ± 0.08 5.3 ± 1.1 0.6 ± 1.1 

CycleGAN 36 ± 10 17.0 ± 2.1 0.70 ± 0.10 5.9 ± 0.9 1.1 ± 0.9 

Khan 27.5 ± 8.1 19.3 ± 2.9 0.63 ± 0.14 3.6 ± 1.2 1.1 ± 1.2 

Macenko 34.1 ± 9.4 17.7 ± 2.0 0.69 ± 0.20 3.8 ± 0.9 1.0 ± 0.9 

Reinhard 30 ± 15 18.6 ± 3.9 0.79 ± 0.16 0.1 ± 1.1 4.8 ± 1.1 

Vahadane 33.1 ± 6.1 16.6 ± 1.4 0.91 ± 0.03 6.3 ± 1.1 1.6 ± 1.1 

CRIC to 

Bialystok 

ACD 11.1 ± 4.2 27.8 ± 3.3 0.94 ± 0.03 3.1 ± 2.1 1.6 ± 1.8 

CUT 41 ± 11 14.1 ± 2.2 0.67 ± 0.10 1.3 ± 1.2 6.0 ± 1.2 

CycleGAN 36.6 ± 6.2 15.1 ± 1.7 0.68 ± 0.08 2.6 ± 1.8 7.5 ± 1.8 

Khan 28.0 ± 9.4 19.1 ± 3.1 0.81 ± 0.09 3.6 ± 1.2 1.6 ± 1.2 

Macenko 25 ± 18 21.7 ± 6.2 0.87 ± 0.08 9.2 ± 1.2 4.4 ± 1.6 

Reinhard 30 ± 24 20.0 ± 8.0 0.88 ± 0.12 9.2 ± 0.9 4.5 ± 0.9 

Vahadane 13.9 ± 6.9 26.1 ± 4.2 0.91 ± 0.05 4.4 ± 1.7 0.3 ± 1.7 

 

Conclusion: Color normalization methods proposed for histopathological slides can be applied 

to cytological images but have several drawbacks. GAN-based methods offer a low ΔL from 

the target dataset but tend to produce background artifacts, such as nonexistent cells and shapes 

(Figure 1, arrows), and can be more burdensome in cytological smear images than densely 

packed cells in histological images. Classical normalization methods, using a single target 

image, are limited by its content. The range of colors present in the target image can particularly 

increase ΔL from the target dataset if it does not reflect the target dataset’s diversity. The effect 

can be more pronounced in Pap smear images because of the use of 5 stains instead of one or 

two, which is typical for histopathology samples. 
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Motivation and Aim: 

Cartilage injuries often lead to long-term joint dysfunction due to the limited regenerative capacity of 

hyaline cartilage. Tissue engineering aims to develop scaffolds that support the growth of chondrocytes 

and stem cells while recreating the native tissue environment. In this study, polyethersulfone (PES) and 

polyurethane (PUR) scaffolds were designed and evaluated. These scaffolds featured an interconnected 

macroporous structure with pore diameters exceeding 100 μm. This architecture supports cell growth, 

enables nutrient transport, and facilitates the production of proteins essential for cartilage repair. The 

scaffolds exhibited favorable mechanical properties, suitable hydrophilicity, and partial biodegradability 

in simulated physiological conditions, confirming their potential for use in regenerative medicine 

focused on articular cartilage repair. 

Novelty:  

The proposed scaffolds combine PES and PUR using wet-phase inversion and salt-leaching methods, 

integrating gelatin nonwovens to create an interconnected macroporous network. This approach ensures 

suitable porosity, hydrophilicity, and mechanical properties for cartilage tissue engineering. Moreover, 

this study provides the first evidence that PES undergoes partial degradation under simulated 

physiological conditions. Until now, its biodegradation has only been reported in in vivo studies. This 

finding expands the current understanding of PES behavior in biomedical applications and highlights its 

potential as a component of degradable scaffolds. 

Methods:  

Scaffold fabrication involved wet-phase inversion and salt-leaching, utilizing gelatin nonwovens as 

macropore precursors. Structural analysis included scanning electron microscopy (SEM) and 

MeMoExplorer software for porosity evaluation. Wettability was assessed via contact angle and 

swelling ratio, while mechanical properties were tested under stress conditions exceeding 10 MPa. 

Degradation in simulated body fluid (SBF) was monitored, with Fourier-transform infrared 

spectroscopy (FT-IR) confirming hydrolysis through ester bond disappearance (~1730 cm⁻¹). 

Main results:  

Mechanical tests confirmed the possible suitability of the S1-S3 scaffolds for knee joint applications, 

with all scaffolds showing Young's modulus above 10 MPa, comparable to native cartilage. Contact 

angles were less than 62°, confirming a hydrophilic surface that promotes cell adhesion and nutrient 

transport.  



The scaffolds also showed excellent fluid absorption, with swelling ratios exceeding up to 500% after 

24 hours in PBS, indicating high water absorption capacity supporting cell viability and scaffold 

degradation. 

 

After four weeks in simulated body fluid (SBF), S1-S3 scaffolds showed controlled degradation. Weight 

loss reached 11% for S1 (PES:PUR 2:1), 29.1% for S2 (1:1) and 32.7% for S3 (1:2). A control membrane 

made of pure PES showed a loss of 12%. Porosity increased by up to 13.1%, and the area of large pores 

(>300 µm²) more than doubled in S3 (from 16.5% to 36.5%). Notably, partial degradation of PES in 

SBF was demonstrated for the first time. 

Conclusion:  

The PES–PUR scaffolds demonstrated favorable mechanical, structural, and degradation properties, 

meeting key requirements for cartilage tissue engineering. Notably, the study revealed, for the first time, 

partial in vitro degradation of PES in simulated physiological conditions. These findings highlight the 

potential to tailor scaffold performance by adjusting polymer composition. Further studies are planned 

to assess their effectiveness in hyaline cartilage regeneration. 
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Motivation and Aim: Magnesium alloys have good mechanical properties and are widely 

considered to be biocompatible with the human body, strengthening their potential for 

biomedical applications1. In addition, Mg alloys have the unique property of being 

biodegradable in body fluids, which translates into the possibility of using them as temporary 

implants. The use of biodegradable magnesium implants in orthopedics has a number of 

advantages, the most important of which is that there is no re-surgery associated with the need 

to remove the implant from the patient's body. However, Mg alloys also have several drawbacks 

that require further work on their widespread use, relating to poor corrosion resistance and too 

rapid degradation, which occurs before bone fusion and affects implant functionality2. In order 

to overcome this, surface modifications are used to ensure adequate properties of the 

biomaterial. Coatings obtained by plasma electrolytic oxidation (PEO) are widely used in 

biomaterial engineering due to their effectiveness in providing good corrosion resistance. 

However, due to their porous structure, they may be insufficient protection in terms of long-

term degradation of Mg alloys in a biological environment. The use of an additional polymer 

layer can improve the protective and biological properties of the material, making such a 

solution promising for biomedical applications3,4. The aim of this study is to develop and 

characterize a duplex coating consisting of a calcium-phosphate coating obtained by the PEO 

method and an additional polymer layer. 

Novelty: The novelty of this work was the development of a new combination of coatings to 

provide control of magnesium alloy degradation. To achieve this, the bath required to produce 

the Ca-P coating by PEO was designed using sodium hexametaphosphate and calcium acetate. 

The use of these reagents has not previously been reported in the literature. In addition, a newly 

designed polymer was used, which was specifically developed to provide an adequate 

degradation rate for the magnesium alloy. 

Methods: Coatings were produced on WE43 (Mg-Y-RE-Zr) alloy with an AC+DC high-

voltage power supply in two-steps procedure. First, the PEO process was carried out in a 

phosphate bath, which consisted of 12 g/L (NaPO3)6 and 0.05 M KOH. The coating-forming 

mailto:barbara.rynkus@polsl.pl


process was carried out until a voltage of 350V was reached. The second bath was based on the 

first electrolyte with the addition of 1.038 g/L Ca(CH3COO)2×H2O. The samples were oxidized 

under these conditions for 10 min. The following oxidation parameters were used: a duty ratio 

(DR) of 50% and current ratio (R) of 1.6. L-lactide-glycolide- trimethylene carbonate 

terpolymer (LP 454) (L-La 70% Gl 10% TMC 20%) - P(L/G/TMC) was used to produce the 

polymer coating. P(L/G/TMC) was applied to the samples after PEO by ultrasonic spraying. 

The coating was applied in 20 layers using a frequency of 60 kHz. In order to characterize the 

produced coatings, the surface morphology was assessed by scanning electron microscopy and 

then subjected to corrosion tests. Electrochemical impedance spectroscopy and 

potentiodynamic polarization tests were carried out. In addition, the effect of the formed 

coatings on biological properties was investigated with the human osteosarcoma cell line MG-

63. 

Main results: The results of the observations using the SEM showed a clear change in the 

surface structure of the PEO samples after application of the polymer coating. The applied 

polymer filled a major part of the micropores formed during the plasma electrolytic oxidation 

process, at the same time sealing the previously visible micro-cracks in the structure. Analysis 

of the corrosion test results confirmed the beneficial effect of the polymer coating on the 

corrosion resistance of the PEO-oxidized Mg alloy substrate; a significant increase in 

polarization resistance was observed. In addition, biological evaluation showed reduced 

cytotoxic effects observed in direct contact with the material, while maintaining cell 

proliferation-promoting effects. 

Conclusion: The corrosion results obtained indicate that the design of duplex systems is a promising 

approach to ensure appropriate degradation rates for magnesium alloys used in orthopedics. The use of 

the polymer coating had a positive effect on the biological properties of the modified magnesium alloy, 

which is important in terms of biocompatibility and potential for application. 
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Motivation and Aim: A method for obtaining blend two-component capillary semi-permeable 

polysulfone(PSf)/cellulose acetate (CA) membranes was developed. These membranes should 

undergo partial degradation during operation (in an acidic or alkaline aqueous environment) 

through hydrolysis ester groups of CA. Slow degradation of CA fragments and their removal 

from the membrane structure will result in an increase in membrane porosity, which will lead 

to an increase in efficiency. The occurrence of membrane fouling, i.e. clogging of pores by 

filtered substances during membrane operation, will limit the efficiency of the process. If these 

two processes are in some balance, the flow through the membranes will not change and the 

process efficiency will not decrease over time. This will extend the operating life of the 

membranes, i.e. reduce the costs of their use. 

Novelty: By using two different polymers in the PSf/CA membrane, one stable (PSf), acting as 

a durable scaffold, and the other (CA) decomposing during membrane operation, we obtain a 

membrane with increasing porosity and permeability, which does not degrade despite the loss 

of mass. 

Methods: The membranes were obtained using spinning at the installation for obtaining 

capillary membranes using the wet phase inversion method by extruding the polymer solution 

through a capillary forming spinneret. The membranes were etched with sodium hydroxide 

(NaOH) solution using the flow method. Membrane properties, such as hydraulic permeability 

coefficient (UFC), retention factors, and membrane morphology (SEM images) before and after 

degradation, were evaluated. The degradation of the CA component in the membrane was 

assessed by comparing the mass of PCL before and after digestion. 

Main results: The degree of CA removal from membranes after hydrolysis is almost complete. 

It is approximately 95%.  We can conclude that the CA was effectively removed and played the 

role of a typical pores former, increasing the porosity of the membrane. All retention values 

after hydrolysis were lower than the retention values before hydrolysis for PSf/CA membranes 

The structure of membranes (SEM images) after NaOH etching becomes more porous and 

loose. The structure of the membrane changes significantly, numerous macropores are formed 

after the removal of CA. UFC of membranes increases by 30% after digestion. 

Conclusion: A method was developed to obtain two-component blend semi-permeable PSf/CA 

membranes, where CA was used as a degradable polymer and a classic pores former, almost completely 

removed from the membrane structure in order to increase its porosity and permeability. SEM photos 

show a looser structure of the membranes and greater porosity after CA removal. The hydraulic 

permeability after hydrolysis increases by 30% due to the significant increase in porosity. The use of 

CA as a removable component in the PSf/CA membrane resulted in changes in the characteristics of the 

membrane, i.e. an increase in its porosity, a decrease in retention and an increase in membrane 

efficiency. 
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Motivation and Aim: An unquestionable disadvantage of drug delivery systems based on 

electrospun nonwovens is their relatively low drug capacity [1]. Therefore, the aim of our 

research was to develop a new drug delivery system based on water-insoluble 

polyvinylpyrrolidone (PVP) fibres modified with polycaprolactone (PCL) and polyethersulfone 

(PES) microspheres. This approach could successfully increase the drug capacity of the system 

and eliminate the so-called burst effect. 

Novelty: Modified electrospun mats were produced by pulsed suspension electrospinning of 

microspheres. The use of pulsed voltage in the electrospinning of microsphere suspensions has 

significantly improved process control [2]. 

Methods: Polycaprolactone and polyethersulfone microspheres were prepared using a method 

combining pulsed electrospinning and a wet phase inversion technique, which was developed 

in our laboratory. The microspheres produced were suspended in a benzophenone-enriched 

PVP solution and then spun using pulsed electrical voltage. The resulting fibre mats were 

collected on a drum collector and then cross-linked using UV light. 

Main results: Our study showed that the equilibrium rhodamine concentration after 4 h of release from 

UV-crosslinked PVP mat is 0.0012 mg/ml, which is lower than the equilibrium rhodamine concentration 

released from fibres containing microspheres (0.0025 mg/ml - PCL, 0.0018 mg/ml - PES), clearly 

indicating that modification of fibres with microspheres increases the drug capacity of the whole system. 

Furthermore, the concentration of rhodamine released from the UV-crosslinked PVP mat after 24 h is 

about 0.1 mg/ml, while from the microsphere-modified fibres it is about 0.025-0.03 mg/ml, indicating a 

slower release when microspheres are added to the system. Additionally, in the case of the modified 

fibres, no undesirable burst effect was observed. Furthermore, the amount and type of microspheres used 

in the electrospun mats, as well as the longer crosslinking time, significantly affects their mechanical 

properties. It was reported that a small addition of PES microspheres increases the UV-crosslinked PVP 

mat's tensile strength by approximately 15%. Furthermore, based on degradation tests, it was found that 

electrospun UV-crosslinked PVP mats with benzophenone lead to water- and ethanol-insoluble fibres, 

which significantly broadens the application spectrum of such mats. 

Conclusion: The microsphere-modified electrospun mat shows great potential as a drug delivery 

system. 

References: 

[1] C.A. Martínez-Pérez, Electrospinning: a promising technique for drug delivery systems, Rev. Adv. 

Mater. Sci., 59 (2020), pp. 441-454 

[2] A. Mirek, P. Korycka, M. Grzeczkowicz, D. Lewińska, Polymer fibers electrospun using pulsed 

voltage, Mater. Des., 108106 (2019) 



PP09 

Combination of Cold Helium Plasma with Fluoride Varnish to Improve 

Enamel surface Protection 

Sara FATHOLLAH1,2*, Hossein ABBASI2, Mohammad SADEGH AHMAD AKHOUNDI3,4 

1 Nalecz Institute of Biocybernetics and Biomedical Engineering, Polish Academy of Sciences, 

Trojdena 4, 02-109 Warsaw, Poland   

2    Department of Energy Engineering and Physics, Amirkabir University of Technology, P. O. Box, 

15875-4413, Tehran, Iran   

3    Department of Orthodontics, School of Dentistry, Tehran University of Medical Sciences, Tehran, 

Iran 

4    Dental Research Center, Dentistry Research Institute, Tehran University of Medical Sciences, 

Tehran, Iran 

* Corresponding author. E-mail address: sfathollah@ibib.waw.pl 

Keywords: cold atmospheric plasma, Bovine enamel, Fluoride varnish, Microhardness, SEM/EDX 

Motivation and Aim: Tooth decay, an infectious disease, poses a significant global public health 

concern [1,2]. Fluoride is recognized as a critical intervention in reducing the incidence and severity of 

dental caries [3]. Tooth enamel resists erosion by absorbing fluoride and forming fluorapatite, indicating 

that increasing fluoride absorption is a preventative treatment [4]. In recent years, cold-atmospheric 

pressure plasma (CAP) has emerged as a method of altering surface properties, particularly adhesion 

[5,6]. Consequently, cold plasma at atmospheric pressure has the potential to modify surface electrical 

properties, thereby enhancing fluoride absorption and, by extension, tooth resistance to decay. 

Novelty: A multitude of studies have demonstrated the superiority of fluoride varnish due to its user-

friendly nature, particularly for young people, its time-saving properties, and the low likelihood of 

fluoride ingestion [7]. The mechanisms by which topical fluoride treatment exerts its effects include, 

firstly, the maintenance of fluoride concentration in saliva through regular use of fluoride toothpaste or 

analogous methods; and secondly, the facilitation of a reaction between fluoride and enamel-dentin, 

resulting in the formation of calcium fluoride (CaF2), which plays a pivotal role in preventing tooth 

decay. Consequently, enhancing the effectiveness and longevity of fluoride covering through optimal 

fluoride concentrations remains a significant endeavor for researchers in this domain [8,9]. This study 

pioneers the enhancement of fluoride uptake by helium cold atmospheric pressure plasma in the enamel 

layer and makes it more resistant to saliva dissolution. By integrating Fluoride with CAP, we are certain 

that the potential of cold plasma systems will soon establish them as therapeutic modalities in dentistry, 

as they develop in both directions to various extents. 

Methods: A total of 91 freshly extracted bovine incisor teeth were meticulously prepared in accordance 

with established protocols. Following a four-day disinfection period with 0.1% chloramine, the soft 

tissues were meticulously removed, and the enamel surfaces were meticulously polished. The samples 

were then subjected to a thorough examination under a stereo microscope to ensure the absence of any 

defects. Subsequently, the samples were sectioned and embedded in acrylic resin. The specimens were 

then randomly divided into seven groups: three control groups (no treatment, fluoride varnish only, 

plasma only) and four experimental groups exposed to cold helium plasma before or after varnish 

application. Plasma exposure lasted two minutes. Surface morphology and elemental composition were 

analyzed via scanning electron microscopy (SEM) and energy-dispersive X-ray spectroscopy (EDX). 

