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SCIENTIFIC PROGRAM

Sunday, September 6, 2015

Arrival to Bratislava
Refrestment point:

Institute of Nor mal and Pathological Physiology

Sienkiewiczova 1, Bratislava
Meeting pointinBrat i sl av a, Fajnorovo n8brebDie
Transport by conference shuttle bus from Bratislava to Smolenice Castle
Registration and accommodation in Smolenice Castle

Opening Address: RNDr. O. Pech&ova, DrSc. (Slovakia)

Director of Institute of Normal and Pathological Physiology, Slovak Academy of
Sciences

Opening Keynote Lecture: Prof. JM. Hausdorff (Israel)

Multi -modal approach to reducing fall risk:

Motor -cognitive interactions and their potential plasticity

End of session

Welcome Reception

Mon day, September 7, 2015

Breakfast
Session1l  Chaimen: Horak, Hlavatka

Cognitive contributionsto  coupling posture and gait
F.B. Horak(USA)

Online adjustment of gait initiation before foot alift
M.J.Bancroft, B.L. Day(United Kingdom)

Anticipatory postural adjustments affected by the sensory manipula tion in
young and elderly subjects
J. Lobotkova, K. Butkova, Z. Hirjakova,F. Hlavaka (Slovakia)

A protocol to assess locomotor plasticity and dynamic gait stability using the
Computer Assisted Rehabilitation Environment

'C. McCrum, 'P. Willems,’K. Karamanidis,"H. Kingma, ?W. Zijlstra, ‘K. Meijer
(‘TheNetherlands, °Germany)

Relationship between walking activity and postural stability in middle -age
women

'Z. Svoboda, 'L. Bizovska,'R. Cuberek,’E. Zemkova ‘M. Janura (‘Czech Republig
*Slovakia)

Age effects on mediolateral balance control
'L.E. Cofré Lizama:M. Pijnappels,lG.S. Faber’N.P. Reeves’S.M. Verschueren,
1J.H. van Dieén(lTheNetherIands, 2USA,SBeIgium)

Coffee break



Session 2 Chaimen: Peterka, Lakie

10:25 Normal and abnormal regulation of corrective torque required for human
balance control
R.J. PeterkgUSA)

11:05 The effect of compliant support surfaces on sensory r  eweighting of
proprioceptive information in ~ human balance control
[.M. Schut D. Engelhart, J.H. Pasma, R.G.K.M. Aarts, H. van der Kooij, A.C. Schouten
(The Netherlands)

11:20 Effect of visual cues on trunk stabilization during support surface tilts
L. Asslander G. Hettich, A. Gollhofer, T. Mrgner (Germany)

11:35 Functional muscular coordination underlying movement pattern changes
C.A. Vernooij G. Rao, D. Perdikis, R. Huys, V.K. Jirsa, J.J. Temprééiance)

11:50 Breathing changes associated with postural improvement due to visual
biof eedback
!Z. Hirjakov4, K. Neumannova,'J. Lobotkova, ‘K. Bukova, 'F. Hlavaka (‘Slovakia,
Czech Republic)

12:05 What does spinning tell us about shaking?
'M. Lakie °C. Vernooij, 'C. Osler,'A. Stevenson,3J. Scott, 'R. Reynolds (‘United
Kingdom, France,*Germany)

12:20 Lunch
Session 3 Chaimen: Day, Reynolds

13:50 Visual rotation influences bipedal stance via self -motion and gravity estimates
B.L. Day T. Muller, P. Kumar, C.J. DakifUnited Kingdom)

14:30 Body orientation illusions and vestibular reflexes reveal a dissociation of
proprioce ption for perception versus action
R.F. ReynoldsC.F. Osler (United Kingdom)

14:45 Which way is up? Visual uncertainty in the estimation of gravity
C.J.Dakin, P. Kumar B.L. Day(United Kingdom)

15:00 Integration of dynamical auditory information i nto postural control process
L. Gandemer G. Parseihian, R. KronlandVartinet, C. Bourdin (France)

