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Preface 

We warmly welcome you to the International Conference Biomechanics 2023, bi-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 Physical Education in Poznań. In 1987, the National 

Conference on Biomechanics commenced under the leadership of Professor Włodzimierz Erdman from 

the Academy of Physical Education in Gdańsk, shaping the landscape of our field.  

This tradition has cultivated a network of universities engaged in comprehensive biomechanical 

research, resulting in interdisciplinary projects across Medicine, Engineering, Rehabilitation, and 

Sports. The evolution of Biomechanics, coupled with technological advancements, has contributed to 

related sciences like sports biomechanics, clinical biomechanics, biocybernetics, and biomaterials. 

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 cutting-edge technologies and innovative solutions, with a primary focus on the human 

condition. 

This year, the conference will be hosted in Wroclaw University of Science and Tochnology – 

Wrocław is a city renowned for its centuries-old history of cultural amalgamation, characterized by an 

atmosphere of openness and hospitality.  

Wrocław's vitality is further enriched by its vibrant student population. Founded in 1945, Wroclaw 

University of Science and Technology plays a pivotal role in the city's academic landscape. We are 

pleased to announce 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 the International Biomechanics Conference 2023, we present a book of 

abstracts as a supplement to Acta of Biomechanics and Bioengineering, a journal published by the 

Wrocław University of Science and Technology Publishing House since 1999 

(https://actabio.pwr.edu.pl, an official journal of Polish Society 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 discussions during the 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 in Wrocław will enrich your professional network 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 

Małgorzata Syczewska 
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Comprehensive evaluation of urological Double-J stent encrustation: 

patient age, stent material, and implantation duration  

K. ARKUSZ1*, K. PASIK1, A. HALIŃSKI2 

1Department of Biomedical Engineering, Faculty of Mechanical Engineering, University of Zielona Góra,  

Zielona Góra, Poland 
2Department of Clinical Genetics and Pathomorfology, University of Zielona Góra, Zielona Gora, Poland 

Key words: Double-J stent, encrustation, biofilm formation, mechanical 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 over the coming years [1]. Ureteral stenting is a standard 

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 of stents are two of the 

most common complications: stent-related 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 on 50,000 procedures of implantation of a ureteral stent [4]. Solving 

this problem first requires understanding the clinical significance of encrustation and bacterial 

colonization on ureteral stents - there is no consensus on which specific pathogens, if any, increase 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 double-J ureteral stents (DJ stents) were removed from renal 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 silicone-

modified styrene/ethylene/butylene block copolymer (copolymer DJ stents); the second was a classic 

polyurethane stent. Second, the influence of patient age (1.5 - 55 years) and implantation time (from 

7 to 124 days) on encrustation and biofilm formation was examined. Microscopic analysis was 

performed on the ureteral stents implanted after the URS-L. The microscopic observation was 

performed by the scanning electron field emission microscope JEOL JSM 7600F (SEM). 

Representative polyurethane and copolymer DJ stents before and after implantation for 31 days were 

characterized by Fourier transform infrared spectroscopy (FTIR) (Thermo Scientific™ Nicolet™ iS50 

FTIR Spectrometer, Thermo Scientific™, USA). Data were collected in the absorption mode between 

4000 cm–1 and 400 cm–1 with a resolution of 4 cm–1. 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 for 1 second. Unpaired 

Student’s t-test was used to compare each DJ-stent group. A value of p<0.05 was considered 

statistically significant.  

                                                             
*Corresponding author: Katarzyna Arkusz,  e-mail: 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 calculi than silicone-based copolymers. Residues deposited on the surface of the DJ 

stent form a homogeneous multi-layer, mainly composed of weddellite and uric acid crystals. 

Encrustation of silicone DJ stents during 31 days reduces Young's modulus by 27-30%, which confirms 

the loss of DJ stent elasticity and increased probability of cracks or interruption. Moreover, crystalline 

and calculi deposition on DJ stent was observed even 7 days after implantation in children’s patients. 

Microscopic analysis indicated that the distal and proximal parts of the stent (the part located in the 

renal pelvis) are the most susceptible to post-URS-L fragments and urea salt deposition. DJ stent 

diameter (1.00, 1.33, 1.66 mm) impacts the encrustation phenomenon: the most extensive aggregation 

of crushed stones and crystals was observed for the DJ stents with a diameter 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 biofilm 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 were Escherichia coli (27.7%) and Proteus spp. (27.7%) 

followed by Klebsiella spp. (16.7%), Gram-positive bacteria (5.5%), and Pseudosomonas aeruginosa 

(5.5%). These bacteria accounted for 83.3% of the total flora tested. In other types of stone, Escherichia 

coli was the most frequent isolate (47.6%), followed by Gram-positive bacteria (14.0%) and Klebsiella 

spp. (7.8%). Proteus spp. and Pseudomonas aeruginosa accounted for only 4.6% and 2.3%, 

respectively. The uropathogens in the Gram-positive group were Enterococcus 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 the name ”Regional Initiative of Excellence” in 2019 

- 2022, project no. 003/RID/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 by gates. 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 describing alpine 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 models [2][3], aerodynamic 

models [4][5], trajectory optimization models [6][7]. 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 resistance, 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), route-related variables (terrain profile, 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 be developed. 

 

Fig. 1. Simulation application. and 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 sum of arcs with 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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section at the beginning of the section (at any point in the next stage); Forces taken into account: gravity, 

air resistance, friction and ski-ground resistance, centrifugal (in the next stage of elasticity, damping, 

etc.); The skier's model is a point (in the next 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 

environment. (Fig. 1) The preliminary results allow to calculate the travel time of the marked section 

with variable parameters such as arc length and radius, slope inclination, skier's weight, initial speed 

(Fig. 2). 

 
Fig. 2. Speed distribution on a turn with a radius of 14,5 m and a length of 16  m depending on the initial speed 

(skier's weight 80 kg) 

References  

[1] MAROŃSKI R.. Minimum-time running and swimming: an optimal control approach, J Biomech, 1996, 29, 

245–249 

[2] REID, R., GILGIEN, M., & HAUGEN, P. Aerodynamic drag is not the major determinant of performance during 

giant slalom skiing at the elite level. Scand J Med Sci Sports, 2010, 20(1), 34–42  

[3] MÜLLER E., SCHWAMEDER H., KORNEXL E., RASCHNER C. The effects of alpine skiing on leg-pulling force, 

balance and coordination. J Sports Sci, 2013, 31(8), 819–827  

[4] HOLMÉR I., GAVHED D., NIELSEN R. Aerodynamic testing of speed ski racing suits. Appl. Ergon, 2005, 36(2), 185–190 

[5] SUPEJ M., HOLMBERG H. C., ŠARABON N. Aerodynamic drag in alpine skiing: validation of CFD simulations 

with wind tunnel experiments. Comput Methods Biomech Biomed Eng, 2008, 11(6), 617–624 

[6] FEDEROLF P., ROOS M., LÜTHI A. The effect of skier speed on the kinematics of the ski–snow interaction. Sports 

Eng, 2012, 15(3), 129–137  

[7] SPÖRRI J., KRÖLL J., AMESBERGER G., BLAKE O. M., MÜLLER E. Perceived key injury risk factors in World Cup 

alpine ski racing–an explorative qualitative study with expert stakeholders. Br J Sports Med, 2012, 46(15), 

1059–1064  



 

16 

 

Velocity distribution in a pedestrian contraflow experiment  

B. BACIK1*, G. SOBOTA1, K.A. BACIK2, T. ROGERS2 

1Department of Human Motor Behavior, Institute of Sport Sciences,  

Academy of Physical Education in Katowice, Katowice, Poland 
2Centre for Networks and Collective Behaviour, Department of Life Sciences,  

Department of Mathematical Sciences, University of Bath, UK 

Key words: crowd motion, lane formation, walking speed 

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 design of buildings 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 zebra 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 relative velocities of pedestrians within one walking group. Specifically, we focus on the 

differences in behaviour between the `leading’ '(L), `middle’ (M), and `trailing’ (T) members of the 

group, as well as the differences in velocity between the exterior (EX) 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 collision-like dodging manoeuvres (V_collisions), 

and after passing all the members 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 

pedestrian trajectories 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 experiments were conducted in a relatively 

dilute, freely flowing regime, with average crowd densities at the order of 2 persons/m2. Detailed 

description of the data collection methodology can be found in Materials and Methods of Ref. [1]. 

We employ an automated interaction 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 each of these periods. As we are 

primarily interested in relative differences between members of the same walking group, we normalise 

the velocity for each trial. 

3. Results 

The first finding of our analysis is that in the side (exterior) lanes the values are much higher 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 the post-interaction velocities are uniform 

across the group, in the middle period the leaders (L) move significantly faster than the middle group 
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(M), which is in turn faster than the trailing group (T). This trend points to an interaction-induced 

rarefaction of a group. Towards, the end of the experiment, however, the elongation is compensated 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 

Post-perturbation falls are frequent in daily life, posing a significant issue for various age groups. 

Mechanical, neurological, or psychological constraints can hinder post-perturbation balance. The aim 

of this study was to analyse the impact of perturbations occurring during the pre-swing phase on gait 

kinetics in young and older people. 

2. Material and Methods 

Twenty-one young (a = 21.38 ± 1.32 y.o., m = 61.38 ± 6.48 kg, h = 165.9 ± 4.53 cm) and twenty-

one older (a = 67.75 ± 4.7 y.o., m = 73.36 ± 11.06 kg, h = 161.5 ± 5.18 cm) women participated in this 

study. Subjects walked on a dual split-belt instrumented treadmill (GRAIL, Motek Medical B.V., NL), 

which was synchronized with a motion capture system operating at 100 Hz. Lower limb kinematics and 

kinetics were recorded using the HBM model and 26 markers. Perturbations were applied at toe-off 

every 10 seconds on the left treadmill belt, generating left belt accelerations. While walking, five 

perturbations at the toe-off 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 ground 

reaction forces (GRF) classified three perturbation impact Strategies, analysed for dominance in both 

groups. Extreme values of kinetic parameters during perturbed and unperturbed gait were calculated 

for the left lower limb. Friedman Anova, with a Dunn-Bonferroni post-hoc test, determined inter-

Strategies differences within each age group. 

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 cycles, II – in 39.76%, 

and III – in 18.07%. In the elderly group, the distribution looks different: I – 28.79%, II – 45.45%, and 

III – 25.76% of gait cycles recorded for the left lower limb (Fig.1). 

 
Fig. 1. Three types of shapes of the vertical component of the ground reaction force in adaptation to perturbation 

under the left lower limb  
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3.2 Differences between Strategies within young and elderly groups  

For both young and elderly groups, there are no significant hip torque differences in maximum 

values. However, statistically significant differences exist in minimum hip torque values across all 

Strategies, with Strategy I displaying the greatest minimal extension. In the knee joint of young 

participants, Strategy I exhibited the highest mean maximum values, while Strategy III had the lowest. 

Significant differences were observed between Strategies I and II, as well as I and III. Among the 

elderly, no significant differences appeared in maximal knee torque values, and minimum knee torque 

values did not significantly vary between Strategies in either group. 

Regarding ankle torque, Strategy III yielded the highest maximum values in both groups, 

significantly surpassing Strategy I. In the young group, minimal values of ankle torque exhibited no 

statistically significant differences among Strategies. However, in the elderly group, Strategy I's values 

significantly exceeded those of Strategy III. 

 
Fig. 2. Torque curves for each Strategy's lower limb joints. Mean and standard deviation of max/min values for 

each group: n - unperturbed gait, y - young, o - elderly. Unperturbed gait values are shown in the first line 

4. Discussion 

Notably, both young and elderly individuals exhibit similar responses to the studied perturbations. 

However, Strategy III poses heightened risk for the elderly across all joints. This Strategy involves 

elevated hip flexor torques, both flexor and extensor engagement at the knee joint, and pronounced 

dorsiflexor activity at the ankle joint.  
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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 studies on the body 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 

search for relationships between visual impairment and selected features of body posture. 

2. Material and Method 

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 and 15 women), aged 24.9 ± 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. Those 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 were used for the 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 as well as 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 

determined by Spearman's rank correlation coefficients. The Man-Whitney U test was used to assess 

differences between active and close-workers. 

3. Results 

Among the analyzed indices of vision and body posture, a significant negative correlation was 

observed between 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 Spearman’s R p 

Angle of lordosis - Horizontal phoria -0.56 0.008 

Lateral deviation - the amount of astigmatism 0.64 0.002 

Taking into account the normal tilt of the trunk (±5mm), it was noticed that among people outside 

the norm, astigmatism in at least one eye is much more common (6 people compared to 1). Among 

people with normal trunk deflection, 5 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 occurrence of distant esophoria 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 (Fig1.). 

 

Fig. 1. Mean magnitudes of fusion rupture in the direction of BS measured near in persons divided according to 

the number of hours spent at the computer per day 

4. Discussion and Conclusion 

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 sample. Research should be continue on a more 

homogeneous one and larger group. 
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1. Introduction 

The reliability of bio-stabilization is influenced by a number of factors related to the type 

of dysfunction, the implantation technique, the implant, the anatomical conditions of the assisted area 

or the physiological conditions of the patient, among others. One of the aspects is the quality 

of the implant-bone 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 post-operative complications. One way to enhance 

stabilization is the use of intraosseous agents, which can affect bone fusion [1][2] or provide an 

additional bond to fix the implant in osteoporotic bone [3]-[5]. Due to the aging of the population and 

the increase in the average age of surgically treated patients, this problem is being highlighted more 

and more by the medical community.  

Determination of the distribution/dispersion of the reinforcing intraosseous agent, used with 

innovative ilio-sacral-autogenous-fusion (ISaF) stabilization procedure, in the treatment  

of the ilio-sacral joint with a multifunctional multi-threaded implant for reduced bone density 

to improve the effectiveness of bio-stabilization; a model. 

2. Materials and Methods 

Engineering software n-Topology 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 data [6]-[9]. 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 medium (Fig.1). In the final stage of the study, PMMA-type 

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 equipped with a pressure transducer and 

a force 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 cm H2O corresponding 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 transverse planes in relation to the anatomy and 

position of the implant. CT data was also used to control the porosity of the prepared models.  

                                                             
*Corresponding author: Lechosław F. Ciupik, e-mail: lfc@lfc.com.pl 



 

23 

 

 
Fig. 1. An example shot of model medium injection 

3. Results 

The conditions for delivering the medium to the bone strongly depend on its quality. Injection of 

3cm3 of cement in healthy bone model required 20-30% higher pressure/force. In osteoporotic bone, 

cement reinforces mainly the frontal part of the implant, and the distribution is more irregular oriented 

to fill the lower-density spaces. For higher-density bone, the distribution is evenly through the central 

channel and side channels. 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 directional outflow paths. 

4. Conclusions 

Through controlled cement distribution, the quality of the implant-bone interface can be influenced, 

increasing the biomechanical certainty of stabilization. Pre-operatively defined bone integrity, anatomy 

and density, as well as the design of transport channels and intra-operative 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 reduced bone quality/density. 
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1. Introduction 

Sound trasmission to the human ear by the bone conduction pathway causes vibration of the bone 

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, cerebrospinal 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 synchondroses between 

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 significant 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; therefore, the mass 

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 volume displacement of the fluid under the round window membrane 

for selected directions of the harmonic force and as a function of frequency. 

 

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 boundary, a cross-section through the cochlea 

2. Material and Methods 

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 Inc., Canonsburg, 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, connected 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 and 17 frequencies from the 

hearing range were considered (0.2, 0.3, 0.4, 0.5, 0.63, 0.8, 1.0, 1.25, 1.6, 2.0, 2.5, 3.15, 4.0, 5.0, 6.3, 8 

and 10 kHz).  Two support types on the temporal bone boundary (shaded area in Fig. 1) included: a) 

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

3. Results 

Discrepancies between the two types 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 primary direction (Fig. 1), were slight in the entire 

frequency range. 

 
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 force direction was perpendicular 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 supported by the National Centre for Research and 

Development: PBS3/B7/25/2015. 

References 

[1] DOBREV I., SIM J.H., PFIFFNER F., HUBER A.M., STENFELT S., RÖÖSLI C. Experimental investigation of promontory motion and 

intracranial pressure following bone conduction: Stimulation site and coupling type dependence. Hear Res, 2019; 378, 108-

125 

[2] DOBREV I., SIM J.H., STENFELT S., IHRLE S., GERIG R., PFIFFNER F., EIBER A., HUBER A.M., RÖÖSLI C. Sound wave propagation 

on the human skull surface with bone conduction stimulation. Hear Res, 2017, 355, 1-13 

[3] CHANG Y., STENFELT S. Characteristics of Bone-Conduction Devices Simulated in a Finite-Element Model of a Whole Human 

Head.  Trends Hear, 2019, 23, 1-20 

[4] STENFELT S., HAKANSSON B., TJELLSTRÖM A. Vibration characteristics of bone conducted sound in vitro. J Acoust Soc Am, 

2000, 107(1), 422-31 

[5] BORKOWSKI P, MAREK P, NIEMCZYK K, LACHOWSKA M, KWACZ M, WYSOCKI J. Bone conduction stimulation of the otic capsule: 

a finite element model of the temporal bone. Acta Bioeng Biomech 2019, 21(3),75-86  



 

26 

 

Gait stability evaluation after tripping simulated perturbation- 

assumptions of the project 

A. BRACHMAN*, B. BACIK, G. SOBOTA 

The Jerzy Kukuczka Academy of Physical Education in Katowice, Department of Biomechanics,  

Katowice, Poland 

Key words: tripping device, gait stability, treadmill, gait perturbation 

1. Introduction 

The literature indicates that locomotor adaptability in general, and anticipatory and reactive 

adaptation in particular, remain largely intact in the elderly [1]. Therefore, experiencing near-fall 

situations in a safe environment (known as perturbation training) can facilitate reactive balance control 

in everyday life situations [1], and thus increase fall prevention. Various methods have been used to 

generate perturbations in the laboratory, including a low-friction plate [2], sudden 

acceleration/deceleration of the treadmill belt [3],[4], stopping a rope attached to the ankle of the swing 

leg [5]. Although terrestrial systems can have a high ecological value (i.e. similarity to real-world 

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 

postural adjustments, which may interfere with the reassessment of "reactive balance" as well as reduce 

the effectiveness of training [2],[6]. The solution to this problem is the examination and training on the 

treadmill, which allows to study many gait cycles and the application of multiple 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 conditions (resistance applied to the 

area of the toes, reminiscent of contact with an obstacle). This need to be done in few steps: 1- creating 

device; 2 - applying measure which can evaluate gait stability a) obtaining baseline values b) values 

after perturbation; 3 - creating protocol 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 

treadmill. It consists of a braking element (electromagnetic brake), it’s task is to block the movement 

of a rigid tie-rod attached to a handle which transfers resistance to the forefoot. The handle attached to 

the foot is connected to the tie-rod in a movable manner and allows free plantar and dorsal flexion of 

the foot as well as external 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 tactile sensor, patent 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 program also 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 (Süptitz 2013). Kinematic data during walking was recorded with a 3D motion capture 

system (Innovision Motion Systems, Columbiaville, USA) using six cameras (f=120 Hz). 

 𝑋𝐶𝑜𝑀 = 𝑃𝑇𝑟𝑜 + 
1

2 ⁄ (𝑉𝑇𝑟𝑜+ 𝑉𝐶7)+ 𝑉𝐵𝑆

√
𝑔

𝐿

   (1) 

𝑃𝑇𝑟𝑜 is the projection of the trochanter marker to the ground, 𝑉𝑇𝑟𝑜 is the ap velocity of the trochanter 

marker, 𝑉𝐶7 is the ap velocity of the C7 marker, 𝑉𝐵𝑆 is the ap velocity of the marker of the leading foot 

during stance phase, L is the distance between the trochanter and the ankle joint center in the sagittal 

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

Table 1. 

Table 1. Results for the Margin of Stability for the four steps during unperturbed gait 
𝑃𝑇𝑟𝑜 (m) 𝑉𝑇𝑟𝑜 (m/s) 𝑉𝐶7(m/s) 𝑉𝐵𝑆 (m/s) XCoM (m) toe projection (m) MoS (m) 

0.177 0.006 0.078 0.417 0.2520 0.34 0.088 

0.176 0.06 -0.042 0.417 0.2411 0.337 0.096 

0.168 0.042 0.024 0.417 0.2403 0.332 0.092 

0.17 0.048 0.006 0.417 0.2405 0.324 0.084 

Results of the MoS during unperturbed gait are similar for these reported in previous research [7]. 

Next step will be to verify whether Innovision system will be capable to register all kinematic data after 

perturbation and then to adopt various selection of perturbation parameters (duration and time of 

occurrence during the swing phase). 

   
Fig.1. The braking module (right) and the foot handle (left) 
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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 excellent cost-effective 

and ethical approach compared to experimental tests. However, these models are usually of male or 

unspecified-sex 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 a better understanding of sex-specific 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 

process, using novel experimental data of brain displacements conducted on human cadavers [2]. The 

model created, based on the medical images of a 65-year-old female patient, is the first of a set of three, 

representing three different age spans (young adult, middle-aged 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 an age-specific 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 was selected 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 

computational model 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 also performed 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 Model (FeFEHM). The CSF is not visible to display the main brain 

components and overall detail of the model 

3. Results 

After performing the numerical simulation with the boundary conditions for validation, the 

numerical displacement curves were in good accordance 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. 

