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Preface

We warmly welcome you to thHaternational Conference Biomechanics 2023vi-annual
Conference of the Polish Society of Biomechanics. This prestigious event marks a milestone in our long
tradition of over 36 year.

The conference has its roots dating back to 1959 when the inaugural Biomechanics Symposium

took place, organized by the Higher School of Phy
Conference on Biomechanics commenced undertdedeas hi p of Prof essor WJgodzin
the Academy of Physical Education in Gda@®sk, shapi

This tradition has cultivated a network of universities engaged in comprehensive biomechanical
research, resulting in interdisdipary projects across Medicine, Engineering, Rehabilitatiand
Sports. The evolution ofi@nechanics, coupled with technological advancements, has contributed to
related sciences like sports biomechanics, clinical biomechanics, biocybernetidsioaraterials.
Numerous scientific conferences, both nationally and internationally, have showcased the extensive
and interdisciplinary nature of our work. These efforts have also educated generations of researchers
attuned to cuttingedge technologies anidnovative solutions, with a primary focus on the human
condition.

This year, the conference will be hosted in Wroclaw University of Science and Tochinology
Wrocgaw i s a city -oldhsorwefealurafamalgamatios, chamatetizegdn e s
atmosphere of openness and hospitality.

Wrocgaw's vitality is further enrichWrclabhy its vi
University of Science and Technologays a pivotal role in the city's academic landscape. We are
pleased to anounce the inauguration of our 14th faculty, the Faculty of Medicine, which will empower
future doctors with advanced skills and knowledge, leveraging the latest technological advancements.

As we proudly host thinternational Biomechanics Conference 2023ve present a book of
abstracts as a supplementAata of Biomechanics and Bioengineerin@ journal published by the
Wrocgaw University of Science and Technol ogy
(https://actabio.pwr.edu.plan official journal of Polish Soety of Biomechanics). This compilation
comprises over 85 contributions from researchers across Poland and the world, a proof of our
collaborative interdisciplinary endeavours.

We extend our gratitude to the authors and anticipate insightful discussioimg dbhe 9 oral
sessions and poster session. Additionally, we offer workshops organized by the Faculty of Mechanical
Engineering and acknowledge our sponsors for their invaluable support.

We trust that your time iWr o c @vill enrich your professional nebrk and deepen your
understanding of biomechanics. Welcome to our city and university, where you will experience a unique
and enriching atmosphere.

Celina Pezowicz
Anna Nikodem
Maggorzata Syczewsk
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Comprehensive evaluation of urological Double) stent encrustation:
patient age, stent material, and implantation duration

K. ARKUSZ* K. PASIKL, A.HAL I 6 $K I

Department of Biomedical Engineering, Faculty of Mechanical Engimeeri Uni ver sity of Zi el on
Zielona G-ra, Pol and
Department of Clinical Genetics and Pathomorfology, Ut

Key words DoubleJ stent, encrustation, biofilm formation, chanical strength, kidney stone

1. Introduction

Urolithiasis, defined as the process of forming kidney stones localized within the tubular lumen and
lower urinary tract or primary bladder stones, is a common problem affecting 20% of the population
worldwide, which will grow significantly oer the coming years [1]. Ureteral stenting istandard
procedure used in 60% of patients after treatment for ureteral stones and 80% of patients after treatment
for renal stones [2]. The colonization of bacteria and encrustation on the surface @fretemtsof the
most common complications: sterlated and blockage, which can lead to the device's inability to
function [3]. How serious this problem is evidenced by the statistics developed by Tomer et al., showing
as many as 41,369 complications ond®0 procedures of implantation ofieeteral stent [4]. Solving
this problem first requires understanding the clinical significance of encrustation and bacterial
colonization on ureteral stertghere is no consensus on which specific pathogens, ifraargase the
risk of encrustation. Additionally, it is unclear how biofilm formation on the surface of the stent may
precipitate minerals and trigger encrustation.

2. Materials and Methods

In total, 240 doublgl ureteral stents (DJ stents) were removed frenal stone patients and
recruited to the study between January 2019 and May 2023. First, the most susceptible material for
biofilm formation was indicated. The first kind of DJ stent was built with a proprietary siticone
modified styrene/ethylene/butyleiock copolymer (copolymer DJ stents); the second was a classic
polyurethane stent. Second, the influence of patient age Bb%ears) and implantation time (from
7to 124 days) on encrustation and biofilm formation was examined. Microscopic anabsis w
performed on the ureteral stents implanted after the -UR®he microscopic observation was
performed by the scanning electron field emission microscope JEOL JSM 7600F (SEM).
Representative polyurethane and copolymer DJ stents before and after inguidotaBl days were
characterized by Fourier transform infrared spectr
FTIR Spectrometer, Thermo ScientificE, USA). Data
4000 cmt and 400 crit with a resolutiorof 4 cnil. Tensile strength and stiffness were tested for all
DJ stents before and after urinary exposure. The tensile strength was measured using a Zwick Testing
System, using a 5 N load cell. DJ stents were tested in uniaxial tension at 1 mm/s fod1$epaired
St ud e-tedt vas used to compare each-dieht group. A value 0p<0.05 was considered
statistically significant.

*Corresponding authoKatarzynaArkusz, email: k.arkusz@iimb.uz.zgora.pl
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3. Results

Performed research has shown that polyurethane DJ stents have a much higher affinity for the
encrustation of calcuthan siliconebased copolymers. Residues deposited on the surface of the DJ
stent form a homogeneous mddyer, mainly composed of weddellite and uric acid crystals.
Encrustation of silicone DJ stents during 31 days reduces Young's modulu8®¥62vhich confirms
the loss of DJ stent elasticity and increased probability of cracks or interruption. Moreover, crystalline
and calculi deposition on DJ stent was observed e
Microscopic analysis indicatethdt the distal and proximal parts of the stent (the part located in the
renal pelvis) are the most susceptible to RS L fragments and urea salt deposition. DJ stent
diameter (1.00, 1.33, 1.66 mm) impacts the encrustation phenomenon: the most eaggrsigation
of crushed stones and crystals was observed for the DJ stentseitheder of 1.00 mm, and the least
encrustation was observed for 1.66 mm. Implantation affects the surface by increasing its roughness,
thus increasing the affinity for bidfin formation.

Further research indicated that the spectrum of bacterial pathogens is significantly different in
patients with struvite stones compared to patients with other stones. For microbial isolates in patients
with struvite stones, the most common ones Vi&seheichia coli (27.7%) andProteus spp(27.7%)
followed byKlebsiella spp(16.7%), Granpositive bacteria (5.5%), arifseudosomonas aeruginosa
(5.5%). These bacteria accounted for 83.3% of the total flora tested. In other types @&stbagchia
coli was the most frequent isolate (47.6%), followed by Graositive bacteria (14.0%) andebsiella
spp (7.8%). Proteus spp and Pseudomonas aeruginosaccounted for only 4.6% and 2.3%,
respectively. The uropathogens in the Giamsitive group wer&nterococcs faecalis, Enterococcus
faecium, Staphylococcus aureus, Staphylococcus ceprae, Streptococcus agalactiae

Acknowledgments:K.A, K.P, A.H. acknowledge the financial support from the program of the Polish
Minister of Science and Higher Education under t he
- 2022, project no. 003/R1D/2018/19, funding amount 11 936 596.10 PLN.
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Abstract

The objective of professional alpine skiers is to attain the minimal time possible on a slalom course
delineated byates. In recent years, a plethora of scientific research has been carried out to examine
this sport, seeking optimal solutions concerning technique, equipment, athlete preparation, and course
trajectories, among other factors. Mathematical models desgrddpine skiers' movements can be
employed to analyze these topics [1]. This study aims to create a model that considers crucial elements
associated with athletes' slalom courses.

Existing alpine skiing models were analyzed, including: biomechanical e#8], aerodynamic
models [4]p], trajectory optimization models [6][. Based on the literature review, the mathematical
model of the alpine skier's run should take into account the following elements: forces acting on the
skier (gravity, air resistamg friction force), biomechanical variables (angle of the ski relative to the
horizontal plane, angle of the ski edge, position of the skier's body), aerodynamic parameters (skier's
body shape, skis, helmet and clothing), renefated variables (terrairrgfile, slope, type of snow) and
individual characteristics of the competitor (weight, height, skill level) and the specificity of the alpine
skiing discipline (SL, G, SG, DH ). Based on such a model, strategies for optimizing the alpine skier's
ride can ke developed.

wona 4130 Lz 1 L]
e 12510

Fig. 1. Simulation applicatiomnd segments with different lengths and the same radius
A, B and with different radius C

The first stage of the simulation includes determining the parameters describing the run with
simplified assumptions: The path is enforced by passing the gate on the given side; The geometry of
the goals (XYZ) is known; The path is described by the suanasfwith the given radius and angle (in
the next step with polynomials); A segment is one arc in a plane with a constant slope angle; The skier
can change the radius of the turn and the friction forces in the range from min to max values for a given
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sectbn at the beginning of the section (at any point in the next stage); Forces taken into account: gravity,
air resistance, friction and sground resistance, centrifugal (in the next stage of elasticity, damping,
etc.); The skier's model is a point (in thext step, a model with body parts and equipment); Skier's
parameters: weight, frontal area (in the next stage, energy resources, power, muscle strength, etc.)

Numerical simulations were performed in a computer application created in the Delphi Borland
envronment. (Fig. 1) The preliminary results allow to calculate the travel time of the marked section
with variable parameters such as arc length anidigaslope inclination, skier's weight, initial speed

(Fig. 2).
m \ ceosas

MM t=Li1s

12

—— e t=1,63s
—r—o—* »

M,
5

2 4 6 & 10 12 14 16 18
ARC LENGTH [M]

Fig. 2. Speed distribution on a tuith a radius of 14,5 m and a length of 16 m depending on the initial speed
(skier's weight 80 kg)
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1. Introduction

Crowd motion is a complex phenomenon which can be of interest to a range of disciplines from
psychology, through biomechanics, to physical and mathematical sciences [1,3,4]. Understanding
crowd dynamics can also contribute to efficient and safe desigrldirys and pedestrian concourses.

In our recent experiment, which served to validate the kinetic model in complex active flow [1], we
analysed the motion of two groups with opposing walking targets, such as the contraflow of two groups
moving across a bea crossing. In such scenarios one often observes spontaneous spontaneous
formation of lanes parallel to the direction of differential velocity.

Here we present more detailed, secondary analysis of our previously published data, where we
analyse the retave velocities of pedestrians within one walking group. Specifically, we focus on the
di fferences in behaviour between the "l eadingb
group, as well as the differences in velocity between the ext@)) and middle lanes (MID).

The key quantity of interest is the average gait speed, which can be notably different before the
encounter with the other group (V_before), during collidike dodging manoeuvres (V_collisions),

and after passing all the mbers of the other group (V_after). We interpret the results in terms of local
crowd density, and global structure of the flow.

2. Material and Methods

We present here new, more extensive analysis the dataset published in Ref. [2], which comprises
pedestriartrajectories from a suite of experiments conducted across two sessions with 60 and 73
participants, respectively. Here we focus exclusively on the archetypal lane formation scenario, with
two groups of parallel, but opposite moving directions. The expatgweere conducted in a relatively
dilute, freely flowing regime, with average crowd densities at the order of 2 per$obwtailed
description of the data collection methodology can be found in Materials and Methods of Ref. [1].

We employ an automateudteraction detection algorithm to divide the motion of an individual into
three epochs: before, during, and after the interaction with the opposing group. To test the influence of
the contraflow on the movement, we analyse the average velocity in ethdsefperiods. As we are
primarily interested in relative differences between members of the same walking group, we aormalis
the velocity for each trial.

3. Results

The first finding of our analysis is that in the side (exterior) lanesahesare much tgher than
in the middle (interior) lanes (Fig. 1). Secondly, we find notable differences between the individuals
positioned in front, and at the back of a given group. Whilst theiptstaction velocities are uniform
across the group, in the middle perithe leaders (L) move significantly faster than the middle group

*Corresponding authoBogdan Bacike-mail: b.bacik@awf.katowice.pl

16



(M), which is in turn faster than the trailing group (T). This trend points to an interactiaoed
rarefaction of a group. Towards, the end of the experiment, however, the elongatimpénsated by
the acceleration of the trailing group (middle panel of Fig. 1).
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Fig. 1. Speeds distribution
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1. Introduction

Postperturbation falls are frequent in daily life, posing a significant issue for various age groups.
Mechanical, neurological, or psychological constraints can hindempgostrbation balanc&he aim
of this study was to analgghe impact of perturbations occurring during thegwing phase on gait
kineticsin young and older people

2. Material and Methods

Twenty-one young (a = 21.381.32y.0., m = 61.386.48kg, h = 165.94.53cm) and twent-
one older (a = 67.784.7y.0., m = 73.36N11.06kg, h= 161.5N5.18cm) womerparticipated in this
study. Subjects walked on a dual splét instrumented treadmill (GRAIL, Motek Medical B.V., NL)
which was synchronized with a motion capture system operating &zZL00wer limb kinematics and
kinetics were recorded usirige HBM model and 26 marker®erturbations were applied at {off
every 10 seconds on the left treadmill belt, generatirgblelt accelerationswWhile walking, five
perturbations at the teaff were generated every 10 seconds on the left belt of the treadmill. The
perturbations consisted of left belt accelerations. The shapes of the vertical components of the groun
reaction brces (GRF[lassified three pertbation impact Strategies, anatgsfor dominance in both
groups.Extreme values of kinetic parameters during perturbed and unperturbed gait were calculated
for the left lower limb. Friedman Anoyavith a DunnBonferroni psthoc test determined inter
Strategieglifferences within each age graup

3. Results
3.1. Extracting Strategies based on vertical component of GRF

The first Strategy in the group of young people was adopted in 42.17% of gait cyicla39176%,
and Il in 18.07%. In the elderly group, the distribution looks differeiit28.79%, Ili 45.45%, and
Il T 25.76% of gait cycles recordéar the left lower limb(Fig.1).
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Fig. 1. Thredaypes of shapes of the vertical component of the ground reaction force in adaptation to perturbation
under thdeft lower limb
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3.2 Differences between Strategies within young and elderly groups

For both young and elderly groups, there aresigaificant hip torque differences in maximum
values. However, statistically significant differences exist in minimum hip torque values across all
Strategies, with Strategy | displaying the greatest minimal extension. In the knee joint of young
participans, Strategy | exhibited the highest mean maximum values, while Strategy Ill had the lowest.
Significant differences were observed between Strategies | and Il, as well as | and Ill. Among the
elderly, no significant differences appeared in maximal kneai¢ovglues, and minimum knee torque
values did not significantly vary between Strategies in either group.

Regarding ankle torque, Strategy Il yielded the highest maximum values in both groups,
significantly surpassing Strategy I. In the young graujmimal values of ankle torque exhibited no
statistically significant differences among Strategies. However, in the elderly group, Strategy I's values
significantly exceeded those of Stratdty
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Fig. 2. Torque curves for each Strategy's lower limbtmilMean and standard deviation of max/min values for
each group: A unperturbed gait, yyoung, o- elderly. Unperturbed gait uats are shown in the first line

4. Discussion

Notably, both young and elderly individuals exhibit similar responses ttildéed perturbations.
However, Strategy Il poses heightened risk for tldery across all joints. Thistftegy involves
elevated hip flexor torques, both flexor and extensor engagement at the knee joint, and pronounced
dorsiflexor activity at the ank&ljoint

Acknowledgments: T hi s

research

wa s

funded by the J-zef

in Warsaw, UPB no. 2 (114/12/PRO/2023Evaluation of postural control in response to induced
perturbations in different age groups. Thanks to Kidowieski for collecting the data

19



Visual disorders and selected features of body posture pilot study
M. BOBROWSKA!, Z. KOSOBUCKA!L, P. TABOR?, E. OLSZEWSKAZ, J. PNIEWSKI!

tUniversity of Warsaw/ACKOWarsaw, Poland
2J.zef Pigsudski Univer si tWarsawPoldhthysi cal Education

Key words:astigmatism, foria, body posture, Diers scanner

1. Introduction

Relationships of various types of vision disorders with body posture have been noticed for a long
time [1]. Muscles that are controlled like other skeletal muscles are responsible for setting the eyeballs.
Hence, an increase in the tension of some muscle groups may have a compensatory effect (through the
control system) on other muscle groups [2]. In studietheody posture of children with amblyopia,
disturbances in the size of the physiological curvature of the spine were found [3], as well as disorders
in the position of the head, shoulders, chest, and abdomen [4]. Therefore, the aim of the study is to
seach for relationships between visual impairment and selected features of body posture.

2. Material and M ethod
2.1. Material

The subjects were 21 students of the University of Warsaw and the University of Physical Education
in Warsaw, of both sexes (6 men atfsl women), aged 248 2.09 years. They were people with
different levels of physical activity and time spent working at the computer.

2.2. Methods

Information about the level of physical activity and the time spent working at the computer was
collected. hose who work more than 5 hours at the computer were considered people with a long
working time of close vision. Body posture was assessed using the Diers posture scanner according to
the procedure proposed by Schroder [5]. The following parameters vegtéonghe analysis: thoracic
kyphosis angle, lumbar lordosis angle, trunk deviation, pelvic obliqueness and averaged trunk rotation.

Visual disturbances were determined by standard optometric examination. Visual acuity,
accommodation and convergence a$l a&phoria and fusion ranges of the eyes were assessed.

Absolute values were used in the body posture analysis for trunk deviation, pelvic obliqueness and
rotation. Relationships between visual parameters and values characterizing body posture were
detemined by Spaman's rank correlation coefficients. The Mafhitney U test was used to assess
differences between active and clagerkers.

3. Results

Among the analyzed indices of vision and body posture, a significant negative correlation was
observedetween the size of the phoria horizontal to distance and the size of the lumbar lordosis. There
was also a significant positive relationship between the amount of astigmatism in at least one eye and
the absolute value of the lateral deviation (Table.1).

Table 1.Values of Spearman's rank correlation coefficients and probability levels of selected features of vision and
body posture
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Correlated indicators Spear mar p

Angle of lordosis Horizontal phoria -0.56 0.008
Lateral deviation the amount o&stigmatism 0.64 0.002
Taking into account the normal tilt of the trunk

the norm, astigmatism in at least one eye is much more common (6 people compared to 1). Among
people with normal trunk deflection people had astigmatism compared to 9 without it. In addition, in
people with astigmatism, abnormal pelvic obliqueness and average trunk rotation were noticed
significantly more often.

In people with reduced lumbar lordosis, a more frequent occurrencestahidiesophoria was
observed, and in those with increased lordosis, far exophoria was observed.

Significantly less fusion rupture towards BS was also found in people working at the computer for
a long time (Figl.).
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Fig. 1. Mean magnitudes of fusioapture in the direction of BS measured near in persons divided according to
the number of howrspent at the computer per day

4. Discussion and ©nclusion

The relationships between visual disturbances and body posture characteristics are generally
consistent with those observed in the literature. However, the observed statistical associations should
be interpreted with caution due to the small study sanif@search shoullle continue on a more
homogeneous one and larger group.
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1. Introduction

The reliability of biestabilization is influenced by a number of factors related to the type
of dysfunction, the implantation technique, the implant, the ariatdrmonditions of the assisted area
orthe physiological conditions of the patient, among others. One of the aspects is the quality
of theimplantbone interface.

LfC's 33.years of experience in spondyloimplantology and in developing functional surgical
procedures with implants indicate that bone quality plays a key role. Osteoporotic changes and reduced
bone quality can lead to implant loosening and jop&trative complications. One way énhance
stabilization is the use of intraosseous agents, whichaffast bone fusion [[[2] orprovide an
additional bond to fix the implant in osteoporotic bong[[g. Due to the aging dahe population and
the increase in the average age of surgically treated patients, this probleimgisighlighted more
and more by the medical community.

Determination of the distribution/dispersion of the reinforcing intraasseagent, used with
innovative iliosacralautogenoudusion (ISaF) stabilization procedure, in the treatment
of theilio-sacral joint with a multifunctional muithreaded implant for reduced bone density
to improve the effectiveness of bgtabilization a model.

2. Materials and Methods

Engineering software -flopology and DICOM data were used to design anatomical models,
corresponding to morphometric parameters of healthy and osteoporotic bones with bone densities
defined on the basis of literature dat3-[8]. 3D prints of physical models were made on a Form2
printer (Formlabs) using stereolithography technology.

Tests on anatomical models were preceded by tests on 3D models of bone in the form of a cylinder
with a regular grid pattern using a model medli(Fig.1). In the final stage of the study, PMMype
cement dedicated to the spine was used, which was prepared according to the manufacturer's
instructions/procedure before injection.

The distribution was carried out on a laboratory station equippedawpttessure transducer and
aforce sensor to evaluate the pressure and force of the medium delivery over time. The entire research
set up was submerged in a fluid with a pressure of 12 ginddrresponding to the conditions of the
body fluid environment.

The distribution of a specific dose of cement in the model bone was parameterized using industrial
computed tomography (GE, CTt). The geometry of the cement distribution was analysed in two
perpendicular planes identified with the sagittal and transvéasegin relation to the anatomy and
position of the implant. CT data was also used to control the porosity of the prepared models.
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Fig. 1.An example shot aihodel medium injection

3. Results

The conditions for delivering the medium to the bone strodglyend on its quality. Injection of
3cn? of cement in healthy bone model requir20-30% higher pressure/forcn osteoporotic bone,
cement reinforces mainly the frontal part of the implant, and the distribution is more irregular oriented
to fill the lowerdensity spaces. For highdensity bone, the distribution is evenly through the central
channel and side chaels. Cement along the implant distributes more elliptically due to the changing
bone density towards the cortical bone, which limits cement distribution, in this case the cement seeks
the easiest distribution paths which can result in single directiotffdw paths.

4. Conclusions

Through controlled cement distribution, the quality of the implante interface can be influenced,
increasing the biomechanical certainty of stabilization-dperatively defined bone integrity, anatomy
and density, as well ahe design of transport channels and kuparative management tactics, make
it possible to predict the areas and extent of cement distribution in bone tissue. This translates into
improvements in the surgical treatment of "difficult” patients with reddomme quality/density.

Acknowledgments: In the paper results of studies subsided by the European Regional Development
Found within the framework of the Intelligent Development Operational Program,-2Z2204
(No.POIR.01.01.0D0-0377/16) were used.
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1. Introduction

Sound trasmission to the human ear by the bone conduction pathway causes @btht#dione
itself and soft tissues [1]. Numerical modeling of bone conduction in the case of an implant placed on
the skull surface requires considering the entire head [2]. The finite element model published in [3]
included the skull bone, brain, cerepinal fluid, and skin, but the inner ear was simplified because
of the model's complexity. If the implant position is close to the inner ear, the skull vibrations are
smaller than the vibrations of the petrous temporal bone due to damping and synclsoelnosen
the skull bones [4]. In this case, the numerical model of the entire head can be replaced with the model
of the temporal bone only, but appropriate boundary conditions must be defined [5]. The fixed support
of the temporal bone boundary is a sfigant simplification, but since the motion of the entire head is
unknown, neglecting its vibrations in the case of the bone conduction stimulation applied on the otic
capsule is justified. Supporting the model is unnecessary in harmonic analysis;réhetefamass
elements imitating the mass of the head can be used instead of the fixed support applied on the temporal
bone boundary. This study aimed to check the effect of the temporal bone support on the displacement
of the promontory bone and the volurtisplacement of the fluid under the round window membrane
for selected directions of the harmonic force and as a function of frequency.

Stapes

Temporal bone Petrous part

Cochlea
Round window

Otic capsule

Mastoid part

Fig. 1. Finite element model of the temporal bone with the inner ear: mesh, bone conduction stimulation on the
otic capsule as a force in the primary direction, the bone boundarysssection through the cochlea

2. Material and M ethods
2.1. FE model of the temporal bone with the inner ear

The subject of numerical simulation was a 3D finite element model of the temporal bone with the
inner ear (Fig. 1) previously published in [5]. Harmonic analysis of bone conduction stimulation applied
on the otic capsule was performed in ANSYSv17 (ANSYS,|€anonsburg, Pennsylvania, US). The
case of stapes otosclerosis was considered, for which the annular ligament was modeled as ossified,
and the middle and outer ear structures were not included. The implant was modeled as a concentrated
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mass of 0.16 g;onnected to nodes lying on the surface of the otic capsule inside a circle with a radius
of 1.5 mm. The constant force magnitude applied to the mass was 0.1 N faequEncies from the
hearing range were considered (0.2, 0.3, 0.4, 0.5, 0.63, 0.8,2501%, 2.0, 2.5, 3.15, 4.0,5.0, 6.3, 8
and10 kHz). Two support types on the temporal bone boundary (shaded arealipifrdjuded: a)

fixed support and b) free boundary with an applied mass of the human head.

3. Results

Discrepancies between the twgpés of support depended on the direction of stimulation.
Differences occurred mainly at low frequencies, for which rigid body motion of the human head was
observed in experimental cadaver research [3]. The results of the promontory bone vibrations (Fig. 2
and the volume displacement on the round window membrane differed significantly at low frequencies
if the force direction was perpendicular to the stapes footplate. The differences obtained for other
excitation directions, such as the force in the prymdirection (Fig. 1), were slight in the entire
frequency range.

w (f)
1.E-07 60
- N

B °T
= free boundary — 60 + B\
] — A\
° -120 +
2 1E08 T - ’\/ ﬁ
E N & .80 +
b ] % a0 +
= fixed boundary 300 1

1.E-09 + -360 t

0.1 1 10 0.1 1 10
Frequency [kHz] Frequency [kHz]

Fig. 2. The promontory displacement in the direction perpendicular to the round window membrane versus
frequency for two types of support imposed on the temporal bone boundary.
The forcedirection was perpeticular to the stapes footplate

4. Conclusions

The influence of support imposed in a finite element model on the temporal bone boundary was
decreasing with frequency due to damping and more complex vibration modes for higher frequencies,
and also depended on the direction of the excitation force due to nonuniform distributions of mass and
stiffness in the petrous temporal bone, and was affected by the position of the gravity center.

Acknowledgments: This research was partially supportedthg National Centre for Research and
Development: PBS3/B7/25/2015.
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1. Introduction

The literature indicates that locomotor adaptability in general, and anticipatory and reactive
adaptation in particular, remain largely intact in the eldgtly Therefore, experiencing nefall
situations in a safe environme(known as perturbation training) can facilitate reactive balance control
in everyday life situationfl], and thus increase fall prevention. Various methods have been used to
generate perturbations in the laboratory, including a -fistion plate [2], sudden
acceleration/deceleration of the treadmill &]i[4], stopping a rope attached to the ankle of the swing
leg [5]. Although terrestrial sygms can have a high ecological value (i.e. similarity to-wesld
conditions), induced perturbations tend to occur in a fixed location and may result in a loss of
'unpredictability[1],[6]. Moreover, knowledge of the location of perturbations may cause anticipatory
postual adjustments, which may interfere with the reassessment of "reactive balance" as well as reduce
the effectiveness of trainir{@],[6]. The solution to this problem is the examination and training on the
treadmill, which allows to study many gait cycles and the applicafionultiple perturbations in an
unpredictable way for the subject.

Therefore, our aim is to create a protocol that allows the assessment of gait stability after
perturbation, which as much as possible resembles a trip in natural conditistaricesappgd to the
area ofthe toes, reminiscent of contact with an obstacle). This need to be done in few-stegetirig
device; 2- applying measure which can evaluate gait stability a) obtaining baseline values b) values
after perturbation; 3creating preocol with different values of starting and lasting perturbation time.

2. Methods
The proposed prototype of a perturbation device allows to work during walking on a mechanical
treadmil | . I't consists of a br aktdhbbogkthe mevememt (el ect

of arigid tierod attached to a handle which transfers resistance to the forefoot. The handle attached to
the foot is connected to the-ied in a movable manner and allows free plantar and dorsal flexion of
the foot as well as exteal and internal foot rotation (Fig.1). The braking module is synchronized with
the moment of taking the foot off the ground (beginning of the swing phase) by footswitch (contact
sensors of foot pressure on the ground, patent application: Folic tactisorsepatent no.
PL.222119.B1), which allows for wireless signal transmission to the perturbation triggering system.
The perturbation delay time and duration are controlled by a microcomputer which steersthe
electromagnetic cramp. The microcontroller peogralso prevents the activation of the braking module
when the foot is in contact with the walking belt, which could damage the device or the treadmill belt.
To measure gait stability we decided to use margin of stability (MoS) in anteroposterior (ap)
direction calculated as the difference between the anterior boundary of the base of support (projection
of the toe from the leading limb to the ground) and the extrapolated XCoM (1), by using a reduced
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kinematic model$ gtitz 2013). Kinematic data during watlg was recorded with a 3D motion capture

system (Innovision Motion Systems, Columbiaville, USA) using six cameras (220

0 s the projection of the trochanter marker to the ground, is the ap velocity of the trochanter
marker,o is the ap velocity of the C7 markeb, is the ap velocity of the marker of the leading foot

woeEvvyL

@

during stance phase, L is the distance between the trochanter and the abkkenjeinin the sagdl

plane.The results for the four consecutive baseline right steps (during touch down) are prigsented

Table 1.

Table 1. Results for the Margin of Stability for the four steps during unperturbed gait

0 (m) @ (m/s) « (m/s) @ (m/s) | XCoM (m) | toe projection (m)| MoS (m)
0177 0.006 0.078 0417 0.2520 0.34 0.088
0.176 0.06 -0.042 0417 02411 0.337 0.096
0.168 0.042 0.024 0417 0.2403 0.332 0.092
0.17 0.048 0.006 0417 0.2405 0.324 0.084

Results of the MoS during unperturbed gait are similar for these reported in previous rgdearch
Next step will be to verify whether Innovision system will be capable to register all kinemataftdata
perturbation and then to adopt various selection of perturbation parameters (duration and time of
occurrence during the swing phase).
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1. Introduction

Traumatic brain injuries (TBI) are one of the leading causes of death in the world. Several finite
element head models have been developed throughout the years, offering an excelégfectiost
and ethical approach compared to experimental tests. Howtnese models are usually of male or
unspecifiedsex subjects, even though multiple studies indicate different outcomes of injury for men
and women under similar conditions [1]. Once validated, the female finite element head model
(FeFEHM) will allow abetter understanding of sepecific injury mechanisms resulting in neuronal
damage, which can later evolve into neurodegenerative diseases.