15:15 Processing time of addition or withdrawal of single or combined balance -
stabilizing haptic and visual information
J.L. Honeine O. Crisafulli,S. Sozzi, M. Schieppat{ltaly)

15:30 Coffee break + Poster session 1
Session 4 Chaimen: Mergner, Chiari

16:45 New developments in controlling balance of humanoid robots with the
human -derived disturbance estimation and compensation (DEC) conc  ept
T. Mergner, G. Hettich, V. Lippi, L. Asslande¢Germany)

17:25 Inferring quality and quantity of physical activity performed at home from
postural sway measures: More than meets the eye?
S. Mellone, M. Colpo, S. BandinelliL. Chiari(ltaly)

17:40 Applying multiple perturbations and system identification techniques to
assess the underlying systems involved in standing balance
J.H. PasmaD. Engelhart, C.G.M. Meskers, A.B. Maier, A.C. Schouten, H. van der Kooij
(The Netherlands)
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17:55

18:10

18:25

18:40

19:30

7:00 - 8:00

8:00

8:40

8:55

9:10

9:25

9:40

9:55

10:55

11:35

11:50

12:05

Responsiveness to support surface rotations predicts balance recovery

capacity

J. van Kordelaar D. de Kam, W. van Orsouw, H. van der Kooij, V. Weerdesteyn

(The Netherlands)

An algorithm for the automatic segmentation of sitto stand and stand to sit

transitions

1J. Krohova °S. Mellone, *M. Smondrk, L. Chiari(*Czech Republic’Italy)

Validity of a sensor -based tool for trunk mobility assessment
'M. Smondrk, S. Mellone, 'J. Krohova,’L. Chiari(*Czech Republic 2ltaly)

End

Barbecue + Folk music

Tuesday, September 8, 2015

Breakfast

Session5  Chaimen: Aruin, Maurer

Training -related enhancement of anticipatory postural adjustments in older

adults

A.S. Aruin N. Kanekar, S. Jadghan€¢USA)

Identification of the pathological state based on movement characteristics in
di sease
M. Cenciarini, A. Kuhner, F. BurgetT. Schubert, T. Maier, C. MaurefGermany)

Par ki nsonés

I nfluence of

|l evodopa on
I. Di Giulio, R.J. St George, E. Kalliolia, A.L. Peters, P. Limousin, B.L. (mjted

postur al i nstabi

Kingdom)
Dry immersion as a therapeutic intervention to improve motor and non -motor
deficits in Parkinsonés disease patients:

A. Meigal, I. Saenko, L. Chernikova, L. Gerasimov#Meigal, N. Subbotina (Russia)

Automated classification of gait disorders using spatio -temporal data
C. Pradhan T. Brandt, K. Jahn, R. Schniepf§sermany)

Investigation of position and forces on the gait cy

vestibulopathy patients

J. Decker C. Pradhan, R. Schniepp, K. Jal{Germany)

Coffee break + Poster session 2

Session 6 Chaimen: Frank, Hatzitaki

cle in bilateral

Learning to control balance: Lessons from rehabilitation and sport

JS. Frank(Canada)

Type of sport expertise biases sensory integration for spatial orientation and

postural control

M. Thalassinos, G. Fotiadisk-. Arabatzi,V. Hatzitaki (Greece)

Proprioceptive down -weighting in toxic neuropathy (CIPN) and e  ffects of

balance training

C. Maurer, S. Kneis, A. WehrléGermany)

Age and gender related neuromuscular and kinematic pattern during trunk
flexion -extension in chronic low back pain patients
T. Kienbacher E. Fehrmann, R. Habenicht, D. KolteC. Oeffel, J. Kollmitzer, P. Mair,

G. Ebenbichler(Austria)

11
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12:20 Test to retest reliability of SMART Equi Test postural control and performance
measures in sarcopenic lung transplant recipients
G. Ebenbichler S.Doblhammer, M. Pachner, P. Anner, MHerceg, K. Kerschan
Schindl, P. Jakscl{Austria)

12:35 Lunch

14:00 Workshop APDM
FB.Horak

14:30 Workshop Tekscan

P. Crowe, M. Borsky

15:00 Social activities
(Red Stone Castle visit, Guided walk in historic town Trnava, hiking in nearby
Smolenice Castle, Wine testing