 
Fig. 2. Example of curve similarity in the validation experiment 

4. Discussion 

The successful validation of the model using one of the few material characterizations suitable 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 conditions will allow to establish age-dependent 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 the FeFEHM 

for future studies of sex-specific 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 

preparation (APA) and early postural preparation (EPA) [1], [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 measurements, we can distinguish two types of 

stimuli: internally initiated movements and external stimuli destabilizing posture [1], [3]. 

The aim of the research is to determine whether the appearance of an increase in muscle tone in 

response to information about the upcoming postural destabilization caused by an external stimulus 

brings a beneficial result in preventing this destabilization.  

2. Materials and Methods 

A group of 38 people (27 women and 11 men) with an average age of 23 ± 2.6 years and a weight 

of 70 ± 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 first part - rest (ERx), 

the subject was asked to sit down on a chair, place his feet flat on the floor, and relax 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 the perturbation (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 sensors and force 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. Then, the 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 backward 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 muscle tone. 

Graphs of muscle activity has been divided into three periods: period P0 - muscle activity during 

free standing (1100 ms to 900 ms before perturbation), period P1 - increase in muscle activity as a result 
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of EPA (600 ms to 400 ms before perturbation), period 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 center of pressure (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 

occurred, but no later than two seconds after the disturbance. Statistical analysis was performed for the 

calculated values -  Friedman test followed by pairwise Wilcoxon post-hoc test with Holm correction. 

4. Results 

Examples of activity results of selected muscles for the forward movement of the treadmill and 

related to the occurrence of APA are shown in Fig. 1. 

 

Fig. 1. EMGAPA for selected muscles RF (rectus femoris), TA (tibialis anterior), GL (gastrocnemius lateralis) and 

GM (gastrocnemius medialis) for subsequent Tr1, Tr2 and Tr3 tests. Statistically significant values are marked 

Table 1 presents the results of the correlation between 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 of the correlations. Only statistically significant values are included in the table 

APA – V TA L TA R GL L GL R GM L GM R 

Shift forward 0.72 0.70     

Shift backward   0.54 0.56   

APA – COP displacement TA L TA R GL L GL R GM L GM R 

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 was shown 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 between bone strength and its stiffness. To numerically 

determine the stiffness of such structures a voxel approach is often used. For voxel models, the value 

of the calculated stiffness is significantly influenced by the definition and size of voxel [1]. In order to 

improve the accuracy of numerical calculations without increasing the scanning resolution, the used 

voxels are extended evenly [1] or unevenly [2] in the direction of scanning. The aim of the study was 

to assess the impact of geometric modelling on the accuracy of determining the stiffness of the 

trabecular structure. 

2. Material and Methods 

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 obtained after surgery hip arthroplasty [1]. From 

such obtained slices, for further testing, cylinders with a diameter of ø9.8 mm and a height of 7.7 mm 

were cut out. Cylindrical samples were scanned at base resolution 36μm on microtomograph µCT80. 

Verification of the proposed 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 [2]. It was assumed then that the 3D method was to reflect the 

changing of the resolution of the µCT scanning. The voxel increased homogeneously in all three 

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 approach called the FS method was formulated (Fig. 1). 

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. If both pixels represented the mineral fraction, a voxel was created whose base size was constant 

36 μm what resulted from the scanning resolution. Voxel length, treated as the characteristic size, 

changed from 72 to 288 µm in 36 µm increment, which allowed to skip several consecutive scans. 

Reference values were determined with application of models with cubic voxel 36 µm side. The 

presented work showed the influence of such approach on the apparent stiffness of the analyzed bone 

structures.  
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Fig. 1. Part of the model obtained by the FS method 

Numerical analyses were performed in ANSYS APDL. Isotropic material properties E=10 GPa and 

ν=0.3 were assumed for the analysis [2]. The boundary conditions reflected the compression of the 

cylindrical sample ε=0.8% in the axial direction. 

3. Results 

The results obtained for both considered methods were related to reference values obtained for 

36 μm voxels. The relative error of determining the volume is shown in Fig. 2a, and the relative error 

of determining Young apparent modules in Fig. 2b. 

         

Fig. 2. Comparison of relative error for 3D and FS methods: a) volume, b) apparent stiffness 

The assumed goal was achieved in the work, obtaining the median of apparent stiffness error 

determination for the FS method of 13.0%, 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 lower for the FS 

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. 

References  

[1] TOPOLIŃSKI T., ET AL., The relationship between trabecular bone structure modeling methods and the elastic 

modulus as calculated by FEM. ScientificWorldJournal, 2012, 827196 
[2] CICHAŃSKI A., NOWICKI K. Trabecular bone microstructural FEM analysis for out-of plane resolution change, 

in Biomechanics in Medicine and Biology. K. Arkusz, et al., Editors. 2019, Springer International Publishing 

Ag: Cham, 210-218 

0%

20%

40%

60%

80%

100%

Method 3D Method FS

1
-V

M
E

T
H

/V
R

E
F

a

0%

20%

40%

60%

80%

100%

Method 3D Method FS

1
-E

M
E

T
H

\E
R

E
F

b)



 

34 

 

Development of biocompatible hydrogel matrices for 3D cell cultures  

in lab-on-chip applications 

A. CIEŚLAK1*, M. ŁABOWSKA1, A. KRAKOS (PODWIN)2, J. KULBACKA3, J. DETYNA1 

1Department of Mechanics, Materials and Biomedical Engineering, Faculty of Mechanical Engineering,  

Wroclaw University of Science and Technology, Wrocław, Poland 
2Department of Microsystems, Faculty of Electronics, Photonics and Microsystems,  

Wroclaw University of Science and Technology, Wrocław, Poland 
3Department of Molecular and Cellular Biology, Faculty of Pharmacy,  

Wroclaw Medical University, Wrocław, Poland 

Keywords: hydrogel, lab-on-chip, LOC, cancer cell, natural polymer 

1. Introduction 

Due to the rapidly evolving epidemiological situation of cancers, the scientific community is 

focused on developing increasingly innovative cancer research methods. A combination 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 as a lab-on-chip (LOC) 

platform for biomedical applications. 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 biomedical engineering, 

mechanics, molecular and cellular biology, and microsystems. 

 

Fig. 1. Graphical abstract of the designed lab-on-chip (cross-section) 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), and gelatin (Warchem, Poland). The 

solvents were deionized water (DI) and saline solution (NaCl). As a result, six types of hydrogels and 

twelve lab-on-chip configurations were obtained, and subsequently evaluated. The prepared polymer 

solutions were applied to the substrates (biocompatible borosilicate glass or polymer material VisiJet 

M3 Crystal) using the molding method. Then the mentioned polymeric solutions were cross-linked with 

(0.1 M) calcium chloride solution for 18 minutes to obtain hydrogel matrices. The 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 liquid (saline solution) 

providing a temperature of 37°C, and 5% CO2 to mimic the in vitro environment. Subsequently, 

a compression 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 elasticity (range of 0.062 - 0.619 MPa) are quite similar to the modulus of elasticity of 

biological tissues, such as skin (0.060 - 0.850 MPa) [1], heart muscles (0.008 - 0.150 MPa) and skeletal 

muscles (0.005 - 0.170 MPa) [2]. Therefore, the possibility of using the prepared hydrogel matrices in 

biomedicine and cell engineering is justified.  

2.3. Biological validation – methods and results 

The in vitro model was created using H69AR lung cancer cells resistant to chemotherapeutics (e.g., 

doxorubicin). The culture was carried 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 in Presto Blue 

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 as the control 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 of Li Q. et al. [3], and Cavo M. et al. [4].  

3. Conclusion and future perspectives 

To conclude, hydrogel-based LOC platforms signify a groundbreaking approach with immense 

prospects for advancing bioengineering. The subsequent phase of the investigation will involve 

improving the LOC platform through additive manufacturing of microfluidic lab-on-chip devices 

equipped with microchannels i.a. specifically designed for the controlled flow of cell medium. In 

addition, research will focus on the advancement and implementation of on-chip 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 Warsaw [5], as well as 

by foreign scientists - Marzioch J. et al. [6]. Nevertheless, the subject matter in this area is developing 

rapidly, offering opportunities to optimize existing techniques or create new ones. 
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1. Introduction 

This abstract is sent for consideration in Morecki & Fidelus Award and encapsulates the main 

findings published in [1-4], 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 their real-life counterparts. This study summarizes the finding 

on the following three issues:  

• adjusting planar models of joints so that they mimic the behavior of three-dimensional joints [1],  

• analyzing uncertainty of biomechanical models [2], 

• including physical prestrain in the ligaments of the models [3],[4]. 

These problems can be partially solved by employing modern optimizational approaches, such 

evolutionary approaches and Monte Carlo sampling-based methods. The findings were based on the 

simulations performed using a planar model of an ankle joint, presented in [1], with six nonlinear cables 

representing the ligaments and two Hertzian contact pairs, sphere-to-sphere type. The model was 

studied in statics using equilibrium equations under external moment loads. 

2. Converting three-dimensional multibody models into planar models 

Due to their numerical simplicity, two-dimensional (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 three-dimensional (3D) counterparts 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 material parameters 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 from regular medical scans. The method offers a simple 

to transition complex 3D models to simple 2D ones. 

3. Analyzing uncertainty in biomechanical models 

As seen in [1] multibody models of the ankle can be very sensitive to parameter changes. 

Nevertheless, a simple sensitivity analysis, in which the parameters are changed in a one-by-one 

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 many methods to 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 the worst-case analysis [5]. The 

method is a numerical 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 worst-case is 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. It 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 drastically different angular displacement curves 

differing by nearly 10 deg, while the changes in the forces generated by the ligaments could be as high 

as 68%.  

4. Including physical prestrain in the ligaments of the models 

A typical body joint often functions in a state 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 shortening their 

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 shown in [3]. The other to compute the slack lengths is to assume a 

strain-free 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 difficult to measure, 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 parameters. Then, the slack lengths were also perturbed, creating a prestrained 

ankle-joint pseudo-model. Finally, the models were subjected to the two aforementioned prestrain 

approaches. Interestingly, in 19 out of 30 cases, the strain-free approach offered better 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 hold every model. 

5. Conclusion 

As aforementioned, the 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 planar ankle model 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, Interestingly, in case of the proposed planar model of the ankle, omitting prestrain 

provides better results than applying arbitrary prestrain of 2%. 
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1. Introduction 

There are two main 3D printing technologies used in the manufacture of titanium implants, offering 

great opportunities for building complex structures. The first is laser-based (SLM - Selective Laser 

Melting), while the second uses an electron beam to melt titanium powders (EBM - Electron Beam 

Melting). The EBM process does not require additional heat treatment and produces robust α+β 

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 tendency to hydrogen embrittlement, 

as is the case with 3D-SLM [2,6]. The geometry of the surface roughness has been shown to have 

a strong influence on osseointegration [7]. The above aspects have a direct bearing on the safety and 

functionality of the medical device and the therapeutic effects.  

2. Aim 

The objective of this study is to demonstrate the feasibility of 3D-EBM printing technology for 3D-

Ti-Truss titanium spinal implants with TrabeQcell®  (3D printed Ti6Al4V organic lattice) on the basis 

of 12 years of follow-up in cooperation between R&D Dept-LfC and hospitals. 

3. Materials and Methods 

The subject of this study was the pioneering CarRLIF®-patented spinal implant [8], made by 

incremental sintering of Ti6Al4V powder by 3D-EBM, as the most clinically tested representative of 

the 3D-Ti-Truss implant family (Fig.1). The therapeutic efficacy related to the geometry of the implant 

and the bio-mechanical principles of the surgical procedure were evaluated. Osseointegration and tissue 

safety of 3D structures directly after printing and after the manufacturer's technological processing were 

studied on the basis of alkaline phosphatase activity (ALP), surface energy (SEP-surface free energy) 

and contact angle. The results were compared to polymeric biomaterials. 

 
Fig. 1. 3D-EBM printing: A-Ti6Al4V powder with 45-106 μm grains (optical microscopy), B-porous titanium 

organic geometry (optical microscopy), C-pioneering in the world, 3D printed spinal implant, EBM (2011)  
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4. Results 

The implant structure obtained in the 3D-EBM process has low contact angle (50÷60 [deg] mean 

55.32 and SD 2.95 for unmodified surfaces and 20÷30 [deg] mean 24.82 and SD 2.86 after 

technological process), indicating favourable hydrophilicity. The surface energy SEP/L is in the range 

of 50÷70 [mJ/m2] mean 59.55 and SD 5.43 for all 3D-EBM surfaces tested. ALP activity for 3D-

modified surfaces is 0.020÷0.025 [nmol/min/mL] mean 0.013 and SD 0.002, for unmodified surfaces 

0.010÷0.015 [nmol/min/mL] mean 0.023 and SD 0.002 and is higher than for polymeric biomaterials. 

Long-standing clinical practice (2011÷2022) confirms the increased efficacy and safety of 3D-Ti-Truss 

implants made with 3D-EBM technology, which, in independent follow-up observations, fulfil 

therapeutic expectations (accelerated osseointegration, minimised possibility of migration and 

subsidence) [9]. 

5. Concusions 

3D-EBM-printed titanium alloy, when used in the 3D-Ti-Truss implant load-bearing lattice 

structure and with technological processing and obtaining so-called "volcanic surfaces", is a favourable 

biomaterial for implants. The roughness and the organic lattice (TrabeQcell®) favour osseointegration 

according to the "Ivy-like 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 3-4M [10]. The 3D-EBM technology and the printed Ti6Al4V biomaterial accelerate 

osseointegration by approximately 35÷40% and are the best means currently available to produce 

therapeutically effective implants. 

 
Fig. 2. Viable bone cells on Ti-3D-Truss on the surface and inside the porous structures in the initial contact 

phase; A and B - SEM electron microscopy and C - fluorescence microscopy with green-labelled 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 joint angles, segment velocity, and body position, 

is employed to assess sports performance and technique [1],[2]. 

The literature contains descriptions of joint kinematics during various exercises, including walking, 

running and squatting [3]-[5]. The experiments revealed that the Vive HTC Pro system with Vive 

Trackers exhibited a high level of position reproducibility within a few millimeters [6].When 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 and quantitative 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 base stations, 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 and the HTC 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 Fig. 1 and Fig. 2. The graphs show kinematic variables of the 

knee joint during the backward step averaged for single person repetitions performed correctly and 

incorrectly. A blue line represents average value, and the gray line ± standard deviation. Graph on the 

right side shows correct execution of the exercise and the one on the left side represent case of 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 correctly and incorrectly. Blue line = average value, gray line ± SD.  

Right side: correct execution of the exercise, left side: error of not lowering the body 

5. Discussion and Conclusion 

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 characterize specific movements and assess their quality in 

comparison to the ideal execution of the exercise. The ability to analyze multiple parameters 

simultaneously is a significant advantage of motion tracking methods, giving them an edge over 

traditional approaches based 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 quantitatively describe 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 the The National Centre for Research and 
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rehabilitation using motion capture technology and virtual reality”, LIDER/37/0200/L-
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1. Introduction 

Dislocation of the patella 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. Despite the development 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 analysis, the 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 Methods 

The study involved a group of 14 female subjects (age: 22.9 ± 6.9 years; weight: 57.3 ± 5.8 kg) 

after MPFL reconstruction and a control group of 26 healthy females (23.2 ± 2.8 years; 61.1 ± 7.7 kg). 

The subjects were provided with information on the research process 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 30-second classic Romberg test on a treadmill (Noraxon FDN-T) 

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 pre-processed by smoothing with a low-pass filter with a cut-off frequency of 5 [Hz], and de-

meaning. Welch’s method was then used to obtain averaged power spectral density (PSD) estimate. 

The input signal was broken into eight 2048 point overlapping segments. 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 energy contained in the three frequency bands 0<f≤0.1, 0.1<f≤0.5 and f>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 Student's or Mann-Whitney 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 the patients before MPFL reconstruction.  
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Fig. 1. Pre-processed time courses of ground reactions evoked by the right foot of one of the MPFL patient 

 
Fig. 2. Welch power spectral density estimate for the time course in Fig. 1 (the back of the right foot) 

Table 1. Percentage ratio of energy contained in three frequency bands to total energy, asterisks indicate 

statistically significant differences (p<0.05) 

Control Before reconstruction 6 months after reconstruction 

44.8±15.5* 40.0±9.0 14.8±10.2* 57.7±6.3* 35.0±7.6 7.6±3.3* 47.6±18.3 40.3±12.2 12.1±7.9 

4. Discussion 

It is believed in the traditional analysis of body sway that the first frequency band can be associated 

with visual control, the second band is linked to vestibular control and the third band is related 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 measured with the baroresistive platform 

may give discriminating results for the groups studied. However, a precise numerical pre-processing of 

the empirical data is necessary. Our results appear to be a contribution to further research in this area. 

Acknowledgments: This research was funded by the Józef Piłsudski University of Physical Education 

in Warsaw, UPB no. 2 (114/12/PRO/2023) - Evaluation of postural control in response to induced 

perturbations in different age groups. 
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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 near-infrared spectroscopy (fNIRS) techniques were employed on 

the head and muscles, along with electromyography (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 motion-related disturbances and artifacts. This would allow 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 motion-related disturbances 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 the limited 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 interpretation of 

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 and impeding precise analysis of muscle activity [4]–[6].  

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 rowing sports section using 

a Concept II 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 from the following 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 System, Scottsdale, AZ, USA). Sensors used in the study are presented in Fig. 1. 
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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), 

several issues 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 on the participants' 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 limb in 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 medial and lateral 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 head geometry, 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 precision and commitment. 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 considered as n-link chains with the number of 

segments from n=3 in humans and mammals to n=4-8 in insects [1]. Different 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 frequently satisfies the principle of least action [1]-[3]. 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 any scales from 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 as n-link chains, and the lengths 1{ }n

j jl  , widths 1{ }n

j jw   and 

surface areas 1{ }n

j jS 

 , 1{ }n

j jS  in two orthogonal directions (bottom view, Fig.1a, and side view ,

Fig.1b) have been measured (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 normalized lengths 1{ }n

j jl  are presented in Table 1 for the Mantis (Mantodea) with n=5 and 

the ladybird (Coccinellidae) with n=3.  

 
Fig. 1. Bottom view (a) and side view (b) of the first pair of legs, and their segments n=1-5 (c) 

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

Name l1(%) l2(%) l3(%) l4(%) l5(%) 
Mantis 23,6±6,5 30,9±7,2 16,9±4,6 13,5±5,6 4,5±2,1 

Ladybird 39,2±6.8 46,4±7,7 14,3±5,9    -    - 
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The linear regression dependencies and their coefficients of determination (R2) for the pairs of have 

been computed, and strong correlations between the adjacent segments  

1 2{ , }l l (
2

2 10,9174 + 0,0921; R 0,675l l  ) and 2 3{ , }l l (
2

3 2=0,5175  + 0,0086; R 0,664l l  ) 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), kinetic energy (K), time of the movement performance 

(T), jerk (J), torque (Q), torque change during the movement (Q*), and total rotation in the joints (R). 

The values 1{ , , , }n

j j j j jl w I m  for the segments have been taken from the database. The movement 

optimization problem 
2 20.5 ( ) min; minj Cj j jK m v I T    , where ,Cj jv  are velocities of the centre of 

mass and angular frequency of the j-th segment, 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 

with the relative angles 

1

1{ }n

j 

 (Fig.1c) between the adjacent segments as general coordinated in the 

space. The drag in the joints was neglected. 

3. Results and Discussion  

It was shown, the purpose of the extremity (for movement, catching or digging) influences its design 

and the functions minimized by the fastest (T min) movement. Some pairs of the criteria were 

contradictory while others produced similar optimal trajectories of motion. The Pareto frontiers 

approach revealed the best representation of the optimal trajectories for given geometry of the n-link 

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 families of insects (Fig.2b). 

 
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 total kinetic energy and performance time (K,T). For 

optimal grasping and catching purposes some 4-6 link extremities can be more efficient compared to 

human arm, that is important for the robotic arm design especially for micromanipulation of small 

medical robots 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 aim of this 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 females) – members of the Polish 

National Badminton Team participated in the study (Table 1). The study received Ethical approval from 

the Senate Research Ethics Committee of Józef Piłsudski University of Physical Education in Warsaw, 

Poland.  

Table 1. Basic characteristics of studied groups 

 
Age 

(years) 

Training 

practice 

(years) 

Body  

mass 

(kg) 

Body height 
(m) 

BMI 
% FAT 

(%) 

Male players (n=12) 22.8 ± 4.7 14.2 ± 3.7 77.3 ± 5.6 1.83 ± 0.07 23.0 ± 2.0 13 ± 3 

Female players (9) 21.8 ± 4.1 12.2 ± 4.7 60.3 ± 7.0 1.64 ± 0.07 22.3 ± 1.8 23 ± 5 

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. Thirty-nine reflective markers were placed on 

the participant’s body, and reflective tape was placed on the shuttlecock’s cork base. Each player’s task 

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, placed 30 cm over the net. The shuttlecock was released by the Leopard Smart shuttlecock’s 

feeding machine. Kinematics variables (angles, angular velocities, and displacement of the centre of 

player’s body mass) were calculated for the fastest smash of each participant. Relationships between 

the variables were assessed by calculating Spearman’s rank correlation coefficient. Computations were 

performed with STATISTICA software (v. 13.3, StatSoft, USA) and MS Excel.  