2. Methods

The methodology starts from medical images and finite element modelling until the validation
processusing novel experimental data of brain displacements conducted on human cadavers [2]. The
model created, based on the medical images ofy@&€old female patient, is the first of a set of three,
representing three different age spans (young adult, esddid and elderly female subjects). This
validation allows the model to accurately mimic brain motion during a certain acceleration scenario,
enabling correlation between injury and outcome.

2.1. Computational Modelling

The material modelling of the brain is performed using anspgeific characterization of the brain
using microindentation at dynamic rates and under large deformation [3], with a similar age to the
patient used to model the FeFEHM. This experiment wastee for being one of the few experiments
suitable for traumatic brain injury studies [4]. The material model was validated by numerically
replicating the experimental conditions, using similar parameters to the ones used in the FeFEHM. The
computationalmodel developed, presented in Fig. 1, is comprised of both brain hemispheres with
detailed geometry (comprised of white and grey matter), cerebellum, corpus callosum, pituitary gland
and cerebrospinal fluid (CSF).

After validation, a case study was afserformed using recorded accelerations using instrumented
mouthguards on an American football player that resulted in a mild TBI [5], also comparing stress and
strain fields between FeFEHM and another model.
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Fig. 1.The Female Finite Element Head Mo@lééFEHM). The CSF is not visible to display the main brain
componentsnd overall detail of the model

3. Results

After performing the numerical simulation with the boundary conditions for validation, the
numerical displacement curves were in gatordance with the experimental validation data,
displaying similar peak times and values in all three anatomical planes. Fig. 2 displays an example of
curve similarity for one of the points tracked in the simulation. The case study performed afterwards
shows a similarity between the pressure fields of the FeFEHM compared to another model.

Receiver 16 - Z
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31 |=—Present work

Displacement [mm]

001 002 003 004

Timeld
Fig. 2.Example of curve similaty in the validation experiment
4. Discussion

The successful validation of the model using one of the few material characterizaitabte to
study TBI demonstrates the future possibilities of this model for trauma studies focused on female
subjects. After the creation of the three aforementioned models, future comparison studies when
subjecting the models to the same boundary cimmgdiwill allow to establish agéependent thresholds
in terms of measurable parameters in a numerical simulation (e.g., stress, strain, intracranial pressure).
The case study performed comparing two different models also ensures the potential of thil FeFEH
for future studies of segpecific sequalae resultant from TBI.
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1. Introduction

Preparing the body to react to a disorder can take various forms, such as anticipatory postural
preparatiofAPA) and early postural preparation (EPA),[2]. APA and EPA are most often assessed
by measuring muscle activity [3] or displacement of individual body parts, the center of mass and the
center of pressure [1]. Basing on the APA and EPA measurementsan distinguish two types of
stimuli: internally initiated movements and external stimuli destabilizing postirs]1

The aim of the research is to determine whether the appearance of an increase in muscle tone in
response to information about thpcoming postural destabilization caused by an external stimulus
brings a beneficial result in preventing this destabilization.

2. Materials and M ethods

A group of 38 people (27 women and 11 men) with an average age\#.83/ears and a weight
of 70N 17 kg took part in the study. All participants reported that they are healthy.

The research procedure consisted of two stages: rest and perturbation. In the firsspéaRXx),
the subject was asked to sit down on a chair, place his feet flat on theafidaelax his leg muscles.
The test lasted 15 s, during which the resting activity of the leg muscles was recorded. In the second
part of the research, the participant participated in three trials: without any information about time and
character of th@erturbation (1), with information about character but without information about time
of the perturbation (2), and with information about time and character of the perturbation (3). Every
trial lasted 60 s. The study used EMG system, a set of IMU searsdferce plate

3. Analysis of results

Absolute values of EMG were calculated and filtered with a moving average filter with a 50 ms
window. In the first step of the analysis, mean resting muscle activity values (ERx) were calculated for
each muscle. Thenhe activity of each muscle was divided by the ERx value, which allowed the
measured values to be standardized in relation to the resting values.

Then, based on the data from the IMU sensor placed on the running belt, the beginning of the
forward and backeard movement was identified. The next step was to examine the activity of leg
muscles under APA and EPA in three trials (1, 2 and 3) in order to determine whether the information
about the time and direction of perturbation affects the increase in musele t

Graphs of muscle activity has been divided into three periods: periednBScle activity during
free standing (1100 ms to 900 ms before perturbation), periethBxease in muscle activity as a result
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of EPA (600 ms to 400 ms before perturbatiqueriod P2- increase in muscle activity as a result of
APA (150 ms before to 50 ms after perturbation).

In the next step, it was investigated whether the increase in muscle activity associated with APA
affects the displacement and velocity of the cerftpressure (COP) after loss of balance. COP velocity
was analyzed as the change in displacement within 150 ms after the disturbance, and COP displacement
was analyzed as the maximum displacement of the COP after the disturbance, regardless of when it
occured, but no later than two seconds after the disturbance. Statistical analysis was performed for the
calculated values Friedman test followed by pairwise Wilcoxon pbstc test with Holm correction.

4. Results

Examples of activity results of selected mescfor the forward movement of the treadmill and
related to the occurrence of APA are shown in Fig. 1.
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Fig. 1. EMGepa for selected muscles RF (rectus femoris), TA (tibialis anterior), GL (gastrocnemius lateralis) and
GM (gastrocnemius medialis) for subsequent Trl, Tr2 and Tr3 tests. Statistically significant values are marked

Table 1 presents the results of the corretabetween the APA value and the COP velocity in the
initial phase of movement, and between the APA and the maximum COP displacement due to the
perturbation for muscles in which an increase in load was observed in the APA search phase

Table 1.Results othe correlations. Only statistically significarglues are included in the table

APAT V TAL TAR GL L GLR GM L GM R
Shift forward 0.72 0.70

Shift backward 0.54 0.56

APA COP displacement TAL TAR GLL GLR GM L GMR
Shift forward 0.73 0.6

Shift backward 0.52 0.53

5. Conclusions

The conducted research clearly shows that information about the time of occurrence of the disorder
is an important factor influencing postural preparation and readiness to react to this disorder.

It wasshown that greater muscle tension led to greater stiffening of the lower limbs, which in turn
caused a greater displacement of the center of pressure after the onset of the disorder
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1. Introduction

Predicting cancellous bone strength is interesting because of its ability to diagnose bone fracture
risk and to better understand the mechanisms that affect their strength. Experimental studies in this area
confirm the existence of a relationship betweemé strength and its stiffnes§o numerically
determine the stiffness of such structumedmxel approach is often used. For voxel models, the value
of the calculated stiffness is significantly influenced by the definition and size of igx&i prderto
improve the accuracy of numerical calculations without increasing the scanning resolutioredthe us
voxels are extended evenly] [ar unevenly ] in the direction of scanning. The aim of the study was
to assess the impact of geometric modelling onabeuracy of determining the stiffness of the
trabecular structure

2. Material and M ethods

The tests were conducted on samples of the structure of the femur. Samples were obtained from 17
patients by excising them from the head of the femur obtainedsaftgery hip arthroplasty [1]. From
such obtained slices, for fur trnandaheightof7oign, cy !l i nde
were cut out. Cylindrical samples were scanned at
Verification of the poposed method was carried out on the basis of 6 samples selected from the set of
n=17 based on the value of the BV/TV.

In previous work, the effectiveness of the method of reconstruction of the structure called 3D
method was proposed and assessed [2Jaft assumed then that the 3D method was to reflect the
changing of the resolution of the OCT scanning.
directions while keeping the cube form. In this method, as the voxel size increased, the sample stiffness
decreased. In the presented work it was assumed that it is possible to reconstruct the trabecular structure
in a way that its stiffness will be similar to the reference, but the number of used scans will be smaller
than for reference models. A new approeahed the FS method was formulated (Aiy.

In the FS method, the voxel grows only in sample axis direction, which caused it to have the shape
of a cuboid. In this method voxel was created by comparing adjacent pixels lying in two consecutive
scans. Iboth pixels represented the mineral fraction, a voxel was created whose base size was constant
36em what resul ted f r oVoxelldngth, teatedras thencharacteristio size,t i o n .
changedrom 72 to 2880 mn 36 ®m i n c,wkich @llowed ¢ skip several consecutive scans.
Reference values wemeterminedwith application of models with cubic voxel 3m s Thd e .
presented work showed the influence of such approach on the apparent stiffness of the analyzed bone
structures
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Fig. 1. Parbf the model obtained by the FS method

Numerical analyses were performed in ANSYS APDL. Isotropic material propertiesd@d and
3=0.3 wer e as s un? @he boarndarytcbnditiorss meflelctgdsttie fompression of the
cylindri caW%inthearipldirctidh=0 . 8

3. Results
The results obtained for both considered methods were related to reference values obtained for
36em voxels. The relative error of determining
of determining Young appamemodules in Fig. 2b
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Fig. 2. Comparison of relative error for 3D and FS methodgolame, b) apparent stiffness

The assumed goal was achieved in the work, obtaining the median of apparent stiffness error
determination for the FS methodi8.0%, compared to 36.8% for the 3D method. Also the interquartile
range of apparent stiffness error determination for FS method IQR=14.7% is smaller than IQR=33.1%
for 3D method. The value of the median of volume error is an order of magnitude lowee 165 t
method compared to the 3D method

4. Conclusions

The proposed methods of modelling trabecular bone structures allow to reduce the number of scans
necessary for structure reconstruction. This allows for such a reduction in the amount of radiation
absorbed by the patient during computed tomography, which does not result in the loss of important
information about the mechanical properties of the bone structure
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1. Introduction

Due to the rapidly evolving epidemiological situation of cancers, the scientific community is
focused on developing increasingly innovative cancer research methodmbination of knowledge
and skills in biomedicine and engineering is key to achieving this development. In this context, the
fabrication of a hydrogel matrix on glass and polymer substrates is presented -asratab(LOC)
platform for biomedical apptations. The prepared chip was biologically and mechanically validated.
A general schematic of this study is shown in Fig. 1. To emphasize its innovation, the research activity
is interdisciplinary, combining theoretical and practical knowledge from bimaleéngineering,
mechanics, molecular and cellular biology, amidrosystems.

Hydrogel matrix

Glass / polymer
substrate

Cancer cells

Fig. 1. Graphical abstract of the designeddakchip (crosssection) and the fabricated LOC platform with the
culture of the H69AR cancer cell line

2. Experiments
2.1.Materials

Different hydrogel matrices with a unique composition were fabricated using natural polymer
powders such as sodium alginate (Sigma Aldrich, Norway), chitosan (Sigma Aldrich, USA), agar
(Agnex, Poland), methylcellulose (Sigma Aldrich, China), @sdatin (Warchem, Poland). The
solvents were deionized water (DI) and saline solution (NaCl). As a result, six types of hydrogels and
twelve labon-chip configurations were obtained, and subsequently evaluated. The prepared polymer
solutions were appliedtthe substrates (biocompatible borosilicate glass or polymer material VisiJet
M3 Crystal) using the molding methdbhen the mentioned polymeric solutions were civgsed with
(0.1 M) calcium chloride solution for 18 minutes to obtain hydrogel matrides.deposited layers
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possessed defined geometry, allowing the implantation and cultivation of biological cells, as shown in
Fig. 1.

2.2. Mechanical research methods and results

The hydrogels were exposed to degradation tests by incubation in a Iggliide (solution)
providing a temper atto minic théin vBrd én@ronmenin SubsBauentl, O
acompression test was performed, and the results (modulus of elasticity) of the incubated (test group)
and nonincubated (control group) hydrogel samples were compared. Moreover, the obtained values of
the modulus of elasticitfrange of 0.062 0.619 MPa) are quite similar to the modulus of elasticity of
biological tissues, such as skin (0.060850 MPa) [1], heart muscles (0.008.150 MPa) and skeletal
muscles (0.0050.170 MPa) 2]. Therefore, the possibility of using tipeepared hydrogel matrices in
biomedicine and cell engineeriigjustified.

2.3. Biological validationi methods and results

Thein vitro model was created using H69AR lung cancer cells resistant to chemotherapeutics (e.g.,
doxorubicin). The culture wasarried out to evaluate the biological activity of the cells (viability,
proliferation, morphology) placed on the LOC platform. The biological effects were studied
qualitatively (Trypan Blue staining and microscopy) and quantitatively (incubation inoFB&st
reagent and fluorescence intensity measurements). The tested samples showed the biocompatibility of
the hydrogels, as evidenced by the observed cell growth and proliferation under these specific
conditions. Cells in a growth medium were used astimtrol sample, and their viability was 100%.

In addition, the biological activity of cell cultures in hydrogels was also the subject of extensive
research. We can see this, among other things, in the work ofetiaR[3], andCavo M.et al.[4].

3. Conclusion andfuture perspectives

To conclude, hydrogddased LOC platforms signify a groundbreaking approach with immense
prospects for advancing bioengineering. The subsequent phase of the investigation will involve
improving the LOC platform throughdditive manufacturing of microfluidic labn-chip devices
equipped with microchannels i.a. specifically designed for the controlled flow of cell medium. In
addition, researctvill focus on the advancement and implementation e€luip anticancer therapies
such as photodynamic therapy. Although there have been limited studies in this field, supported by
scientific publications, including research conducted by Polish scientists from Waisas yvell as
by foreign scientists Marzioch Jet al.[6]. Nevatheless, the subject matter in this area is developing
rapidly, offering opportunities to optimize existing techniques or createones:
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1. Introduction

This abstract is sent for consideration in Morecki & Fidelus Award and encapsulates the main
findings published in [#], in accordance with the rules of the contest.

Modeling body joints is a complex issue and with the increasing power of computers, more physical
features can be incorporated into the models. Nevertheless, including more features can be problematic,
as the models are still much simpler than theirlig@counterparts. This study summarizes the finding
on the following three issues:

A adjusting planar model s of | dimensianalpiots[fhat they

A analyzing uncertainty of biomechanical model s

A i nc | udhlipregrairpimtiyedigaments of the models [3],[4].

These problems can be partially solved by employing modern optimizational approaches, such
evolutionary approaches and Monte Carlo sampghiaged methods. The findings were based on the
simulations performed using a planar model of an ankle joint, prelsier{td, with six nonlinear cables
representing the ligaments and two Hertzian contact pairs, sghspbere type. The model was
studied in statics using equilibrium equations under external mdosss.

2. Converting three-dimensional multibody models irto planar models

Due to their numerical simplicity, twdimensional (2D) models of body joints are an attractive
choice. While many 2D models of synovial joints were presented in the literature, the relation between
them and their thredimensional (3D) conterparts is rarely fully explored. Nevertheless, representing
3D ligaments with 2D cables can have significant impact on the results, as seen in [1]. This issue can
be mitigated by sampling the displacements of the 3D model and optimizing the matariatess of
the corresponding 2D model, which was presented in [1]. This method allows 2D links to respond in
the same way 3D would. Furthermore, only the material parameter modification is required, which
means that the geometry can still be obtained fregnlar medical scans. The method offers a simple
to transition complex 3D models to simple 2Bes.

3. Analyzing uncertainty in biomechanical models

As seen in [1] multibody models of the ankle can be very sensitive to parameter changes.
Nevertheless, a sipie sensitivity analysis, in which the parameters are changed in-byare
fashion, does not fully capture the behavior of the model. In fact, in most cases checking all of the
combinations of multiple parameters is infeasible. In the literature matimpdteto analyze uncertainty
in biomechanical models were presented. An interesting choice comes from electrical circuit analysis,
in which a popular method to account for uncertainties in referred to as thecamestinalysis [5The
method is a numerd search for a combination of parameters for which the output of the model is the
highest (or lowest). This approach can be transferred to biomechanical models, as seen in [2]. In [2],
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the search is performed with genetic algorithm. Defining the veastis difficult in this case, as the

output of the models is usually a function. In order to incorporate that, in [2] the optimization is carried
out on two models at the same time with the objective being to maximize the difference between their
outputs. t was shown that approach can provide results up to 9 times better than a regular sensitivity
analysis. Moreover, with the changes to the material and geometrical parameters capped at 5% and
0.5mm respectively, the obtained structures offered drasticéiéyeiht angular displacement curves
differing by nearly 10 deg, while the changes in the forces generated by the ligaments could be as high
as68%.

4. Including physical prestrain in the ligaments of the models

A typical body joint often functions instate of prestrain, this means that some or all of its elements
are under strain even when no external load is present [6]. Including prestrain in a model usually
revolves around computing the slack lengths of the ligaments. This is often done by shditeinin
lengths at the rest configuration of the joint by an arbitrary amount, such as 2%. This simple approach
can cause numerical issues, such as a shift of the rest configuration and changes in both the load system
and the output of the model, as showri3]. The other to compute the slack lengths is to assume a
strainfree configuration. While the two approaches differ significantly in the results they provide, it is
unclear which one provides the results closer to reality. This is also difficultasumg as measuring
prestrain is an invasive test. Therefore, in [4], a numerical method based on sampling was proposed to
address this issue. The idea was to generate variants of the original model [1], while perturbing its
geometrical and material parar@es. Then, the slack lengths were also perturbed, creating a prestrained
anklejoint pseudemodel. Finally, the models were subjected to the two aforementioned prestrain
approaches. Interestingly, in 19 out of 30 cases, the dtegrapproach offered tier results than the
2% prestrain. This result meant that in some cases, it is better not to include prestrain in the model.
Nevertheless, these findings should be interpreted with caution as the they may not haltbeletry

5. Conclusion

As aforementionedthe abstract contains a summary of the most important findings presented in
[1]-[4]. It was shown that the problem of converting a 3D joint into a 2D model can be solved with
optimization of material parameters. Furthermore, the sensitivity of the plaklarmodel is very high
and can be analyzed with evolutionary optimization. Also, prestrain in multibody models is difficult to
include and can cause numerical problems, but it can be studied in a numerical way by generating
pseudo joint models, Inter@ggly, in case of the proposed planar model of the ankle, omitting prestrain
provides better results than applying arbitrary prestraz¥/af
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1. Introduction

There are two main 3D printing technologies used imthreufacture of titanium implants, offering
great opportunities for building complex structures. The first is Jaased (SLM- Selective Laser
Melting), while the second uses an electron beam to melt titanium powders {[EiMtron Beam
Melting). The EBMpr ocess does not require additional heat
structures [1,2,3], which are free of biomechanically undesirable residual stress [2,3,4], oxides [5], do
not exhibit anisotropy and are free of pores [3], and do not have tenehggrogen embrittlement,
as is the case with 3BLM [2,6]. The geometry of the surface roughness has been shown to have
astrong influence on osseointegration [7]. The above aspects have a direct bearing on the safety and
functionality of the medical déce and the therapeutidfects.

2. Aim
The objective of this study is to demonstrate the feasibility GEBIM printing technology for 3D
Ti-Truss titanium spinal implants with TrabeQcellE

of 12 years ofollow-up in cooperation between R&D DepiC and hospitals.

3. Materials and Methods

The subject of this st ugstentedaspinaltinipiant [8]j madeebyr i ng Ca
incremental sintering of Ti6AI4V powder by 3EBM, as the most clinically testedpresentative of
the 3D Ti-Truss implant family (Fig.1). The therapeutic efficacy related to the geometry of the implant
and the biemechanical principles of the surgical procedure were evaluated. Osseointegration and tissue
safety of 3D structures diregthfter printing and after the manufacturer's technological processing were
studied on the basis of alkaline phosphatase activity (ALP), surface energg(B8&te free energy)
and contact angle. The results were compared to polyivieritaterials.

em grains ( opotousttanlummi croscopy
organic geometry (optical microscopy)pidneering in the world, 3D printed spinal implant, EBM (2011)
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4. Results

The implant structure obtained inthe-BEDBM pr ocess has | ow contact ang
55.32 and SD 2.95 for unmodi fied surfaces and 2
technological process), indicating favourable hydrophilicity. The surfaeeyeiSEP/L is in the range

of 50870 [ mJ/ m2] me a n 5EBM Susfaces nedted SADP dgtivity or 3Dor  al | :
modi fied surfaces is 0.02060.025 [nmol / min/ mL] me ¢
0.010060.0125 [ nmol / n8DI0.002A&NH is higher thanGor pgdlgnderic diondaterials.

Longst anding clinical practice (20110820diZljussconf i r ms

implants made with 3EEBM technology, which, in independent follewp observations, fulfil
therapatic expectations (accelerated osseointegration, minimised possibility of migration and
subsidencel9].

5. Concusions

3D-EBM-printed titanium alloy, when used in the 3D Truss implant loadearing lattice
structure and with technological processing andiobtg secalled "volcanic surfaces", is a favourable
bi omaterial for implants. The roughness and the or
according to the "lwlike mimetic bone overgrowth mechanism" (hypothesis described by L.Ciupik,
2013), which is confirmed by biological studies (Fig.2) and the results of in vivo animal studies with
fusion after 34M [10]. The 3DEBM technology and the printed Ti6Al4V biomaterial accelerate
osseointegration by appr oxi maurentlyyavatableéitd préduca nd ar e
therapeutically effectivenplants.

Fig. 2. Viable bone cells on -BD-Truss on the surface and inside the porous structures in the initial contact
phase; A and B SEM electron microscopy and-Gluorescence microscopyiti greenlabelled cells; in
cooperation with BioNanoPark, (Lodz) and NIGRIR (Warsaw)
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1. Introduction

In biomechanical research and clinical practice, the quantitative analysis of human movement plays
a vital role. Motion analysis, which involves tracking jaamigles, segment velocity, and body position,
is employed to assess sports performance and technigzg. [1

The literature contains descriptions of joint kinematics during various exercises, includinggwalkin
running and squatting [4B]. The experimerst revealed that the Vive HTC Pro system with Vive
Trackers exhibited a high level of position reproducibility within a few millimeter®\[6gn evaluating
the exercise performance of virtual reality (VR) users using motion tracking, conducting a thorough
analysis of the kinematics of individual joints and body segments serves as a foundation for drawing
additional conclusions.

2. Purpose

The purpose of this study was to evaluating the usefulness of using HTC virtual reality accessories
for motion capture anduantitative analysis of performed motion tasks.

3. Material and Methods

The study included 15 healthy participants. HTC Vive Pro system was used during the
measurement, including two bastions two controllers, VR goggles and seven trackers placed on
the participants' bodies, according to instructions described in the literature [7]. The study focused on
analyzing the kinematics of the exercises in the prepared game. The eMotion Data Acquisition Module
was used to collect data from the Vive Tracker aedHfC Vive VR system during three stages of the
study: initial gameplay recording the performance of correctly performed exercises, and replaying the
gameplay.

4. Results

Achieved results are presented in FlgandFig. 2. The graphs showirematic variables of the
knee joint during the backward step averaged for single person repetitions performed correctly and
incorrectly.A blue linerepresentaverage valugnd theg r a y standard deWatiorGraph on the
right sideshowscorrect execution of the exercise and the one onldfesiderepresent casef not
lowering the body
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Fig. 2.Kinematic variables of the knee joint during the backward step averaged for single person repetitions
performed correctlandi ncorrectly. Blue | ine = average value,
Right side: correct execution of the exercise, left sidar of not lowering the body

5. Discussion and ®nclusion

The objective of this study was to analyze the kinematics of human movement during virtual reality
sports game and propose a method for analyzing the obtained data. Furthermore, the study aimed to
identify indicators that could effectively characterizecfie movements and assess their quality in
comparison to the ideal execution tfe exercise. The ability to analyze multiple parameters
simultaneously is a significant advantage of motion tracking methods, giving them an edge over
traditional approachdsased on visual assessment, which face challenges in simultaneously observing
numerous body segments. The position and orientation coordinate values over time of trackers placed
on the body allow for a wide range of analyses that can be used to quatyitdggcribe a given
movement. Proper preparation data for analysis and developing a way to use this information to create
guidelines for assessing the correctness of a given movement is an essential task.

Acknowledgments: This work was supported by theh& National Centre for Research and
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1. Introduction

Dislocation of thepatella is responsible for rupture of the MPFL in 90 % of cases. The primary
orthopaedic treatment in such situations is reconstruction of the MPFL. This procedure is generally
followed by a satisfactory clinical assessment of the knee joint. Despiteth®pment of effective
surgical techniques, the timing of return to full physical activity for people after MPFL reconstruction
remains an open question. With this in mind, the primary aim of the present study was to investigate,
using spectral analysithe postural stability of patients before MPFL reconstruction and 6 months after
surgery. An additional objective was to check the quality of the signal from a baroresistive platform, as
this signal was subjected to spectral analysis.

2. Material and M ethods

The study involved a group of 14 female subject:
after MPFL reconstruction and a control group of 2
The subjects were provided with information on the re$eprocess and profits related to participating
in the study. The research was completed in accordance with the ethical standards of the Helsinki
Declaration and was approved by the University Research Ethics Committee.

The subjects performed a -3@cond tassic Romberg test on a treadmill (Noraxon FDN
equipped with a matrix of baroresistive sensors to measure ground reaction forces. The sampling
frequency of the matrix was 100 [Hz]. The time courses of these reactions for the front and back of the
foot were preprocessed by smoothing with a lgaass filter with a cubff frequency of 5 [Hz], and de
meaning. Wel chdés method was then used to obtain a
The input signal was broken into eight 2048 point overlappaggnents. Such a signal was multiplied
by a Hamming window and run through a fast Fourier transform (FFT) with a frequency resolution of
0.0488 [Hz] between 0 and 50 [Hz]. After estimating the PSD of the signal, we calculated for each
subject the energyoatained in the three frequency band$<l, 0.1400.5 andf>0.5 [1] as well as
the ratio of this energy to the total energy of the signal. The significance of the differences between
these ratios for the two research groups was checked with StuddévilsmkVhitney tests.

3. Results

The results show (Fig. 1) that the spectral analysis can only be carried out for one time course
(Fig. 2). Statistically significant differences were found in the first and third frequency bands between
the control group and éhpatients before MPFL reconstruction.

*Corresponding authoAdam Czaplicki email: adam.czaplicki@awf.edu.pl
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Table 1.Percentageatio of energy contained in three frequency bands to total energy, asterisks indicate
statistically significant differencep€0.05
Control Before reconstruction 6 months after reconstruction

44.8NR40.0N14.8KN57. 7N835. 0N7.6N347.6N40.3N12.1KN"

4. Discussion

It is believed in the traditional analysis of body sway that the first frequzanay can be associated
with visual control, the second band is linked to vestibular control and the third besidtesl to
somatosensory activity [1]. Our results showed statistically significant differences in postural control
in the first and third bands before and after MPFL reconstruction.

The spectral analysis of the time series of ground reactions measurddeiaroresistive platform
may give discriminating results for the groups studied. However, a precise numerigalqassing of
the empirical data is necessary. Our results appear to be a contribution to further research in this area.

Acknowledgments:This research was fundedthed - zef Pi gsudski University o
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1. Introduction

This study aimed to identify the selected limitations of signal acquisition during dynamic movement
on a rowing ergometer. Functional néafrared spectroscopy (fNIRS) techniques were employed on
the head and muscles, along welectromyography (EMG). These techniques aimed to provide
information on the level of brain and muscle involvement during movement. several significant
limitations were encountered during the study. The findings of this study highlight selected limitations
in signal acquisition from many sensors during dynamic rowing ergometer exercises. Future research
is recommended to develop and employ more advanced measurement techniques that are less
susceptible to motierelated disturbances and artifacts. This wallow for a more accurate analysis
of brain and muscle activity during such movements.

Data acquisition during dynamic movement presents a challenge for both EMG and fNIRS
measurements. The fNIRS technique on the head was susceptible to-relatied disurbances and
skin artifacts, resulting in signal distortions and impeded accurate data analysis regarding brain activity
[1]. fNIRS technique on muscles also had limitations [2]. Precise measurements on smaller muscle
groups were challenging due to thmilied spatial resolution of this technique. Both brain and muscle
fNIRS have a limitation connected with colour of the skin and colour and thickness of hair [3].
Additionally, muscle motion artifacts could cause signal disturbances and hinder the iatienpit
results. The application of EMG to measure muscle activity had its limitations. Although EMG is
commonly used, it is susceptible to electrical interferences and signals from other muscles, potentially
leading to misinterpretation of results angading precise analysis of muscle activit}i [4].

The measurement conducted in this study involved the utilization of multiple techniques, which
brings about complications that have been previously described in the literature. However, additional
challenges were also observed, particularly related to the synchronization of the equipment during
movement on the ergometer and its performance during the actual motion.

2. Research description

The study was conducted on eight participants from an academic repawts section using
aConcept Il rowing ergometer. Measurements were made at a rate of 30 strokes per minute, with the
principle of adjusting to the maximum (subjective) fatigue level of the participants. During the
measurement, signals were recorded ftbenfollowing devices: fNIRS (OctaMon M system, Artinis,

LLC, New York, NY, USA), fNIRS (OctaMon + system, Artinis, LLC, New York, NY, USA), as well
as EMG for muscle activity, heart rate, and motion recordings (Noraxon, DTS, Desktop Direct
Transmission $stem, Scottsdale, AZ, USA). Sensors used énstindy are presented in Fig. 1.

*Corresponding authoNataliaDaniel email: natalia.daniel@wat.edu.pl
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fNIRS muscle

Fig. 1. Devices used in measurement (HR, EMG, fNIRS (brain and muscle))

During such a long duration of the measurement (up to the time participants reported fatigue),
severaissues were encountered. Some of them were related to those described in the literature, such as
hair thickness, length, and color in the case of fNIRS or electrode detachment in the case of EMG. It
was also found that the installation of equipment omp#récipants’ bodies was problematic due to the
possibility of overlap between two devices and the selection of appropriate muscles. For example, the
fNIRS device was placed on the calf, where the EMG sensor was also placed. Furthermore, bending
the limbin a manner determined by the ergometer caused displacement of the sensors placed on the
calf's gastrocnemius muscle. Therefore, it was necessary to precisely position the sensor cables to
eliminate electrode displacement issues. Similarly, the medialaaeihl quadriceps muscles were
excluded from the study due to additional arm movements and varying dimensions of the participants’
limbs, resulting in electrode detachment in almost every case. In the case of fNIRS, anatomical
differences, such as heacdbgeetry, posed challenges. Therefore, activating all the sensors on the head
required the use of different cap configurations (strap adjustments, the application of pads). In addition,
the simultaneous activation of all measurement devices required pmeaisibcommitment. This
presentation is part of ongoing research, and the described aspects will be further discussed during the
conference.
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1. Introduction

Upper and low extremities in animals can be consideredimék hains with the number of
segments from n=3 in humans and mammals te&idinsects [1]. Diffeent types of extremities are
designed by the nature for walking, running, crawling, jumping, grasping, digging, swimming,
collecting pollen and other functions [2]. Biomechanics of any type of extremity is based on mechanical
principles [3] and is frequelytsatisfies the principle of least actior]{B]. Better understanding the
locomotion biomechanics of extremities is important either for theoretical biology or for robotic
technologies with robotic arms of different design for manipulations at anyssfral® macro
(industrial robots) to micro/nano scales (medical microrobots) [2]. In this study the results of kinematic
analysis of known types of insect legs is given and their optimal design is analysed.