19:30 Farewell Dinner

Wednesday, September 9, 2015
7:00 - 8:00 Breakfast

Session 7  Chaimen: Zemkova, B@szczyk

8:00 State of the art assessment of core stability and core strength
E. Zemkova(Slovakia)

8:40 Bi- and monopedal postural control after endurance exercises at distinct
intensities
H. Fischer R. Beneke (Germany)

8:55 Assessment of postural st ability based on Sway vector
J.W. Baszczyk A. CichaZ, M. Beck, K. ®mka (Poland)

9:10 Postural control strategy in normal and vestibular ablated states studied in an
animal model
C. Haburcakovg L. Thompson, C. Wall, D. Merfeld, R. Lewi{gJSA)

9:25 Coffee break
9:40 Use of a novel dynamic balance measurement system to examine balance
control in aging

V. Linnamo, J.M. Piirainen, T. Heikkinen, N. Sippola, N.J. Cronin, J. Avékinland)

9:55 Aging effects on postural tracking of comPIex visual moti ons
'H. Sotirakis *N. Kyvelidou, ’N. Stergiou, “V. Hatzitaki (1Greece,2USA)

10:10 Selected postural stability parameters at se n i oageé s
F. Zahalka T. Maly, L. Mala, T. Gryc, P. Hrask¢zech Republic)

10:25 Chronical instability of upright stance  in senior patients
M. Saling, M. Kucharik, M. Krivosik, J. PucikSlovakia)

10:40 End of symposium
12:00 Lunch
13:30 Conference shuttle b us from Smolenice Castle to Bratislava

12



POSTERS

P1

P2

P3

P4

P5

P6

P7

P8

P9

P10

P11

P12

P13

P14

P15

Mon day, September 7, 2015

Walking motion predictability exp  lains phase- and speed-dependent modulations of
sensory inputs during locomotion
M. Wuehr, R. Schniep, P.R. MacNeilage, S. Glasaugermany)

Perception of head motion during locomotion
S.W. Mackenzie R.F. ReynoldgUnited Kingdom)

Gait initiati on: the frontal -plane control
'J.L. Honeine ®M.C. Do,'M. Schieppati (1Italy, 2France)

Body weight contribution in gait initiation - crossing an obstacle
K. Buckova J. Lobotkova, Z. Hirjakova, F. HlavackéSlovakia)

Dynamic stability of the cen ter of mass and the feet during gait: adults vs. children
comparison
C. Pothrat, T. Galdi, E. Viehweger, E. Berton, G. Rao (France)

Dynamic stability assessment during overground and treadmill walking
!|. Bizovska'Z. Svoboda,’Z. Hirjakova,'M. Jarura (*Czech Republic,’Slovakia)

Recording of gait with inertial sensors and inverse kinematics
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TRAINING -RELATED ENHANCEMENTOF ANTICIPATORY POSTRAL ADJUSTMENTS
IN OLDER ADULTS

A.S. Aruin, N. Kanekar, S. Jadghane

University of lllinois at Chicago, Chicago, USA
Email:aaruin@uic.edu

Introduction

Impaired generation and utilization of anticipatory postural adjustments (APAs) is one of the
reasons for postural instability in older adults [1]. We investigated the effects of APA-focused
training in enhancing APAs for balance control of the elderly.

Methods

Two groups of older adults participated in single -sessions of training involving either external
perturbations (catching a medicine ball) or internal perturbations (throwing a medicine ball).
Another group participated in four -week training with ball catching. The subjects were assessed
before and after training using predictable external perturbations induced by a pendulum with
impact applied to the shoulders [1]. EMG activity of the thirteen trunk and leg muscles, 3-D body
kinematics, and ground reaction forces were recorded during the times typical for the anticipatory
and compensatory phases of postural control. EMG latency, center of pressure (COP), and center of
mass (COM) displacements were obtained.