Microhardness measurements were taken at three time points: immediately, 24 hours, and 48 hours after 

treatment. Statistical analysis was conducted using repeated-measures analysis of variance (ANOVA) 

and Bonferroni tests (α = 0.05).  
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Main results: SEM analysis demonstrated that helium plasma treatment enhanced fluoride dispersion 

and reduced enamel imperfections. EDX results indicated a substantial increase in fluoride content 

(1.21% to 7.31%) and an augmented Ca/P ratio (1.95 to 2.39) after 48 hours of plasma treatment. 

Microhardness assessments revealed that the application of plasma both before and after fluoride varnish 

significantly increased enamel hardness. The combined treatment resulted in a 24% increase in Vickers 

hardness compared to the varnish-only group, suggesting enhanced resistance to degradation (figure 1.). 

Conclusion: The integration of fluoride treatment with cold atmospheric plasma (CAP) shows promise 

in enhancing fluoride absorption, improving enamel restoration, and increasing caries resistance. This 

approach may contribute to more effective protective and therapeutic strategies by combining traditional 

techniques with CAP. Additionally, the findings highlight the potential for expanding non-invasive 

treatment options in dental care. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. schematic of research and result 
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Motivation and Aim: The use of the da Vinci surgical robot in minimally invasive procedures requires 

high optical clarity of the endoscopic camera. Contamination of the camera lens during surgery 

significantly affects the quality of visualization, potentially impacting surgical outcomes. Due to this 

fact, high water repellency became one of the key properties of, for example, self-cleaning materials [1].  

One of the most important components of the console is the endoscope. In the da Vinci robotic system, 

a camera with zero-degree or thirty-degree optics (0° or 30°) is available. [2] 

This research aims to design and experimentally evaluate self-cleaning endoscope covers using 

hydrophobic materials to prevent lens contamination and ensure consistent optical performance. This 

study explores the application of advanced hydrophobic materials, including PDMS, PMMA, 

polypropylene (PP), and polystyrene (PS), for endoscopic lens covers. The systematic evaluation of 

these materials' self-cleaning properties, transmission capabilities in the UV-VIS spectrum, and their 

modifications using plasma activation and silanization enhances their effectiveness in a surgical 

environment. 

 

Methods: Two experimental approaches were investigated. The first involved testing hydrophobic 

polymer materials such as PDMS, PMMA, polypropylene (PP), and polystyrene (PS) to determine their 

suitability as endoscope covers. Their hydrophobic properties were measured using water contact angle 

analysis, while optical transparency was assessed using UV-VIS spectrophotometry. The second 

approach focused on surface modification techniques, including plasma activation and silanization, to 

enhance hydrophobicity. Scanning electron microscopy (SEM) and Fourier-transform infrared 

spectroscopy (FT-IR) were used to analyze surface morphology before and after treatment. Although 

this study focused on water repellency, future work will include the evaluation of body fluids commonly 

present in surgical environments such as blood, saline solutions, and acidic or protein-rich substances 

to better simulate real intraoperative conditions. 



 

Main results:  

• Hydrophobicity tests confirmed that PDMS, PMMA, PP, and PS exhibit significant water 

repellency, with enhanced performance after plasma treatment and silanization. 

• UV-VIS analysis demonstrated high light transmission in the visible spectrum for all tested 

materials, ensuring minimal optical distortion. 

• SEM analysis indicated that plasma activation did not introduce significant morphological 

changes to the materials. 

• The application of 1H,1H,2H,2H-perfluorodecyltriethoxysilane further improved hydrophobic 

properties, confirming its potential use for self-cleaning endoscopic covers. 

 

Based on a literature review, the most suitable sterilization methods for the tested materials appear to be 

ethylene oxide (EtO) sterilization and plasma sterilization. However, the effect of these processes on the 

hydrophobic and optical properties was not investigated in this study. This represents a limitation that 

should be addressed in future work. 

 

Figure 5. The graph shows the difference in hydrophobicity of the materials before (0 s) and after plasma treatment (15, 30, 

60 s), as well as after the silanization process. 

 

Conclusion: The research confirms that self-cleaning endoscope covers using hydrophobic materials 

can significantly reduce lens contamination and maintain optical clarity. The combination of plasma 

treatment and silanization enhances the hydrophobic properties of these materials, making them viable 

for application in the da Vinci surgical system. Future work will focus on further optimization of surface 

modifications and durability testing under surgical conditions. 
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Motivation and Aim: Bioelectronics is evolving swiftly, integrating conductive materials like 

polymers, inks, and hydrogels to develop soft and stretchable devices. The rising demand for 

advanced medical solutions, fueled by new health challenges and an expanding patient 

population, is driving this sector's growth. A significant trend in bioelectronics is the move 

toward miniaturization and enhanced flexibility. PEDOT:PSS, a highly conductive and 

processable organic polymer, is attracting attention as a viable alternative to indium tin oxide 

(ITO) due to its superior mechanical properties and cost-effectiveness. 

This study aims to develop a conductive mat using the polymer PEDOT:PSS via the 

electrospinning method. PEDOT:PSS (poly(3,4-

ethylenedioxythiophene):poly(styrenesulfonate)) is known for its high stability, excellent 

electrical conductivity, and exceptional processability. To accomplish this, a conductive ink 

made from commercial PEDOT:PSS solution and poly(ethylene oxide) (PEO) will be 

formulated with optimized rheological properties to ensure effective electrospinning. 

Novelty: This study introduces an innovative approach to fabricating highly conductive 

PEDOT:PSS nanofibers through electrospinning. Unlike traditional thin-film deposition 

methods, electrospinning allows for the creation of highly porous, interconnected 

nanostructures that enhance surface area and mechanical flexibility. Additionally, post-

processing techniques involving ethylene glycol (EG) treatment have been explored to further 

improve electrical conductivity, distinguishing this work from existing studies. Furthermore, 

comparisons of electrochemical performance between electrospun PEDOT:PSS nanofibers, 

conventional PEDOT:PSS thin films, and platinum electrodes provide new insights into the 

material’s potential for bioelectronic applications, such as neural electrodes. 

Methods: The electrospinning process for synthesizing PEDOT:PSS nanofibers was conducted 

under varying conditions. Solution parameters include PEDOT:PSS concentration, solution 

viscosity, and solvent type. Process parameters include flow rate, applied voltage, needle-to-

collector distance, and needle diameter. Temperature and relative humidity are important 

environmental parameters. Several parameters were systematically adjusted, including 

PEDOT:PSS concentration, applied voltage, and collector rotational speed. Since these 

parameters are interdependent, precise optimization was essential for achieving the desired 

nanofiber properties. 

The morphology of the obtained nanofibers was analyzed using scanning electron microscopy 

(SEM), offering detailed insights into their structure and uniformity. Electrical properties were 



preliminarily evaluated through sheet resistance measurements with a simple multimeter. 

Furthermore, the effect of chemical post-treatment with ethylene glycol (EG) on the 

conductivity and morphology of the electrospun nanofibers was examined. Electrochemical 

performance was assessed by conducting comparative electrochemical measurements among 

electrospun PEDOT:PSS nanofibers, traditional PEDOT:PSS thin films, and platinum 

electrodes to evaluate their potential applications in bioelectronics. The measurements were 

carried out under simulated body conditions. 

Main results: The optimization process enabled the development of a PEDOT:PSS-based 

conductive ink suitable for electrospinning, leading to the successful fabrication of conductive 

nanofibers. By carefully selecting solution, process, and environmental parameters, a uniform 

and flexible nanofiber mat with desirable electrical properties was produced. The introduction 

of ethylene glycol post-treatment significantly enhanced the conductivity of the nanofibers, 

demonstrating their potential for application in flexible bioelectronic devices. 

Conclusion: The fabricated PEDOT:PSS nanofibers exhibit remarkable flexibility and 

conductivity, making them highly suitable for next-generation wearable bioelectronics. This 

study highlights the potential of electrospun PEDOT:PSS nanofibers in diverse bioelectronic 

applications, paving the way for developing advanced, flexible electronic devices. 
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Motivation and Aim: Biocatalytic medicine utilizes biocatalysts, such as enzymes, to trigger 

specific chemical reactions within the body for disease treatment or diagnosis. This strategy 

takes advantage of the exceptional ability of biocatalysts to facilitate complex chemical 

transformations with remarkable speed and specificity, enabling highly targeted therapeutic 

interventions. For example, in cancerous tumors with elevated lactate levels, lactate oxidase 

(LOx) has been proposed to convert lactate into hydrogen peroxide (H₂O₂), a compound capable 

of destroying cancer cells. Growing evidence indicates that reducing lactate in the tumor 

microenvironment can counteract immunosuppression and enhance immunotherapy, ultimately 

strengthening anti-tumor immune responses. As a result, lactate presents itself as a compelling 

target for cancer treatment. Lactate levels in tumor tissues range from 10 to 40 mM, 

necessitating high concentrations of LOx for effective depletion. [1] Moreover, the 

vulnerability of enzymes, particularly their limited lifespan and tendency to denature under 

physiological conditions, presents a significant challenge. Recently, a feasible approach for 

enzymes immobilization was developed basing on self-assembly of biomolecules in the 

presence of metal ions in the phosphate buffer [2]. The obtained hybrid, organic-inorganic 

flower-like structures show improved catalytic activity and stability. The aim of this study is to 

develop and characterize hybrid nanoflowers based on lactate oxidase through biomolecular 

self-assembly in the presence of metal ions, in order to create a stable and efficient biocatalyst 

for lactate oxidation in tumor microenvironments, thereby enhancing the therapeutic potential 

of biocatalytic medicine in cancer treatment.  

Novelty: LOx-based hybrid nanoflowers were synthesized and characterized for the first time.  

Methods: Hybrid nanoflowers were precipitated from LOx buffered solution (PBS, pH 7.4) by 

addition of Cu2+ or Mn2+ aqueous solution. Manufactured LOx nanoflowers were characterized 

by Fourier-transform infrared spectroscopy (FTIR), X-ray diffraction (XRD) and scanning 

electron microscopy (SEM). The catalytic activity of LOx nanoflowers was studied by 

colorimetric method, based on H2O2 determination. 

Main results: In the first step the parameters of synthesis, as time, concentration and volume 

of PBS and ratio of reagents were studied. The obtained hybrid nanoflowers were composed of 

LOx, as organic part and copper or manganese phosphate, as inorganic part, as confirmed by 

FTIR and XRD, respectively. The average diameters were in the range of 10-20 μm. The studies 

demonstrated that immobilizing LOx in the form of hybrid nanoflowers with Mn2+ enhances 



both its enzymatic activity and stability. Figure 1 presents the long term stability of LOx-

manganese phosphate nanoflowers. 

 

Figure 1. Long term activity of MnLOx in comparison to pristine enzyme 

Conclusion: The designed nanoflowers have the potential to serve as an effective catalyst 

converting lactate present in tumor microenvironment to H2O2, which can destroy tumor cells. 

Hybrid nanoflowers, composed of non-toxic, biodegradable materials and synthesized through 

eco-friendly methods offers a great promise for biocatalytic medicine. 
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Motivation and Aim: Accurate monitoring of drug concentrations in biological fluids is 

essential in pharmacological research and clinical practice to ensure both efficacy and safety in 

drug therapy. In the case of 6-mercaptopurine (6MP), the active metabolite of thiopurines, 

precise concentration assessment is particularly crucial due to its narrow therapeutic index, 

where the difference between an effective and toxic dose is minimal [1]. Thiopurines, including 

6-MP, are widely used in the treatment of inflammatory bowel disease (IBD), autoimmune 

disorders, and certain types of cancer. However, their potential adverse effects necessitate 

careful monitoring throughout therapy. Current analytical tools remain insufficient for 

providing physicians with a fast and convenient means of optimizing treatment. Therefore, this 

study aims to develop a sensitive and reliable biosensing approach for 6-MP monitoring, 

facilitating more effective and personalized patient care.  

Novelty: This research introduces the first-reported electrochemical biosensor based on drug-

DNA interaction to the detection of 6-mercaptopurine. It utilizes a double-stranded (ds) DNA 

sequence (5’-GGCAGGACGGAG-3’) that selectively interacts with 6MP, the development of 

which was reported in previous studies [2]. The integration of this DNA-based recognition 

element into an electrochemical platform offers a novel approach, providing a rapid, cost-

effective, and user-friendly alternative to traditional analytical techniques. 

Methods: Two types of biosensor designs were developed, each employing a different 

approach to bioreceptor immobilization on the electrode surface (Fig.1 A). The first design 

features a simple system utilizing screen-printed graphite electrodes (GSPEs) with an adsorbed 

dsDNA layer. The second modification also utilizes graphite electrodes but incorporates 

platinum nanoparticles, which, due to their electrocatalytic properties, significantly enhance the 

response of the biosensor. Subsequently, a linear linker – cysteamine (Cys) – was introduced 

onto the surface. The presence of terminal -NH₂ groups in cysteamine enabled the attachment 

of double-stranded DNA terminated with a -COOH group.  

Main results: Voltammetric measurements confirmed the presence of DNA on electrodes 

surfaces as the oxidation signals of guanine and adenine are recorded. In the case of the latter 

signal, a significant decrease is observed after incubating the electrodes in 6-mercaptopurine 

solutions, indicating that analyte detection can occur indirectly by measuring this decrease. 

(Fig.1 B). The developed GSPPE/dsDNA and GSPE/Pt-Cys-dsDNA biosensors demonstrated 

a linear response within the nanomolar concentration range, from 200 to 1000 nM and from 2 



to 75 nM respectively, aligning well with the concentrations typically found in different 

biological samples. The incorporation of platinum nanoparticles significantly improved the 

electrochemical signal, enhancing the sensor’s sensitivity (Fig.1 C) – from 2.4 nA/nM for 

GSPE/dsDNA to 336.9 nA/nM. 

 

Figure 6. A) Two types of screen-printed graphite electrode modifications GSPPE/dsDNA and 

GSPE/Pt-Cys-dsDNA; Differential pulse voltammograms showing: B) change in adenine oxidation 

peak on GSPE/dsDNA, and C) difference in adenine oxidation peak on electrodes with different 

modifications. 

Conclusions: This study describes the development of a new biosensor for the electrochemical detection 

of 6MP, an active metabolite of thiopurines, which is an important immunosuppressive drug. The 

presented novel bioanalytical tool provides a low-cost and simple alternative for the instrumental 

detection of 6-mercaptopurine. 
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Motivation and Aim 

Quorum sensing (QS) is a cell-to-cell communication process used by bacteria to regulate gene 

expression based on population density. Pseudomonas Quinolone Signal molecule (PQS) plays a crucial 

role in biofilm formation, virulence, and antibiotic resistance. Detecting PQS is essential for 

understanding bacterial behaviours and developing strategies to control biofilm-related infections.  In 

this research we explore the use of oxygen plasma treatment to modify carbon-based screen-printed 

electrodes (SPEs) for improved PQS detection. Oxygen plasma introduces oxygen-containing functional 

groups that enhance surface wettability and electron transfer, enabling real-time PQS monitoring during 

the biofilm formation. This study aims to develop a more efficient electrochemical platform for studying 

bacterial communication and its broader implications in biomedical applications. 

Novelty 

The application of oxygen plasma in biosensing provides a simple, efficient, and scalable method to 

enhance electrode activity towards PQS molecules oxidation. Unlike traditional surface modification 

techniques, plasma treatment offers a clean, controllable, and reproducible approach for electrode 

functionalization, significantly improving sensor performance in control experiments. This study 

represents the first application of plasma-treated carbon-based electrodes for PQS detection, opening 

new possibilities for real-time monitoring of bacterial communication with enhanced sensitivity and 

reliability. 

Methods 

Oxygen plasma treatment was applied to carbon-based screen-printed SPEs to introduce oxygenated 

functional groups, enhancing surface hydrophilicity and facilitating PQS detection in control 

experiments. The impact of plasma treatment on electrode performance was evaluated using 

electrochemical impedance spectroscopy (EIS) by monitoring changes in charge transfer resistance 

before and after treatment. To assess molecular activity, cyclic voltammetry (CV) was used to analyze 

the electrochemical response of PQS at varying concentrations on plasma-treated and pristine electrodes. 

Surface modification and its effects on electron transfer were further characterized using EIS, ensuring 

reproducibility and consistency in biosensor performance. 

Main Results 

EIS confirmed an increase in electron transfer activity after plasma treatment, as indicated by a decrease 

in charge transfer resistance Fig 1 A). The detection of various PQS molecule concentrations was 

validated using CV, demonstrating enhanced electrochemical responses with plasma-treated electrodes. 
Additionally, pH studies were conducted to evaluate the stability and activity of PQS under different 

environmental conditions. 



 

Figure 7. A) Impedance and B) cyclic voltammetry responses of pre and post treated screen printed electrode 

under 10mM equal concentrations of K3Fe(CN)6 and K4Fe(CN)6 [ Inset: A) Randles circuit B) Contact angle 

measurement of pre and post treated electrode]. 

Surface modifications were further 

characterized using: Scanning electron 

microscopy (SEM) to visualise 

morphology of the electrode, Fourier-

transform infrared spectroscopy (FTIR-

ATR), X-ray photoelectron spectroscopy 

(XPS) to confirm the presence of 

functional groups introduced by plasma 

treatment Contact angle measurements to 

assess wettability improvements Fig. 1 

B). The comparison between pre and post 

–treated electrodes reveals that plasma 

functionalization substantially enhances 

electroanalytical performance (Fig.2).  

