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19 September

Plenary Talk

Hand Biomechanics and Rehabilitation

Fong-Chin Su
National Cheng Kung University, Taiwan
The hand receives sensory stimuli and executes motor commands that are integrated in the various
functional manipulations for daily tasks. Awkward and inefficient finger movements, poor force
coordination and strength, sensation deficit of motor control of the affected hands are most common
phenomena in patients. Therefore, our research team developed a series of hand function control training
systems to explore characteristics of force patterns when conducting functional tasks and to enable training
and assessment of finger force control in functional postures. Patients’ motivation is boosted through
interactive games, while visual and auditory feedback are integrated for better intervention outcomes. As
for the patients with carpal tunnel syndrome, they grasped with greater digit force associated with weaker
pair-digit correlation and higher force variability on specific digits in different task demands. Also, the
custom-designed computerized evaluation and re-education biofeedback prototype was developed to
analyze hand grasp performances and monitor the training effects on hand coordination for stroke patients
with sensory disturbance and without motor deficiency. Finally, training in patients with mild cognitive
impairment significantly enhanced hand dexterity and cognitive function, consistent with previous findings
that fine motor performance can distinguish patients with cognitive impairments from healthy individuals.

S1IM: ORTHOPEDICS — BIOMECHANICS

Finite Element Analysis of Human Knee Joint for Futuristic Customized Knee

Implants
Majed Ali Ghurmallah Alshehri?, Mohamed Yacin Sikkandar!*, Ahmed Bakhit Alanazi?, Fahad Saad A
Alshammari? and Nadr Saleh Alanazi®
! Department of Medical Equipment Technology, College of Applied Medical Sciences, Majmaah
University, Al Majmaah 11952, Saudi Arabia
2 Ministry of Health, Saudi Arabia
*Corresponding author (m.sikkandar@mu.edu.sa)

An alternative approach to design patient specific knee implants has been investigated in this paper with
respect to morphological measurements taken from the patient. In this work, patient specific customized
knee implants have been designed and analysed. 3D model of the bones was derived using CT scan of the
patients and morphological measurements were taken, using which the femoral, tibial components and the
polyethylene spacer were designed. Mechanical strength of these implants was tested for different loading
conditions i.e., during compression and flexion extension using finite element analysis (FEA) and the
results were compared to the same loading conditions for the normal knee. The results showed that the
implanted knee showed similar stress strain values as the normal knee. Curved surface of the femoral
implant helped in smooth transfer of load from the femoral component to the tibial plate avoiding any
malfunctions such as aseptic loosening. Results showed that the effective stress and strain observed on the
knee implants were like the normal knee, thus implying that the designed knee implants behave closely to
the normal knee joint and produce similar biomechanical properties. Thus, it can be considered as a valuable
implant and could replace the standard off- the-shelve knee (OTS) implants. This study will give
opportunities to specialists and surgeons to enhance the quality of total knee replacement (TKR) surgery
by improving the decision-making criteria, as well as, by improving the standards of TKR process with
providing more data that help to define the ideal knee implant.

Keywords: off-the-shelve knee; patient specific knee implant; finite element analysis.
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Analysis of Variability in Active Muscle Stiffness with Myoelectric Activity during

Incremental Isometric Loading
Shib Sundar Banerjee *, Arockiarajan Arunachalakasi and Ramakrishnan Swaminathan
Department of Applied Mechanics, IIT Madras, Chennai 600036, India
*Corresponding authors (banerjeeshib2@gmail.com)

Active stiffness is considered as a noninvasive measurement of the loading level of skeletal muscle. Present
study aims to assess the association between active muscle stiffness and myoelectric activity during
incremental isometric loading in dominant and nondominant hands. For this purpose, myotonometric
measurements and electromyographic data are bilaterally recorded from the muscle belly at multiple
loading levels of biceps brachii such as no-load, 3 kg, and 6 kg in an isometric elbow flexion task with an
elbow angle of 90°. Dynamic Stiffness values of muscle tissue is calculated from the myotonometric signal,
while muscle activation is estimated from RMS of the preprocessed SEMG signal. The association between
Dynamic Stiffness and RMS values at three loading levels is assessed using canonical correlation analysis.
The results show a monotonic increase in both muscle stiffness and muscle activation with the increasing
magnitude of loading for both dominant and non-dominant hands. Although significant correlation between
muscle stiffness and activity of more than 0.9 is observed for both hands across all subjects, the variation
is more consistent in the non-dominant hand. The results indicate that muscle stiffness can be utilized as a
surrogate parameter along with SEMG for the prediction of subject-specific loading levels and can be useful
for rehabilitative purposes.

Keywords: Muscle Stiffness; Myotonometry; Surface Electromyography; Isometric Loading

Longitudinal functional assessment of a transfermoral amputee patient treated

with osseointegration surgery
L. Bragonzoni'", S.Di Paolo?, D. Alesi?, A. I. Mirullal, Emanuele Gruppioni®, G. Barone?, Stefano
Zaffagnini?
!, Dipartimento di Scienze per la Qualita della Vita - Universita degli Studi di Bologna, Corso d'Augusto,
237, 47921 Rimini RN, ltalia
2, IRCCS Istituto Ortopedico Rizzoli, Via Pupilli, 1 - Bologna, Italia;
3 Centro Protesi INAIL Via Rabuina, 14, 40054 Vigorso di Budrio, Bologna
*Corresponding authors

The purpose of the study was to provide the functional assessment of a transfemoral amputee patient before
osseointegration surgery and after rehabilitation by wearable sensors. A transfemoral amputee patient
scheduled for osseointegration surgery was enrolled. The patient performed a gait test the day before
surgery with his standard socket-type prosthesis, consisting in 10-meters walking. The test was repeated 3
and 6-month after surgery. A set of 15 wearable inertial sensors was used. Complete gait cycles were
isolated and spatiotemporal and kinematical parameters were extracted. The differences between the
amputee (AL) and the sound (SL) limb among the follow-ups were reported. Shorter step length and longer
swing phase were found for the AL at pre-op, with greatest differences in the midstance. Also, hip abduction
and rotation, pelvis forward tilt and obliquity, trunk forward tilt, and lateral bending on the AL were also
noticed. At follow-ups, symmetry index progressively improved. Asymmetries in hip abduction, hip
rotation, and pelvis rotation decreased at follow-ups and no more trunk forward and lateral tilt were found.
After rehabilitation, the patient showed higher time spend on the AL and lesser kinematical asymmetries.
The osseointegration surgery showed to progressively restore a physiological kinematics in the transfemoral
amputee patient.

Keywords: osseointegration, transfermoral amputee, assessment

Numerical study for primary stability assessment in osseointegrated transfemoral

prostheses
Agostino Igor Mirulla'? *, Andrea Valenti?, Laura Bragonzoni?, Tommaso Ingrassia®
!Department of Engineering, University of Palermo, ltaly
2Department for Life Quality Studies, University of Bologna, Italy
*agostino.mirulla@unibo.it
The bone remodeling is a cyclic and continuous biological process during which bone tissue modifies and
adapts its internal structure, stressed by an external load. In the prosthetic field, the bone adaptation is
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stimulated by the direct interaction between a biocompatible metal component and the surrounding bone
tissue. The efficacy of this process is identified by the primary and secondary stability assessment. The aim
of this study is to evaluate by finite element (FE) analysis the primary stability in osseointegrated
transfemoral prosthesis, comparing different geometrical shapes. A 3D femoral model of an amputee was
rebuilt by processing TC images. Three different femoral stems, with different geometrical shape (straight,
planar curvature and bi-planar curvature), were modeled following the medullary canal morphology. The
FE model has been performed applying a compression load of 1000N. The micromotion between metal
implant and cortical bone was assessed by CSLIP variable, representing the relative tangential displacement
at the bone-implant interface. The displacement trend has been evaluated for all different femoral stems.
The femoral stem modeled following a bi-planar curvature provides the smallest relative displacement.
However, the tangential displacements are within the allowable range for the formation of new bone tissue,
50-150 pum in all femoral stems analyzed.

Keywords: Osseointegration; Micromotion; Finite Element Analysis.

Phenomenological approach to human chest modelling
Dosaev M.Z.*", Alpatov 1.V., Samsonov V.A., Vorobyeva E.A.2, Dubrov V.A.?
LLMSU Institute of Mechanics, Michurinskiy 1, 119192, Moscow, Russia
21 MSU Faculty of Fundamental Medicine, Lomonosovskiy 27/1, 119991, Moscow, Russia
*dosayev@imec.msu.ru

A new approach to human chest modelling was proposed. We modeled the chest as an elastic truss
consisting of rigid beams and spiral springs that resist the relative rotation of the beams. The approach was
applied to model the effect of a rib flaring. Such effect is observed in patients with pectus carinatum in the
process of bracing treatment. The model of a chest of a patient with keel pathology was biult in Ansys using
its CT scan. When compressive force was applied to the keel the effect of a rib flaring was confirmed. We
also investigated the limits of applicability of modelling such elastic trusses in Ansys by building models
of 2-beam system under bending. The solution obtained by method of general mechanics was compared
with the solution obtained in Ansys.

Keywords: chest; pectus carinatum, mathematical model; elastic beams; finite element analysis.

