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PREFACE
Sborník konference vydaný v anglickém jazyce obsahuje presentované výsledky prací v oblasti analýzy pohybu, které
prezentovali autoři v rámci konference 4th International Conference on Movement Analysis. Sborník obsahuje abstrakty
a rozšířené abstrakty s aktuálními vědeckými a klinickými výsledky v oblasti metod a systémů měření a analýz pohybu,
kterých dosáhli především akademická pracoviště ČR a SR.
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OBJECTIVE ASSESSMENT OF INFINITY REHABILITATION PROCESS
USING MYOTONPRO DEVICE
Iva Milerská1,2, Lenka Lhotská2
1Faculty

of Electrical Engineering, Czech Technical University in Prague, Department of
Cybernetics, Prague, Czech Republic

2The

Czech Institute of Informatics, Robotics and Cybernetics, Czech Technical University
in Prague, Prague, Czech Republic

Abstract
Musculoskeletal problems are widespread throughout the world. The special rehabilitation method called INFINITY has
been developed at the Rehabilitation Clinic Brandýs nad Orlicí, and is used to rehabilitate patients with musculoskeletal
problems. This method uses movement in the shape of infinity sign in part of exercises and is focused on the stabilization
and strengthening of trunk muscles, dorsal and abdominal muscles, including the deep stabilization system.The purpose
of this study was to verify the presence of differences between the measured myotonometric parameters before and after
the rehabilitation process using INFINITY method by the MyotonPro device.

Keywords
myotonometric parameters, INFINITY method, rehabilitation, MyotonPro device

Introduction
Musculoskeletal problems are widespread throughout
the world [1]. The most common musculoskeletal
problem is low back pain (LBP). It is the fifth most
common reason for all physician visits [2].
From many studies and practice, it is clear that not
only prevention but also follow-up care for a patient
with LBP must include regular physical activity along
with an appropriate method indicated rehabilitation that
does not interfere with the musculoskeletal system [3].
The special rehabilitation method called INFINITY
has been developed at the Rehabilitation Clinic Brandýs
nad Orlicí, and is used to rehabilitate patients with
musculoskeletal problems. This method uses movement
in the shape of infinity sign in part of exercises and is
focused on the stabilization and strengthening of trunk
muscles, dorsal and abdominal muscles, including the
deep stabilization system [3].
Objective measurement of myotonometric parameters
would greatly enhance detection of risk of injury and
monitoring of the effects of interventions, such as
treatment [4]. MyotonPro device is based on the
responses of soft tissue induced by a mechanical
impulse and the subsequent simultaneous computation
of the parameters like as oscillation frequency F [Hz],
dynamic stiffness S [N/m], logarithmic decrement D,
mechanical stress relaxation time R [ms] and
creep C [5].

The purpose of this study was to verify the presence
of differences between the measured myotonometric
parameters before and after the rehabilitation process
using INFINITY method by the MyotonPro device.

Materials and Methods
Five healthy females (age: 27.24.3 years) and five
males (age: 23.61.7 years) volunteered to participate in
this study.
Upper Trapezius (TU), Middle Trapezius (TM),
Lower Trapezius (TL), Erector Spinea (ES), External
Oblique (EO) and Rectus Abdominis (RA) muscles
were selected for measurement on both sides of the
body.
All outcomes were obtained with the participant lying
in a prone position (muscles: TU, TM, TL, ES) and in
a supine position (muscles: EO, RA), with the upper
extremities placed along the trunk. Myotonometric
measurements were performed at one day before and
immediately after the INFINITY rehabilitation
process.
In upright standing a participant actively moves the
center of gravity of their upper body along a specified
infinity shape curve after ten repetitions.
Data were examined for normality using the onesample Kolmogorov-Smirnov test with the 5 %
significance level and two-sided Wilcoxon rank sum
test.
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Results
A total of 10 healthy subjects were measured. The
example of the mean value and SD for one participant,
two muscles and two parameters are shown in Table 1.
Table 1: Example of mean value and SD for one
participant, Creep and Stiffness parameters, Erector
Spinea and Rectus Abdominis muscles, before and after
infinity process.
C
S [N/m]
Muscle
MeanSD
MeanSD
Before (side)
ES (left)
1.160.02
278.403.44
ES (right)
0.940.03
351.4014.08
RA (left)
1.190.03
259.605.50
RA (right)
1.480.17
231.4025.12
After
ES (left)
0.980.03
341.8012.34
ES (right)
0.830.10
385.0024.57
RA (left)
1.450.06
223.806.98
RA (right)
1.180.04
288.009.92
Statistically significant difference (p<0.05) was found
in symmetry index of parameter Stiffness on the muscle
Rectus Abdominis.

Conclusion
According to the results of this study, the symmetry
index of Rectus Abdominis muscle stiffness was
improved after moving by the center of gravity along

a specified infinity shape curve. Results showed that
MyotonPro device has good interrater reliability in
measuring. Further research with a larger group
of a participant and under the supervision of
a physiotherapist on the exercise process is necessary to
confirm our preliminary study.
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REPEATABILITY OF SIT-TO-WALK TRANSITION OF
INSTRUMENTED TIMED UP & GO TEST
Slavka Viteckova1, Radim Krupicka1, Lucie Horakova1, Vaclav Cejka1, Zoltan Szabo1
1Faculty

of Biomedical Engineering, Czech Technical University in Prague, Prague, Czech Republic

Abstract
The Timed Up & Go (TUG) test is functional test which involves rising from a chair, straight walking, turning 180 degree,
walking back to the chair, and sitting down again. The increasing utilization of motion capture systems in research
increases the ability to separate individual TUG subcomponents, i.e. sit-to-walk, walking forward, 180 degree turn,
walking back to the chair and turn-to-sit. The separation of subcomponents consequently increases their individual
assessment. As standing from a seated position is a commonly performed daily activity, we focused on its analysis.
Although a few studies analysed reliability of TUG derived kinematic parameters, including sit-to-walk parameters, none
of previous work analysed reliability (i.e. repeatability) of entire curve. An automated analysis algorithm identified the
sit-to-stand component. From the automatic analysis, we employed trunk angular rate and acceleration signals for further
analysis. The reliability of sit-to-walk transition was assessed by intra-class correlation coefficient (ICC). We employed
two-way mixed effects, absolute agreement, single measurement ICC. Our findings showed that pitch angular rate and
acceleration in antero-posterior direction have the most reliable curve pattern (for PD as well as CG). It indicates that
these curves seem to be more suitable for application of continuous analysis, e.g., analysis of the curve shape.

Keywords
reliability, TUG, sit-to-stand, older adults, parkinson‘s disease

Introduction
The Timed Up & Go (TUG) test is functional test
which involves rising from a chair, straight walking,
turning 180 degree, walking back to the chair, and sitting
down again. The increasing utilization of motion capture
systems in research increases the ability to separate
individual TUG subcomponents, i.e. sit-to-walk,
walking forward, 180 turn, walking back to the chair
and turn-to-sit. The separation of subcomponents
consequently increases their individual assessment.
Most of recent studies uses inertial measurement units
to separate and assess TUG subcomponent.
As standing from a seated position is a commonly
performed daily activity, we focused on its analysis.
Although a few studies analysed reliability of TUG
derived kinematic parameters, including sit-to-walk
parameters (1,2), none of previous work analysed
reliability (i.e. repeatability) of entire curve.