Untreated SPCEs display moderate 

sensitivity (26.64 µA·µM⁻¹) and a 

relatively high detection limit (0.236 

µM), indicative of sluggish electron 

transfer and limited surface activity 

toward PQS oxidation. In contrast, 

plasma-treated SPCEs exhibit over a 

threefold increase in sensitivity (92.20 

µA·µM⁻¹) alongside a twofold reduction 

in LOD (0.108 µM), reflecting 

dramatically improved charge-transfer kinetics and analyte adsorption. These improvements are 

attributable to the introduction of oxygenated functional groups (C–O, C=O) that enhance surface 

wettability—confirmed by a reduction in contact angle—and decrease charge-transfer resistance in EIS 

measurements Fig.1. Moreover, the higher linearity (R² = 0.944 vs. 0.782) and stable positive intercept 

post-treatment indicate a more reliable baseline and consistent response. Collectively, these data 

underscore oxygen plasma treatment as a rapid, reproducible strategy to boost the sensitivity, detection 

threshold, and overall reliability of carbon SPEs for real-time PQS sensing applications 

Conclusion  

This study demonstrates that oxygen plasma treatment significantly improves the performance of 

carbon-based SPEs for PQS detection. Oxygen plasma treatment of carbon SPEs yields a dramatic 

Figure 8. Calibration curves for PQS detection obtained by linear 

sweep voltammetry from –1.0 to +1.0 V at a scan rate of 50 mV 

s⁻¹. Standards were prepared by diluting PQS in an 80:20 (v/v) 

mixture of 0.1 M PBS (pH 7.4) and acetic acid. Peak currents (Iₚ) 

plotted versus PQS concentration (0.167–0.583 µM). 



enhancement in PQS sensing performance: the water contact angle decreases from ~85° to ~35°, and 

electrochemical impedance spectroscopy shows a ~70% reduction in charge‐transfer resistance. Linear 

sweep voltammetry calibration (–1.0 to +1.0 V at 50 mV s⁻¹, PQS in 80:20 0.1 M PBS/acetic acid) 

reveals that sensitivity increases from 26.64 µA·µM⁻¹ (R² = 0.782, LOD = 0.236 µM) for untreated 

SPEs to 92.20 µA·µM⁻¹ (R² = 0.944, LOD = 0.108 µM) after plasma functionalization. Surface analyses 

(SEM, FTIR-ATR, XPS) confirm the uniform incorporation of C–O and C=O groups, and pH stability 

tests (pH 6–8) show <10% variation in response. Together, these data demonstrate that oxygen plasma–

treated carbon electrodes provide a scalable, reproducible platform with superior wettability, electron‐

transfer kinetics, and analytical figures of merit for real‐time monitoring of PQS, with clear potential 

for applications in biomedical diagnostics and biofilm control. 
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Motivation and Aim: Magnetoencephalography (MEG) is the complementary technique to 

electroencephalography (EEG) and yields additional information on electrophysiological brain 

activations. Combining functional near-infrared spectroscopy (fNIRS) with MEG to study 

vascular and neuronal responses synchronously has the potential for clinical applications such 

as, e.g., stroke monitoring. For this combination always fibre coupled fNIRS devices are 

required since photodiodes (lasers) and photodetectors on the head generate magnetic fields 

compromising MEG. The combination of fNIRS with Dewar based cryogenic sensor MEG was 

to the disadvantage of MEG. Placing fibres on the head increased the distance between active 

brain regions and magnetic field sensors and in turn the recorded magnetic field strength was 

substantially attenuated. 

Novelty: Recently the combination has become easier due to a new type of MEG, which uses 

optically pumped magnetometers (OPM) to measure brain magnetic fields. OPMs are single 

sensors and can be placed in between optodes. To have a mechanically stable setup reducing 

movement artifacts, a 3D printed rigid head cast was developed, which holds both optodes and 

OPM sensors in place. 

Methods: Starting with participants MRI a shell fitting the head is designed and the slots for 

OPMs and optodes are added. Then the structure is printed by additive manufacturing. We made 

head casts for 6 participants. For motor stimulation the grid was centered at C3 and for visual 

stimulation the grid covered the O1/O2 region. The CAD design and the experimental setup for 

one participant are shown in Fig. 1 for the O1/O2 region.  

The motor task was self-paced finger opposition of the right hand and checkerboard inversion 

at 8 Hz was used for visual stimulation. Both had a duration of 8 or 16 s followed by a rest 

period and at least 35 repetitions. fNIRS was recorded with an in-house built continuous wave 

device operating at 750 nm and 850 nm, the OPMs were of a triaxial commercial type 

(quspin.com). Multi-region studies using a visuo-motor task were explored as well.  



a)     b)    

Fig. 1: a) CAD design made in openSCAD of head cast for the O1/O2 region. Green are the 

OPM slots, blue the fNIRS source optode slots, and red the fNIRS detector slots. b) Realization 

with a participant with inserted OPMs (black cubes with white stickers) and optodes (fibres in 

black sheath). One OPM sits on an extender to record background signals away from the brain. 

Below the head cast the neck support can be seen and the round structure to the left records the 

position of the OPMs (Halo, quspin.com). 

 

Main results: To obtain clear activation signals from both modalities simultaneously for a 

participant proved to be a challenge both with respect to the stimulation and the experimental 

setup. The 8 s stimulation yields good MEG results, the 16 s stimulation yields better fNIRS 

results than 8 s. Hair degrading fNIRS light transmission cannot be moved away underneath 

the optodes inside the cast and MEG signal quality can be degraded by unavoidable movement 

artifacts, which are dependent on each participant. Nevertheless, vascular and neuronal 

responses were obtained for a third of the participants. 

Conclusion: Using an individualized head cast is an effective way to combine fNIRS with 

OPM-MEG, but improved noise rejection for MEG and optimized optode slots are required. 

Another drawback is the availability and cost of MRI, but this will not be of concern in a clinical 

setting. Optical scanning technology might allow to get head surface data for the head cast. This 

is particularly useful if brain anatomy is not required for data analysis. 
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Motivation and Aim: The monitoring of physiological signals and vital signs have long been 

crucial areas of research, leading to the exploration and development of various techniques and 

technologies over years. In the context of non-invasive methodologies, application of 

microwave sensors in the healthcare domain has gained significant popularity. Reviewing 

relevant literature shows the surge in the number of publications reporting the application of 

microwave sensors in patient care including respiration and heart-rate screening, blood glucose 

monitoring, temperature assessment, skin tumour detection, breast cancer diagnosis, sleep stage 

monitoring, skin hydration measurement, and biological infection detection [1]. Intra-

abdominal pressure (IAP) reflects the steady state pressure within the abdominal compartment 

and has been recognized as a new vital sign to monitor critically ill patients [2]. The current 

gold standard to measure  IAP is an invasive approach through the bladder, which is not 

applicable to patients with pelvic masses. Moreover, it has a risk of infection and trauma of the 

urinary tract. Accordingly, in the previous decades, there has been a significant increase in 

studies focused on IAP measurement techniques. The aim of this study is to introduce the 

transient radar methodology (TRM) as a promising biomedical sensing approach and to 

investigate its robustness in continuous IAP and respiration monitoring in an in vitro model.  

Novelty: TRM [3] is a relatively novel radar-based, time-domain measurement technique that 

is being investigated for continuous IAP monitoring. Although our previous feasibility study 

already showed the potential of this technique in IAP monitoring [4], no in-vitro validation of 

the TRM in continuous IAP monitoring is presented yet. In this study, the application of this 

methodology in continuous IAP monitoring (including respiration monitoring and, therefore, 

abdominal pressure variations assessment in real-time) is presented. This study contributes to 

the literature by complementing our previous findings in this domain. 

Methods: A measurement sensor based on the concept of TRM has been designed and 

developed to radiate at 10 GHz. Subsequently, the measurement hardware has been used to 

monitor the IAP changes in an abdominal phantom, which represents the human abdominal 

compartment from the anatomical and electromagnetic points of view. IAP was changed 10 

times in the range of 8 to 30 mmHg. At each IAP value, the reflection of the electromagnetic 

waves, in addition to the pressure readings by an intra-bladder, intra-gastric, and a pressure 

gauge (connected to the abdominal phantom) were recorded. The reflection of the 

electromagnetic radiations at 10 GHz (from the first round of measurements) was processed to 



investigate how different signal features correlate with IAP and to find the most suitable signal 

features that can be used to monitor IAP, and to calibrate the TRM device. The remaining nine 

rounds of IAP measurement data were then used to study the accuracy, precision, and 

concordance of the TRM results in monitoring IAP by means of Bland-Altman, and 

concordance analysis. Error grid analysis was also carried out to assess the risk level for a wrong 

treatment strategy due to erroneous IAP measurements.  

Main results: The results of this study revealed the applicability of this sensing approach to 

monitor IAP in a non-invasive and continuous manner. Bland-Altman analysis showed a total 

bias (mean difference between IAP results from TRM and the pressure gauge) of 0.12 mmHg 

and a precision of 2.03 mmHg. The percentage error was 23.56% with upper and lower limits 

of agreement of 4.10 and -3.86 mmHg, respectively. A concordance coefficient of 96% was 

also obtained for the TRM approach, showing its robustness in tracking IAP changes rather 

than determining the absolute IAP value. Lastly, the error-grid-analysis showed no medium to 

high risk error due to wrong IAP measurement by the TRM. Nevertheless, a low-risk of 9% 

was observed in the obtained results. An overview of the IAP results via each measurement 

method is shown in Figure 1. 

  
Figure 1. Boxplot of the IAP measurement via TRM, intra-bladder measurement method via 

TraumaGuard catheter, intra-gastric measurement method via CiMON nasogastric tube, and the 

pressure sensor of the abdominal phantom (Ventra) at 8 – 30 mmHg.  

Conclusion: Application of TRM as a novel contact-free approach to patient monitoring seems 

promising. Nevertheless, further clinical validations should be done in the future. 
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Motivation and Aim: Monitoring of pH in body fluids is a basic parameter of paramount 

importance in clinical diagnostics and therapy, as pH variations can serve as early indicators of 

pathological changes, treatment efficacy, and potential complications following extensive 

surgical procedures. We present a novel, miniaturized potentiometric pH sensor developed 

using a cost‐effective direct printing technology. The sensor is specifically designed for 

continuous measurements in flow conditions, making it particularly suitable for applications 

such as monitoring pH changes in various body fluids. 

Novelty: The novelty of our work stems from the combination of cost-effective direct printing 

technology with the use of advanced electroconductive materials characterized by high 

hydrophobicity. This approach significantly enhances sensor stability by preventing the 

formation of an interfacial water layer. In our study, we compared the effects of 3 

electroconductive polymers as ion-electron transducer layers on the response of a pH sensor. 

This study is the first to employ polyazulene as the transducing layer in potentiometric pH 

sensors. Moreover, the direct printing technique facilitates scalable production and provides 

flexibility in designing sensor geometry. 

Methods: Three electroconducting polymers (ECP), polyazulene (pAz), poly(3,4-

ethylenedioxythiophene) (pEDOT), and polypyrrole (pPy), were deposited onto glassy carbon 

(GC) electrodes. Modified electrodes were covered by 60 µL ion-selective membrane (ISM) 

mixture. The cocktail, composed of 0.5 wt.% potassium tetrakis(p-chlorophenyl)borate, 1 wt.% 

tridodecylamine, 65.5 wt.% bis-(2-ethylhexyl)-sebacate, and 33 wt.% polyvinyl chloride. 

Potentiometric measurement data were recorded using a 16-channel precision electrochemistry 

interface, EMF16 from Lawson Labs Inc. (Malvern, PA, USA). To achieve miniaturization, the 

pAz-based pH sensor fabrication process was adapted for electrodes manufactured using direct 

printing technology. The direct printing was processed using a programmable microdispensing 

robot (Nordson EDF PROPlus/PRO Series Automated Dispensing Systems). The basic 

structures of the electrode were fabricated on a nonconductive polyester foil, with consecutively 

deposited silver paste, carbon paste, and insulating layers. 

Main results: A series of pH sensors were fabricated on GC substrates, each modified with a 

different electroconducting polymer. Comparison of calibration curves and metrological 

parameters shown Fig.1. and Table 1. Based on these results, pAz was selected as the best 

polymer and integrated into graphite sensors fabricated using direct printing technology. The 

printed pAz-based pH sensors maintained similar metrological parameters (S = 55.4 ± 0.1 



mV/decade, response time: 7 second) while offering significant miniaturization advantages. 

Selectivity tests confirmed that the direct printed pH sensors provided sufficient discrimination 

against interfering ions in biomedical applications, as the obtained selectivity coefficients are 

as follows log(Kij
pot): -9.7 for Na⁺, -8.3 for K⁺, -7.2 for NH₄⁺, -8.8 for both Ca²⁺ and Mg²⁺. pH 

measurements in human blood plasma using the printed pH sensor (7.291 ± 0.003) closely 

matched those obtained with a commercial pH meter (7.301 ± 0.005). Our sensor, although 

simple in design, achieves metrological performance comparable to that of much more 

structurally complex sensors, such as those utilizing photo-induced grafting to simultaneously 

attach an ionophore-doped crosslinked poly(decyl methacrylate) membrane to both a surface of 

carbon electrode and inert polymeric electrode body material [1]. 

 
Fig.1. Comparison of calibration curves of pH sensors based on different ECP. 

Table 1. Comparison of metrological parameters for pH sensors with various ECP-based 

transducing layers. 

Electrocnductive 

polimer, ECP 

Contact angle of GC electrodes 

modified with ECP (°) 

S  

(mV/pH) 

pH linear 

range  

t95%  

(s) 

PAz 99±1 55.7±0.6 2-10 5 

PPy 83±1 52.4±1.9 2-10 31 

PEDOT 47±1 45.7±0.8 2-10 25 

 

Conclusion: We developed a novel miniaturized potentiometric pH sensor using cost-effective 

direct printing and a hydrophobic polyazulene layer. The sensor shows high sensitivity, a wide 

linear range, excellent repeatability, and selectivity, with performance comparable to 

commercial pH electrodes in human plasma. 
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Motivation and Aim: Magnetic Hyperthermia has emerged as a promising technique for 

targeted cancer therapy, utilizing radio frequency fields in the 30–300 kHz range to induce 

localized heating in magnetic nanoparticles accumulated at tumor sites [1, 2]. Despite its 

growing importance, the lack of commercially available radio frequency field measurement 

systems within this frequency range presents a significant barrier to experimental 

reproducibility, device calibration, magnetic performance assessment and system development 

in research laboratories. This work aims to address this critical gap by developing a basic, cost-

effective, and lab-friendly radio frequency magnetic field detection system. The proposed setup 

comprises a sense coil paired with an intermediate amplifier board, designed to be compatible 

with standard laboratory oscilloscopes for the detection and analysis of weak magnetic signals 

during Magnetic Hyperthermia experiments. 

Novelty: Unlike conventional magnetic field sensors or Gauss meters that are either not 

optimized for low radio frequencies or come with prohibitive costs and complex integration 

requirements [3], the proposed system offers a streamlined and economical alternative tailored 

specifically for Magnetic Hyperthermia research. The novelty lies in its minimalist yet effective 

design: a passive sensing coil combined with a configurable analog amplification stage. This 

modular system can be seamlessly integrated into standard oscilloscope-based setups without 

requiring specialized software, firmware, or proprietary interfaces. A key feature of the 

amplifier board is its continuously adjustable gain, allowing researchers to precisely match 

amplification to the signal amplitude and noise environment, making the system highly 

adaptable across various experimental conditions in preclinical Magnetic Hyperthermia studies. 
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Methods: A custom-designed electronic board was utilized to preprocess signals originating 

from a custom-made 1-turn sense coil with 6 mm coil diameter made from a 1.2 mm wire 

diameter, enabling the measurement of low magnetic fields within the 30-300 kHz frequency 

range. The board incorporates a power regulation stage, passive high-pass and low-pass filter 

stages to reduce unwanted noise and artifacts, and an LF411CN based amplification stage with 

continuously adjustable gain between 1 and 11 to enhance the signal amplitude. The refined 

signal can be outputted to any standard commercial oscilloscope system, facilitating the 

visualization and analysis of low-level magnetic field measurements in the low radio frequency 

spectrum. The system's performance was initially evaluated under an approximately 1.839 mT 

peak magnetic flux density, 100 kHz magnetic field frequency generated by a 20-turn, 44 mm 

diameter Helmholtz coil driven by a 4.5 A RMS current. Baseline noise measurements were 

also performed in the absence of any magnetic field. Additionally, signal-to-noise ratio 

calculations were conducted for the sense coil, and the prototyping cost of the custom-designed 

electronic board was calculated to assess its affordability for widespread laboratory use. 

Main results: The system accurately measured a 1.867 mT peak, 100 kHz magnetic field, 

exhibiting a low measurement error of 1.52% for the magnetic flux density. The sense coil 

achieved a signal-to-noise ratio of 58.627 dB. The total material cost for producing a single 

prototype of the electronic board was approximately 19.59 USD, a globally relevant estimate 

for the core hardware of the low-budget magnetic field measurement system.  

Conclusion: A low-cost radio frequency magnetic field detection system with integrated 

filtering for Magnetic Hyperthermia (30-300 kHz) was developed, combining a sense coil and 

an oscilloscope-compatible amplifier board. The prototype's low material cost (approximately 

19.59 USD) provides an accessible solution for improved and refined measurements in 

preclinical research. 
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Motivation and Aim: Continuous monitoring of physiological biomarkers is crucial for 

optimizing health, preventing disease, and enhancing athletic performance. Sweat-based 

wearable biosensors offer a promising, non-invasive alternative to traditional blood sampling. 

However, these devices face significant challenges, including enzymatic degradation, signal 

drift, and limited operational lifespan. The Olympic Health project addresses these limitations 

by integrating advanced enzyme stabilization strategies with AI-driven correction models, 

enabling multi-biomarker monitoring in sweat over extended periods. 

Novelty: We developed electrochemical enzymatic biosensors for glucose, lactate, and uric 

acid using a dual immobilization method based on chitosan and glutaraldehyde. These sensors 

retained their activity for over four months under ambient conditions. We tested the biosensors 

with real samples and demonstrated their capacity to measure the concentrations of the three 

biomarkers. Comparing our results with gold standard methods, we found that our biosensors 

exhibited over 95% reliability. 