S2M: MACHINE LEARNING AND ARTIFICIAL INTELLIGENCE

Al and AR-based image processing, navigation and robotics in computer assisted

cranio-maxillofacial surgery
Prof. Xiaojun Chen
Shanghai Jiao Tong University
Cranio-maxillofacial (CMF) surgery is the surgery to treat the entire cranio-maxillofacial complex: the
anatomical area of the mouth, jaws, face, skull and associated structures. However, the limited
intraoperative visibility, especially the anatomical intricacies, makes this kind of surgery a demanding
procedure. Recently, there has been an explosion of interest in artificial intelligence (Al) and augmented
reality (AR) based applications in multimodality image computing, visualization, navigation and robotics
for CMF surgery. In this lecture, the recent development of our research outcome in computer assisted CMF
surgery will be introduced: 1) Deep learning based image processing: convolutional neural networks
together with attention mechanism, edge supervision, and statistic shape model were built to automatically
segment and register various rigid and non-rigid anatomical structures (e.g. mandible, maxillary sinus, etc.).
2) Surgical planning: state-of-the-art algorithms for 3D model cutting, implant placement design were
proposed and relevant preoperative planning and surgical template design softwares were developed. 3)
Virtual surgery simulation: key technologies for collision detection and haptic force computing were
achieved, and then integrated into our self-developed virtual surgery simulation system using the immersive
workbench and haptic device. 4) AR-based surgical navigation: the algorithms regarding virtual-physical
calibration, registration, and dynamic navigation using head-mounted-display were proposed. The
feasibility and reliability of AR-based navigation system for zygomatic implant placement, mandibular
reconstruction surgery were demonstrated through phantom and cadaver experiments. 5) Surgical robotics:
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key technologies including the human-robot interaction, force feedback, and intraoperative safety strategy
were realized and a novel robot for CMF surgery with high precision and stability was developed. Finally,
future research trends for computer-assisted cranio-maxillofacial surgery will be also discussed.

Recognition of abnormalities in gastrointestinal tract from endoscopic images

using deep learning architectures
C Sridevi! *, Michael Magizhan.S.R 2, Kirubhanandan.J 2
Lassistant Professor (Sr.Gr.), Department Of Electronics Engineering, Mit Campus Of Anna University
2ug Student, Department Of Electronics Engineering, Mit Campus Of Anna University
3ug Student, Department Of Electronics Engineering, Mit Campus Of Anna University
*sridevijegan@gmail.com

The gastrointestinal tract (Gl tract) is a pathway by which food enters the body and solid wastes are
expelled. The Endoscopy is an invasive, non-surgical procedure to examine a person’s GI tract. Thus, the
automated classification of anomalies in endoscopic images is becoming necessary to assist medical
diagnosis and reduce the cost and time of the medical process. In this Proposed work, the publicly available
Kvasir medical datasets are used for analysis purpose. It consists of gastrointestinal endoscopic images that
belong to eight different classes. The automated recognition of Gl tract landmarks and diseases, for classes
that are available in Kvasir, with the use of Convolutional Neural Networks (CNNs) is analyzed. CNNs are
widely used for visual recognition due to their ability to capture local features and their computational
efficiency compared to fully connected networks. A dense model based on DenseNet architecture is
employed on the dataset. In the proposed methodology, a DenseNet and a Xception model to classify the
abnormalities in the GI tract are developed and by using the experimental results its performance is
analyzed. During the training phase of the methodology, the Xception has faster training rate than the
DenseNet.

Keywords: Endoscopy, Kvasir Medical Dataset, DenseNet, Xception

Interactive visualization of biological network structures in Virtual Reality: a

study experience
Riccardo Biondi*, Alessandro Fuschi, Francesco Durazzi, Alessandra Merlotti,
Nico Curti, Daniel Remondini
University of Bologna, Bologna, Italy
* Corresponding author (riccardo.biondi7@unibo.it)

Networks provide a powerful instrument to represent complex associations and hidden relationships
between agents and structures. Their usage in Systems Biology is pulling the biomedical research,
guaranteeing an efficient visualization, quantification, and readability of non-trivial correlations between
system components. Many of these results could be already appreciated by a visual inspection of these
complex connections. The introduction of virtual reality (VR) on standard research has the potential to
further simplify this kind of visualization, providing an immersive experience for the manipulation and
interaction with network structures and complex 3D shapes. In this work we introduced our preliminary
experience on VR and its integration within the course of Complex Networks of the master’s degree in
applied physics at the UNIBO. The project takes part of the innovative teaching program performed by the
Physics and Astronomy Department of the University of Bologna, and it aims to facilitate the integration
of our students with the emerging VR technologies and their usage in scientific research. We have already
integrated several of our research topics in VR applications, providing exam projects and thesis to our
students about the visualization of protein structures, exploration of biomedical databases, and geometrical
alignment of molecular architectures.

Keywords: virtual reality; network theory; graph visualization; biological network; systems biology.

A User-Friendly Tool to Compute the Infection Probability of COVID-19 in Closed

Environments
Benedetta Santoro'*, Francesca Larese Filon, Edoardo Milotti
! University of Trieste, Trieste, Italy
" benedetta.santoro@phd.units.it;
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The tool presented in this work is an easy-to-use software tool, written in Python, which allows to compute
the infection probability of COVID-19 indoors and which helps in the creation of passive methods for
containment of transmission. We use a rescaled version of the Wells-Riley model of airborne transmission
by taking into account the specific viral load due to SARS-CoV-2. We use the model to assess the effect of
masks in reducing transmission and infection probabilities by introducing mask efficiencies as additional
parameters of the model. Viral particles (either virions or virus-loaded droplets) are removed from the
environment by room ventilation, relative humidity, presence of HEPA filters, and natural UV irradiation.
The tool outputs on file relevant input parameters such as user ID, room characteristics (volume, humidity,
filters), number of infectious and susceptible individuals with their respective masks type and time spent
inside the room. The user is guided in the choice of parameter values, e.g., the number of quanta is
automatically determined by the tool depending on the activity which user selects through a drop-down
menu. Plots of viral concentration vs. time, and infection probability with respect to time spent in the room,
are added to the text file which summarizes the results of the specific evaluation.

Keywords: COVID-19; infection probability; software tool.

S3M: MACHINE LEARNING AND ARTIFICIAL INTELLIGENCE

Synthetic Data Generation of Histopathological Images
Nicolas Derus”, Nico Curti, Enrico Giampieri, Daniele Dall’Olio, Claudia Sala, Matteo Ferrara, Gastone
Castellani
University of Bologna, Bologna, Italy
* Corresponding author (nicolas.derus2@unibo.it)

Histopathology involves the analysis of microscopic tissue images for the purpose of diagnosing and
studying the progress of diseases, such as cancers. Recently, Artificial Intelligence algorithms reached
encouraging success in diagnosing diseases related to these types of medical images. However, research in
this area can be hampered by several problems. Indeed, due to the sensitive nature of medical data, it is
extremely difficult to access real datasets making impossible to train Deep Learning models. Moreover,
real datasets often contain biases or imbalances that hinder the generalization of the results on new unseen
data. Variational Autoencoders are a popular class of probabilistic generative models that enable consistent
training and a useful latent representation of the original input. However, there are theoretical and practical
obstacles that hinder their generative potential. We consider different approaches in order to address the
challenges of synthetic data generation of histopathology images and discuss the potential impact in
improving the performance of diagnosis models.

Keywords: Synthetic Data Generation; Histopathology; Variational Autoencoders.

Proposal of a Framework for the Analysis of Comorbid Conditions using

Intelligent Extraction of Multiple Fluid Biomarkers
Priyanka Jadhav, Sarith P Sathian and Ramakrishnan Swaminathan*
Department of Applied Mechanics, Indian Institute of Technology Madras, Chennai, India
*Corresponding author: sramki@iitm.ac.in
Fluid biomarkers provide significant information that serve as indicators of various physiological and
pathological conditions of the human body. They are large in numbers, extracted from many types of fluids,
and are used to characterize the underlying body conditions. Analysis of these fluid biomarkers could help
in improving the diagnostic accuracy and thereby, aid in therapeutic interventions. This work proposes, a
framework to characterize co-occurrence of more than one disease in individuals using the data obtained
through multiple biomarkers using intelligent information processing and analysis. For this, the co-
occurrence of hypertension and diabetes conditions and their corresponding fluid biomarkers are considered
from the available datasets. The basic components of the proposed framework include identification of
appropriate biomarkers, intelligent approaches in decoupling the interdependencies among the considered
biomarkers and evolving computational methods that are suitable for patient-specific diagnostics and
therapeutics. Through this framework, it is also aimed to explore significant biomarkers that are indicative
of the severity of disease states using data driven algorithms. This paper would discuss the characteristics
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of co-occurrence conditions, extractable biomarkers, possible computational approaches and potential
clinical applications.