3. Results 

Both in mean shuttlecock velocity (Vsh) and in mean shuttlecock flight angle (shuttlecock velocity 

vector inclination to the horizontal plane) (αsh) male players obtained mean values significantly higher 

than female players (Vsh= 81.4 ± 5.2 vs 68.3 ± 3.9 m/s, αsh= 14.6 ± 2.5° vs 8.2 ± 1°).  
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Fig. 1. Three-dimensional 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 moment of the racket’s and shuttlecock’s contact, women kept the torso 

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 angular positions and 

angular velocities of individual joints were recorded between male and female players. Among men, 

a positive correlation was found between the height of the shuttlecock’s position at the moment of the 

contact with the racket and αsh (r=0.746). This relationship was not confirmed in women. It was found 

that female players use two different smashing techniques (jump or semi jump), neither of these 

techniques guaranteed to achieve higher Vsh or αsh values. The lack of benefits recorded from 

performing a jump before the smash execution in women results in common resignation from the 

forehand jump smash observed in female’s elite matches. A positive correlation was found for both 

female (r=0.667) and male (r=0.748) players between the quality of smash 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 

racket’s and shuttlecock’s contact, greater radial abduction of the radiocarpal joint increases in the 

values of Vsh and αsh. 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 various parts 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 are increasingly 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/cm3), which is very close to that of bone (1.75 g/cm3), as well as 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 achieved 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 magnesium-based composite reinforced with 

titanium mesh (Titanium 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 magnesium-based composite reinforced with 

two and three mesh layers.  

The tree-point 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 composite with reinforced with titanium mesh samples were immersed in SBF by 

maintaining the temperature constant at 36°C to determine the degradation behaviour. Two types of 

measurements were made during the incubation: measuring the pH value of SBF and measuring the 

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 mechanical testing: AZ91 magnesium alloy and AZ91 

magnesium-based composite reinforced with two or three titanium mesh layers. A three – point bending 

test showed that specimens reinforced with three layers of titanium mesh have higher strain compared 

to specimens with two layers of titanium mesh or without. However, it can be seen that for Young’s 

modulus values, two layers cause an increase. On the other hand, for more reinforcement, the Young’s 

modulus value is comparable to pure AZ91 (Table 1).   
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Table 1. Three-point bending results for AZ91 specimens and AZ91-Ti composite 

Material Flexural strength [MPa] E [GPa] Break strain [%] 

AZ91 235-250 23-27 2.5-2.9 

AZ91 + 2 mats 257-283 27-28 3.1-3.8 

AZ91 + 3 mats 285-305 23-24 4.4-5.5 

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. Hovewer, the SEM 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).  

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

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 magnesium matrix, 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 injured patients. 

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]. Spatio-temporal and kinematic parameters [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 ontogenesis [4],[5]. Morphological symmetry 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 [7],[8]. 

2. Aim 

The aim of 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 of this 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 exercise of multi-joint 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 was standing on the platforms with her foot 

fastened in bindings and lifting legs alternately. Each training was preceded with a proper warm-up. 

Subject performed 120 trainings with the volume of 100 repetitions for each leg, divided into 10 sets of 

10 repetitions 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 engage in any other regular training for the 

entire duration of the study. 

The joint angles’ asymmetry was calculated as an absolute difference between both sides at 

corresponding times of the interpolated gait cycles. The method was chosen in order to preserve 

information about angular value of asymmetry for joints angles’ comparison.   
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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 asymmetry (correlation: R=-0.88, 

p<0.001)(Fig. 1). Among all studied angles only hip flex-extension and foot progression in sagittal 

plane presented asymmetry increase. Angles demonstrating the most asymmetry reduction were ankle 

inter-external rotation (19.26 deg.) and hip inter-external 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 in-eversion and knee in-external rotation. 

 
Fig. 1. Bland-Altman plot of difference between asymmetries to average asymmetry before and after training 

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 has a potential 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, biodegradability 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 the 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 Methods 

Heat and chemical treatment 

One of the most common methods for improving the mechanical properties of prints is to expose 

to higher temperatures for a certain period of time. Jayanth and co-authors, the process in question is 

referred to as quenching [1]. Printed samples were exposed to 90 °C for 60 minutes, what affected in 

a significant increase in strength. Strength was assessed by impact testing. Authors estimated it was the 

result of reducing the internal stresses among layer-on-layer overlap during printing and increasing 

degree of  crystallization of polymer [1]. In the paper by K. Guduru and co-authors [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 post-treatment methods was investigated. One was a heat treatment 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 material is use 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 hours to allow the polymer resin contained marble hardened. 

The tensile strength for the composite-coated 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 

strength of 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. 
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For the best results in terms of 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 co-authors [4], the effect of degrading factors 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 % 

humidity and 55 °C for 100 hours showed an increase in weight and a decrease in tensile strength after 

exposure. Samples that were exposed to alternating frost of -18 °C and room temperature of 21 °C for 

a total of 130 cycles behaved similarly. A slight increase in strength was observed in samples 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 °C. Exposure of the samples to the outdoors for 98 days showed no clear effect 

also [4]. 

3. Summary 

Summarizing, exist 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 of PLA prints through various methods. More complexity information about these 

problems can be find in papers by Głowacki et al. [5], Shirazi et al. [6], Afshar et al. [7], Reza 

Khosravani et al. [8]. 

With very high probability a progress in enhancing strength of PLA printed parts will expand the 

range of applications 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 magneto-mechanical mechanism 

that allows for highly precise human lower limb bone lengthening [1]. The implant is a solution that is 

to help patients with congenital, developmental, post-traumatic or iatrogenic defects, and in whom the 

asymmetry of the lower limbs is greater than 3 cm, and patients with short stature [2],[3]. The scale of 

patients in the area of medical 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 year [1]. 

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 assumptions, the driving part of the implant is characterized by 

a simple and compact construction of the repeater, and the mechanical part has been developed in such 

a way as to enable the transfer of physiological load up to 80% of the patient's body weight to both legs 

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 in the implant volume was tested (Fig.1). 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.  

 
Fig. 1. OrthoNail intramedullary nail: 1-magnet, 2-mechanical gear, 3-screw, 4-spring  

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 assumed to represent the largest displacements that could occur 

between the fragments. A single-leg standing case was chosen for the analysis (Fig.2). The force and 
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moment were applied to the femoral head and the fixation of the model was realised by taking away all 

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 visualization - standing, one leg stance 

Mechanical tests consisted in determining the load and deformation characteristics of the implant 

in accordance with ASTM F1256-16E01 and ASTM F543-13. Deformation curves were determined 

during: compression in the range of Fs = 0 ÷ 500 N, tension in the range of Fr = 0 ÷ 100 N and bending 

using the 3-point method in the range of the bending moment Mg = 0 ÷ 25 Nm (in the frontal and 

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 apart). 

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 the Orthonail 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, bending 112-115 Nm (in the frontal and sagittal planes).  

4. Conclusion 

The results of experimental studies and biomechanical numerical studies confirm the possibility of 

using the implant-bone 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, apart from 

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 geometry to ensure 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 parameters [3],[4].  

2. Materials 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, CoCr alloy, 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 cylindrical scaffolds were loaded with 

a rectangular block (Fig. 1b and 1c). The intention was to simulate compression tests in a testing 

machine in order to evaluate strength parameters. 

 

Fig. 1. CAD and FE models prepared for analyses: a) model variants, b) assumed boundary conditions for cell 

unit, c) assumed boundary conditions for scaffold 

Averaged Huber-Mises-Hencky stresses were analysed as results. Based on stress-strain curves two 

parameters were calculated: effective Young’s modulus (EYM) and 0.2% offset effective yield strength 

(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 stress-strain 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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Young’s modulus percentage decrease (EYM%) and yield strength percentage decrease 

(0.2% OEYS%) 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 achieved if structure 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 parameters: Young’s modulus percentage decrease (EYM%) and yield strength 

percentage decrease (0.2% OEYS%). These parameters allowed to estimate the influence of scaffolds 

geometry on their mechanical properties, giving an appropriate insight into differences between the use 

of selected pore types and porosities. Fig. 2 presents the influence of three considered variable on the 

previously described parameters. 

 
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 cell unit, d) 0.2% 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 best porosity. 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 Young's modulus 

similar to that possesses by core bone, while maintaining mechanical strength, allowing for its 

appropriate use in orthopaedic regenerative medicine.  
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1. Introduction 

Blood-flow restriction training (BFRT) is used since the early 60-ties to improve muscle strength 

and stimulate muscle hypertrophy. Many publications showed that systematic training with low-

pressure BFRT can improve different strength parameters [1]-[3]. Thus, 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 everyday 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 parameters in isokinetic 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 kg/m2), while 

the control group included 24 women and 6 men (mean age 21.8 years, BMI 22.6 kg/m2). Each 

participant performed an initial warm-up 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 after that 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 defined using 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 chain at the 

following speeds: 60°/s (5 repetitions), 120°/s (7 repetitions) and 180°/s (10 repetitions). The following 

time parameters were analysed: Time to Peak Torque (TPT, the time from the beginning of torque 

development until the point where peak torque is first developed), Force Decay Time (FDT, the time 

from the end of peak torque production to the end of the motion), Reciprocal Delay (RD, the time 

required to reverse the limb direction), and Delay Time (DT, the 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. Shapiro–Wilk test showed that the 

variables have non-normal distribution. Because of this and small group sizes, a non-parametric test 

(Friedmann’s ANOVA with post hoc Dunn–Bonferroni test) was used to analyse differences 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 study group, 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 

the 60°/s trial (p=0.0099). In the high-speed trials (180°/s) FDT shortened significantly for the 

extensors (p=0.0014), while RD shortened both for extensors (p=0.0035) and the flexors (p=0.0216). 

Some minor changes were also visible in 120°/s trials in DT for flexors and extensors, RD for extensors 

and as well as in 180°/s trial in TPT for extensors (p<0.05 in ANOVA), but the post hoc test showed 

no clear results. 

In the control group, some changes were visible in RD for extensors in 120°/s and 180°/s trials 

(p<0.05 in ANOVA), although the post hoc test showed no clear results. 

4. Discussion and Conclusions 

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 high-speed trials suggest 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 we concluded, that 

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 compare the 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 requirements for the prosthesis [1] . The main task carried out in this work was to develop 

a numerical model of the prosthetic hand in the computer system for dynamic analysis of multibody 

systems (ADAMS) and conduct simulation studies of the process of grasping selected objects. 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 phalanges and the 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 dimensions of the 

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 realized independently. 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 at three 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 lumps of small thickness 

distributed along the phalangeal axis were introduced (Fig. 1). This approach allows easy identification 

of the contact point between the object and the phalanx.  

 

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), formed the basis for developing an algorithm to control the 

                                                             
*Corresponding author: Sławomir Wudarczyk, e-mail: slawomir.wudarczyk@pwr.edu.pl 



 

63 

 

phalanges' drives during the grasping process. When modelling the contact forces, friction was taken 

into account and material parameters were assumed as for rubber-to-rubber contact. 

Three types of solids (sphere, 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 constraints due 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 kinematic excitation is adjusted according to the 

relation: 

 (1) 
where: ω – angular velocity, i – Phalange No (1 – proximal, 2 – middle, 3 – distal), Fcontact – contact force, Fmax pressing – max pressing force 

According to equation (1), the occurrence of contact 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. 

 
Fig. 2. Example runs for cylinder grasping (φ100mm) : a) joint angles proximal and middle, b) contact incidence 

in proximal phalanges as a function of sensor position on the phalanx 

The simulation research also included checking the reliability of object gripping. In order to do this, 

the prosthesis with the gripped object 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 joints, the 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 development 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 experimental research, 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 out numerical 

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-

year-old 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 different positions 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 

– each of three different porosity and three positions. Additionally 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 

scaffold and its positioning in bone are shown on Fig. 1a.  

 

 
Fig. 1. a) Internal structure of the designed scaffolds (based on a scaffold with a porosity of 40%), b) the boundary 

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. Appropriate 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 established, as well as the relevant 

directions on the coordinate system. It is shown on the Fig. 1b. 

Cross-sections and paths were also produced to provide an accurate representation of the findings. 

Preparation of the study also required the use of appropriate material properties. The bone was divided 

into the cortical bone and cancellous bone. Scaffolds were assigned properties of titanium alloy 

(Ti6Al4V), PCL-HA (polycaprolactone with hydroxyapatite) and PLA (polylactide), respectively. 

Material properties such 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 analysed variables had an essential influence on analysed 

phenomenon, as we can see on figure (Fig.2).  

 

Fig. 2. Summary of Huber-Mises-Hencky maximum reduced stresses [MPa]: a) for scaffold bone models in each 

position, b) in areas of bone adjacent to the scaffold, c) for the cross-section 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 can be stated that the most 

vulnerable position is the distal one, stresses generated within bone increase with the increase of 

scaffold’s porosity as well as Ti6Al4V allows to obtain appropriate stress distribution. Obtained results 

can be further used to estimate in-vivo functionality of scaffolds designated for the orthopaedic 

regenerative medicine.  
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1. Introduction 

To improve surgical training, computer simulations 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 tracks the movement of the user’s hand makes it possible to achieve 

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 algorithm 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 points, which correspond 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 calibrate the 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 the Unity graphics engine, 

where visualization of the hand took place. Fig. 1 shows the hand detected by the real-time tracking 

algorithm along with the hand model generated in Unity and the checkerboard used for camera 

calibration. The result of the calibration process 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 research 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 the hand-tracking system was 

evaluated for different lighting intensity values. The study was conducted 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. 
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The first measurements were taken for the maximum value of 740 lx, then values were reduced by 50 

lx 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 hand model 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 lx to 150 lx range. 

Cutting experiments (Fig. 3) showcased the accuracy of the developed tracking algorithm. The black 

line represents the ideal cut, while the red line represents the result of the vision system control.  

Fig. 3. Graphs visualizing the cutting path  

5. Conclusions  

The visible errors on the graphs are due to the algorithm’s inaccurate calculation of the distance 

between the hand and the camera. This aspect requires improvement 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 (S0) in the biological tissue react with the basic form of oxygen, the triplet 

form (3O2), causing its transition to the singlet form (1O2). It is the latter form that is cytotoxic to cancer 

cells. The trigger for triplet oxygen and photosensitiser reactions is light, such 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 of the 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 the modelling 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 between bioheat transfer 

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 subdomain. 

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 photosensitiser [2],[3]: 

   (1) 

where c3O2, cS0, c1O2 [mol cm-3] are the concentrations of triplet-state oxygen, photosensitiser, and 

singlet-state oxygen, respectively, parameters  [mol cm-3],  [cm3 mol-1],  [cm2 mW-1 s-1] and 

 [mol cm-3] 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, sup [mol cm-3 s-1] is the oxygen supply rate and sup,max 

[mol cm-3 s-1] is the maximum oxygen supply rate while  [W m–2] is total fluence rate which is the 
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sum of collimated and diffused parts. The collimated part is described by using the Beer-Lambert law 

of absorption, while the estimation of the diffused part is based on the optical diffusion equation. 

The value of the maximum oxygen supply rate sup,max, is estimated on the basis of [2]: 

  (2) 

where Rc [m] is the capillary radius, Rt [m] is the tissue cylinder around capillary radius [m], Lt 

[m] is the capillary length [m], while Qb [cm3 s–1] and ub [cm s −1] denote the blood flow rate in the 

capillary and the blood velocity in the capillary, respectively, M0 [mol cm–3 s–1] is the oxygen 

consumption rate and Pb [mmHg] is the partial pressure of 3O2 in the blood vessel. The value Pb = 100 

[mmHg] is typical for healthy tissue, while cancer tissue is often hypoxic, so the coefficient values for 

Pb = 50 [mmHg] refer only to this type of tissue. 

The connection between bioheat transfer and PDT models uses, among other things, a variable 

perfusion coefficient w [s −1]. This means that the velocity of blood in the capillaries, responsible for 

the delivery of oxygen to the tissues, must also be variable. Such a relationship may be written as 

follows [4]: 

  (3) 

It should be added that the paper assumes the perfusion coefficient w to be 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 velocity ub and maximum oxygen supply rate 

sup,max, are varied. 

  
Fig. 1. Histories of oxygen maximum supply rate and 3O2 concentration at selected points of the domain 
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1. Introduction 

Fractures of long bones are caused by exceeding the strength of the bone material. They results in 

tissue damage, disruption of blood flow, and haemorrhaging, among other things. Restoration of the 

proper structure of the bone occurs through self-repair, but the quality of the bone healing depends on 

the conditions in the fracture 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 callus, geometric models of the bone 

fragment-callus 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 caused rotation of the fragments. 

 
Fig. 1. Geometric model of the bone fragment-callus system (A)  

and geometric model of the bone-implant system (B) 

A geometric model of the bone-implant system was then developed using CT scan data of the canine 

femur. A solid was created in the fracture gap to represent the callus. Bone fragments were stabilized 

with an intramedullary nail locked with bolts (Fig. 1. B). The design of the implant is based on 
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a prototype created in cooperation with Micromed [2]. Six geometrical models of bone-implant systems 

with different configuration and type of locking bolts (monocortical and bicortical) were analyzed. 

3. Results 

The geometric model of the bone fragment-callus system allowed a detailed analysis of the 

influence of the fracture gap 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 mechanical parameters 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 

were observed 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 were lower in the 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 to 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 implants with 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 fracture treatment in veterinary patients. 

Acknowledgments: The presented research, realized as a part of the research task "Numerical analysis 

of the process of canine femoral bone healing", was funded by the pro-quality subsidy for the 
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1. Introduction 

The WHO declared COVID-19 a global pandemic [1], and the long-term consequences and 

aftermath of the disease remain unclear. Although the SARS-CoV-2 virus infects the respiratory system 

symptoms were also reported in the musculoskeletal system [2]-[3]. Recovering post COVID-19 elderly 

patients report prolonged general weakness and muscle fatigue. Falls, for instance, are a well-known 

consequence of reduced muscle strength [4]. There is also a need for greater clarity and tailoring of 

exercise related advice for people with post COVID-19 condition and improved support to resume 

activities important to individual well-being. To the best of our knowledge there are no studies 

describing exercise programs for seniors with post COVID-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 COVID-19, and to developed and describe a subject-specific 

intervention protocol. 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 post-COVID-19 condition. 

3. Material and Methods 

The project will involve 50 Seniors, both sexes, age 65+ yrs old, positive RT-PCR test and/or 

positive result in test for antibodies against the SARS-CoV-2 coronavirus 3-12 months prior to the 

study start, from the 0-1-2 group based on the questionnaire to assess daily functioning 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 sub-maximal intensity for 8 weeks according to the recommendations of World 

Physiotherapy (World Physiotherapy, 2021 and NICE, 2020). Before starting the rehabilitation 

program, participants will be qualified by GP, exacerbation of post-exercise symptoms will be assessed 

based on a questionnaire [6] and an orthostatic test [7]). 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 

Medical Systems, NY,USA). Maximum muscle torques will be measured for the knee flexors (KF), 

                                                             
*Corresponding author: Katarzyna Kaczmarczyk, e-mail: katarzyna.kaczmarczyk@awf.edu.pl 



 

73 

 

knee extensors (KE), trunk flexors (TF), trunk extensors (TE), and elbow flexors (EF) under isometric 

conditions using a JBA Staniak® isometric torquemeter, by the Maximum Voluntary Contraction 

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 index), APSI (anterior-posterior stability index) and MLSI (medial-lateral 

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 be determined. Moreover, body 

composition assessment by Dexa and Quality of life tests (WHOQOL-Bref) 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). Normality of the distributions of the quantitative variables under study will 

be tested using the Shapiro-Wilk test. The mixed design ANOVA will be used to compare means. The 

interaction of fixed and repeated factors will be analyzed. Tukey's post-hoc test will be used 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 COVID-19 in order to maintain/improve the health, balance, muscle strength, cognitive 

function and, consequently, 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 self-efficacy. Improvements are seen in physical 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 mobility 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 COVID-19 condition in seniors. Our main research outcome – a safe exercise 

protocol and intervention will address social and health needs for a particular social group: the elderly. 

Research outcomes will build the evidence-based 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 recurrence rate reported as 12-

54% [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 changing thickness 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 pick of those forces 

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 decagonal membrane 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 4-node membrane finite elements with 3 degrees of freedom in each node. The loading 

conditions referred 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 shown in (Fig. 1a). The material model is assumed as linear elastic and 

isotropic with Poisson’s ratio 0.3 and Young’s Modulus of 16.155 MPa [4]. The diameter of the 

membrane model is 13 cm.  

a)  b)  

Fig. 1 Implant model: a) scheme with applied forced displacements u1-u5 of the supports P1-P5,  

b) model after optimisation (thickness scaled up 10 times) 

                                                             
*Corresponding author: Szymon Kalinowski, e-mail: szykalin@student.pg.edu.pl 



 

75 

 

The thickness was optimised to the load conditions applied to the implant model. The objective 

function was defined by the formula (1), 

   (1) 

where R represent the resultant reaction forces magnitude and n refers to the number of the model 

supports. The optimisation is implemented in Python programming language while the FEM results are 

obtained from the commercial code in every optimisation run. The model thickness changes in each 

element, starting from initial thickness of 0.6 mm and varying between 0.3 and 0.9 mm. Resultant 

reaction force in each support node (P1 to P5) (Fig. 1a) are then passed to objective function (1). 

Sequential Least Squares are used to minimize the objective function (1) from SciPy libraries [5].  