Methods: To address sensor drift and improve long-term accuracy, we implemented Random 

Forest algorithms trained on impedance data. Using datasets generated from replicate 

biosensors, we performed two types of tests: i) Predictions on aging sensors to evaluate 

correction over time, ii) Predictions on new, unseen sensors to assess model robustness across 

manufacturing batches. 

Main Results: Our models successfully reduced sensitivity drift from 200% to less than 25%, achieving 

over 85% prediction accuracy. These results highlight the effectiveness of our approach in maintaining 

the accuracy and reliability of sweat-based biosensors over extended periods. 

Conclusion: These preliminary results demonstrate the potential of combining enzymatic biosensors 

with machine learning for reliable, long-term, non-invasive monitoring of sweat biomarkers in both 

medical and sports applications 
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Motivation and Aim: Chronic kidney disease (CKD) patients are particularly susceptible to 

coronary atherosclerosis, which can be assessed using computed tomography (CT)-based 

coronary artery calcium (CAC) score [1]. However, such an expensive examination might not 

always be required or cost-effective. Therefore, a pre-screening tool is needed to help decide 

which patients should undergo a confirmatory CT scan. 

Novelty: This study investigates a novel screening approach utilizing pulse wave analysis 

combined with machine learning models to identify CKD patients at high risk for coronary 

atherosclerosis. 

Methods: We analyzed retrospective data from 124 CKD stage 5 patients who underwent 

kidney transplantation. Arterial pulse wave signals were collected by applanation tonometry 

using the SphygmoCor system (AtCor Medical, Sydney, Australia), and CAC scores were 

determined via CT scans. Machine learning models were developed using either pulse wave 

features or traditional risk factors (TRF) to detect high CAC scores (≥100 Agatston units) in 

four age groups. 

Main results: The pulse wave-based model outperformed the TRF-based model in identifying 

high CAC scores, particularly among younger patients. Specifically, the pulse wave-based 

classifier showed superior balanced accuracy in all analyzed age groups and superior sensitivity 

in patients under 60 years old, especially in those under 50 years old (Fig.1). For all age groups 

combined, the overall balanced accuracy of the pulse wave-based model exceeded 80%, 

suggesting its potential as a reliable screening tool for detecting high risk of coronary 

atherosclerosis in CKD patients. 

Conclusion: Pulse wave analysis combined with machine learning offers a promising, non-

invasive method for preliminary CAC screening in CKD patients. This approach could enhance 

mailto:ubialonczyk@ibib.waw.pl


early risk identification and improve clinical management, although further research is needed 

to validate and refine this method in larger, more diverse populations. 

 

Fig. 1. Performance metrics of the two analyzed classifiers of coronary artery calcium scores 

across different age groups. AUC ROC – area under receiver operating characteristic curve; PW – 

pulse wave-based only classifier, TRF – classifier trained with traditional risk factors only. 
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Motivation and Aim:  

 The length, width, tortuosity, branching patterns, and angles of retinal blood vessels are 

important in diagnosing, monitoring, and treating cardiovascular and ophthalmological diseases 

such as diabetes, hypertension, atherosclerosis, and vascular tumors. 

 Automatic vessel analysis facilitates screening of diabetic retinopathy and assessment of the 

relationship between vessel tortuosity and hypertensive retinopathy. It is also used to measure 

vessel diameters in diagnosing hypertension and supports laser surgery. Additionally, automatic 

generation of retinal maps and the identification of branching points enable image registration 

and creation of retinal mosaics. Moreover, the unique structure of the vessels makes them 

suitable as a biometric identification tool. 

Novelty:  

1. Using various color space models channels as an input for Attention U-Net for retinal 

blood vessel segmentation 

2. Study of image illumination equalization on retinal blood vessel segmentation 

Methods: 

 The study implemented the Attention U-Net, which demonstrated superior performance 

compared to the standard U-Net after initial testing. This architecture incorporates attention 

mechanisms, enabling it to focus on the most relevant areas of an image, making it particularly 

effective for medical image segmentation.   

 In this study, using Attention U-Net resulted in a higher Intersection over Union (IoU) value. 

The network consists of five encoder blocks with progressively increasing filters (32, 64, 128, 

256, and 512) and five decoder blocks. Each convolutional block includes six layers: two 

convolutional layers, two batch normalization layers, and two activation layers, utilizing the 

ReLU activation function.   

 Additionally, various input conditions were examined to address illumination challenges in 

the images, with the original dataset being procured from the DRIVE Dataset [1]. For each 

input variation, the Attention U-Net was trained from scratch for 50 epochs.   



Main results: 

 The results of the study showed that the segmentation accuracy depends on the channels 

used in a given color space. The best results were obtained for the image channels R (RGB) and 

U (YUV), and grayscale images, which achieved similar accuracy values. The maximum DICE 

coefficient for these three variants was about 0.91 (Tab. 1), which indicates their high efficiency 

in the segmentation process.  

Tab. 1. DICE value for the test dataset of the designed Attention U-Net for retinal images represented 

in greyscale and channels R and U of the RGB and YUV color space models, respectively as an input  

input  mean DICE  max DICE  

greyscale  0.838  0.909  

RGB: R 0.839  0.906  

YUV: U 0.838 0.906 

Conclusion: 

 This study highlights that there is no single best approach to retinal vessel segmentation. 

Numerous methods exist, each with its strengths and limitations. In this study, the impact of 

illumination equalization and the usage of various color space models were studied. In the end, 

the proposed method, presented above, achieves high-quality segmentation, benefiting various 

applications. 

Funding:  

Research project supported by the program „Excellence initiative – research university" for the 

AGH University of Krakow. 

References: 

[1] Staal JJ, Abramoff MD, Niemeijer M, Viergever MA, van Ginneken B. Ridge-based vessel 

segmentation in color images of the retina. IEEE Transactions on Medical Imaging. 

2004;23(4):501-509. 

[2] Sule OO. A Survey of Deep Learning for Retinal Blood Vessel Segmentation Methods: 

Taxonomy, Trends, Challenges and Future Directions. IEEE Access. 2022;10:38202-38236. 

doi:https://doi.org/10.1109/access.2022.3163247 

 

 

 

 

 

 



PP22 

Significance of stable feature selection in classifier performance 

assessment on high-dimensional genetic data 

Tomasz ŁUKASZUK1*, Jerzy KRAWCZUK1 

1 Faculty of Computer Science, Bialystok University of Technology, Bialystok, Poland 

* Corresponding author. E-mail address: t.lukaszuk@pb.edu.pl 

Keywords: Classification, Feature selection stability, Classifier evaluation 

 

Motivation and Aim: With the rapid advancements in high-throughput technologies, gene 

expression data analysis has become a crucial tool in bioinformatics for identifying biomarkers 

and understanding gene regulation. Feature selection plays a key role in this process by reducing 

dimensionality while preserving meaningful biological information. However, while accuracy 

and the number of selected features are frequently reported in classifier evaluations, the stability 

of feature selection—reflecting its reproducibility and generalizability—is often overlooked. 

This study aims to address this gap by emphasizing the importance of feature selection stability 

in classifier evaluation. 

Novelty: We introduces a novel methodology for generating dataset subsamples to assess 

stability, evaluates four classification models on high-dimensional gene expression datasets, 

and investigates the relationship between accuracy and feature selection stability. The ultimate 

goal is to propose a more comprehensive evaluation framework that integrates both stability 

and accuracy to enhance the reliability of gene expression-based classification models. 

Methods: This study employs machine learning classifiers with embedded feature selection to 

analyze high-dimensional genetic data. We focuses on models that inherently perform feature 

selection, as they efficiently handle the challenge of high-dimensional gene expression data. 

The chosen models include classifiers using L1 regularization (Logistic Regression, Support 

Vector Machine, and Convex and Piecewise Linear (CPL) criterion function) and decision tree-

based methods (Random Forest). 

The feature selection stability is assessed to ensure the reproducibility of selected features 

across different training data samples. Two primary stability metrics are used: Lustgarten’s 

measure and Nogueira’s stability measure. 

A novel cross-validation method, trains-p-diff, is introduced to systematically control dataset 

variability. This procedure ensures that each training set differs from others by precisely p 

objects, enabling controlled experiments on feature selection stability. It allows precise analysis 

of how small variations in training data impact stability and classification performance. 

Main results: The study was conducted on four gene expression datasets (Breast, Prostate, 

Renal, Throat) from the CuMiDa database, characterized by a high number of features and two 

decision classes. The experiments used the trains-p-diff procedure, where classifiers were 

trained for different values of p (the number of differing objects between training sets), and key 



metrics such as accuracy, feature selection stability, and the number of selected features were 

measured. 

The harmonic mean of feature selection stability and test accuracy was introduced as a single 

measure of classifier quality. Since accuracy remained relatively consistent across classifiers, 

the results mainly reflect feature selection stability: LR > SVM > CPL > RF. 

Conclusion: This study analyzed four classifiers with built-in feature selection—three using 

L1 regularization and one based on decision trees—across four high-dimensional gene 

expression datasets. Using the novel trains-p-diff cross-validation method, which ensures 

training sets differ by exactly p items, we evaluated feature selection stability under varying 

levels of data disturbance. Our key findings include: a) classification accuracy remained mostly 

unaffected by data disturbances, b) even minor dataset changes can significantly impact 

selected features. 

Feature selection stability is essential in gene expression data analysis, aiding robust gene subset 

identification and improving classification model reliability. 
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Abstract.  With the growing application of artificial intelligence (AI) in mental health re-  

search, there is an increasing need to evaluate its clinical utility in diagnosing,  predicting, and 

treating psychiatric disorders. This systematic review examines  the role of AI methods in 

individuals undergoing neuroimaging assessments  (fMRI, MRI, EEG). A comprehensive 

literature search was conducted in the  PubMed Medline database and Cochrane Library, 

following PRISMA 2020  guidelines. The final analysis included 20 studies published between 

January  2020 and January 2025.  The findings indicate that deep learning models, particularly 

convolutional neural networks (CNNs), demonstrate higher accuracy in classifying psychiatric  

conditions such as autism spectrum disorder (ASD) and schizophrenia com-  pared to traditional 

machine learning approaches. Moreover, AI is increasingly  being explored for predicting 

treatment response, particularly in depression and  bipolar disorder, by integrating 

neuroimaging with behavioral and physiological  data. Despite promising results, data 

heterogeneity, lack of standardized validation protocols, and ethical concerns remain significant 

challenges for clinical  implementation.  This review highlights the strengths and limitations of 

AI applications in psychiatric neuroimaging and underscores the need for standardized 

methodologies, larger datasets, and ethical guidelines to ensure the reliability and clinical  

applicability of AI-driven diagnostic tools. These findings provide a foundation  for future 

research aimed at optimizing AI integration into psychiatric practice. 
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Motivation and Aim: The performance and efficiency of semi-permeable membranes are 

critically dependent on their pore structure, which directly influences their ability to filter 

materials at the molecular level [1]. Traditional methods, such as measuring the mass removed 

during flushing, provide limited insights into the membrane's internal structure and do not 

adequately capture the complexity of pore depth and distribution. The gold standard for 

understanding these structures should be a form of 3D scanning (atomic force microscopy, 

interferometry), however this method is prohibitively expensive and time-consuming [2], 

particularly when repeated measurements are required. Additionally, manual analysis of cross-

sections of membranes is both tedious and prone to errors [2]. Therefore, there is a clear need 

for an automated, high-throughput method to quantify pore structures. This research aims to 

address these challenges by exploring the usage of images synthesized according to the need.  

Novelty: While depth estimation models have been successfully applied in various domains [3] 

including autonomous vehicle technology, their application to the study of semi-permeable 

membranes is [4] unprecedented. More specifically, the use of simulated data to replicate the 

intricate structures of membrane pores has not been explored previously in this context.  This 

innovative approach could help bridge the gap between expensive 3D scanning methods and 

the need for extensive pore structure analysis. 

Methods: To investigate the feasibility of this approach, we utilize a well-established 3D depth 

estimation model based on Keras tutorial. Model is commonly used as a base for depth 

estimation in large-scale images datasets such as: DIODE, Cityscapes. The model was chosen 

due to its relatively low complexity of architecture, so it can be studied deeply. These datasets, 

originally designed for autonomous vehicle applications, contain vast amounts of image data 

with ground truth depth maps, making them ideal for training depth estimation models. In this 

study, however, the model is tested on artificial images, which are synthesized to simulate pore-

like structures. The synthetic data consists of ellipses with varying depths along the Z-axis, 

created using meshgrid equations and mathematical models for ellipse rotation. The complexity 

of the pore shapes is increased step-by-step to evaluate how different 3D depth estimation 

models handle this increasing complexity. By comparing the performance of that model on 

increasingly sophisticated synthetic datasets, we gain insights into their ability to generalize to 

real-world, microscopic data. 
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Main Results: Initial experiments with synthetic data have yielded promising results, 

showcasing the ability of 3D depth estimation models to capture the varying depths of pore-

like structures.  

Table 1. Average ± Standard Deviation of Mean Square Error (MSE) of Depth Estimation vs 

Actual Depth : Test results on 1000 test samples, similar to the training synthetic dataset.  

Synthetic / Dataset DIODE +CityScapes +Synthetic 

One object in center 0.883 ± 0.019 0.758 ± 0.015 0.0009 ± 0.0003 

Two object randomly 

placed 

0.821 ± 0.039 0.720 ± 0.037 0.0013 ± 0.0006 

 

As expected, the model trained on synthetic data with one object fared worse on two-object 

synthetic data. Compared to training on other datasets only, however, the model achieves very 

high performance in estimating the depth data. Interestingly, models trained on DIODE and 

+Cityscapes achieve better depth estimation on two-object synthetic data, suggesting that the 

more objects in the image, the better. As expected, model finetuned on CityScapes after training 

on DIODE reached lower MSE than model trained on DIODE only. However, the artificial 

data, while effective in testing model capabilities, does not fully replicate the challenges of 

working with real microscopic images, such as noise, irregularities in pore shape, and variations 

in membrane texture. The complexity of synthesized image content could be gradually 

increased to bridge the synthetic-to-real data gap as much as possible, but there may always be 

an unbridgeable gap left. However, decreasing the size of this gap should allow building a more 

comprehensive tool for depth estimation of porous membranes in the future.  

Conclusion: The current study suggests that artificial data, in combination with robust 3D depth 

estimation models, can provide a useful foundation for automating the analysis of membrane 

pore structures. While synthetic datasets are not a perfect match for real-world microscopic 

images, they offer a viable starting point for model development and evaluation. Furthermore, 

the findings suggest that the transfer of learning from large-scale 3D depth datasets, such as 

DIODE and Cityscapes, could provide a pathway for further enhancement of these models. This 

work opens the door to the possibility of automating pore depth analysis, which could 

significantly reduce the time and cost associated with membrane porosity evaluation in both 

research and industrial applications. 
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Abstract. This study evaluates the application of Gradient-weighted Class Activation Mapping 

(Grad-CAM) to identify key image regions for enhancing pulse wave estimation using 

traditional signal analysis methods. The approach assumes that Grad-CAM masking enables 

the selection of relevant image areas, improving the Signal to Noise Ratio (SNR). Experiments 

were conducted on the PURE dataset using the TS-CAN model and rPPG-Toolbox. Grad-CAM 

maps identified facial regions most influential for model prediction, allowing the exclusion of 

areas not contributing to accurate estimation. The study also explored different temporal 

window sizes and their impact on signal quality. Method evaluation included SNRraw , 

SNRmax, SNRsum, and Hjorth descriptors. Results confirmed that Grad-CAM masking 

enhances rPPG signal quality, enabling more precise heart rate estimation. Statistical analysis 

validated the significance of the findings, highlighting the potential of interpretable deep 

learning methods in signal analysis.  

Keywords: blood volume pulse, remote photoplethysmography, signal processing, explainable 

AI  
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Abstract 

Inspired by the IFMBE Scientific Challenge Competition at NBC 2025, this work presents a 

deep learning approach for semantic wound segmentation employing a U-Net architecture. The 

approach focuses on segmenting three components within wound images: wound area, 

background, and scale marker. Preprocessing included grayscale conversion, resizing, and data 

augmentation on a dataset consisting of 371 training images and 80 validation images, each 

with associated 512×512 pixel masks. On the validation set, the model gets a weighted F1 score 

of 0.8327 using an encoder-decoder structure with skip connections. Post-processing Lanczos 

interpolation guarantees that output masks satisfy the criteria of the challenge. The best model 

achieved a test set F1 score of 0.7924, as reported by the challenge organizers.  

Keywords: Wound Segmentation, U-Net, Deep Learning, Medical Imaging, Data 

Augmentation, Image Resizing  
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Abstract. Chronic wounds pose significant clinical and economic challenges globally, 

requiring accurate assessment for effective management. Traditional wound measurement 

methods suffer from subjectivity and inefficiency, while existing AI solutions often lack 

integration of scale markers crucial for size estimation. This study presents an automated wound 

segmentation system using YOLOv11 Nano, a unified architecture combining detection and 

segmentation with integrated scale marker analysis. Leveraging transfer learning on 2760 

external images and fine-tuning with the IFMBE Challenge dataset (451 annotated images), our 

model achieved performance with a wound Dice score of 0.8728 and marker Dice score of 

0.9475. The lightweight design demonstrated real time inference at 100 FPS (10 ms/image) on 

an NVIDIA RTX 3090 GPU – 15× faster than U-Net architectures. By unifying detection and 

segmentation in a single efficient framework, this approach enables clinical grade wound 

measurements critical for personal device users seeking precise, efficient solutions that bridge 

gaps in automated assessment systems  

Keywords: Wound segmentation, IFMBE Challenge, YOLOv11 Nano, medical image 

analysis, real-time AI, diabetic foot ulcers 
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Motivation and Aim: EEG-fMRI method enables determination of potential epileptogenic 

zones by analyzing fMRI data based on interictal epileptiform discharges (IEDs) detected from 

the simultaneously recorded EEG signal [1]. Focal epilepsy often presents challenges in 

precisely localizing the epileptogenic zone, especially when using EEG-fMRI due to variability 

in hemodynamic response function (HRF) used in the analysis and the need for precise IEDs 

timing determination from the EEG signal. This study aims to demonstrate how HRF 

optimization, performed with a novel application, can impact source localization in a single 

patient with focal epilepsy, leading to clinically relevant changes in interpretation of the EEG-

fMRI analysis results.  