Evaluation of Machine Learning models for the detection of Antimicrobial

Resistance based on Synthetic Data
Claudia Sala”, Adriano Zaghi, Ettore Rocchi, Nicolas R. Derus, Alessandra De Cesare and Gastone
Castellani
University of Bologna, Bologna, Italy
*Corresponding author (claudia.sala3@unibo.it)

Antimicrobial Resistance (AMR) is a global health problem which is estimated to cause ~10 million deaths
every year by 2050. The possibility to detect antimicrobial resistant genes and bacteria in environmental
and biological samples is crucial for the detection and monitoring of AMR, as well as to identify effective
strategies. To this aim, a promising approach consists in the combination of high-throughput technologies
(e.g. shotgun sequencing) with bioinformatics and Machine Learning. However, the high complexity of
real metagenomic samples makes the validation of the results a challenging task. In order to evaluate the
capability of Machine Learning models to predict the presence of AMR in shotgun sequencing samples, we
exploited a modified version of the CAMISIM simulator to generated synthetic data with different
resistance profiles, starting from annotated genomes retrieved from the PATRIC database. Our approach
allowed us to compare the performances of different bioinformatic and Machine Learning pipelines.
Keywords: Antimicrobial resistance; Synthetic data; Machine learning.

Multi-class Twin SVM with deep features for classification of acute myeloid

leukemia cells
Alagu. S”, Kavitha. G and Bhoopathy Bagan. K
Department of Electronics Engineering, MIT campus, Anna University, Chennai
*alagupugal@gmail.com

Acute myeloid leukemia (AML) is a blood cancer in adults. Precise diagnosis and early treatment are
essential to ensure faster recovery rate and reduced fatalities. The main objective of this research work is
to suggest a fast and efficient method to diagnose and classify the AML cells. Munich AML Morphology
dataset with 4000 mature and immature single cell images under 4 categories of AML is utilised for this
purpose. The images are resized and then subjected to augmentation. The augmented images are given to
the pretrained neural networks such as ResNet- 50, DenseNet-121 and Inception V3 models for deep
features extraction. The best features are obtained by using Binary bat optimization algorithm. The selected
features are given to multi-class Twin SVM classifier to classify the different types of AML cells like
lymphocyte, monocyte, myeloblast and neutrophil. The observed classification accuracy is 96.73% which
is higher than multi-class SVM classifier and other preferred deep learning network classifiers such as
ResNet- 50, DenseNet-121 and Inception V3. The proposed method outperforms other classifiers and aids
better clinical decision making.
Keywords: Acute myeloid leukemia; Twin SVM; classification.

CYTOFastUrine: An Innovative Integrated Solution For Automated Urine

Cytology Al supported Diagnostics
Matteo Botteghi*!, Silvia Carattoni?, Francesco Trisolini?
! WorldConnex, San Marino, San Marino
2 Hospitex International Srl, Sesto Fiorentino (FI), Italy
* matteo@botteghi.com

In EU new cases of bladder, kidney and prostate cancer were more than 715,000 in 2020. A proper diagnosis
and follow-up could save lives up to 12% of this population. The urine cytology diagnostics performed by
pathologists is an expensive and time-consuming process. We are developing an innovative computerized
diagnostics Al-assisted platform for urine cytology, based on The Paris System standard. The overall saving
of early diagnosis through CYTOFastUrine approach in EU can be estimated at around 37 billion €/year,
considering that about 18.7% of urinary tract tumours can be cured if early diagnosed. We developed the
complete prototype of CYTOFastUrine made of sample processing with CYTOfast+ system, digitization
of samples slides, computerized analysis capable of identifying suspected morphology and aggregates,
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remote diagnostics reporting through WaidX telemedicine platform. The digitization is managed with
automatic slide scanners. Computerized diagnostic algorithms are integrated into the digitization platform.
A team of remote pathologists takes care of the validation and quality control of the diagnostic platform.
We completed the first step tasks and several other tasks are ongoing, mainly concerning the algorithm
development. CYTOFastUrine enables the possibility of installing laboratories everywhere, giving a valid
answer to the increasing shortage of pathologists dedicated to urinary cytology.

Keywords: Digital Cytology, Telepathology, Artificial Intelligence.

S4M: ORTHOPEDICS - BIOMECHANICS

Push-Pull Locking Plate VS Standard Locking Plate in Proximal Humeral

fractures: a finite element study
Edoardo Borit, Guy Putzeys?, Tom Overes® and Bernardo Innocentit
1 BEAMS Department (Bio Electro and Mechanical Systems), Université Libre de Bruxelles, Bruxelles,
Belgium
2 Orthopedisch Centrum Kortrijk AZ Groeninge, Kortrijk, Belgium
3 IGNITE-concepts GmbH, Basilea, Switzerland
*Corresponding author (edoardo.bori@gmail.com)

Varus fractures of proximal humerus have high recurrence and/or screw penetration risks. The novel push-
pull principle (a subchondral pulling anchor at the humeral head apex, combined with a locking plate with
downward angular-stable calcar screws) has clinically shown lower recurrence and secondary screw
penetration rates. This FEA study compares the biomechanical performances of a dedicated push-pull plate
with a traditional locking plate. The humerus 3D geometry was extracted from Sawbone CT-scans; a
traditional locking plate, and the newly designed plate was used as the push-pull. A defect below the
humeral head was implemented and the plates were virtually implanted on the bone. The pull mechanism
was simulated through connectors; two levels of tension were aplied to address sensitivity analysis. Three
test set-ups (axial, torsion and compression bending) were simulated. The stress distributions on bone, plate
and screws were measured. Stress distribution on the distal humerus was similar for both plates. Stress
distribution on the proximal humerus was more homogeneous for the push-pull model, showing less
unloaded areas; similar patterns were found on the plate, the traditional plate showing elevated stress
concentrations at the bone wedge.Each screw was loaded in at least one test set-up. More homgeneous
stress distribution is found with the push-pull plate in all three set-ups, showing lower stress-shielding
compared to the traditional plate; the screws implemented all cooperate to obtain results.

Keywords: Traumatology, Humeral Head Fracture, Push-Pull Plate.

Combination of functional and morphological data for the mechanics of high-tibial

osteotomy
Claudio Belvedere!", Richie Gill?, Alisdair MacLeod?, Alberto Grassi®, Giacomo Dal Fabbro®, Stefano
Zaffagnini®, Alberto Leardini?
!Movement Analysis Laboratory, IRCCS Istituto Ortopedico Rizzoli, Bologna, Italy
2Department of Mechanical Engineering, University of Bath, Bath, UK
3I1 Clinical Department, IRCCS Istituto Ortopedico Rizzoli, Bologna, Italy
*belvedere@ior.it
In abnormal varus knees, a force increase on medial compartment occurs. High-Tibial-Osteotomy (HTO)
is performed to restore physiological knee alignment and to delay replacements. Combination of motion
analysis and medical imaging is necessary to better comprehend knee load distribution. We report on this
original methodology and its exploitation on a large HTO-patient cohort in order to give evidence of pre-
versus post-operative load at this joint. 25 patients were assessed pre- and post- HTO. These were gait-
analyzed during daily living motor tasks using an established protocol. Additional markers were stuck for
knee bone track, and weight-bearing CT scans were taken. Bone models were registered to gait data by
means of the common markers; registration matrices were used also to superimpose ground-reaction-force
vectors on the tibial plateau. Intersections of these vectors with the plateau plane were calculated. Pre-
operative intersections were located medially to the tibial plateau; post- HTO, these were observed
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lateralized, closer to the tibial plateau spine. Related pre-post difference in mm was 54.5£18.3 mm
(min+max: 30.7+80.5 mm), and in % of medio-lateral width was 73.3£24.2 (44.9+89.3).

The present original approach provides a clear depiction of the original unbalanced loading at the knee and
of the effect of joint realignment.

Keywords: Hight Tibial Osteotomy; Gait Analysis; Ground Reaction Force; Knee Varus Deformity; Knee
Osteoartritis; Weight-bearing CT; Medical Imaging; Multi-Instrumental Data Registration.

Biomechanical analysis of the knee joint during flexion in healthy, cruciate

deficient and cruciate substitute conditions
Martina Favaron, Edoardo Bori, Bernardo Innocenti”
Université Libre de Bruxelles, Bruxelles, Belgium
* Bernardo.Innocenti@ulb.be

Computational models are widely used to analyse knee kinematics under healthy and pathologic conditions.
This work aims to understand how much the knee joint function is influenced by the cruciate ligament
damages and verify how the replacement strategies allow to restore the proper joint stability. A three-
dimensional knee model was developed to simulate an open chain motion from 0 to 90 degrees. Different
cases were considered: firstly, a native healthy knee, and then only anterior, only posterior and both cruciate
deficient knee. To simulate the substitute conditions, two replacement strategies were studied: autologous
replacement (with native patellar tendon) and artificial (with the LARS synthetic graft). Finally, the values
of tibial internal-external rotation and femoral anterior-posterior translation were investigated. The analysed
cases followed the same kinematic trend with an alteration of the magnitude from the native knee. All the
cruciate deficient conditions presented altered joint kinematics, according to their role in joint stability;
with the replacement strategies giving results close to native values. This study provided a better
understanding of the joint performances both before and after the reconstructive surgery: starting from a
cruciate-deficient condition it is possible to verify the effectiveness of the reconstruction comparing the
results with the native control model.