2. Materials and method

High resolution images of insects with their extremities elongated have been selected from open
access virtual collections of the Natural History and zoological institutions. The segments of each
extremity (Fig.1) have been digitized adink chains, andhe Iengths{lj} ?:1, widths (W} i and
surface areaésf} i=1 , {S,-} T=1in two orthogonal directions (bottom view, Fig,lmd side viewA’

Fig.1b) have beemeasured (Fig.1c) and collected in the database for further statistical processing. All
the lengths have been normalized by the total length of the extremity. Important statistical regularities

between the normaliddengths{lj} 1n=larepresented in Table 1 for the MantMgntodea with n=5 and
the ladybird Coccinellidag with n=3.

2

Fig. 1. Bottom view (a) and side view (b) of the first pair of legs, and their segmenfs(ny1

Table 1. The fractions of the length of each segmetitarupper pair of legs in mantis and ladybirds

Name Lo6) %) 306) (%) 15%)
Mants 23, 6 K6, 5 30,9N7,:16,9R4,¢13,5R5, ¢4,5R2, 1
Ladybird 39, 2RK6. 8 46, 4N7, 714, 3N5, ¢ - -

*Corresponding authoNatalia Kizilova e-mail: n.kizilova@gmail.com
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The linear regression dependencies and their coefficients of determiiif)iéor the pairs of have
been computed, and strong correlations between the adjacent segments
{l,13 (I, =0,9174, + 0,0921; R = 0,67 angilx !} (1,=0,5178, +0,0086; R= 0,66 compared to the remote
segments have been found.

Kinematics of the chain movement towards a target (prey) has been studied based on minimum of
following optimization functions: work (W)inetic energy (K)time of the movement performance
(T), jerk (J) torque (Q) torque change during the movement (Qifd total rotationn the joints (R).

The valuest!s Wi 1M} = for the segments have been taken from the database. The movement
optimization problemf =0-58 0% #,@f) -min; T -min \\hereVe. % are velocities of the centre of
mass and angular frequency of thih jsegment, have been considered for all the pairs of the criteria

from the list {W,K,T,J,Q,Q* R}. The movement was subjected for the Lagrangian dynamic equation
-1

n
with the relative angleig j=1 (Fig.1c) between the adjacent segments as general coordinated in the
space. The drag in the joints was neglected.

3. Results andDiscussion

It was shown, the purpose of the extremity (for movement, catching or digging) influenleesgrs
and the functions minimized by the fastest (Tnin) movement. Some pairs of the criteria were
contradictory while others produced similar optimal trajectories of motion. The Pareto frontiers
approach revealed the best repraation of the optimal trajectories for given geometry of tiiekn
chains described by the pair (K,T). Based on this multicriteria approach, different extremities can be
classified by their function (Fig.2a) and some differences between the famiisecfs (Fig.2b).
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Fig.2. The Pareto frontiers for the legs of different types (a) and families of Mantis (b)

4. Conclusions

Based on the measurement results, different relationships between the adjacent segments are proper
to different purpose extremities (to walk, catch, dig, etc.) of insects. Their geometry provides trajectory
optimization for some pair of functions like tbtdnetic energy and performance time (K,T). For
optimal grasping and catching purposes sorgelidk extremities can be more efficient compared to
human arm, that is important for the robotic arm design especially for micromanipulation of small
medical rdoots with sensors, cells and large molecules.
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1. Introduction

Badminton is a very popular Olympic sport worldwide, however, scientific reports on the technique
of movement and biomechanical analysis of badminton strokes are rare. The most lacking in this area
are studies involving female players. The aifthis study was to demonstrate any differences in the
smash technique between male and female professional badminton players.

2. Materials and Methods

Twenty-one elite professional badminton players (12 males and 9 ferhafespbers of the Polish
NationalBadminton Bam participated in the studygfile 1). The study received Ethical approval from
the Senate Research Ethics Committee of J-zef Pigs
Poland.

Table 1. Basic characteristics of studied groups

Training Body

i 0,
( Aé%‘is) practice mass BOd{nT)e'ght BMI A’((;)';“T
Y (years) (kg)
Male players (n=12) 22 . 8 14.2 77.3 1.83 K23.0 13 N
Female players (9) 2 1. 8 12.2 60. 3 1.64 K 22.3 23 N

In order to measure kinematic variables during the forehand smash, the Vicon 3D motion capture
system with 10 cameras (MX T40S, 200 Hz) was used. Fhirtg reflective markers were placed on
the participantodés body, auntdtreétbekbdbsveothkhpbawas RA
was to perform five forehand smashes, giving the shuttlecock the highest possible velocity. The
shuttlecock had to pass above the badminton net (155 cm) and under a colourful string visible for the
athlete, placeB 0 c¢cm over the net. The shuttlecock was rel
feeding machine. Kinematics variables (angles, angular velocities, and displacement of the centre of
playerds body mass) wer e cal cdphna Reatonshipsibetwedne f ast e
the variables were assessed by calculating Spear ma
performed with STATISTICA software (v. 13.3, StatSoft, USA) and MS Excel.

3. Results

Both in mean shuttlecock velocity {) and in mean shuttlecock flight angle (shuttlecock velocity
vector inclinati ons)inae players obtained meao valtues significhntyrhigher ( U
than female players @ 81. 4sN68. 3, UN 31.49. 6m/Rs 2. 5A vs 8.2 N 1A)

*Corresponding authoAnna Ferreirae-mail: anna.glebocka@interia.pl
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Fig. 1. Threedimensional model of one of the players created with the use of the Vicon Motion Capture System

The differences between male and female players in joints angles were noted in the trunk position
in the sagittal plane. During the momentofthe c k et 6 s and shuttl ecockds cont
straight ¢4.1 deg), while men, after trunk extension, moved to its flexion (11.7 deg). Greater forearm
rotation has been reported in women than in men. Significant differences in the angulanpasiti
angular velocities of individual joints were recorded between male and female players. Among men,
apositive correlation was found between the height
contact wi t hsh(t=th7d6). Thscekatohshimwas notldonfirmed in women. It was found
that female players use two different smashing techniques (jump or semi jump), neither of these
techniques guaranteed to achieve highex &/r sh Vdlues. The lack of benefits recordémm
performing a jump before the smash execution in women results in common resignation from the
forehand jump smash observed in femalebds elite ma
female (r=0.667) and male (r=0.748) players between thé&yoébmash and the angular velocity of
the elbow flexion during the impact. In the case of women, it was found that during the moment of the
racketés and shuttlecockds contact, greater radi a
values oVsha n dn NUmerous correlations of trunk movement in sagittal plane prove the importance
of a correct movement in this axis on smash quality in men.

4. Conclusion

The jump before a smash recorded in men is intended to create appropriate conditions for players
to hit the shuttlecock at the greatest possible angle downwards, which, from a tactical point of view,
opens up the possibility of playing the shuttle in vasiparts of the court. Demonstrated differences in
the studied variables between men and women and the different correlations of smash quality and
biomechanical variables in female and male players indicate the need to diversify the training aiming
to improve smashing techniques in both genders.
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1. Introduction

Lightweight metals ardncreasingly used in biomedical engineering, and can be found in
orthopedics (screws, implants), stomatology, cardiology (stents) and as scaffolds. Magnesium alloys
have a low density (1.74 g/ém which is very close to that of bone (1.75 glgnas wellas high
biocompatibility and are biodegradable. Unfortunately, their disadvantage is their low resistance to
corrosion in the human body, which further causes deterioration of mechanical and physical properties.
Improvement of this properties can be aghik by making the composite on magnesium matrix
depending on the reinforcement added, the required properties can be obtained.

2. Materials and Methods

In this study AZ91 magnesium alloy and AZ91 magneshased composite reinforced with
titanium mesh (Tanium Gaze 100 mesh) were used. All samples were in the form of beams with
5,07x3,02 mm dimensions and were made by squeez casting. In this investigation were made three
types of specimens: AZ91 magnesium alloy and AZ91 magndsased composite reinforcedth
two and three mesh layers.

The treepoint bending test was conducted using a Tinius Olsen H25KT machine with a total load
capacity of 25 kN. The test was carried out at a speed of 500 mm/min with the force that was applied
50 N.

The AZ91 compositevith reinforced with titanium mesh samples were immersed in SBF by
maintaining the temperature constant at 36AC to d
measurements were made during the incubation: measuring the pH value of SBF and méasuring t
weight of the specimens after 1, 2, 4, 8, 12 and 24 hours.

The structural studies included SEM microscopy, EDS analysis and microstructure analysis using
computer microtomography (1172 SkyScan Bruker).

3. Results

All types of samples were used for medeah testing: AZ91 magnesium alloy and AZ91
magnesiurbased composite reinforced with two or three titanium mesh layers. A thodet bending
test showed that specimens reinforced with three layers of titanium mesh have higher strain compared
tospecmas with two | ayers of titanium mesh or withou
modul us values, two | ayers cause an increase. On t
modulus value is comparable to pure AZ91 (Table 1).

*Corresponding authoAdrianna Filipiaki Kaczmarek email: adrianna.filipiak@pwr.edu.pl
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Table 1.Threepoint bending results for AZ91 specimens and AZ9tomposite

Material Flexural strength [MPa] E [GPa] Break strain [%)]
AZ91 235250 2327 2529
AZ91 + 2 mats 257-283 27-28 3.1:3.8
AZ91 + 3 mats 285305 2324 4.455

For the aging tests were used specimens reinforced with two layers of titanium mesh after strength
testes. Aging tests showed that the weight of the samples decreased with longer immersion time.
Equally, the pH value of the SBF solution increased. HovelWerSEM pictures of composite surface
showed that a layer of oxides forms on the surface of the samples, which further prevents the
identfication of titanium reinforcement (Fig. 1).

F D73 100 um F D75 x800 100 um

Fig. 1.SEM images of a sample with visible titanium fibers beforeadtet 2 hours in SBF solution

FooDi

4. Conclusion

The use of a titanium mesh as a reinforcement in composite allows for better strength properties
compared to the AZ91 alloy. However, after the test was observed separation of the titanium fibers
from the magnesiumatrix, which resulted in the formation of free space around the fibers. On the
other hand, the corrosion resistance of such composites should be corrected. The aging tests carried out
prove that the AZ91 alloy degrades rapidly in the SBF solution.
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1. Introduction

The topic of gait symmetry is usually considered when studying amputees or ipatieqdts.
However, gait studies of healthy subjects may also bring some value to the understanding of human
physiology and biomechanics. It was already found that ground reaction forces present high level of
symmetry [1]. Spatidgemporal and kinematic pareters [2] as well as EMG [3] tend to differ laterally.

The asymmetry level differ in population and can have several causes but the primal cause lays in the
natural process of lateralization that occur in the early ontogene$td.[#orphological symmey is

usually considered a physical development correctness indicator. Studies also confirm, that increased
gait asymmetry correlates with poorer performance in professional runners [6] and higher injury risk in
professional athletes [[3].

2. Aim

The aimof this preliminary study was to verify the influence of multijoint hip flexion resistance
training with the use of a machine according to the patent PL 242345 B1 on the gait kinematics
symmetry of the lower extremity.

3. Materials and Methods

The subject bthis preliminary study was a healthy woman aged 29, weight 49kg with no severe
posture defects. The gait of the subject was recorded with optical motion capture system (Vicon, Oxford
Metrics plc, UK) before and after the training intervention.

The exerce of multijoint resistance hip flexion was applied. Training was conducted with the use
of a machine with free weights load and foot bindings attached to the platforms that allows for the
application of downward directed force to the foot. Subject veaslgtg on the platforms with her foot
fastened in bindings and lifting legs alternately. Each training was preceded with a propearpyarm
Subject performed 120 trainings with the volume of 100 repetitions for each leg, divided into 10 sets of
10 repetitims and 30 sec rest periods. Training was performed every other day with the load equal to
60% 1RM. The load was adjusted to the progress in 1RM that was tested after every 10 sessions and
changed gradually from 15 to 25 kg. The patient did not engageyiother regular training for the
entire duration of the study.

The joint angl esd asymmetry was <calculated as
corresponding times of the interpolated gait cycles. The method was chosen in order to preserve
information about angular value of asymmetry for
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4. Results

Almost all joints angles asymmetries were significantly reduced after the training intervention
(Fig.1). Asymmetry reduction was proportional to mean asymmétorrelation: R=0.88,
p<0.001)(Fig. 1). Among all studied angles only hip féetension and foot progression in sagittal
plane presented asymmetry increase. Angles demonstrating the most asymmetry reduction were ankle
inter-external rotation (19.26 de@ind hip interexternal rotation (18.53 deg.). Both parameters indicate
a radical change in right extremity joints ROM. Asymmetry reduction exciding 5 degrees was also
observed in ankle weversion and knee-external rotation.

—_ R=-0.88 p<0.001
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Fig. 1. BlandAltman plotof difference between asymmetries to average asymmetry before and aftegtrai
intervention ratio in gait

5. Conclusions

The preliminary study shows that the use of hip flexion resistance training and a machine according
to patent PL 242345 B1 hagatential to reduce gait asymmetry in healthy subjects. The exercise is
planned to be further validated in a proper study with healthy subjects.
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1. Introduction

3D printing has become a versatile tool in many fields, enabling the creation of elements in a wide
variety of shapes and applications. Polylactide (PLA) is one of the most popular materials used in 3D
printing due to its ease of use, availability, bio@etbility and low toxicity. However, strength of
elements printed from PLA sometimes is lower than require. Therefore, various methods are develop
to improve of mechanical properties of PLA printed parts. In this paper, we present some methods
to improve he properties of PLA made by 3D printing. We show some techniques and modification
methods which increase the strength, resistance to external factors and adaptability of PLA printed
elements.

2. Material and M ethods
Heat and chemical treatment

One of themost common methods for improving the mechanical properties of prints is to expose
to higher temperatures for a certain period of time. Jayanth aadtbors, the process in question is
referred to as quenching [ 1] or6@minuted, what afectedinl es wer ¢
asignificant increase in strength. Strength was assessed by impact testing. Authors estimated it was the
result of reducing the internal stresses among lagdayer overlap during printing and increasing
degree of crystézation of polymer [1]. In the paper by K. Guduru andaghors [2], the effect of a
PLA material that was reinforced with carbon fibre at a level of 15 per cent and then subjected to two
different posttreatment methods was investigated. One was atfesdinent and the other a chemical
treatment. Both of methods affected on increase of strength. Chemical treatment gave results better
about 12 % in comparison to heat treatment.

Application of fillers

One of the newest method of reinforcing PLA mateasalse different concentrations of marble
alumina and alumina coatings, as described in paper by Harun Kocak [3]. Printed samples (50 % fill)
were placed in a metal mold to evenly apply a 0.5 mm coating on all surfaces. The samples were left
for 48 hoursa allow the polymer resin contained marble hardened.

The tensile strength for the compositated sample was 34.4 MPa. However, the compression test
showed a lower strength compared to the uncoated sample, due to the brittleness and lower tensile
strengthof the PLA. The bending strength was 79.8 MPa for the uncoated sample, while the coated
samples oscillated between 54.15 and 64.4 MPa. The adhesion test for the marble coating was 8.2 MPa,
and for the alumina it was 5.5 MPa.

*Corresponding authoMa r ¢ i n G gnailweaccik.glowacki@pbs.edu.pl
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For the best results in termo$ strength, adhesion and abrasion resistance, it is recommended to
modify the surface with an initial coating of marble followed by alumina.

Reproduction of atmospheric conditions

In the article by J. Sedlak and-aathors [4], the effect of degradingfars on 3D printed materials.
Samples from PLA were subjected to humidity, temperature cycles, UV radiation, which were
simulated atmospheric conditions occurring outside. Samples left in a condensation chamber at 100 %
humi dity and 5 5owédd@nincease it Welyht and a deaease in tensile strength after
exposure. Samples that were exposed to alternating frebt®f AC and room temperatur
a total of 130 cycles behaved similarly. A slight increase in strength was obsesadpiles exposed
to UV light for 20 and 100 hours. No significant changes were observed for the samples placed in the

oven for 100 hours at 60 AC. Exposure of the sampl
also [4].
3. Summary

Summarizingexist a wide range of methods of improving the mechanical properties a of printed
elements from PLA. Studies presented in this paper only briefly demonstrate the potential for improving
the properties dPLA prints through various methods. More compleitjormation about these
problems can be find in papers by Ggowacki et al
Khosravani et al. [8].

With very high probability a progress in enhancing strength of PLA printed parts will expand the
range of apptations for 3D printing technology in various industries in future.
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1. Introduction

OrthoNail intramedullary nail is an implant with a unique hybrid magnetchanical mechanism
that allows for highlyprecise human lower limb bone lengthening [1]. The implant is a solution that is
to help patients with congenital, developmental, fp@simatic or iatrogenic defects, and in whom the
asymmetry of the lower limbs is greater than 3 cm, and patients withssatre [2,[3]. The scalef
patients in the area afedical indications for lower limb lengthening or reconstruction all over the
world currently concerns > 120 million people, and nearly 200,000 people join the group of potential
patients every yedt].

An extremely important aspect that had to be taken into account in the study was the structural
strength of the implant, which, unlike the current competitive solutions, was supposed to allow it to be
fully loaded. According to the design assumptiahs, driving part of the implant is characterized by
asimple and compact construction of the repeater, and the mechanidepheen developed in such
away as to enable the transfer of physiological load up to 80% of the patient's body weightégsoth
of the patient, while maintaining the design life in fatigue cycles of min. 500,000 load cycles.

2. Materials and Methods

As part of the study, a model of the OrthoNail target implant with centrally placed bone screws was
prepared and the effect of a force of 80% of the total load on the distribution of displacement, stress
and strain inthe implant volume was tested@A.). The subject of the study was a dynamic nail design,
and the model was additionally supplemented with a fragment imitating a fragment of bone fusion that
occurs as a result of bone formation.

3 4

Fig. 1. OrthoNail intramedullary nail-thagnet, 2nedanicalgear, 3screw, 4spring

As part of the analysis, calculations were carried out to show what displacement would occur in the
bone model at the interface between the fragments, assuming a load of 80% of the nominal load.

A nail protrusion of 50 mm was assed to represent the largest displacements that could occur
between the fragments. A sindkg standing caswas chosen for the analysisgi2). The force and
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moment were applied to the femoral head and the fixation of the model was realised bytakiagl a
degrees of freedom in the distal epiphysis. In each case, 80% of the load was used according to the
design assumptions.

Fig. 2. Load model visualitian - standing, one leg stance

Mechanical tests consisted in determining the load and defornehtaoacteristics of the implant
in accordance with ASTM F12586E01 and ASTM F5433. Deformation curves were determined
during: compression in the range of Fs = 0 &6 500 N
using the Point method inthe ange of the bending moment Mg = 0 ¢
sagittal planes). The tests were carried out during loading and unloading with a minimum of six
repetitions for three different lengths of the nail extension (folded, 40 mm apart, 80 mm apatrt).

3. Results

The results of the obtained tests showed that the assumed loads, apart from insignificant stress
concentrations, did not cause effects that could affect the stability of the implant prototype structure
and the risk of decohesion. The construction of titeéd@ail intramedullary nail shows strength in the
following range: compression in the axis of 500 N, tension in the axis of 100 N and bending of 20 Nm
(in the frontal and sagittal planes). In addition, the tests carried out in the field of maximum loads
showed the strength of the intramedullary nail prototype (maximally extended) in the range of: axial
compression: 1400 N, axial stretching: 1000 N, bendingl®2Nm (in the frontal and sagittal planes).

4. Conclusion

The results of experimental studies aimhiechanical numerical studies confirm the possibility of
using the implanbone system, assuming the implant load at the level of 80% of the human body weight
(80-90 kg on average) without the risk of decohesion. The loads adopted in the implant,ompart fr
slight stress concentrations, do not cause effects that may impinge on the structural stability of the
prototype intramedullary nail and on the risk of decohesion.
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1. Introduction

Scaffolds play a key role in regenerative medicine in the repair of injuries, defects and cancerous
changes in long bones [1]. For this reason, scaffolds should meet certain mechanobiological
requirements, such as adequate porosity and pore geometryute appropriate osteointegration as
well as load transfer [2]. Taking into account the most frequently used cell units, this study attempted
to evaluate the porous structures of orthopaedic scaffolds in terms of their strength parafjdiers [3

2. Material s and Methods

2.1.CAD and FE models

Four pore geometries were selected for analyses: sphere, octagonal prism, cube and triangular
prism, all with porosities of 10% up to 60% (Fig. 1a). Three different material properties were
considered: Ti6Al4V alloy, CoCalloy, 316L steel. Strength compression simulations were carried out
on 144 models, 72 structures of cell units with dimensions of 4 x 4 x 4 mm and 72 structures of scaffolds
with a diameter of 16 mm and a height of 15 mm. Cell units and cylindricéblstsafvere loaded with
arectangular block (Fig. 1b and 1c). The intention was to simulate compression tests in a testing
machine in order to evaluate strength parameters.
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Fig. 1. CAD and FE models prepared for analyses: a) model vabamatssumed boundary conditions for cell
unit, ¢) assumed boundary conditions for scaffold

Averaged HubeMisesHencky stresses were analysed as results. Based ors$te@ssurves two

n

parameters were calcul at ed: e foffseteffedtive gieldrsmengthg 6 s mo d u

(0.2% OEYS). EYM of analysed structures was estimated by finding an elastic region in the stress
strain curve and linear slope equation. In the case of 0.2% OEYS, it was obtained by finding an
intersection between the stsestrain curve and abscissa with a 0.2% offset that is parallel to the initial
slope of the obtained curve. For comparison reasons, two more parameters were defined, which are
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Youngos modul us percentage decrease ( E¥ M%) and
(0.2%OEY S%) of cell unit or scaffold structures about solid material properties.

3. Results

Based on the conducted research, it can be concluded that some of the analysed structures are
suitable for practical applications in orthopaedics. It is achiewstdlifture mechanical properties allow
for appropriate load transfer (similar YM to bone's), while maintaining high strength. Therefore, to
properly present the influence of pore geometry on selected mechanical parameters, the authors
implement two parametr s : Youngds modul us percentage decrea:
percentage decrease (0.2% OEYS%). These parameters allowed to estimate the influence of scaffolds
geometry on their mechanical properties, giving an appropriate insight into differengesrbdte use
of selected pre types and porosities. F@.presents the influence of three considered variable on the
previously described parameters.

a) b) c) d)

Fig. 2. The influence of porosity, pore geometry and material on the: a) EYM% parameter of cell unit
b) EYM% parameter of scaffold, c) 0.2% OEYS% parameter of celldin®.2% OEYS% parameter of scaffold
Research has shown that scaffolds with bone like strength properties should be made of Ti6Al4V
alloy. The value of 40% turned out to be of the lpesbsity. The remaining porosities showed much
lower or much higher strength parameters and were significantly different from the properties of the
bones.

4. Conclusions

The obtained data allow to indicate the most functional porous structure with Younglgisnod
similar to that possesses by core bone, while maintaining mechanical strength, allowing for its
appropriate use in orthopaedic regenerative medicine.

Acknowledgments: The research was funded by Ministry of Education and Science as a part of
projectsWI/WM -IB/6/2023.
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1. Introduction

Blood-flow restriction training (BFRT) is used since the earlyti&é8 to improve muscle strength
and stimulate muscle hypertrophy. Many publications showed that systenaatiog with low
pressure BFRT can improve different strength parametg{8]1Thus, there is no clear evidence of
how occlusion influences muscle performance directly after the training and therefore if it can disturb
the rest of the training or evetgy activity.

This study is part of a wider project, concerning the influence of different types of occlusion on
muscle strength and endurance. The aim of this analysis was to evaluate how a single session with
occlusion bands influences time parameteisakinetic strength measurements in the knee flexors and
extensors.

2. Material and Methods

The study group included 17 women and 15 men (mean age 21.5 years, BMI 22)6 wbita
the control group included 24 women and 6 men (mean age 21.8 years, BM{g2#&h Each
participant performed an initial warap before the first measurement, which was done without BFRT
bands. The bands were applied only in the study group and pumped to 175 mmHg. Then the second
isokinetic measurement was performed and aftat the band were removed, and the exercises
continued for the next 5 minutes. Then the third measurement was performed. The control group
maintained the same intervals between all three measurements, but without the BFRT bands.

Leg dominance was defineding the revised version of the Waterloo Footedness Questionnaire.
Muscle strength in the dominant leg only was measured with the Humac Norm system under isokinetic
conditions for knee flexion and extension (concentric/concentric) in an open kinetic thaim a
following speeds: 60A/s (5 repetitions), 120A/s (7
time parameters were analysed: Time to Peak Torque, (fil@Ttime from the beginning of torque
development until the point where peak torquérgt developed), Force Decay Time (FOfe time
from the end of peak torque production to the end of the motion), Reciprocal DelayhgRiime
required to reverse the limb direction), and Delay Time, ({b& time from the beginning of a motion
until the beginning of torque development), separately for flexors and extensors muscle groups.

Statistical analysis was performed using PQStat 2021 software. Shépkdest showed that the
variables have nenormal distribution. Because of this and small greizes, a noparametric test
(Friedmannés ANOYV ABonfertori tegh) avas tuseto analyBeudiiferences between
the three measurements within the groups. The results were considered statistically significant for
p<0.05
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3. Results

In the studygroup, significant differences were visible only between measurements 2 (with the
band) and 3 (after removing the band). Delay time shortened significantly for the extensors group in
t he 60 ApF0s0099.rini thel higls peed tri al s ( ddss@rficastly forFtleT short e
extensors (p=0.0014), while RD shortened both for extenpef{035 and the flexorsg=0.0216.
Some minor changes were also visible in 120A/s tri
and as wel |alia$PT fonextdn$oBp&k0.05in ANONA), but the post hoc test showed
no clear results.

In the control group, some changes were visible
(p<0.05in ANOVA), although the post hoc test showed no clear results.

4. Discussion and ®nclusions

We found no studies concerning the influence of occlusion in any form on time parameters in
isokinetic strength measurements. Better results (shorter time) obtained in the third measurement,
especially in higkspeed trials sugge that the application of the BFRT band is beneficial to muscle
activation directly after the training. On the other hand, the improvement was not significant, when
compared to the first measurement (before the application of the band). Therefore wderhribat
including BFRT in a training session can reduce the risk of muscle injury or, what is probably most
important, it does not increase this risk. This study needs to be continued to analyse also strength and
endurance parameters, as well as to @mthe results with other groups.
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1. Aim of the work

Before designing a prosthetic hand, it is necessary to obtain information on the kinematic and
dynamic requirementfor the prosthesis [1] . The main task carried out in this work was to develop
anumerical model of the prosthetic hand in the computer system for dynamic analysis of multibody
systems (ADAMS) and conduct simulation studies of the process of graspingdealefects. The
simulation studies were aimed at: determining the sequence and range of angular displacements of the
phalanges during the grasping process, evaluating the stability of the grasp, and determining the areas
of contact between the phalangesl éhe object.

2. Building a computer model and simulation research

In the first stage of the design process of the anthropomorphic hand prosthesis, the kinematic
scheme of the prosthesis (number of fingers, phalanges) was defined and the overall dimktt&ons o
individual phalanges and metacarpals of the prosthesis were determined. In order to determine these
dimensions when grasping an object, a dedicated numerical model was built in ADAMS. It was
assumed that the movement of each phalanx could be cealdependently. The solid model of the
prosthetic hand is based on the developed kinematic scheme (Fig. 1), which reflects the basic
movements of the fingers according to the anatomy of the human hand. The model assumes the
following movements: bending #iree joints for 4 fingers (index, middle, ring and pinky), bending at
two joints of the thumb, adduction/reversal for each finger, opposing thumb, opposing little and ring
finger (movement of metacarpal elements). On each phalanx, additional lumpsllothsrhaess
distributed along the phalangeal axis were introduced (Fig. 1). This approach allows easy identification
of the contact point between the object and the phalanx.

L 4

Fig 1 . Kinematic diagram and computer model view of the hand prosthesis

The aim of this procedure was to obtain the information needed to position the pressure sensors in
the prosthesis. The contact forces between the object to be grasped and the phalanx, as well as between
the phalanges (occurrence of collisions), formedbigiss for developing an algorithm to control the

*Corresponding autho8 § a wo mi r ,\\Wmail:slaveomiywkudarczyk@pwr.edu.pl

62



phalanges' drives during the grasping process. When modelling the contact forces, friction was taken
into account and material parameters were assumed as for-talsbbber contact.

Three types of solidsphere, cylinder, cuboid), each in three sizes, were used for simulation studies
of the grip stability of the objects of the developed hand prosthesis model [2]. The motion in the phalanx
was forced directly in the kinematic pair and was subject to camstcue to the appearance of contact
forces between the phalanges and the object to be grasped [3]. In the construction of the control system,
sequential actuation of successive joints was assumed, according to a hierarchy: proximal joint (for the
thumb,this is the opposing joint)middle joint- distal joint. For each phalanx during the simulation,
conditions were verified for stopping the movement of this phalanx when a given value of the phalanx
force on the object appeared. The velocity of the kitiengxcitation is adjusted according to the
relation:

TEF, T3 F
2 1+sgn q =i feontace . 1+sgn(1-—= contact J
w=w 1= X} Feontact . Fmax pressing = w (1= 2 Feontact . Fmax pressing

max F, 2 nmax F >

max pressing (1)

where:¥ i angular velocityj i Phalange N@11 proximal, 2i middle, 3 distal), Feontacti contact forceFmax pressind maxpressing force

max pressing

According to equation (1), the occurrencecohtact on the distal phalanx implies that the whole
finger (all 3 drives) stops working as soon as the minimum contact force of the finger on the object
(total of all phalanges) is reached.

a) ) b)

Fig. 2.Example runs for cylinder grasping00mm) : a) joinngles proximal and middle, b) contact incidence
in proximal phalanges as a functionseinsor position on the phalanx
The simulation research also included checking the reliability of object gripping. In order to do this,
the prosthesis with the grippebject was moved and rotated according to an assumed acceleration run
and taking gravity into account.