3. Results 

Results of the optimisation can be seen on scaled up model in Fig. 1b. 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 with the 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 19.17 N 4.92 N 12.31 N 14.61 N 17.43 N 
Reaction force in model after 

optimisation 
14.02 N 4.38 N 9.29 N 11.38 N 12.27 N 

Optimised average thickness 

around supports 
0.60 mm 0.44 mm 0.64 mm 0.36 mm 0.30 mm 

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 some high thickness jumps are observed. This study shows preliminary research towards 

implants mechanically compatible with human abdominal wall. 
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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 [1] . Surgical interventions play 

a crucial 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 technologies have paved the way for more 

accurate and comprehensive assessments of surgical interventions. By capturing detailed three-

dimensional representations of the anatomical structures involved, these techniques offer 

unprecedented insights into the effectiveness of surgical treatment and help guide further refinements 

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 months of age. 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 patients - 19 with bilateral clefts and 63 with 

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 children were treated with a size-matched 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 Magic (Scantech, China), to obtain 3-dimensional virtual models. On the models 

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 and dimensionless indicators were considered. Exemplary results 

are shown in the Fig. 1 and Fig. 2. 
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Fig. 1. Marked points in unilateral cleft palate and percentage difference of the dimensions  

in each stage of treatment 

 

 

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 and allows to reduce the complications during the surgery and the rehabilitation 

process. 
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1. Introduction 

Adapting a hand amputation patient to EMG-controlled prosthesis is a well know issue 

among the producers [1]. Most often in the preliminary phase the patient applies basic 

standing prosthesis model and learn to generate the appropriate signals to move it motivated 

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 any additional 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]. The software applies 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 software. The 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 prosthesis 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 Voluntary 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 of 6 upper limb movements associated with them in the context of 

control (Fig. 1A). Types of grips and applied activating muscles are bulleted in Table 1.  
 

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 

                                                             
*Corresponding author: Ewelina Świątek-Najwer, e-mail: ewelina.swiatek-najwer@pwr.edu.pl 



 

79 

 

 (B) In the training of prosthesis control with a great variety of movements (Fig 1B) we 

applied a direct control. With the exception of the wrist rotation action, where continuous 

muscle tension is required, the algorithm only checks for the occurrence of muscle 

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 is changed by biceps brachii 

tension, changing mode to rotation by triceps brachii tension and, 

closing/opening/rotating movement by flexion of wrist.  

 (C) In the three-difficulty-levels memory-and-skill game the user performs an appropriate 

upper limb movement to achieve presented grasp (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 displaying commands to the user. The application cooperates with VR Meta 

Quest 2 goggles and Meta Quest 2 Touch controller on which it was tested, but it also should 

work on other VR devices. We performed tests of application on a group of 7 healthy 

volunteers. The research was carried out with the permission of the ethics committee. 

    
 Training A Training B Game C 

Fig. 1. Unity application scenes (training 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 of adaptation for 7 users in the second in training B option 

equalled 50 s to 550 s (200 s ± 174 s, median 140 s). Results of the users in game C in three 

levels were as following: easy: 76%, medium: 70%, difficult: 51%.  

4. Discussion 

Obtained results are promising 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 apply more muscles in controlling, 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 specific models 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 properties, the problem 

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 viscosity , this value 

depends on the shear rate ̇, blood plasma viscosity p
m

, concentration of plasma proteins  p
C

, red blood 

cell (RBC) concentration RBC
C

, shape parameters j
c

 and rigidity j
k

 

  

𝑚𝑏 = 𝑚𝑏(̇, 𝑚𝑝, 𝐶𝑅𝐵𝐶 , 𝐶𝑝, 𝑐𝑗 , 𝑘𝑗).   (1)  

Besides, p
m

 depends also on the blood vessel diameter d  (Fahraeus-Lindqvist effect), electric 

charge of the RBC, and some other specific parameters. A general rheological model (1) accounting 

for all the parameters is absent. The following rheological properties and mathematical relationships 

are mostly considered. 

1) Shear-thinning effd / d 0 
 properties of blood are described by the power Ostwald model 

 
n 1

b ( ) k  



      (2) 

with 0 n 1  , k=const, 

Viscoplastic behavior (tixothropy) when the blood flow starts when the shear stress applied 0   

exceeds the yield stress 0  needed to destroy the network of RBC aggregates in the form of the linear 

Bingham model 

0

0 0

b

, , 0,
 

     



   

   (3) 

or non-linear Casson model     

0 b 0, when       
.   (4) 

Dependence on the RBC concentration  
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bp 0

b RBC bp

p pRBC

(C ) , ,
1 k C(1 C )

 
  


 (5) 

where pk
=const, 2.5  for spherical cells and 1 

 for the non-spherical ones.  

Scale effects with the vessel diameter dependent viscosity due to presence of the cell-free boundary 

layer with thickness   

    
bc

b 4

bc bp

(d)
1 1 / 1 2 / d




  


  
 ,   (6) 

where bc
 is the viscosity of the blood core.  

Viscoelastic properties of blood determined by elasticity of the RBC 

  

2

1 bp 2 2
k k

t t t

  
 

  
  

   , (7) 

where  1 Hb bp mk ( ) / E  
, 2 Hb bp mk / E  

, mE
 is the Young modulus of the membrane, 

Hb
 is the viscosity of the hemoglobin solutions inside the RBC.  

It is easy to show, the rheological properties 1)-5) can mask each other and the most common 

rheological models of human blood like Quemada model 

  

bp 0 1 cr

b 0,1 agg def2

cr

k k
, k , k (Ht,k ,k )

(1 k Ht / 2) 1

  


 


 

  
 (8) 

where aggk
and defk

are the RBC aggregation and rigidity coefficients, Ht is the hematocrit, cr
is 

the critical shear rate value, Carreau-Yasuda model 

   
n 1

2 2
0( ) 1 ( ) ,    



    
 (9) 

where 0 0.056 Pa s, 0.00345 Pa s, 3.313 s, n 0.3568       
, and Leonov model 

  

2T
2 T, T 2

t 2


    




    

  (10) 

do not describe the set of rheological properties 1)-5).  

In this study a generalized model in the form of (1) is discussed based on the (i) experimental 

measurements on the blood samples, (ii) dimension analysis of the dependence (1), and (iii) theoretical 

modeling of steady blood flow in circular rigid and soft tubes.  

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 shear-thinning, concentration 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 polymerization of selected 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 dental tissues 

(enamel, dentine) and dental restorations, measurement 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 gropus: glass - ionomer cement -Fuji 

IX and composite - Charisma. The samples were prepared using a special form: sample diameter (d) - 

6mm, sample height (h) - 2,5 mm. The composite material was polymerized according to manufacturer's 

instructions for 20 s using a Bluephase Style 20i polymerization lamp (IvoclarVivadent, Schaan, 

Liechtenstein). Fuji IX is a chemo-binding 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. After this time, the 

capsule is placed on a special feeder-gun 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 density of dental fillings was determined on the basis of the weight to 

volume ratio. The samples were weighed using a RADWAG® PS 1000/C/2 laboratory analytical 

balance with an accuracy of 0.001 g. Then, using a Mitutoyo micrometer, the geometric parameters of 

each sample 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 with self-polymerizing properties - Duracryl® Plus 

(SpofaDent, Czech Republic), previously placed in silicone molds. The samples prepared in this way 

were cut using the STRUERS® Accutom-5 metallographic cutter. The samples were wet polished using 

1000 grit sandpaper. The tests were carried out using a CSM MicroCombi Tester™ microhardness 

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 using a thermal 

imaging camera (FLIR ThermaCAM P640). Fig. 1 presents prepared samples of dental restorations and 

hard dental tissues after incorporation in DuracrylTM Plus SPOFA Dental). 

 

 
Fig. 1. Dental material samples and dental samples incorporated in DuracrylTM Plus (SPOFA Dental),  

S2 - permanent molar, M4 - deciduous molar, M1 - deciduous incisor 

2.3. Results 

The average density with standard deviation [g/cm3], Young's modulus E [GPa] and Vickers 

hardness values HV were presented in the Table 1. 

Table 1. Mechanical and phycial properties of tested dental materials 

 Average density  

± SD [g/cm3] 
Young's modulus 

 E [GPa] 
Vickers microhardness 

[HV] 
Charisma 1,78 ±0,08 16,63 74,72 
Fuji IX 1,65±0,15 24,02 62 

The highest temperature during the polymerization of Fuji IX was 38,4 °C. In turn, the highest 

temperature obtained during the polymerization of Charisma was 52,1°C. However, it should be noted 

that critical temperature for the dental pulp is 42°C. 

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 dental tissue due to too high strength 

parameters. The maximum temperature generated by the Charisma filling during polymerization of the 

material is significantly higher than the critical temperature for the pulp (52,1°C vs. 42°C) and may 

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 standard size of at least 50% [1]. The incidence of AAAs 

reaches even 10% of the global population, growing rapidly with age above 50 [2]. Most AAAs remain 

clinically silent and may rupture if not detected, with catastrophic clinical consequences. AAA rupture 

can be considered 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, patient-specific FEM modelling of AAAs is considered the rational and factual method for 

progression and risk of rupture evaluation. However, patient-specific modelling requires crucial 

elements, i.e. materials properties determined by the constitutive models specifically for each patient's 

tissues. Hence, the main study's goal was to determine the difference between the behaviour of AAA 

specimens using different models. 

2. Materials and Methods 

2.1. Mechanical behaviour study 

Uniaxial tensile tests for cut specimens off abdominal aortic walls into two perpendicular 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 temperature (221C) and with continuous moisturisation. Before 

the test, the specimens were pre-loaded to 0.01 N and then pre-stretched for five loading-unloading 

cycles to 10% of strain. The Cauchy stress-stretch ratio relationships were determined for all the 

specimens. 

2.2. Hyperelastic models 

One of the most often used hyperelastic anisotropic material models for aortic and aneurysmal 

tissues' mechanical behaviour description is the model proposed by Holzapfel et al. [3]. The strain-

energy functions of the fibrous composite models additively decompose into an isotropic contribution 

of the ground 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 incompressibility assumption: 

  (1) 

where: k1 is a stress-like parameter related to the stiffness of the fibres, k2 is a dimensionless 

material parameter related to the degree of nonlinearity, and invariants of the right Cauchy–Green 

deformation tensor I4 and I6 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]: 

  (2) 

where: c1 and c2 are stress-like parameters, and I1 is the first invariant equal trace of the right 

Cauchy–Green deformation tensor. 

Polzer et al. [7] proposed Yeoh's incompressible fifth-order hyper-elastic material model for AAA: 

  (3) 

where: ci are stress-like material constants. 

Models were used for fitting experimental data (Fig.1). The constitutive parameters were 

determined using a nonlinear least-squares lsgnonlin function in the Matlab software (ver. 2017b). The 

standard nonlinear Levenberg–Marquardt algorithm was used during the curve fitting. The coefficient 

of determination (R2) evaluated the goodness of fit. 

 
Fig. 1. AAA sample cut out in circumferential direction behaviour under uniaxial stress fitted by models by a) 

Holzapfel et al., 2000 [3], b) Raghavan and Vorp, 2000 [4], c) Polzer et al., 2013 [5] 

The AAA wall is less anisotropic, and, at the same time, the nonlinearity of stress-strain relation 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, is respected. 
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1. Introduction 

One of the ways to solve problems related to limb inequalities is to lengthen 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, makes 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 solutions are characterized 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 implant 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 necessary minimum. Fig. 1 shows a cross-section 

of the assembly drawing of the Orthoget hybrid drive intramedullary nail that was the subject of the 

study. 

 
Fig. 1. Cross-section of an intramedullary nail with a hybrid drive. 1 - nail body, 2 - retractable element,  

3 - magnetic rotor, 4 - drive spring, 5 - mechanical transmission, 6 - drive 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 rotation of the magnetic 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, 

and the average value was taken for analysis. The diagram and photo of the measurements are shown 

in Fig. 2. 

 

a) 

 

b) 
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 extension force depending on the location  
relative to the external activator 

Position Average Extension Force [N] Extension force range [N] 
0 128 5 
1 

2 

3 

4 

97 

163 

105 

97 

7 

10 

7 

9 

5. Conclusions  

The conducted research shows a high dependence between the location of the implant 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 force influences 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 aortic dissection 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 of the blood 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 and the 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 the mechanical 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=91) removed “post mortem”. In the first step the 

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 classified as stage I (n=17) based on Stary’s scale and 74 arteries were classified to the group 

of atherosclerotic vessels (from II to VI according to Stary’s scale).  

In the next step arteries were punched out in two directions: longitudinal and circumferential and 

124 specimens were obtained for mechanical tests. Before them, each specimen was initially dissected 

about 5 mm and the peeling test with a T - configuration of (1) the adventitia and the media – intima 

complex (A-MIC) and (2) the intima and the media-adventitia complex (I-MAC) were performed with 

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. 

  
Fig.1. The method of initial dissection of specimens for the peeling test. The interfaces between the intima and the 

media-adventitia complex (I-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 force (FMAX) and average value of force during 

delamination (FAVER) 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 Statistica 13.1 software (StatSoft) with level of statistical significance α = 0.05. 

Significant differences were tested using the Kruskal-Wallis tests (one-way ANOVA on ranks) and the 

Dunn's post-hoc test. 

The results show the mechanical properties undergo significant in parallel with the development of 

atherosclerosis.For the A-MIC interface the highest values of mechanical parameters: energy and 

average force were obtained for healthy tissue (W=7.7 mJ/cm2 for circumferential and W=9.3 mJ/cm2 

for longitudinal 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=4.8 mJ/cm2 for circumferential and W=5.6 mJ/cm2 for longitudinal specimens) and then they 

increase for V to VI group. In the case of both interface (A-MIC and I-MAC) higher values of the 

mechanical parameters were obtained for longitudinal specimens. 

4. Discussion 

The result indicate that development of atherosclerosis decreases resistance of the aortal wall to 

delamination. Due to the lowest value of energy the greatest risk of dissection is related to stage IV. 

The I-MAC interface is most susceptible to dissection due the fact that lesions develop within the 

intima. Regardless to the stage of atherosclerosis the mechanical properties of A-MIC and I-MAC are 

directional, indicating that atherosclerosis doesn’t lead to the disappearance of the anisotropy. The 

lower value of energy for the circumferential direction indicate the delamination of the 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 systems dissipating the impact energy of  the 

9x19 mm FMJ Parabellum bullet used in the shells of the combat helmet meet the requirements of 

specific standards. As the experience of military missions in Iraq and Afghanistan showed [2], 

an important issue in testing modern combat helmets is the issue of head trauma [3],[4]. In this study, 

the authors focused their attention on testing the resistance to puncture of the animal skull bone. 

The determined strength parameters will be used for further work on the impact of blunt trauma 

on selected 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 two symmetrical 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 first spherical penetrator with a radius of r = 4.5 

mm and the second conical penetrator α = 45° were used, both on a shaft with a diameter of d = 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. Quasi-static studies  

Quasi-static piercing tests were carried out for 17 places in order to obtain the specified force values. 

Puncturing were carried out at a constant speed v = 5 mm/s until a displacement of 50 mm was obtained. 

Fig. 1 shows the puncture points for external and internal sections. In this way, the maximum punching 

force for bone structures and anatomical tissues was determined. 

 
Fig. 1. Places of piercing the pig's head 
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2.3. Numerical analysis  

Numerical analysis was performed in the 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 Johnson-Cook (JC) rheological model was used to describe the 

bones, while the Yeoh model was used to describe the soft tissues such as skin, muscles and fat. 

The system was modeled for selected examples of puncture with a given constant velocity of the 

penetrator.   

3. Results and Discussion 

Examples of piercing results in the quasi-static 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 numerical analysis. 

 Bone Anatomic tissues 

Measurement No. 8 11 13 7 9 10 12 

Max. Force [N] 5366 2143 1552 568 497 533 455 
Displacement [mm] 21.5 19.4 19.3 40.0 26.8 14.4 20.5 

Medium force [N]  1847   513  
FEM  1612   456  

4. Conclusion 

The adopted hybrid numerical methods with the use of standard FEM and SPH to describe the bone 

tissue, together with the use of non-linear rheological models, approximately correspond to the 

maximum forces recorded in the experiment. This is due to the inaccuracy of the geometric models and 

the obtained material constants. 
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1. Introduction  

Kinematic characterisation of top-level couples could help develop a movement model for 

a champion and, over a longer time horizon, may support the jurors in effectively and objectively 

assessing dance couples [1]-[2]. Literature references on movement technique in standard dance suggest 

that sway motions are regarded as one of the most important motions that are executed while dancing.11 

The present available knowledge demonstrates that no research has yet been executed by other authors 

on the relationship existing between the technical 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 Methods 

The study involved six world-class 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 measurement device 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 male dancers were strongly associated with the judging score obtained 

(F1,9 = 11.5, p = 0.0240, ηp
2 = 0.449) regardless of the assignment to the given group. Significant 

correlations of the mean angular rotation velocities in the forward leaning movement were noted in the 

champion group and the intermediate group. A stronger correlation in the angular rotation velocities of 

the pelvic girdle (ωz1) were observed in the execution of the sway motion of women and men from the 

intermediate group (R = 0.809). For the champion group dancers, it amounted to (R = 0.470). As 

regards the characteristic description of changes in angular rotation velocity of the thoracic spine (ωz2) 

of women and men from the champion group a high correlation was observed (R = 0.851). The Fig. 1 

shows example of the mean angular velocity waveforms ωz1 during the execution of the forward sway 

motion of the female dancer (F) and male dancer (M) from champion and intermediate groups. 
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Fig. 1. Average angular velocity waveforms ωz1 during the performance by a female (F) and a male (M) 

dancer from the champion group of the forward sway movement,  

ωz1 – Angular velocity of rotation in relation to the sagittal axis of the pelvic girdle 

4. Conclusion 

The results of the conducted research indicate 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 

dancers 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 that the exchange 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 laid down in dance manuals. It should be noted that the pelvic girdle is positioned in 

a rightward 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 body sway 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 the male 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 

65 years of age. Still no single effective treatment has been developed [1]. Urethral 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 the specific conditions of the urethral tissues [2]. These conditions depend 

on the flow of urine, pressure and the influence of the adjacent muscles around the urethra. A promising 

method of treatment may be the use of stents, whose main purpose is to restore the free 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 to have a thorough understanding of the 

structure of the male urogenital 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 stenosis, studies have 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 dissertation, urodynamic 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 performed on the collected 

material from the animals (New Zealand White rabbits) for two segments from the side of  the bladder 

(P) and from the side of the urethral outlet (U), with a division into a physiologically healthy urethra 

„K” and with induced inflammation „F” [4]. The next stage of the study was the selection of polymer 

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 performed for the 

proposed materials [5]-[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 and ejaculation [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 important and provide criteria for further analysis [4].  
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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 group of healthy New Zealand White rabbits „K” for 

the section of the urethra from the bladder side (P) is 0.015 MPa, for the same group „K”, but from the 

urethral outlet (U) is 0.020 MPa; for the irritated group „F”, from the bladder side (P) the value oscillates 

around 0.010 MPa, while from the urethral outlet (U) is 0.018 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 characterized by a lower Young's modulus (E) than tissues 

taken from 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, affecting the on the stresses present in them.The 

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 strength of 451 MPa (± 44 MPa), a tensile strength of  43 MPa 

(± 2 MPa), and a yield strength of 10 MPa (± 2 MPa) [7]. Based on the degradation studies, it is 

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 the urethral 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 promising 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 to take into account 

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 structure of 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 opening and closing of the valve, causing regurgitation of the valve). In many cases, dogs develop 

a number of complications, such as chordae tendineae rupture, the development of pulmonary 

hypertension and rupture of the left atrium [3]. Chordae tendineae rupture 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 and those taken from dogs with MMVD, and to perform a numerical analysis of mitral valve 

function in both conditions. 

2. Material and Methods 

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 of the dissected chordae tendineae from the hearts of 

died canine patients of the Wroclaw University’s of Environmental and Life Sciences veterinary clinic. 

During the study, a static tensile test of the tendon strings was performed on a Zwick/Roell EPZ 005 

testing machine at 5 mm/min. Approximately 8 chordae tendineae were cut from one patient, of which 

2 were submitted for histological examination (staining with hematoxylin-eosin, Masson-Goldner 

trichrome and Sirius red methods)to verify the condition of the tissue - 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 in SolidWorks 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 16.2 software in the 

Static Structural Module.  
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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 were found 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 they range from 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 Conclusion 

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, it 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 tendineae are linked to changes in their structure. 

Chordae tendineae affected by the degenerative process showed lower strength in the tensile test.  It is 

observed that there is a difference in mechanical response between basal and marginal chordae 

tendineae, in further 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 regurgitation in the numerical model. 
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1. Introduction 

The specific internal structure of the tissue causes that the Cattaneo-Vernotte (C-V) 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 description of thermal 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 specific thermal capacity of the tissue, its thermal 

conductivity, metabolic heat source and blood perfusion rate are temperature-dependent is derived. This 

assumption significantly complicates the basic C-V equation and consequently also the sensitivity 

model.  

The process of intensive heating of biological tissue using a laser beam (hyperthermia treatment) is 

analyzed. Such treatment is applied, among others, to the destruction of tumor-infected tissue. Due to 

the laser beam geometry, we consider a cylindrical tissue sub-domain. 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 C-V 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 temperature. 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 to solve the task considered. 

An authorial program realizing the numerical calculations was also developed.  