Keywords: Knee model, cruciate ligaments, cruciate deficient

Mapping the Young’s modulus of cortical bone via atomic force microscopy
Alessandro Gambardella™, Marco Bontempi Francesca Salamanna, Rosario Capozza and Milena Fini
IRCCS Istituto Ortopedico Rizzoli, Bologna, Italy
*alessandro.gambardella@ior.it
Small-scale mechanical characterization of bone tissue is critical to investigate regenerative or degenerative
phenomena, as structural or compositional changes often take place at submicrometric distances, thus
beyond the reach of traditional nanoindentation experiments. In this respect, Force-volume maps (FVM) of
mechanical properties obtained by atomic force microscopy (AFM) represent an elegant and exhaustive
tool for non-destructive and high-spatial-resolution analysis of the bone tissue, thanks to the ability of the
instrument’s probe to detect force variations on the order of nN during its interaction with the surface.
Despite this, FVM are not routine on hard bone tissue due to the difficulty in applying the biomechanical
models available and some experimental issues. We show that a standard AFM setup operating in air, when
combined with a solid validation of the experimental protocol, can be used to obtain FVMs of cortical bone
in a reproducible and reliable fashion. This allows to accurately monitor the gradual change in tissue’s
biomechanics due to structural and/or compositional changes, possibly induced by altered state or the
presence of implants, biomaterials, etc. In particular, we discuss a suitable procedure to estimate both elastic

and elastic-plastic deformations for moduli up to a few tens of GPa.
Keywords: Atomic Force Microscopy, Nanoindentation; Young’s Modulus.

Design and Biomechanical Analysis of Stand-Alone Posterior Lumbar Cage

Implant for Interbody Fusion
Sathya Bharathy Sathyanathan? *, Kavitha Anandan? and Sudhir Ganesan®
! Department of Electrical and Electronics Engineering, Loyola-ICAM College of Engineering and
Technology, Loyola Campus, Nungambakkam, Chennai. Tamil Nadu, India
2 Department of Biomedical Engineering, Sri Sivasubramaniya Nadar College of Engineering, Chennai,
Tamil Nadu, India
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*Corresponding authors (sathyabharathy.s@licet.ac.in)

Spine surgery for interbody fusion using intervertebral cage implants has become a prescribed method in
the treatment of disc degenerative disease and spondylolisthesis. Cage implant provides stability for
functional spinal units; however, this is accomplished with rods and plates that require additional
penetration and space in vertebrae. Hence, stand-alone cage devices are being used, but the designs and
their effectiveness are still investigational. This work aims at designing an intervertebral cage with a self-
locking mechanism. The design includes a titanium body with two screws and a slider arrangement, to
provide locking of the implant body with the spinal bones. The dimensions of the implant were chosen to
best suit the lumbar L4/5 Intervertebral disc. The final element analysis was performed on the modeled
implant that is placed between the modeled L4 and L5 vertebrae, to analyze load and stress distribution
within the implant during flexion, extension, lateral bending and axial rotation. The biomechanical analysis
displays a higher stiffness in lateral bending. In flexion, higher load is taken by the titanium body and in
extension, the screws and the slider take the maximum stress. Results indicate that the proposed design
with the locking mechanism withstand load, provide fixation and stability.
Keywords: Interbody fusion; spinal implant; biomechanics.

S1D: ADVANCES IN CARDIOVASCULAR RESEARCH

Coronary Physiology Based Diagnosis of Ischemia-Inducing Stenoses: Basics and

Clinical Applications
Liang Zhong
National Heart Centre Singapore, Duke-National University in Singapore, Singapore

Coronary artery disease (CAD) (also known as coronary artery disease, CAD) is defined as the blockage
of coronary, due to a build-up of plaque inside the coronary artery. The plague narrows the artery and
impacts the blood supply to the heart and causes a damage of the heart muscle. CAD is a common disease,
affecting 6% of adult general population, and up to 20% in age > 65 years old. The prognosis of CAD is
poor. Revascularization of coronary territories with demonstrable myocardial ischemia, rather than
anatomical stenoses per se, is imperative both for symptom reduction and outcome benefits. Invasive
coronary angiography (ICA) with fractional flow reserve (FFR) measurement has emerged as the gold
standard for assessment of coronary flow physiology, and hence, coronary territory ischemia. However, its
measurement involves invasive procedure. CT coronary angiography (CTCA) is emerging as first-line of
investigation of CAD. However, CTCA alone does not determine whether a stenosis causes ischemia. Non-
invasive FFR determination is an alternative approach using computational fluid dynamics (CFD) applied
to coronary computed tomography coronary angiography (CTCA) images. Computation of FFRCT requires
construction of an anatomical model of the coronary arteries; mathematical modeling of coronary
physiology to derive boundary conditions representing cardiac output, aortic pressure, and microcirculatory
resistance; and numerical solution of physical laws governing fluid dynamics. Non-invasive FFR
technology could be incorporated effectively into a clinical management pathway for patients with
suspected or known CAD, and assist cardiologists in diagnosing ischemia-causing lesion and assisting their
decision-making in the care of patients (i.e. medical treatment or stent treatment).

Pilot study on photopletysmographic and electroencephalographic monitoring of

candidates to atrial fibrillation electrical cardioversion.
(Multiparametric monitoring in candidates to atrial electrical cardioversion)
Stefano Spagni?, Giulia Massaro®”, Rebecca Bela?, Jessica Frisoni', Alberto Spadotto?, Serena Moscato?,
Andrea Angeletti', Matteo Ziacchi?, Cristian Martignani®, Mauro Biffi', Igor Diemberger*
! Cardiology Unit; Department of Experimental, Diagnostic and Specialty Medicine; Policlinico S.
Orsola-Malpighi, University of Bologna; Bologna, Italy
2 Department of Electrical, Electronic, and Information Engineering “Guglielmo Marconi” — DEI,
University of Bologna, Bologna, Italy
*Corresponding authors (giulia.massaro@unibo.it)
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This study explored the feasibility of a multiparametric approach with wearable devices in atrial fibrillation
(AF) patients undergoing electrical cardioversion (ECV). In particular, photoplethysmographic (PPG) and
electroencephalographic (EEG) signal registrations were integrated with clinical and instrumental data to
evaluate autonomic and cognitive function, sleep pattern, and their relationship with clinical outcomes. The
effect of AF on heart rate variability (HRV) and vascular age using PPG signals and on sleep pattern derived
from EEG were considered. 24 patients underwent home recording of PPG and EEG signals using wearable
devices before and after ECV procedure. We observed a reduction in most HRV parameters after ECV.
Considering vascular age, it was observed a significant reduction in both TPR and a wave (p<0.001). A
tendency to higher coherence of sleep pattern was observed in registrations acquired during AF than in
presence of sinus rhythm, or considering signals registered before and after ECV for each patient. In
conclusion significant modifications of HRV and vascular age parameters were observed after ECV, and a
possible role of AF on sleep patterns; however, more data are necessary to confirm these preliminary results.
Keywords: Multiparametric monitoring, Cardioversion, Peripheral flow, Sleep pattern.

Personalized configuration for atrial fibrillation external electrical cardioversion

to improve acute efficacy.
(Acute efficacy of atrial fibrillation external electrical cardioversion)
Giulia Massaro®”, Stefano Spagni?, Jessica Frisoni', Rebecca Bela®, Serena Moscato?, Cristian
Martignanit, Matteo Ziacchi®, Andrea Angeletti', Mauro Biffi!, Alberto Spadotto?, Igor Diemberger!
! Cardiology Unit; Department of Experimental, Diagnostic and Specialty Medicine; Policlinico S.
Orsola-Malpighi, University of Bologna; Bologna, Italy
2 Department of Electrical, Electronic, and Information Engineering “Guglielmo Marconi” — DEI,
University of Bologna, Bologna, Italy
*Corresponding authors (giulia.massaro@unibo.it)

Nowadays, definite recommendations on electrode configuration for external electrical cardioversion
(ECV) of atrial fibrillation (AF) are lacking, so we adopted a quasi-experimental design enrolling all
candidates to ECV to evaluate acute efficacy. In the first stage, two units were involved, one using antero-
apical pads (AAP) and the second antero-posterior adhesive patches (APP). The results of first stage
enabled the creation of a decision algorithm to personalize ECV approach, which was subsequently
validated.
In the first stage, APP and AAP presented similar conversion rate (87.4% vs 86.9%, p=0,661). A body
surface area <2.12 m? was an independent predictor in the overall population, while height <1.73 m was a
significant cut-off value in AAP subgroup, and weight <83 kg in APP subgroup.
The adoption of the new decision algorithm determined an improvement in first shock efficacy (93.2% vs
87.2%, p=0.025), and a reduction in shock impedance (70.84£15.3 vs 81.8 + 15.6, p<0.001).
In conclusion anthropometric parameters influence acute efficacy of AF ECV, so personalization of ECV
approach has the potential to optimize this procedure in clinical practice.
Keywords: Efficacy, Cardioversion, Rhythm control.