Results
F_OHC_)\{Ving training with ball catching, Improvements with ball catching (single session)
significantly early_ AP_A onsets (p Latency COM Displacement (mm)
>0.05) were seen in six muscles and A PP g »e
the eventual peak displacement of the RA| i |2 = - ~~
bodyés COP and COM _ « —ez | 20| | ) Postraining |
were smaller, indicating improved % — L=
postural stability (Fig. 1). Similarly, = , —_ u
: o - . —— | s 10

following training with ball throwing, oxs .

.. 9 .. . IASM o I
postural activity in anticipation of the wor . £
perturbation  induced by the ' - — — B
pendulum impact occurred earlier as 2250 2200 <150 <100 S0 0 S0 At TO Peak
compared to the pre-training Time (ms)

condition [2]. After the four-week
training using catching a medicine ball
(experimental group), postural activity
in anticipation of the perturbation

occurred earlier as compared to the pre-training condition. There were no improvements in APAs at
the end of 4 weeks in subjects included in the control group. A four -week APAbased training

enhanced postural preparation and resulted in greater postural stability of older adults which was

confirmed by improved outcomes of c linical tests of balance including Timed-Up and Go (TUG) test
(p<0.05), mean postural sway velocity when standing on one leg, and Activities-specific Balance
Confidence (ABC) scale [3]The transfer of the effect of APA-based training using ball throwing or
catching was seen as significantly early onsets (p<0.05) of postural muscles prior to the bilateral
arm flexion, the task that was not a part of the training protocol.

Figure 1 A Muscle latencies before the perturbation and B
peak COM displacements during the balance restoration
phase. Arrows show training-related improvement.

Conclusions

The APAfocused training enhanced anticipatory postural preparation and resulted in greater body
stability following the perturbation. The outcomes, therefore, suggest that innovative APA -focused
intervention could be used as an effective rehabilitation approach in improving postural control,

functional balance, mobility, and quality of life in the elderly.
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Introduction

Humans tend to stabilize the head in space when balancing with eyes open [1]. The neural control
mechanism that is stabilizing the head is still not well understood. Using the Disturbance Estimation
and Compensation, DEC model [2], previous work was able to describe human sway responses of
the whole body center of mass (COMg) with eyes closed and with eyes open, where adding visual
cues reduced sway responses by improving disturbance estimates [3]. For eyes closed, thenodel
has also successfully been extended to describe human trunk control [4]. While the visual effects on
COM; control can be described quite well by changes in model parameters, previous observations
suggest a functional change in trunk control when adding visual cues. The current study aims to
identify the presumed trunk control mechanism during eyes open.

Methods

Anterior-posterior sway responses of 7 subjects (aged 27.1 £ 3.6 years, 3 male) tainpredictable
pseudo-random tilt perturbations with a bro ad frequency spectrum were measured with four
stimulus amplitudes (peak-peak 1°, 2°, 4° and 8°) and the three visual conditions: (i) eyes closed (no
visual cues), (ii) eyes open with stroboscopic illumination (only visual position cues), and (iii) eyes
open with continuous illumination (visual position and velocity cues). Subjects leg and trunk body
sway were measured using markers at hip and shoulder level. Head sway (angle between a virtual
line from head to ankle and the gravitational vertical) and COMg sway were calculated thereof.
Model simulations were performed using double inverted pendulum dynamics and the extended
DEC control model [4].

Results

Human head sway responses were smaller as compared to leg and COM sway across all visual
conditions and stimulus amplitudes. During eyes closed and stroboscopic illumination, the reduced
head sway resulted from a more upright position of the trunk as compared to the legs. In contrast,
during continuous illumination trunk swayed beyond the upright position, i.e. forward (backward)
leg excursions were associated with backward (forward) trunk excursion. This pattern resulted in a
remarkable saturation, where head sway did not increase with increasing stimulus amplitude. To
mimick this pattern observed in conti nuous illumination in the simulations, a functional change had
to be introduced in the control model. Simulation results showed, that an additional compensation
loop in the model can reproduced the pattern. The loop uses visual translation and orientation cues
to estimate the hip translation and compensates the hip movement by a corresponding trunk lean
command. Using this mechanism, simulations reproduced the trunk sway pattern observed during
continuous illumination.