Novelty: This study utilizes a dedicated EEG-fMRI analysis application HOT (HRF 

Optimization Toolbox [2]), which allows for the optimization of HRF based on interictal 

epileptic discharges. In the presented case, the optimization of HRF in the analysis significantly 

changed the location of the epileptic focus, emphasizing the importance of individual HRF 

modeling in epilepsy diagnosis, especially considering the fact that the EEG-fMRI method can 

be used for preoperative planning in patients with epilepsy [3]. 

Methods: A patient (female, 39 YO, drug-resistant temporal epilepsy with complex partial 

seizures; hippocampal sclerosis) underwent 3 sessions of simultaneous EEG-fMRI acquisition 

(64-channel EEG Neuroscan SynampsRT, fMRI: GE Discovery MR750w, TR = 2.5 s, TE = 25 

ms, voxel size 3 mm x 3 mm x 3 mm). fMRI data were preprocessed using SPM12, and EEG 

data were analyzed in CURRY7. An experienced neurologist manually detected interictal 

epileptiform discharges (IEDs) in EEG signal. The analysis of fMRI data based on 17 IEDs was 

performed with a general linear model (GLM) in SPM12 using the canonical HRF to create the 

regressor. HRF optimization was performed using the HOT application. Then, SPM reanalysis 

was performed using the optimized canonical HRF parameters in the GLM. 

Main results: Before HRF optimization, EEG-fMRI analysis indicated a focus in an 

anatomically questionable location (right part of lingual gyrus). After optimization, the new 

location (right precentral gyrus – Figure 1) matched well with the neurologist's observations 

based on the patient's other modalities and semiology, suggesting that standard HRF 

assumptions may have contributed to the initial mislocalization. While the HOT toolbox has 



been applied in a larger cohort, generally resulting in increased statistical power or broader 

activation patterns, the case presented here is distinctive in that HRF optimization led to a 

fundamental shift in the location of the identified epileptogenic zone. Thus, this single-case 

report was selected to illustrate a qualitatively different and clinically significant impact of the 

optimization process, emphasizing the potential benefit of patient-specific HRF modeling in 

select cases.  

 

Conclusion: This case highlights the critical role of HRF optimization in EEG-fMRI for 

epilepsy diagnostics. The findings suggest that patient-specific HRF modeling can improve the 

accuracy of epileptogenic focus localization, potentially impacting clinical decision-making 

and treatment planning. Further research is ongoing, with the HOT toolbox being applied in a 

larger patient cohort to systematically assess its clinical utility and broader applicability in 

epilepsy diagnostics.  
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Motivation and Aim: Fractal theory is a branch of mathematics focused on fractals - complex 

geometric structures characterized by self-similarity at different magnification scales. Fractals 

are widely used in science and technology, including physics, biology, geology, and computer 

graphics [1]. They effectively model irregular natural structures such as coastlines, clouds, 

mountain ranges, vegetation, and blood vessel systems. In recent years, fractal analysis has 

gained recognition in medical imaging, offering new possibilities for studying and interpreting 

complex biological structures [2]. This study aimed to analyze fractal measures in MRI images, 

focusing on the role of the newly proposed Fractal Scale Variability Index (FSVI) in the context 

of image filtering techniques. The evaluation was specifically targeted at differentiating 

between two types of non-small cell lung cancer (NSCLC) - adenocarcinoma (ADC) and 

squamous cell carcinoma (SCC). 

Novelty: The innovative aspect of this study lies in the introduction of the Fractal Scale 

Variability Index as a new parameter for analyzing the variability of fractal structures at 

different scales in MRI images. Unlike traditional fractal measures such as the fractal dimension 

(FD) and lacunarity, which focus on characterizing the complexity and homogeneity of 

structures, FSVI offers insights into scale-dependent variations in the fractal properties of the 

image. This allows for a more nuanced understanding of the structural changes that occur at 

different scales within the tumor tissues, enhancing the analysis of complex biological 

structures in medical imaging. 

Methods: The study involved experimental research using MRI data from 45 patients 

diagnosed with adenocarcinoma (ADC) and squamous cell carcinoma (SCC), meeting inclusion 

and exclusion criteria related to age, diagnosis, and scan feasibility. To assess structural 

complexity and texture, three fractal measures were employed: Fractal Dimension (FD), 

Lacunarity, and the newly proposed Fractal Scale Variability Index. The FSVI parameter was 

designed to quantify how the local distribution of fractal complexity varies across multiple 

spatial scales. It is defined as follows: 

𝐹𝑆𝑉𝐼 =  
𝑠 ∑(𝑖∙𝐻𝑖)−∑ 𝑖 ∑ 𝐻𝑖

𝑠 ∑ 𝑖2−(∑ 𝑖)2 ,    (1) 

where: s is the number of scales (grid sizes) used in the box-counting method, i represents the 

scale index (i=1,2,...s), Hi is the estimated fractal entropy at scale i. 

The FSVI captures the linear trend of entropy variability across scales, complementing the 

traditional multiscale fractal dimension by emphasizing changes in scale-dependent complexity 

rather than focusing solely on absolute fractal dimensions [3,4]. The number of scales used in 
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the analysis was empirically determined and set to five. Although the multiscale fractal 

dimension method is widely recognized, FSVI offers a distinct approach by highlighting 

entropy fluctuations across scales. This may improve the sensitivity of differentiating 

carcinoma types, particularly when combined with various image filtering techniques. 

To evaluate the effect of preprocessing on fractal measures, each MRI image was processed 

using four filters: Normalization, Averaging, Laplacian Sharpening, and Gaussian Noise 

Addition. The impact of each filter on FD, Lacunarity, and FSVI was analyzed to determine 

their role in enhancing discrimination between ADC and SCC. 

Main results: The results indicate that Fractal Dimension and lacunarity show significant 

differences between ADC and SCC under most filtering conditions, with SCC demonstrating 

higher complexity (FD) and lower homogeneity (lacunarity) compared to ADC. However, the 

Fractal Scale Variability Index remained relatively stable across the different filtering 

conditions, suggesting that scale-dependent variability does not significantly differentiate 

between ADC and SCC. This stability implies that FSVI may not be a reliable marker for 

distinguishing between these tumor types. Nonetheless, it may have potential applications in 

assessing structural variability in other areas of medical imaging. 

Conclusion: Although FSVI does not differentiate between ADC and SCC, it offers a novel 

perspective on fractal variability across scales. Future research should investigate its potential 

applications in other areas of medical imaging where scale-dependent fractal changes may be 

significant. Additionally, the study underscores the impact of image filtering on fractal 

parameters, highlighting the importance of standardized processing techniques in fractal-based 

medical image analysis. 
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Motivation and Aim: The enhancement of T1-weighted (T1w) MRI images acquired after 

contrast administration in patients with multiple sclerosis (MS) is a well-established indicator 

of active inflammation and blood-brain barrier (BBB) disruption. However, the evaluation of 

possible inflammation in the lesions that do not enhance remains a challenge. Determination of 

the K2 parameter, characterizing the leakage effect in dynamic susceptibility contrast (DSC) 

curves, may serve as an additional marker to describe MS lesions. This study aims to assess the 

utility of the K2 parameter in detecting BBB impairments in non-enhancing MS lesions, 

providing insight into their inflammatory activity. 

Novelty: This study introduces the use of the K2 parameter from DSC MRI as a potential 

biomarker for BBB disruption in non-enhancing MS lesions. Unlike conventional T1w 

contrast-enhanced imaging, which identifies only active inflammation, the K2 parameter may 

reveal subtle BBB permeability changes resulting from the extravasation of contrast agent, 

which shortens the T2* relaxation time and alters the signal curve in DSC MRI. This approach 

could improve the sensitivity of MS lesion characterization and offer a more comprehensive 

understanding of disease pathology. 

Methods: Data were acquired using a 3T scanner with a DSC T2* sequence (3x3x4mm, TR = 

1500ms, TE = 16.5ms). The K2 parameter was determined based on the relaxivity-time curves 

𝛥𝑅2 ∗ (𝑡) derived from DSC data in lesions, according to the formula [1,2]: 

𝛥𝑅2∗(𝑡) = 𝐾1 ⋅ 𝛥𝑅̅̅ ̅̅ 2∗(𝑡) + 𝐾2 ⋅ ∫ 𝛥𝑅̅̅ ̅̅ 2∗(𝑡′)

𝑡

0

dt′ 

where: 𝛥𝑅2∗(𝑡) − relaxivity-time curve, 𝐾1 – term reflecting uncontaminated perfusion, 

𝛥𝑅̅̅ ̅̅ 2∗(𝑡) – average signal from non-enhancing voxels, 𝐾2 – term reflecting leakage effect. 

To validate the accuracy of the K2 parameter, measurements were taken from two imaging 

sessions 1.5 years apart in a MS patient (Patient A) with a low-grade tumor enhancing on T1w, 

mailto:nhryniewicz@ibib.waw.pl


where a high K2 value was expected [3]. Additionally, K2 values were calculated for lesions in 

36 datasets of patients without radiological evidence of T1w enhancements. All lesion ROIs 

were selected based on automatic segmentation using VolBrain. Other processing was carried 

out using in-house MATLAB scripts, based on SPM12, and included steps such as realignment, 

to ensure accurate spatial registration of the images.. 

Main results: For Patient A, the K2 values for the enhancing (tumor) area were 0.05 and 0.07, 

respectively—significantly higher than the mean K2 values of the MS lesions. A high K2 is 

characterized by the concentration curve not returning to baseline, indicating persistent leakage. 

Among the 36 patients without T1w enhancement, seven of them exhibited lesions with high 

K2 values (0.025 and higher), where the threshold was determined as the 95th percentile of the 

aggregated K2 

distribution. Three of 

them (Patients B, C, and 

D), as presented in 

Figure 1, had lesions 

with K2 values of 0.032, 

0.038, and 0.031, 

respectively, which may 

suggest subclinical 

inflammatory activity or 

blood-brain barrier 

(BBB) disruption. 

Notably, no correlation 

was found between the 

calculated K2 values 

and the signal intensity 

difference between T1-

weighted post-contrast 

and pre-contrast images 

(T1+c − T1), indicating 

that K2 may capture BBB impairment beyond conventional imaging markers. No follow-up 

data were available for the seven patients with high K2 values, and further longitudinal 

monitoring is required to assess the clinical significance of these findings. 

Conclusion: The elevated K2 values observed in the enhancing lesion of Patient A validate the utility 

of this parameter for detecting BBB impairments. Moreover, the high K2 values in non-enhancing 

lesions of seven other patients indicate that this method may uncover subclinical inflammation or BBB 

disruption not evident on standard T1w imaging. These findings suggest the potential of K2 as a 

complementary marker for more sensitive MS lesion assessment. 
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Abstract. Polylactic Acid (PLA) is a biodegradable thermoplastic polymer, commonly used 

with low-cost fused filament fabrication (FFF) 3D printers. Amongst the many biomedical 

applications of PLA, is the use in the Radiology field, where it is exploited for preparing 

physical phantoms. The aim of this study is to investigate the influence of 3D printing patterns 

on the Hounsfield Units (HU) of Computed Tomography (CT) scanned samples. For this study, 

we fabricated samples with two different infill patterns—cubic subdivision and quarter cubic—

across a range of infill densities (10% to 100%). The samples were scanned at a CT facility 

using three different kV settings. Regions of interest (ROIs) were selected from the CT images 

of the scanned samples, and the corresponding HU were measured. The results demonstrated 

that both infill pat- tern and density significantly influence the HU values. Both patterns were 

found to be suited for representing lung tissue, while the Quarter Cubic pattern was appropriate 

for replicating the radiological properties of adipose tissue, as well. The kV settings had a slight 

effect on the HU measurements. These findings will be applied to the development of 

anthropomorphic phantoms for radiological applications.  
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Motivation and Aim: With aging, the cerebrovascular system undergoes significant structural 

and functional changes that can impair the regulation of cerebral blood flow. These vascular 

alterations influence the morphology of cerebral blood flow oscillations in both macro- and 

microcirculation [1]. Functional near-infrared spectroscopy (fNIRS) is a noninvasive, portable, 

and user-friendly technique that enables real-time monitoring of pulsatile changes in blood 

oxygenation and volume within the cerebral cortex. 

This study aims to investigate age-related changes in the morphology of total hemoglobin 

concentration (tHb) pulse waveforms in a healthy population. Additionally, sex-related 

differences in tHb pulse morphology were also studied. 

Novelty: The morphological characteristics of fNIRS-derived pulse signals remain largely 

unexplored. This study is one of the first attempts to investigate the changes in the shape of tHb 

pulse waveform with aging. 

Methods: The study was approved by the bioethical committee of the Lower Silesian Chamber 

of Physicians (approval number 03/PNDR/2024). Continuous records of high-resolution (81.4 

Hz) changes in oxygenated and deoxygenated hemoglobin concentration (HbO, HbR) in a 

resting state were collected from 57 healthy volunteers in different age (range: 19-66, median: 

28, IQR: 22-47 [years], males: 26) using continuous wave fNIRS device (NIRSport2, NIRx 

Medizintechnik GmbH, Berlin, Germany) configured with eight active channels in the frontal 

lobe area. Two representative, symmetrically-located channels from the forehead area were 

selected for the analysis based on the signal quality criterion. Total hemoglobin concentration 

(tHb) was calculated as a sample-to-sample sum of HbO and HbR. The tHb signal was 

automatically cut into single pulse waveforms using modified Scholkmann algorithm [2]. 

Median number of obtained pulse waveforms per subject was 398 (IQR: 317-461). Pulse 

waveforms were analyzed separately: each was detrended, linearly interpolated in X axis to a 

length of 200 samples, and normalized along the Y axis. A similarity of the tHb pulse to the 

triangle was measured using five indices presented in Fig. 1 [3]. Non-parametric tests were 

applied due to the rejection of the normality hypothesis for most of the analyzed indices based 

on the Shapiro-Wilk test. The differences in median values of analyzed parameters assessed on 

two sides of the head based on two selected fNIRS channels was verified using Wilcoxon test. 



Correlations between the morphological variables and age were assessed using Spearman rank 

test (RS). Interactions between age group (defined as I for individuals younger than 28 years 

and II otherwise - based on the median age value to ensure comparable number of volunteers 

in each group) and sex and their impact on morphological variables was tested using Scheirer-

Ray-Hare test. 

 

Fig. 1. Visualization of a triangle fitted into the total hemoglobin concentration (tHb) pulse waveform and triangle 

similarity indices in young (25 years) and old (55 years) volunteer. 

Main results: There were no differences between the tested variables on the two sides of the 

head, hence all metrices were averaged sidewise. TDA was negatively correlated with age (RS=-

0.459, p<<0.01) indicating more triangle shape of tHb pulse with advanced age. Among four 

tested average to-triangle distances, only two metrices were correlated with age: mAUD (RS=-

0.626, p<<0.01) and mDUD (RS=-0.283, p=0.03). Sex and age group have significant effect on 

TDA, mAUD and mDUD, and there is an interaction between these two factors (TDA: 

Hsex=5.01, psex=0.03; Hage=11.28, page<<0.01; Hsex-age=14.53, psex-age<<0.001; mAUD: 

Hsex=5.36, psex=0.02; Hage=21.72, page<<0.001; Hsex-age=8.00, psex-age<0.01; mDUD: Hsex=4.91, 

psex=0.03; Hage=4.73, page=0.03; Hsex-age=5.61, psex-age=0.02).  

Conclusion: Aging causes a change in the morphology of tHb pulse waveform, making it more triangle-

like. Sex is another factor differentiating the tHb pulse waveform similarity to the triangle, showing that 

the aged-induced changes are more pronounced in women. 
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Motivation and Aim: Time-Domain Near-Infrared Spectroscopy (TD-NIRS) is a non-invasive 

optical technique used to measure the optical properties of the biological tissues. It relies on 

near-infrared (NIR) picoseconds-short, pulsed light (typically in the range of 650–940 nm) to 

probe tissue and provides insights into its absorption and scattering properties [1]. These 

measurements allow for a separation of absorption and scattering properties of tissues, offering 

improved accuracy over the most common continuous-wave NIRS [2]. Functional brain 

stimulation, such as task-based motor cortex activation, induces localized hemodynamic 

changes, locally altering tissue optical properties [3–5]. While absorption(𝜇𝑎) changes related 

to oxygenated and deoxygenated haemoglobin are well-studied, the potential influence of 

scattering (𝜇𝑠
′ ) changes has not been thoroughly investigated.  

This gap raises an important question: Does a functional brain stimulation significantly 

impact the scattering coefficient of the measured tissue, and should this effect be accounted for 

in NIRS data analysis? This study addresses this question combining in silico simulations with 

in vivo task-based experiments involving motor cortex activation. 

Novelty: This study reveals that task-related motor cortex activation causes statistically 

significant changes in the activated tissue scattering 𝜇𝑠
′ , challenging the common assumption 

of constant scattering in functional NIRS research. We quantify the errors introduced by 

neglecting the scattering change — 4.8% for oxygenated, 182.8% for deoxygenated, and -

29.7% for total haemoglobin concentrations. We emphasize the need to account for both 

absorption and scattering changes to address all physical phenomena in the fNIRS data 

interpretation. 

Methods:  

Stimulation Protocol: Twelve healthy adult volunteers were recruited (two females and ten 

males, aged 24-43 years, mean age 32.2 years), of which eleven were included in the analysis. 