Research Question
What is the repeatability of the sit-to-walk
subcomponent measured by inertial measurement units?

Methods
In the study we included 24 older adults volunteers
years with no diagnosed neurological disorder, and 21
denovo Parkinson disease (PD) patients.

All subjects twice performed an instrumented
extended Timed Up & Go Test wearing three gyroaccelerometers. Gyro-accelerometer units were
mounted on the subject’s segments: symmetrically
attached on the lateral shank of each lower leg, 4 cm
above the ankle joint, and the chest, 2 cm below the
sternal notch.
An automated analysis algorithm identified the sit-tostand component. From the automatic analysis, we
employed trunk angular rate () and acceleration (a)
signals for further analysis.
The reliability of sit-to-walk transition was assessed
by intra-class correlation coefficient (ICC). We
employed two-way mixed effects, absolute agreement,
single measurement ICC.

Results
The intra-subject reliability of omega-yaw varies from
poor (rho<0.50) to excellent (rho>0.90) in both groups,
of which only 23 % of CG cases performed poor and 38
% of PD cases performed poor (Fig. 1). Other angular
rate curves showed reliability ranging from poor to good
in both groups.
Acceleration curves exhibit full scale of reliabilities
(from poor to excellent) in both groups. The acceleration
along antero-posterior axis exhibits excellent reliability
in 48 % and 33 % of CG, resp. PD cases (Fig. 2).
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reliable curve pattern (for PD as well as CG). It indicates
that these curves seem to be more suitable for
application of continuous analysis, e.g., analysis of the
curve shape.
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Fig. 2: Reliability of acceleration curves.

Discussion
The current study determined the repeatability of a sitto-walk component measured by inertial measurement
units from instrumented Timed-Up and Go test.
Our findings showed that pitch angular rate and
acceleration in antero-posterior direction have the most
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EVALUATION OF POSTURAL STABILITY IN THE ELDERLY BY NONLINEAR METHODS: PRELIMINARY RESULTS
Michaela Hourová1, Patrik Kutílek2, Slávka Vítečková2, Miroslav Janura3,
Lucia Bizovská3, Zdeněk Svoboda3, Markéta Hamrikova3
1Faculty

of Electrical Engineering, Czech Technical University in Prague,
Prague, Czech Republic

2Faculty

of Biomedical Engineering, Czech Technical University in Prague,
Prague, Czech Republic

3Faculty

of Physical Culture Palacký University in Olomouc, Olomouc, Czech Republic

Abstract
Measurements of the Center of Pressure (CoP) acquired with a person positioned on a force plate is one of
the most commonly used tools to investigate a balance. Several studies show a significant degradation of the body stability
after the age of 60 years. However, these conclusions were based on a limited number of indicators and nonlinear analysis
methods were not used to evaluate the evolution of parameter values.
For the analysis we used the following methods: Recurrent Quantification analysis, Numerical calculation
of Large Lyapunov exponent, Method of calculation of Shannon entropy, Numerical method of estimate of Hurst exponent
by R/S analysis, Method of calculation of Approximation entropy, Detrended fluctuation analysis, Poincaré plot analysis.
In our study, not all methods lead to the same conclusions. The vast majority of the results didn't show any statistically
significant difference when considering the age groups. Therefore, it is not advisable to use a small number of parameters
for the assessment of postural stability. When comparing the group of women with the group of men, most parameters
show statistically significant differences during standing on foam surface and with closed eyes. In the case of the standing
on a firm surface and with open eyes, parameters did not show statistically significant differences between the men and
woman.

Keywords
Center of Pressure, nonlinear analysis, age, postural stability.
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Department of Natural Science
Faculty of Biomedical Engineering
Czech Technical University in Prague
nám. Sítná 3105, CZ-272 01 Kladno
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METHODS EVALUATING APPENDICULAR SKELETON SEGMENTS
MOVEMENT DURING A QUIET STANCE
Petr Volf1, Patrik Kutilek2, Jan Hejda1, Rudolf Cerny4, Iva Milerska5, Karel Hana3
1Department

of Biomedical Technology, Faculty of Biomedical Engineering, Czech Technical

University in Prague, náměstí Sítná 3105, 272 01 Kladno, Czech Republic
2Department
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3Department
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4University
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5Czech
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Abstract
The article focuses on designing methods for quantitative assessment of the postural stability in a quiet stance by
measuring segments of the appendicular skeleton, namely upper and forearms by inertial measurement units (IMU).
Although an array of quantitative analysis methods assessing data of postural stability in the quiet stance exist by
measuring the head and trunk movement, these methods have not been used to date to assess the behaviour of
appendicular skeleton segments, namely the upper limbs. The applicability of methods assessing arm movement during
the quiet stance has been verified by comparing the values of healthy subjects performing various stance tasks. The tests
determined the quantitative evaluation of acceleration measured on individual anatomical axes. The quantities included:
the volume of a convex polyhedron (PV), the volume of confidence ellipsoid (EV) and average velocity (AV) obtained by
plotting three accelerations against each other. The most important findings in this study concern significant differences
of PV and AV between dominant and non-dominant upper extremities and significant differences of EV, PV and AV
between the data measured with a subject's eyes closed and open. Higher values of indicators were in the non-dominant
extremities when subjects were measured with closed eyes. Interestingly, statistically significant differences between
dominant and non-dominant arm movements were documented in PV and AV cases. This is due to the PV calculation
being more sensitive to random deviations, i.e. the range of measured data, since the polyhedron bounds all the measured
data, as opposed to the method, where the ellipse bounds only 95% of the measured data. In the case of the AV method,
it is due to higher sensitivity to movements corresponding with arm tremors; the AV calculation relates not only to the
range of measured data but, above all, to the intensity of data changes in the segment measured in a particular space and
time interval. These conclusions demonstrate that it is possible to apply the proposed methods in the assessment of arm
movement during a quiet stance since the differences between individual stance tasks and the dominant and non-dominant
arms in specific cases of quiet stance have been identified.

Keywords
accelerometer, upper arm, quiet stance, postural stability, convex polyhedron, confidence ellipsoid
Petr Volf
Department of Biomedical Technology
Faculty of Biomedical Engineering
Czech Technical University in Prague
nám. Sítná 3105, CZ-272 01 Kladno
E-mail: petr.volf@fbmi.cvut.cz
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POSSIBILITIES OF USING OPENPOSE IN TELE REHABILITATION
Jindrich Adolf1, Jaromir Dolezal1, Lenka Lhotska1
1 CVUT

CIIRC, Prague, Czech Republic

Abstract
The paper describes the possibility of using computer vision algorithms OpenPose for motion analysis in the area of
rehabilitation. We present a vision of creating an automated telerehabilitation system with automatic exercise detection
and quality evaluation.

Keywords
Tele rehabilitation, OpenPose, full body detection, image body detection

Introduction
This paper deals with the use OpenPose for motion
analysis in the area of rehabilitation. OpenPose is realtime key point detection library for body, face, hands,
and foot estimation in classical image. It provides 2D
coordinates of the individual joints of the human body.
This allows to calculate all the angles and relative
position of all joints to each other. This could be used to
create a system for automatic motion analysis in both
real time as well as for evaluation of recorded videos.
The main advantage of this approach is that it does not
require any special equipment, it could work with a
simple laptop or mobile phone webcam. This make it an
ideal tool for tele rehabilitation. Such a system could
help physiotherapists with supervision of adherence to
training plans and basic qualitative assessment.