3. Summary

Analysis of the obtained results of simulated grasping of each object made it possible to determine
the required angle ranges for individual fsinthe nominal active moments necessary to generate the
required finger force on the object, and the frequency and location of contact between the object and
phalanges (and metacarpus). By comparing the results of the obtained angular displacements at the
joints, kinematic coupling functions were obtained, which are the basis for the design of mechanisms
coupling movements at subsequent joints. And thus to reduce the number of necessary actuators. The
results obtained formed the basis for the design dpr@at of the hand prosthesis.
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1. Introduction

One of the main purposes of tissue engineering is to create artificial structures, called scaffolds, to
replace or to help regenerate damaged tissue or organs [1]. Currently, there are numerous manufacturing
methods for scaffolds as well as experiments¢aech, carried out in order to evaluate their mechanical
parameters [2]. However, the detailed description of their influence on the load transfer through long
bone is still missing. For this reason, the main goal of presented study was to carry outahumer
evaluation of the influence of selected constructional and material parameters of orthopaedic scaffolds
on the previously described load phenomenon.

2. Materials and Methods
2.1. CAD models and FE models

The model of the femur bone was made on the basis of CT scan. The bone was scanned-from a 44
yearold man, whose weight was 85 kg and who was 1,85 m tall. The model of bone was built with the
cortical and cancellous bone. The research analysed 3 diffeysitibns of the scaffold in the shaft of
a long bone (200, 240 and 280 mm from the femoral head), which could have been a result from injury
or disease factors. Scaffolds were located in the way that their flat surface was perpendicular to the
bone axis.

The made pores were spherical in shape. The scaffold was made by creating holes, connected by
cylindrical canals, to make a porosity of 20%, 40% and 60%. In the end, there were 9 scaffolds designed
T each of three different porosity and three positiorddifionally each case in a different location.
According to the literature, these porosities allow the greatest functionality of the scaffolds (among
other things, in terms of the diffusion of mesenchymal cells in the scaffold) [3]. Example of designed
scdfold and its positioning in bone are shownfeg. 1a.

~
2) b P“\ [P Force X y z

| Hip thrust (P))

L Adductor muscles (P-) 33931 _491£8 -5106162

i Muscle tensioner of the broad ) B ?
| . 142 158.8 -58,5
(A fascia (P,)

AN

L~

Fig. 1. a) Internal structure of the designed scaffolds (based on a scaffold with a porosity,df)46@cpoundary
conditions applied to the scaffold bone, the reference system and the values of the forces applied to the model [3]
The size and type of finite elements were therefore adjusted in order to obtain the best possible
quality of results. Apprpriate boundary conditions were established, that is, supports and forces acting
on the bone, which correspond to the forces generated at 45% of the gait cycle. It drew on research
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carried out by Behrens and colleagues [4]. Supports have been estaldshezl| as the relevant
directions on the coordinate system. It is shown orrigelb.

Crosssections and paths were also produced to provide an accurate representation of the findings.
Preparation of the study also required the use of appropraterial properties. The bone was divided
into the cortical bone and cancellous bone. Scaffolds were assigned properties of titanium alloy
(TisAlsV), PCL-HA (polycaprolactone with hydroxyapatite) and PLA (polylactide), respectively.
Material propertiesuch as Young's modulus, density and Poisson's ratio had to be set before the test
could be performed. In order to simplify the study, the bone was assumed to have homogeneous and
isotropic properties.

3. Results

Obtained values proved that all of analysedialdes had an essential influence on analysed
phenomenon, as we can see on figiig.2).
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Fig. 2.Summary of HubeMisesHencky maximum reduced stresses [MPa]: a) for scaffold bone models in each
position b) in areas of bone adjacent to the scaffo)dor the crossection of bone areas adjacent to the scaffold

4. Conclusions

The results obtained allow the selection of suitable material and design parameters for the
manufacture of a scaffold for placement in the long bone. On their basis it statdzbthat the most
vulnerable position is the distal one, stresses generated within bone increase with the increase of
scaffol dbds p ogAlevsallotvsyto obtain appeopriate stress distribution. Obtained results
can be further used to estiteainvivo functionality of scaffolds designated for the orthopaedic
regenerative medicine.

Acknowledgments:The research was funded by Ministry of Education and Science as a part of projects
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1. Introduction

To improve surgical training, computsimulations using virtual reality techniques are being used
to offer an effective alternative to training and introducing surgical techniques [1]. The use of vision
systems based on an algorithm that tr toadhisvet he move
high accuracy in the simulations performed. In addition, practicing on a simulator, it is possible to
avoid critical situations that most often occur during the first operations of young surgeons.

2. Hand-tracking algorithm

The tracking algoritm uses a machine learning model in the Mediapipe library, which was
developed to detect the hand and its specific points in images. The camera image is analyzed to locate
the hand. Hand detection is followed by the estimation of 21 hand feature poiicts cafrespond to
the fingertips, interphalangeal joint, and wrist [2]. Then, using OpenCV, a library for image processing,

a kinematic model of the hand is visualized, consisting of connected lines and circles. In addition,
OpenCV was also used to calitedhe camera. An algorithm was created to detect the corners of the
checkerboard, which made it possible to determine the geometric parameters of the camera, mainly the
focal length. The data collected in the appropriate format was then sent to thgrdphics engine,

where visualizatin of the hand took place. Fidl.shows the hand detected by the-téak tracking
algorithm along with the hand model generated in Unity and the checkerboard used for camera
calibration. The result of the calibration pess was a matrix with the included geometric parameters
used, which could be used for the geometric correction of the camera.

Fig. 1.The result of the tracking algorithm and the checkerboard detected by the camera calibration algorithm
3. Methods

The reseach was divided into two parts. The first part involved examining the impact of lighting
intensity on the performance of the vision system. The effectiveness of thér&ekidg system was
evaluated for different lighting intensity values. The study weaslacted in a room equipped with a
potentiometer for controlling the light intensity. The TES 1336A Light Meter (Fig. 3) was used for
measurements. Initially, the maximum and minimum lighting intensities in the room were measured.

*Corresponding authoB a r t 0 s z, erdad: 8496E&Gkstudent.pwr.edu.pl

66



The first measurements veetaken for the maximum value of 740 Ix, then values were reduced by 50
Ix increments until reaching the minimum value.

In the second stage, sample incisions (Fig. 3) were performed in the surgical simulator in Unity [3].
Control was done using the handael depicted in Fig. 2.

Fig. 2.Tool for measuring light intensity and soft tissue cutting simulator

4. Results

The study results demonstrated that the system operates efficiently within the 740 Ix to 150 Ix range.
Cutting experiments (Fig. 3) showcased the accuracy of the developed tracking algorithm. The black
line represents the ideal cut, while the red linegspnts the result of the vision system control.
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Fig. 3.Graphs visualizing the cutting path

5. Conclusions

The visible errors on the graphs are due to the
between the hand and the camera. This aspectresqimprovement to ensure that the cutting
characteristics performed by the vision system are as close as possible to the reference cuts that reflect
the perfectly executed surgical maneuver.
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1. Introduction

One of the primary cancer therapies is photodynamic therapy (PDT). During treatment, the
photosensitiser microparticleS in thebiological tissue react with the basic form of oxygen, the triplet
form (02), causing its transition to the singlet fort®4). It is the latter form that is cytotoxic to cancer
cells. The trigger for triplet oxygen and photosensitiser reactions is digttt, as a laser beam, whose
interaction with biological tissue can also lead to a local increase in tissue temperature. Although
increases in tissue temperature during PDT treatment are generally not large, they can affect the
thermophysical parameters thfe tissue, such as the perfusion coefficient, and this in turn can affect
oxygen delivery to the treatment area [1].

The purpose of the work is the numerical analysis of phenomena that occur in tissue during PDT.
The task includes steps related to thalelling of laser energy deposition, photochemical reactions in
tissue, and temperature distribution. The proposed model uses the optical diffusion equation, the Pennes
bioheat transfer equation, and reactions equations for PDT. The connection betweanttaokéer
and PDT models was taken into account using the respective relationships between perfusion rate,
capillary blood velocity, and maximum oxygen supply rate. Furthermore, a method was proposed to
model abnormal vascular patterns in the tumour coradhn.

2. Governing equations

The reactions occurring during PDT are described by a set of coupled differential equations related
to the concentration of triplet oxygen,, singlet oxygen and photosensifigéi:[2
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where c302, Cso, C102 [mol cmr®] are the concentrations of triplstate oxygen, photosensitiser, and
singletstate oxygen, respectively, parametdrgmol cnr3], s [cm®mol?], x[cm? mW!s?] and

d[mol cm?] are the PDT photochemical parameters defined as oxygen quenching threshold
concentration, specific photobleaching ratio, specific oxygen consumption rate, and the low
concentration correction term, respectively,, [mol cnt3 s1] is the oxygen supply rate atupmax

[mol cnT®s1] is the maximum oxygen supply rate whil§w mi? is total fluence rate which is the
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sum of collimated and diffused parts. The collimated part is described by using tHeaBd®rt law
of absorption, while the estimation of the diffused part is based on the optical diffusion equation.
The value of the maximum oxygen supply nate»max is estimated on the basis of [2]:

a a2+M2? 6
120Qu + -0 5
B tﬂgea 2500- M2 2 R, =100 mmHg: a =100, b =4.2
Y aupmax L(R+DH)’ ' B =50mmHg: a =50, b =4.y=¢*

@
whereR: [mm] is the capillary radiugk: [mm] is the tissue cylinder around capillary radios], Lt

[nm] is the capillary lengthnim], while Qo[cm? §'Y] andu, [cm s'] denote the blood flow rate in the
capillary and the blood velocity in the capillary, respectivéls [mol cm3sY] is the oxygen
consumption rate areh [mmHg] is the partial pressure #D: in the blood vessel. The valis = 100
[mmHg] is typical for healthy tissue, while cancer tissue is often hypoxic, so the coefficient values for
Po = 50 [mmHg] refer only to this type of tissue.

The connection between bioheat transfer and PDT models uses, among other trangblea
perfusion coefficientv [s"]. This means that the velocity of blood in the capillaries, responsible for

the delivery of oxygen to the tissues, must also be \ari&guch a relationship may be written as
follows [4]:
R

_PRY,
"R 4 TR -
It should be added that the paper assumes the perfusion coeffiteebé dependent on the degree
of thermal tissue damage, i.e. indirectly on temperature (calculated based on the bioheat transfer
equation). This means that during PDT treatment, blood velacand maximum oxygen supply rate
Y sup,max are varied.
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Fig. 1. Histories of oxygen maximum supply rate @glconcentration at selected points of the domain
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1. Introduction

Fractures of long bones are caused by exceeding the strength of thadierial. They results in
tissue damage, disruption of blood flow, and haemorrhaging, among other things. Restoration of the
proper structure of the bone occurs throughsghir, but the quality of the bone healing depends on
the conditions in the fragre gap [1]. The research covers issues related to the influence of the bone
fragment stabilization system on the biomechanical conditions occurring in the fracture gap.

2. Material and Method

In order to analyze the state of deformation in the bone ca&mmetric models of the bone
fragmentcallus system were developed, as shown in the figure (Fig. 1. A). The model was fixed at the
base of the lower fragment and loaded in two ways. The first caused axial displacement of the model,
while the second causegtation of the fragments.

B

Fig. 1. Geometric model of the bone fragmeallus system (A)
and geometric model of the bemeplant systen{B)

A

A geometric model of the borimplant system was then developed using CT scan data of the canine
femur. A solidwas created in the fracture gap to represent the callus. Bone fragments were stabilized
with an intramedulley nail locked with bolts (Figl.B). The design of the implant is based on
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aprototype created in cooperation with Micromed [2]. Six geometricalals of bonémplant systems
with different configuration and type of locking bolts (monocortical and bicortical) were analyzed.

3. Results

The geometric model of the bone fragmeallus system allowed a detailed analysis of the
influence of the fracturgap size and loading conditions on the callus. Comparing the two loading
variants, it was found that higher values of the analyzed parameters, such as strain, occurred with the
rotation of the bone fragments.

Analysis of the values of selected mechanjgatameters occurring in the callus allowed the
assessment of the influence of the configuration and arrangement of locking bolts on the processes of
callus formation. In the models in which bicortical bolts were used, the smallest displacement values
wereobserved in the configuration with 6 bolts, while the largest values were observed in the model
with 2 bolts. Comparing the models with monocortical and bicortical bolts, it was observed that the
maximum displacement values occurring in the callus wereromwthe models with monocortical
bolts.

4. Conclusion

Numerical modelling of the changes occurring in the bone callus under the influence of variable
boundary conditions (different distance between bone fragments, loading variants of the model)
allowed us ¢ determine the values of mechanical parameters relevant to the formation of callus.

Analysis of the bone model stabilized with an implant allowed us to conclude that the implants with
monocortical bolts stabilize bone fragments in a similar way as ingplaith bicortical bolts. An
additional advantage is that they increase the variety of implant options and allow different strain values
to be achieved. In the future, numerical simulations may be a tool that will assist in the process of
planning fracturéreatment in veterinary patients.
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development of researchtgatial of Faculty of Mechanical Engineering of ¥veoclaw University of
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1. Introduction

The WHO declared COVIEL9 a global pandemic [1], and the lerym consequences and
aftermath of the disease remain unclear. Although the SB&®&2 virus infects the respiratory system
symptoms were also reported in thasculoskeletal system]E23]. Recovering post COVIEL9 elderly
patients report prolonged general weakness and muscle fatigue. Falls, for instance, akmawmell
consequence of reduced mussteength [4. There is also a need for greater clarity amitbting of
exercise related advice for people with post COMMDcondition and improved support to resume
activities important to individual welbeing. To the best of our knowledge there are no studies
describing exercise programs for seniors with p@V{D-19 condition.

2. Objective of the study

The objective of this study is twofold, to characterize muscle strength, postural stability, body
composition in older adults with history of COWAD®, and to developed and describe a sulgpetific
interventionprotocol. Additional objectives of the Project are diagnosis of the health state of post
COVID-19 elderly patients, especially muscle strength, postural stability, body composition and
analysis of quality of life of elderly with pec&OVID-19 condition.

3. Material and Methods

The project will involve 50 Seniors, both sexes, age 65+ yrs old, positiveG® test and/or
positive result in test for antibodies against the SARY-2 coronavirus 3.2 months prior to the
study start, from the-@-2 group based othe questionnaire to assesslyl&inctioning after COVID
19 [5. People with active cardiac disease, oxygen desaturation below 95%, dysfunction of the
autonomic nervous system (orthostatic intolerance) will be excluded from the tests. Participants will be
randomized to one of 2 groups: RT and control (no exercise). Training in study group aimed at
improving balance and strengthening muscle strength (RT) will be held twice a week, 45 min per
session in sulnaximal intensity for 8 weeks according to the maowendations of World
Physiotherapy (World Physiotherapy, 2021 and NICE, 2020). Before starting the rehabilitation
program, participants will be qualified by GP, exacerbation oferatcise symptoms will be assed
based on a questionnaire [6] and arhostatic test [Jj. Muscle strength will be measured under
dynamic (for the knee muscles) and static conditions (for the elbow, knee, hip and ankle muscles).
Isokinetic knee strength will be examined using the Biodex System 3 PRO dynamometer (Biodex
Medicd Systems, NY,USA). Maximum muscle torques will be measured for the knee flexors (KF),
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knee extensors (KE), trunk flexors (TF), trunk extensors (TE), and elbow flexors (EF) under isometric
conditions wusing a JBA St ani akul Vdlustayn@ontmadtian t or quer
method. Balance will be assessed using a Biodex Balance System SD (BBS) platform. Postural Stability
Test (PST) is performed on a stationary platform with eyes open (EO) and closed (EC) to determine:
an OSI (overall stability indgx APSI (anterioposterior stability index) and MLSI (medikdteral

stability index). The Fall Risk Test is also carried out with EO on an unstable platform at levels ranging
from 12 to 8, and 6 to 2. On this basis, the fall risk index (FRI) will bermi@ted. Moreover, body
composition assessment by Dexa and Quality of life tests (WHGR®f) will be conducted. All
statistical calculations will be conducted using the Statistica 14.0.0.15 program (TIBCO Software Inc.,
Palo Alto, CA, USA, 2020). Normalitof the distributions of the quantitative variables under study will

be tested using the ShapWdilk test. The mixed design ANOVA will be used to compare means. The
interaction of fixed and repeated factors will be analyzed. Tukey'shpedest will baused for detailed
comparisons.

4. Discussion

The purpose of the study is to develop a protocol of intervention that match the needs of the elderly
affected by COVIB19 in order to maintain/improve the health, balance, muscle strength, cognitive
function andconsequently, quality of life. Our results indicated that resistance exercise can contribute
to better health by preventing musculoskeletal disorders, helping to maintain desirable body
composition and improving sefffficacy. Improvements are seen in piogl fitness and quality of life.

In addition, the aging musculoskeletal system retains its responsiveness to resistance training, and most
importantly, the correction of disuse is accompanied by a significant improvement in the level of
functional mobilty and the overall ability to conduct activities safety. To our knowledge, this is the
first report to examine the effects of resistance exercise on improving quality of life and eliminating the
adverse symptoms of post COVI condition in seniors. Ourain research outconiiea safe exercise

protocol and intervention will address social and health needs for a particular social group: the elderly.
Research outcomes will build the evideit@sed practice for health professionals. professionals.
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1. Introduction

The study refers to topology optimization of surgical implant used in the treatment of abdominal
hernia. Hernia is a frequently occurring medical problem that has high recurrenapoated as 12
549% [1]. It is believed that mechanical compatibility between implant and the substituted tissue can
help to avoid the recurrences [2]. This research aims to create an optimised surgical mesh compatible
with human abdominal wall by changirtgickness of different zones of the implant. Since the
recurrence often appears on the tissue and implant interface, we assume that the uniform distribution of
forces in the connections between native tissue and the implant may help to avoid a piekfoftiess
and thus the connection failure. Combination of commercial finite element software (Marc Hexagon)
with in-house code in Python for optimization and control is applied in the analysis.

2. Materials and Methods

The implant was modelled as a decagonaimirane by means of finite element method (FEM)
with the use of commercial software. A symmetry was applied to speed up calculations. The model
consists of 784-4ode membrane finite elements with 3 degrees of freedom in each node. The loading
conditions eferred to physiological movements of human torso analysed in [3] and used in implant
model in the form of its supports displacements according to [4]. The displacements were applied to
support nodes (P1 to P5) as shownhig( 18). The material model iassumed as linear elastic and
isotropic with Poissonés ratio 0.3 and Youngods M
membrane model is 13 cm.

|
A A
U= 0575 cm
4
P w=020m
p

P2’

a) | b)
Fig. 1 Implant model: a) scheme with applied forced displacementof the supports RP5
b) model after optimisation (thickness scaled up 10 times)
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The thickness was optimised to the load conditions applied to the implant model. The objective
function was defined by the formula (1),
F=Ycicien|Ri — R|*

El_z(]_n| 4 jl (l)
whereR represent the resultant reaction forces magnitudenaeférs to the number of the model
supportsThe optimisation is implemented in Python programming language while the FEM results are
obtained from the commercial code in every optimisation run. Téwehthickness changes in each

element, starting from initial thickness of Grn and varying between 0.3 and éhén. Resultant
reaction force in each support node (P1 to (™. 1a)are then passed to objective function (1).
Sequential Least Squares ased to minimize the objective function (1) from SciPy libraries [5].

3. Results

Results of the optimisation can be seen on scaled up moHgj.idb.Table 1 shows initial and
final (after optimisation) reaction forces and weighted average (based on the element size) thickness of
the elements around supports. The difference between reaction forces in the optimised model have been
reduced comparing witthe initial one. Average thickness of model changed from 0.6mm to 0.47 mm.
This was achieved in 11 iterations, 5498 function evaluations and 7 gradient evaluations.

Table 1. Reaction forces in supports P1 to P5 before and after optimization

Support 1 Support 2 Support 3 Support 4 Support 5

Reaction force in initial model 19.17N 4.92N 12.31N 14.61N 17.43N
Reaction force in model after ;)\ 4.38N 9.29N 11.38N 12.27N
optlmlsatlon

Optimised average thickness g, 0.44mm 0.64mm 0.36mm 0.30mm

around supports

4. Conclusions

Optimised reaction forces are reflecting the displacements forced in each support. The elements of
higher thickness are concentrated mostly in regions around P1 and P3. Near the supports of smallest
displacement sontaigh thickness jumps are observed. This study shows preliminary research towards
implants mechanically compatible with human abdominal wall.

Acknowledgments: This work was supported by the National Science Centre (Poland) [grant No.
UMO-2017/27/B/ST8/02518
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1. Introduction

Cleft palate, a congenital condition characterized by a split or opening in the roof of the mouth,
poses significant challenges for affected infants and their families $liygicalinterventions play
acrucial role in addressing this condition, aiming to restore normal oral function, improve speech
development, and enhance the overall quality of life for these young patients.

In recent years, advancements in medical imaging techiesldhave paved the way for more
accurate and comprehensive assessments of surgical interventions. By capturing detaidled three
dimensional representations of the anatomical structures involved, these techniques offer
unprecedented insights into the effeetiess of surgical treatment and help guide furthemesfents
in surgical approaches [2].

2. Materials and Methods

In this research it was performed the analysis of measurements of unilateral and bilateral cleft lips
and palates in infants up to 6 monthsagé. The main aim was to evaluate the presurgical process of
treatment with the use of personalized plates. In the study, a statistical analysis of geometrical
measurements of cleft palates was carried out in 72 patiet@swith bilateral clefts and 6®ith
unilateral clefts. For each patient, 3 dental impressions were made at several key moments of pre
surgical treatment: on the day of the first diagnosis, on the day of lip surgery and on the day of palate
surgery. Between these moments, the childree wveated with a sizmatched plate, which is intended
to reduce the size of the cleft fissure. All dental impressions were subsequently scanned with the use of
laser scanner KScan Madicantech, Chirjato obtain 2dimensional virtual models. On the dels
there were marked 12 or 13 characteristic points (depend on the cleft type) [3], based on which it was
possible to calculate some specific dimensions of cleft gap. All data were then analysed, to find some
main determinants of cleft palate geometry.

3. Exemplary Results

To evaluate the changes in cleft gap geometry it was compared the values of specific dimensions
and checked the percentage differences between them. Individual lengths were analysed, but due to
individual factors, mainly percentage andhénsionless indicators were considered. ExXary results
are shown in the Fig. 1 andgr2.
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Average percentage differences of
dimensions in unilateral cleft
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Fig. 1. Marked points in unilateral cleft palate and percentage difference of the dimensions
in each stage of treatment

Average percentage differences of
bilateral cleft gap
18%
16%
14%
12%
10%
8%
6%
4%
2%
0%

1-2 4-5
ub2-b1 16% 13%
mb3-b2 5% 4%

Fig. 2. Marked points in bilateral cleft palate and percentage difference of the dimensions
in each stage of treatment

4. Conclusion

Based on obtained results it was stated that presurgical preparation significantly improves the
surgical procedure anallows to reduce the complications during the surgery and the rehabilitation
process.
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1. Introduction

Adapting a hand amputation patient to EN@ntrolled prosthesis is a well know issue
among the producers [1]. Most often in the preliminary phase the patient applies basic
standing prosthesis modaidlearn to generate the appropriate signals to movetivated
by observation. Virtual Reality can improve that approach, helping the patients to participate
in such workshop shortly after the injury. Additionally, using VR glasses the patient observes
the prosthesis as attached part of his body without ddii@nal costs.

2. Material and Methods

The aim of this work was to develop the software for prosthetic rehabilitation and
adapting patient to the prosthesis using a virtual reality (VR) environment visualizing Ada
Hand V1.1 prosthesis model [2]. Theftwareapplies myosignals to control in the real time
the virtual prosthesis movements according to designed control rules. The signals were
recorded by an electromyograph (EMG) mini DTS from NORAXON with Ag/AgCl
electrodes and processed in MR3 softwdree myosignals were intercepted by a -self
developed application created in Matlab, which decodes the data, checks and compares the
amplitudes to the thresholds defined in rules and finally sends order to the Unity VR
environment to move the virtual prosttis model. For controlling the movements we have
used 4 muscles: (1) brachioradialis muscle, (2) biceps brachii muscle, (3) extensor carpi
radialis muscle, (4) triceps brachii. For each subject the system is calibrated in order to check
the Maximal Volunary Contraction (MVC) value for each muscle. The controlling rules are
adapted for each subject using an interactive menu.

We developed three applications.

- In the learning of prosthesis control the scene presents visualization of 6 grips of
prosthesis and videos ofu@perlimb movements associated with them in the context of
control (Fig. 1A).Types of grips and applied activating muscles are bulleted ile Tab

Table 1. Muscles activating the prosthesis grips (training A)

Activating muscles Grip
1,2 Hook
2,3 Cylindrical
1,4 Pincer
3,4 Lateral
1 Palm
4 Spherical
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- (B) In the training of prosthesis control with a great variety of movements (Fig 1B) we
applied a direct control. With thexceptionof the wrist rotation action, where continuous
muscle tension is required, the algorithm only checks for the occurrencrisaie
activity that breaks the state change threshold. After registering it, the prosthesis
maintains the position it is in, unlike the first concept, where after relaxing the muscles,
the prosthesis returns to the open form of the hand. The pose igdhaniceps brachii
tension, changing mode to rotation by triceps brachii tension and,
closing/opening/rotating movement by flexion of wrist.

- (C) Inthe thredifficulty -levels memoryandskill game the user performs an appropriate
upper limb movement tachievepresentedjrasp (without hints) and gets point for a proper
result. The number of grasps to perform, speed of grasps change and variety of alternately
activated muscles defines the difficulty level of game. (3)

The Unity application supports VR googles visualization of prosthesis in the designed
environment displayingommandsto the user. The application cooperates with VR Meta
Quest 2 goggles and Meta Quest 2 Touch controller on which it was tested, buslitoaisb
work on other VR devices. We performed testsapfilicationon a group of 7 healthy
volunteersThe research was carried out with the permission of the ethics committee

raining A o Training B Game C
Fig. 1. Unity application scenéBaining A, training B, game C)

3. Results

The tests proved successful adaptation of subjects to control the prosthesis model in a
short time. The rules created during the learning phase for the subject were efficient in
controlling the prosthesis. Time aflaptatiorfor 7 users in the second in training B option
equalled50sto55% (200 s N 174 s, median 140 s). Res!I
levels were as following: easy: 76%, medium: 70%, difficult: 51%.

4. Discussion

Obtained results are prosimg in aspect of aiding prosthetic rehabilitation. Proposed way
to develop the project is to apply more sophisticated algorithms of prosthesis EMG control,
such as neural networks, machine learning and deep learning. An interesting option would
be to app} more muscles inontrolling, since the EMG system was limited to 4 channels of
simultaneous recording.
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1. Introduction

Significant progress in numerical methods, computation fluid dynamics (CFD) and high
performance computing methods allowed detailed blood flow simulations in the complex systems of
blood vessels as patient specifiodrls for individual planning of treatment, surgery and rehabilitation
based on the in vivo pressure and blood flow measurements [1,2]. Since blood as a concentrated
suspension of soft particles (blood cells) exhibit a set of complex rheological propéeigsoblem
of a proper choice of the rheological model for CFD simulations in the large, medium and small blood
vessels is of great importance in biomechanics of blood circulation including the neural networks [3]
and digital twin [4] technologies.

2. Rheological properties of blood

As it was shown in numerous detailed experimental studies of the blood viscbsitlyis value

. .m . .C
depends on the shear rgtéblood plasma viscosity ?, concentration of plasma proteing, red blood

C. k.
cell (RBC) concentratior?RBC, shape parameters and rigidity

a & dgo B M hoho. (1)
m
Besides, P depends also on the blood vessel diamtefFahraeud indqvist effect), electric
charge of the RBC, aname other specific parametess.general rheological model (1) accounting

for all the parameters asbsent. The following rheological properties and mathematical relationships
are mostly considered.

1) Sheatthinning dmy /d g0 properties of blood are described by the power Ostwald model
. .\n-1
m(y=k(")g @
with 0<n <1 k=const
Viscoplastic behavior (tixothropy) when the blood flow staften the shear stress appli(ad> ¢

exceeds the yield stre§§ needed to destroy the network of RBC aggregates in the form of the linear
Bingham model

=4 st g p
n @)

\/l‘_:\/—{ \/ bmg/hen >[{. (4)

Dependence on the RBC concentration

or nonlinear Casson model
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Scale effects with the vessel diameter dependent viscosity due to presence offtbe belindary
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where 7 is the viscosity of the blood core.

Viscoelastic properties of blood determined by elasticity of the RBC
2
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D=1

where is the Young modulus of the membrane,

M s the viscosity of the hemoglobin solutions inside the RBC.
It is easy to show, the rheological propertiesslxan mask each other and the most common
rheological models of human blood like Quemada model

m= : k”g'BFtlzzl Kk Kk +k1\./g‘/ 9, Ko (HE K g K ger)
- ) 1+J9 g "

where #%9and Keer are the RBC aggregation and rigidity coefficients, Ht is the hemat&eris,
the critical shear rate valp€arreadYasuda model

n-1
m=mA gm- YL (+)) 7y, ©
where =0.056 Pa@,m 9.00345Pa € 3313s,n G and Leonov model
t=2 mar, ¥ Lo g
Ht 2m (10)

do not describe the set of rheological properties)1)

In this study a generalized model in the form of (1) is discussed based on the (i) experimental
measurements on the blood samples, (i) dimension analysis of the dependence (1), and (iii) theoretical
modeling of steady blood flow in circular rigid and sofbes.

3. Conclusions

Based on the detailed experimental data on efficient viscosity of the blood of healthy and diseased
patients, it is shown the existing rheological models do not describe the most important blood properties
like sheatthinning, concemttion dependence, viscoplastic and viscoelastic properties, and Fahraeus
Lindqvist effect and a more general approach is proposed.
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1. Aim of the study

The aim of this study was to measure and compare mechanical parameters and temperatures
generated during the polymerizatiorsefected dental materials (Fuji IX, Charisma) used to reconstruct
cavities in deciduous teeth. Scope of work included: measurement of physical properties (density),
measurement of mechanical properties (Vickers hardness HV, Young's modulus E for demsl tis
(enamel, dentine) and dental restoratjonsasurement of the maximum temperatures created during
the polymerization of materials (20 s).