A series of measurements was carried out to investigate the influence of cortical activation on 

optical properties. The experiment was divided into two phases (left- or right-hand motor 

stimulation). To activate the motor cortex, the subject firmly pressed a small soft ball (made of 

foam rubber) with their hand, repeating squeezes with the frequency of 2 Hz. 

Crosstalk check: To estimate the magnitude of the mutual influence between absorption and 

scattering observed during parameter recovery from the measured distributions of time of flight 

of photons (DTOFs), a series of simulations was carried out. In silico data were generated with 

the in-house developed Monte Carlo code[6] to examine the parameters recovery crosstalk, 

between the absorption and scattering. The simulation involved generating 44 DTOFs with 

varying scattering and absorption parameters for each scenario, followed by adding Poisson 

noise. Simulations were carried out for the same magnitude of changes of the optical properties 

that were observed in the data from the in-vivo experiment, i.e. approximately 1%. 

Testing method: DTOFs measured in vivo were used to recover optical properties using the 

moments method as shown in [7] and Curve fitting methods as shown in [8,9]. In further part 
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of this paper estimating optical properties from measurands 𝛥𝐴 and 𝛥〈𝑡〉 will be referred as At 

and from 𝛥〈𝑡〉 and 𝛥𝑉 as tV. Where 𝛥𝐴, 𝛥〈𝑡〉 and 𝛥𝑉 correspond to changes in 0th, 1st and 2nd 

centralized statistical moment (light intensity, mean time of flight and variance of distribution) 

of a DTOF.To check the potential error of neglecting changes in the scattering to the well 

established CW-NIRS measurements the following procedure was applied: We implemented a 

numerical procedure using the finite element method (FEM). The simulation was based on a 

standard slab model, where absorption and scattering properties at 690 nm and 830 nm were 

defined for both baseline and stimulus conditions. Two cases were considered: one where only 

absorption changed and another where both absorption and scattering varied, as inferred from 

in vivo experiments.A 3D mesh was generated, and light propagation was computed using time-

resolved FEM simulations with appropriate boundary conditions. The time-domain reflectance 

(TPSF) was obtained for all conditions and processed to extract the first statistical moment, 

representing attenuation changes. These data were then used to estimate oxyhemoglobin and 

deoxyhemoglobin concentration changes based on differential attenuation at both wavelengths. 

Finally, the relative error between the two cases was computed for oxy-, deoxy-, and total 

hemoglobin concentrations, quantifying the bias introduced by ignoring scattering variations in 

CW-NIRS measurements. 

Main results: Both, the 𝜇𝑎 and 𝜇𝑠
′  are affected by the stimulation. The changes are not lower 

than 0.05% and 0.03% of initial value for 𝜇𝑎 and 𝜇𝑠
′  respectively. 

Table 5: Recovery of  𝚫𝝁𝒔
′  during task period within the tested volunteers group 

Expected crosstalk is highest for tV and moments method. LMA and At method are significantly closer to “ground 

truth”. Table 6 presents how much crosstalk is expected when optical properties change by 1 % as observed in 

vivo. 

Table 6: Crosstalk detection/interference results for 1% change of optical properties as observed in vivo.  

 

 

 

 

As shown the recovered scattering is around one-fold of magnitude greater than the expected 

crosstalk. Additionally the error predicted with FEM simulated data suggests that assuming 

constant scattering during functional brain stimulation measured with a continuous wave NIRS 

can introduce the: 4.8 % in oxygenated, 182.8 % in deoxygenated and -29.7 % in total 

haemoglobin concentrations. 

Conclusion: This study confirms that statistically significant changes (order of magnitude 

above the crosstalk) in 𝜇𝑠
′  occur during task-related motor cortex activation. These findings 

emphasize the need to consider scattering changes, in addition to absorption, when interpreting 

functional NIRS experiments. 

Experimental data suggests that assuming constant scattering during functional brain 

stimulation can introduce the following error to a continuous wave NIRS measurement: 4.8 % 

in oxygenated, 182.8 % in deoxygenated and -29.7 % in total haemoglobin concentrations. 

Acknowledgements: Study was financed and conducted in Statuatory Topic 253 (ST253) 

Datasource Median [%] 

Left hemisphere activation @690 nm 0.2217 

Left hemisphere activation @830 nm 0.0901 

Right hemisphere activation @690 nm 0.0948 

Right hemisphere activation @830 nm 0.1457 

Value changing crosstalk on At tV LMA Moments 

𝜇𝑎 by 1% 𝜇𝑠
′  [%] -0.01 -0.23 0.06 -0.23 

𝜇𝑠
′  by 1% 𝜇𝑎 [%] -0.04 0.24 0.02 0.24 
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Motivation and Aim: Brain-computer interfaces (BCIs) are becoming increasingly popular 

due to technological advancements. BCIs provide an alternative way to control end devices in 

situations where conventional control methods are not possible. As a result, they are particularly 

valuable for individuals with neurological disorders that impair limb functions, as well as for 

elderly, ill, or weakened patients recovering from illness or surgery. Based on existing 

knowledge of brain physiology, researchers have developed methods that utilize specific 

paradigms, such as event-related potentials (ERP) and event-related 

desynchronization/synchronization (ERD/ERS). These methods enable users to operate end 

devices using their brain potentials1. One of the applications of BCIs includes systems 

supporting rehabilitation, for example after a stroke. These systems rely on a non-invasive 

technique for recording brain activity called electroencephalography (EEG), which enables the 

delivery of feedback to patients via external devices or virtual reality (VR) triggered through 

motor imagery (MI) or motor execution (ME) attempts. Researchers believe that such a closed-

loop system supports long-term motor rehabilitation by inducing appropriate neuroplastic 

changes. As this field is still under development, further research is essential to advance these 

technologies and better support individuals in need2. 

Novelty: The development of BCIs supporting patients during upper limb rehabilitation 

requires a system that meets critical demands: effectiveness in event recognition, reliability 

throughout the rehabilitation process, low latency for optimal immersion and neurofeedback, 

and also accessibility for different users. Due to physiological variability, particularly in 

individual brain signal patterns, a user-adaptive approach is optimal, achieved by training 

classifiers offline on acquired signal data prior to deployment. While traditional ERD/ERS for 

both motor execution (ME) and motor imagery (MI) uses bandpower features, this study 

investigates usage of higher order statistics (HOS) to improve MI detection in right- versus left-

hand tasks. 

Methods: The study utilized a dataset3 comprising 52 subjects whose brain signals were 

recorded using an EEG with 64 electrodes arranged according to the international 10-10 system, 

at a sampling frequency of 512 Hz. In the experiment, participants performed five to six hand 

movement imagination trials, separated by 4-minute rest periods as needed. Before the actual 

experiment, each subject practiced four finger movement patterns: touching their index, middle, 

ring, and little fingers to the thumb within 3-second intervals. During the motor imagery (MI) 

task, participants were instructed to focus on kinesthetic rather than visual representation of the 

movements. The extracted features included mean absolute deviation (MAD), interquartile 

range (IQR), skewness (Sk), and kurtosis (Kt). The first step in signal processing included 60 



Hz notch filtering. Then, using the empirical wavelet transform (EWT) method, the signal was 

decomposed into 10 modes (empirically determined), with hyperparameters optimized via 

brute-force method. Power spectrum analysis using Welch's method was employed to identify 

the most MI-sensitive mode, which was subsequently used for further processing. The Hilbert-

Huang Transform (HHT) was then applied to extract instantaneous amplitude (IA) and 

instantaneous frequency (IF) features. The signal was subsequently segmented into 200 ms 

windows without overlap. From these, four higher order statistics (HOS) were computed and 

used as input features to train the two most commonly used classifiers in MI applications: linear 

discriminant analysis (LDA) and support vector machine (SVM). The dataset (consisting of 

7026x512 samples for each subject) was split into training and test sets using 5-fold cross-

validation with algorithm performance measured through accuracy (representing the ratio of 

correct assessments to all assessments) and F1 score (calculated as the harmonic mean of 

precision and recall scores). 

Main results: Each classifier was individually trained for all 52 subjects, using the features 

previously described and extracted from each EEG channel. The LDA classifier achieved an 

average accuracy of 99.58% across all participants, with an equally high F1 score of 99.58%. 

The SVM classifier demonstrated slightly lower performance, yielding 96.64% accuracy and 

96.56% F1 score, respectively. The classifiers achieved exceptionally high performance 

metrics, significantly outperforming the results reported by the original dataset authors, who 

reached a maximum accuracy of only 67.46% in their best-case scenario4. 

Conclusion: The study demonstrated that HOS features derived from IF and IA, extracted using 

EWT from EEG signals, can significantly enhance the classification of MI tasks. The 

exceptionally high classification accuracy achieved by both LDA and SVM classifiers across 

all 52 subjects suggests that used signal processing and feature extraction methods can be very 

effective in capturing MI-related brain activity patterns. The outcome allows for two possible 

interpretations. On one hand, the models may have overfit the training data—potentially 

acceptable in this context, as they were specifically tailored to individual users based on 

extensive subject-specific datasets. On the other hand, the outstanding results may genuinely 

reflect the classifiers’ discriminative power, as the extracted HOS features appeared to enable 

nearly unambiguous separation between motor imagery tasks. Furthermore, the superior 

performance of LDA compared to SVM suggests potential linear separability in the feature 

space, which is consistent with the underlying assumptions of the LDA algorithm.  
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Abstract. Arrhythmia detection and classification are critical for early diagnosis and 

management of cardiac disorders. In this study, we performed a nonlinear analysis of ECG 

signals representing up to 35 types of arrhythmias generated by the MPS450 Fluke simulator. 

These signals were recorded with the ADS1298 analog front-end (AFE). Eight measures were 

analysed such as variance, Higuchi Fractal Dimension (HFD), Katz Fractal Dimension (KFD), 

Detrended Fluctuation Analysis (DFA), Sample Entropy (SampEn), Approximate Entropy 

(ApEn), and Multiscale Entropy (MSE). The impact of window size was tested also. These 

measures allowed to differentiate between a normal rhythm and 20 out of 35 arrythmias as well 

as between 73.7 % of pairs of different arrhythmias, highlighting their diagnostic potential. The 

best results were obtained for 30- second window. All fractal dimension measures (KFD, HFD 

and DFA) and ApEn were the most important features for arrythmias classification. This study 

demonstrates the efficacy of nonlinear ECG signal analysis in characterizing arrhythmias and 

emphasizes the importance of advanced simulation and acquisition systems like the MPS450 

Fluke and ADS1298 for cardiac research and clinical applications, i.e. integration of an 

application based on nonlinear measures with wearable ECG devices for automated arrhythmia 

classification.  
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Abstract. Additive manufacturing has significantly advanced the field of prosthetics, allowing 

for the production of highly customized prosthetic components. Among these, the prosthetic 

socket plays a critical role in securely attaching the residual limb to the prosthesis. The interface 

pressure between the residual limb and the prosthetic socket greatly impacts user comfort and 

quality of life. This study explores the influence of liner material Poisson’s ratio on contact 

pressure distribution within transtibial prosthetic sockets using Finite Element Analysis (FEA). 

Auxetic metamaterials, characterized by a negative Poisson’s ratio, exhibit unique mechanical 

properties that enhance adaptability and comfort in prosthetic applications. By analyzing the 

pressure distribution for various Poisson’s ratio values, the study reveals that auxetic materials 

contribute to a more uniform pressure distribution, reducing peak stresses on the residual limb. 

The findings suggest that integrating auxetic materials into prosthetic socket design can 

significantly improve the comfort and performance of prosthetic users. Further re- search 

should investigate additional mechanical properties to optimize prosthetic liner materials 

further.  
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Motivation and Aim: Chronic acidosis in chronic kidney patients undergoing peritoneal 

dialysis (PD) is treated with the addition of buffer bases to the dialysis fluid. Traditional lactate 

solutions (TL) presented several factors, like low pH, that were shown to reduce 

biocompatibility, which led to the development of mixed solutions like bicarbonate plus lactate 

(BL). Mathematical models can be used as testing bench to predict the outcomes of different 

dialysate solutions, or to individualize the prescription of dialysate acid-base composition. 

Current models used to explain transport in PD, such as the 3-pore model, might have limited 

application in describing the transport of bicarbonate, because of the complexity of the 

respiratory and chemical regulation mechanisms of the bicarbonate buffer system in the body. 

To address this issue, we integrated the 3-pore model with a comprehensive model of whole-

body acid-base equilibrium, and applied it to describe PD dwells in patients using both TL and 

BL dialysis fluid solutions. 

Novelty: Compared to hemodialysis, few models are available to explain the evolution of acid-

base equilibrium in PD patients. To date, ours is the most comprehensive model ever applied 

to describe this type of data. 

Methods: We analyzed data from collected in a previous study [1], describing 7 patients who 

each underwent two 4-hour dialysis exchanges: one with the BL solution (glucose 3.86%, 

bicarbonate 25 mmol/L, lactate 15 mmol/L) and one with the TL solution (glucose 3.86%, 

lactate 40 mmol/L) with radiolabeled albumin added to the dialysis fluid as a volume marker. 

Frequent peritoneal fluid samples and plasma samples were taken during each exchange; solutes 

concentrations in plasma and dialysate were assessed with laboratory assays and blood gas 

analysis. 

The acid-base portion of the model was previously developed for hemodialysis [2] and adapted 

to PD. This model describes the transport of CO2 and oxygen between body compartments 

representing the main circulation, lung capillaries, tissue cells and interstitial spaces. Changes 

to the equilibrium of buffers in body fluids, driven by PD, were calculated solving nonlinear 

systems of equations describing the blood acid-base biochemistry. The 3-pore model was used 

to describe the transport of bicarbonate, dissolved CO2, lactate, and other major solutes in 

plasma, across the peritoneal membrane. Transport occurs through a mix of large, small, and 

ultra-small pores, with different degrees of permeability to each solute. Water transport is 
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determined by the osmotic gradient between plasma and peritoneal fluid, balanced by the 

hydrostatic and oncotic pressure gradients and peritoneal absorption.  

For each patient in the study, the model was fitted to the clinical data by tuning several patient-

specific parameters, the filtration coefficient of the peritoneal membrane (LpS), the fluid 

absorption rate, the percentage of ultrasmall pores (αUP), and the permeability-surface area 

product (PS) coefficients for each solute. 

Main results: The model fitted dialysate data with an overall root mean squared error (RMSE) 

of 8.3 ± 1.4% for BL fluid and 8.4 ± 1.6% for TL, compared to the data. The estimated LpS and 

αUP were within the expected range, with relatively high values of absorption rates, compared 

to the physiological range, that did not significantly differ from the estimates obtained directly 

based on the volume marker concentration. The estimated values of PS were significantly 

different between the two fluids (Table 1). In BL, the predictions of the evolution of bicarbonate 

and CO2 concentrations in plasma were accurate with a relative error of 3.9 ± 2.4% and 6.4 ± 

3.9%, respectively, while the errors in TL were 4.9 ± 4.2% and 5.0 ± 2.7%, respectively (p > 

0.05). 

Table 1. Median values of permeability-surface area coefficients (PS, in mL/min) estimated by the 

model in the lactate-only solution (TL) and bicarbonate plus lactate solution (BL). *Wilcoxon test 

with p < 0.05 for BL vs TL. 

 BL TL 

PS Glucose 12.84 [10.37; 13.41] 10.42 [9.26; 14.42] 

PS Na 11 [7.15; 20.57]* 8.11 [4.03; 10.99] 

PS Urea 24.59 [21.26; 28.86] 24.14 [20.03; 27.01] 

PS Creatinine 10.96 [9.24; 19.72] 10.46 [9.16; 14.59] 

PS Cl- 15.54 [13.6; 20.99]* 8.75 [7.41; 18.39] 

PS K+ 23.73 [16.8; 26.81]* 20.84 [15.72; 22.01] 

PS P- 6.04 [3.21; 7.36] 5.4 [3.5; 6.81] 

PS Lactate 17.76 [16.83; 21.63]* 14.66 [13.96; 17.02] 

PS Bicarbonate 22.17 [17.96; 28.28] 16.45 [13.12; 21.44] 

PS CO2 2.51 [2.51; 5.71]* 17.04 [11.2; 17.93] 

 

Conclusion: After tuning the peritoneal transport parameters, the model fitted dialysate data 

with high accuracy, and the simulation of the acid-base equilibrium allowed to predict the 

evolution of bicarbonate and CO2 levels in plasma during the PD dwell. However, the 

differences in the estimated PS values between the two dialysis fluids are perhaps indicative of 

some other mechanisms related to the transport of bicarbonate and lactate that are not described 

by the model. 
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Motivation and Aim: The concentration of bicarbonate (Dbic) and some electrolytes (sodium, 

potassium, calcium) in dialysis fluid may be individually adjusted during hemodialysis session 

according to medical prescriptions. However, because of technical reasons, the concentration 

of other electrolytes in dialysis fluid may change, if Dbic is changed. We aimed at the 

assessment of the impact of modifications of Dbic on plasma electrolytes. 

Novelty: Our study allowed for the quantification of the changes in plasma chloride and 

calcium following the change of Dbic, whereas the settings for concentrations of sodium, 

potassium and calcium in dialysis fluid were unchanged. 

Methods: During two midweek, 4 hour long hemodialysis sessions in 25 anuric, prevalent 

hemodialysis patients the acid-base parameters and small electrolytes were measured using 

blood gas analyser (ABL90 Flex Plus, Radiometer, Denmark) at 0, 60, 120, 180 and 240 min 

of the session. During the first session (treatment A) Dbic was constant at 33.6±1.7 mmol/L 

during the whole session, while for the second week (treatment B) it was modified before and 

after 2 h of the session and was on average 30.8±2.3 mmol/L for the initial 2 hours and 34.0±2.5 

mmol/L for the final 2 hours. 