2. Governing equations 

The Cattaneo-Venotte equation for temperature-dependent thermophysical parameters derived in 

this work has the following form  

  
22
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( ) τ τ div λ( )grad τ
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 (1) 

where C(T) is the volumetric specific heat of tissue,  λ(T)  is the thermal conductivity, τq is the relaxation 

time,  T=T (r, z, t) is the temperature, Q=Q(r, z, t) is the source function, r, z are the geometric 

coordinates in the radial and axial directions, t is the time. 
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The source function Q=Q(r, z, t) is the sum of the component related to the blood perfusion, 

metabolism and laser action Qex(r, z, t) 

   (2) 
where w(T) is the blood perfusion rate, cb is the specific heat of blood, Ta is the arterial blood 

temperature, Qmet(T) is the metabolic heat source. The mathematical model should be supplemented by 

appropriate boundary and initial conditions.    

3. Sensitivity analysis 

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))  
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           

  
  

  

 (3) 

where U=∂T/∂τq is the sensitivity function. The boundary and initial conditions should be also 

differentiated with respect to the relaxation time τq.  

4. The results and final remark 

One of the simulations concerned the tissue heating for τq = 10 s,  laser intensity 2.6∙105 W/m2 and 

exposure time 120 s (Fig. 1). 

 

 
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 changes in the temperature 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 level of load carried, 

hence the variety of its structure. Bone has a hierarchical structure which, at a macroscopic level, is 

anisotropic. But by analyzing fragments of bone with a very small 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 stiffness.  

In this paper, the authors proposed a methodology for determining the stiffness of Voxels [1]. In 

the first step, a simple three-point bending strength test is performed. In the second, using optimization 

algorithms [3],[4], the stiffness of the Voxels is determined as a 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 12.0 mm and thickness 8.0 mm) were scanned 

using a high-fidelity 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 a three-point 

bending test (Fig. 1). A total of five specimens were prepared and tested from a single bone. 

 

Fig. 1. Three-point bending test - initial set-up (a), scheme 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 with the aim 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 

was summed. 
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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 a three-point bending test 

for a sixth specimen from the same bone. 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 displacement was 

compared for both cases (F). The result was found to be satisfactory. 

 

Fig. 2. Comparison of the stiffness of the real specimen and the numerical model for the parameters obtained 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 atresia consists 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 uncontrolled elongation 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 properties of the 

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 for the stretched 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 50 mm long esophagus. Fig. 1 show exemplary tests results. 

 

Fig 1. A. Average force-elongation characteristics with standard deviation and B. Low deformation area for 

averaged force-elongation characteristics, obtained for esophageal tissue  
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3. Force-elongation characteristics of elastomers 

The elastomers were subjected to a tensile test of successively: 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 

elastomers analysed were tested. Based on measurements, the force-elongation characteristics for 

individual samples were determined (Fig.3). The tests were carried out on the MTS Tytron 250 testing 

machine, the diagram of the measurement stand is shown in Fig. 2. 

 
Fig. 2. Scheme of measurement stand for elastomers testing 

 
Fig. 3. A. Average force-elongation characteristics and B. Linear force-elongation characteristic fragment, 

obtained for elastomer during stretching. For both curves the standard deviation is marked 

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, the average stiffness was CN = 0.91 N/mm ± 0.029 N/mm, while in 

the high deformation area it was CW = 4.21 N/mm ± 0.22 N/mm. The stiffness of the material in the 

linear stretching area was determined in the matter of the analysis of elastomers tests (fig. 5). It was C 

= 0.14 N/mm ± 0.015 N/mm. It was also observed that the tested elastomer tends to generate a force of 

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 elastomer to generate a 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 treatment based on 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 smaller fragments, which are then released from the body. 

The rate of this decomposition depends on many factors [1] related 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 authors due to 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 non-invasive way, give information about changes not so much in surface but 

in total volume of the 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 the study was 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 bioglass and Zn. The main 

purpose of introducing such additives is to improve the bioactive properties of the tested divices. The 

scaffolds were prepared by 3D printing using the Oryginal Prusa® i3 MK3 printer, working in the FDM 

technique. Filaments made by injection molding were used for printing using a hydraulic Babyplast® 

6/10P Rambaldi Group injection molding machine. Due 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 evaluation of degradation was carried out in several stages: measurement of the 

physicochemical properties of the incubation fluid (pH, conductivity, concentration of Na+, K+, Ca2+ 

ions) and the analysis of changes and parameters of scaffolds (mass, sample morphology and volume 

changes). The analysis of changes in sample volume was performed using a 1172 SkyScan, Bruker® 

computer microtomograph. Measurements were carried out every 30 days. Samples were selected from 

each group and registrated using the 1172 SkyScan, Bruker®. mictoromograph with a spatial resolution 

of 10 µm, with the lamp parameters 40kV/250 mA. The exposure time of a single recording is 315ms, 

the unit rotation angle is 0.4°At each stage, the samples were recorded under the same conditions, which 

then allowed for comparative tests using the Data Viewer® software.  

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. 

 
Fig. 1 Comparisons of 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 and PCL 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 after adding Zn. 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 peri-implant tissue, and from the point of view of the scaffold itself, 

accelerates the rate of its bioresorption (Fig.1). In addition, changes in conformation related to the 

twisting of the incubated samples can be observed.  
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1. Introduction 

In osteoarthritis, there are chronic processes of destruction of joint cartilage and formation of 

defects in it, 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 about the etiology 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, 

increased friction of the articular surfaces, disruption of the blood supply to the joint and accumulation 

of microcracks especially in the region of subchondral bone tissue [3]. The microcracks formed in the 

bone are the result of physiological loads resulting from daily 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 skeleton, 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 described [2], but the effect of the number of loading 

cycles on the accumulation of fatigue-like 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 physiological working conditions. How, then, to select this value so that it does not lead to 

too rapid and violent destruction of the sample in a high-cycle measurement.  

The purpose of this work is to analyze the structural changes of spongy tissue specimens derived 

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 were 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 (25%-50%) Fmax, which was used in cyclic 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: after 100, 500, 1k, 5k, 10k and 50k cycles. All 

samples were registated with a spatial resolution of 10 µm, with source parameters of 89kV/112 mA, 

the use of Al+Cu filters, with an exposure time of 1400 ms, and a unit rotation angle of 0.4° to 360° 
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rotations. Then, using NRecon® software, the samples were reconstructed and analyzed for changes 

occurring in DataViewer®, Bruker. 

3. Results 

The use of computed microtomography allowed us to obtain both qualitative results, presenting 

them as changes in the geometry of the test specimen during successive stages of cyclic loading (Fig.1A, 

B), and quantitative results. Example values of BV [%] and BS/BV [1/mm] parameters are shown in 

Fig.1C. 

 

4. Conclusion 

The research conducted shows how important a parameter in cyclic testing is the selection of an 

appropriate load value. In the study, 2 specimens failed in successive loading steps, even though we 

selected the loading values based on a reference specimen from an 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), 

structural 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 was so well chosen that even at 10k cycles, the 

greatest changes in the geometry and structure of the test sample were observed at the points of load 

application. 
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1. Introduction 

Image segmentation is a process of recognizing objects in the picture 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 networks 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 of the computer 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, to perform 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 inside the cell. With the utilisation of the image 

segmentation techniques the analysis can be performed automatically or semi-automatically with 

precision reaching the human level but with far smaller time cost. Information gathered during this 

process can be later used 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 segmentation on fluorescent microscopic images of cells. 

The model was able to discern the 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 finetuned Segment Anything Model (SAM) [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 was An annotated fluorescence image dataset for training 

nuclear segmentation methods [1]. Dataset contains 79 images of cell nuclei with annotations. The 

inference dataset used for testing the capabilities of the program was the Human Protein Atlas - Single 

Cell Classification released 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 test dataset is presented in the Fig. 1A. 
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3. Results and Discussion 

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

as can be seen in the Fig. 1B.  

Fig. 1. A – original fluorescence microscopy image. B - segmentation masks 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 images with 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 microtubule, protein 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 is their 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, range, etc.), equipped with 

various accessories (cameras, microphones, sensors, etc.). The ever-increasing 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 collision with 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, such as the skeletal 

system. Particular risks are posed by blows to the head, which can cause concussion and, in extreme 

cases, even death [1],[2]. 

The objective of this paper was to experimental estimate the head injuries occurring in a 3-year-old 

child during an hit of 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 carried out using 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 a 3-year-old following a UAV impact was carried out based 

on the author's research methodology 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, according to formula (1). The 

AIS is a 6-point 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 [1],[2].  

  (1) 

  (2) 

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 the trolley with 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 head of a 3-year-old 
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child, manufactured by Humanetics Innovative Solutions, Inc, model Q3, equipped with an Endevco 

7264C accelerometer set, was used for the tests. Each impact was recorded with a high-speed NAC 

HX-3 camera, with a 35mm lens. The UAV used for the tests was an infused T300 carbon fibre 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, left and 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 impact variant. 

3. Results  

The results of the tests are presented in Fig. 1, where the UAV speeds at each impact are indicated, 

and in Fig. 2, where the HIC results are compared with the AIS scale. 

 

Fig. 1. HIC and velocity results  

 
Fig. 2. HIC and velocity results 

4. Discussion and Conclusions  

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 generated a HIC value 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 significant head injuries to 

the 3-year-old 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 30 - 50 ft can induce a HIC value of approximately 16 - 56. An impact to the head of 

a DJI Phantom III [2] at a velocity of 8 - 10 m/s translates into a HIC value of 150 - 250. The results of 

the study remain consistent with the results of other post-measurements presented in [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 to a 3-year-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 disease, which, due to lifestyle, develops more and more often in younger and younger 

patients. [1]. Lacquers are polymer composites based on resins, which additionally contain many 

chemical substances, such as: solid fillers, i.e. barium-aluminum-silicon glass, 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 characteristics, such as hydrophilic/hydrophobic 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 Methods 

The material for the 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 special form from each material.  

Table 1. Materials for sealing evaluated in the study 

Material Manufacturer Composition 

Flow-Color Arkona 

dimethacrylate resins: Bis-GMA, TEGDMA, UDMA, Bis-

EMA, Mineral fillers, Al-Ba-B-Si glass, Ba-Al-B-F-Si glass, 

pyrogenic silica, pigments 

Fissure Sealant Arkona 

Bisphenol A diglycide ether dimethacrylate, urethane 

dimethacrylate, triethylene glycol dimethacrylate, barium-

aluminum-silicon glass, barium-aluminum-boron-fluorine 

glass, fire silica, titanium dioxide), photoinitiators, inhibitors, 

catalysts, stabilizers, pigments 

Flow-It Pentron 

Filler, 2,2'-ethylenedioxy dimethanol dimethacrylate, 

ethoxylated bisphenol A-dimethacrylate, Bis 

(1,2,2,6,6-pentamethyl-4-piperidyl) sebacate 

2.1. Water contact angle (WCA) 

Surfaces with increased hydrophobicity are assumed to be more resistant against attack by water or 

water-soluble species [2]. The cell surfeace of bacterial strain S. Mutans which is a pathogen causing 

caries, was classified as hydrophobic. Values of WCA are depicted at the Fig 1A. 
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2.2. Fluoride release 

Fluorine release studies were performed with a use of an ORION 9609 ion-selective electrode 

(Thermo Fisher Scientific Co., Waltham, MA, USA) connected to a pH/ion meter CPI-551 Elmetron 

microcomputer. Measurements of fluoride ions (µg/mm2/h) performed at intervals of 3, 24, 24, 48, 72 

and 96h, and 1, 2, 3, 4, 5, 6 and 7 weeks in artificial saliva at 4 pH values (4.5; 5.5; 7; 7.5). 

2.3. Mechanical tests 

Microhardness tests were carried out using the CSM MicroCombi 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, deforming them for a period of 10s [3]. 

2.4 FT-IR analysis 

All of the evaluated sealants 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 analysis is shown at the Fig. 1B. 

 
Fig 1. A. Water contact angle of analysed materials; B. FT-IR spectra of evaluated sealants measured in the range 

of 4000-400 cm-1 

3. Conclusions 

The conducted research showed that each of these materials is characterized by different values of 

operational parameters. The highest Young's modulus 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 for Flow-IT sealant.  
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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 the elderly 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 physical changes 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 dysfunctions 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 for development 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, collected during the user's daily 

activities (habits, incorrect posture, dysfunctions of the musculoskeletal system), 

Method II – active stimulation of postural correction and behaviour to assist in maintaining balance 

during locomotion, 

Method III – monitoring the rehabilitation process by analysing the improvement in the efficiency of 

performing specific exercises, 

Method IV – developing appropriate habits in terms of maintaining balance by the user, 

Method V – 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 implement 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. These parameters will be analysed with 
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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 of compensatory 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 placing the 

recording system and compensating mechanisms in wearable textile vest, possible to be used under 

the outer clothing. This will allow for long-term use of the device and will give the possibility of 

a realistic assessment of factors contributing to the loss of 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 viable kinematic parameters. In Fig. 1a, 

we have suggested positioning of sensors to monitor human body pose, that is visualised in Fig. 1b. 

Simplified version of the system in the form of flexible vest, allowing to monitor body falls, was 

presented in Fig. 1c. All suggestions and designs are a matter of future studies. 

   
(a) (b) (c) 

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 recording kinematic parameters – sensors 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 movement of the 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 person's self-esteem, contributing to the 

increase in the number of undertaken activities. 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 process being effective. 

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 in maintaining balance during locomotion with function of 

recording gait kinematic parameters', contract no. Rzeczy są dla ludzi/0009/2020. 

References 

[1] EIBLING D. Balance Disorders in Older Adults. Clin Geriatr Med, 2018, 34(2), 175-181 

[2] CUEVAS-TRISAN R. Balance Problems and Fall Risks in the Elderly. Phys Med Rehabil Clin N Am, 2017, 28(4), 
727-737 



 

116 

 

Analysis of tribological properties of prosthetic materials under 

different conditions of use 

A. PTAK*, A. TOMCZAK 

Department of Fundamentals of Machine Design and Mechatronic Systems, Faculty of Mechanical Engineering 

Wroclaw University of Science and Technology, Wrocław, Poland 

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

1. Introduction 

Oral diseases 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 people aged 20 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 aged 65-74 in Poland. Knowledge 

of the properties of dental 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 determine the tribological 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 study: zirconium 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 simulate different 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 data enabling the description of the tribological 

properties of the tested materials. In the experiment, static and kinetic friction coefficients were 

determined (Fig. 1), and the wear was qualitatively described (Fig. 2).  

 
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 lubricants in 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 

a result of traffic accidents [1]. Developments in technology and engineering are contributing to ever 

more effective safety systems. In passenger 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 implant-tissue associations in a variety of use and loading 

situations including airbag deployment [2],[3]. In this paper, the authors 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 Ti6Al4V titanium alloy, complying with EN 868-3.5 and 

ISO 11607-2 by SterileRight, were used in the study. Fig 1 shows the selected three conical screw 

implants and one cylindrical screw implant. The 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. 

 
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 a high-speed camera, the process 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 Johnson-Cook (J-C) constitutive model for elastic-

plastic materials of titanium alloy including the 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. 

  
Fig. 2. Results for sample S2: (a) airbag detonation, (b) numerical model of the screw-bone of the mandible 

3. Results and Discussion 

The impulse impact of the airbag on samples S3 and S4 caused it to fracture at the insertion point 

of one of the six implant screws. By using a high-speed camera, 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 mandibular-implant 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 obtained experimentally. 
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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 carried out on living 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 carry 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 

mechanisms of this type of injury depending on the type of projectile, initial velocity, and thus energy, 

as well as the shape of the projectile [1],[2],[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 practically 

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 system. Numerical analysis using the FE method are helpful here. 

A geometric model of the 9x19 mm FMJ Parabellum projectile was performed for this purpose and 

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

projectile are described by the Johnson-Cook constitutive equation [4],[5]. 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 hydrodynamics [7]. Conversion of SPH particles at the 

limit strain εgr was adopted as the failure model. The final result of the research is a comparative 

analysis of tissue penetration obtained as a result of numerical simulations with real gunshot wounds 

resulting from a 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 with a projectile 

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: 

● the first involves the mechanism of gunshot damage, the generation of transverse and longitudinal 

vibrations in the hollow tissue, transferring energy in the directions of the projectile's motion and 

perpendicular to it, 

● the next one concerns the side impact, which is experienced by particles located in the vicinity of 

the projectile's path, which causes their perpendicular displacement and pulsations of the so-called 

temporary gunshot cavity (Fig. 1).  
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Fig.1. Wound profile a gunshot in a gelatin block of a non-deformable pistol bullet with a characteristic tumbling [2] 

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 gunshot cavity 

after the first expansion is determined with a good approximation by equation (1), if the initial collision 

velocity is greater than 100 m/s. 
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Where: r1 – wound maximum radius, ρ – density of tissues, p0 - initial pressure, v0 – initial collision 

velocity, r0 – projectile caliber. 

The time after which the greatest expansion of the gunshot wound occurs is described by the 

following relationship (2).  
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Where: t1 - the time after which 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 motion of joint. It’s most common in older age, an estimated 85% of people over the 

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 

non-age-related causes are obesity, trauma, or cyclic overloading. The rate of developing of OA is still 

not well known and that’s why it should be studied not only in vitro and in vivo but also in silico. 

Development of OA depends on angiogenesis in knee joint and bone growth 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 growth 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 intensify bone 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 with diagnosed 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. This 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 boundary conditions 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 was approximation 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 distribution across 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 Young’s Modulus Poisson Ratio 

Cortical bone 17000MPa 0.3 

Trabecular bone 500MPa 0.25 

Articular cartilage 10MPa 0.46 

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 chosen because 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). 3D model of knee with boundary conditions, b) Von Mises stress distribution in sagittal plane through 

medial condyle, c) stress distribution in frontal plane 

3. Results and Discussion 

The stress distributions show possible regions of OA occurrence, i.e., areas of higher stress values 

for a 3-dimensional 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 weight, unless 

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 next angiogenesis 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 therapy [1],[2]. In addition to the appropriate 

irradiation parameters 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 designed to ensure 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 or the release of additional analgesic substances. 

2. Materials and Methods 

The study aimed to adapt a 9% sodium alginate-based hydrogel using a different polymer to achieve 

appropriate adhesive properties and simultaneously improve methylene blue's controlled release, 

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 concentrations (1% and 3%) was proposed as 

a material 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 0.5M were utilized in the experiment. The hydrogel fabrication scheme is shown in 

Fig. 1. 

 
Fig. 1 Sample preparation scheme 

The tests carried out are in vitro using animal tissues (pig cheeks). In order to determine the strength 

of adhesion between the material and the tissue, a T-peel test was performed (Fig. 2b). The residence 

time of the hydrogel in the tissue was determined using the small cup slurry test (Fig. 2a). 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 modulus (Table 1, Fig. 1) and tensile strength of the material was 

determined. The kinetics of methylene blue release from individual matrices were also determined. 
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Fig. 2 Adhesion testing schemes a) small cup slurry test b) T-peel test 

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

 SA SA-MB SA-CH1 SA-CH3 
SA-CH1-

MB 

SA-CH3-

MB 

Young’s 

Modulus [MPa]* 

1347.6 ± 

534.2abc 

1656.0 ± 

195.1defg 

945.6 ± 

203.3d 

735.8 ± 

251.1ae 

544.2 ± 

57.7bf 

573.7 ± 

214.9cg 

a,b,c… - statistically significant differences for p < 0.05.  
* Tukey test (result presented as mean ± standard deviation).  

3. Results and Conclusions 

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

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

of chitosan in the matrix. At the same time, 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's modulus (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 degradation time 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 that sodium alginate-based 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/ 

methylene blue 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 the active substance. 
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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]. Abnormalities 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 contributes to postural abnormalities. Children undergoing 

early sports specialization are often exposed to this effect. The 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 aged 7-8 years, 

a group of 12 artistic gymnasts: 10 girls and 2 boys aged 7-12 years, and a group of young adults - 

students of the University of Physical Education in Wrocław: 20 women and 27 men aged 21-25 years. 

The children's parents gave their written consent to the research. Each 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, bounded by 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 

seconds. 

 
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 rotation of 7.4° to the right (-7.4°). 

The result of the body scan was the determination of the degree of trunk rotation (TR), 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 subject stood on two AccuSway (AMTI) platforms placed side-by-side, 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 were calculated from the course of COP changes as a 

function of time: medial-lateral (COPX) and anterior-posterior (COPY) COP amplitude, COP ellipse 

area and velocity (V COP [cm/s]) separately for the left and right lower limbs. Rank ANOVA Kruskal-

Wallis test was used to assess the significance of intergroup differences in TR angle. The intragroup 

differences between the left and right COP indices were assessed by Wilcoxon’s rang test. The 

correlations between TR and the posture control indicators were determined by Spearman's correlation 

coefficient (rs). 

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 results (min-max) is significantly 

greater in the children's group than in the gymnasts' group. 
H (2, N=88)=39.79  p<0.001
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Fig. 2. Results of intergroup differences in trunk rotation angle (TR) 

In the group of gymnasts, no TR to the right was recorded, in the group of children only 2 showed 

TR to the right, the majority - to 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 intragroup 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, rs = -0.59). In the group of 

children, no such correlation was found. 