2. Materials and Methods
2.1.Materials

The tests were carried out for dental materials from 2 separate gropasigfeasner cementuji

IX and composite Charisma. The samples were prepared using a special form: sample diameter (d)
6mm, sample height (R2,5 mm. The composite material was polymerized according to manufacturer's
instructions for 20 s using a W#phase Style 20i polymerization lamp (IvoclarVivadent, Schaan,
Liechtenstein). Fuji IX is a cherdoinding material in the form of capsules. Before use, each capsule
should be shaken and then placed in a shaker (3M ESPE CapMix) for 10 seconds. Aftee thiret
capsule is placed on a special feegien and the material is placed to the form. Net setting time is 2
minutes. For the thermographic investigation both materials were polymerized for 20 seconds.

2.2. Methods

The measurement of the densitydetal fillings was determined on the basis of the weight to
volume ratio. The samples were weighed using a R
balance with an accuracy of 0.091Then, using a Mitutoyo micrometer, the geometric parameters of
each ample were measured. Mechanical tests (measurement of microhardness and Young's modulus)
were carried out for both dental filling samples and tissues of deciduous and permanent teeth. Each of
the tested samples was embedded in acrylic withpsdjimerizirg properties- Dur acryl E Pl us
(SpofaDent, Czech Republic), previously placed in silicone molds. The samples prepared in this way
were cut using t hEmeRlofRapfcHtEr. TAecsamplesovere wet polished using
1000 grit sandpaper. Thetestser € carri ed out wusing a CSM MicrocCo
tester where the Vickers microhardness and Young's modulus values were determined. The maximum
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temperatures resulting from the irradiation of samples from both groups were measured usingla ther
imaging camea (FLIR ThermaCAM P640). Fid. presents prepared samples of dental restorations and
hard dental tissues after incorporation in DuracrylTM Plus SPOFA Dental)

DR S HoN PX Tpan sot

Fig. 1.Dental material samples and dental samples inéorporated in DuracrylTM P us (SPOFA Dental),
S2- permanent molar, M4deciduous molar, Mideciduous incisor

2.3. Results

The average density with standard deviation [g/cm3], Young's modulus E [GP3]icdmis
hardness values HV were presented in the Table 1.

Table 1.Mechanical and phycial properties of tested dental materials

Average density Young's modulus Vickers microhardness
rN SD J g/ cn E [GPa] [HV]
Charisma 1,78 NO,O 16,63 74,72
Fuji IX 1,65N0, 15 24,02 62

The highest temperature during the polymerizatic
temperature obtained during the polymerization of
that critical temperature forthedenpai | p i s 42 AC.

2.4. Conclusions

The results of the examined dental fillings indicate that different filling materials have different
Young's modulus and microhardness values relative to each other. The obtained values for the fillings
differ significantly from the results of microhardness and Young's modulus of enamel. The values
obtained for the fillings oscillate in the values of microhardness and Young's modulus for dentin, which
is desirable because it minimizes the risk of "abrasion" of the denta¢ tikse to too high strength
parameters. The maximum temperature generated by the Charisma filling during polymerization of the
materi al is significantly higher than the critica
cause pulp damage.
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1. Introductions

An abdominal aortic aneurysm (AAA) is a pathological enlargement of aortic diameters measured
in perpendicular directions compared to the standardo$iatleast 50% [1]. The incidence of AAAs
reaches even 10% of the global population, growing rapidly with age abo2k BEt AAAS remain
clinically silent and may rupture if not detected, with catastrophic clinical consequences. AAA rupture
can beconsidered a classic case of material destruction resulting from excessive loading on the vessel
wall, insufficient material strength, or both of these factors simultaneously. From the mechanical point
of view, patientspecific FEM modelling of AAAs is caidered the rational and factual method for
progression and risk of rupture evaluation. However, pasipatific modelling requires crucial
elements, i.e. materials properties determined by the constitutive models specifically for each patient's
tissuesHence, the main study's goal was to determine the difference between the behaviour of AAA
specimens using differentodels.

2. Materials and Methods
2.1. Mechanical behaviour study

Uniaxial tensile tests for cut specimens off abdominal aortic walls intpénsendicular directions,
i.e. circumferential and longitudinal, were performed on a testing machine (Synergie 100, MTS) with
a constant rate of 2 mm/min at room temperatur&X22) and with continuous moisturisation. Before
the test, the specimens wene-fpaded to 0.01 N and then pstretched for five loadingnloading
cycles to 10% of strain. The Cauchy stresetch ratio relationships were determined for all the
specimens.

2.2. Hyperelastic models

One of the most often used hyperelastic anisotramterial models for aortic and aneurysmal
tissues' mechanical behaviour description is the model proposed by Holzapfel3gt Ehe[ strain
energy functions of the fibrous composite models additively decompose into an isotropic contribution
of the groud matrix, an anisotropic contribution of two symmetrical and mechanically equivalent
collagen fibres families, and a contribution of the purely volumetric part represented by the Jacobian
due to the incompressibiligssumption:

W= B0 = 3) 5 Dm0 = 1) = 51 = 3) 4 By g — 1) ®

where: K is a stresdike parameter related to the stiffness of the fibresiska dimensionless
material parameter related to the degree of nonlinearity, and invariants of the right iGreemy
deformation tensorsland k are related to the mechanical response of the family fibres aligned in
preferred directions.
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On the other hand, the most popular in solid mechanics AAA modelling is the isotropic polynomial
model of Raghavan and Vorp [6]:

Y=c(l, —3)+c,(, —=3)2¥ =y (h —3) + (4, — 3)? @

where: ¢ and e are streslike parameters, and Is the first invariant equal trace of the right
Cauchy Green deformation tensor.
Polzer et al. [7] proposed Yeoh's incompressible-fiftther hyperelastic material model for AAA:

Y=Y —3) W =37, (I —3)

where: ¢are stres$ike material constas.

Models were used for fitting experimental data (Fig.1). The constitutive parameters were
determined using a nonlinear leaguaressgnonlinfunction in the Matlab software (ver. 2017b). The
standard nonlinear Levenb&igarquardt algorithm was used during the curve fitting. The coefficient
of determination (R evaluated the goodness of fit.
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Fig. 1.AAA sample cut out in circumferentidirection behaviour under uniaxial stress fitted by models by a)
Holzapfel et al., 20003], b) Raghavan and Vorp, 2004),[c) Polzer et al., 2013%]

The AAA wall is less anisotropic, and, at the same time, the nonlinearity of stragsrelation is
more pronounced. The wall stress computations are not particularly sensitive to constitutive
descriptions as long as the wall's low initial stiffness, followed by its substantial stiffening at higher
strains, igespected.
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1. Introduction

One of the ways to solve problems related to limb inequalities isngthen them surgically.
Lengthening the limbs with external stabilizers, due to their size and high risk of infection and other
complications, is burdensome and dangerous for the patient. The use of an internal fixator, which is an
intramedullary nail, rakes the healing process painless, and the internal implant does not hinder the
patient's daily functioning [1]. In addition, there is a much lower risk of wound infection.

2. Hybrid magneto-mechanical drive

Existing dynamic intramedullary nailing solutionseacharacterized by a single energy source
driving the implant components [2]. The dynamic intramedullary nail with a hybrid magneto
mechanical drive uses in a synchronized way the mechanical energy accumulated in the elastic element
inside (spring) the iplant and the magnetic energy coming from the outside.

The combination of two types of drives allows both to control the stretching process during
treatment and minimizes the amount of energy generated outside and passing through the patient's body
[3]. It also minimizes the size of the magnetic drive inside the implant, improving the compactness and
mechanical strength of the structure. The intensity of the magnetic field generated by the external
element driving the nail mechanism is limited to the nemgsminimum. Fig. 1 shows a cressction
of the assembly drawing of the Orthoget hybrid drive intramedullary nail that was the subject of the
study.

e et T

Fig. 1.Crosssection of an intramedullary nail with a hybrid drive.rail body, 2- retractable elment,
3 - magnetic rotor, 4 drive spring, 5 mechanical transmission -@rive screw [2]

3. Materials and Methods

The measurement consisted of e.g. on the measurement of the nail extension force with a hybrid
drive depending on the position relative to the external activator. This activator generated a pulsating
and alternating magnetic field causing the rotatiothefmagnetic rotor inside the nail. The implant
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was placed in five different locations simulating possible positions during the treatment process. The
maximum extension force was recorded for each position. The tests for each item were repeated 3 times,
ard the average value was taken for analysis. The diagram and photo of the measurements are shown
in Fig. 2.

Pulsing | External
magnetic field : activator
Orthoweel

)
Fig. 2.Scheme (a) and photo (b) of the test of the propulsion force of the tested implant
4. Results

A clear difference can be noticed in the obtained force of the nail extension depending on its
position in relation to the external exciter. The measured values with the range are presented
in table 1.

Table 1.Measured values of the implant extensiortéotlepending on the location
relative to the external activator

Position Average Extension Force [N] Extension force range [N]
0 128
1 97 7
2 163 10
3 105 7
4 97 9

5. Conclusions

The conducted research shows a high dependence between the lodagampfant with a hybrid
drive and the maximum extension force obtained. It can be seen that the extension force is the greater
the closer the implant is to the geometrical center of the outer activator.

The applied spring generating mechanical forcaugrftes the load on the thrust bearings in the
initial phase of extension, which increases the resistance to movement and reduces the maximum
extension force. As the implant lengthens, the force generated by the internal mechanical accumulator
decreases.
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1. Introduction

Spontaneous aortiissection is a result of negative remodelling of aortic wall structure and occurs
in 5-30 cases per million people/year This kind of dissection may be associated with development of
atherosclerosis [2]. This disease changes the mechanical properties loibdld vessel wall, its
individual layer [3] and affect the adhesion between them [1]. This leads to a loss of integrity of the
vessel wall, and consequently to its delamination. Despite the mechanism of the aortic dissection
process is still unknown arttie subject of previous performed research are mainly healthy vessels
[4][5]. There is still no answer how development of atherosclerosis affect the resistance to dissection
of human artery. This is why the aim of this research is a determination of thamieal properties of
the interface between the individual layers of human thoracic aorta with different stages of
atherosclerotic lesion.

2. Material and Method

The subject of the research was human aorta (n=9
histological examination was conducted and based on it the material was divided into six groups
according to the histological scale proposed by Stary. The group of healthy, pathological unchanged
vessel was classi fied adeasdt7éaagteriesiweré amssified jothbggoupp d on S
of atherosclerotic vessels (from |1l to VI accordin

In the next step arteries were punched out in two directions: longitudinal and circumferential and
124 specimens were obtained for mathbal tests. Before them, each specimen was initially dissected
about 5 mm and the peeling test with a donfiguration of (1) the adventitia and the mediatima
complex (AMIC) and (2) the intima and the meeadventitia complex {(MAC) were performedvith
a constant speed rate of 2mm/min. During test, propagation of the previously initiated dissection was
forced and the changes in value of force and displacement were recorded.

Intima

5000 pm 2500 pm

Fig.1. The method of initial dissection of specimens for the petstg The interfaces between the intima and
mediaadventitia complex {MAC)
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3. Results

Based on the mechanical tests the mechanical properties: stiffness coefficient (k), energy dissipated
during delamination (W), the maximum value of forcenAt) and average value of force during
delamination (kver) were calculated. The results indicate the values of mechanical parameter undergo
significant changes in parallel with the development of atherosclerosis. The statistical analysis was
performed by using Stai st i ca 13.1 software (StatSoft) with | e
Significant differences were tested using the KrudKallis tests (onavay ANOVA on ranks) and the
Dunn's postoc test.

The results show the mechanical properties undéggéfisant in parallel with the development of
atherosclerosis.For the-MIC interface the highest values of mechanical parameters: energy and
average force were obtained for healthy tissue (Wmd/ent for circumferential and W=9.8J/cn?
for longitudind specimens). This group is also characterized by the lowest values of stiffness
coefficient. The values of energy and mean force decrease from healthy vessel until stage IV
(W=4.8mJ/cn? for circumferential and W=5.6nJ/cn? for longitudinal specimens) arithen they
increase for V to VI group. In the case of both interfaceMIi® and FMAC) higher values of the
mechanical parameters were obtained for longitudinal specimens.

4. Discussion

The result indicate that development of atherosclerosis decreasescesistahe aortal wall to
delamination. Due to the lowest value of energy the greatest risk of dissection is related to stage IV.
The FMAC interface is most susceptible to dissection due the fact that lesions develop within the
intima. Regardless to théage of atherosclerosis the mechanical propertiesidi@ and FMAC are
directional, indicating that atherosclerosis does
lower value of energy for the circumferential direction indicate the delaminatitre human aorta
may propagate in this direction.
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1. Introduction

The growing demand for systems that absorb the energy caused by impulse load poses more and
more an challenges to designers [1]. The available material syditsipmting the impact energy the
9%x19 mm FMJ Parabellum bullet used in the shells of the combat helmet meet the requirements of
specific standards. As the experience of military missions dg Bnd Afghanistan showed [2],
animportant issue in testg modern combat helmets is the issue of head trauppd][3n this study,
the authors focused their attention on testing the resistance ttupi€ the animal skull bone.
Thedetermined strength parameters will be used for further warkhe impactof blunt trauma
onselected elements of a soldier's head protected by a combat helmet.

2. Materials and Methods

2.1. Research material

The head of a domestic pig cut through the middle of the nasal bone was used to carry out the
research, creating tneymmetrical halves. The total length of half of the head was 28 cm, width 17 cm.
For this purpose, preliminary tests were carried out to determine the energy needed to punch the head
along with tissue structures by two penetrators. The firstregh@enérator with a radiusf r = 4.5
mm and the second conical penetrdler 4 5 A w eoth®n aussbka# with a diametefd = 9 mm
and a length of 90 mm. Two halves of a pig's head, taken from the same animal, were selected as a
reference point.

2.2. Quasistatic studies

Quasistatic piercing tests were carried out for 17 places in order to obtain the specified force values.
Puncturing were carried out at a constant spee mm/s until a displacemeof 50 mm was obtained.
Fig. 1 shows the purture points for external and internal sections. In this way, the maximum punching
force for bone structures and anatomical tissues was determined.

e d
Fig. 1. Phces of piercing the pig's head
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2.3. Numerical analysis

Numerical analysis was performed time Abaqus/Explicit program. For this purpose, the bone
structure was modeled in a hybrid way, combining the classic FEM method to describe the compact
part and SPH to the spongy part. The JohsGook (JC) rheological model was used to describe the
bones,while the Yeoh model was used to describe the soft tissues such as slkitesnausl fat.
Thesystem was modeled for selected examples of puncture with a given constant velocity of the
penetrator.

3. Results and Dscussion

Examples of piercing results ihd quasistatic test and in FEM numerical analyzes are shown
in Table 1. The test was performed for a sectional outer left half. As can be seen, the average force
necessary to pierce the bone was approx. 1.8 kN and the anatomical tissue was approx. 0.5 kN
Numerical modeling results show slightly lower values. The relative error was estimated at 12.7% for
the analyzed hard tissues and 11% for soft tissues.

Table 1. Comparison of the results of the maximum force for example experiments and nwanalysé.

Bone Anatomic tissues
Measurement No. 8 11 13 7 9 10 12
Max. Force [N] 5366 2143 1552 568 497 533 455
Displacement [mm] 215 19.4 19.3 40.0 26.8 14.4 20.5
Medium force [N] 1847 513
FEM 1612 456

4. Conclusion

The adopted hybridumerical methods with the use of standard FEM and SPH to describe the bone
tissue, together with the use of nrlimear rheological models, approximately correspond to the
maximum forces recorded in the experiment. This is due to the inaccuracy of thetrjeomdels and
the obtained material constants.
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1. Introduction

Kinematic characterisatioof top-level couples could help develop a movement model for
achampion and, over a longer time horizon, may support the jurors in effectively and objectively
assessing dance couplelk[2]. Literature references on movement technique in standard dajgess
that sway motions are regarded as one of the most important motions that are executed whilé Hancing.
The present available knowledge demonstrates that no research has yet been executed by other authors
on the relationship existing between the téchl execution of individual dance elements and the
assessment awarded by the judges. The purpose of this paper was to identify a possible relationship
between scores given by the jurors and variables that describe the sway movement in the Viennese
waltz as performed by dance sport athletes.

2. Material and M ethods

The study involved six worldlass and six intermediate dance couples. The pairs were asked to
perform three identical series of three natural spins of the figure in a Viennese waltz and were all
recorded by camera as they danced to music. Six international adjudicators have evaluated all trials of
each couple from the viewpoint of the technical quality component based on the Absolute Judging
System. Triaxial rotational angular velocity measurentsievice was placed on the dorsal part of the
pelvic girdle and on the posterior part of the thorax of every athlete [3].

3. Results

The analysis of covariance showed that maximum angular rotation velocities of the thoracic spine
in forward sway movements in teadancers were strongly associated with the judging score obtained
(FLe=11.5 p=0.024Q dp? = 0.449) regardless of the assignment to the given group. Significant
correlations of the mean angular rotation velocities in the forward leaning mowesrenoted in the
champion group and the intermediate group. A stronger correlation in the angular rotation velocities of
t he pel va) weregobserdet ia the execution of the sway motion of women and men from the
intermediate group (R 0.809). Fo the champion group dancers, it amounted te= (R470). As
regards the characteristic description of) changes
of women and men from the champion group a high correlation was observe@i§&1). Tte Fig. 1
shows example of the me aaduriagihe eXeaution of ted faveaid sway wav e f or
motion of the female dancer (F) and male dancer (M) from champion and intermediate groups.
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4. Conclusion

The results of the conducted researutiidate that the scores awarded by judges for the quality of
movement technique are to a large extent convergent. Top category judges were unanimous in their
judgement of dance couples from the champion and intermediate groups. The group of champion
dances differs from the group of intermediate dancers in terms of component criteria related to
technical quality expressed quantitatively and qualitatively in terms of the courses of angular velocities
performed during sway movements. It is worth noting th@etxchange of movements during the dance
between men and women observed in the champion group does not result in an obvious simultaneous
different sway of women to the left and men to the right and vice versa, as should happen according to
the rules laiddown in dance manuals. It should be noted that the pelvic girdle is positioned in
arightward tilt most of the time and the thoracic spine is positioned in a leftward tilt. This is a very
interesting phenomenon that indicates a greater complexity of lwealy changes between men and
women in the championship group than the one described in the dance literature.
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1. Introduction

Stenosis of thenale urethra is a serious urological condition. The incidence increases with age.
Urethral stenosis can have a variety of origins and causes. It is most often diagnosed in men after
65years of age. Still no single effective treatment has been developddréthral stenosis results
in impaired urine flow and, if severe, can prevent urine from draining from the body. Symptoms
of stenosis include e.g.: frequent urination, pain and discomfort, and even hematuria. Treatment
of stenosis is difficult due to thepecific conditions of the urethral tissues [2]. These conditions depend
on the flow of urine, pressure and the influence of the adjacent muscles around the upihmasiig
method of treatment may be the use of stents, whose main purpose is thesfoze flow of urine
[3]. Stents dedicated to the treatment of urethral stenosis should have certain characteristics. In order to
determine the parameters of these properties, it is necessary tothaveugh understanding of the
structure of the malurogenital system and the anatomy of the urethra. The next step is the search for
a suitable for stent material and the development of its geometry.

2. Materials and Methods

In order to increase the effectiveness of the treatment of urethral stenosés i been carried
out to determine the conditions inside the urethra to learn about the mechanical characteristics of the
urethral tissues, to select a suitable material for the stent and to develop its construction.

As part of the dissertatiomyodynamic studies were performed under in vivo conditions on New
Zealand White rabbits. These studies made it possible to determine the actual load conditions prevailing
in the urethra. Mechanical characterization of the urethral tissues was perforntiee coilected
material from the animals (New Zealand White rabbits) for two segments from the shie lwadder
(P) and from the side of the urethral outlet (U), with a division into a physiologically healthy urethra

AKo and with inducled] i nTHha mmatti ont éAdde of the study

material for the construction of the urological stent. The study focused on two materials. It was sodium
alginate (SA) and polydioxanone (PDO). A number of mechanical and material were pérforrthe
proposed materials [§7].

The final step was to develop a stent construction for the treatment of urethral stenosis, which will
be able to function properly under the specific conditions of the male urethra urethra, both during
micturition andejaculation [7].

3. Results

Urodynamic studies performed for the urethra of the New Zealand White rabbit at rest showed that
the prevailing constant pressure is about 1,5 kPa, while during micturition it is about 5,5 kPa.
The determined parameters was intant and provide criteria for further analysis [4].

*Corresponding authodagoda Kurowiake-mail: j.kurowiak@iimb.uz.zgora.pl
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The mechanical characteristics of the urethral tissues made in the radial direction for the different
groups was as follows: Young's modulus for the gr ¢
the section of the urethfeom the bladder side (P)is01 5 MPa, f or t he omthane gr oup
urethraloutlet (U)is@ 20 MPa; for the irritat gtievglueossilatesAFo, fr o
around 0010 MPa, while from the urethralitlet (U) is 0018 MPa.The mechanical properties of the
urethral tissues change depending on the depending on the segment examined. The tissues in the
segment from the side of the bladder are characterizeddwea Young's modulus (E) than tissues
takenfrom the mouth of the urethra. It was observed that the mechanical characteristics of these tissues
also changed when inflammation was present. Inflammatory changes cause a reduction in the
deformability of the tissues, which become more rigid, affedtiegn the stresses present in th&he
research to select a stent material showed that polydioxanone (PDO) is a better material than sodium
alginate (SA). SA shows good mechanical properties, but it degrades quickly when in contact with urine
solution [6] However, PDO shows promise for dedicated use in urology. Experimental studies have
shown that PDO has a mechanical strendg3IMPaof 451 N\
(®MPa), and a yield strength of 1 Qonk®es (8l 2 MPa)
estimated that under real conditions, a stent made of PDO can perform its function for about 6 weeks.

The developed stent design and the performed FEM numerical analysis confirmed the correct
interaction of the proposed stent with ttretral wall. The obtained deformation results showed that
the developed design and the selected PDO material will maintain proper urethral kinetics, which will
counteract secondary tissue fibrosis.

4. Conclusions

In conclusion, the results obtained are ping and allow to increase the effectiveness of stents
in the treatment of male urethral stenosis. During the development of the stent construction, it is
important to establish its correct interaction with the urethral tissues. It is necessary tmtakedont
the changing contact conditions, which are related to changes in tissues loading, the degradation time
of the stent material and the process of tissues remodelling.
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1. Introduction

Myxomatous Mitral Valve Disease (MMVD) is the most common acquired cardiovascular disease
in dogs and accounts for about 75% of cases of chronic heart failure disease [1,2]. This disease is
characterized by changes in the histological strectof the valve leaflets and tendon cords
(accumulation of collagen fibers and glycosaminoglycans) which causes a significant reduction in the
elastic properties of the chordae tendineae in particular and thus affects the pathology of the mechanism
of openng and closing of the valve, causing regurgitation of the valve). In many cases, dogs develop
anumber of complications, such as chordae tendineae rupture, the development of pulmonary
hypertension and rupture of the left atrium [3]. Chordae tendingdere in degenerative mitral valve
disease leads to acute pulmonary edema and worsens the prognosis and general condition of canine
patients.

The purpose of this experiment was to determine the mechanical properties of the chordae tendineae
of normal andhose taken from dogs with MMVD, and to perform a numerical analysis of mitral valve
function in both conditions.

2. Material and M ethods

The study was divided into 3 stages. In the first stage, observational studies involving the collection
of clinical protocols with symptoms and imaging of mitral valve sinus functionality were performed.
The next stage involved biomechanical testing ofdissected chordae tendineae from the hearts of
died canine patients of tWéroclhwUni ver si t yéds of Environmental and L
During the study, a static tensile test of the tendon strings was performed on a Zwick/Roell EPZ 005
tesing machine at 5 mm/min. Approximately 8 chordae tendineae were cut from one patient, of which
2 were submitted for histological examination (staining with hematoxgsin, MassoiGoldner
trichrome and Sirius red methods)to verify the condition of gsug with MMVD or intact. In the
last step, a numerical model of the mitral valve was made by introducing boundary conditions obtained
from echocardiography of the heart and material conditions from biomechanical studies. The geometric
model was made iSolidWorks software based on digital images of mitral valve components and
custom measurements. The model consisted of with integrated valve leaflets and ring, chordae
tendineae and papillary muscles. The model was performed in Ansys Workbench 16.2softhar
Static Structural Module.

*Corresponding authoAgnieszka Mackiewicze-mail: a.mackiewicz@iimb.uz.zgora.pl
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3. Results

Based on their biomechanical studies, a Young's modulus of 233 MPa was calculated for normal
chordae tendineae, while for degenerated chordae tendineae the value was 43 MPa. The deformation
characteristics werfleund to be different for the chordae tendineae coming off the anterior and posterior
leaflets. There are maximum longitudinal deformations of 0.53 to 2.60 mm on chordae tendineae from
healthy dogs, while for chordae tendineae from dogs with MMVD theyerénogn 0.36 to 2.64 mm.
Deformation values were found to be higher for degenerated specimens compared to corresponding
healthy specimens. The deformation characteristics on the chordae tendineae coming off the posterior
leaflet are similar between analyses

4. Discussion and ®nclusion

The literature describes several studies on chordae tendineae and their structural and biomechanical
characteristics, but studies on dogs, especially in genetically stressed breeds, are still lacking. As a result
of the study, ti has been noted that any change in the geometry and topology of chordae tendineae
distribution in the valvular apparatus affects the mechanics of mitral valve function. Studies have shown
that changes in the mechanical durability of chordae tendinediaka® to changes in their structure.
Chordae tendineae affected by the degenerative process showed lower strength in the tensile test. Itis
observed that there is a difference in mechanical response between basal and marginal chordae
tendineae, in furter work it would be worthwhile to use different parameters for them in the numerical
model. It was observed that lower mechanical properties for chordae tendineae with apparent
degenerative disease affect the phenomenon of mitral valve regurgitatiomimtbgcal model.
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valve disease in dogs of large and small brée@822/2023, head of project Agnieszka Mackiewicz

References

[1] BORGARELLI M., HAGGSTROM J. Canine degenerative myxomatous mitral valve disease: Natural history,
clinical presentation and therapyet Clin N Am SmallAnim Pract. 2010, 40, 65663

[2] GacH J., Janus I, MAckiEwICcz A., KLEKIEL T., Noszczyk-NowAk A. BiomechanicaiStructural
Correlation ofChordae tendineaim Animal Models: A Pilot Studynimals (Basel). 2024,11(6):1678

[3] KEENEB.W., ATKINS C.E, BONAGURA J.D.,FOX P.R.,H GGS T R3$.MFUENTESV.L., OYAMA M.A., RUSH
JE.,STEPIENR., UECHI M. ACVIM consensus guidelines for the diagnosis and treatment of myxomatous mitral
valve disease in dogd.Vet InternMed. 2019, 33, 11271140

97



Sensitivity of biological tissue heating process described
by CattaneoVernotte equation with respect to perturbation of lag time

E. MAJCHRZAKY, B. MOCHNACKI?

ISilesian University of Technology, Gliwice, Poland
2University of Occupational Safety Management in Katowiapwice, Poland

Key words:bioheat transfer, hyperthermia, Cattan¥ernotte equation, sensitivity analysis, finite
difference method

1. Introduction

The specific internal structure of the tissue causes that the Caltensatte (GV) equation, e.g.
[1], which takes into account the delay time of the heat flux in relation to the temperature gradient
(relaxation time), is a more accurate descriptiothefmal processes in the tissue than the classical
Pennes equation. So far, this equation has been used with the assumption that the thermophysical
parameters of the tissue are constant. In recent years, the several publications appeared, in which (on
the basis of experimental studies), the conclusions concerning the significant changes of these
parameters with increase the tissue temperature, e.g. [2] were formulated. In the presented work, the
C-V equation, which takes into account that the specificnthbicapacity of the tissue, its thermal
conductivity, metabolic heat source and blood perfusion rate are tempeteperedent is derived. This
assumption significantly complicates the basik/ @quation and consequently also the sensitivity
model

The pocess of intensive heating of biological tissue using a laser beam (hyperthermia treatment) is
analyzed. Such treatment is applied, among others, to the destruction ofrifented tissue. Due to
the laser beam geometry, we consider a cylindrical tisslkdomain. The dimensions of the cylinder
were chosen in such a way that adiabatic conditions could be assumed on its boundary, while the laser
action is taken into account by introducing the internal source function to the energy equation (which
is a frequently applied approach).

The key parameter in the'\€ equation is the relaxation time, which is determined experimentally
and the basic aim of this research is the analysis of the connections between the perturbations of lag
time and distribution of teperature. Therefore, it seems advisable to conduct a sensitivity analysis
methods. The direct approach is used to formulate the sensitivity model. At the stage of numerical
calculations, the implicit scheme of the finite difference method was used tdatsetask considered.
An authorial program realizing the numerical calculations was also developed.

2. Governing equations

The Cattaned/enotte equation for temperatudependent thermophysical parameters derived in
this work has the following form

c(T)a“T +( g o § C(T)Se—tT“S =fiTv o1 RopE ()

whereC(T) i s the volumetriTt specihect hentmadakatianhdesati vi
time, T=T (r, z, ) is the temperatureQ=Q(r, z, t) is the source functiorr, z are the geometric
coordinates in the radial and axial directians,the time.
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The source functiorQ=Q(r, z t) is the sum of the component related to the blood perfusion,
metabolism and laser acti@(r, z, 9

O(r,z,t)=w(T)c, [TH - T(r,z,t)] +0., (1) +0,.(r,z,1) .

wherew(T) is the blood perfusion ratey is the specific heat of blood. is the arterial blood
temperatureQme(T) is the metabolic heat source. The mathematical model should be supplemented by
appropriate boundary and initial conditions.
3. Sensitivity analyds

Using the direct approach of sensitivity analysis [3] the governing equations should be
differentiated with respect to the parameter considered, and then (c.f. equation (1))
2

C(T)éuUJr»ﬂ 8aCcm , & 4 "Tu %;( 25udqﬁ) CED, 4 Téu

geE it o ar @ 3 G VR " ? podie ¢ dr grt -?4(3)
SACpU §_ o do. T
20— n dfi v a(U])+gE_|i_—a21(U T) Aa%lv grad

whereU= @& @8 the sensitivity function. The boundary and initial conditions should be also
di fferentiated with gespect to the relaxation ti me

4. The results and final remark

One of the simulations orndersned | tals®WW?énshd leen sh & gt
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Fig. 1. Temperature history (left) and change of temperature due to the perturbation of 10% of relaxation time
at the most heated point (right)
Summing up the research, it should be emphasized that charigedemperature field caused by
perturbations of the relaxation time are visible, but not very large.
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1. Introduction

The bone structure forms during development and growth, adapting to the lévatl afarried,
hence the variety of itstructure. Bone has a hierarchical structure which, at a macroscopic level, is
anisotropic. But by analyzing fragments of bone with iy &mall volume (Voxel), it can be assumed
that it is isotropic in this volume. Upon determining the stiffness of each volume, the stiffness of the
whole bone should be obtained. The smaller the Voxel volume, the more accurate the representation of
the stffness.