Mathematical Modeling of Myocardial Infarction Treatment with Stem Cells
Mehtap Lafer Biiyiikkahraman'®, Hristo V. Kojouharov?, Benito M. Chen-Charpentier? and Jun Liao®
Department of Mathematics, Usak University, Usak, 64200, Turkey
2Department of Mathematics, The University of Texas at Arlington, Arlington, TX 76019-0408, USA
3Department of Bioengineering, The University of Texas at Arlington, Arlington, TX 76010-0138, USA
*Corresponding author (mehtap.lafci@usak.edu.tr)

The heart has a limited capacity for regeneration and repair. This diminished ability to regrow like other
tissues, as well as an annual increase in heart disease worldwide, makes it one of the most heavily
researched topics in medicine. After myocardial infarction (MI), irreversible cell death and consequent
reduction in the repair ability of the heart are the leading causes of morbidity and mortality worldwide. And
in the first days after acute MI, stem cell transplantation reaches a higher rate of cell uptake. In this work,
a new mathematical model is presented to study left ventricular remodeling after MI. The model represents
the regeneration process of cardiomyocytes with the transplantation of stem cells. The resulting system of
nonlinear ordinary differential equations is studied both analytically and numerically in order to
demonstrate the functionality and performance of the new model. To the best of our knowledge, this model
is the only one of its kind to consider and correctly apply all of the known factors in diseased heart LV
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modeling. This model has the potential to provide researchers with the tools to explore the potentials of
different treatments, reducing the fiscal expenditure and time necessary to conduct cell-based studies.
Keywords: Myocardial infarction; Heart regeneration; Cardiomyocytes; Immune system; Stem cells

Influence of discordancy in umbilical arteries on the stress distribution in

Wharton’s jelly
Omkar Sunil Pande*, Harikrishna Makaram and Ramakrishnan Swaminathan
Biomedical Engineering Group, Department of Applied Mechanics, Indian Institute of Technology
Madras, Tamil Nadu, 600036
*Corresponding author (omkarpande26@gmail.com)

Umbilical cord connects the fetus to the placenta. It consists of two arteries and one vein, surrounded by
Wharton’s jelly. Although the lumen diameters of the arteries are generally similar, discordancy of up to
53 % has been reported. In this study, 2D finite element analysis is used to analyze the influence of
discordancy in umbilical arteries on the stress distribution in Wharton’s jelly. Lumen diameter of larger
artery is kept constant at 2.8 mm and discordancy of 0 to 60 % is considered by varying the lumen diameter
of smaller artery. Average and maximum effective stresses in the Wharton’s jelly due to arterial and venous
blood pressures are computed. The differences between the stresses developed in two halves of the jelly,
corresponding to larger and smaller artery, are analyzed. According to results, the average and maximum
effective stresses decrease with an increase in discordancy. The maximum effective stress in Wharton’s
jelly is always greater in the half containing larger artery. The discordancy in maximum effective stress is
found to increase non-linearly with increasing umbilical artery discordancy. This study could enhance the
clinical relevance of discordant umbilical arteries and might be useful for early diagnosis of foetal
abnormalities.

Keywords: Umbilical Cord; Discordancy; Wharton’s Jelly.

S2D: WEARABLE AND eHEALTH

Telemonitoring in ophthalmology, database and eHealth software
Elias Premi”, Claudio Azzolini
University of Varese, Varese, Italy
" elias.premi@gmail.com

The recent pandemic has unveiled the issues in the monitoring of chronic patients in ophthalmology, but at
the same time has given the opportunity to test new ways to evaluate these types of patients over time and
to discover new regimen of follow up. With this presentation we want to show the most recent innovations
in teleophthalmology, from home devices to second opinion systems and custom medical records for
clinical and research purpose, and how they are available on EUMEDA telemedicine platform since many
years.

Keywords: eHealth, telemedicine, ophthalmology.

Optimization and Industrialization of a Metabolic Holter device and Software

development
Mehdi Mouton®, Bernardo Innocenti and Edoardo Bori
Université Libre de Bruxelles, Bruxelles, Belgium
“mehdi.mouton@ulb.be
The last decade has seen a rapid development of the Internet, especially on mobile devices. This ensemble
of devices has been regrouped under the name of the Internet of Things (IoT). These devices are present in
every aspect of our everyday life, from the vocal assistants Google Home to connected vacuum cleaners,
passing by Tesla cars. A part of this domain is occupied by devices focused on collecting body parameters
such as movement, temperature and heart rate. These parameters are then processed and presented to the
user. They can be shared on social media, used to enhance sports performance, or assess health status. This
specific use of 10T is known as quantified-self. This thesis aims to optimize and prepare for industrialization
a prototype of such a device, specifically a metabolic holter, that has been developed last year at the
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BEAMS department. Several aspects have been considered such as the large-scale production, design of
the device and lastly, optimization of the device software through the results of a clinical study.
Subsequently, a design and production plan is proposed as well as an enhancement of the energy
expenditure model, which displays an accuracy of 80% with respect to the gold standard.

Keywords: Metabolic Holter; Machine Learning; Energy Expenditure.

Wearable Multiparametric Remote Monitoring: MySIGN
Alberto Spadotto®?~, Serena Moscato®, Giulia Massaro'#, Lorenzo Chiari 3° and Igor Diemberger'4
LInstitute of Cardiology, Department of Experimental, Diagnostic and Specialty Medicine, Policlinico
S.Orsola-Malpighi University of Bologna, Bologna, Italy.
2 Department Medical and Surgical Sciences, University of Bologna, Policlinico S. Orsola-Malpighi,
Bologna, Italy
3 Department of Electrical, Electronic, and Information Engineering "Guglielmo Marconi" - DEI,
University of Bologna, Bologna, Italy.
4 Department of Experimental, Diagnostic and Specialty Medicine, University of Bologna, Policlinico S.
Orsola-Malpighi, Bologna, Italy
® Health Sciences and Technologies, Interdepartmental Center for Industrial Research (CIRI-SDV),
University of Bologna, Bologna, Italy
*alberto.spadotto2@unibo.it (e-mail address)

MySIGN is a new wearable device for multiparametric remote monitoring developed by the
Interdepartmental Centre for Industrial Research (CIRI) of the University of Bologna. The aim of this study
is to assess the feasibility of data collection through MySIGN and the characterization of the signals and
data recorded through the device.
Healthy volunteers were asked to wear MySIGN and perform three tasks: Deep breathing test (DB), Rest
(R), and After six-minute walking test (6MWT). During each task, the following parameters were collected
via MySIGN: absolute bioimpedance value (BioZ), bioimpedance variation (ABioZ), respiratory rate, heart
rate, ECG QT interval, blood oxygen saturation, and temperature. 15 volunteers were enrolled (9 female
(60%), mean age 35.8 + 9.31 years). The six parameters collected by the device were successfully recorded
during the three tasks. BioZ values did not vary either among the three tasks nor by stratifying the
population according to age, whereas BioZ values were higher for subjects with a BMI>23 kg/m2. ABioZ
remained unchanged regardless of task, age, and body weight. MySIGN allows effective multiparametric
data collection. The ABioZ might be a good value for estimating lung congestion because it is less
influenced by other variables.
Keywords: remote monitoring; bioimpedance; wearables.

S3D: DETECTORS AND DOSIMETRY

Sensitivity Analysis of Temperature Distribution Profiles of Breast with Tumors

for varied Fat Layer Thickness
Kumar Nandan Sinh ™, Shib Sundar Banarjee, Abhijit Chaudhuri and Ramakrishnan Swaminathan
Department of Applied Mechanics, Indian Institute of Technology Madras, Chennai, India
*nandansinha26@gmail.com
Breast cancer is one of the prevalent causes of mortality among women. Infrared imaging can help diagnose
breast cancer by detecting the thermal signature of the hypermetabolism of tumor cells. In this study,
sensitivity of peak detection from the temperature profile of breast surface with varied morphology with
two embeded tumors of 1.0 cm radius is analysed using 2D finite element models. Multiple simulations are
performed to obtain the temperature profile for varied fat layer thicknesses ranging from 0.5 mm to 5 mm
and tumor depths of 2.5 cm, 3.0 cm and 3.5 cm. Parametric sensitivity analysis is performed using fully
factorial general linear model considering both the fat layer thickness and depth of tumor in order to predict
difference in the peak temperatures (AT) pertaining to the tumors. Results show that temperature peaks
become less distinguishable with both increasing fat layer thickness and tumor depth. General linear model
shows that percentage change in AT is not significantly associated with tumor position, but rather with fat
layer thickness and interaction of depth of tumor with fat layer thickness. Partial effect size is observed to

22



XXII ICMMB Abstracts book; DOI 10.6092/unibo/amsacta/7024; ISBN 9788854970991; CCbyNC4.0

decrease with increasing tumor depth indicating loss of sensitivity in distinction of deep-seated tumors.
This analysis may be useful in callibrating thermal imaging systems to diagnose breast cancer and thus be
relevant in theraputic purposes.

Keywords: Breast Cancer; Sensitivity Analysis; Finite Element Method.

Medical Applications of Flexible and Large area X- and gamma-Ray Detectors
A. Ciavatti'", M. Verdi!, L. Piergallini?, F. Fioroni?, E. Grassi?, L. Basirico’, M. lori?, B. Fraboni®
! Department of Physics and Astronomy, University of Bologna, Bologna, Italy
2 Medical Physics Unit, Azienda Unita Sanitaria Locale di Reggio Emilia—IRCCS, Reggio Emilia, Italy
*Corresponding author: andrea.ciavatti2@unibo.it

High-energy solid-state detectors based on novel organic and hybrid semiconductors present important
features which make them promising candidates for medical applications. In fact, this class of sensors fulfill
crucial tasks, not provided by traditional detectors, such as the mechanical flexibility and conformability,
the low-cost of production, the low-power operation, portability, and the possibility to print them onto
large-area panels. In addition, their low material density and the chemical structure rich of C and H atoms,
make them human tissue-equivalent and very appealing for dosimetry. Here we present the results regarding
a X- and Gamma-rays detector based on solution-grown hybrid 2D layered perovskite films, implemented,
and tested for different medical applications. These devices are fabricated onto flexible plastic substrates,
and they work at low bias (<5 V), granting the possibility to be powered by a battery-operated, wearable
readout electronics, with wireless data communication. We demonstrate how this sensing system can be
exploit for the detection of high energy photons emitted by radioisotopes typically used in nuclear medicine
(18F, 99mTc and 177Lu). We also show its capability to follow the radioactivity path scheme at the patient
skin during the intravenous injection of radiopharmaceutical drugs in a dummy phantom.