Conclusions

Model simulations suggest that humans achieve the head stabilization through A) an estimation of
the hip translation based on visual cues, and B) a conversion of the hip translation to a desired,
compensatory trunk lean angle. This mechanism could not be identified during strobos copic
illumination (only visual position cues), suggesting that the mechanism depends on visual velocity
cues (optic flow).

Acknowledgements: The work is supported by EU FP7 grants 600698 (H2R) and 610454
(EMBalance).
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ONLINE ADJUSTMENT OFGAIT INITIATION BEFORE FOOHBLIFT

M.J. Bancroft , B.L. Day
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Email:matthew.bancroft. 13@ucl.ac.uk

Introduction

Vision is important for adjusting ongoing movements during gait initiation and locomotion. Once

the foot lifts off the ground, vision can guide the foot towards its intended target and correct foot

trajectory at short latency (~120 ms) [1]. The role of vision prior to foot &lift is currently unclear
however. I'n nor mal stepping, the body i s é&ftthhr owné
allow a controlled fall of the body towards its intended tar get during the step [2]. Here we test

whet her the body aléttiskadjustedénliteading vison.f o ot

Methods

Ten healthy, young subjects were asked to step as accurately as possible to a visually presented

target (Fig. 1A). The target would dther stay in the same location or unpredictably jump to a new

|l ocation shortly after initiation of the éthrowé
locations were oriented so that either step length or direction required alteration.

Results
Whenno target jump occurred, di fferent ethrowsé we
|l ocations. When a target jumped, the first adjustn

subjects. This was typified by a uniform reduction in the forward acceleration of the body, even
when an increased acceleration for a longer step was required (Fig. 1B). On average, adjustment
latency was 233 + 32 ms. After this uniform response, a different acceleration was produced when
stepping to different target lo cations, coupled with a delay in footalift.
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Figure 1 A Positions of the stepping targets. For target jump trials, ,' :
the central target (unfilled circle) would initially illuminate before 02l Dy f K
jumping to another location (filled circle). B Group data for the : : )
forward force (acceleration) produced during steps to the central -4 Uniform
target (continuous line), a longer step without a target jump reduction
(dashed) and a longer step with a target jump (dotted). Direction : )
change and shorter steps are omitted for clarity. All traces are 0 : Stepping target|
aligned to éthrowé initiation :dependent response

dotted vertical line denotes the mean time of the target jump. The
time of foot -lift is denoted by the grey vertical line (continuous =
no target jump, dotted = target jump).
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Conclusions

We conclude that t he &lfduadusddomimewsng kisoh, eveer thdugho t
adjustment could have been made after footédlift. The presence of a footdlift d elay and stepping
target dependent adjust ment S ugge s taiét istfunaidnallyt h e b o
important in developing a controlled fall of the body after foot Alift. This offers a useful mechanism

to correct ongoing movements in order to mai ntain balance during gait and aid precision stepping.
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Introduction

Based on classification of postural responses to Achilles tendon vibration in 0, our pilot study was
aimed to analysis of postural system autoregulation and identification of postural responses with
respect of vibration stimuli frequencies and its duration.

Methods

Two healthy individuals were tested. Subjects were instructed to maintain bipedal quiet upright
stance on firm surface with eyes open and closed. Stabilograms were recorded at 20, 60 and 80 Hz
frequencies vibration stimuli on Achilles tendon with 20 s duration, and without stimuli. Measured
data were processed by stabilogram analysis and developed Center of Pressure (CoP) trajectory
length methods.

Results

Five phases of postural sway (Fig. 1) were identified. The phases 1, 3 and 5 present pseudsteady
states with quasi-constant velocity of CoP excursion. The phases 2 and 4 show charactéstics of the
first-order linear PI - proportional -integration system with gain Gp = G, for phase 2 and G- > G, for
phase 4. They are fast adaptation reactions of postural system with nonconstant CoP velocity to
start and end of vibration stimuli, respectively. Phases 3 and 5 are slow pseudesteady state phases
to vibration stimuli start and end, respectively.
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Figure 1 Stabilogram (a), statokinesigram (b) and displayed developed CoP trajectory length (c) of
representative subject in situation eyes open with 60 Hz vibration stimuli. Full line - pseudo-steady state phase,
dashed line - fast adaptation phase.