Research Question
We present a vision of creating an automated tele
rehabilitation and tele monitoring system of exercise
regularity and quality. Our goal is to verify whether it is
possible to perform an automatic qualitative evaluation
of the exercises on the basis of the 2D joint coordinates
output. If so, we aim to create a set of exercises suitable
for in-home rehabilitation of elderly and after-injury
patients.

Methods
Openpose program utilizes computer vision methods.
It works by recognizing individual parts of the human
body and their relative position. Recognition uses prelearned models trained by neural networks [1,2,3,4].
While recording uses a simple webcam, evaluation
require a computer with a powerful graphical card with
cuda cores.

Patient recording can be done by using multiple cameras
as we did in our research, or the patient must be
instructed in which direction he must face the camera for
the given exercise. The evaluation is based on tracking
specific angles, speeds and acceleration of individual
points. For each exercise, a different set of observed
angles will be observed. These computed parameters
can then be compared with the existing reference record
to assess quality of the performed exercise. Another
option is to compare it with previous exercises of a
particular patient. This will allow us to determine the
made progress and the success rate of rehabilitation as
such.

Result
We have created a battery of thirteen exercises
suitable for in home rehabilitation of the elderly in
cooperation with physiotherapists. We made
experimental recording of all the selected exercises. The
trainer performed 10 repetitions with flawless course
and 10 repetitions with common errors. We have used
OpenPose to extract key point from the video and
analyzed the movement in Matlab. The analysis showed
not only that it is possible to recognize that the subject

13

is performing the given exercise but also the quality of
the exercise.

Discussion
We have proposed an automatic system for qualitative
assessment of exercise. The system can be used for tele
rehabilitation at the home just by utilizing a video
stream. The system could provide benefits even if
qualitative assessment would not be possible in home
conditions. Physiotherapist are missing the information
if the patients are exercising at home according the given
time plan and whether they are exercising at all. In this
case, a simple exercise detection can valuable.
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ANALYSIS OF TRUNK MOVEMENT OF AIR DEFENSE STAFF: PILOT
STUDY
Veronika Kotolova1, Petr Volf1, Jan Hejda1, Vaclav Krivanek2
1Faculty

of Biomedical Engineering, Czech Technical University in Prague, Prague, Czech Republic
2Faculty

of Military Technology, University of Defense, Brno, Czech Republic

Abstract
Measurements of acceleration and angular velocity of a person's body segment by wearable motion capture system is one
of the most common and important tool to investigate a movement activity. The aim of our work is to assess the ability of
the movement activity assessment of members of air defense staff to identify a differences during military missions.
Methods of linear analysis were used to calculate the body movement parameters during specific tasks. The tasks
included: start, landing, steady flight, climb and descent, turn, and airplane falling caused by engine failure. Body
movement activity was measured on pilots and air traffic controllers. Each activity was also labeled with a degree of
psychological loading (from level 1 to level 5) to perform the task. The results show that physical activity differs
significantly for all tasks in all subjects. Also, the statistically significant differences were found on body movement
parameter values of different hours. This is the most important finding and indicates that the variability of trunk movement
activity is changing during hours of shift work and mission. On the other hand, the body movement parameter values are
lower for air traffic controllers. Furthermore, a strong correlation was found between the body movement parameter
values and degrees of psychological loading. Therefore, these findings and the proposed method can be used to optimize
the duration of work shifts, mission length and difficulty and working breaks of air defense staff members.

Keywords
acceleration, motion capture, air defense staff, trunk movement.
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METHODS FOR KINEMATIC ANALYSIS OF HUMAN MOVEMENT
IN MILITARY APPLICATIONS A REVIEW OF CURRENT AND
PROSPECTIVE METHODS
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Abstract
Expansion of methods employed in the kinematic analysis of human movement for diagnosing of the physical and mental
health of subjects can be traced back to the 1990`s when new information technologies and electronic recording systems
started their development boom. Evaluation methods of body movement for the diagnostics of physical and mental health
expanded significantly in clinical practice. This study presents an overview of these methods with the focus on how
applicable the analysis of human movement can be in military practice, where they are currently marginally used. The
aim of this study is to offer some recommendations on how particular methods could be utilized in an army context. This
article also suggests the most appropriate methods of quantitative evaluation for posture and motion control in the course
of standing, gait and other activities carried out in military training and active duty.
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soldiers, kinematic analysis, gait, posture, body motion, army
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THE INFLUENCE OF BALANCE TRAINING ON POSTURAL CONTROL
IN ELDERLY: RANDOMIZED CONTROL TRIAL
Zdeněk Svoboda, Lucia Bizovská, Kateřina Neumannová, Markéta Hamříková,
Miroslav Janura
Department of Natural Sciences in Kinanthropology, Faculty of Physical Culture Palacký University
in Olomouc, Olomouc, Czech Republic
Abstract
Fall related injuries are major health problem, which effects especially elderly population. After experiencing a fall, most
of the elderly are unable to resume their previous mobility and the fear of future falls affects their daily life. Falls in
elderly population are often related to balance or gait problems. The aim of this study was to assess the influence of
balance training on postural control of healthy elderly participants. The study was designed as a parallel interventional
study with experimental and control group and study protocol was registered in ClinicalTrials.gov (NCT02836587).
Inclusion criteria were age 60 years or higher, ability to stand and walk without aid or support. Thirty-four subjects
participated in the study. They were randomly divided in experimental (n = 18) and control (n = 16) groups. Subjects in
experimental group completed the interventional program (8 weeks) with the intensity of two 60-minutes lectures a week.
Training sessions were delivered by a physiotherapist to small groups of patients (3-5). Participants received
individualized exercises, which were focused on stance exercises, gait and transition exercises and strength exercises
especially focused on muscle strength of the lower extremities. Measurements of postural control were performed before
and after intervention and eight weeks after intervention at 4 different stance conditions (eyes open, firm surface; eyes
closed, firm surface; eyes open, foam; eyes closed, foam) using force plate (Kistler Instrumente, Winterthur, Switzerland).
Each trial lasted 30 s. Postural control was evaluated by sample entropy derived from centre of pressure coordinates.
Statistical analysis was performed in Statistica (version 12, StatSoft, Inc., Tulsa, OK, USA) using ANOVA for repeated
measures and Tukey post hoc test. Results showed significant time x group effect on postural control in both medial lateral
(p = 0.012, η2 = 0.130) and anterior posterior directions (p = 0.002, η 2 = 0.173), but only for stance on foam with eyes
open. Post hoc analysis showed significantly improved postural control (increased sample entropy) in anterior posterior
direction after intervention compared to measurement before the intervention in experimental group (p = 0.019) and
significantly better postural control in experimental group compared to control group after intervention (p = 0.029). In
conclusion, our study confirmed that balance training result in improvement of postural control in elderly especially in
conditions with increased demands on proprioception.
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INFLUENCE OF THE SCAPULOHUMERAL RHYTHM ON THE
SHOULDER JOINT FORCE
Jan Votava1, Matej Daniel1, Michaela Tomanová2
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Mechanics, Biomechanics and Mechatronics, Prague, Czech Republic
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Abstract
The aim of this study was to verify whether scapulohumeral rhythm reduces the force in the shoulder joint. The shoulder
joint force was evaluated by inverse dynamics analysis using criterion of minimal muscle fatigue. The results showed
that, contrary to our assumption, the scapulohumeral rhythm does not decrease the strength in the shoulder, but rather
increases it.