Keywords: perovskite, dosimetry, radiotherapy

Organic thin films as flexible, large area X-ray and proton detectors for medical
therapy

Ilaria Fratelli', Andrea Ciavatti', Laura Basirico!, Massimo Chiari®, John E. Anthony*, Alberto Quaranta?
and Beatrice Fraboni?*
! Department of Physics and Astronomy, University of Bologna, Bologna, Italy
INFN - Bologna, Italy
2 Department of Industrial Engineering, University of Trento, Trento, Italy
INFN-TIFPA, Trento, Italy
3 INFN — Florence, Florence, Italy
4 Department of Chemistry and Center for Applied Energy Research, University of Kentucky, United
States
*beatrice.fraboni@unibo.it
Proton therapy is currently one of the most advanced medical therapy tools for cancer treatment allowing
the sparing of healthy tissues surrounding the cancer target thanks to the possibility to tune and focus the
peak of the maximum released energy by the protons (the Bragg peak) on the selected volume. We report
on novel, fully organic detectors for a real-time beam and dose monitoring over a large area, that permit to
verify the actual dose delivered during the proton-therapy session improving the care quality and preventing
long-term toxic effects. The use of organic semiconductors as active detection layers allows to implement
devices that achieve two key goals: i) their thin, flexible and large area structure permits their comformable
use directly on the patient during therapy; ii) their organic composition results a tissue-equivalent device,
a very relevant advantage for medical dosimeters.
We will discuss two different device geometries: one operates in the direct mode (direct conversion of the
proton beam into an electron-hole pair collected by the organic thin film device) and the other in the indirect
mode (an organic scintillator coupled to an organic phototransistor). To date, there is no example of organic
semiconductor detectors used as proton beam dose monitoring systems.
Keywords: proton therapy: radiation detectors; real-tima wearable device
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Target Effects vs. Non-Target Effects in Estimating the Carcinogenic risk due to

Galactic Cosmic Rays in Exploratory Space Missions.
L. Strigari, A.N. Guracho?, S. Strolin®, A. G. Morganti® and A. Bartoloni?

!Department of Medical Physics, IRCCS Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy
2 Istituto Nazionale di Fisica Nucleare (INFN) Rome-Sapienza Division, Rome, Italy
3Radiation Oncology Center, School of Medicine, Department of Experimental, Diagnostic and
Specialty Medicine — DIMES, University of Bologna, Bologna, Italy
E-mail: alessandro.bartoloni@romal.infn.it, aboma.guracho@romal.infn.it, lidia.strigari@aosp.bo.it
Space radiobiology is an interdisciplinary science that examines the biological effects of ionizing radiation
on humans involved in aerospace missions. The knowledge of the risk assessment of the health hazard
related to human space exploration is crucial to reducing damages induced to astronauts from galactic
cosmic rays and sun-generated radiation. Galactic Cosmic Rays (GCR) have been identified as one of the
primary sources of radiation exposure in space. In this context, an accurate characterization of the possible
risk of carcinogenesis induced by exposure to GCRs particles is a significant concern for human exploratory
space missions. In this talk, the tumour prevalence is used to investigate the effects of Non-Target Effects
(NTE) in predictions of chronic GCR exposure risk. The NTE model led to a predicted risk 2-fold higher
compared to a targeted effects model. Therefore, it is nowadays accepted that the detrimental effects of
ionizing radiation are not restricted only in the irradiated cells but also to non-irradiated bystanders or even
distant cells manifesting various biological effects. In this talk, an extensive study will be presented about
the risk increase due to the Non-Target Effects that the GCRs radiation will imply when added to the Target
one. Status of the art results will be summarized, recent observations and theoretical framework presented,
and some new hints derived from the data collected from the AMS02 detector. Finally, the possible future
development will be highlighted about the possibility of an accurate estimate of the tumor prevalence

function for different exposure exploratory space mission scenarios.
Keywords: Space Radiation, Space Radiobiology, Target Effects, Non-target Effects, Tumour Prevalence,
Galactic Cosmic Ray

Pediatric vs adult dosimetry in CBCT: a challenge?
Pier Luca Rossi! *, Alessandro Lombil and Ivan Corazza?
'Health Physics Service, University of Bologna, Bologna, Italy
2Coordination Center for Medical Physics Activities, DIMES, University of Bologna, Bologna, Italy
*Corresponding author: pierluca.rossi@unibo.it

Concern about the radiation dose to children from diagnostic radiology examinations has recently been
popularly expressed, particularly as related Computed Tomography (CT) procedures. This involves the idea
that children can receive higher doses compared to adults. Since the dosimetric quantities are essentially
defined for adult patients, if related to effective dose, it becomes important to study and derive methods
applicable also to pediatric cases. In fact, the “commonly” statement implies that size, shape, and data for
pediatric organs will be derived from adult ones, numerically reducing dosimetric problems to the definition
of scaling algorithms. The aim of this study is to analyze the differences in pediatric vs adult dosimetry,
starting from measured organ doses in Cone-Beam Computed Tomography (CBCT) procedures for
maxilla-facial region. Two different anthropomorphic phantoms (child vs adult phantoms) were scanned,
acquiring all data: results will be presented in terms of organ and derived doses, discussing the approach
and differences.

Keywords: Dosimetry, CBCT, TLD

S4D: PET AND NUCLEAR MEDICINE

Role of ®*™Tc¢c-DPD scintigraphy in quantification of myocardial uptake of
Hereditary Transthyretin-Related Cardiac Amyloidosis
Maria Francesca Morrone”, Giuseppe Della Gala, Rachele Bonfiglioli, Susanna Mattoni, Sonia Elisa
Prisco and Lidia Strigari
University of Bologna, Bologna, Italy
“maria.morrone@studio.unibo.it
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The aim of this work is to highlight the role of planar scintigraphy and tomography in diagnostic accuracy
and in the search for quantification methods of myocardial amyloid infiltration. In a cohort of 186 patients,
the geometric mean between the early image scan, obtained a few minutes after injection of 99mTc-3,3-
diphosphono-1,2-propanodicarboxylic acid (99mTc-DPD), and the late image scan, acquired 3 hours later,
was used to outline the regions of interest (ROI) of the heart, kidneys, bladder, whole body, and background.
The Whole-Body retention (WBr) was evaluated considering the total counts in WB and subtracting the
total counts in bladder and kidneys, by comparing decay and scan speed-corrected counts in the late images
with early WB counts. The Heart retention (Hr) was evaluated by comparing decay and scan speed-
corrected counts of the heart in late images with counts in early WB images. The Heart Whole Body ratio
(H/WBr) was obtained by dividing the counts in the heart by the counts in late WB images. The H/WBr
median value was 4.6 % (1.4%-10.7%) and was in good accordance with the visual score, assessed by a
nuclear medicine physician, depending on whether there is no or high cardiac uptake compared to bone
uptake. The H/WB was positively correlated with intraventricular septum (IVS) (Pearson’s r= 0.35, p=
1.4e-06) and negatively with left ventricular (LV) ejection fraction (r= -0.2, p= 0.0054). The Hr median
value was 4.0 % (1.1%-9.8%) and was in good agreement with heart failure outcome (p=0.013). The H/WBr
and Hr calculation are used to quantify the cardiac uptake in correspondence with the amyloidotic fibrils
deposited in the heart tissue, therefore they can be effective in predicting major adverse cardiac events
(MACE).

Keywords: Heart Whole Body ratio; cardiac uptake; geometric mean method

PET-derived radiomic applications in breast cancer: State of Art
Luigi Manco! ", Luca Urso?, Angelo Castello®, Corrado Cittanti2, Massimo Castellani®, Gabriele Guidi*,
Alessandro Turra?, Stefano Panareo5
! Medical Physics Unit, University Hospital of Ferrara, Italy
2 Department of Translational Medicine, University of Ferrara, Italy
3 Department of Nuclear Medicine, Fondazione IRSSS Ca’Granda, Ospedale Maggiore Policlinico,
Milan, Italy

4 Medical Physics Unit, University Hospital of Modena, Italy

5 Nuclear Medicine Unit, Oncology and Haematology Department, University Hospital of Modena, Italy
*Corresponding authors: luigi.manco@ausl.fe.it

The aim of this study is to provide an updated overview of the published PET-derived radiomic applications
in breast cancer. A Pubmed/MEDLINE search was performed up to 15/06/2022 using the query string “PET
BREAST AND (RADIOMICS OR TEXTURE OR MACHINE LEARNING OR DEEP LEARNING OR
ARTIFICIAL INTELLIGENCE) NOT REVIEW”. Screened papers were classified into the following aim-
class: Diagnosis and Biological Characterization, Neoadjuvant chemotherapy assessment, Staging/re-
staging, prognosis, technical papers, multiple aims. Radiomics workflow, technical issues and clinical
findings were investigated.
A database was created for the qualitative synthesis of the papers. Overall 79 articles were screened. Among
those 51 fulfilling inclusion/exclusion criteria were analyzed. Papers were classified as follows: 18
diagnosis and biological characterization, 7 neoadjuvant chemotherapy assessment, 9 staging/re-staging, 3
prognosis, 7 technical papers, 7 multiple aims. The studies were performed in different imaging modalities
(CT-PET, MRI-PET) using F-18 with different radiotracers (FDG, FES, FLT). Radiomic analysis was
performed using in-house, open-source or commercial software. The methodology of the included studies
was discussed. Due to the great interest in this topic, a critical analysis of the state of art was necessary.
Clinical and technical issues could invalidate radiomic application in PET practice.
Keywords: breast cancer, PET, radiomic

A novel tool for predicting dose distribution of non-sealed 188Re resin in NMSC

patients.