In this paper, the authors proposed a methodology for determining the stiffness of Voxels [1]. In
the first step, a simple thrgmint bending strength test is performed. In the second, using optimization
algorithms [3,[4], the stiffness of the Voxels is determirela function of bone density.

2. Materials and Methods

Beef femurs were used in the study. The bones were cut into small fragments which were then
polished. The finished samples (length 80.0 mm, height 12.0mdrthéickness 8.0 mm) were scanned
using a higHfidelity CT scanner. Each sample had a distinctive chamfer at one of the corners to help
with correct specimen positioning and identification. The samples were subjected to-pothtee
bending test (Fig. 1A total of five specimens were prepared and tested from a single bone.

F

Force [kN]

%ol &1 & 88 W W8 08 7 e W all DOF constrained

Displacement [mm]

Fig. 1. Threepoint bending testinitial setup (a), sceme loading of the FE model (b)

Based on the experimental results and CT imaging, a numerical model was prepared for each
sample. The volume of the models was divided into groups characterized by similar gray scale. It was
assumed that in each sample, a specific gray scale level is characterised by the same stiffness value.
Optimization analyzes were then carried out withahme of selecting a stiffness value for each gray
scale level, representing each of the experimental tests (Fig. 1), and determining the difference in
sample strength (experiment vs. analysis). Optimization was carried out until the smallest difference
wassummed.
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3. Results

The optimization analyses carried out allowed stiffness values to be determined for each of the 11
gray scale levels. To verify the results obtained, it was decided to perform gdmebéending test
for a sixth specimen from the saimene. It was also visualized using CT and a numerical model was
prepared analogously to the previous specimens. As a final step, a numerical analysis that reproduces
the experimental test was carried out, and the course of force as a function of digpiasame
compared for both cases (F). The result was found to be satisfactory.
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Fig. 2. Comparison of the stiffness of the real specimen and the numerical model for the patetesd in the
optimisation
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1. Introduction

Esophageal atresia in infants is one of the congenital defects which consists in underdevelopment
of a fragment of an esophagus. A problem with proper swallowing, which results in additional
symptoms, is caused by this condition. The treatment of atresgists in surgical reconstruction of
the continuity of the esophagus by stretching the undeveloped tissue [1][2].

Current methods of surgical treatment have positive and negative effects. Microdamages in the
structure may be caused by an uncontrolledgdtion of the tissue, which may lead to the forms of
fibrosis and scars, which can negatively affect the biomechanics of the esophageal wall in the further
development of the child. The aim of this study was to characterise the mechanical properées of th
esophageal tissue in order to enable the search for new methods of treatment. Furthermore, the
mechanical properties of the elastomer were characterised, which could be used in the future in
alternative methods of surgical treatment.

2. Mechanical properties of soft tissue

The tests were taken on fragments of white Pekin ducks. An uniaxial tensile test was performed at
a rate of 10 mm/min until a tissue rupture. By virtue of the test, it was possible to determine the force
displacement characteristics foretlstretched samples and to set the tissue stiffness. The tests were
carried out on the MTS Tytron 250 testing machine. The research group consisted of 15 fragments of
the 50mm long esophagus. Figshow exemplary tests results.

70 A
. s B
60 ac y = 0.9084x - 0.4042
R?*=0.977

50

40

Force [N]

30

20

10

0 5 10 15 20 0 1 2 3 L
Elongation [mm] Elongation [mm]

Fig 1.A. Average forceelongation characteristics with standard deviation and B. Low deformation area for
averaged forcelongation characteristics, obtained for esophageal tissue
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3. Force-elongation characteristics of elastomers

The elastomers were subjected to a tensile testazfessively: 20, 30 and 40 mm. The return to the
initial position took place after reaching the set elongation. The measurement started after reaching the
preload with a force of 100 mN, the loading speed was 10 mm/min. 10 samples from each type of
elastaners analysed were tested. Based on measurements, thelforgation characteristics for
individual samples were determinded.3). The tests were carried out on the MTS Tytron 250 testing
machine, the diagram of the maemment stand is shown in Fig. 2

displact

Fig. 2 Scheme of measurement stand for elastomers testing

Force [N]

y =0.1379x + 1.9935
R?=0.9992

0 10 20 30 40 15 17 19 21 23 25
Elongation [mm] Elongation [mm)]

Fig. 3. A. Average forcelongation characteristics and B. Linear feedengation characteristic fragment,
obtained for elastomer during stretching. For both curves the standard deviatenkésl

4. Results

As a result of the obtained measurements regarding to the stretching test of fragments of the
esophagus, the stiffness of the tissue in the area of low and high deformations was determined. In the

case of the low deformation area, theageea st i f fness was CN = 0.91 N/ mm
the high deformation areasitas CW = 4. 21 N/Therstifff\ess®f thz tnatdvidl im the

linear stretching area was determined in the matter of the analysis of elastomers tests (figs3S}. It

= 0.14 N/mm N 0.015 N/mm. |t was also observed tha

similar value in the area of 15 to 25 mm elongation.

5. Conclusion

Taking into account the outcome of stiffness and the ability of the elastomerei@igea force of
similar value over a certain area, it appeared that elastomers can be used in alternative methods of
surgical treatment of esophageal atresia in infants. At a later stage of the research, an attempt to
determine the method of treatmentdxh®n susceptible materials will be made.
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1. Introduction

Implantation of a medical device made of biomaterials into the human body is inevitably associated
with its degradation, the rate of which determines the nature of tissue healing. This degradation is
related to the breakdown of the material into smalbggrfrents, which are then released from the body.

The rate of this decomposition depends on many fadtjrgelated to both the sample itself
(hydrophobicity, type of material, surface) and the environment in which it is implanted (pH, chemical
composition) Biomaterials degradation tests are carried out in accordance with the 10993 standard and
are related to the measurement of fluids in which samples are incubated and the weight of the scaffold
itself. The material itself is also examined by many authaestd the change in the surface of the
incubated sample using microscopy methods, e.g. SEM. Tests using computer microtomography, which
examine the material in a némvasive way, give information about changes not so much in surface but

in total volume ofthe tested sample. This type of research, conducted for individual stages of
degradation, makes it possible to observe and describe the mechanisms of sample destruction and their
dynamics at individual stages of the research. The main objective of tlyevsds the qualitative and
quantitative analysis of scaffolds incubated for 24 months in PBS solution

2. Materials and Methods

The tests were carried out scaffolds made of PCL with additives such as bioglassEmel idain
purpose of introducing suddditives is to improve the bioactive properties of the tested divites.
scaffoldswer@¢ r epared by 3D printing using the Oryginal P
techniqueFilaments made by injection molding were used for printingusinggad r aul i ¢ Babypl act
6/10P Rambaldi Group injection molding machibee to the chemical composition, the samples were
divided into 3 measurement groups: the PCL group, the PCL group with bioglass and the PCL group
with bioglass and zinc (Zn)

The evaludbn of degradation was carried out in several stages: measurement of the
physicochemical properties of the incubation fluid (pH, conductivity, concentration*pkNaCa*
ions) and the analysis of changes and parameters of scaffolds (mass, sampléomogsttbvolume
changes) . The analysis of changes in sample vol umi
computer microtomograpMeasurements were carried out every 30 days. Samples wetedé&lem
each group angkgistrated usingthe 1172 Skyica Br uk er E. mi cspatiaresotutiopr ap h  wi t
of 10 Om, with the | amp parameters 40kV/ 250 mA. Tt
the unit rotation angle is 0.4AAt each stage, the
then allowed for compaiiae tests using the Data Vievier s o f.t war e

3. Results
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Figure (Fig 1) shows the volume changes of PCL and PCL samples with bioglass and Zn,
comparing steps 6, 12, 18 and 24 to the reference step.

PCL scaffold

ofiidn 06 stage difference 0-12 stage difference 0-18 stage difference 0-24 stage difference

R [ .s‘.
A

PCL with bioglass and Zn

sidide  0-8 stage difference 0-12 stage difference 0-18 stage difference

Fig. 1Comparison®f changes between the reference stage (0) and the next scaffold degradation stage (6, 12, 18
and 24 months) in the PBS solution between the reference measurement. Results for an example sample of pure
PCL andPCL with the addition of bioglass and Zn

4. Conclusion

The tests of PCL scaffolds carried out during 24 months indicate a weight loss of about 2%, which
is associated with a decrease in volume to 1.8% for pure PCL, 2% for PCL scaffold with the addition
of bioglass and as much as 9% decrease in volume aftergadd. Comparing the research groups
with each other, it can be said that the introduction of bioactive additives, the main purpose of which is
to stimulate the growth of the pemplant tissue, and from the point of view of the scaffold itself,
accelertes the rate of its bioresorption (Fig.1). In addition, changes in conformation related to the
twisting of the incubated samples can be observed.

Aknowledgment: | would like to sircerely thankprof. Izabella Rajzer and Phnna Kurowska from
theUniversy of Technol ogy and Humanities in Bielsko
the research presented in the work.
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1. Introduction

In osteoarthritis, there are chronic processes of destruction of joint cartilage and formation of
defects int, and hypertrophy of bone tissue in the periarticular area. The disease causes both changes
in the structural and mechanical properties of the tissues around the entire join. The causes of OA are
not well understood. There are still only hypotheses atieuetiology of this disease, which point to
its multifactorial basis and emphasize the importance of such elements as changes in the chemical
composition and physical properties of the joint fluid, impaired nutrition of the articular cartilage,
increasd friction of the articular surfaces, disruption of the blood supply to the joint and accumulation
of microcracks especially in the region of subchondral bone t[8$u€he microcracks formed in the
bone are the result of physiological loads resultingifdaily activities that affect the human skeleton.

These loads are cyclic in nature, and even though their amplitude is much smaller than the yield
stress of bone tissue, they lead to the accumulation of microcracks, cracks and consequently weaken
the sleleton, contributing to fatigue damage to bone [1]. he effect of cyclic loading on bone tissue varies
depending on the type of this tissue. For spongy tissue, relations between a single loading event and the
amount of resulting microdamage have been desdr{2], but the effect of the number of loading
cycles on the accumulation of fatigliee microdamage is still not described for this tissue.

The problem is also the selection of the load value so that the tested value of simulated loads
replicates phyislogical working conditions. How, then, to select this value so that it does not lead to
too rapid and violent destruction of the sample in adeighe measurement.

The purpose of this work is to analyze the structural changes of spongy tissue spédeiiveds
from femoral heads, in different stages of cyclic testing.

2. Materials and Methods

The study material consisted of 10x10x10 [mm] cubic specimens from 4 femoral heads obtained
from osteoarthrosis patients scheduled for hip alloplasty.

Four samples ere prepared from each femoral head, of which 1 was the reference sample. The
reference specimens were subjected to a destructive uniaxial compression test, and based on this, the
amplitude of the loads was determined as (Z8%0) Fmax, which was used irydic tests for
specimens from the same preparation. Cyclic tests were conducted using an 858 MTS MiniBionix
machine, in compression, at a frequency of 1 Hz.

To determine the changes in specimen geometry and structural properties of specimens subjected
to cyclic loading, the specimens were registered using a 1172 SkyScan microtomograph, Bruker. The
registration of the samples was carried out in 6 stages:18#er500, 1k, 5k, 10k and 50k cyclésl
samples were registatedth a spatial resolution of 10m, with source parameters of 89kV/14A,
the use of Al+Cu filters, with an exposure time of 1400 ms, aunit rotation angle of #ito 360A
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rotations.Then, using NRecdh software,the samples were reconstructed and analyzed for changes
occurring in DataViewdt, Bruker.

3. Results

The use of computed microtomography allowed us to obtain both qualitative results, presenting
them as changes in the geometriheftest specimen during successive stages of cyclic loading (Fig.1A,
B), and quantitative results. Example values of By and BS/BV [1/mm] parameters are shown in
Fig.1C.

A

B3 10k cycles

BV/TV [%]
BS/BV [1/mm] )

I er
118350k cycles
1( 100 100C 10000 100000

Cycle No.

Fig. 1Comparisons of changes in the geometry of exempla

trabeculaibone tissue subjected to cyclic testing: A. after 1C

cycles; B. after 50k cycles; C. Comparison of BV/[B%] and
BS/BV [1/mm] parameter values

4. Conclusion

The research conducted shows how important a parameter in cyclic testing is the selection of an
appropriate load valuén the study, 2 specimens failed in successive loading steps, even though we
selected the loading values based on a reference specomemii adjacent site of the same femoral
head However, after analyzing the results, we found that these samples had lower density values.
Therefore, in this type of study, it is very important to take into account the idividual physical (density),
structual and mechanical properties of each patient and even the sites from which we prepare samples
when selecting load values. In our study, differences in density values within the head alone were as
high as 20%. For the other samples, the load value wazl@hvosen that even at 10k cycles, the
greatest changes in the geometry and structure of the test sample were observedistbéload
application

Aknowledgment: The study material came from patients undergoing hip alloplasty at the Clinical
Departent of Orthopaedic and Traumatologic Surgery, Wroclaw Medical University, and was part of
project No. N N518 505139 fundéy the National Science Centre
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1. Introduction

Image segmentation is a process of recognizing objetis jicture and highlighting region of the
array containing objects of interest. Along with the progress in the machine learning methods the
computer vision field have adopted multiple algorithms. For many years, application of convolutional
deep neural etworks had been the most widely adopted solution, until the new method has arrived.
The rise of long attention models, one of which is transformer algorithm, was the dawn of modern large
language models, which have also greatly impacted the field ofdimputer vision and image
segmentation. [4]

One of the key challenges in the analysis of a cell culture or a tissue specimen is recognizing and
selecting boundary of the desired objects. That information can be utilised to analyse the state of the
cells, toperform statistical analysis on the culture or to isolate the desired item from the image for
further analysis. For example, segmentation analysis can be performed on fluorescent microscopy
images to derive information about ongoing processes insidelthg\ith the utilisation of the image
segmentation techniques the analysis can be performed automatically esusematically with
precision reaching the human level but with far smaller time cost. Information gathered during this
process can be latessed in the statistical analysis of the colony, anomaly detection in the cells
behaviour or for the inference and parametrization of predictive mathematical models of the biological
processes. [3]

2. Materials

The aim of the study was to perform cell segmigorieon fluorescent microscopic images of cells.
The model was able to disceire cells from the background, noise and other cells. On top of that the
algorithm was supposed to perform the analysis on different channels of the fluorescent images with
minimal training data.

The program uses pretrained and finetu8egment Anything ModéAM) [2] for proposing cell
masks. The segmented masks are then postprocessed and validated. The training dataset used for
training the model to recognize the nuclei wiasannotated fluorescence image dataset for training
nuclear segmentation methofl§. Dataset contains 79 images of cell nuclei with annotations. The
inference dataset used for testing the capabilities of the program wagrttaa Protein Atlas Single
Cell Classificationreleased during the classification challenge [5]. The dataset holds over eighty
thousand images containing information about the cell nuclei, microtubule, protein and endoplasmic
reticulum. Example of the image from the tedbdat is pesented in the Fid.A.

*Corresponding authoGustaw Ostrowskie-mail: gustaw.ostrowski.do@pw.edu.pl

108



3. Results and Discussion

Prepared program creates masks for each cell. Generated output recognise cells on each image channel,

as can be seen in thég. 1B.
A B

Fig. 1. A1 original fluorescence microscopy image: Begmentatiomasks overlayed with the original image
channels: i) nuclei, ii) microtubules, iii) protein, iv) endoplasmic reticulum

Proposed segmentation pipeline is capable of recognizing and separating cells and their body parts
from fluorescence microscopic imagegh minimal training as presented above. Program have been
tested on multiple images with satisfactory results. As for the future development it might be advisable
to finetune model weights for better prediction and separation objects on the micropudteie, and
endoplasmic reticulum channels.
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1. Introduction

Unmanned aerial vehicles (UAVs) are devices widely used in various areas of human activity. The
main advantage of UAVs ibieir ability to wirelessly record video, audio and also other types of data.
An additional advantage of the widespread use of drones is the extensive range of manufacturers
providing UAVs with a variety of parameters (dimensions, weight, speed, rangegquipped with
various accessories (cameras, microphones, sensors, etc.). Firemasing use of UAVs generates
a number of safety risks, including human health and life, posed by the right to impact. The degree of
human injury during a collisionith a UAV depends on the circumstances of the incident (speed, mass
of the UAV) and the physical conditions of the person hit. Among those at risk of the most severe
impact are children, due to their early stage of development of body systems, suclslaletiad
system. Particular risks are posed by blows to the head, which can cause concussion and, in extreme
cases, even death| [2].

The objective of this paper was to experimental estimate the head injuries occurringeiarald
child during an hibf an unmanned aircraft from different directions. The severity of injuries during
impact was determined by determining the Head Injury Criterion (HIC) and correlating the results
obtained with the Abbreviated Injury Scale (AIS). The research was cawiedsing the author's
research methodology, including the use of an auto test rig and the author's UAV model.

2. Materials and Methods

The investigation of head injuries of ay8arold following a UAV impact was carried out based
on the author's researafethodology of determining negative health consequences based on the HIC
value compiled with the AIS scale. HIC is commonly used in the estimation of head injuries during
crashes and requires the recording of acceleration values and duration, accdialimylen (1). The
AIS is a 6point health consequence scale determined by formula (2) where 0 means no injury and 6
means certain death. The AIS scale assumes that the higher the HIC value, the more severe the health
consequences[12].

(P
“lCi[bfh j"] dl) (1) (1)
|cue'HIC (HIC £ 25)
| GAS HIC 4+ Ot (HIC > 23)
@

In order to collect the data necessary to determine the HIC, a test stand was prepared, which was a
launcher with which the UAV was shot towards the head. The stand consisted of a trolley mounted on
profiles to which elastic bands were attached to pull tileyrwith the UAV on it. The trolley's impact
forces were recorded with an EMS70 force sensor, allowing the UAV's velocity during impact to be
calculated based on the principle of conservation of momentum. A mannequin hea¢/edrald
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child, manufactted by Humanetics Innovative Solutions, Inc, model Q3, equipped with an Endevco
7264C accelerometer set, was used for the tests. Each impact was recorded witbpaddgNAC

HX-3 camera, with a 35mm lens. The UAV used for the tests was an infused TBOA fihre and

epoxy resin UAV, measuring 30cm x 30cm and weighing 260g. The geometry reference was a Phantom
2, from manufacturer DJI, mapped on a smaller scale. Measurements were carried out for impacts to
the head from four directions: front, back, leftd right. For each variant, 10 impacts were carried out,
from which the HIC and drone velocities at impact were determined. The results of the HIC values were
compared with the AIS scale, from which the effects of injury were determined for each it v

3. Results

The results oftie tests are presented in Figwhere the UAV speeds at each auopare indicated,
and in Fig.2, where the HIC results are compared with the AIS scale.

0 HIC Laft Side 2 HIC Right Side - HIC Front Side HIC Back Side.

wo| B.6086x  7.7422 80 83632+ 16,1811 B0 10.6265x + 111535 w0 114685 + -2.3874

Vatocity fmis] Vekcity (m/s) Velocity sl Vesocity [mis)

Fig. 1. HIC and velocity results
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8 10 1 : s 8 1o woo1s 5 12 11 e +« & 8 w1z 1w
Welocity fmis] Welocity [mis

Fig. 2. HIC and velocityegal,tg
4. Discussion and ©nclusions

The collected results demonstrate, head accelerations during UAV impacts increased with
increasing drone speed. HIC values for UAV speeds below 10 m/s reached a maximum of about 140.
Impacts at about 14 m/s generatedl€ Malue of 180. It was observed that impacts to the head from
all sides translated into similar HIC values. The juxtaposition of the HIC results with the AIS scale
indicates that, for the adopted test scenario, the UAV impact did not lead to signifadribjuries to
the 3yearold child. The age of the victim was taken into account when analysing the HIC scores and
their mapping with the AIS scale. Simulation and experimental results [1] indicated that a drone falling
from a height of 306 50 ft can imluce a HIC value of approximately 166. An impact to the head of
a DJI Phantom 11l [2] at a velocity of-8L0 m/s translates into a HIC value of 25Z50. The results of
the study remain consistent with the results of other-pestsurements presented[1],[2]. Further
testing is required with heavier weight vessels on an upgraded stand, providing the ability to adjust the
speed of the UAV. This will enable full recognition of head injuries teyaa&-old child associated
with drone impact.
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1. Introduction

One of the most effective ways to prevent the formation of caries, especially in cavities, fissures,
cracks or microdamages of the enamel, are fissure sealants developed in the 1960s. Caries has become
a civilization disase, which, due to lifestyle, develops more and more often in younger and younger
patients. [1]. Lacquers are polymer corsp@s based on resins, which additionally contain many
chemical substances, such as: solid fillers, i.e. baaluminumsilicon glas, fire silica and titanium
dioxide, as well as additional photoinitiators, catalysts, pigments or inhibitors that delay the rate of
various reactions. The effectiveness of sealants depends on their chemical formula and chemo
mechanical chargeristics, sch as hydrophilidlydrophobic character, microstructure and
homogeneity of the layers or marginal tightness. The aim of the work was a comparative analysis of
the physicochemical properties of selected fissure sealants

2. Material and M ethods

The material fothe study consisted of 3 different materials commercially introduced to the market
and used in dental surgeries in terms of chemical composition (Table 1). Cylindrical samples with
dimensions of 6x2.5 [mm] (diameter x height) were prepared in a spaciafifom each material.

Table 1.Materials forsealing evaluated in the study

Material Manufacturer Composition
dimethacrylate resins: BGMA, TEGDMA, UDMA, Bis-
Flow-Color Arkona EMA, Mineral fillers, ABa-B-Si glass, BaAl-B-F-Si glass,

pyrogenicsilica, pigments
Bisphenol A diglycide ether dimethacrylate, urethane
dimethacrylate, triethylene glycol dimethacrylate, barium
Fissure Sealant Arkona aluminumsilicon glass, bariuraluminumboronfluorine
glass, fire silica, titanium dioxide), photoirmitors, inhibitors,
catalysts, stabilizers, pigments
Filler, 2,2 ethylenedioxy dimethanol dimethacrylate,
Flow-It Pentron ethoxylated bisphenol-8limethacrylate, Bis
(1,2,2,6,6pentamethyM-piperidyl) sebacate

2.1. Water contact angle (WCA)

Surfaces with increased hydrophobicity are assumed to be more resistant against attack by water or
watersoluble species [2]. The cell surfeace of bacterial s8@aWiutanswhich is a pathogen causing
caries, was classified as hydrophobic. Valued/GfA are depicted at the FitA.
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2.2. Fluoride release

Fluorine release studies were performed with a use of an ORION 96G@lantive electrode
(Thermo Fisher Scientific Co., Waltham, MA, USA) cected to a pH/ion meter GBb1 Elmetron
microcomputer. Measarme nt s o f f | u%h) pertbrned abintesvald 063y 242 48, 72
and 96h, and 1, 2, 3, 4, 5, 6 and 7 weeks in artificial salid¢gbt values (4.5; 5.5; 7; 7.5).

2.3. Mechanical tests

Microhardnessésts were carried out using the C3AtroCombi Tester using a Vickers (HV)
indenter. During the measurement, the indenter was introduced perpendicularly to the surface of the
samples with a force of 400 mN,fdeming them for a period of HJ3].

2.4 FT-IR analysis

All of the evaluatedsealants contain various methacrylate derivatives as a matrix. The major
difference in their composition is in the filler and additions, hence their difference in clinical properties.
FT-IR analysiss shown at the Fig.BL
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Fig 1. A.Water contact anglef analysed materials; B. HR spectra of evaluated sealants measured in the range
of 4006400 cm*

3. Conclusions

The conducted research showed that each of these materials is characterized by different values of
operational parameter$he highest Young'snodulus values were obtained for the Fissure Sealant
material (12.6 MPa). It is particularly visible in the case of mechanical tests, here the variances reach
even 300%. Also this material was characterized by the highest average hardness value HV 51.9 and
the value of the contact angle. The lowest values were obtained fol Flesalant.
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1. Introduction

Elderly, due to limitations typical for their age, such as chronic diseases or social isolation, are an
important group among people with special needs. It is a group present in society regardless of the
development of medicine or social changes, thus causing the occurrence of constant and necessary
needs to be fulfilled. One of these needs is independent locomotion, which directly affects their quality
of everyday life. Balance disorders occurring in ¢fagerly are one of the most common obstacles in
their independent locomotion [1]. Symptoms of balance disorders, perceived by the patient as subjective
dizziness, are one of the three most commonly reported complaints. For people aged 65 years, their
frequency is about 30%, while for elderly aged 80 and above, about half of the population struggles
with this problem. In addition to social impairment, which causes i.a. a number of mental disorders, the
impossibility of independent locomotion also causes ighyshanges in the body (reduced bone
density, disorders in the digestive and respiratory systems, reduced efficiency of the heart muscle). In
the absence of taking physical activities these changes deepen over time, contributing to the emergence
of new d/sfunctions and diseases of all body systems [2]. Ultimately, this process often results in the
premature death, which can be prevented by the use of appropriate assistive devices independent
locomotion.

2. Design assumptions

The device planned fatevelopment will be able to support balance during locomotion, in five
ways, by:
Method | i ensuring the possibility of developing an individual and effective treatment and
rehabilitation process, based on the information provided by the device, cotladteglthe user's daily
activities (habits, incorrect posture, dysfunctions of the musculoskeletal system)

Method Il T active stimulation of postural correction and behaviour to assist in maintaining balance
during locomotion
Method IIl 7 monitoring therehabilitation process by analysing the improvement in the efficiency of

performing specific exercisgs
Method IV T developing appropriate habits in terms of maintaining balance by the user
Method V i comparison of the results from the device with subjective scales, such as e.g. DHI
(Dizziness Handicap Inventory scale), for the purpose of psychological therapy making the patient
aware of the actual objective degree of his disability.

In order to impément the assumed functionalities, it is important to provide the device with features
such as:

Recording spatial kinematic parameter, during the performance of normal everyday duties,
responsible for maintaining proper balance during locomotion. Theamptars will be analysed with

*Corresponding authoPiotr Prochore-mail: p.prochor@pb.edu.pl
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the use of artificial intelligence algorithms and used to: a) diagnose the causes of balance disorders and

plan the treatment and rehabilitation process, b) control operation of the compensating mechanism

1. The use otompensatory mechanisms, which, depending on the analysis of kinematic parameters
during imbalances, will actively assist in maintaining balance during locomotion

2. Ensuring small dimensions and weight of the device by using miniature sensors and pkcing th
recording system and compensating mechanisms in wearable textile vest, possible to be used under
the outer clothing. This will allow for lonterm use of the device and will give the possibility of
arealistic assessment of factors contributing to tise taf balance in everyday life conditions and
the possibility of developing appropriate habits in correction of posture and behaviours, minimising
the risk of losing balance.

3. Prototype

Appropriate placement of sensors is crucial for obtaining vikiblemaic parameters. In Fid.a,
we have suggested positioning of sensors to monitor human bedytipat is visualised in Figlb.
Simplified version of the system in the form of flexible vest, allowing to monitoy Halls, was
presented in Fidlc. All suggestions and designs are a matter of future studies.

() (b) (©)
Fig. 1. Suggested sensors setup on human body: a) sensors positioning, b) direct placement of sensors on human
body, c) a prototype of the flexible vest for recordkimgematic parameteiissensors on limbs were neglected for
simplification purposes in initial version of the system (more sensors can be added in future studies)

4. Predicted effect

The device in the form of a vest, will increase not only the range of moverhire user, but also
increase his sense of safety while performing everyday activities. Moreover, awareness of the
independence of the performed activities will also increase a persoresteelin, contributing to the
increase in the number of underalactivities. The use of the feedback aspect between the patient and
the device will make it possible to help him to trust the therapy he is undergoing to a greater extent,
which will significantly increase the likelihood of the rehabilitation processgoeffective.

Acknowledgments:This research was funded by the National Center for Research and Development,
as a part of the governmental 'Accessibility Plus' program competition entitled "Things are for people'.
Project: 'Mechatronic device to assist rimaintaining balance during locomotion with function of

recording gait kinematic parameters', contract

References
[1] EBLING D. Balance Disorders in Older Adult€lin Geriatr Med, 2018, 34(2), 17831

[2] Cuevas-TRISANR.Balance Problemand Fall Risks in the Elderlighys Med Rehabil Clin N Ap2017, 28(4),
727737

115



Analysis of tribological properties of prosthetic materials under
different conditions of use

A. PTAK", A. TOMCZAK

Department of Fundamentals of Machine Design and Mechatronic Sy§eoudty of MechanicdEngineering
Wroclaw University of Science and Technolpgy Wr oc gaw, Pol and

Keywords:prosthetic materials, tribology, wear, coefficient of friction

1. Introduction

Oraldiseases are common for many people worldwide, causing pain and discomfort. It is estimated
that about 3.5 billion people suffer from it. According to a 2022 WHO report, the estimated global
average incidence of total tooth loss is almost 7% among pagete20 years and over, accounting
for approximately 350 million cases. For people aged 60 and older, the prevalence is already 23%.
According to research conducted in 2018, 43.9% of toothless people agédréBoland. Knowledge
of the properties of déal materials is of great importance in dental prosthetics. For this reason,
selecting appropriate dental materials is crucial to obtain durable, aesthetic and functional prosthetic
solutions. Therefore, the primary purpose of this work was to detern@nglihlogical characteristics
of materials used in dental prosthetics, which will be the basis for their qualitative analysis.

2. Tribological investigations

2.1. Methodology

Three materials used for prosthetic components were selected for this Atadgium oxide,
PMMA and composite material. Tribological tests were carried out using reciprocating motion, where
the cooperating element was a stainless steel ball. The tests were carried out for three loads in different
friction conditions. To simulatdifferent working environments, the tests were carried out in conditions
of technically dry friction, in the presence of artificial saliva, and with the addition of nuts and carrots.