Keywords
scapulohumeral rhythm, musculoskeletal model, movement

Introduction
The shoulder has extensive range of motion. The
large range of motion is conditioned by the geometry of
articular surfaces and the interplay between movements
occurring at all of the articulations. The timing of the
movements between the arm, scapula, and clavicle is
termed the scapulohumeral rhythm [1]. During about the
first 30° of humeral elevation, the contribution of the
scapula is only about one-fifth that of the glenohumeral
joint. As elevation proceeds beyond 30°, there is
approximately 2:1 degrees of humeral movement to
scapular movement [2]. The aim of this study was to
evaluate whether scapulohumeral rhythm reduces the
shoulder joint load.

Methods
Musculoskeletal model proposed by Wu et al., 2016
was adopted in this study. The following abduction
motions were studied: fixed scapula; and
scapulohumeral rhythm after Hall, 2012. The shoulder
joint force was evaluated by inverse dynamics analysis
using criterion of minimal muscle fatigue. The shoulder
force direction with respect to the axis of glenoid (β) was
estimated from simulations.

Figure 1: Position of the scapula (α) and orientation of
the shoulder force with respect to the glenoid cup (β).

Results
The scapulohumeral rhythm does not reduce the
shoulder joint force.
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Figure 2: Dependence between arm abduction and
shoulder joint force.

Discussion
It was shown, that the scapulohumeral rhythm does
not reduce the total force in the shoulder joint. On the
contrary, the results show that the strength was
increased.
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WEARABLE DEVICE FOR MEASURING ACCELERATIONS AND
VELOCITY
Adam Kratochvil, Matej Daniel
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Mechanics, Biomechanics and Mechatronics, Czech Republic
Abstract
A system for measuring accelerations and velocity is a crucial element for testing and evaluating in biomechanical
analysis, testing various medical devices and sport equipment. The velocity and acceleration are mutually depended. One
may measure calculate accelerations from velocity directly or calculate the velocity from the accelerations. However, the
first method usually requires sophisticated sensor system and the second one is affected by the accuracy of the
accelerometer, e.g. drift of the accelerometer. Therefore, the aim of our project was to construct a wearable device
consisting of accelerometer and magnetometer for measuring precise velocity using magnetic marks.
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Introduction
A system for measuring accelerations and velocity is
a crucial element for testing and evaluating in
biomechanical analysis, testing various medical devices
and sport equipment. The velocity and acceleration are
mutually depended. One may measure calculate
accelerations from velocity directly or calculate the
velocity from the accelerations. However, the first
method usually requires sophisticated sensor system and
the second one is affected by the accuracy of the
accelerometer, e.g. drift of the accelerometer. Therefore,
the aim of our project is to construct a wearable device
consisting of accelerometer and magnetometer for
measuring precise velocity using magnetic marks.

The system can be also equipped by additional sensors
for specific use, e.g. SEMG for monitoring muscle
activity.
The precision of the device was compared with
commercially available motion capture system.

Results
Measuring of the velocity is done as shown in Fig. 1.
Using magnets placed defined distance from each other,
we can estimate the velocity as time elapsed between
each peak on the magnetometer. Since we know that the
distances between the magnets are 1m and time elapsed
between the first and the second one is 1,33 s, so the
average velocity in the first section is 0,75 m/s.

Research Question
Simple, robust, and affordable inertial sensor for
direct measuring of velocity.

Methods
The device is based on programable board with SD
card slot for storing data. For measuring the motion
activity, the board is equipped with 9 DOF inertial
sensor consisting of triple axis accelerometer, triple axis
gyroscope and triple axis magnetometer. The device is
powered by 1000mAh Li-Po battery, which provides
sufficient energy for whole day measuring without
recharging. The system is in custom printed plastic case
with dimensions 44x45x22 mm. The price of the
complete system is around €100.

Fig 1. Measuring of velocity using magnetometer.
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GAIT ASYMMETRY CHANGES DURING DIFFERENT SPEEDS OF
ANKLE-FOOT PROSTHESIS WALKING IN CONGENITAL TIBIAL
DEFICIENCY: A CASE STUDY.
Jitka Marencakova, Tomas Gryc, Frantisek Zahalka
Sport Research Centre, Faculty of Physical Education and Sport,
Charles University, Prague, Czech Republic
Abstract
In the case study, gait asymmetry changes in different speed of walking with ankle-foot prosthesis were identified for
developmental tibial deficiency. Joint kinematic, spatial-temporal, and kinetic gait parameters were collected using 3D
motion capture system and 3D treadmill simultaneously. Mean values, SD, and symmetry index were calculated for
selected gait parameters and descriptively analysed. Results show gait asymmetry of all of the measured parameters.
Kinematic joint angular ranges increase with increasing walking speed. Inverse dynamic results present changes in step
length and duration which enhance changes in ground reaction force characteristics. The symmetry index shows gait
asymmetry, which increases with faster gait speed. Further research is needed to verify this suspect gait asymmetry
increasing tendency and to generalise results to ankle-foot prosthesis population with congenital tibial deficiency or
transtibial amputation.
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GOLF SWING VARIABILITY IN ELITE FEMALE JUNIOR GOLFERS
Tomáš Gryc, Jitka Marenčáková, Matěj Brožka, František Zahálka
Sport Research Centre, Faculty of Physical Education and Sport,
Charles University, Prague, Czech Republic

Introduction
Golf swing is complex motion with all body segments
involved and its goal is to generate high club head
velocity, path-to-face angle and centeredness of contact
at impact to reach maximum ball flight distances. Low
variability of body movement kinematics between golf
swing executions is required to repeatedly achieve
intended ball flight trajectory, distance and accuracy [1].
The aim of the study was to determine the variability of
golf swing execution in lower and upper body
parameters for two golf clubs.

Research question
Does the golf club type affect variability of the body
movement kinematic parameters in key moments of the
golf swing in elite female junior golfers?

Methods
Eleven elite female golfers of junior age volunteered
in the study and performed 10 trials with mid-iron and
with driver at laboratory conditions. A 3D motion
capture system was used to measure timing parameters
and lower and upper body movement kinematic
parameters and club head speed in three key moments of
the golf swing: initial position, top of the backswing and
impact. To assess variability, the coefficient of variation
(CV%) and biological coefficient of variation (BCV%)
were calculated [2]. Two-tailed t test was used to
identify differences between mid-iron and driver
variability for each selected kinematic parameter.

Results
We found high stability in timing parameters in both
golf clubs (Table 1). In kinematic parameters (in both
mid-iron and driver), we found high stability of
performance in lower limbs flexion for both sides in
each of the golf swing moment, in X-Factor and
shoulders rotation parameters in the top of the
backswing and in club head speed parameter at Impact.
Significant differences between clubs were found in
shoulders tilt parameter (p < 0.05) in the top of the
backswing and in shoulders rotation (p < 0.05),
shoulders tilt (p < 0.05) and club head speed (p < 0.01)
at impact (Table 2).