Giulia Paolani*, Federico Zagni*, Sara Vichi, Miriam Santoro, Giuseppe Della Gala, Silvia Strolin, Paolo
Castellucci, Luigia Vetrone, Stefano Fanti, Alessio Giuseppe Morganti, Lidia Strigari
University of Bologna, Bologna, Italy
* giulia.paolani@aosp.bo.it
We present and validate a novel Monte Carlo (MC)-based tool for 188Re-based resin activity and dose

calculation for Non-Melanoma Skin Cancer (NMSC) patients.
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MC simulations were carried out using FLUKA and MC-based Look Up Table was incorporated in an ad-
hoc developed tool for personalized calculation of treatment parameters. The proposed tool was compared
using Bland-Altman analysis to the previous approaches conducted using VARSKIN in a retrospective
cohort of 76 patients. The tool was ad-hoc validated using stacks of calibrated Gafchromic EBT3 (GAF-
EBT3) films exposed using a homogenous activity distribution of 188Re eluate and a heterogeneous activity
distribution of 188Re resin mimic the patient treatment. The agreement between the proposed tool and
VARSKIN, in terms of minimal target doses, ranged from 1% to 10% for intermediate depths (1.2+0.7mm),
while showing significant differences for superficial doses. The agreement between MC calculation and
measurements at different plans in a stack of GAF-EBT3 films was within 10% for both
(homogenous/heterogeneous) 188Re activity distributions. Worst agreements were observed for absorbed
doses <0.3Gy. Our results support the implementation of our MC-based tool for calculating the 188Re resin
activity and treatment parameters necessary for obtaining the prescribed minimal target dose.

Keywords: High-dose brachytherapy; Monte Carlo simulations; Non-Melanoma Skin Cancer.

Optimal parameters of a Bayesian-Penalised-Likelihood algorithm for improving

the activity distribution accuracy in Y trans-arterial radioembolization.
Miriam Santoro *, Giuseppe Della Gala, Giulia Paolani, Federico Zagni, Silvia Strolin, Lidia Strigari *
University of Bologna, Bologna, Italy
*Corresponding authors: miriam.santoro@studio.unibo.it, lidia.strigari@aosp.bo.it

In trans-arterial radioembolization, 90Y is administered to primary/secondary hepatic lesions. An accurate
post-treatment verification using 90Y PET/CT images is mandatory to determine the actual absorbed dose
distribution and establish dose-effect models. Unfortunately, PET/CT is affected by intrinsic physical
limitation affecting the accuracy of activity distribution. To identify the best parameter combination of a
Bayesian-Penalised-Likelihood(BPL) algorithm we analysed image quality and quantitative recovery
factors. NEMA 1Q phantom was acquired and reconstructed with ordered-subset-expectation-maximization
(OSEM) and BPL algorithm at various B-values. Recovery Coefficient (RC), contrast recovery(CR),
background variability(BV) and a new index called CRBV were calculated. Highest CRBV values were
used to identify the optimal 3-value ranges. BV monotonically decreased for all the spheres at increasing
BPL pB-values, while the CR values increased for the sphere diameters>15 mm. The CRBYV indicated an
optimal B-values range [i.e.,4000+9000] for the sphere diameters>10mm. The BPL outperformed the
OSEM algorithm in terms of RC for largest spheres, while it outperformed for 3-values<1000 and 7000 in
sphere diameters >17mm and >22mm, respectively. Our study highlighted that BPL algorithm
outperformed the OSEM one for most of analysed sphere diameters and figures-of-merit, but the optimal
B-value parameter should be selected on the patient-specific tumour basis.

Keywords: Bayesian-Penalised-Likelihood algorithm; PET/CT; 90Y radioembolization.

S1L: ADVANCED METHODS IN NEUROSCIENCES

Evaluation of Zernike moments of corpus callosum for discrimination of autism

using Random Forest
Aditi Bhattacharya®*, Gokul Manoj?, Vaibhavi Gupta?, Shaik Gadda Abdul Aleem?, Amalin Prince A3,
Priya Rani?#, Jac Fredo Agastinose Ronickom?
!Department of Biomedical Engineering, National Institute of Technology, Raipur, India
2School of Bio-Medical Engineering, Indian Institute of Technology (BHU), India
SDepartment of Electrical and Electronics Engineering, BITS Pilani, K.K Birla Goa Campus, India
“Applied Artificial Intelligence Institute, Deakin University, Victoria, Australia

*Aditi Bhattacharya (nilil707@gmail.com)
Autism spectrum disorder (ASD) is a non-progressive neurodevelopmental disorder characterized by
abnormal structural alterations in the brain, resulting in difficulties in learning and behavior. In this study,
we analyzed the performance of Zernike moments extracted from the corpus callosum (CC) to diagnose
ASD. For this, we used the structural magnetic resonance imaging(sMRI) data available in the ABIDE-I
and ABIDE-II databases. We considered sMRI data of ASD and typical developing (TD) individuals from
the KKI site and used the distance regularized level set evolution (DRLSE) method to segment the CC from
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the midsagittal view of 2D sMRI. The segmented images were then verified against the ground truth using
Sokal and Sneath-I1 (SS-11) measures. Zernike moments extracted from the 2D segmented regions were
then trained on a random forest classifier with five-fold cross-validation. The results showed that the
segmented images highly matched the ground truth with the mean similarity measure value of SS-lI
=0.9931, which signified that our method could segment the CC region successfully. We achieved the
highest fold accuracy of 74.07% and an average accuracy of 66.28%. We suggest that the proposed method
could be used to screen ASD-like neurodevelopmental disorders with lower computational complexity.
Keywords: Autism spectrum disorder, Corpus callosum; Zernike moments and random forest.

Investigation of brain networks in autism using fractal, non-fractal and pearson

correlation methods
Chetan Tanaji Rakshe* and Jac Fredo AR
School of Bio-Medical Engineering, Indian Institute of Technology (BHU), Varanasi, Uttar Pradesh,
India
*Chetan Tanaji Rakshe (chetan.jrf.ome22@itbhu.ac.in)

Autism spectrum disorder (ASD) is a neurodevelopmental disability with altered functional brain
connectivity networks. The brain networks corresponding to ASD were inconsistent and understudied. In
this study, the brain networks of ASD and typical developing (TD) were analyzed using functional magnetic
resonance imaging data (fMRI) publically available in ABIDE-I and ABIDE-II database (ASD=314,
TD=397). Initially, the fMRI data were preprocessed using standard pipeline and then BOLD time series
were extracted from 236 ROI’s using Gordon’s, Harvard Oxford and Diedrichsen atlases respectively. We
computed the fractal, non-fractal and Pearson correlation functional connectivity matrices and resulted in
27,730 features which were ranked using XGBoost feature ranking algorithm. Results revealed that most
important connections were within the default, cerebellum to cingulo opercular task control (COTC),
default to none region from fractal, non-fractal and Pearson correlation method respectively. We analyzed
the top 1% of the important features and found that COTC contributes to more brain connections.
Normalization results state that salience (50%), default (36.84%) and ventral attention (31.25%) contributed
to the major number of connections in each method. The results suggest that the identified brain networks
may serve as a biomarker in diagnosis of ASD.

Keywords: Functional brain connectivity; Fractal and non-fractal; Pearson correlation.

Detection of Schizophrenia using 4-Dimensional attention based Deep Learning
Model
Loganathan Selvarasu*, C M Sujatha
Department of Electronics and Communication Engineering, Anna University, Chennai, India
*sujathacm@annauniv.edu

Schizophrenia (SZ) is a severe neurological condition often associated with functional deterioration in
sensory and frontal brain areas. Electroencephalogram (EEG) offers an effective means of evaluating brain
functions particularly in serious neurological conditions. Although, EEG does not precisely determine the
etiology of brain dysfunction, the subsequent processing of the data using deep learning networks, has
recently provided an accessible way of modeling and analyzing complex and subtle variations of neural
patterns. In this work, an attempt has been made to analyze EEG recordings of 39 healthy and 45
schizophrenics using 4D attention based deep learning networks. EEG signals from 16 channels over one-
minute duration are split into one second segments with each segments decomposed into various frequency
bands. A 3D tensor is formed from 2D sparse map of differential entropy feature extracted from each
segment. The channel and spatial attention maps are created by applying multilayer perceptron to these
feature descriptors and are convolved by sequential convolutional layers. Results show that an accuracy of
75% is achieved with the proposed deep learning model. The embedded attention mechanisms enable four
dimensional spatial-spectral-temporal representations of EEG signals to adaptively capture discriminative
patterns of brain dysfunctions and could enhance the accuracy by 5%.