4. Discussion and Conclusions 

TR results in the gymnasts show that specialized training in childhood "stabilizes" the asymmetry 

in the alignment of the trunk in the right torsion position (from 4 to 10°). This may be an effect of 

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 confirms 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 study 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 posture control. 
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1. Introduction 

Intrinsic strength (k) is one of many parameters used to describe masticatory muscle function. An 

analysis of the available literature indicates few publications on the parameter k value concerning 

masticatory muscles and physiological loads. One of the oldest papers relating to intrinsic strength 

values is that of Fick [1], in which the author reports k=1×106 N/m2. In the 1940s and 1960s, papers 

[2],[3] were published in which intrinsic strength values of 0.9×106 N/m2 and 0.7×106 N/m2 were given, 

respectively. On the other hand, analysing works from the turn of the 20th and 21st centuries 

[4],[5],[6],[7],[8], it can be concluded that the value of the k parameter is in the range of 

0.35×106÷0.40×106 N/m2. A 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 unilateral chewing of selected foods. Due to the complexity of chewing, 

intrinsic strength values were determined for the first bite. 

2. Methods 

In order to determine the intrinsic strength (k) of the masseter (M), medial pterygoid (MP) and 

temporalis (T) muscles, five foods (i) differing in structure (texture) and mode of manufacture (natural 

and artificial) were selected, i.e. carrot (c), apple (a), dark chocolate (d), chocolate bar (b) and sausage 

(s), Based on publications [9],[10], intrinsic strength (k), is determined from knowledge of maximum 

muscle force (FH) and physiological cross-sectional area (PCSA) - equation 1. Calculations were 

performed for the working (W) and non-working (N) sides. 

 k= FH / 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 the working (kWi) and non-working (kNi) sides, respectively-Table 1. 

The data given in the paper [11] were used to determine intrinsic strength and the PCSA values on the 

working and non-working sides were assumed to be the same [6]. 

4. Discussion 

The results in Table 1 indicate that, during unilateral chewing, the intrinsic strength value (k) should 

be analysed in the context of the food, the muscle and the side of the mandible (the working and the 

non-working sides). An analysis of the work [11],[12] indicates that food imposes individual patterns 

of muscle activity that must adapt to different functional requirements depending on the input. [13].  

                                                             
*Corresponding author: Przemysław Stróżyk, e-mail: przemyslaw.strozyk@pwr.edu.pl 



 

129 

 

Table 1. Values of intrinsic strength (kWi, kNi) for selected muscles (the masseter (M), medial pterygoid (MP) and 

temporalis (T) muscles) in relation to food (i) and to the side of the mandible, i.e. the working side (W) and the 

non-working side (N) 

Muscle 
PCSA 

[×10-4 m2] Chocolate (d) Chocolate bar (b) Apple (a) Carrots (c) Sausage (s) 

kWi [×106 N/m2] 

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 [×106 N/m2] 

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, among other things. The analysis of intrinsic strength values concerning muscles shows that 

the highest values of the k parameter are obtained for the pterygoid muscle 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 muscle - irrespective of food and side. 

Equation 1 indicates that attention should also be paid to the PCSA value to determine intrinsic 

strength, as using different PCSA values (for FH=const) leads to different k values for the same muscle. 
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1. Introduction 

Leg stiffness is a variable that has been mainly used in locomotion analyses. Stiffness is 

a quantitative measure of the elastic properties that determine the ability to accumulate potential elastic 

energy in a compliant tissues. 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 

take-off phase. Consequently, the potential elastic energy will impact the jump 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.e., a 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 the lack of concrete 

recommendations that would allow for the improve speed-strength 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 most favours 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 unexplained 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 of mass 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 limbs. This virtual 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 male basketball players (age: 21.0 ± 0.8 years, body 

height: 1.87 ± 0.07 m, body mass: 78.0 ± 9.3 kg, training experience: 5.5 ± 2.0 years). Each participant 

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 of the change in the "length" of virtual spring Δl (which 

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 stiffness was determined as a ratio of changes in ground 

reaction forces (ΔF) to the respective change in the height of the greater trochanter of the femur (Δl) 

[3]. Computations were made separately for the countermovement and take-off phases. Displacement 

of centre of mass during CMJ (jump height) was determined indirectly based on flight time method. 

The r-Pearson’s correlation coefficient was used to evaluate the relationships between leg stiffness and 

CMJ height in each participant separately. Furthermore, the analysis 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 α = 0.05. 

3. Results 

Negative, significant relationships between the CMJs height and leg stiffness in the 

countermovement (r ϵ <-0.86, -0.47>) and take-off (r ϵ <-0.90, -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 these relationships for the entire study group. The HEIGHT 

quantitative predictor was significant, which indicated that leg stiffness in the countermovement 

(F = 131.7, p < 0.001, η2 = 0.41) and take-off (F = 116.2, p < 0.001, η2 = 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 countermovement (F = 16.4, p < 0.001, 

η2 = 0.44) and take-off (F = 5.3, p < 0.001, η2 = 0.2) phases. 

4. Discussion and Conclusions 

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 jump to a specific height. 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 height (from minimal to maximal) were accompanied by reduced 

values of leg stiffness in the countermovement and take-off phases. These results suggest that relatively 

low values of leg stiffness are beneficial to CMJ height. Therefore, smaller values of leg stiffness cause 

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 jump height. 
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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 [2]. Patients’ body proportions and anatomy often differ substantially 

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 middle-aged woman, 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 Plug-In-Model marker set and model. They 

walked at their natural, self-selected 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 measurements with the use of a structured light-based 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 Hamner [4] full body with upper limbs 

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 limbs were 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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Fig. 1. Comparisons of the simulation results for the ankle joint, for the three subjects for generic and personalized 

mass distribution models. F – joint force, M – joint moment. X – sagittal axis, Y – frontal axis, Z – transverse axis, 

SI units were applied: force in Newtons, moment in Newton-meters. 

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 body shape, 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 depending on the type 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 subjects, adjusting only 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 INERTBODY research project financed by 
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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 medical context. Models with good 

predictive capacity can be used in in silico 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 models under material 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 shows a model constructed 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 abdominis muscles as well as linea alba tissue with aponeurosis. Marc (Msc. 

Software/Hexagon) – FE software has been used to perform static analysis. Boundary conditions reflect 

origin and insertion of the muscles (pelvis, ribs, xiphoid processes). Abdominal wall is subjected to 

intraabdominal pressure. Linear elastic isotropic material model is assumed for all the tissues.  

2.2. Uncertainty quantification and global sensitivity analysis 

Regression-based polynomial chaos (PC) method is used to propagate uncertainties and calculate 

Sobol indices (measures of global sensitivity analysis) [2]. This method is based on constructing a meta-

model, is non-intrusive and allows to propagate uncertainties with relatively low computational cost. 

The Young’s modulus of each muscle is assumed to be a uniform random 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 meta-model. The displacement of the node in the middle of the 

rectus muscle is assumed to be the quantity of interest.   
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a)  
b)  

Fig. 1. Models of the abdominal wall a) male model based on MRI images b) female model based on CT images 

Fig. 2. Sobol and total Sobol indices for  a) male model b) female model, ER refers to Young’s modulus of rectus 
abdominis, EE – external oblique, EI – internal oblique and ET – transverse abdominis muscles, EA - linea alba 

tissue with aponeurosis 

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 Young’s modulus of the rectus abdominis muscle is the 

most important variable in both models. However, in case of the 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, the differences 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 have changed. In the next step, 

other quantities of interest will be considered.  
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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 tissues [1],[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 screw-rod connection used in spinal stabilization. 

2. Material and Methods 

The tests were carried out for two groups of single sliding kinematic screw-rod pairs made of 

Ti6Al4V titanium alloy and with diamond-like carbon (DLC) coating, in which the head of the 

polyaxial bolt was aligned with the axis of the bolt (the angle of inclination is 0°). The established 

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) . 

 
Fig. 1. The research methods used: mechanical tests, microscopic tests and topographic studies 

 

The cyclic loads acting on the components of the kinematic pair were simulated on an 

MTS 858 Mini Bionix® testing machine. The tests were performed for 100,000 load cycles at 

a frequency 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 the depth of the cavity conducted along profiles at 

different rubbing heights. 

3. Results and Discussion 

The average value of the friction force determined from the mechanical tests, together with the 

standard deviation over successive load cycles, was presented every 10,000 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 0N to 14N) with successive cycles for standard implants. For implants with 

DLC coating, the friction force was smaller and practically constant (from 0N 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 wear on the area located above the 

nut hole (upper friction area) was noticeably less compared to the lower area (bottom friction area). 

 
A                                                                                      B 

Fig. 2. Average value of the friction force over successive cycles: a) standard sliding screw-rod connection, b) 

sliding screw-rod 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. The fascia lata (FL) envelops deep structures of the thigh, constitute a very 

important part of musculoskeletal system. That is way its dysfunction and inflammation may lead to the 

widespread pain and substantial motion restriction. Histologically, FL consists mainly of fibrous 

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 be easily visualize by means of light and confocal microscopy 

(autofluorescence), but visualisation of elastic fibres, particularly accessing their three-dimensional 

arrangement is much more demanding [3]. 

The aim of the study was to clarify the comprehensive mechanical properties and microscopic 

structure of human fascia lata for a better understanding of its behavior. 

2. Material and Methods 

The samples, of pathologically unchanged human fascia lata, used in this study were collected post-

mortem from 36 adult males in different age groups (I group – age up to 21 years old, II group –age 

range 40-51 years old, III group – age over 60 years old). The material had not been frozen prior to 

examination. Specimens were excised in two directions: longitudinal and transvers to the collagen 

fibres alignment. 

Uniaxial tensile tests were performed at room temperature at a constant crosshead speed 

of 5 mm/min using an MTS® Synergie 100 testing machine. The initial specimen length was always 

15 mm, the correct tensile test were preceded by 3 loading-unloading cycles. Additionally part of the 

material were fixed in 10% buffered formalin, paraffin-embedded, sectioned to 5 μm sections, stained 

with haematoxylin and eosin (H&E). The observations of the collagen fibres were carried out using 

a light 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 used to excite SRB and the corresponding signal from 

elastic was collected within the range 575-615 nm.  
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3. Results and Discussion 

The completed mechanical tests have shown, above all, the anisotropic properties of the examined 

tissue. Nonlinear stress-strain curves were obtained from each tested specimen. The conducted tests 

determined the values of the particular mechanical parameters, e.g., stiffness coefficient (k), ultimate 

tensile strength (σUTS), and Young’s modulus (E) (Fig.1A). 

In case of the stiffness coefficient, the direction of excision of the samples was important, as much 

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 higher than for transverse samples and 

their average values were in the range of 6-12 MPa. In case of Young's modulus, the obtained values 

were even 10 times higher for longitudinal than transverse samples, the average values of this parameter 

ranged from about 8-83 MPa. 

A)    B)    

Fig. 1. A) Median Young’s modulus (E) for specimens of human FL tested longitudinally (grey) and transversally 

(blue) to collagen bundles arrangement. B) Elastic fibres (arrow) within the human FL selectively stained with 

SRB in confocal microscopy (scale bar: 40 mm) 

Confocal microscopy and sulforhodamine 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 they were organised 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 eturning to the center 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 right-handers, the left) has mainly a stabilizing function, while the front one (forelimb) 

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. backhand), the 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 and left side of the body [1]-[5].  

2. Material and Methods 

A 23-year-old man with 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 movement - approach vs. return). A 16-channel electromyographic 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 of the EMG 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 

beginning of 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 signal in the further 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 both sides of the court (forehand, backhand) and return as soon as possible. The 

examined person was right-handed, hence the muscles of the right lower limb had a motor function, 

and the left one – a stabilizing function. The subject performed 8 repetitions of each type 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 assessed by multivariate analysis of variance. The significance level 

was set at p < 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 differentiation of lower 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 the 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 higher during 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 limb muscles 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 prosthetic bridge 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 even after several 

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 study three 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-ray of patient’s mandible several months after implantation. Showing dental prosthetic bridge, mounting 

implants, and conspicuous bone loss in area of distal implants  

  
A                  B 

Fig. 2. A. Image of displacements obtained during experiment (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 during the experiment. 

Same areas were evaluated using analytical method – FEM. 

 

 
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 polyurethane mandible 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. Autologous bone 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, it is crucial to also take into 

consideration the patients mental well-being, that can be strongly influenced with after-reconstruction 

appearance. Especially when the reconstructed body part is exposed in everyday life and might be 

surrendered to public reactions. Commercially 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 time-consuming and imprecise [2], moreover the bending 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 be well-matched to the 

geometry of the face, leading to potential issues 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 reduction in pain, 

improved speech, appearance, and well-being 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 plates and there were no drastic loss in soft tissues after the 

medical procedure. Resulting bone loss is located in the 33-41 area. As a result of surgery the whole 

thickness of mandible was not restored, which qualified the patient for the secondary reconstruction. 

2. Materials and Methods 

2.1. Material and Technology 

The Ti-6Al-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 per the ASTM F136-13 Standard. Process parameters were selected for the production of 

test samples and demonstrators in the form of personalized jaw implant. 

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 removed is 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 tissue is shown.  

 
Fig.1. Flow chain of personalised jaw implant designing 

2.3. Numerical Analysis 

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 behaviour of the implant’s model in that mechanical condition.  

2.4. Post Processing 

Use of additive manufacturing technology required the application of a multistage post-processing 

treatment. The first stage involved machining, which could be limited to only the finishing process of 

mounting sockets 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 body for a long period of time, the dimensional 

and geometrical accuracy of a non-permanent fastening connection was an important issue. 

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 criteria for 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 implant revealed 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 PBF-EB/M and post-processing. As shown, the process of designing an implant is a complex 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 methods 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 high-quality product. 
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1. Introduction 

A mandibular bone defect is the most often caused 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 conditions of 

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 model and Material properties 

The geometrical model of the mandible was developed on the base of image data acquired using 

computed X-ray tomography, processed with use of MIMICS software (Materialise, Belgium). The 

entire bone volume was divided into two regions, basing on the occurrence of the trabecular or cortical 

tissue. Cortical layer with thickness in the range 1.6÷7.8 mm surrounded inner trabecular structure [1]. 

Bone defect was modelled by cutting bone fragment and an implant was introduced into this space. The 

discretisation of the model was performed in ANSYS software (Ansys Inc., Canonsburg, USA) using 

Solid187 10-node tetrahedral elements. The mesh was optimised globally and locally - in the region of 

implant-bone contact. 

A simplified isotropic model was used, both for cortical and trabecular bone, assuming the 

following material parameters; for trabecular bone: E=1.37 GPa; ν=0.3; G=0.52 GPa and for cortical 

bone: E=13.7 GPa; ν=0.3; G=5.26 GPa. Two variants of implant material was analysed, taking  implant 

material properties corresponding to technically pure titanium (E=103 GPa; ν=0.3; G=76.9 GPa) and 

polyether ether ketone (PEEK) (E=20 GPa; ν=0.3; G=1.38GPa). [2] 

2.2. Loading conditions 
The mandibular model was supported in a way simulating conditions occurring in the 

temporomandibular joints, 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 occurring between 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 symmetrically contact with the 

upper incisors (Fig.1a); variant 2 - represented the way in which the lower molars symmetrically contact 

with the upper molars (Fig.1b); variant 3 - represented a way in which the lower molars on the implant 

side contact with the upper molars (Fig.1c); variant 4 - represented a way in which the lower molars on 

the opposite side to the implant contact with the upper molars (Fig.1d).  

                                                             
*Corresponding author: Anna Tomaszewska, e-mail: anna.tomaszewska@sd.pb.edu.pl 



 

147 

 

 
Fig. 1. Location of tooth contact during mastication: a) variant 1; b) variant 2; c) 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 

Huiskes [4] and further developed by Weinans [5]. The change in bone density (ρ) was related to the 

response to a mechanical stimulus (S), which was expressed as the ratio of strain energy to bone density. 

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

  (1) 

where: ρ  – bone density, S – mechanical stimulus, k – threshold value for the stimulus, B – constant. 

3. Results and Discussion 

The main results of the simulations were the patterns of bone density distributions including 

changes resulting from functional adaptation. It is possible to observe, that: 
 the most intensive bone remodelling has occurred around the corners of the implant, 

 metallic implant (pure titanium) provided more intensive stimulation of bone remodelling 

comparing to PEEK implant, 

 in 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 regard to the 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 Huiskes-Weinans 

procedure. Further development of the model, taking into account biological 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 and numerical 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 

velocimetry (PIV) technique to study flow in small-diameter 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 experimental flow study was conducted using the optical Particle Image Velocimetry (PIV) 

measurement technique [3,4]. This technique involves the use of a two-pulse laser source to create a 

measurement plane. The laser beam is directed into the measurement section through 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 intervals, calculations are performed to determine the displacement of 

particles within the flowing fluid. Small-diameter 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 facility. 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 sections, which it 

is possible to connect the silicone tubes that supply the fluid. 
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Fig. 1. View of the test stand and close-up 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. 2). This presentation 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 [1]. Hernia 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 well-being 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. To gather this knowledge, we collected 

information of mechanical behaviour of human AW under changing pressure load and analysed it using 

Self-Organising Maps (SOM), an unsupervised machine learning model, which is able to cluster 

experimental data based on their similarity. Hence, it can provide us with information about regions of 

AW which may have similar mechanical performance under pressure load.  

2. Material and Methods 

2.1. DIC 

Experimental data were acquired during peritoneal dialysis (PD) of twelve patients with 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 introduced 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 calculate 3D fields 

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 

Self-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 power. Clustering 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 strains Ɛ1 calculated for the tested human 

subject on the basis of experimental data for all time steps of PD, which takes around 10minutes. This 

way we can consider the change of Ɛ1 in time during loading, here 2048 time steps.  Therefore, the input 
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vector for SOM contains Ɛ1 varying in time and in the space of the AW surface (2048 variables, 493 

points on the AW surface). 

3. Results 

The results of SOM can be presented on U-matrix (unified distance matrix) map as clusters of data 

as presented in Fig. 1. Those clusters are groups of points of abdominal wall that are characterised by 

similar evolution of Ɛ1 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 quality was found 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 U-matrix and clusters map (Fig. 1a,b). Clusters borders divide different groupings, 

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 horizontal-like stripe behaves differently. 

 
Fig. 1.a) U-matrix, b) clusters colour map, c) surface of the abdomen of examined patient with mapped clusters 

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 a single time moment. The analysis enables to 

reduce dimensionality of description of full-field 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 and performance. 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 also occurs in tissues, including bone tissue through type I 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 universal measurement 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 piezoelectric effect 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. Specimens from 

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 the tests, it is possible 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 common mini-plate 

fixation types. As a key performance indicators were used relative displacement of bone 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 load transfer types. 

2. Materials and Methods 

2.1. Modeling approach 

The mandible bone geometry was mapped from a CT scan of a 24-year-old male hospitalized at the 

1st Department of Craniofacial Surgery, Infant Jesus Clinical Hospital in Warsaw. The fracture 

occurred 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 assure the physiological movement of the bone 

under applied loads. After the consultation with maxillo-facial surgeon, five connection models have 

been selected, varying in the number and location of the plates. The plate and screw geometry has been 

created based on 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 mechanics point of view.  

Following the Arbeitsgemeinschaft für Osteosynthesefragen organization, the load bearing and load 

sharing types of connections have been analysed, including the manual forming before the installation. 

Orthotropy material properties has been assigned to the cortical bone due to the significant stiffness 

variation along the mandible, while the cortical bone is described by the elasto-plastic isotropic material 

curve [1]. For the metallic parts, also the elasto-plastic material curves have been assigned due to the 

non-linearity phenomena. Considering the manual forming of plates, the prestress effects and residual 

stresses have been included. 
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Fig. 1. An example of geometry (a), and FEM (b) of one of the analysed fracture stabilization model 

A series of analysis have been calculated for both mentioned types of connection with maximum 

physiological loading and different types of fracture line clearance conditions. Presented material is a 

continuation of the works described in article [2]. 

3. Results 

To compare assumed fixation approaches the five performance criterions have been introduced. 

These include the following: 

 mutual displacement of fracture bone fragments, measured on the fracture plane, 

 overall fixation’s stiffness, measured as the vertical axis direction displacement, 

 the elastic strain intensity observed at the cortical bone, 

 equivalent stress within the connecting plates, 

 temporomandibular reaction variation. 

Below figure presents the performance ranking by the colour code, prepared based on the analysis 

results. 

 
Fig. 2. Fixations performance comparison 

Presented comparison clearly shows that connection model with two plates located at the angle of 

mandible provides overall best performance in each criterion. Also the approach with the plate on the 

oblique line presents acceptable conditions, while the efficiency of one-plate fixations is much worse. 

However, before the selection of connection type, some more consideration from the medical point of 

view, like soft tissues damage and blood flow assurance have to be taken. 
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1. Introduction 

Forensic experts use various techniques of reconstruction of pedestrian accident. Motion of a human 

body after impact is often analysed analytically by assuming a point-mass projectile motion [1]. or by 

using regression formulas derived from results of dummy crash tests or in-depth accident studies [2]. 

While simple to use, these techniques have limitations, and for more detailed studies  human body 

models (HBMs) are used [3]. HBMs are implemented in various commercial reconstruction packages 

[4], which allow to integrate police-collected evidence to recreate accident sites and use databases of 

models of vehicles for simulation. This allows modelling of various accident scenarios, from pedestrian 

impact to such out-of-the-box cases as falls from heights [5]. An HBM implemented in such a program 

needs to be easy-to-use, computationally effective and robustly validated to allow for a variety of 

possible applications. 

This study presents how various techniques of analysis of numerical pedestrian model can be used 

to validate the response of a particular HBM: CYBID Multibody Pedestrian model [6]. The HBM was 

created using multibody techniques and has already found use in accident reconstruction. In this study, 

two approaches to analysing the response of an HBM will be presented: using results of a dummy crash 

test, and an analysis of response of the HBM for various pedestrian initial positions. 