Main results: During treatments A and B plasma bicarbonate (Pbic), pCO2, pH and calcium  increased 

during the sessions, whereas plasma potassium, sodium and chloride decreased. The time profiles of 

plasma sodium and potassium did not differ between Treatments A and B. Pbic was lower in treatment 

B than A at 60 and 120 min of dialysis; plasma chloride and calcium were higher at 60 and 120 min of 

dialysis in treatment B than A. The difference in Pbic between the treatments A and B assessed at 2 and 

4 h of the session correlated positively, whereas the differences in plasma chloride and calcium assessed 

at 2 and 4 h correlated negatively, with the difference in Dbic between treatments B and A at 2 and 4 h 

of the session, respectively. For each percent of Dbic increase one may expect after 2 hours of 

hemodialysis -0.27 and -0.16% change in plasma chloride and calcium, respectively. 

Conclusion: Modifications of dialysate bicarbonate may influence the concentrations of some other 

electrolytes in plasma, as chloride (following the modification of chloride concentration in dialysis fluid 

during its preparation) and calcium (probably because of the change in plasma pH). 
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Motivation and Aim: Hypotension is a common complication in patients with severe traumatic 

brain injury (sTBI), requiring vasopressor therapy to maintain adequate organ perfusion 

pressure1. Currently, vasopressor management relies on a trial-and-error approach, highlighting 

the need to improve dosing strategies1,2. In this study, we explored the potential of personalized 

pulse wave propagation modeling to predict the direction of the next norepinephrine (NE) dose 

change (or lack thereof). 

Novelty: To our knowledge, this is the first study utilizing personalized pulse wave propagation 

modeling to predict the direction of NE dose changes. 

Methods: We performed a longitudinal study on 25 sTBI patients in an intensive care unit. 

Arterial pulse waves were recorded non-invasively from wrists and ankles using the 

oscillometric method (AngE, SOT Medical, Austria) and then fitted by a 0-1D model of arterial 

blood flow dynamics describing pulsatile changes in blood pressure and arterial cross-sectional 

area along the arterial tree The model was fitted to data by adjusting selected model parameters, 

including arterial stiffness, maximal left-ventricular elastance, left atrial pressure, and the 

scaling factor of the resistances of small arteries and arterioles. These patient-specific 

cardiovascular parameters, along with the parameters obtained directly from the oscillometric 

device (e.g. the duration of the upslope of the recorded pulse waveforms) were then used in a 

statistical model to predict whether the next NE dose will be 1) increased, or 2) decreased or 

unchanged. This binary classification, combining no change in NE dose with a dose reduction, 

was adopted for the sake of simplicity of the predictive model and because, from a clinical 

perspective, it seems particularly important to predict the potential need to increase the 

vasopressor dose (to avoid hypotensive episodes). 

Main results: The cardiovascular model demonstrated a good fit to the recorded pulse waves, 

with coefficients of determination (R²) around 0.9 and a mean difference of 0.1 ± 1.0 mmHg 

between the measured and model-estimated mean arterial pressure (R² = 0.99). Apart from a 

few cases, no clear correlation was observed between the model-derived cardiovascular 

parameters and NE dose at the time of pulse wave recording. However, the statistical model 

predicting the NE dose changes achieved a balanced accuracy of 0.85 when trained on the full 

dataset and 0.76 with the leave-one-out cross-validation, with 8 misclassifications out of 77 

observations. 



Conclusion: The proposed framework allowed predicting the direction of NE dose adjustments 

over the next 24 hours with satisfactory accuracy despite the known inter-patient variability in 

the hemodynamic response to NE3. 
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Motivation and Aim: Nicotine addiction remains a major threat to public health, and both 

tobacco and electronic cigarettes can lead to long-term dependence. This study employs a 

Markov model to simulate the dynamics of nicotine addiction, comparing the progression of 

addiction among users of traditional cigarettes and e-cigarettes across three distinct intervention 

scenarios: no intervention, nicotine gum therapy, and nicotine patch therapy. In order to provide 

important insights into public health measures, the goal here is to quantify addiction patterns 

and cessation probability. 

Novelty: This study expands on previous research [1,2] by explicitly differentiating addiction 

dynamics between e-cigarettes and traditional cigarettes. The model enhances accuracy by 

using real-world transition probabilities and incorporates nicotine gum and patches to evaluate 

their distinct impacts on addiction duration. By utilizing the latest epidemiological data, it 

provides a more precise depiction of nicotine addiction trends and cessation success rates. 

Methods: A Markov model was developed with five states: No Contact, First Try, 

Experimenting, Addiction, and Cessation. Transition probabilities 𝑃𝑖𝑗 were derived from recent 

epidemiological studies [3] and structured in a transition matrix 𝑇 , where each element 𝑃𝑖𝑗  

represents the probability of transitioning from state 𝑖 to state 𝑗 over a one-year period. The 

system evolves according to the equation: 𝑆𝑡+1 = 𝑆𝑡 ⋅ 𝑡, where 𝑆𝑡 is the state distribution at time 

𝑡, and 𝑇 is the transition matrix. The simulation was conducted over a 20-year period, 

comparing traditional cigarette and e-cigarette users under three conditions: no therapy, nicotine 

gum (6.56% effectiveness), and nicotine patches (13.83% effectiveness) [4]. Studies on nicotine 

metabolism suggest that replacement therapies significantly alter addiction dynamics by 

stabilizing nicotine levels [5]. The expected time spent in each state was analyzed using Markov 

chain methods, emphasizing addiction and cessation states. 

Main results: The simulation results indicate that e-cigarette users spend less time in addiction 

compared to traditional cigarette users. The implementation of NRT significantly reduces the 

duration of addiction, with nicotine patches demonstrating a higher effectiveness rate than 

nicotine gum. Without therapy, traditional cigarette users remain addicted for an average of 

57.65 years, whereas e-cigarette users average 27.77 years in the addicted state. With nicotine 



patches, the addiction duration decreases to 46.48 years for cigarette users and 21.46 years for 

e-cigarette users. These findings underscore the potential benefit of NRT in reducing addiction 

duration and enhancing smoking cessation rates (Figure 1). 

 

Figure 1. Simulation Results for Different Interventions 

Conclusion: E-cigarettes can help smokers quit more effectively than regular cigarettes but still 

carry an addiction risk. Nicotine patches outperformed gums in terms of length of addiction and 

quit rates, making them a good option for smoking cessation programs. These findings are in 

line with previous studies, indicating that NRTs should be integrated with smoking cessation 

strategies for best efficacy. Future research should look at the long-term health effects of e-

cigarettes as a harm reduction tool (but also their potential health effects), as well as the 

importance of behavioral support in combination with NRT. 
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Motivation and Aim: Spontaneous breathing during mechanical ventilation offers benefits 

such as improved ventilation-perfusion matching and preservation of diaphragm function. 

However, it also introduces risks, including patient self-inflicted lung injury (P-SILI) and 

ventilator-patient asynchrony. Non-invasive ventilation (NIV) is commonly employed in 

conditions like chronic obstructive pulmonary disease (COPD) exacerbations, heart failure, and 

sleep apnea, allowing patients to maintain spontaneous respiration. Nevertheless, emerging 

evidence suggests that NIV may also contribute to ventilator-induced lung injury (VILI), a 

phenomenon traditionally associated with invasive ventilation.  

This study addresses the underexplored issue of managing mechanical ventilation with 

preserved spontaneous breathing by proposing strategies that balance its physiological benefits 

with the need to reduce the risk of ventilator-induced lung injury (VILI). It focuses on 

minimizing mechanical power and improving patient-ventilator synchronization to promote 

safer and more effective ventilation practices.  

Novelty: This work aims to introduce novel strategies for mechanical power management 

during mechanical ventilation with preserved spontaneous breathing. It explores ventilation 

strategies, monitoring techniques, their impact on mechanical power, and potential methods to 

mitigate mechanical power. By proposing a structured approach to safe mechanical ventilation, 

this research aims to stimulate new discussions within the biomedical engineering community 

and contribute to the development of lung-protective ventilation techniques. 

Methods: The research approach combines an in-depth review of current practices with 

simulation studies using a physical respiratory system model. The simulator replicates 

spontaneous breathing under mechanical ventilation, allowing adjustable parameters such as 

respiratory rate (10–30 breaths per minute), tidal volume (300–800 mL), and inspiratory effort 

profiles. Simulated patient efforts include normal, increased, and asynchronous patterns to 

realistically model clinical variability. 

Preliminary experiments focus on adapting inspiratory pressure and flow to stabilize respiratory 

power during inspiration. While simulation studies offer valuable initial insights, limitations 

include potential discrepancies between simulated and real patient responses due to biological 

variability and complex pathophysiology, which will be addressed in future experimental 

validation phases. 

mailto:tomasz.urbankowski@gmail.com


Main results: Preliminary study proved that it is possible to reduce peak inspiratory power up 

to 30% through adaptation of inspiratory pressure/flow to stabilize respiratory power during an 

inspiration phase.  

Currently, the research is progressing toward developing an advanced experimental setup with 

a physical simulator capable of dynamically replicating various spontaneous breathing patterns. 

This platform will support further investigation into strategies that enhance patient-ventilator 

synchronization and minimize mechanical power. 

The expected outcomes of this study include: 

• Identification of key ventilation parameters minimizing the risk of VILI in spontaneously 

breathing patients. 

• Development of a real-time mechanical power monitoring approach, potentially 

contributing to safer ventilation with preserved spontaneous breathing. 

• Establishing a groundwork for future experimental research, supporting the development 

of clinical guidelines for lung-protective ventilation with preserved spontaneous breathing. 

 

Conclusion: This study highlights the role of spontaneous breathing during mechanical 

ventilation while minimizing mechanical power and preventing patient-ventilator asynchrony. 

The intention is to propose strategies that harness the physiological benefits of spontaneous 

breaths, including improved diaphragm function and better ventilation-perfusion matching, 

while ensuring a high standard of safety in clinical practice. Future research will focus on 

experimental validation and potentially obtaining evidence to propose clinical guidelines that 

effectively balance spontaneous breathing with protective ventilation strategies. 

Acknowledgements: This research was fully funded by the National Science Centre, Poland, 

under Grant No. 2023/50/A/ST7/00498 

References: 

[1] Yoshida T, Fujino Y, Amato MBP, Kavanagh BP. Fifty years of Research in ARDS. 

Spontaneous Breathing during Mechanical Ventilation. Risks, Mechanisms, and Management. 

Am J Respir Crit Care Med. 2017;195(8):985-992. doi:10.1164/rccm.201604-0748CP 

[2] Thille AW, Rodriguez P, Cabello B, Lellouche F, Brochard L. Patient-ventilator asynchrony 

during assisted mechanical ventilation. Intensive Care Med. 2006;32(10):1515-1522. 

doi:10.1007/s00134-006-0301-8 

[3] Mauri T, Cambiaghi B, Spinelli E, Langer T, Grasselli G. Spontaneous breathing: a double-

edged sword to handle with care. Ann Transl Med. 2017;5(14):292-292. 

doi:10.21037/atm.2017.06.55 

[4] Bertoni M, Spadaro S, Goligher EC. Monitoring Patient Respiratory Effort During 

Mechanical Ventilation: Lung and Diaphragm-Protective Ventilation. Crit Care. 

2020;24(1):106. doi:10.1186/s13054-020-2777-y 

[5] Albani F, Pisani L, Ciabatti G, et al. Flow Index: a novel, non-invasive, continuous, 

quantitative method to evaluate patient inspiratory effort during pressure support ventilation. 

Crit Care. 2021;25(1):196. doi:10.1186/s13054-021-03624-3 



PP42 

The influence of the ventilation methods on respiratory variables 

– model studies 

Raman PASLEDNI1*, Maciej KOZARSKI1, Krzysztof ZIELIŃSKI1, Barbara STANKIEWICZ1, 

Krzysztof Jakub PAŁKO1, Tomasz URBANKOWSKI1, Marek DAROWSKI1 

1 Nalecz Institute of Biocybernetics and Biomedical Engineering, Polish Academy of Sciences, Ks. 

Trojdena 4, 02109 Warsaw, Poland 

* Corresponding author. E-mail address: rpasledni@ibib.waw.pl 

Keywords: mechanical ventilation, mechanical power, pressure and flow adaptation 

Motivation and Aim: During mechanical ventilation, it is essential to regulate inspiratory 

pressure, air flow and ventilation power to minimize the risk of lung damage [1-3]. Modern 

lung ventilators are sophisticated devices designed to automatically supply inspiratory gas to a 

patient's lungs. Newer ventilation modes, such as Adaptive Support Ventilation (ASV) and 

Intelligent-ASV [4, 5], are considered the first ventilator systems to utilize targeting solutions, 

automatically determining the optimal ventilation frequency to minimize the patient's work of 

breathing. But these ventilation modes have their drawbacks: 

• Potential for Excessive Mechanical Power – ASV adjusts tidal volume and respiratory rate 

automatically, but in certain cases, it may generate excessive mechanical power, leading to 

lung overdistension and ventilator-induced lung injury (VILI), especially in patients with 

reduced lung compliance. 

• High Inspiratory Flow – ASV tends to deliver relatively high inspiratory flows to meet its 

target minute ventilation. This can create rapid lung inflation, potentially increasing the risk 

of volutrauma or barotrauma [6]. 

• Limited Adaptation in Severe Lung Conditions – In conditions like ARDS (Acute 

Respiratory Distress Syndrome), where lung mechanics are highly heterogeneous [7], ASV 

may not always optimize flow patterns effectively, leading to uneven lung ventilation. 

• Inconsistent Response to Sudden Changes – ASV relies on real-time monitoring and 

algorithm-based adjustments, but it may lag in responding to sudden changes in lung 

mechanics, such as airway collapse or secretion buildup, potentially causing inappropriate 

ventilatory support [8]. 

To address these limitations, in the present study we adjusted inspiratory pressure and flow 

patterns to minimize mechanical ventilation power.  

Novelty: In this study, we were able to adjust the inspiratory pressure and flow to minimize the 

power of mechanical ventilation. 

Methods: To validate the proposed concept of adapting inspiratory pressure and flow to 

stabilize respiratory power during the inspiration phase, studies were conducted using a system 

comprising a servo ventilator (Siemens-Elema 900B) and a physical lung model (SmartLung 

2000). The mechanical parameters of the test lung, including compliance (C) [mL⸱mbar-1] and 

flow resistance (R) [mbar⸱s⸱L-1] in series, were progressively adjusted to simulate healthy, 

obstructive, and resistive lung conditions. Before simulations, the test lung was assessed to 

establish the range of its compliance linear characteristics. 
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Main results: For high airway resistance (R=21.74 mbar⸱s⸱L-1) and high lung compliance 

(C=75 mL⸱mbar-1), the smallest reduction in power was observed (7.75%), while the largest 

reduction occurred for R=0.54 mbar⸱s⸱L-1, C=25 mL⸱mbar-1 (29.98%).  

For resistances of 3.52 mbar⸱s⸱L-1 and 21.74 mbar⸱s⸱L-1, the greatest reduction in power was 

observed at C = 60 mL⸱mbar-1, with values of 22.78% and 13.01%, respectively. 

Conclusion: The optimized ventilation produced varying effects depending on the respiratory 

system's mechanical properties. Specifically: 1) The most significant reduction in peak power 

occurred under conditions of low resistance and low compliance (R=0.54 mbar⸱s⸱L-1, C=25 

mL⸱mbar-1), suggesting that optimization is particularly effective in reducing ventilatory power 

in stiff lungs and promotes a more uniform distribution of power throughout inspiration. 2) 

Conversely, the smallest impact was observed with high resistance and high compliance 

(R=21.74 mbar⸱s⸱L-1, C=75 mL⸱mbar-1), indicating that in more compliant lungs, the 

advantages of dynamically regulating flow and pressure are less pronounced. 
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Motivation and Aim: While traditional oscillometric blood pressure measurements are 

performed using a single arm cuff, there exist devices that utilize simultaneous multi-limb 

measurements to enhance diagnostic capabilities by determining a variety of vascular and 

hemodynamic parameters. However, concurrent occlusion of multiple arteries raises questions 

about its impact on hemodynamics, particularly in vulnerable patients with impaired 

cardiovascular regulatory mechanisms. We set out to investigate this potential impact using 

mathematical modeling. 

Novelty: To our knowledge, this is the first study of the impact of multi-site arterial occlusion 

caused by oscillometric cuff-based measurements on the distribution of blood flow in the 

arterial tree  and hemodynamic parameters. 

Methods: We extended a 0-1D pulse wave propagation model to simulate the effects of cuff 

inflation on arms and legs [1, 2]. Specifically, we examined the impact of complete arterial 

occlusion by the cuffs on blood pressure and flow at different locations in the circulatory system 

(assuming no cardiovascular regulation). The simulations included various cuff configurations 

on four limbs, including cuffs placed on all four limbs (wrists and ankles). 

Main results: When applying a uniform 150 mmHg cuff pressure on all four limbs (30 mmHg 

above the assumed systolic pressure), our simulations showed an increase in mean arterial 

pressure (MAP) of about 10% in the ascending aorta, carotid artery, and abdominal aorta. 

Moreover, we observed an approximately 11% increase in mean carotid blood flow compared 

to baseline value. In contrast, applying the same cuff pressure at only one site (right wrist) 

resulted in a significantly smaller MAP increase of 2.6%, with a 2.9% increase in mean blood 

flow in the carotid artery. 