Keywords: Schizophrenia; deep learning; attention.

Optimization of preprocessing routines in Speech Imagery based EEG Signals
Anandha Sree R, Divya B, and Kavitha A*
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* Kavitha A (KavithaA@ssn.edu.in))

Speech imagery (SI) is a type of mental imagery specific to the processing of verbal sequences. It is a form
of inner speech with no vocal cord movements and plays a vital role in human thought processes. Sl is an
important paradigm in neuroscience research as it has high similarity to real voice communication. Analysis
of Sl has been carried out through EEG signals acquired during the imagery protocols. As EEG signals
have a low signal-to-noise ratio, artifacts occur during acquisition. This work focuses on employing various
pre-processing techniques for artifact removal and identifying the optimal methods for Speech imagery-
based EEG signals. Multi-trial EEG signals were recorded from five healthy volunteers while imagining
speaking English vowels. Various pre-processing techniques such as filtering, normalization, and
smoothening of signals were implemented and tested to obtain artifact-free signals. The Mean Square Error
(MSE) and Peak Signal to Noise Ratio (PSNR) values were estimated. Results show a high PSNR and a
low MSE across all subjects when Butterworth filters, min-max normalization, and Savitzky-Golay
smoothing pre-processing routines were employed. The identification of an optimal pre-processing
sequence can thus be impactful in analyzing artifact-free speech imagery-based EEG signals for further
investigations.

Keywords: Speech Imagery; Electroencephalography (EEG); Signal to Noise Ratio (SNR); Mean Square
Error (MSE); Peak Signal to Noise Ratio (PSNR).

Entropy analysis of EEG patterns for effective classification of Huntington’s

Disease
Ramesh Munirathinam®*, Tamilnidhi Marimuthu?

! Department of Biomedical Engineering, Karpagam Academy of Higher Education, Coimbatore, India
2 Department of Electronics and Communication Engineering, Karpagam College of Engineering,
Coimbatore, India
*rameshmunirathinam@gmail.com
In this analysis, 89 subjects are analyzed for effective diagnosis of Huntington’s Disease (HD). HD is a rare
autosomal neurodegenerative disease. The assessment of brain activity using EEG signal could help in
planning the treatments to lower the effect of HD. The data used in this work is obtained from open-source
repository in which the subjects are classified as symptomatic control HD (CSHD), pre-symptomatic
control HD (CPHD), symptomatic HD (SHD) and pre-symptomatic HD (PHD). EEG signal was recorded
using 16 channel system for 20 minutes and sampled at 1.2KHz. Tsallis Entropy, Shannon Entropy,
LogEnergy Entropy, and Renyi Entropy are extracted from the EEG signal. The electrodes F3 and Fp1 were
found to exhibit better discriminating ability between the classes. AUC measure is found to be CSHD
(0.711), CPHD (0.708), SHD (0.957), PHD (0.839) for F3 electrode and the feature from Fpl electrode
have AUC as CSHD (0.722), CPHD (0.731), SHD (1.000), PHD (0.979). The changes in the pre-frontal
cortex regions of HD subjects are effectively captured by Fpl electrode. The features from electrodes O1,
P4, P7, P8 and T7 are found to possess the ability in distinguishing CPHD, SHD and PHD effectively. This
analysis is in par with several analysis proving the significance of EEG signal for effective category

classification of HD.
Keywords: Huntington’s Disease, Autosomal Disease, Rare Disease, EEG, Entropy, Tsallis Entropy,
Shannon Entropy, LogEnergy Entropy, Renyi Entropy.

S2L: CO2 ANGIOGRAPHY

Biomechanical aspects involved in CO2 Angiography
Romano Zannoli
University of Bologna, Bologna, Italy
CO; angiography has been introduced in clinical practice to limit the dangerous effects of iodine, the
contrast medium used in standard angiographic procedures. Initially the injection of the CO; gas in the
vessels was made manually, with results strongly dependent on the operator experience and skills and only
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a little possibility of comparison. With the introduction of a programmable injector, it has become evident
how the diagnostic imaging is strongly dependent on the way the bubbles move and fill the vascular cavities,
suggesting different approaches and regulations in the different conditions. This evidence highlights
biomechanical aspects the clinicians had never considered and that each optimization of the CO;
angiographic procedure must be studied also and above on the side of vascular biomechanics. The clinical
staff limited knowledge of biomechanics, and the limited experience of engineers and physicists on
angiographic procedures are the major limitation of CO. angiography optimization.

Keywords: CO; angiography; bubbles movement; biomechanics

Radioprotection in CO2 Angiography
Lorenzo Casadei' *, Romano Zannoli? and lvan Corazza?
'Angiodroid, San Lazzaro di Savena, Bologna, Italy
2 University of Bologna, Bologna, Italy

*Corresponding authors (casadei.lore@gmail.com)
Why to focus on radioprotection in a Conference of biomechanics? Because a deep analysis of the
radioprotective problem of this quite new diagnostic procedure, demonstrates that the optimization of
radioprotection is strictly related to the optimization of gas injection, which changes in the different
biomechanical conditions. A particular attention is focused to the differences, in terms of radiological dose
between iodine and CO,, and some protocols are on course to clarify this aspect, frequently with incoherent
results. In this paper the radioprotection problem of CO, angiography will be clearly outlined, with
procedural references to vascular biomechanics. It will be demonstrated that the radioprotection problem
and imaging results depend only and how the clinicians manage the diagnostic procedure: it depends only
a little on the contrast medium, it mostly depends on the scientific knowledge of clinical staff: doctors,
technicians and physicists. If everyone plays his role in the best way, knowing that the imaging result is
strictly related to the vascular biomechanics, (which has to be deeply known), a global positive result is
achieved.
Keywords: CO; angiography; Radioprotection; Imaging.

Optimization of gas injection in CO2 Angiography
Luca Monti' *, Luca Reggi! ", Romanno Zannoli? and Ivan Corazza?
! Angiodroid, San Lazzaro di Savena, Bologna, Italy
2 University of Bologna, Bologna, Italy
*Corresponding authors (luca.montil0@gmail.com; luca.reggi93@gmail.com )
The use of programmable gas injectors has demonstrated how it is necessary to adapt the parameters (gas
pressure and flow) in the particular diagnostic context to obtain the best imaging result with minimum
radiological exposure. Imaging of a big vascular cavity, or medium size artery or small peripheral artery is
a completely different game, which requires different regulations and management of the instruments. In
this paper the focus will be on small peripheral arteries imaging (BTK), where the required low injection
gas flow interferes with the low hydraulic resistance of the catheter and the wide arterial pressure pulsatility,
producing an irregular gas injection, with reflow and pain. To overcome this problem, a calibrated
adjunctive resistance in series of the catheter is proposed, with theoretical analysis and optical simulation.
Keywords: CO; angiography; Imaging; BTK; gas flow; hydraulic resistance

CO2 Computed Tomography
Luca Neri*?*, Romano Zannoli?* and lvan Corazza?
Medicine (Cardiology), Johns Hopkins University, Baltimore, MD, USA
2University of Bologna, Bologna, Italy
*Corresponding authors (Ineril@jhmi.edu, luca.neri9@unibo.it, romano.zannoli@unibo.it )

CO: angiography is demonstrating his value in vascular imaging on patients with lodine intolerance or renal
failure. This evidence suggests using CO2 as a contrast medium also in computed tomography, mainly in
peripheral arteries (BTK), where a high resolution is required, and the vessel is immobile. To face this
problem two aspects must be faced: 1) the non-continuous filling of the vessel by the gas, which may
produce false positives and incorrect anatomical reconstructions; 2) The difficulty to execute vascular
interventional procedures in the CT rooms, not equipped for this activity. To face both these problems with
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a feasible solution, we tested the possibility to place a small CT cone beam system in an interventional
angiographic room. We used a Cone Beam TC system planned for oral CT anatomical reconstruction
(suitable for a BTK imaging) with a vascular phantom with physiological pulsatile pressure and flow. We
tested the possibility to have good images with a very low iodine concentration and gas injection. The test
demonstrates the feasibility of this approach and opens a new prospective in the BTK imaging and
intervention.

Keywords: CO2 angiography; Imaging; BTK; vascular; iodine intolerance.

S3L: BIOMATERIALS AND PROSTHESIS

Emerging technologies in Green biocomposites for orthoses and external

prostheses
Kheng-Lim Goh
Newcastle University in Singapore, Singapore

Currently, prosthetic sockets are made from a mould that is derived from the residual limb. This ensures
that the best possible design with a comfortable and effective fit can be achieved. The prosthesis is
laminated by carbon or glass fibres reinforcing plastics, which are lightweight and offer good flexibility.
However, as world-wide drive to address the existential climate challenge, such as moving away from our
reliance on oil and gas, which are the main sources from which plastics and carbon fibres are derived, the
cost of the plastic materials for making the prosthetic sockets could increase as they get more difficult to
come by. In this talk, | shall present an overview of our strategy to exploit natural fibres, such as kenaf
fibres or pineapple leaf fibres (generated as agricultural waste from the agricultural industry), for use in
reinforcing plastics that are used to make the lower limb prosthetic socket. | shall present key ideas in the
environmental impact of products, and how this could implicate the prosthetic device at key stages of its
life cycle and opportunities to reduce the overall impact of the device.

Bioactive polyme