2. Methods 

Dummy crash test 

 In the crash test study, a biofidelic PRIMUS dummy was used [7]. The dummy 

was suspended on an automatic release system. The impacting vehicle was a Toyota 

Corolla instrumented with an on-board VBOX device to measure velocity. At the 

moment of impact, the vehicle was fully braking and the collision velocity was 

recorded to be 46 km/h. The crash test was simulated in V-SIM. The vehicle model 

was taken from the programs’ library and its motion was simulated to 

match the registered time-velocity curve from the test. Joints of the HBM 

were positioned using a point cloud of the test site that was registered with 

3D scanners before the crash. The final position of the dummy was also 

recorded using 3D scanning techniques.  

The throw distance of the dummy was 12,4 m, while the HBM result was 13.1 m. Joints of the 

HBM were positioned using a point cloud of the test site that was registered with 3D scanners before 

the crash. The final position of the dummy was also recorded using 3D scanning techniques. The throw 

distance of the dummy was 12.4 m, while the HBM result was 13.1 m. 

To study the influence of the initial position of the pedestrian, a series of simulations was run. The 

simulation setup was as described by [8], i.e. Toyota Camry 2010 impacted the pedestrian in full 

braking; collision velocity was 60 km/h. For each simulation, initial position of the HBM was moved 
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Fig. 1. Initial posture of 

the HBM in relation to 

the 3D scan of the 

dummy. 
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in 2cm intervals against the front of the vehicle, resulting in 300 simulations. The setup and running of 

each simulation was automatized using a dedicated V-SIM scripting interface. 

The results for the simulations were compared against a selection of available mathematical models 

that describe the relation between impact velocity and throw distance, derived for central impact [2], 

[9], [10]. 

 

 

 
 

3. Conclusions 

Pedestrian impact simulation displayed a higher value of throw distance when compared to dummy 

crash test, but lower than mathematical models. These difference showcase how diverse reference data 

for validation of pedestrian HBMs can be. Based on the results, the authors consider the response of 

the model to be acceptable. Future studies will involve further investigations of the model’s sensitivity 

to initial conditions. 
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1. Introduction 

In medicine, lattice structures are used in the design of personalized bone implants. The application 

of lattice structures in medicine is a relatively new area of research, however, many studies indicates 

that their use can provide many benefits in the treatment of various conditions. The purpose of this 

study was to characterize the mechanical properties of lattice structures fabricated using incremental 

technologies and to evaluate the effect of the geometry of the lattice structures on their mechanical 

properties.  

2. Material and method 

The material was lattice structures made of polylactide (3D GO Snow White PLA filament) using 

Fused Deposition Modeling (FDM) incremental technology (Original Prus I3 MK3S printer). Cube 

specimens (n=60) with an edge of 15 mm were prepared for testing. Six research groups were studied: 

gyroid, cross, X cell, Schwarz P cell, rings and star. Groups were different no only in geometry, but 

also in size of unit cells, and density of unit cells in the structure. The geometries of the samples are 

shown in Fig. 1. 

 
Fig.1 Specimens geometry and their unit cells for the group of a) gyroid b) cross c) X cell d) Schwarz_P cell  

e) rings f) star 

To determine the mechanical properties of specimens, a uniaxial compression test was conducted 

at a loading rate of 1mm/min. The test was performed using an MTS 858 Mini Bionix testing machine. 

On the basis of this test, parameters such as Young's modulus (E), yield strength (Re) and conventional 
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elastic limit were determined (R0.05). One specimen from each group was subjected to 3D structural 

studies using computed microtomography before the mechanical test. For this studies, parameters such 

as percent object volume (Obj.V/TV), closed porosity (Po(cl)), open porosity (Po(op)), total porosity 

(Po(tot)), structure thickness (St.Th) were determined. 

3. Results 

The analysis of mechanical properties showed that the cross group had the highest value of all 

analysed mechanical parameters. The of  these parameters (median) are: 26.4 MPa (Re), 24.5 MPa 

(R0.05) and 797.2 MPa (E). The lowest value of mechanical parameters is characterized  the star group. 

The values of them obtained for this group are 5.9 MPa (Re), 5.2 MPa (R0.05) and 231.1 MPa (E). The 

differences obtained between the test groups are statistically significant (p<0.05) and are, respectively: 

78%, 79% and 71% (Table 1).  The highest values of 3D structural parameters were respectively: 

Obj.V/TV: 98.53% (star), St.Th: 0.31 µm (star and gyroid), Po(cl): 3.29% (cross), Po(op): 2.04 (rings), 

Po(tot) 2.65% (rings). The smallest values of these parameters were: Obj.V/TV: 96.4% (cross), St.Th: 

0.22 µm (rings), Po(cl): 0.63% (rings), Po(op): 0.32 % (cross), Po(tot) 1.47% (star).  

Table 1 Mechanical parameters of lattice structures 

Research group Re [MPa] R0,05 [MPa] E [MPa] 

Gyroid 10.0 8.9 379.0 

Cross 26.4 24.5 797.2 

X cell 13.5 12.5 453.9 

Schwarz_P cell 6.8 5.7 481.6 

Rings 6.5 6.0 328.7 

Star 5.9 5.2 231.1 

4. Conclusions 

Comparing the obtained results with the literature [1], it was found that the course of stress-strain 

curves are typical for porous materials. The study also showed that the geometry of lattice structures 

(size and shape of the unit cell) affects the mechanical properties of the obtained samples. The highest 

values of mechanical parameters are characterized by samples from the cross group. This is also the 

group that had the highest value of total porosity in the morphometric analysis. Comparing the results 

obtained in the paper for lattice structures with the mechanical properties of bone tissue [2][3], it was 

shown that the cross group is not characterized by values of mechanical parameters similar to trabecular 

bone tissue. The most optimal structure for the application in trabecular bone tissue scaffolds is the star 

group.  None of the groups show similar mechanical properties to cortical bone tissue.  
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1. Introduction 

Postural stability disorders are one of the basic human problems related to the degeneration of all 

functional and anatomical systems [1,2]. Problems with balance affect not only elderly people but also 

patients with neurological problems such as Parkinson's disease (PD) [3]. These disorders can be 

problematic during activities of daily living and can cause falls resulting in serious injuries [4]. Early 

diagnosis of PD can lead to earlier treatment, and thus minimize the effects of the disease and associated 

motor problems. The currently conducted tests use dynamic tests, because  effective method of 

diagnosis and assessment of the severity of PD based on data from the static test on stabilographic 

platform with open eyes (QS)  has not been developed [5],[6]. 

The conducted investigations aim to utilize stock exchange indices based on trend change analyses 

in the evaluation of the PD stages using COP displacement signals during the activity of QS. 

2. Methods 

The experimental groups consisted of 30 subjects with idiopathic PD, 40 age-matched, healthy 

control subjects, and 20 young, healthy control subjects. The demographic and clinical characteristics 

of the subjects are presented in Table 1. 

Table 1. Characteristics of test groups 

Designation CGy CG PDII PDIII 

Designation 
description 

Healthy 
control subjects 

Aged-matched 
healthy control 

subjects 

A group of people 
with stage II 

Parkinson's disease 

A group of people 
with stage III 

Parkinson's disease 

Group size 20 (8m and 12f) 40 (8m and 32f) 15 (11m and 3f) 15 (11m and 3f) 

Age [years] 20±1.1 69±5.5 63±7.2 69±8.6 

Body mass [kg] 63.9±11 71.6±13 82±11 83±20 

Body height [cm] 171±7.2 163±8.4 172±8 170±8 

Each of the test subjects performed the QS test three times with eyes open and eyes closed. Each 

trial lasted 30 s and was repeated three times. The AMTI platform (AccuGait) was used in the 

measurements. The platform sampling frequency was 100 Hz. A dual-pass 7 Hz low-pass Butterworth 

filter was used for forces (Fx, Fy, Fz) and moments (Mx, My, Mz), which were later used to calculate 

the COP. All calculations were performed using MATLAB software.  

Data analysis was performed based on displacements of the center of pressure (COP) towards AP 

and ML. On the basis of the obtained COP displacement waveforms, a technical analysis of the signal 

was carried out and the following quantities were determined: indices related to the number of trend 

changes (TCI), indices defining a mean time (TCI_dT), and mean displacement (TCI_dS) and mean 

velocity (TCI_dV) between such changes [7],[8].  
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3. Results 

Statistical analysis was performed for all calculated indicators. The TCI results indicate a normal 

distribution and homogeneity of variance, hence the means were compared using parametric tests. The 

results of the other indicators do not show normal distributions, hence non-parametric tests were used 

and the medians and quartile range were compared. 

In the next step the reliability was calculated by taking into consideration three measurements for 

each person.The obtained interclass correlation coefficient (ICC) values in the case of the TCI were 

within the range of 0.80-0.92, whereas other values were in the range of 0.74-0.88.The results of the 

calculations for the studied groups and samples are presented on Fig. 1. 

 

Fig. 1. Obtained values of TCI and TCI_dV, TCI_dS and TCI_dT coefficients. The results are presented for the 

eye open EO and EC closed tests 

The results indicate a higher TCI value for PD than for CG (p<0.05). In the case of PD patients, there 

was also an increase in the TCI_dS value by 2-5 mm, which mainly contributed to the increase in 

TCI_dV. Statistically significant differences for the TCI_dT values occurred between all groups in 

which differences in the average COP velocity were noted. 

4. Discussion and Conclusions 

The results obtained in the study indicate that the increase in TCI_dV in the PD group in the EC 

test is the result of an increase in TCI_dS. There was an extension of the movement between successive 

changes in the trend. The change in TCI_dS may be a new indicator in the assessment of the diagnosis 

of people with Parkinson's disease. The developed method of analysis provides new information on the 

strategies for maintaining balance in people with PD. The use of this method to differentiate the severity 

of PD requires further research. 
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1. Introduction 

Duchenne muscular dystrophy (DMD) is a genetic neuromuscular disorder with progressive muscle 

weakness. A therapy of patients with DMD is mainly concentrated on rehabilitation of musculoskeletal 

system dealing with activities of daily living (ADL). This rehabilitation can be facilitated by using 

passive/active external devices (end-effectors, manipulators, exoskeletons). 

The general aim of the study was to define the type of control that used wheelchair patients with 

DMD while performed ADL motions in given conditions. The scope of this study involved testing the 

patient chosen from the group of patients with DMD being at different stages of DMD progress (these 

patients are treated in the Rare Diseases Centre of Medical University of Gdansk) and the healthy 

adolescent (Control) chosen from the reference group composed of healthy adolescents. Testing of 

ADL motions had been performed in two different conditions: 1) in natural conditions (without any 

external device), 2) by using passive light-weight manipulator.  

2. Method of testing 

Detailed description of tested participants, protocol of testing, measurement technique and 

implementation of method of motion quantitative analysis are presented in [1]. With respect to the 

results published in [1], in this study we present new results referring to testing of horizontal motions 

by using 200g weight and 500g weight in two different conditions. In each tested motion and given 

condition a type of control used by tested subject was identified by assessing correlations between 

subject’s muscle activity and the displacement of subject’s wrist joint (kinematic type of control) and 

the displacement of centre of mass of subject’s upper limb (dynamic type of control).  

To define the type of control used by each tested subject the piecewise multi-regression analysis 

was performed between normalized kinematic data (referring to a displacement of wrist joint (WJx, 

WJy,WJz, ΔW) and centre of mass of upper limb (COMx,COMy,COMz,ΔCOM)) and normalized 

muscle activity of four tested superficial muscles (upper trapezius (EMG1), lateral head of triceps 

brachii (EMG2), anterior deltoid (EMG3) and biceps brachii (EMG4)). Muscle activity was assessed on 

the base of Root Mean Square (RMS) data normalized with respect to the Relative Maximum 

Contraction (RMC) [1]. A piecewise multi-regression analysis was performed by treating muscle 

activations (EMG1, EMG2, EMG3, EMG4) as independent variables and kinematic data (WJX, WY, 

WZ, ΔW, COMx, COMy, COMz, ΔCOM) as dependent variables. To assess a type of control used by 

the tested subject to perform given ADL motion in a given condition, we only consider statistically 

significant results (p ≤0.05) that met all the requirement referring to the normal distribution of residuals 

and had a coefficient of determination R2 bigger than 0.75 (R2 ≥ 0.75). 
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3. Results 

In this study we assessed results in two different conditions by applying: 1) piecewise linear multi-

regression, 2) piecewise nonlinear multi-regression (quadratic polynomial, cubic polynomial, 

exponential, power and logarithm functions). Chosen results of piecewise linear multi-regression of 

testing with 500g weight with passive light-weight manipulator are given on Fig.1: a) mean value of 

RMS normalized data over time motion (patient with DMD (Fig.1A) and Control (Fig.1D)), b) results 

of linear piecewise multi-regression analysis with respect to WJX coordinate over time motion (patient 

with DMD (Fig.1B) and Control (Fig.1E)), c) accumulated antagonistic part and synergistic part with 

respect to WJX coordinate (patient with DMD (Fig.1C) and Control (Fig.1F)). 

 
Fig. 1. Results of testing with 500g weight with passive light-weight manipulator: A) mean value of RMS normalized 

data of patient with DMD over time motion, B) results of linear piecewise multi-regression analysis of patient with 

DMD with respect to WJX coordinate over time motion, C) accumulated antagonistic and synergistic parts of patient 

with DMD with respect to WJX coordinate, D) mean value of RMS normalized data of Control  over time motion,  
E) results of linear piecewise multi-regression analysis of Control with respect to WJX coordinate over time motion, 

F) accumulated antagonistic and synergistic parts of Control with respect to WJX coordinate  

4. Conclusions 

In this study we propose a new method of motion quantitative analysis that help clinicians: 1) to 

identify a type of control used by the tested subject to perform given ADL motion in given condition, 

2) to deduce whether applied rehabilitation strategy and used external device (passive light-weight 

manipulator) evokes tested superficial muscles in a proper way. Results of piecewise multi-regression 

analysis visualize contributions of all tested muscles in motion performance. Results of Control are 

used as reference ones. It is worth emphasizing that kinematic type of control can be realized by using 

information from proprioception, visual and tactile senses, whereas dynamic type of control is mainly 

realized on the base of proprioception and tactile senses, i.e. without visual feedback.  
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1. Introduction 

Osteoarthritis is one of the most prevalent musculoskeletal conditions, affecting 303 million people 

worldwide in 2017 [1]. Among the joints, the knee joint is considered the most susceptible to 

osteoarthritis [2]. Repairing joint damage is challenging due to the slow regenerative nature of articular 

cartilage. Currently, the most effective approach involves removing the damaged tissue and replacing 

it with new tissue as soon as possible after injury [3]. 

A promising treatment method involves the use of biodegradable scaffolds, which are biomaterial-

based frameworks. These implants bear the load in place of the removed tissue while acting as a scaffold 

for regenerating tissue. To ensure successful treatment, the scaffold should possess specific properties, 

such as mechanical characteristics that match the surrounding tissues and a degradation rate aligned 

with tissue growth [4]. Thus, this study aimed to observe the degradation process of polymer implants. 

2. Material and Method 

The study employed 30 scaffolds with dimensions of 5 mm in height and 10 mm in diameter, 

featuring a porosity of 65%, fabricated from poly(lactide-co-glycolide) (PLGA) at an 85:15 ratio. The 

degradation of the scaffolds was carried out under static conditions, where the specimens were 

immersed in phosphate-buffered saline (PBS) solution and maintained in an incubator at a constant 

temperature of 36°C for a duration of 51 weeks. Throughout the experimental period, the incubation 

medium was periodically renewed, and the scaffolds were subjected to systematic evaluation, 

encompassing measurements of weight, microscopic examinations (Discovery v20, Zeiss®), pH level 

assessments, conductivity analyses, and quantification of sodium (Na), potassium (K), and calcium (Ca) 

ions in the incubation milieu. Additionally, monthly samplings were performed to facilitate micro-

computed tomography (1172 SkyScan, Bruker) and mechanical testing, encompassing uniaxial 

compression assessments (MTS 858 MiniBionix). 

3. Results 

The scaffolds exhibited a progressive degradation pattern, with notable changes observed in various 

structural and mechanical parameters. Surface characterization revealed slow changes, with the 

scaffolds' appearance evolving towards a matte texture after approximately 25 weeks, accompanied by 

the emergence of cracks. Furthermore, the pH of the incubation medium displayed a modest increase 

by week 28, followed by intermittent fluctuations thereafter. The concentration of ions (Na, K, Ca) in 

the incubation solution exhibited irregular changes over time, while the solution's conductivity 

gradually decreased. 

Structural analysis of the scaffold's geometry captured in micro-computed tomography revealed 

that the implant experienced swelling up to the 14th week. After this period, a gradual reduction in the 
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strut thickness of the scaffold occurred. The scaffold volume demonstrated a corresponding change. 

From the initial stages of degradation until the 35th week, the scaffolds exhibited a relatively high 

stiffness, ranging from 94 to 130 N/mm. However, after this period, a noticeable decrease in the 

stiffness was observed, with values ranging between 25 and 44 N/mm by the 44th week. This 

progressive reduction in the stiffness indicated a loss of mechanical integrity in the scaffolds. As the 

degradation process advanced, the scaffolds displayed increased susceptibility to fracture during the 

compression tests. At week 35, only one of the samples experienced fracturing, while the remaining 

samples underwent significant deformation and buckling. By week 44, all samples were found to be 

highly susceptible to fracturing, resulting in fragmentation into smaller pieces during the compression 

test. This indicated a substantial decrease in the scaffold's load-bearing capacity and structural integrity. 

Notably, the observed fracture pattern was characterized by the detachment of individual struts, 

which contributed to the overall reduction in scaffold dimensions. Despite this detachment 

phenomenon, the struts remained structurally intact, but they became increasingly brittle and 

susceptible to mechanical failure (Fig.1). 

 
Fig 1. A: 3D reconstruction of scaffold geometry - difference between: reference (white), 39th week (green) and 

43rd  (red) week, B: mat and cracked surface of the scaffold struts after 51 weeks 

4. Discussion 

Overall, the results demonstrate that the degradation process of the PLGA scaffolds is complex and 

dynamic, affecting both their structural and mechanical properties. These findings have implications 

for the potential use of these scaffolds in tissue engineering applications, particularly in load-bearing 

tissue regeneration, where long-term mechanical stability is essential. However, further investigations 

are warranted to explore the underlying mechanisms driving the observed degradation patterns and to 

optimize the design and performance of PLGA-based scaffolds for regenerative medicine applications. 
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1. Introduction 

The main function of the stomatognathic system, which includes the upper jaw and mandible, is to 

bite and chew food. In oncology patients who have undergone partial or total resection of a fragment 

of the pathologically altered mandible, the main goal is to restore bone continuity. This task is 

accomplished by using a titanium plate shaped to the geometry of the removed bone fragment. Using 

commercial reconstruction plates, it is often difficult to replicate the geometry of the bone being 

replaced. Pre-operative or intra-operative over-bending of the plate can lead to plate fracture during 

patient use [1],[2]. 

2. Method and results 

Bone Tissue Engineering can come to the help, allowing the best possible reproduction of the 

geometry of the patient's missing bone [3].  

This paper presents the results of an experimental study showing the value of occurring 

displacements of the analysed areas with the use of different types of plates for reconstruction after total 

mandibular body bone resection Fig.1. 

 

 
Fig. 1. Types of plates used: A-standard plate (Modus M-4566), B-openwork plate (Modus M2-4603),  

C-personalized implant 

The study used two types of commercially available implants and one implant manufactured using 

incremental technologies. 

The models were supported symmetrically, and loaded with a force of 180N. The DANTEC (DIC) 

system was used to analyze the displacement of the model. The results obtained are presented in Fig. 3. 
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Fig. 2. The way the model is loaded and supported, with the analyzed areas marked 

 

 
Fig. 3. Total displacement values for the analyzed models. 0-reference model, A-standard plate, B-openwork plate, 

C-personalized implant 

Studies have shown that a better mapped geometry allows to obtain results close to the 

geometrically unaltered model. The use of commercial implants (A,B) over-stiffens the model and it  

can cause pain in the muscles of the stomatognathic system. Stiffening of the bone-implant connection 

can cause implant fractures or the occurrence of necrotic lesions on the bone [1]. 
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1. Introduction 

Hearing is one of the most important human senses. It enables the ability to communicate through 

speech, which has been shaped over tens of thousands of years. In addition, thanks to the ability to hear, 

the man from the beginning of time received stimuli from the environment, thanks to which he was able 

to avoid situations that threaten health or life. Nowadays, a person is exposed to constant receiving of 

auditory stimuli both at work and at home. In large cities, a person is constantly exposed to noise caused, 

among other things, by traffic conditions. According to the WHO, by 2050, approximately 2.5 billion 

people will have some degree of hearing impairment, and the current number is approximately 1.1 

billion [1]. 

The implantable middle ear hearing device (IMEHD) is a promising solution for patients with 

hearing loss, particularly those with conductive or mixed hearing loss. It is a surgically implanted device 

that directly stimulates the middle ear bones, allowing for improved sound transfer to the inner ear. The 

IMEHD bypasses the damaged parts of the middle ear and can provide significant hearing improvement 

for patients who are not candidates for traditional hearing aids [2]. 

This work focuses on a implanted human middle ear represented by the lumped parameter model 

with five degrees of freedom. 