Conclusion: This in silico study provides preliminary evidence suggesting that multi-limb 

oscillometric blood pressure measurements may induce measurable hemodynamic alterations 

if not counteracted rapidly and effectively by cardiovascular regulatory mechanisms. This 

might be of great importance for patients with impaired baroreflex mechanisms or vascular 

autoregulation, such as traumatic brain injury patients. 
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Motivation and Aim: L-ornithine is a non-building protein α-amino acid. It is a substrate in 

several biochemical reactions: urea cycle, polyamines synthesis, and glutamate and proline 

metabolism. It is, therefore, an interesting analyte for determination in biological samples, as it 

allows the functionality of a selected metabolic pathway to be assessed, particularly the urea 

cycle1,2. The range of determination of ornithine in body fluids is 0.75±0.005 mM in plasma, 

75±5 mM/mol creatinine in urine, or 0.006-0.011 mM in CSF3. In addition, it can be determined 

in biological systems in vitro, i.e., in liver-derived cell cultures4. Sato et al.5 presented a flow 

injection analysis (FIA) type system using an oxygen electrode was described there, obtaining 

a linear range between 0.05 and 3 mM ornithine. This study aims to determine ornithine using 

our own developed microfluidic system with the enzymatic flow-through microreactor and 

optical detection based on the absorption and luminescence measurements. 

Novelty: A novel microfluidic system with an enzymatic microreactor and optical detection for 

determining ornithine is presented. This system is designed for multimodal absorption and 

luminescence measurements proceed independently. The advantage of the proposed system is 

that either a single measurement or quasi-continuous monitoring can be performed. In addition, 

it reduces the cost of using the immobilized enzyme and reagents for small-volume samples. 

Methods: The study used the enzymatic oxidation of ornithine by the enzyme lysine oxidase 

(LyOx) to the products 2-keto-5-aminovaleric acid (KV), hydrogen peroxide (H2O2) and 

ammonium ions (NH4
+) (Fig. 1). 

Fig.1 Scheme of reactions.  

Two different optical detection methods were used: luminescence and absorption, with products 

of ornithine enzymatic oxidation (R1) as the substrate. Subsequently, the product hydrogen 

peroxide reacts with luminol and, in the presence of cobalt ions, gives 3-amino-phthalene, a 

product that emits light at 425 nm (R2). The measurement has been optimised under flow 

conditions. In the first phase, the voltage of the luminescence detector was selected for the 

optimum response signal of the system. In the microfluidic system reaction time depends on 

flow rate. For luminescence measurements, rates of 50 µL/min was selected. However, in the 



second reaction, ammonium ions react with sodium salicylate (NaSal), sodium hypochlorite 

(NaClO) in the presence of sodium nitroprusside (SNP) to give the coloured product indophenol 

salt (R3). All measurements were performed in phosphate buffer solutions.  

Main results: The absorbance maximum is observed at 700 nm. In the absorption 

measurement, the pH and temperature of the oxidation reaction were optimised. The flow rate 

for this reaction was chosen to be 9 µL/min. In the first stage of the study, all three reactions 

were optimised. In the ornithine oxidation reaction, the optimum pH and temperature were 

selected to obtain the best possible efficiency of the lysine oxidase enzyme. The best results 

were obtained for reactions performed at pH 8 and temperature above 30°C. The sample volume 

was chosen as small as 3 µl. For absorption measurements, reaction (R3) occurs more slowly 

than for luminescence (R2). Next, a flow rate was optimised for each detection technique and 

selected as a 9 µL/min and 50 µL/min for the absorption and luminescence, respectively. 

Exemplary calibration curves for the absorption and luminescence measuring system obtained 

for the 25th measurement day are shown in Fig. 2. As can be seen, compared to absorbance, 

luminescence-based measurements can be used to detect ornithine in a concentration range a 

decade lower. 

a) b)  

Fig. 2. Exemplary calibration curves for ornithine concentrations in absorption mode for the 

flow rate of 9 µL/min (a) and luminescence - for the flow rate of 50 µL/min (b). 

Conclusion: The results showed that the linear response of the microfluidic system range from 

0.004 to 0.08 mM for luminescence measurements and from 0.06 to 0.4 mM for absorption 

measurements. The obtained ranges of quantification allow to determine ornithine in biological 

samples using these methods. Higher sensitivity was obtained for luminescence. Measurements 

were carried out for samples of low volume - 3 µL. In the next stage of research, ornithine will 

be determined in biological samples using both developed methods. 
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Motivation and Aim: Obesity, according to the World Health Organization (WHO), is defined as an 

excessive accumulation of fat that may pose health risks and disrupt the body's energy balance system 

[1]. It is characterized by an abnormal or excessive accumulation of fat mass that can impair health and 

lead to serious cardiometabolic complications. The global prevalence of childhood and adolescent 

obesity is increasing, with projections suggesting that by 2030, more than 250 million people will be 

affected. While environmental changes significantly contribute to this increase, genetic factors also play 

a crucial role, with studies indicating heritability rates as high as 67%. Researchers have long studied 

lipid metabolism to better understand its chemical diversity and functionality [2]. 

Novelty: In our study, we aimed to evaluate differences in the lipidome between individuals 

with morbid obesity and those with normal body weight. The purpose of this study was to 

identify patients who would respond well to bariatric surgery. 

Methods: Serum samples were obtained from blood clots collected after overnight fasting and 

were frozen at -23°C until NMR analysis. The hydrophobic compounds were prepared using a 

modified Bligh and Dyer method, following the procedure described in our previous publication 

[3]. All nuclear magnetic resonance (NMR) spectra were recorded at 25°C using an Avance III 

HD 500 MHz spectrometer with a one-pulse sequence. Vendor software was employed to apply 

a line broadening of 0.3, as well as baseline and phase correction, to each spectrum. NMR 

signals were identified using our own reference database, the Human Metabolome Database, 

and relevant literature [3, 4]. Metabolite quantities are expressed as signal magnitudes 

corresponding to compound concentrations, with spectra normalized to chloroform signals prior 

to statistical analysis. For NMR data selection, we used a custom-written application (IBBE 

PAS). For the statistical analysis, we selected 27 functional group/compound signals from the 

lipid extracts. For the statistical analysis of lipid data, one-way ANOVA with Holm‒Sidak or 

Dunn’s correction and multivariate statistical analysis, orthogonal partial least squares 

discriminant analysis (OPLS‒DA), were used. Model validation was performed using a 

jackknifing test. The quality of the models was assessed on the basis of the goodness of fit (R²) 

and predictive ability (Q²), where the theoretical maximum is 1 for a perfect prediction. To be 

considered significant, an OPLS component must have R² and Q² values significantly greater 

than zero, with values of 0.5 or higher generally regarded as good. Before constructing the 

model, mean-centering and Pareto scaling were applied. All analyses were conducted using 

SIMCA-P 18.0 software. The most important compounds for classification were identified 

using the variable importance for projection (VIP) score. 

mailto:beata.toczylowska@ibib.waw.pl


Main results: Univariate statistical analysis comparing the bariatric patient group to the control 

group revealed significant differences only in triacylglyceride levels (187%, p = 0.019) and 

pelargonic acid levels (72%, p = 0.013). When comparing metabolic profiles between controls 

and patients, OPLS-DA allows the construction of a valid model (p < 0.001, CV-ANOVA) 

consisting of three components: one predictive component and two orthogonal components 

(Fig. 1). The model demonstrated a good fit to the data (R² = 0.625) and good predictive ability 

(Q² = 0.542). The most important metabolites/functional groups with VIP>1 are arachidonic 

acid; cholesterol esters; pelargonic acid; complex NMR signal of lauric, myristic, palmitic, 

arachidonic, alfa-linolenic and oleic acids; complex NMR signal of pelargonic, arachidonic, 

oleic and palmitoleic acids; complex NMR signal of lauric and palmitic acids; complex NMR 

signal of dodecanonic, palmitic, arachidonic, palmitoleic and oleic acids; and complex NMR 

signal of cholesterol and cholesterol esters. 

Fig. 1 Score plot of the OPLS-

DA model for serum 

hydrophobic compounds. t [1] 

on the x-axis represents the 

between-class variation in the 

predictive component. to [1] – 

on the y-axis represents 

within-class variation in the 

first orthogonal component. 

The ellipse represents the 

Hotelling T2 with a 95% 

confidence interval. 

Conclusion: Metabolomics is a high-throughput detection method that provides insights into disease 

states by reflecting the overall biochemical phenotype. This approach allows for the examination of 

changes in endogenous metabolites on a macroscopic scale following exposure to biological stimuli. By 

analyzing metabolic profiles, researchers can identify disease-related metabolites and elucidate their 

metabolic pathways [5]. 
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Motivation and Aim: The objective of this study was to conduct a comprehensive analysis of 

the recovery phase patterns among young male soccer players, focusing on their heart rate 

recovery (HRR) after the exercise. By examining the relationship between HRR and VO2max 

(maximum rate of oxygen consumption) estimation, the study aimed to provide insights into 

the recovery processes and aerobic fitness levels of young athletes. 

Novelty: The recovery phase after the exercise is not well documented in the literature, 

particularly for young athletes. While recovery strategies for adult athletes have been widely 

studied [1, 2], there is a noticeable gap in research including young athletes, especially those 

under 13 years old. This study addresses that gap by focusing on young soccer players, an age 

group for which recovery protocols are less well understood. 

Methods: A group of 30 young male soccer players, aged 10 to 12 years (age 11.62 ± 0.41 

[years], height 152.46 ± 8.15 [cm], weight 42.05 ± 8.56 [kg], BMI 17.97 ± 2.48 [kg/m2]), 

performed the YoYo Intermittent Recovery Test (YoYo IR1) to assess their recovery response 

and estimate their VO2max value [3]. RR intervals (time between corresponding R waves in a 

ECG curve) were measured using Polar Team2 [4]. Heart rate was calculated at various time 

points during the cooldown phase (10, 20, 30, 60, 120, 180, 240, and 300 seconds) [1] as a 

percentage of the maximal heart rate (HRmax) achieved during the test. To analyze HRR 

patterns, a linear regression model was applied to the data, with the equation y = ax + b fitted 

to the obtained graphs. The correlation between the YoYo VO2max estimation and HR values 

at each time point was examined using Spearman correlation, along with the variables 'a' and 

'b' from the regression equation. 

Main results: In this population, no significant correlations were found between the YoYo-

estimated VO₂max and heart rate recovery (HRR) values at any of the measured time points. 

The p-values for each interval were as follows: 10s – 0.79, 20s – 0.74, 30s – 0.84, 60s – 0.53, 

120s – 0.16, 180s – 0.27, 240s – 0.1, and 300s – 0.33. Additionally, the parameters ‘a’ and ‘b’ 

from the regression equation had p-values of 0.23 and 0.99, respectively. However, due to the 

lack of established VO2max norms for athletes under the age of 13 [5, 6], differential criteria 

could not be applied for comparison. The subjects were categorized based on the median 
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VO2max value which was found to be 42.1 mL·kg⁻¹·min⁻¹. The boxplots presenting the values 

for those groups are shown on Figure 1. The 'above median' group demonstrated a lower median 

%HRmax across almost all time points, not including 60 s. No significant differences between 

the groups were identified, which probably may be affected by high variance and limited 

amount of data used in the study. To enhance the study, a larger sample size could be used to 

better account for maturation differences and ensure more accurate stratification according to 

developmental maturation parameters. 

 
Figure 9 – Boxplots presenting heart rate recovery differences between soccer players. 

Conclusion: The findings of this study provide a valuable starting point for understanding the heart rate 

recovery dynamics in young male soccer players. While no significant correlations were observed 

between YoYo VO2max and HR recovery values, expanding the sample size and considering other 

factors such as maturation could significantly influence the results. Another thing worth considering is 

fitting other types of functions to the chart. Establishing VO2max norms for athletes under 13 years old 

will also be crucial for more robust comparisons and conclusions in future studies. 
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Motivation and Aim: Mechanical ventilation is a crucial therapy for neonates with congenital 

diaphragmatic hernia (CDH). These neonates are extremely susceptible to ventilator-induced 

lung injury (VILI) because of ventilation inhomogeneity (VI) and lung hypoplasia. Their 

ventilation is difficult as the VI degree is highly variable in CDH patients. Due to that, we aim 

to develop a non-invasive bedside method of VI assessment that could help physicians choose 

optimal personalised ventilator settings for a given patient. 

Novelty:  We propose an individual approach to the ventilation of CDH infants, based on the 

new method of VI-degree assessment by a ratio of time constants of the contralateral and 

ipsilateral lung (T1/T2). Currently, there are no clinical methods of VI-degree evaluation that 

could be used to find individual optimal ventilation parameters of a patient. We expect this new 

approach will increase ventilation effectiveness and decrease the VILI risk. 

Methods: We hypothesize that the parameters of personalized ventilation therapy can be specified by 

the application of regression models describing ventilation variables (PIP – peak inspiratory pressure, 

MAP – mean airway pressure, WOBvt – work of breathing done by ventilator) as a function of the 

mechanical properties of the respiratory system (including VI-degree) and ventilator settings (RR – 

respiratory rate, I:E – inspiration to expiration time ratio, VT – tidal volume). We utilised the respiratory 

data of five CDH patients ventilated on conventional mode to design and conduct a series of laboratory 

simulations of mechanical ventilation using a hybrid (numerical-physical) respiratory simulator and a 

ventilator. The simulation results created the database needed to build regression models. 

Main results: We found non-linear regression models of ventilatory parameters (PIP, MAP, 

WOBvt) as a function of the T1/T2 index (VI-degree), respiratory system compliance (Crs) and 

resistance (Rrs) and ventilator settings (RR, I:E, VT), well matched with clinical data  (R2>0.95, 

P<0.01). They enable us to estimate optimal ventilation parameters (PIP, MAP, WOBvt) 

adjusted to individual VI-degree and the resistive-elastic properties of lungs. 

Conclusion: Although a bigger sample size of clinical cases is necessary to prove our study hypothesis, 

we believe, that the diagnostic-therapeutic method, we are working on, may help to improve ventilation 

therapy of CDH neonates. 
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Motivation and Aim: Near-infrared spectroscopy (NIRS) is a non-invasive optical technique 

used to monitor tissue oxygenation by measuring changes in oxygenated and deoxygenated 

hemoglobin. With advancements in technology, portable NIRS devices have emerged, enabling 

real-time monitoring of cerebral oxygenation in various settings, including clinical, sports, and 

aerospace applications [1,2]. Monitoring cerebral oxygenation in pilots during high-G 

maneuvers is critical for preventing cognitive impairment and loss of consciousness [3,4]. This 

study presents a compact, 8-channel, portable near-infrared spectroscopy (NIRS) device 

designed for real-time monitoring of cerebral oxygenation under extreme flight conditions. The 

device is tailored for aerospace applications, ensuring stability and accuracy even in high-G 

environments. 

Novelty: The proposed NIRS system integrates Lock-In detection technology, minimizing 

ambient light and motion artifacts. Unlike existing commercial solutions, it is specifically 

engineered for aviation research, offering real-time, multi-channel monitoring with a 

lightweight and wearable design. This enhances its applicability in military and civilian 

aerospace environments. 

Methods: The NIRS device consists of a host unit and two sensor modules placed on the 

forehead. It utilizes two wavelengths (730 nm and 850 nm) and features four-channel 

measurements per hemisphere. Validation was conducted in real-life scenarios, including daily 

activities, and it is ready for tests during flight simulations, and high-G human centrifuge 

measurements. The system transmits real-time data via Bluetooth Low Energy (BLE) or Wi-Fi. 

The built-in battery provides up to 8 hours of continuous operation and is rechargeable via a 

USB-C port. 

Main results: The device demonstrated stable and accurate measurements of oxygenated 

(HbO) and deoxygenated (HbR) hemoglobin levels during various tasks. In cognitive and 

physical activities, significant variations in prefrontal cortex activation were observed. During 

tasks, such as selecting a medication in a pharmacy or choosing products in a grocery store, 

increased activation of the prefrontal cortex is observed (Fig.1.). This is reflected in a rise in 

oxygenated hemoglobin (HbO) and a reduction in deoxygenated hemoglobin (HbR), indicating 

heightened mental engagement during decision-making. 
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Fig.1. Example of measured hemoglobin concentration changes during daily activities and 

sensor modules placed on the forehead 

 

Conclusion: The developed portable NIRS system provides a reliable tool for real-time cerebral 

oxygenation monitoring in daily activities. It’s compact size, motion artifact reduction, and real-

time data transmission make it well-suited for aerospace applications. Future studies will focus 

on expanding its use in flight simulations and operational pilot training. 
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Motivation and Aim: Seroma formation is one of the most common complications following 

implant-based breast reconstruction, significantly impacting wound healing, infection risk, and 

patient quality of life. Current preventive strategies, including prolonged drainage and tissue 

adhesives, provide inconsistent results. Intraoperative hypertonic saline irrigation (HSI) has 

shown promising outcomes in abdominal surgery, yet its efficacy in breast surgery remains 

unverified. This study aims to evaluate the effectiveness of HSI in reducing postoperative 

seroma formation following mastectomy with immediate implant-based reconstruction. 

Novelty: This is the first randomized, double-blind clinical trial investigating the role of 

intraoperative hypertonic saline irrigation in breast reconstruction surgery. The study introduces 

a novel approach to seroma prevention, leveraging osmotic and sclerotherapy-like effects to 

minimize postoperative fluid accumulation. 

Methods: A total of 80 female patients undergoing mastectomy with immediate reconstruction 

(implant or expander) will be randomly assigned (1:1) to either the experimental group (HSI 

with 10% NaCl) or the control group (standard saline irrigation with 0.9% NaCl). 

Randomization will be stratified by surgical technique and axillary dissection status. The 

blinded intervention involves placing a saline-soaked surgical drape in the surgical cavity for 4 

minutes before wound closure. Seroma volume will be measured via drain output over the first 

72 postoperative hours. Secondary endpoints include the number of aspirations, complication 

rates, reoperation frequency, and cost analysis. 

Main results: The primary outcome is the total seroma volume collected within 72 hours 

postoperatively. Secondary outcomes include the incidence of wound complications, unplanned 

reoperations, and healthcare costs associated with seroma management. Statistical analyses will 

employ t-tests and multivariate regression models to adjust for confounding variables. 

Conclusion: This study aims to establish whether HSI is a viable, low-cost, and effective 

method for seroma prevention in breast reconstruction surgery. If successful, it may lead to a 

paradigm shift in surgical protocols, improving patient outcomes and reducing healthcare 

burdens. 
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