Table 1: Descriptive statistics for timing parameters
Mid-iron (7 iron)
MEAN
SD
CV(%)
BCV(%)
BS (s)
1.14
0.04
3.21
2.19
DS (s)
0.32
0.01
2.46
1.68
T (s)
1.46
0.04
2.78
1.90
R (s)
3.56
0.11
3.19
2.18
Driver
MEAN
SD
CV(%)
BCV(%)
BS (s)
1.17
0.04
3.18
2.15
DS (s)
0.32
0.01
1.87
1.27
T (s)
1.49
0.04
2.47
1.67
R (s)
3.67
0.12
3.35
2.27
BS – backswing; DS – downswing; T – tempo; R –
rhythm; SD – standard deviation; CV% - coefficient of
variation; BCV% - biological coefficient of variation
Table 2: Descriptive statistics for selected
parameters in key moments of the golf swing
Initial Position
Mid-iron (7 iron)
MEAN
SD
CV(%)
SR (°)
3.6
2.3
64.1
ST (°)
9.9
2.3
23.4
PR (°)
5.7
3.3
58.5
XF (°)
3.8
2.7
73.2
LAG (°)
127.7
23.7
18.5
LLLF (°)
134.2
7.6
5.6
RLLF (°)
134.4
3.4
2.5
Driver
MEAN
SD
CV(%)
SR (°)
4.5
2.7
58.9
ST (°)
10.9
2.4
21.8
PR (°)
4.4
2.7
62.3
XF (°)
3.3
2.5
75.5
LAG (°)
125.5
19.3
15.4
LLLF (°)
135.8
9.8
7.2
RLLF (°)
129.9
8.2
6.3
Top of the backswing
Mid-iron (7 iron)
MEAN
SD
CV(%)
SR (°)
110.7
11.3
10.3
ST (°)
119.0
18.1
15.2
PR (°)
46.6
11.1
23.9
XF (°)
65.2
6.4
9.8

kinematic

BCV(%)
57.9
21.2
52.8
66.1
16.8
5.1
2.3
BCV(%)
53.2
19.7
56.3
68.2
13.9
6.6
5.7

BCV(%)
9.3
13.7
21.6
8.9
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LAG (°)
LLLF (°)
RLLF (°)

SR (°)
ST (°)
PR (°)
XF (°)
LAG (°)
LLLF (°)
RLLF (°)

SR (°)
ST (°)
PR (°)
XF (°)
LAG (°)
LLLF (°)
RLLF (°)
CHS
(m.s-1)

72.8
128.2
135.4
MEAN
115.4
135.9*
48.4
67.6
72.7
130.4
131.0

MEAN
8.0
19.9
50.2
42.6
143.0
138.7
134.7
20.6

16.1
7.3
4.1

22.2
5.7
3.0

Driver
SD
CV(%)
12.5
10.9
21.8
16.1
12.7
26.3
6.6
9.7
15.1
20.7
9.3
7.1
6.7
5.1
Impact
Mid-iron (7 iron)
SD
CV(%)
5.5
68.2
5.6
27.9
9.2
18.4
8.1
19.0
35.0
24.4
7.8
5.6
5.4
4.0
1.8

20.0
5.1
2.7
BCV(%)
9.8
14.5
23.7
8.8
18.7
6.4
4.6

BCV(%)
61.6
25.3
16.6
17.1
22.1
5.1
3.6

8.9

8.1

Driver
SR (°)
ST (°)
PR (°)
XF (°)
LAG (°)
LLLF (°)
RLLF (°)
CHS
(m.s-1)

MEAN
14.5*
25.8*
55.4
41.3
142.6
140.7
130.1

SD
6.8
6.1
9.6
8.3
29.8
11.1
11.1

CV%
46.9
23.5
17.3
20.1
20.9
7.9
8.5

BCV%
42.4
21.3
15.7
18.2
18.9
7.2
7.7

23.1**

1.8

7.8

7.0

SR – shoulders rotation; ST – shoulders tilt; PR – pelvis
rotation; XF – X-factor; LAG – left arm-club shaft;
LLLF – left lower limb flexion; RLLF – right lower limb
flexion; CV% - coefficient of variation; BCV% biological coefficient of variation; CHS – club head
speed; *Significant (p < 0.05) between-club difference;
**Significant (p < 0.01) between-club difference

Discussion
In current study, high stability of performance in
timing parameters, club head speed at impact were
found and relatively low stability of performance in
body movement parameters were identified for both
clubs. We suggest that cause of higher body movement
variability in our study group could be adolescent age of
participants which is associated with hormonal changes
during maturation and that timing invariability is the key
to achieve the effective and repeatable golf swing in all
golf clubs.
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USING OF DIFFERENT BIOMECHANICAL MODELS IN LOWER LIMB
KINEMATIC ANALYSIS
Tomáš Klein, Zdeněk Svoboda, Ondřej Laštovička, Miroslav Janura
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in Olomouc, Olomouc, Czech Republic
Abstract
Kinematic analysis of gait through passive optical motion capture systems (Vicon Vantage, Qualisys X+) is used in variety
of research in life sciences and sports. The quality of kinematic data is, among other things, influenced by the placement
of markers in precisely defined landmarks on human body. The location of markers varies according to the selected
biomechanical model and the use of a corresponding marker set. There are several frequently used approaches in
nowadays biomechanical research.
In basic and clinical research, the Conventional Gait Model (CGM) and corresponding marker set is still popular and
widely used in many variations. CGM is very popular especially because of its simplicity, which can, on the other hand,
result in decreased accuracy. The main issues include the chaining of errors between the segments (from the proximal to
the distal) through the hierarchical structure of the model, soft tissue artefact, the way the planes are defined or the way
of segment tracking. These issues prevent CGM from being the reliable choice in some research tasks, especially those
including kinematic analysis of lower limb segment rotations and ankle movement. Some of these issues were addressed
in a release of Conventional Gait Model 2 which brings, among others, estimation of joint centres based purely on
anatomical landmarks and introduces skin clusters.
Another approach to biomechanical modelling in kinematic analysis is known as six degrees-of-freedom (6DOF). In this
approach all segments are tracked independently. This independence is believed to reduce issues caused by the
hierarchical structure but on the other hand possibly increase some movement ranges, especially rotations, due to soft
tissue artefact.
The aim of the presentation is to describe effect of four different kinematic models on the lower limb kinematic data output
during gait.
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IS LOW BACK PAIN VISIBLE ALSO IN BODY SWAY DURING
SITTING OR UPRIGHT POSTURE?
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Abstract
Stereotypes in static load and minimal motor activity which is typical for sedentary jobs often result in low back pain
(LBP) with some relation to standing [1]. The aim was to find whether postural activity during sitting or stance may be
an indicator of low back pain. Second question was how ergonomic dynamic sitting position will influence postural
activity in sitting posture or reduce pain in LBP patients with sedentary work.
The study included twenty-five LBP patients. All participants were examined: before rehabilitation, after rehabilitation
and after one month of dynamic sitting on air pillow during working time. Patient´s subjective pain was evaluated by the
visual analog scale. The postural activity in the sitting on soft support was measured by force platform. Patients were
sitting with eyes closed and with their arms on thighs or stretched forward. Body sway during stance with extended
position of head was also measured. The evaluation of trials with duration of 50s was based on three postural parameters:
total area of statokinesigram (TA), mean amplitude (AML) and velocity (VML) in medial-lateral direction.
Subjective assessment of pain showed significant decrease of pain after rehabilitation and even more after one month of
dynamic sitting on the air pillow. During the condition with relaxed arms on thighs there was significant decrease of
postural parameters AML, VML and TA after rehabilitation and significant decrease of postural parameters A ML and VML
after one month of dynamic sitting, which indicates improvement in sitting postural stability. During the condition with
stretched arms significant decrease of postural parameters AML, VML and TA was found after one month of dynamic sitting
on the air pillow. Body sway in the upright position did not show any significant relation to low back pain.
Long-term dynamic sitting on the air pillow was efficient in the therapy of functional pathology of locomotors system in
LBP patients. Dynamic sitting improved postural stability in the sitting positions and reduced the pain. During sitting
with arms relaxed there was a clear effect of rehabilitation and dynamic sitting, whereas during more unstable position
with arms stretched forward there was significant improvement only after dynamic sitting. We can assume that complex
influence of long-term dynamic sitting on motor system could be explained by tuning of sensorimotor loops in central
nervous system and / or acquired alternations in musculoskeletal system.
Our work was supported by APVV-16-0233 and VEGA 1/0824/17.
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Abstract
The current passive safety crash tests and their virtual simulations are commonly provided with standard dummies. This
makes much sense in the real world because it makes the best proportion between performance (accuracy) and cost
Unfortunately, the gap between test results and real human injuries is still remarkable. There is not much space for
increasing the accuracy of dummies in the real world when we take appropriate financial cost into consideration.
Fortunately, this space is still quite large in CAE simulations. Computational resources grow by Moore‘s law, so current
possibilities in CAE enable to use virtual human dummies with millions of discrete elements. Our research shows that
use of standard dummies (as Hybrid III dummy) can be significantly inaccurate in specific cases. The application of high
bio faithful dummies in simulations is not necessary in all cases. But it is much recommended because the problematic
cases are not easily recognizable from the others. Contemporary common computational resources have enough capacity
for using dummies with high bio fidelity in ordinary simulations. We recommend using high bio faithful dummies in every
simulation case, not only for passengers but even for pedestrian impacts.