2.2. Results

Tribological tests allowed us to obtain primary datebling the description of the tribological
properties of the tested materials. In the experiment, static and kinetic frictiditieatf were
determined (Figl), and the wear wagualitatively described (Fi@).

L
N
| | ..l.’“
Nuts Carrots

chnically dry friction  Artificial saliva

30N

@ . ®) ..
1“ 1 4 '
; : ' I I ”
| Il afli

Technically dry friction  Artificial saliva Nuts

Fig. 1. Examples of graphs of the average values of the coefficient of friction
(a) static and (b) kinetic for a sliding pair with PMMA
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Fig. 2. Examples of PMMA friction surfaces after the experiment (a) in conditions of technically dry friction
(b) with artificial saliva (c) with nuts

3. Summary

The research conducted in this paper shows the effect of food intake and the presence of lubricant
on frictional resistance and wear of prosthetic materials. The highest wear resistance characterizes
zirconium oxide. However, attention should also be paid to the high friction coefficients achieved by
this material. In the conditions of technically dry friction, much greater surface wear of all tested
materials was observed than during the use of labticin the form of artificial saliva or food. This
confirms the important role of saliva and oral lubrication.
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1. Introduction

Data analyses have shown that 1.2 million people die and 50 million are injured every year as
aresult of traffic accidents [1]. Developments in technology and engineering are contributing to ever
more effective safety systems. In pasger cars, airbags are one such system. While prosthetics and
engineering may seem like two separate disciplines, by interweaving the two it is possible to conduct
advanced strength and optimisation studies of imglastie associations in a varietyuse and loading
situations including airbag deploymen{,[3]. In this paper, the #uors show how different types
of implants and their placement affect the jaw after loading it with an impulse impact induced by an
airbag explosion.

2. Materials and Methods

2.1. Research material

Four types of screw implants made of Ti6AI4V titanium alloy, complying with ENB68nd
ISO 116072 by SterileRight, were used in the study. Fig 1 shows the selected three conical screw
implants and one cylindrical screw implaiihe implants were inserted into jaw models made by the
manufacturer Promedicus, which are made from materials with parameters identical to those of human
bone. Table 1 shows the properties of the four samples prepared. The implant for sample S1 was placed
in the location of the canine, and for the other specimens symmetrically in the jaw model.

iy

Fig. 1.Implants used in the study
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Table 1. Summary of tested samples.

Sample no. S1 S2 S3 S4
Number of implants 1 6 6 6

Shape conical conical conical cylindrical
Implant diameter M4 M3.5 M3 M4
Implant length [mm] 20 10 12 8

Jaw model 10-1020 10-1040 10-1040 10-1040

2.2. Experimental studies and numerical analysis

Four airbag bursts were initiated, one for each sample. Using-ségit camera, tipgocess was
recorded at 0.02 ms, according to cushion inflation time standards. Strength calculations of the screw
bone contact were carried out in ABAQUS. The JohfSoak (3C) constitutive model for elastic
plastic materials of titanium alloy includirthe plastic part was used. Tetra elements were used for
discretisation and the system itself was modeled as symmetrical with respect to the sagittal plane of the
human figure. Example results are presented in Fig. 2.

o

Fig. 2. Results for sample S2: @jbag detonation, (b) numerical modetioé screwbone of the mandible

3. Results and Dscussion

The impulse impact of the airbag on samples S3 and S4 causethitttod at the insertion point
of one of the six implant screws. By using a hggreed camey; it was possible to record the moment
of fracture of the mandible after the airbag impact. Implant insertion into bone has a debilitating effect
on its dynamic strength. The thread shapes and geometric dimensions of the implants (length, diameter)
influence the stress concentration at the mandikioiatant interface. Implants that form a larger active
surface area with the bone are less likely to fracture. Numerical analysis of the impact event caused by
the airbag impact confirms the results obtaingakenentally.
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1. Introduction

Numerical methods are a very important and useful tool in search of approximate solutions and
often complicated observations and complex cases. This is particularly important from the point of view
of biomedical engineering, where research can be cartiedroliving beings, where experimental
analyses carry the risk of mutilation test subject or its death, so minimization is mandatory the
possibility of unwanted effects (e.g. resulting from failure of the tested structure). The aim of this paper
is to cary out a numerical analysis of the penetration of the soft tissues of the human body as a result
of penetration with a pistol bullet. For this purpose, a literature analysis was carried out on the
mechanismsf this type of injury depending on the typepobjectile, initial velocity, and thus energy,
as well as the shape of the projectil§[[],[3]. It should be emphasized that the analytical solutions
describing the penetration of soft tissues are in fact the resulting form. It is difficult or phactical
impossible to present the physical phenomena occurring during soft tissue cavitation as a result of the
impact of the impulse wave generated in forefront of the bullet head when the bullet penetrates into
individual layers of the human tissue syst&americal analysis using the FE method are helpful here.

A geometric model oftte 919 mm FMJ Parabellum projectile was performed for this purpose and

then imported into the Abaqus/Explicit dynamic simulation software. The metallic components of the

projectie are described by the JohnsBook constitutive equation J45]. The behavior of the tissues

was described using the Ogden hyperelastic constitutive model [6] and compared with modelling soft

tissues as an elastoplastic material with EOS hydrodynaifiic€$nversion of SPH particles at the

I i mit strain Ugr was adopted as the failure model
analysis of tissue penetration obtained as a result of numerical simulations with real gunshot wounds
resulting froma pistol ammunition shot, as well as checking the adequacy of mathematical relationships

(1,2) in estimating the scale of injuries in the literature on the subject.

2. Approach to the analysis issues

2.1. Phenomena occurring during tissue penetration witlpeojectile

Gunshot wounds caused by bullets have long been the subject of medical research. As a result of
research on the mechanism of this type of injury, two main hypotheses have been put forward:

0 the first involves the mechanism of gunshot damagegéheration of transverse and longitudinal
vibrations in the hollow tissue, transferring energy in the directions of the projectile's motion and
perpendicular to it,

0 the next one concerns the side impact, which is experienced by particles located imityeofic
the projectile's path, which causes their perpendicular displacement and pulsations -ciilezlso

temporary gunshot cavity (Fid).
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Fig.1. Wound profile a gunshot in a gelatin block of a-deformable pistol bulletith a characteristic tumblirig]

2.2. Gunshot wound analysis

It is possible to mathematically estimate the size of the gunshot wound and the time taken to reach
the maximum diameter of the temporary gunshot cavity [1]. The maximum radius of the guavityot
after the first expansion is determined with a good approximation by equation (1), if the initial collision
velocity is greater than 100 m/s.

2, "

Where:r11 wound maximum radiug,i density of tissuego - initial pressureyoi initial collision
velocity, roi projectile caliber.

The time after which the greatest expansion of the gunshot wound occurs is described by the
following relationship (2).

@

Where:t: - the time after wich the maximum expansion of the wound occurs.
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1. Introduction

The osteoarthritis (OA) is joint degeneration disease affecting bones and articular cartilage. The
OA cause immobility in joints, which leads to limited joint motion. Moreover, it can cause pain
correlated with moti on of e pnoestimated 83%tobpeoplnaverthe c o mmo n
age of 65 suffer from this disease. OA is often not detected until serious symptoms occur, and when
treatment is difficult or even impossible. However, the disease can develop regardless of age. The main
nonagerelaied causes are obesity, trauma, or cyclic overloading. The rate of developing of OA is still
not well known and thatés why it should be studied
Development of OA depends on angiogenesis in knee joint arel gromth into cartilage. The
bone growing into articular cartilage applies pressure and load and leads to microcracks and destruction
of cartilage. In response to this articular cartilage sends intercellular signals in the form of vascular
endothelial growh factor (VEGF) which stimulates new vessels to grow in direction of signal.
Expression of VEGF begin angiogenesis in articular cartilage, the healthy tissue of which is avascular.
New blood vessels deliver more nutrients to affected area which intbasié/grow. All these stages
loop and drive each other as shown in [1].

2. Methods

2.1. Geometrical model

In these studies, we decided to build 3D model of bones and articular cartilage out of computer
tomography images. The subject was a healthy person wagnased OA. Using 3D Slicer, we
extracted from CT images trabecular and cortical bone tissues of femur and tibia, and articular cartilage
between these two bones (Fig.1). For simulations we cropped the model only to the close surrounding
of the joint. Ths simplification allowed us to save time needed for simulation and calculations. Model
was then uploaded to Space Claim in Ansys and converted into bodies which were next meshed in
Mechanical Ansys module.

2.2. Computational environment

The boundarconditions were set as fixed support at tibia, and we fixed femur displacement in
transverse plane, to imitate support in knee joint and the loading has been applied to femur (Fig.1.) in
order to simulate physiological loads during standing, force wasxsipmation of 107% body weight
of average human, 675N [2], and overloads. The simulations were carried out in Ansys using Finite
Element Method (FEM) in subsystem called Static Structural. Simulations allowed us to designate
stress and strain distributioorass the cartilage and subchondral bone, which then was applied to OA
model. The material properties were set as in Table 1.
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Table 2- Material properties

Material Youngds N Poisson Ratio
Cortical bone ‘ 17000MPa 0.3
Trabecular bone ‘ 500MPa 025
Articular cartilage ‘ 10MPa 046

2.3. OA model

To simulate development of OA we chose model proposed in [1], which is based on von Mises
stress (so called effective stress) and elastic strain energy distribution in subchondral bone. The model
was chosetbecause not only because it includes development of bone into articular cartilage but also
it takes into consideration angiogenesis, delivery of nutrients and microcrack occurring during bone
ingrown. We adopted this model to a 3D case.

Fig. 1a). 3Dmodel of knee with boundary conditigry Von Mises stress distribution in sagittal plane through
medial condylgec) stress distribution in frontalane

3. Results and Dscussion

The stress distributions shquessibleregions of OA occurrence, i.e., areas of higher stress values
for a 3dimensional case, not only for one specific plane in 2 dimensions. The results indicate that
physiological loads should not induce OA in healthy knee in a person with average body uveéss
other factors occur, such as older age, trauma, or injury in knee. Stress in bone causes bone remodeling
phenomenon to occurs at the first place, and nexbgagesis might be triggered [3].
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1. Introduction

Photodynamic therapy is a minimally invasive form of effective treatment for cancerous and skin
lesions and also finds its application in antibacterial therapj2]1In addition to the appropriate
irradiationparameters or the presence of oxygen in the treated tissue, the key aspect is the amount of
photosensitizer absorbed by the exposed lesion. One method of delivering therapeutic substances is the
use of mucoadhesive hydrogel matrices, which are desigredtoe a sufficiently long residence time
of the active substance in the tissue or protect it from factors that can lead to degradation [3]. In addition,
such matrices may reduce pain symptoms by providing a moist environment that promotes wound
healing @ the release of additional analgesic substances.

2. Materials and Methods

The study aimed to adapt a 9% sodium algii@ged hydrogel using a different polymer to achieve
appropriate adhesive properties and simultaneously improve methylene blue's contlebee,
exhibiting photosensitizing properties [4]. The hydrogel would find application as a system for
delivering a photosensitizing substance to lesions formed in the oral mucosa as a result of
chemotherapeutic treatments. Chitosan in various contienga(1% and 3%) was proposed as
amaterial additive. Different ways of crosslinking the hydrogel were investigated to determine their
effect on the mechanical properties of the matrix. Two different concentrations of calcium chloride
solution, 0.1M and M were utilized in the experiment. The hydrogel fabrication scheme is shown in
Fig. 1.

. ] . sodium alginate 9% sodium alginate 9%
sodium alginate 9% chitosan 1% ——
+ + +
1% MB 1% MB 1% MB

Fig. 1Sample preparation scheme

The tests carried out airevitro using animal tissues (pig cheeks). In order to determine the strength
of adhesion between the material and the tissuepeeT test was performed (Fig. 2b). The residence
time of the hydrogel in the tissue was determined using the small cup slurfyige&a). For a more
complete mechanical description of the fabricated structures, a uniaxial tensile test was also carried out,
using which the material's Young's chdus (Table 1, Fig.)land tensile strength of the material was
determined. The kinetiasf methylene blue release from individual matrices were also determined.
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Fig. 2Adhesion testing schemes a) small cup slurry testfmel test

Table 1. Young's Modulus of investigated hydrogels (N=5)

SA-CH1- SA-CH3-
SA SA-MB SA-CH1 SA-CH3 MB MB
Youngd| 1347.6N 1656.0N 945.6N 735.8N 544.2N 573.7N
Modulus [MPa]* 534,2b¢ 195, 1o 203.3 251.F¢ 57.7 214.99
a , b - gtaséstically significant differences fpr< 0.05. B
* Tukey test (result presented as mean N standard

3. Results and @nclusions

The study concluded that the addition of chitosan significantly improved the residence time of the

devi at

hydrogel matrices on the tissue. The residence time on the tissue lengthened with increasing the amount

of chitosan in the matriAt the sametime, additives improving the mucoadhesiveness of alginate are

necessary due to its poor adhesive properties.

The addition of methylene blue reduces both the mechanical strength of the material (by 46% in the
case of pure alginate samples), lowers Young'sutngd(by 43% in the case of alginate/chitosan
samples), and significantly reduces the residence time of the hydrogel dressing on the tissue.
Crosslinking parameters were also shown to affect the mechanical properties of hydrogel samples and

the degradatiotime of the structures. The kinetics of methylene blue release from alginate/chitosan

hydrogel matrices indicate that the addition of this material does not negatively affect the release of the
active substance.
In conclusion, the study indicates thatisma alginatebased hydrogel matrices can be used for the
release of methylene blue. At the same time, it is necessary to use additives to improve the
mucoadhesiveness of alginate due to its low adhesive properties. The proposed alginate/chitosan/

methylenéblue material will be tested for rheological properties and adapted for processing by additive
methods. Fabrication the matrices using additive manufacturing technology will allow their

personalization in terms of both geometry and concentration of tive aabstance.
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1. Introduction

Deformations in the trunk area in three planes: sagittal, frontal and transverse are characteristic for
incorrect posture and scoliosis also at the initial stage of development of these body posture deficiencies
[1]. Abnormdities in the trunk position correlate with the quality of keeping body balance in the vertical
bipedal position [2] and therefore on the functioning of postural control. The development of a habit of
asymmetrical posture control at an early age contriltotpostural abnormalities. Children undergoing
early sports specialization avéien exposed to this effedihe purpose of this study is to determine the
relationship between the occurrence of postural asymmetry and the symmetry/asymmetry of right and
left lower limb function during standing balance control in children and young adults.

2. Material and Methods

A total of 89 subjects were included in the study, including: 13 girls and 17 boys #ggears,
agroup of 12 artistic gymnasts: 10 girls anth@s aged 12 years, and a group of young adults
students of the University of Physical25¥dscation i
The children's parents gave their written consent to the resé&ach.subject first underwent a laser
scan of the body and then performed a body balance control test on force platforms. A system of four
SkanWorks by Human Solution 3D laser scanners was used to scan the body. The subjects were scanned
in a natural standing position in a darkened booth, beditg four tripods (3.5 m high, placed at the
four corners of the 2/2 m base) for the four scanners moving from top to bottom. The laser beams made
it possible to obtain a precise 3D image of the subject's body. The scanning time was approximately 12
secomls.

Fig. 1. Scan of the trunk from the dorsal side (left) and a photo of the same figure from above (right). Example
result of a trunk +o#4dAt)i.on of 7.4A to the r
The result of the body scan was the determination of the degree of trunkr¢t@ip which was
automatically marked with a minus sign on the right and a plus sign on the left (Fig. 1). Before the
body scan, was made the feet print to reproduce the same foot distance during the posture control test
on the force platforms. The subjestood on two AccuSway (AMTI) platforms placed skeside, left
foot on one, right foot on the other.
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Recording of center of pressure (COP) displacements from both synchronized platforms took 20 s,
sampling frequency 100 Hz. Stability indices werecatdted from the course of COP changes as a
function of time: medialateral (COPX) and anterigrosterior (COPY) COP amplitude, COP ellipse
area and velocity (V COP [cm/s]) separately for the left and right lower liRdrgk ANOVA Kruskai
Wallis test wasused to assess the significance of intergroup differences in TR angle. The intragroup
di fferences between the | eft and right COP indic
correlations between TR and the posture control indicators were deterrgiSpedrman's correlation
coefficient ().

3. Results

The TR angle in the students group was significantly lower than in the children and gymnasts
groups (Fig. 2). The latter two groups did not differ, but the range of resultsx{iaxjis significantly
greater in the children's group than in the gymnasts' group.

H (2, N=88)=39.79 p<0.001
15

1 = median

[25%75%
14 T min-max
2

LT

I

n [deg]

chidren students gimnasts

Fig. 2. Results of intergroup differegin trunk rotation angle (TR)

In the group of gymnasts, no TR to the right was recorded, in the group of children onlye?lshow
TR to the right, the majorityto the left. Students showed TR both to the right (n=33) and to the left
(n=14). There were no significant differences in COP indices between the left and right lower limbs in
all three groups (p>0.05). A significant iagroup correlation between TR and posture control indices
of left and right lower limb were found only in the student group (TR and COPY amplitude of left foot,
rs=-0.32) and in the gymnast group (TR and COPX amplitude of left foot(x59). In the group of
children, no such correlation was found.

4. Discussion and ®nclusions

TR results in the gymnasts show that specialized training in childhood "stabilizes" the asymmetry
in the alignment of the trunk in the right torsion positoi r om 4 t o 10A) . This may
training with many exercises performed on one side, due to the functional dominance of the right side
[3]. The above average inverse significant correlation of TR with COPX of the left lower limb in this
group conirms the relationship between asymmetry of support function and asymmetry of trunk
alignment. Similar correlation results were found in the student group, although these subjects showed
TR direction both to the right and to the left.

The results of this atly provide the basis for the claim that asymmetry of lower limb function in
posture control in natural posture may be a symptom of trunk rotation, and this means that studies of
postural asymmetry can be diagnosed by studying symmetry/asymmetry of jpostiod
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1. Introduction

Intrinsic strengthK) is one of many parameters used to describe masticatory muscle function. An
analysis of the available literature indicates few publications on the paranesdre concerning
masticatory muscles and physiological loads. One of the oldest papers reaitimignsic strength
values is that of Fick [1], in which the author repdets1 T NG In the 1940s and 1960s, papers
[2[3] were published in whi cotN/mtanntdr i OANTAWErOgiven,e ngt h v a
respectively. On the other hdnanalysingworks from the turn of the 20th and 21st centuries
[4].[5],[6].[7],[8], it can be concluded that the value of tkeparameter is in the range of
0. 333 .04 DN/m2.0A common feature of the abovementioned publications is using a single
intrinsic strength value for all masticatory muscles.

This study aimed to determine intrinsic strength values for the masseter, medial pterygoid, and
temporalis muscle during unilaterehewingof selected foods. Due to the complexity of chewing,
intrinsic stength values were determined for the first bite.

2. Methods

In order to determine the intrinsic strengk) ¢f the masseteM), medial pterygoid NIP) and
temporalis T) muscles, five foods) differing in structure (texture) and mode of manufac{unetural
and artificial) were selected, i.e. carro), @pple &), dark chocolated), chocolate bark) and sausage
(s), Based on publications]§10], intrinsic strengthk), is determined from knowledge of maximum
muscle force Kx) and physiological osssectional areaRCSA - equation 1. Calculations were
performed for the working/) and norworking (N) sides.

k= Fn/ PCSA (1)
3. Results

Equation (1) was used to calculate intrinsic strength, which was adjusted to the selected muscles
according to the selected foods for tin@rking (kwi) and norworking (ki) sides, respectivelyable 1.
The data given in the paper [11] were used to determine intrinsic strength &ciSAgalues on the
working and norworking sides were assumed to be the same [6].

4. Discussion

The results in Table 1 indicate that, durumglateral chewing, the intrinsic strength vallgeghould
be analysed in the context of the food, the muscle and the side of the mandible (the working and the
nonworking sides). An analysis of thveork [11],[12] indicates that food imposes individuattpans
of muscle activity that must adapt to different functional requirements depending on the input. [13].
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Table 1. Values of intrinsic strengtkyf, kyi) for selected musclethge masseteiM), medial pterygoidNIP) and
temporalis T) muscles)n relation to foodif) and to the side of the mandible, i.e. the working sitleand the
nontworking side N)

Muscle [ 'Taisr';] Chocolate @) Chocolate barh) Apple @ Carrots ¢)  Sausaged]

kwi[ T 4NIM?]

M 6.80 0.34 0.22 0.16 0.40 0.19

MP 4.37 0.47 0.31 0.23 0.56 0.26

T 8.23 0.06 0.05 0.03 0.06 0.03
kni [ T INDM?]

M 6.80 0.29 0.19 0.14 0.35 0.16

MP 4.37 0.41 0.26 0.20 0.48 0.22

T 8.23 0.05 0.03 0.02 0.06 0.02

In other words, food (texture, mechanical parameters) is an overriding parameter concerning muscle
strength, amongtherthings. The analysis of intrinsic strength values concerning muscles shows that
the highest values of the k parameter are obtainethéopterygoidmuscle and the lowest for the
temporalis muscle. In contrast, the values obtained for the masseter muscle are 28% lower than those
calculated for the medial pterygoid musclerespective of food and side.

Equation 1 indicates that attentishould also be paid to tHeCSAvalue to determine intrinsic
strength, as using differeRCSAvalues (fofFn=const) leads to differeftvalues for the same muscle.
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1. Introduction

Leg stiffness is a variable that has been mainly used donotion analyses. Stiffness is
aquantitative measure of the elastic properties that determine the ability to accumulate potential elastic
energy in a compliarttssues. For vertical jumps, the potential elastic energy accumulated during the
countermovement phase increases the energy supplied by active contraction of the muscles used in the
takeoff phase. Consequently, the potential elastic energy will impacguiing height [1]. The
occurrence of this phenomenon is considered to be one of the reasons for reaching mostly greater
heights during a vertical jump preceded by lower limb countermovement than during a vertical jump
from a specific static position, i.@ squat [2]. Despite the clarity of the above phenomenon, the practice
of sports training reveals some questions regarding the role of potential elastic energy as a key factor
responsible for determining performance. The reason for this obscurity is ckeoflaconcrete
recommendations that would allow for the improve speieehgth abilities of motion system. The
speculations concerning a desirable value of leg stiffness that is the most advantageous for the
accumulation of potential elastic energy and triagours reaching maximal sport performance have
already been addressed [1]. However, no studies have provided unequivocal evidence for the presence
of a desired value of leg stiffness.

A review of the literature on leg stiffness reveals a number of Usierpl issues. For example, the
studies failed to analyse the problem of leg stiffness during jumps to heights different than maximal
[1]. Therefore, the aim of this study is to identify the relationships between leg stiffness and
displacement of centre afiass during countermovement jumps (CMJs) to specific and various height
(from minimal to maximal). Leg stiffness is understood as a ratio of changes in ground reaction forces
to respective changes in "spring length" that represents both lower limbsviftha spring is
responsible for accumulation of potential elastic energy during countermovement phase of the jump

2. Material and Methods

The study was carried out on a group of 10 mal e
height: 1bsdyNmase7 m8.0 N 9.3 kg, training experi
performed 20 single vertical CMJs with arm swing to specific and various height. Measurements were
performed using Kistler force plate and BTS SMART motion analysis system.

Before measurements, the reflective markers were located at the height of the greater trochanters
of the femur (conventional upper end of the lower limb). It was adopted that the change in the height
of the greater trochanter represents a measure ofthache i n the "l ength" of virt
represents both lower limbs). The participants performed 20 CMJs to the specific and various height so
that every jump was to a different height (from minimal to maximal with random order). The participant
was only slightly guided, receiving feedback on the relative height of the jump without giving the exact
value of the height obtained. The main aim of the experiment was to make CMJs as natural and as
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undisturbed by the instructions as possible. Leg stiffmeas determined as a ratio of changes in ground
reaction forces (@F) to the respective change in
[3]. Computations were made separately for the countermovement arafftpkases. Displacement

of centre of mass during CMJ (jump height) was determined indirectly based on flight time method.
TherPear sonés correlation coefficient was used to e
CMJ height in each participant separately. Furthermoeearialysis of covariance ANCOVA was also

performed to assess the above relationship for the entire study group [4]. In all tests used, the level of
significance was set at U = 0.065.

3. Results

Negative, significant relationships between tl@MJs height andleg stiffness in the
countermovement (f -0s86 -0.47>) and takeff (r f -0<9Q -0.57>) phases were observed in each
study participants. The analysis of covariance with PERSON as a constant factor and HEIGHT as an
accompanying variable confirmed thessationships for the entire study group. The HEIGHT
guantitative predictor was significant, which indicated that leg stiffness in the countermovement
(F=131.7,p< 0.001,d%> = 0.41) and takeff (F = 116.2,p < 0.001,0? = 0.38) phases is related to the
height of the CMJs. Furthermore, the significance of the PERSON qualitative predictor indicated
different leg stiffness values of the study participants in the countermovefent@.4,p < 0.001,

d? = 0.44) and takeff (F = 5.3,p < 0.001,¢ = 0.2) phases

4. Discussion and ©nclusions

Vertical jump performed to a part of maximal height has a slightly different movement pattern
compared to a maximal jump. Changes are observed in the contributions of individual muscles and
joints [5]. Vertical jumps to the maximal height are characterized by greater ranges of motion in the
joints of the lower limbs to achieve higher value of kinetic energy in the countermovement phase.
Furthermore, lower amounts of energy are needed to perform vertical jumgpéeificsheight. To
reduce energy waste, countermovement and arm swing are performed to a lesser extent. When jumping
to a specific height, the benefits from accumulation of potential elastic energy are negligible.

In this study increases in CMJs heighbfr minimal to maximal) were accompanied by reduced
values of leg stiffness in the countermovement and¢éiqghases. These results suggest that relatively
low values of leg stiffness are beneficial to CMJ height. Therefore, smaller values of legsstiffuss
that changes in the "length of the spring" (representing the lower limbs) can be made using lower forces.
Consequently, the countermovement can be greater, which positively affects the value of the
accumulated potential elastic energy and jumpliieig
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1. Introduction

Body models in musculoskeletal analyses predominately use body mass distribution among
segments based on anatomy specific for young, healthy men [1] or based on regression equations and
anthropometric measurements [ 2YVoftenRliffar substantisllp body p
from that of the young me. Therefore the aim of this study was to assess the impact of the more
personalized body mass distribution among segments on the results of the simulations.

2. Methods

Four subjects participated in this study: one healthy young man, one +agitlewoman, one
young male adult with CP, and one young female teenager with extreme obesity. All subjects underwent
objective gait analysis (VICON MX system) with full body PilrgModel marker set and model. They
walked at their natural, sefielected speed. Kinematic data and ground reaction data (Kistler force
plates) were later used for simulations. At the time of the gait analysis, they also underwent detailed
body shape measements with the use of a structured liglatsed system [3]. From this data, segment
volumes were estimated and used to prepare a personalised body mass distribution.

The simulations were performed in OpenSim using the Hamneul4bddy with upper limb
model. The simulations were performed twice. First, the model was scaled (static trial data) while
preserving the mass distribution during scaling, according to the generic model. In the second, the
masses of the pelvis, torso, and upper and lower lindye adjusted (after scaling) according to the
data from body shape measurements. The data of one, the same in both cases, gait trial per subject was
used, with one left and one right step with ground reaction force data. In both cases, the following steps
were done in OpenSim: inverse kinematics, inverse dynamics, static optimization and calculation of
joint reaction forces. In the last step, both forces and moments were calculated, and from them, the hip,
knee and ankle forces and moments were analysed.

3. Results

No differences were found for the young man, in case of other subjects the biggest differences were
found for ankle joints. The examples showing the most pronounced differences are presented on the
graphs, presented on Fig.1.
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OB_ANKLE_TALUS_FZ CP_ANKLE_TALUS_FY

MAW_ANKLE_TALUS_FY

standard personalized
mass distribution
CP_ANKLE_TALUS_MY

standard personalized standard personalized
mass distribution mass distribution

MAW_ANKLE_TALUS_MZ OB_ANKLE_TIBIA_MX

— — standard personalized
standard personalized mass distribution
mass distribution

standard personalized
mass distribution

MAW — middle aged woman OB —young female with obesity CP — young man with cerebral palsy
F —force, M—moment @ left foot contact @ right foot contact

Fig. 1. Comparisonsf the simulation results for the ankle joint, for the three subjects for generic and personalized
mass distribution models.iHoint force, Mi joint moment. Xi sagittal axis, Y frontal axis, Zi transverse axis,
Sl units were applied: force in Newts, moment in Newtemeters.

4. Discussion

From our results it can be seen that the body mass distribution can influence the simulation outcome,
but the nature of the force and moments changes is preserved. No changes were found for the young
man, whose bodghape, proportions and mass distribution among segments matched the standard
model. Personalization of the body mass distribution can improve the accuracy of the musculoskeletal
modelling. The presented results were chosen as those which differ depenthiegype of the mass
distribution, other components were not sensitive to the mass distribution.

The main shortcomings of this study are: limited number of subjects, artefacts in the 3D scans,
inconsistencies in segment extraction between subjectstindjasly the mass distribution among
segments, calculation of the segment mass assuming homogeneous density, and limited optimization
of the model. In the next steps we plan to personalise the inertial properties and density of the body.
Another limitation of the study is the choice of the dynamic activity with low accelerations: gait. This
was caused by the fact that patient with cerebral palsy was not able to perform more dynamic activity.

Acknowledgments: This study was performed within INERTBODMsearch project financed by
CMHI.
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1. Introduction

The study concerns computational modelling of the human abdominal wall. Understanding the
behaviour of the abdominal wall is important in the ventral hernia medicalxtoktedels with good
predictive capacity can be usednrsilico testing of new implant design. However, it should be taken
into account that the natural variability of mechanical properties and geometry is relatively high in case
of biological tissues [[1 A detailed personalised geometrical model can be constructed based on CT or
MRI images to decrease the uncertainty related to the variability of the geometry. The aim of this paper
is to compare two personalised models in terms of the geometry modids nmaterial model
uncertainties.

2. Methods

2.1. Finite Element Models

Two Finite Elements (FE) solid models of the abdominal wall have been created. Mimics and 3
matic (Materialise) software have been used to segment images, reconstruct 3D geometry and generate
tetrahedral mesh models based on medical images. Fig. 1a simeedehconstructed based on MRI
images of a man and Fig 1b shows a model created based on CT images of a woman. The models are
composed of the main components of the abdominal wall: rectus abdominis, external oblique, internal
oblique and transverse abdmisi muscles as well dmea albatissue with aponeurosis. Marc (Msc.
Software/Hexagoni) FE software has been used to perform static analysis. Boundary conditions reflect
origin and insertion of the muscles (pelvis, ribs, xiphoid processes). Abdominat wabjected to
intraabdominal pressure. Linear elastic isotropic material model is assumed for all the tissues.