2. Lumped Parameter model of implanted human middle ear 

The lumped parameter model of the implanted human middle ear with Kelvin-Voigt type of 

viscoelasticity consist of five masses. The three masses representing the three bones of the middle ear 

- malleus, incus, and stapes, and there are two masses connected to the incus that represents implant. 

The malleus is the first mass, and the stapes is the last mass. In this lumped parameter model exciting 

force is applied on the malleus and on the implant. All of the massess are connected to each other by 

spring and dumpers (Fig.1). 

Fig. 2 shows the resonance curves that were acquired from the lumped parameter model of 

implanted human middle ear. One can observe the system's response to various types of excitation, such 

as double excitation, excitation with an implant represented as mechanical force applied on the case of 

the implant, and excitation with the eardrum represented as the mechanical force applied to the first 

mass of the system which is malleus. The responses are compared to the experimental results of the 

intact ear at 90 dB SPL, which is a value reported in the literature. Furthermore, the analysis will entail 

examining the phase shift of the double excitation to determine whether changes in the resonance curves 

occur.  
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Fig. 1. 5 DOF Lumped Parameter Model with Floating Mass Transducer and mechanical excitation 

 

Fig. 2. Resonance curves obtained from the LPM model of implanted human middle ear and from experiment 

Acknowledgments: The research was financed in the framework of the project Nonlinear effects in 
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1. Introduction 

Bone cements are biomaterials used to bone support. Depending on their clinical, orthopedic and 

dental uses, they are formed on the basis of calcium phosphate or poly(methyl methacrylate) [1]. Bone 

cements are used in the treatment of periodontal diseases, and are used for bonding, filling and repairing 

bone defects of varying shape and volume resulting from trauma or cancer, also in the treatment of the 

spine or the setting of artificial joints [1]-[4]. Bone cements are characterized by  good biocompatibility, 

osteoconductivity and moderate impermeability to X-rays. They can be used as drug delivery systems, 

growth factors or, when mixed with other biomaterials, as an additive to modulate the rate of 

degradation [3]-[5]. 

Acrylic bone cements are polymeric materials that are obtained by polymerization reactions. They 

provide a stable, non-absorbable material. Bone cements based on poly(methyl methacrylate) (PMMA) 

are two-component systems, consisting of a solid phase (polymer powder) and a liquid phase (liquid 

monomer). Bone cements can also be defined as a mixture of substances that, when mixed and 

homogenized, form a paste, which has the ability to harden and self-stabilize when applied to the body 

[3],[4]. 

As a bone defect filler and a stabilization system for bone implants, bone cement is exposed to 

complex states of physical, chemical and thermal loading. Therefore, it is important to determine the 

effects of both mechanical loading and the biological environment on the properties of bone cement. 

Acrylic bone cements are recommended to be evaluated according to ISO 5833 [6], while guidelines 

for assessing wettability are formulated in ISO 19403-2 [7]. When designing polymer-based bone 

cements as bone tissue substitutes, it is important to know the compressive courses and mechanical 

strength parameters. These are essential for matching the nature of the bone defect filling response. 

Surfaces of the materials will interact with each other under the loading conditions of the body, so it is 

necessary to determine the interaction of the solid (bone cement) and liquid (simulation of the biological 

environment). Wettability (hydrophobicity and hydrophilicity) of surfaces affect surface protein 

adsorption and cell adhesion. Cells are more likely to adhere to hydrophilic surfaces [8]. 

Differences in the determined parameters of bone cements relative to tissues are due not only to the 

physiological state of the bone (healthy or osteoporotic bone, or bone with metastases), but also to the 

location in the skeletal system, the direction of the test sample, its shape, or the use of analytical models 

[10]. Therefore, mechanical studies of bone tissues are still being conducted and new formulations of 

bone cements are being developed to refine the convergence of the mechanical response of the bone-

cement system. 

The purpose of the present study was to compare the wettability, surface free energy and strength 

properties of two bone cements, taking into account the aging conditions of the materials. 
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2. Materials and Methods 

The aim of this study was to compare the surface free energy and mechanical properties of bone 

cements used in human orthopedics. Two acrylic bone cements were used in the study: Synicem 

(Synergie Ingenierie Medicale, France) and Cemex radiopaque shading cement with low viscosity 

polymerization temperature and low viscosity (TECRES S. p. A., Italy). The mechanical properties 

were determined by compression tests, a contact angle was observed with a goniometer and the surface 

free energy was calculated by Owens-Wendt model. Two states of material (dry initial and after 

incubation in saline solution) were considered.  
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1. Introduction 

Anterior cruciate ligament (ACL) rupture is one of the most common knee injuries [1,2] occurring 

most frequently for young people [2]. Currently, the gold standard in the treatment of ACL damages to 

restore knee stability and kinematics is still reconstruction [3], but studies show that it has variable 

success rates for revision and patient satisfaction [4]. Thus, there is growing interest in ACL repair 

method such as Internal Bracing [5]. In this method, the damaged ligament is not replaced using graft, 

but ruptured parts of ACL are connecting together using a lasso suture and high-strength tape [6,7]. 

Due to the preservation of native ligament, Internal Bracing is a promising method with potential 

advantages over reconstruction [6]. Hence, the aim of the study is to compare the knee kinematics in 

patients after ACL reconstruction with hamstrings autograft and ACL repair using Internal Bracing 

method.  

2. Methods and Materials 

The studies involved individuals after ACL reconstruction with hamstrings autograft (ACLR, 22 

persons) and individuals after ACL repair using Internal Bracing method (IB, 14 persons) as well as 53 

healthy subjects (Controls). Patients were qualified for the project on the basis of clinical assessment 

made by an orthopaedist. The research was approved by the bioethics committee. 

The Qualisys motion capture system (Qualisys AB, Sweden) was used to determine knee kinematic 

parameters of gait. The motion capture system consisted of 10 infrared cameras (Oqus 500+) and 1 

video camera (Oqus 210C). In addition, ground reaction forces were measured using two Kistler 

9260AA dynamometer platforms (Kistler, Switzerland).The force platform data and the marker position 

were recorded at 1298 Hz and 118 Hz, respectively. This system allowed the determination of the 

markers position that were placed on the subject's body, according to the following protocol: anterior 

and posterior superior iliac spines, greater trochanters, in the middle of the thigh, medial and lateral 

femoral epicondyles, medial and lateral tibial condyles, tibial tuberosity, in the middle of the shank, 

medial and lateral ankles, 1st and 5th metatarsal heads and the most posterior point on the heel.  

Each subject were instructed to walk barefoot along a 9–metre walkway at a preferred speed until 

at least five properly trials were recorded. Test were performed for both the operated limb and the non-

operated limb (ACLR, IB), as well as both healthy limb (Controls).  

Visual3D software (C-Motion, USA) was used to analyse the knee kinematics, in which the knee joint 

angles were determined.   
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3. Results 

Figure (Fig.1) presents example results of knee joint angles for the operated limb (ACLR, IB) and 

also healthy subjects (Controls, averaged for both limbs). 

 
Fig. 1. Mean knee joint angles [°] during gait for operated limb (ACLR – blue line, IB – orange line) and healthy 

subjects (Controls – black line) 

4. Discussion 

When analysing the example results of knee joint angles (Fig.1) it can be seen differences between 

particular groups of patients and the Controls.  

The greatest differences can be observed in adduction/abduction angle, where during the stance 

phase both IB and ACLR obtained greater abduction angle than Controls, but in parallel IB group 

obtained higher knee abduction angle than ACLR group. For the swing phase, both IB and ACLR 

achieved a maximum adduction angle slightly faster than Controls. For rotation, both IB and ACLR 

group obtained quite similar result, but they generally reached smaller knee external rotation during the 

stance phase, and greater knee external rotation during the swing phase comparing to Controls. In the 

case of flexion angle, the results in all groups are fairly comparable, with the greatest differences 

observed at the beginning of the gait (0-30%GC) and during the second knee flexion, where the ACLR 

group achieved the lowest flexion angle values. 

Summarizing, it can be concluded that there is a visible effect of the damage and ACL 

reconstruction or ACL repair on knee kinematics. However, further studies is underway in order to gain 

a deeper understanding of the discussed phenomena. 
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Abstract 

Fetal movement has long been of interest as an indicator of fetal well-being. Detection and 

description of fetal movement provide essential information of the integrity of in utero development 

and fetal wellbeing [1]. The observation of fetal movements by real time scanning machines in uterus 

has been widely performed for assessment of fetal well-being [2]. The uterus provides a special growth 

environment and mechanical stimulation for the fetus.  

In this study, a  three link model of a fetal lower limb was built for simulating the fetal kicking. The 

fetal foot and uterine wall contact during the kicking movement was simulated in Mathematica. The 

fetal lower limb was segmented into three rigid bodies: thigh, shank, and foot. The segmentations of 

the fetal lower limb was connected by the ankle and knee joints [3]. The 3D model of the fetal lower 

limb was obtained by the MRI scanning created in the Mimics and segmented in the 3-matic. The fetal 

kicking movement was recorded by the 2D cine ultrasound. The kinematics of the fetal lower limb 

during the kicking were analyzed by using the Kinovea software (Fig. 1).  

This study provides a novel method to simulate the fetal kicking movement and shed light on the 

measurement of the mechanical simulation of the fetal kicking against the uterus wall. The obtained 

ground reaction force could can be used for the finite element analysis of the computational modelling 

the fetal lower limb. 

 
Fig. 1. Modelling of  the fetal lower limb which the kicking movement in Kinovea  
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1. Introduction 

In the case of interbody fusion cages, it is required to achieve optimal conditions between the 

geometry and the mechanical parameters to achieve a stable connection at the border with the bone 

tissue. In our work, we present the research results of the cervical interbody fusion cage based on 

assessing mechanical properties and the conditions related to osseointegration resulting from the 

adopted geometry [1].  

2. Material and Methods 

The cage was designed as a titanium alloy Ti6Al4V implant obtained by the incremental method 

(SLA) strengthened with mesh lattice structures to obtain larger osseointegration between the implant 

and bone tissue – Fig.1. Based on the indentation test, the stiffness and the maximum force values of 

the modification of the geometrical dimensions of the mesh lattice structures were determined. Also, 

was performed adhesion test for Balb/3T3 fibroblasts and NHOst osteoblasts. The mechanical 

parameters and quality of the construction cervical interbody fusion cage were determined in: a uniaxial 

compression test to the failure of the implant (with ASTM F2077 standard), CT scan and microscopic 

analysis. 

 

 
Fig. 1. Growth-guidance system (GGS) by NovaSpine with included a stabilization system in which the surface  

of the rod and the sliding nuts made of Ti-6Al-4V alloy was applied a 1000 nm thick DLC coatings  

(with the PVD method with 20 nm thick CrN interlayer) 
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3. Results and Discussion 

Based on the indentation test, the stiffness values of the modification of the geometrical dimensions 

of the mesh lattice structures were determined. The research showed that an essential geometric 

parameter influencing the mesh strength is the height of the connection point between the arms of the 

mesh cells – fig.2. There was no significant influence of the mesh geometry on the number and survival 

of Balb/3T3 and NHOst cells. Fibroblast cells more readily formed colonies in the area where cells of 

the mesh meet, unlike osteoblasts, which were more numerous at their tips.  

 
A                                                                                      B 

Fig. 2. Exemplary research results: A) the average value of the stiffness coefficient (k) in different mesh groups, 

B) example image of cell Balb/3T3 fibroblasts and NHOst osteoblasts adhesion on the surface of studied meshes 

made with a mixture of fluorescent dyes 

With a non-destructive load in the force range up to 500N, the implant stiffness was from 14 to 

17KN/mm. On the other hand, the value of the ultimate forces does not exceed 40kN and the stiffness 

22kN/mm. The CT scan showed that the structure of the implant is continuous and that there are no 

closed pores in the implants printed. The average porosity calculated from CT scans of control volume 

was 0.15÷0.3%. 

 
Fig. 3. Exemplary research results: A) mechanical properties and microscopic analysis until rupture of the 
implants, B) cross-section through implants taking into account critical areas using the technical computed 

tomography system CT 
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1. Introduction 

Early onset scoliosis (EOS) is a three-dimensional curvature of the spine and trunk that occurs in 

children nine years of age or younger. The EOS tend to develop progressively, requiring early surgical 

intervention with spine stabilization. Currently stepwise treatment method involving the displacement 

of the stabilizer by operating methods is being used. It is necessary to develop a solution that would 

allow scoliosis to be corrected as soon as possible while reducing the number of operations and the risk 

of complications [1].  

2. Material and Methods 

The research aimed to develop a modification of the internal spine stabilizer for the treating 

scoliosis in children by increasing its abrasion resistance and thus reducing the risk of tissue degradation 

and disorders in the kinematics of the spine column. The study used the scoliosis stabilisation system 

offered by Novaspine, which has kinetic pairs in its design to allow relative displacement of stabiliser 

components without external intervention. The stabilization system consisted of a four-segment 

stabilization with four central polyaxial screws. The use of kinetic pairs (screw-rod) in the stabilization 

system makes their relative displacement during the child's growth is possible. The friction between the 

sliding elements made of titanium alloys contributes to the wear of the material, the particles of which 

are deposited, among others, in the tissue surrounding the stabilizer and form the so-called “tissue 

tattoo”. In our research, to eliminate frictional wear, an applied DLC (Diamond-Like Carbon) coatings 

in kinematic pairs, which, as the research shows, is used as a coatings for implants – Fig.1.  

The first, performed cyclic compression test using a pig's spine model with included a stabilization 

system consisting of 100.000 long-term cycles loads with 1.5 Hz frequency in the range of loads 

between 150 – 650 N using an MTS Bionix 858 Mini testing machine. Then, performed restoration of 

spine stabilization conditions in vivo studies in an animal model. The research included microstructural 

analysis of bone tissue in the area of inserted transpedicular screws and analysis of the degree of wear 

and degradation of the nuts. 
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Fig. 1. Growth-guidance system (GGS) by NovaSpine with included a stabilization system in which the surface of 
the rod and the sliding nuts made of Ti-6Al-4V alloy was applied a 1000 nm thick DLC coatings (with the PVD 

method with 20 nm thick CrN interlayer) 

3. Results and Discussion 

Tests were carried out to assess the mechanical and kinematic properties of the spine-stabilizer 

system for selected modifications stabilization without coatings (NC), stabilization with DLC coatings 

and spine without stabilization (C). At this study stage, a more than 8% decrease in group WC stiffness 

was demonstrated for DLC-coated implants compared to implants without DLC (Fig.2.A). Then, in 

vivo study was carried out on domestic pigs, assessing the effect of the applied modification on the 

reduction of the mass of titanium alloy particles infiltrating into the tissues surrounding the implant and 

determining the effect of modified stabilizing systems on changes in the vertebra bone structure. As 

a consequence, the increased mobility of the stabilizer follower node led to excessive movement 

between the transpedicular screw and the bone tissue, leading to their loosening and inflammation 

(Fig.2.B). 

 
A                                                                                                                      B 

Fig. 2. Exemplary research results: A) the average value of the stiffness coefficient (k) in subsequent cycles for the 
studied groups, B) The degree of wear and degradation of the nuts. The research groups: Control (C) – spine 

without stabilization, stabilization without coatings (NC), stabilization with DLC coatings (WC) 
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1. Introduction 

A lot of orthopedic implants and devices are most commonly tested on the artificial bones 

of different producers, i.e. Synbone, Sawbone, Bonesim [1]. Their mechanical properties are usually 

evaluated based on experiments conducted on the specimens cut out of the blocks supplied by the 

manufacturers [1],[2]. However, the properties of the foams in the final ready-to-use bone analog 

product may be different. In the same time, more and more biomechanical simulations are performed 

by numerical calculations and advanced computing systems. These numerical models should be 

experimentally validated either on real human bones like was done in [3],[4],[5], or at least on artificial 

bone analogs to prove their correctness. Therefore, it is of the key importance to know the properties 

of the artificial bones that are used for experimental testing and numerical validation of orthopedic 

implants.  

2. Materials and Methods 

The Sawbones synthetic polyurethane left femur bones (Sawbones USA A Pacific Research 

Company, product number 1130-192 and 1130-21-8) were used for samples preparation. The femurs 

were firstly cut by mechanical saw into slices of 4 mm in coronal plane. Then, the slices were cut in 

strips of 10 mm width along horizontal plane (A), vertical plane (B), and the femoral neck slope (C). 

The specimens were cut out of the inner foam mimicking trabecular tissue. The cuboid samples of about 

10 mm x10 mm x4 mm dimensions (according to ISO 604 standard requirements) were compressed till 

fracture with the crosshead rate of 1 mm/min according to the ISO 604 and ASTM D-695 standard 

recommendations. 

The Young’s modulus, Poisson’s ratio and yield limit were identified with standard manner in the 

elastic domain for all the tested samples. The ANOVA test was used to analyze the differences between 

samples loaded in different directions. The Student’s t-test was used for comparison between two types 

of bone analogs. 

3. Results 

The obtained parameter values of the trabecular analog material for the 1130-192 and 1130-21-8 

synthetic femurs are presented in Table 1 and Table 2, respectively. There were no statistical important 

differences (p>0.05) for Young’s modulus, Possion’s ratio, and yield limit between loading directions 

A, B and C for both analyzed femur analogs. When comparing results between 1130-192 and 1130-21-

8 synthetic femurs, there were statistically important differences for all the mechanical properties in 

question (p<0.0.5). 

 

                                                             
* Corresponding author: Krzysztof Żerdzicki, e-mail: krzysztof.zerdzicki@pg.edu.pl 



 

180 

 

 

 

Table 1. Properties of Sawbones 1130-192 femur analog cancellous material  

Loading direction Young’s modulus [MPa] Poisson’s ratio [-] Yield limit [MPa] 

A 50.1±19.4 0.31±0.13 1.01±0.29 

B 46.9±32.8 0.24±0.06 0.77±0.43 

C 53.2±35.4 0.36±0.19 0.74±0.18 

Table 2. Properties of Sawbones 1130-21-8 femur analog cancellous material  

Loading direction Young’s modulus [MPa] Poisson’s ratio [-] Yield limit [MPa] 

A 19.8±7.1 0.31±0.08 0.64±0.12 

B 17.8±5.7 0.26±0.05 0.54±0.14 

C 23.3±4.4 0.34±0.05 0.70±0.04 

4. Discussion  

The obtained results showed that the material has isotropic character, despite the fact that the 

polyurethane foams are believed to have different mechanical properties for foaming and transverse 

direction [2]. It probably depends on the foam type, as Sawbone producer uses cellular and open cells 

foams, as well as different manufacturing techniques for production femur analogs. The obtained 

mechanical parameters can be used for numerical calculations of biomechanical constructs made of 

synthetic femurs analyzed in this study. 
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1. Introduction 

The main objective of this study is to present the possibilities of using a proprietary eMotion system 

in rehabilitation, along with the results of the tests on patients.  The use of VR technology in 

rehabilitation is a relatively new issue, however, previous studies have demonstrated the effectiveness 

of rehabilitation using this technology [1].  

2. Material and Methods 

The eMotion system enables exercise and rehabilitation in the form of interactive, immersive, 

motion-controlled games, together with quantitative motion analysis for an assessment of the 

correctness of exercises and progress. The eMotion system consists of: 1) commercially available 

hardware, including: virtual reality headset (HTC Vive Pro, HTC Taiwan) and low cost motion capture 

system (Vive Trackers 3.0, HTC Taiwan), 2) custom software, including: eMotion Game, Scenario 

Editor, and Motion Analysis Tool (presented in the paper [2]), 3) developed motion analysis protocols 

for a kinematic evaluation.  The mechanics of the eMotion game are to hit or avoid incoming or static 

virtual objects using selected body parts. The eMotion system has been tested in the group of elderly 

people, neurological patients with hemiplegia, children, and young adults with spinal muscular atrophy 

(SMA).  In this paper results are presented for a selected SMA patient, an eight-year-old girl. The 

following data were collected during gameplays: headset, controller and tracker positions, orientations 

and velocities, selected muscle activity using surface electromyography using mini DTS Noraxon 

(Noraxon,  USA). In addition, satisfaction surveys were conducted for each group. 

3. Results 

The analysed part of the game, which consisted of catching incoming objects placed in a circle, was 

easily performed by the patient through alternating, repeatable, circular hand motions. High qualitative 

repeatability of the hand trajectories and symmetry can be observed (presented in fig.1), while mean 

ranges of motion for 5 repetitions  were:  for right hand  619 mm ( std 25 mm) horizontally, 619 mm 

(std 30 mm) vertically, for left hand 590 mm (std 19 mm) horizontally, 620 mm (std  21 mm) vertically. 

The activity investigated involved both muscles with a predominance of the biceps. 
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Fig. 1. Electromyography of biceps and triceps muscles ( RMS on 50 ms  window) and frontal plane trajectories 

during circular hand motion 

4. Conclusions 

The proposed eMotion game has versatile, simple, easily digestible, and intuitive mechanics, which 

is adapted to virtual reality technology and forcing various physical activities, which can be planned in 

Scenario Editor. The difficulty level can be smoothly increased by changing the arrangement of objects, 

their speed, numbers, mutual configuration, as well as individually adjusted to the patient's abilities. 

The positions of the objects were automatically determined relative to the height of the player and the 

arm span measured during the calibration step, which is extremely useful for patients with a very 

different range of motion.  Motion analysis tool enables an advanced, additional assessment of exercise 

correctness, as well as quantitative assessment of patient outcome. The conducted tests confirmed the 

usefulness of the system in each group of analysed patients. 
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