Keywords
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Introduction
The current passive safety crash tests and their virtual
simulations are commonly provided with standard
dummies. This makes much sense in the real world
because it makes the best proportion between
performance (accuracy) and cost Unfortunately, the gap
between test results and real human injuries is still
remarkable. There is not much space for increasing the
accuracy of dummies in the real world when we take
appropriate financial cost into consideration.
Fortunately, this space is still quite large in CAE
simulations. Computational resources grow by Moore‘s
law [1], so current possibilities in CAE enable to use
virtual human dummies with millions of discrete
elements.

Research Question
The research should show that use of standard
dummies (as Hybrid III dummy) can be significantly
inaccurate in specific cases.

Method

The individual tools are the answer to all the steps
necessary to successfully master the simulation.
Radioss has been used as solver for such simulations.
It enables the user to use standard dummies available in
Radioss library. Results of these dummies were
compared with more bio faithful dummy HUMOS 2 [2].

Results
The simulations showed that mainly the abdomen and
extremities can be evaluated inaccurately on standard
dummies in specific cases. One of them can be an
accident of a train or bus, where passenger collides with
thin parts such as table or rod in a level of the abdomen.
This collision can have fatal consequence, but the
standard dummy does not evaluate it as fine as dummies
with more bio fidelity. Also, thin parts of exterior of
vehicles can cause injuries which are undetectable on
standard dummies. Another example can be a case of a
very intensive rear crash of a vehicle (collision speed 80
km/h). In this case it is very likely that the backrest of
the front seat will not resist the loads, it will break, the
passenger will move backwards relative to the vehicle
and his lower extremities will collide with the steering
wheel or seat.

Altair HyperWorks has been used for the virtual
testing. Although it is a package of general
computational tools, it offers users solutions for all types
of simulations associated with impact test and safety. It
covers all aspects from modelling and simulation to a
clustered simulation of complex and large assemblies.
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for using dummies with high bio fidelity in ordinary
simulations. We recommend using high bio faithful
dummies in every simulation case, not only for
passengers but even for pedestrian impacts.
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Discussion
The application of high bio faithful dummies in
simulations is not necessary in all cases. But it is much
recommended because the problematic cases are not
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Abstract
The main goal of this presentation is to show transient postural responses to sensory stimulation (visual, somatosensory,
vestibular), to present supplementary biofeedback in posture control and to suggest way for test and rehabilitation of
patients suffering from low back pain (LBP).
Body sway was measured by force platform and by inertial sensors. The sensory stimulation was realised by: i) rotating
scene - visual, ii) bilateral vibration of lower leg muscles - somatosensory and iii) galvanic vestibular stimulation.
The body sway was quantified by displacements of the center of pressure (CoP) in the anterior-posterior and mediolateral direction. Trunk tilts were measured by two dual-axis accelerometers, positioned at the spinal column of the upper
trunk at the level of the fourth thoracic vertebra (Th4) and the lower trunk at the level of the fifth lumbar vertebra (L5).
We investigated the effectiveness of visual (VF) and vibrotactile (TF) biofeedback obtained from the lower trunk (L5) tilts
signal and their combination (VF+TF) in reducing postural sway in young and elderly subjects.
The postural activity during sitting on soft support was measured by force platform. Patients were sitting with eyes closed
and with their arms stretched forward.
In postural responses to somatosensory stimulation, we analyzed not only final amplitude of postural response to
vibration of Achilles tendon, but also transient response to vibration offset. Elderly and PD patients showed more unstable
transient postural responses to sensory stimulation switch off, which may reflect impairment of sensory reweighting in
balance control. Similar posture instability was showed after microgravity to galvanic vestibular stimulation offset.
In biofeedback conditions (VF, TF and VF+TF), young adults significantly reduced their postural sway in all conditions
and elderly people reduced their postural sway in conditions when the visual biofeedback was presented.
LBP patients in sitting position with stretched arms showed a significant decrease of postural parameters after
rehabilitation. Body sway in the upright position did not indicate any significant relation to low back pain. A new method
for postural test of LBP patients was developed using evaluation of sitting posture.
The results showed that transient postural responses to somatosensory and vestibular stimulation represent a novel
approach to understanding sensory roles in posture control. The analysis of sitting posture with stretched arms provides
a way for test and rehabilitation of patients suffering from low back pain (LBP). It appears important to test sitting and
standing posture in LBP patients before and after rehabilitation intervention.
Our work has been supported by APVV-16-0233 and by VEGA No. 1/0824/17.
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RELATIONSHIP BETWEEN MUSCLE STRENGTH OF THE LOWER
LIMBS AND LOCAL DYNAMIC STABILITY DURING GAIT
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Palacky University Olomouc, Olomouc, Czech Republic
Abstract
Deteriorations of balance and lower limb muscle strength belong to intrinsic fall-risk and injury-risk factors in all age
groups. Measurements in dynamic conditions provide relevant information for injury prevention since falls usually occur
in dynamic conditions. With the increasing popularity of nonlinear methods for data processing, additional aspects of
gait can be studied in relation to lower limb muscle strength. Aim of our work was to study relationship between nonlinear
gait metrics and lower limb muscle strength. Based on the results of the present study, the ankle muscles do not have a
statistically significant relationship with local dynamic stability during gait. On the other hand, isokinetic muscle strength
of knee and hip muscles was related to the short-term Lyapunov exponents.
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Introduction
Deteriorations of balance and lower limb muscle
strength belong to intrinsic fall-risk and injury-risk
factors in all age groups [1]. Measurements in dynamic
conditions provide relevant information for injury
prevention since falls usually occur in dynamic
conditions [2]. The relationship between muscle
strength of the lower limbs and spatial-temporal gait
characteristics has been shown in literature [3]. With the
increasing popularity of nonlinear methods for data
processing, additional aspects of gait can be studied in
relation to lower limb muscle strength.