2.2. Uncertainty quantification and global sensitivity analysis

Regressiofbased polynomial chaos (PC) method is used to propagate urtgestaimd calculate
Sobol indices (measures of global sensitivity analysis) [2]. This method is based on constructing a meta
model, is norintrusive and allows to propagate uncertainties with relatively low computational cost.
The Youngds mo daelisuassunwedl to éeaa uniformuandom variable. There are 5
independent random variables. Based on the previous examples [3], Sobol sequence points are chosen
as regression points to construct the PC mudel. The displacement of the node in the middkhe
rectus muscle is assumed to be the quantity of interest.
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a)
Fig. 1. Models of the abdominal wall a) male model based on MRI images b) female model based on CT images
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3. Results

The ranking of the variables obtained for both models is very similar, but the values of the Sobol
indices are different (Fig 2). As expected, the Y
most important variable in both models. However, ireaafsthe model based on female CT images,
the value of total Sobol index is lower. In both cases, interactions between parameters play a crucial
role and total indices are much higher than first order Sobol indices.

4. Conclusions

In the studied example, titéfferences in geometry did not have a large impact on the distribution
of the investigated quantity of interest. However, the contribution of each variable to the total variance
has changed and consequently conclusions of importance of variables hayedcha the next step,
other quantities of interest will be considered.

Acknowledgments: This work was supported by the National Science Centre (Poland) [grant No.
UMO-2017/27/B/ST8/02518]. Calculations were carried out partially at the Academic Computer
Centre in Gdansk
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1. Introduction

One of the innovative solutions for treating scoliosis in children is stabilization systems that allow
spinal modelling without the need for revision surgery while allowing uninhibited growth. Designs of
such stabilizers use kinematic pairs, allowing the screw to slide along the rod. Unfortunately, friction
between the sliding elements of the stabilizer causes wear and tear, resulting in the deposition of
titanium alloy particles in the surrounding tissu#k[2]. Currently, solutions are being sought to
eliminate friction products through coatings. The study aimed to assess the mechanical properties and
evaluate the frictional wear of a sliding screvd connection used in spinal stabilization.

2. Material and Methods

The tests were carried out for two groups of single sliding kinematic so\wairs made of
Ti6AI4V titanium alloy and with diamontlke carbon (DLC) coating, in which the head of the
polyaxial bolt was aligned with the axis of the bolt ((he@@ g1 € of i nclination is 0A
research goal was realized by achieved conducting mechanical tests microscopic tests and topographic
studies of the mating surfaces of the elements of the stabilizer kinematic pair (Fig. 1) .

Mechanical test Microscopic tests Topographic studies
The simulation of cyclical loads acting on the elements _ Stereo microscope Optical profilometer Leica DCM8
of the kinematic pair was carried out Zeiss Stereo Discovery V20 (Leica Camera AG)

on a testing machine MTS 858 Mini Bionix®

Evaluation of the degree of frictional wear Analysis of the surface topography
on the surfaces of nuts and rods of stabilizer elements

R
ﬁ).réi .......

+ 100 000 load cycles ‘

« Frequency 2 Hz

- Range of displacement 3 mm
(axial loading)

Standard sliding screw nut  Sliding screw nut Contoured wear surface on the sliding screw nut
TIGAKV titanium alloy) with DLC coating

Fig. 1. The reseah methods used: mechanical tests, microscopic testspographic studies

Yo,

The cyclic loads acting on the components of the kinematic pair were simulated on an
MTS 858Mi n i Bioni xE testing machine. The tests were
afrequency of 2 Hz, so as to approximate as closely as possible the frequency of human walking.
A displacement range of 3 mm was assumed for axial loading.
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Mechanical tests made it possible to determine the average value of the friction force over
successive cycles. Analysis of the surface topography made it possible to decide on an isometric map
of the surface of the nuts (using an optical profilometer Leica DCM8, Leica Camera AG). The amount
of tribological wear was determined by measuring therdepthe cavity conducted along profiles at
different rubbing heights

3. Results and Dscussion

The average value of the friction force determined from the mechanical tests, together with the
standard deviation over successive load cycles, was presentgd @30 cycles. It was shown that,
for both test groups, the frictional force increases with successive cycles (Fig. 2). The friction force was
shown to increase (from ON to 14N) with successive cycles for standard implants. For implants with
DLC coating the friction force was smaller and practically constant (from ON to 4N).

As a result of the titanium rod's friction against the nuts' surface, there was surface wear in the
contact areas of these elements. It was observed that the amount of weaaren tbheated above the
nut hole (upper friction area) was noticeably less compared to the lower area (bottom friction area).

Standard sliding screw-rod connection Sliding screw-rod connection with DLC coating

14 14
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Fig. 2. Average value of the frictidorce over successive cycles: a) standard sliding sawdwonnection, b)
sliding screwrod connection with DLC coating
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1. Introduction

Basically, fascia can be defined as a widespread network of fibrous tissue infiltrating the entire
body. It surrounds, supports, suspends, protects, connects and divides muscular, skeletal and visceral
tissues of an organism. &lfiascia lata(FL) envelops deep structures of the thigh, constitute a very
important part of musculoskeletal system. That is way its dysfunction and inflammation maytkead to
widespread pain and substantial motion restriction. Histologically, FL consists maiffilyrais
structural proteins (collagens, elastin) and contains much less amounts of ground substance and cells.
[1].[2]. Collagen and elastin are known to be key elements for the biomechanical properties of the
fascial structures. Collagen fibres can bélgagsualize by means of light and confocal microscopy
(autofluorescence), but visualisation of elastic fibres, particularly accessing theiditnegesional
arrangement is much more demanding [3].

The aim of the study was to clarify the comprehensivehaeical properties and microscopic
structure ohumanfascia latafor a better understanding of its behavior.

2. Material and M ethods

The samples, of pathologically unchanged hufaania lata used in this study were collectedst
mortemfrom 36 adult malg in different age groups (I grotipage up to 21 years qltl groupiage
range 4651 years oldlll group i age over 60 years old). The material had not been frozen prior to
examination. Specimens were excised in two directions: longitudinal and tmnsvitre collagen
fibres alignment.

Uniaxial tensile tests were performed at room temperature at a constant crosshead speed
of5mm/ min using an MTSE Synergie 100 testing machi
15mm, the correct tensile test wgreeceded by 3 loadingnloading cycles. Additionally part of the
material were fixed in 10% buffered formalin, parafibrmb e dded, secti oned to 5 &m
with haematoxylin and eosin (H&E). The observations of the collagen fibres were carriesiray
alight microscope (Zeiss Axio Imager M1m). Use of confocal microscopy (Zeiss LSM 510 META)
combined with selective fluorochrome sulforhodamine (SRB) assay helped to visualize elastic elements
more efficiently [4]. The laser at 561 nm was usedxcite SRB and the corresponding signal from
elastic was collected within the range 578 nm.
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3. Results and Dscussion

The completed mechanical tests have shown, above all, the anisotropic properties of the examined
tissue. Nonlinear stresdrain curves @re obtained from each tested specimen. The conducted tests
determined the values of the particular mechanical parameters, e.g., stiffness coefficient (k), ultimate
tensile strength (GUTS), and Youngds modulus (E)

In case of the stiffnesefficient, the direction of excision of the samples was importamuab
higher values (even more than 10 times) were obtained for the longitudinal direction in all age groups.
Tensile strength values obtained for longitudinal samples were highdiothaansverse samples and
their average values were in the range-G26MPa. In case of Young's modulus, the obtained values
were even 10 times higher for longitudinal than transverse samplesgitage values of this parameter
ranged from about-83 MPa.

[]longitudinal [ transversal
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Fig. 1. A) MedianY o u n g 6 s miordspetimess of hEman FL tested longitudinally (grey) taasversally
(blue) to collagen bundles arrangement. B) Elastic fibres (arrow) within the human FL selectively stained with
SRB in confocamicroscopy (scale bar: 40 mm)

Confocal microscopy and sulforhnodamine B (SRB) assay enabled us to visualise collagen and
elastin elements more efficiently without a need for sample fixation (Fig. 1B). The collagen bundles
were much more numerous and theyewerganised regularly and tightly. Elastin fibres, comparing to
collagen fibres were less numerous and in general, they were organised parallel to the main directions
of collagen bundles arrangement. They exhibited different thickness and length.

Knowledge of the mechanical behaviour and microscopic characteristic of human FL is a key
feature in many clinical and tissue engineering applications as well as numeric fascial modelling.
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1. Introduction

Lunge in badminton is the most common movement during the game. Lunge is the last step of the
approach shuttlecocks in badminton, the exception being the shots in front of you from the back of the
court. It also consists for the first step of eturningy@denter of the court. The movement structure of
the lunge depends on the situation on court, but usually it is a long stride with bent lower limbs, with
the rear limb (in righhanders, the left) has mainly a stabilizing function, while the front oneli(fd)
fills movement function.

The aim of the study was to assess the selected lower limb muscles activity during three types of
badminton lunges (forward vs. sideways vs. backward).

It was assumed that changing the side of the court (forehand vs.ahdgkkhe type of lunge
(forward vs. sideways vs. backward) and the phase of movement (approach vs. return) would
differentiate the EMG activity of the examined muscles on the right angdefof the body [1]5].

2. Material and Methods

A 23-yearold manwith a body weight of 70 kg and a body height of 175 cm participated in the
study. The examined person had 12 years of competitive experience and was characterized by an
advanced level of technical skills.

The study used the method of surface electromyography (EMG) and goniometry (the
electrogoniometer was placed in the axis of the knee joint in order to differentiate muscle activity
depending on the phase of movemeapproach vs. return). A iéhannel eletromyographic device
(TeleMyo 2400T G2, Noraxon, Inc., Scottsdale, Arizona, USA) was used to acquire EMG signals. The
EMG signal was recorded and analyzed with the MyoResearch XP software (Master Edition 1.07.05,
Noraxon, USA). The sampling frequency bBtEMG signal was 3 kHz. The EMG activity of the
following muscles of the right (R) and left (L) lower limbs was measured: vastus lateralis (VL), vastus
medialis (VM), rectus femoris (RF), biceps femoris (BF) and gluteus maximus (GM) [6]. At the
beginningof the experiment, the EMG signal of the tested muscles was measured under maximal
voluntary contraction (MVC) conditions in standardized positions. The MVC measurement accounted
for 100% of muscle activity, enabled the normalization of the EMG signakirfutther stages of the
research and its statistical analysis carried out on percentage data. The main task of the tested person
was to perform three types of lunges (forward, sideways and backward) from the starting position (so
called neutral) to bothides of the court (forehand, backhand) and return as soon as possible. The
examined person was righanded, hence the muscles of the right lower limb had a motor function,
and the left oné a stabilizing function. The subject performed 8 repetitionsachdype of exercise
with a badminton racket. During the measurements, the subject simulated the shuttlecock shots.
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Statistical analysis was performed in Statistica v.13.3. (StatSoft, Inc., Tulsa, Oklahoma, USA). The
differentiation of variables was assed by multivariate analysis of variance. The significance level
was set ap < 0.05

3. Results

Based on the multivariate analysis, a significant effect of the side of the court, the direction of the
lunge and the phase of movement on the differentiatidovedr limb muscle activity was found. The
direction of the lunge differentiated the activity of the following muscles VM_L, RF_L and BF_P only
at the forehand, while VL_R, RF_R and GM_L at the backhand, GM_R activity was differentiated at
both sides of th court. The highest activity for these muscles was recorded in the back lunge, with the
exception of GM_R, whose activity was the highest during the forward lunge for the forehand and the
side lunge for the backhand. Muscle activity in VM_L, VL_L was kigtiuring the return than in the
backhand side lunge approach, while for BF_L and GM_L the activity was higher during the forward
lunge approach and the forehand lunge backward approach.

4. Conclusions

The relationship between the activity of the lower limbsoies during the player's movement in
badminton with the side of the court, the direction and the phase of the lunge may be important in
creating training plans to strengthen these muscle groups that play the greatest role during motor tasks
in badminton.They can also be useful in creating the concept of strength training that eliminates too
large differences in the level of activity of the muscles of the lower and right lower limbs [7], [8], [9].
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The study presents results of preliminary experimental and analytical studies aiming to establish an
optimal way to mount a prosthetic bridge on mandible implants.

Optimal mounting of prosthetibdridge will help to reduce a risk of previously observed
complications. Such complications may appear immediately after implantation and are typical for single
tooth implantation cases [2,3]. But there is another set of problems that can arise evaverfar s
months since mounting of prosthetic bridge. Previous observations show that fixed prosthetic bridges
mounted on implants get less stable over time. Distal implants during loading gradually widen the canal
in which they were implanted.

In this studythree ways of mounting a prosthetic bridge are shown:
- bridge mounted on 4 implants (front and middle)

- bridge mounted on 4 implants (front and back)
- bridge mounted on 6 implants (Fig. 1)

Fig.1.X-r ay of patientdés mandi ble several months after
implants, and conspicuous bdoss in area of distal implants

Fig. 2.A. Image of displacements obtathduring experimer(DIC) B. Image of displacements obtained using
analitical method FEM
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Measurements of displacements on the mandible surface and prosthetic bridge were done using
Digital Image Correlation (DIC) method. Fig. 2 A shows marked areas analysed durxgdhienent.
Same areas were evaluated using analytical métfdeV.
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0,015 BFEM
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displacement [m

Fig. 3. Comparison of total displacement values in analysed (Fig. 2) mandible (1,2,3) and bridge (4,5,6) areas in
case of 6 implant mounting method.

In this study polyurethanmandible models and actual prosthetic bridges and dedicated dental
implants were used. The study is advanced phase but many mouting combinations were not analyzed
yet. For the final conclusions we need to wait until the project is finished.
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1. Introduction

Craniofacial reconstruction requires proper attention to aesthetics and matching the patient's
anatomy. Autologoubone grafts and generic implants used in this type of surgery allow only partial
restoration of the patient's appearance, mainly focusing on restoring mechanical and protective
functions. While this physical features are of the highest importance, iiég@lkto also take into
consideration the patients mental wedling, that can be strongly influenced with afeconstruction
appearance. Especially when the reconstructed body part is exposed in everyday life and might be
surrendered to public reactiofSommercially available implants for craniofacial restoration come in
standard shapes that require manual adjustments and sculpting to achieve a perfect fit for each patient
[1]. Unfortunately, this process is tirm@nsuming and imprecise [2], moreovee thending and
adjusting of the implants during surgical procedures not only lead to fatigue and stress but also increase
the risk of implant failure in general. Regarding the bone grafts may not benatelhed to the
geometry of the face, leading to pdiehissues with facial symmetry and appearance. This lack of
precise fit could result in complications and suboptimal aesthetic outcomes for the patient. The patient
specific implants used in mandibular deformity surgeries allow for a significant reutioain,
improved speech, appearance, and-elhg of the patient. Facial symmetry and occlusion are also
restored, with correct movements in all planes [3]

The patient, for whom implant was designed was 32 years old male who suffered from mandible
injury caused by a gunshot in the chin area of craniofacial region. Immediately after the accident, the
patient was treated in clinic, and fragments of shattered mandible were removed from the surrounding
soft tissues. Bone loss was replaced by two plateshane were no drastic loss in soft tissues after the
medical procedure. Resulting bone loss is located in thEl3ea. As a result of surgery the whole
thickness of mandible was not restored, which qualified the patient for the secrrmarstruction

2. Materials and Methods
2.1. Material and Technology

The Ti6Al-4V ELI powder was used to manufacture implants. The chemical composition (in wt%)
of powder was determined by the spectroscopy method to be: 6% Al, 4% V, 0.25% Fe, and Ti as the
remainder is gr the ASTM F13613 Standard. Process parameters were selected for the production of
test samples and demonstrators in the form of personalizdchjaiant.

2.2. PSI Design method

Fig. 1 presents stages of designing revised PSI. In a) the state right after the first surgery is shown,
when bone loss is treated with two plates.
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In b) is the proposed geometry of an implant overlapping with the model of a mandible after plates
were removeds presented. In c), the implant is selected over the bone tissue to subtract one from
another, and finally, in d) is the model of an implant with trimmed bone tisshewn.

2,

b) 0 2
Fig.1. Flow chain of personalised jaw implant designing

2.3. NumericalAnalysis

Most of the loads in the mandible are related to the mastication process. Muscles in the craniofacial
area of human body allows to perform clamping of the teeth. Numerical analysis were performed to
determine behavi our abrhecharicetondiiop.| ant 6s model i n th

2.4. Post Processing

Use of additive manufacturing technology required the application of a multistagerposssing
treatment. The first stage involved machining, which could be limited to only the finishing process of
mountingsockets of the implant, thanks to the use of AM. In terms of manufacturing the implant, the
most crucial aspects was to make the mounting points between the implant and the patient’s bone tissue.
Since the implant is designed to function in the human lady long period of time, the dimensional
and geometrical accuracy of a apermanent fastening connection was an impoitzsuie.

3. Results

Presented process for designing and manufacturing PSI includes processing CT scans to acquire
volumetric models of bone tissue, which were used to propose geometry of the implant. FEA allowed
to determine if the implant would fulfil the mechanical critefea its proper behaviour after
implantation. The obtained results demonstrated that the geometry of an implant would not exceed
mechanical strength of the material, which can be understood as the correct design of the geometry.
Manufacturing the implantervealed technological aspects that also have to be considered throughout
the process, such as creating mounting points, proper orientation of the element in the working chamber
of PBREB/M and postprocessing. As shown, the process of designing an imiglantomplex issue,
with many variables, which may affect the patient’s final outcome, a crucial factor in medical
applications. Nevertheless, future investigating into implant design need to be complemented with the
influence of different manufacturing theds and mechanical tests, which will validate calculations
obtained from the FEA and will determine if the manufacturing process is repeatable and consistently
leads to a higlguality product.
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1. Introduction

A mandibular bone defect is the most oftaused by removal of a cancerous lesion. In order to
restore the anatomical structure of the mandible, such defects are reconstructed with use of implants.
The introduction of the implant into the native bone structure disrupts the biomechanical coodlitions
the mandibular bone functioning and thus triggers the bone remodelling process. At this point, the bone
tissue adapts to the new biomechanical conditions.

The aim of the present study was to analyse the bone remodelling occurring around the implant
used for mandibular bone defect reconstruction. Influence of the various loading conditions, resulting
from chewing variations, on the bone remodelling process will be analysed also.

2. Methods

2.1. Geometrical modeind Material properties

The geometricainodel of the mandible was developed on the base of image data acquired using
computed Xray tomography, processed with use of MIMICS software (Materialise, Belgium). The
entire bone volume was divided into two regions, basing on the occurrence of thaltmabecortical
ti ssue. Cortical |l ayer with thickness in the range
Bone defect was modelled by cutting bone fragment and an implant was introduced into this space. The
discretisation of the model waerformed in ANSYS software (Ansys Inc., Canonsburg, USA) using
Solid187 16node tetrahedral elements. The mesh was optimised globally and ldoathe region of
implantbone contact.

A simplified isotropic model was used, both for cortical and tralaechione, assuming the
following material parameters; for trabecular bone: E=1.37 GF&3; G=0.52 GPa and for cortical
bone: E=13.7 GPa=0.3; G=5.26 GPa. Two variants of implant material was analysed, takipignt
material properties correspondit@ytechnically pure titanium (E=103 GP=0.3; G=76.9 GPa) and
polyether ether ketone (PEEK) (E=20 GB=().3; G=1.38GPa). [2]

2.2 Loading conditions

The mandibular model was supported in a way simulating conditions occurring in the
temporomandibular jaits, leaving only the possibility of rotation around the joint axes and fixing the
other degrees of freedom. Forces developed by the particular muscles that are involved in the chewing
mechanism [3] were applied also. Moreover, contact conditions occureitvgeen the teeth of the
mandible and maxilla during chewing were also modelled taking into account 4 variants of masticatory
conditions: variant 1 represented the way in which the lower incisors symmetricafiyach with the
upper incisors (ig.1a); variant 2- represented the way in which the lower molars symmetricatiyact
with the upper molars {§.1b); variant 3 represented a way in which the lower molars on the implant
sidecontact with the upper molarsi¢Flc); variant 4 represented a wag which the lower molars on
the opposite side to the implasgntact with the upper molarsi¢grld).
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Fig. 1.Location of tooth contact during mastication: a) variant 1; b) variant 2; ¢) variant 3; d) variant 4
2.3 Remodelling of the bone tissue

Bone remodelling was simulated using the algorithm based on the procedure proposed by
Huiskesf 4] and further developed by Weinans [5]. The
response to a mechanical stimulus (S), which was expressed as thestatim@nergy to bone density.

The change in daity over time was described as (1).

dp
—=B(S—k),
dt (1)

where:} P Pe i bone densitySi mechanical stimuluki threshold value for the stimuluB,i constant.

3. Results andDiscussion

The main results of the simulatiomgere the patterns of bone density distributions including
changes resulting from functional adaptation. It is possible to observe, that:
9 the most intensive bone remodelling has occurred around the corners of the implant,
i metallic implant (pure titanium) pwided more intensive stimulation of bone remodelling
comparing to PEEK implant,
fin the case of masticatory conditions where the contact between the lower and upper molars is
asymmetrical, the distribution of bone density is also asymmetrical in regtird sagittal plane
with increased bone remodelling intensity to the side where the teeth meet.
Some weaknesses were noted in the simulation of bone remodelling using the Mieghass
procedure. Further development of the model, taking into accourtghtal aspects of the bone
remodelling process is necessary for further improvement of accuracy of bone adaptation prediction.
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1. Introduction

It is estimated that one person dies of a stroke every 6 seconds worldwide [1]. Therefore, stroke
prevention poses a significant scientific challenge, and understanding of precise stroke mechanisms is
being made possible through experimental research wmérical methods. The blood vessels in the
brain have considerably smaller dimensions compared to other arteries in our body, resulting in distinct
blood flow characteristics [2]. This paper explores the potential of employing the particle image
velocimety (PIV) technique to study flow in smaliameter vessels and its potential application in
investigating printed vessels within the circulatory system, which offer high transparency.

2. Conducting of experimental tests

2.1. PIV method description

The experninental flow study was conducted using the optical Particle Image Velocimetry (PIV)
measurement technique [3,4]. This technique involves the use ofpute laser source to create a
measurement plane. The laser beam is directed into the measurememt Hecdligh carefully
positioned mirrors and lenses. A CCD camera is positioned perpendicular to the measurement plane to
capture a series of double images, effectively freezing the exposure. On the basis of a sequence of
images taken at predetermined imtds, calculations are performed to determine the displacement of
particles within the flowing fluid. Smalliameter vessels and their potential application in investigating
printed vessels within the brain circulatory system, which offer high transparency

2.2. Experimental stand

A dedicated frame was used for measurements, simplifying precise positioning of the various
components of the kit and ensuring that perpendicular angles are maintained. The frame used in this
study is located at the WIM WAT faiy. In the center of the frame is a tank made using additive
manufacturing technology. Inside the tank, filled with water, a vessel was attached in which the flow
will be analyzed (Fig. 1). Special connectors were used at the ends of the measuring, setitbrit
is possible to connect the silicone tubes that supply the fluid.
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Fig. 1. View of the test stand and clage of the measuring sample

3. Results

As a result, velocity distributions were obtained in selected vessel geometries. The measurement
was analyzed for pulsatile flow. The pressure and flow rate curves for individual outlets were recorded.
A selected qualitative map of the velocity distribution from PIV measurements for the vessel at the
bifurcation location is presented below (Fig. 2hisTpresentation is part of ongoing research, and the
described aspects will be further discussed during the conference.

Fig. 2. Qualitative distribution of fluid flow velocity based on PIV measurement
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1. Introduction

The study aims to make a step towards mechanical identification of mechanically similar regions
of human anterior abdominal wall. Motivation of the conducted studies are recurrences of the ventral
hernia, which affect around 30% of operated patients [&fnid is a medical condition characterised
by a discontinuity of the abdominal wall (AW). It needs a common surgical reconstruction procedure
which usually is done with the use of an implant [1].

To improve weHbeing of patients and decrease the number of recurrences there is a need for an
implant which is mechanically compatible with the abdominal wall. To develop such an implant the
knowledge of mechanical properties of AW is an imperative. dtbey this knowledge, we collected
information of mechanical behaviour of human AW under changing pressure load and analysed it using
SelfOrganising Maps (SOM), an unsupervised machine learning model, which is able to cluster
experimental data based orithsimilarity. Hence, it can provide us with information about regions of
AW which may have similar mechanical performance under pressure load.

2. Material and M ethods
2.1. DIC

Experimental data were acquired during peritoneal dialysis (PD) of twelvetgatiin the use of
Digital Image Correlation (DIC) system. All participants submitted a consent to participate in the study
under a protocol approved by the local Ethics Committee (NKBBN 314/2018). PD is a medical
procedure in which a dialysis fluid is motluced into the abdominal cavity. This causes a growth of
intraperitoneal pressure and a deformation of AW. DIC is able to track and register movements of
special patterns printed on the surface of abdomen [2]. Measured data were used to calculat® 3D fiel
of displacements and strains, which later were applied as an input for SOM analysis. Half of the AW
surface is considered due to the experiment limitations, i.e., patients had a catheter and a part of the
abdominal wall covered by a bandage.

2.2. SOM

Sdf-Organising Maps is an unsupervised machine learning model, which is able to reduce
dimensionality of large multivariate datasets, thus making it possible to visualise and analyse [3]. In
this paper the feature of SOM that is utilised is clustering po@Gestering is done by algorithmic
calculation of data samples and grouping similar data in said clusters. In this study SOM Toolbox for
MATLAB was used [4]. Input for SOM analysis are principal stratnsalculated for the tested human
subject on the tsis of experimental data for all time steps of PD, which takes around 10minutes. This
way we can consider the changé/h time during loading, here 2048 time stefierefore, the input
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vector for SOM contain®: varying in time and in the space thie AW surface (2048 variables, 493
points on the AW surface).

3. Results

The results of SOM can be presented emétrix (unified distance matrix) map as clusters of data
as presented in Fig. Those clusters are groups of points of abdominal wall thatharacterised by
similar evolution of¥% in time. Then, the clusters can be reversely mapped onto the surface of the
abdomen of the patient (Fig. 1c) showing the resultant areas of similar mechanical behaviour under
pressure. The best clustering qualityswaund to come from two clusters. It was evaluated based on
silhouette value, which is a common index for visual evaluation of clustering [5]. Apart from that, it is
confirmed on the kimatrix and clusters map (Fig. 1a,b). Clusters borders divide diffgrenpings,
which can be visually identified by bright colours of distance nodes (Fig. 1a). In case of analysed
subject, the clusters divide the abdominal wall into three horizontal zones, where top and bottom belong
to the same cluster and the middle honitatlike stripe behaves differently.

a) C)

U-matrix 2 clusters

103 Linea alba

-

Fig. 1a) U-matrix, b) clusters colour majg) surface of the abdomen of examnpatient with mapped clusters

umbilicus

4. Conclusions

The study based on SOM allowed us to consider a large range of deformation states of the whole
abdominal wall surface during loading in one analysis. This type of analysis, gives us more information
than observation of a single mechanical quantity in glsitime moment. The analysis enables to
reduce dimensionality of description of fikld deformation in time. The obtained clusters indicate
two separate areas of the abdominal wall, which may differ from each other in terms of mechanical
properties angerformance. The presented methodology may help to adjust the design of implants used
in hernia repairs to the specific regions of the human abdominal wall.
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Abstract

A piezoelectric material is considered to be any material that changes its polarity when external
stresses are applied, and the application of an external electric field causes a change in its dimensions
[1]. This effect alsooccurs in tissues, including bone tissue through type | collagen [2, 3]. Its
physiological importance and potential applications in biomaterials and implant engineering [4] are the
motivation for the development of a device that allows easy and univeesalinement of the direct
piezo effect in tissues. This work presents further development of the device for quantitative
measurement of direct piezoelectric effect dedicated to tissues and biomaterials. It outlines the
theoretical basis of the piezoeleceftect in human body using bone tissue as an example, an improved
version of the measurement system, for which the device architecture and the test protocol were
modified. To verify the device's performance, two bovine tibia bones were obtained. Speoimens
both frozen and those from treated cortical bone were connected by electrodes to the device and
galvanically separated from the mechanical test system, after which they were subjected to a
compression test. Based on the data obtained during thettisgtessible to determine the piezoelectric
charge constants of the material.
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1. Introduction

The aim of this study was to analyse the stabilization performance of five most commquiaaini
fixation types. As a key performance indicators were used relative displacefrsrne fragments,
overall fixation stiffness, the elastic strain intensity within cortical bone, equivalent stress within
metallic plates and temporomandibular joints forces variation. Numerical simulations were conducted
for both, bearing and sharing tb&ransfer types.

2. Materials and Methods

2.1. Modeling approach

The mandible bone geometry was mapped from a CT scan efjea2dld male hospitalized at the
1st Department of Craniofacial Surgery, Infant Jesus Clinical Hospital in Warsaw. The fracture
ocaurred in the left mandible angle area. Based on the CT data, the tree dimensional solid model of
mandible bone has been restored, including the cortical and cancellous bone layers. Additionally, the
temporomandibular joint model has been created to afiseinghysiological movement of the bone
under applied loads. After the consultation with maxidicial surgeon, five connection models have
been selected, varying in the number and location of the plates. The plate and screw geometry has been
created basedn the catalogue of the manufacturer KLS Martin, with the assumption of a simplified
threaded connection.

2.2. Numerical model

The discrete models for every type of connection have been created with strong emphasis on the
contact modelling and mesh resolution of connecting devices, since this problem is notoriously
neglected in studies, but is crucial from the connection mechpmiicsof view.

Foll owing the Arbeitsgemeinschaft fg¢r Osteosynt h
sharing types of connections have been analysed, including the manual forming before the installation.
Orthotropy material properties has hegssigned to the cortical bone due to the significant stiffness
variation along the mandible, while the cortical bone is described by the-plastic isotropic material
curve [1]. For the metallic parts, also the elgststic material curves have lpeassigned due to the
nonlinearity phenomena. Considering the manual forming of plates, the prestress effects and residual
stresses have been included.
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