Research question
Is there any relationship between nonlinear gait
metrics and lower limb muscle strength?

Methods
Gait was assessed using one inertial sensor Physiolog
(GaitUp, Lausanne, Switzerland, sampling rate 128 Hz)
in 29 young adults (22.7 ± 2.6 years) attached to the back
at the level of the fifth lumbar vertebra while walking
for 6 minutes at a self-selected stable pace. 3D
acceleration was considered for computation of local
dynamic stability indicated by the short-term Lyapunov
exponents. Lower limb strength was tested by isokinetic
dynamometer IsoMed 2000 (D. & R. Ferstl GmbH,
Hemau, Germany) in a reciprocal isokinetic concentric

mode of muscle action for plantar and dorsal flexors,
ankle invertors and evertors, knee flexors and extensors,
hip flexors and extensors, hip abductors and adductors
in four repetitions. The maximal isokinetic strength was
assessed by maximum peak torque normalized to body
mass. Spearman correlation coefficients were used for
assessment of relationship between muscle strength and
gait local dynamic stability.

Results
Statistically significant correlations were found
between the short-term Lyapunov exponent from
vertical trunk acceleration and knee flexors, knee
extensors, hip adductors, hip flexors and hip extensors
(0.42 < |r| < 0.57). For medial-lateral acceleration,
significant correlations were found with knee extensors,
hip abductors, hip adductors and hip extensors (0.41 <
|r| < 0.48). For movement in anterior-posterior direction,
relationship with knee flexors, knee extensors, hip
adductors, hip flexors and hip extensors (0.43 < |r| <
0.65) was significant.

Discussion
Based on the results of the present study, the ankle
muscles do not have a statistically significant
relationship with local dynamic stability during gait. On
the other hand, isokinetic muscle strength of knee and
hip muscles was related to the short-term Lyapunov
exponents.
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Abstract
Since December 2018 a new biomechanical laboratory has been available for students at the Department of
Rehabilitation at the Faculty of Medicine, University of Ostrava. The laboratory is equipped with treadmill
h/p/cosmos®Rehawalk® with zebris FDM system (zebris medical GmbH, Germany), pedobarographic platform emed®xl (novelgmbh., Germany) and TeleMyo 2400T G2 with two cameras NINOX TM125 (NORAXON, USA Inc., Scottsdale,
Arizona). The purpose of this laboratory is to create a background for the evaluation of the topical state of the locomotive
apparatus, as well as for the verification of therapeutic methods from the point of view of scientific research and practice.
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Introduction
Since December 2018 a new biomechanical
laboratory has been available for students at the
Department of Rehabilitation at the Faculty of
Medicine, University of Ostrava. The purpose of this
laboratory is to create a background for the evaluation
of the topical state of the locomotive apparatus, as well
as for the verification of therapeutic methods from the
point of view of scientific research and practice.

loading response and it is also possible to change gait
pattern (foot progression angel, step length and width).
Patient´s current abilities and the goals of the therapy are
always taken into account. These devices can be use
separately or in combination. An example of
combination of these devices is the use of treadmill
Rehawalk® with system NORAXON (module
myoVIDEO) in assessing the influence of the static heel
valgus on the foot loading during the gait in pre-school
children.

Methods

Conclusion

The biomechanical laboratory is equipped with
treadmill h/p/cosmos®Rehawalk® with zebris FDM
system
(zebris
medical
GmbH,
Germany),
pedobarographic platform emed®-xl (novelgmbh.,
Germany) and TeleMyo 2400T G2 with module
myoMUSCLE and two cameras NINOXTM125 with
module myoVIDEO (NORAXON, USA Inc.,
Scottsdale, Arizona).
Currently, the treadmill has been used in stroke
patients. In these patients a dynamic analysis is
performed where the pressure loading of the foot is
evaluated during the contact of the foot with the
treadmill during stance as well as in gait cycle.
Furthermore, patients after stroke can practise the stance
or gait on treadmill. During stance the patients train

The assessment of a certain group of people with
specific problems (orthopaedic, neurological) allows
students to create their own view of possible
compensatory mechanisms, manifestations and changes
during the therapy. Students learn to use and apply these
biomechanical methods and on the basis of objective
diagnostics of the locomotive apparatus they can choose
appropriate therapeutic intervention.
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Abstract
A prosthetic limb is a common rehabilitation treatment considered a standard of care after amputation. Despite
tremendous efforts in the field, more research is needed to address clinical controversies and technical difficulties, for a
better understanding of comfort and optimal load transfers throughout the gait cycle and other daily life activities. Our
work is devoted to the development of a new framework expected to provide recommendations with respect to prosthesis
design optimization and possibly a subject-specific rehabilitation program for transfemoral amputees, through the
combination of gait analysis, modeling simulation and finite element analysis.

Keywords
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Introduction
Amputation of a limb is a traumatic event with strong
functional and psychological effects on the amputee and
high social-economic burden. A prosthetic limb is
a common
rehabilitation
treatment
considered
a standard of care. It aims to restore the dignity and selfesteem of the patient and a normal pattern and
independent ambulation as much as possible.
Despite tremendous efforts in the field, more research
is needed to address clinical controversies and technical
difficulties, for a better understanding of comfort and
optimal load transfers throughout the gait cycle and
other daily life activities.
This work is devoted to the development of a new
framework expected to provide recommendations with
respect to prosthesis design optimization and possibly
subject-specific rehabilitation program for transfemoral
amputees considering various daily activities scenarios.

Research Question
How can current technologies improve the condition
of transfemoral amputees in daily activities?

Methods
Both experimental and computational cutting edge
technologies are combined into a framework for
prosthesis optimization and rehabilitation program
design
including
electromyography,
segments

kinematics and ground reaction forces measurements in
various scenarios, AnyBody™ modeling analyzing
these scenarios and predicting outcomes in broader
situations, and Finite Element Analysis (FEA) for
detailed analysis of the socket–residual limb interaction.

Results
Preliminary results are promising and encouraging.
The FEA of the donning procedure results in maximum
shear soft tissue stress less than 75 kPa and contact
pressure less than 40 kPa except for few highly localized
peaks. For gait cycle simulation, AnyBody™ predicts
the maximum reaction force at the stump–socket
interface of 2438 N and FEA of 1903 N for a 90 kg
transfemoral amputee.

Discussion
FEA demonstrated results close to published data in
terms of distributions of stresses, strains and contact
pressure [1,2,3]. The mismatch in reaction force is
mostly attributed to tissue geometry reconstructed from
MRI in a supine lying position not suitable to simulate
the donning procedure. Both reaction forces are also
considerably higher compared to the experimental data
[4]. This may also be due to neglected inertial properties
and friction, possibly overestimating the reaction force.
It is expected that transfemoral amputees will be
recruited in collaboration with clinical partner Protetika
Plzeň Ltd for clinical study and gait analysis in different
scenarios. The collected data would serve for
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AnyBody™ modeling analyzing these scenarios and
predicting outcomes in broader situations, and for a
parametric FEA study of the socket–residual limb
interaction.
The authors expect that such parametric study,
completed by experimental data and AnyBody™
simulations, could reveal major trends and correlations
between inputs and outputs possibly leading to
recommendations with respect to prosthetic device and
rehabilitation program design and, eventually, may
serve as clinical decision support.
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Abstract
A premature birth brings an increased risk of developmental disorders. Newborns with low gestational age are at
increased risk of non-optimal psychomotor development due to immaturity, which may result in motor discoordination,
attention deficit disorder, hyperactivity or learning disabilities at later age.
With the increasing number of premature births, there is an increased need for objective assessment of their motor
development and neurobehavioral state. The qualitative assessment of the spontaneous motor activity in neonates and
infants is performed by visual analysis during therapeutic programs or using neurodevelopmental scales assessing
neuromaturation and maturation of the neonatal central nervous system. These assessments are considered as subjective
because they are influenced the experiences of the therapist, who carries out examinations.
The aim of this presentation is to describe findings of the pilot study focused on the assessment of the differences in
postural stability of newborns born in different gestational weeks before the scheduled delivery period via the Tekscan
pressure mat.
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Abstract
In order to distinguish dysfunctional gait, clinicians require a measure of reference gait parameters for each population.
This study provided normative values for widely used parameters in more than 1,400 able-bodied adults over the age of
65. We also measured the foot clearance parameters (i.e., height of the foot above ground during swing phase) that are
crucial to understand the complex relationship between gait and falls as well as obstacle negotiation strategies. We used
a shoe-worn inertial sensor on each foot and previously validated algorithms to extract the gait parameters during 20 m
walking trials in a corridor at a self-selected pace. We investigated the difference of the gait parameters between male
and female participants by considering the effect of age and height factors. Besides; we examined the inter-relation of
the clearance parameters with the gait speed. The sample size and breadth of gait parameters provided in this study offer
a unique reference resource for the researchers.

Keywords
gait; elderly; foot clearance; ambulatory system; sensor fusion; reference data

Objective

Results

To investigate the relationship between parameters
of foot clearance and prospective falls in a cohort of
community-dwelling older persons..

Among participants (N=794, mean age 75.0±1.4
years, 58.4% women, 39.3% living alone, 3.9% with
MMSE score<24, 86.8% reporting no difficulty in basic
ADLs), 29.4% reported one or more falls over the 12month follow-up period. Compared to non-fallers, these
participants had decreased gait speed (1.18±0.17 vs
1.20±0.19 m/sec, p=.038), stride length (1.23±0.15 vs
1.26±0.17 m, p=.009), maximal heel (28.7±3.8 vs
29.3±3.9 cm, p=.014) and maximal toe (12.5±3.0 vs
13.3±3.3 cm, p=.002) clearance. In contrast, minimal toe
clearance did not vary across fall categories (1.8±0.7 vs
1.8±0.8 cm, p=.993).

Methods
Eligible participants
were those enrolled in the first wave of the Lc65+
cohort study, a population-based cohort launched in
2004 to study frailty. Gait assessment was performed
over a 20 meters walkway at self-selected pace, using
footworn sensors, and included usual gait parameters
(speed and stride length) and specific foot clearance
parameters (maximal and minimal heel and toe
clearances, and their variability). Falls were collected
prospectively over 12-month using a monthly fall
calendar. Participants included in this analysis were
those who a) underwent a full gait assessment; b)
completed all 12 fall card reporting.

Conclusion
In this cohort, maximal heel and toe clearance were
both associated with subsequent falls over the 12-month
follow-up period, whereas minimal toe clearance was
not. Future studies should investigate whether these
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parameters will be sensitive to interventions designed to
reduce fall risk.
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Abstract
Tremor is one of the most common movement disorders. Tremor occurs in many kinds of diseases, such as Parkinson's
disease, dystonia and others. The features of different diagnosis are sometimes very alike, so it is hard to differentiate
them even for specialists. Using devices to measure and evaluate tremor can objectify the examination of tremor and it
could bring some new aspects and differences and consistent manifestations of these tremors that could help in diagnosis
and tremor analysis. Therefore, we developed an instrumental method using an accelerometer and an optical motion
capture system that measure and analyze head and hand tremor. This study focuses on hand and head tremor
parametrization for distinguishing patients with dystonic and essential tremor. We included 26 patients with essential
tremor and 29 patients with dystonic tremor. We suggest new parameters to describe rest, postural and kinetic tremor.
We calculated time variability of amplitude and variation of the trajectory of kinetic tremor. Other parameters calculated
to characterize steadiness of tremor amplitude are jitter (for frequency variability) and shimmer (for amplitude
variability). To study frequency transmission between hands and head, we calculated coherence of head and hand tremor
amplitude. We also detect myoclonic jerks in head tremor using continuous wavelet transformation in the study.
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DISEASE
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Abstract
Parkinson's disease is a long-term central nervous system disorder. This disease correlates with a decrease in
dopaminergic neurons. The thesis focuses on the quantification of dopaminergic neurons. Comparing these aspects to
patients with Parkinson's disease in the presymptomatic and manifestation phase. The aim was to create a SPECT image
processing methodology in SPM12 and quantify the amount of dopaminergic neurons and the correlation of finger
tapping test by BradykAN. For this purpose, a sufficient number of RBD probands (a REM sleep disorder) and PD
(Parkinson's disease) probands could be used. There were 24 probands with PD an age of 64.36 ± 7.74 years. There
were 33 probands with an age of 65.65 ± 5.55 years in this study group of RBDs. First, raw images of T1, SPECT, CT
were processed. Procedures that have been altered in different groups in probands suffering from manifest phases of
Parkinson's disease reach 3.08 ± 0.68 for left caudate, 1.77 ± 0.54 for left putamen, 3.04 ± 0 for right caudate, 58 and
1.61 ± 0.46 for the right putamen. In probands, in the presymptomatic phase of Parkinson's disease, the binding indices
of the left caudate reach 4.44 ± 1.03, in the left putamen 4.03 ± 1.1, in the right caudate, 4.07 ± 1.07 and 4.27 ± 1. Another
result is individual parameters for L1, L2, P1, P2, amplitude decrement finger tapping average frequency, velocity of
tapping, and AngMean for each proband. The final step was to find the data with BasGan indexes. Correlation coefficients
for groups of RBD probands are very close to zero, so they can be declared invalid. In all cases where the parameters
range from -0.50 to -0.6, this indicates a negative correlation. It is obvious that the proposed route for RBD will not work
ideally, but this situation is better for PDs. This project could better understand this complicated disease.
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