Conclusions

Applied method of developed CoP trajectory length includes the evaluation of individuals times
phases of postural system autoregulation respecting the different stimuli intensity and duration.
Stimulus represents deterministic disturbance input in postural system biofeedback control. Phases
2 and 4 with nonconstant CoP velocities closely correspond to postural system adaptation process
after start and end of vibration stimuli. Different maximal CoP velocities after start and end of
vibration stimuli suggest the postural system as nonlinear. Proposed method of signal processing
allows detecting postural system adaptation capability and provides an alternative approach to
guantifying the autoregulation control system in human beings.
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Introduction

Many different approaches have been used for stability assessment during locomotion & traditional
approach with kinematic and spatial-temporal characteristics [1], nonlinear analyses [2], frequency
analyses [3] and others These analyses are often used for signals recorded during treadmill walking
trials, however, scientific studies showed that gait patterns in overground and treadmill conditions
seem to be different [4]. The aim of this study was to verify whether dynamic stability variables
computed by frequency and nonlinear analyses are different in overground and treadmill
conditions in female groups.

Methods

Two female groups participated in this study & elder group (13 subjects, mean age 57.5 years),
younger group (10 subjects, mean age 21.7 years). Walking protocol included 5 minutes walking
overground and 3 minutes walking on the treadmill (TDW, LODE Valiant, Lode, B.V. Medical
Technology, Groningen, Netherlands). Participants walked overground (OGW) with their prderred
walking speed. Average speed for each participant was computed and set on the treadmill
afterward. Signal from a 3D accelerometer (sampling rate 296.3 Hz, Trigno wireless system, Delsys
Inc., Natick, MA, USA) placed on the L5 vertebra was recordedDynamic stability was assessed from
140 strides for all three axes using shortterm and long -term Lyapunov exponents (LE), harmonic
ratio (HR), multiscale entropy for scales 1 to 6 (MSE) and root means square of acceleration (RMS).
Statistical analysis wasperformed in both groups using paired sample t -test, p-level was set as 0.05.

Results

The results showed that all short-term LE were significantly lower during TDW in both groups.
Long-term LE were lower during OGW in both groups, significant differences were found in medial -
lateral and vertical direction in younger group and in vertical and anterior -posterior direction in
elder group. There were no significant differences for HR in younger group, whereas HR in media}
lateral and anterior-posterior direction were significantly lower during OGW in elder group. Results
of MSE in vertical direction showed significantly lower values during OGW in younger group. Similar
situation was found in medial-lateral direction in elder group. When comparing RMS, significant
difference was found only in medial-lateral direction in elder group with lower value during TDW.

Conclusions

The results of this study showed that there are significant differences between overground and
treadmill walking. We found that there is an agreement between results computed using different

approaches. Both HR and shortterm LE indicate that TDW is smoother and more stable, however,
that also indicates that walking patterns change during TDW compared to OGW.
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Introduction

Postural instability leading to falls and injury is an important and disabling feature of advanced age.

Force plate based static posturography is a simple technique which is frequently used in laboratory

and clinical diagnostics. The major disadvantage of this technique is, however, lack of decisive and
reliable measures that could be used for assessment of postural instability. Moreover, many
parameters that are routinely derived from the COP time series seem to provide very similar
information [1, 2]. Numerous methodological deficiencies of static posturogr aphy exacerbate
reliability of this method. For instance duration of posturographic test, number of trials, data

sampling frequency and the COP signal filtering could critically affect the reliability of COP
measures [2, 3]. In the search of a reliable méhod of postural stability assessment COP time series
collected recently in our laboratory have been analyzed using set of novel sway measures.
Assessment of individual postural control was based on sway vector (SV).

1

Methods 20 -
The SV attributes were compued from the COP data recorded in 18 -
30 young women (mean age 23+2) while standing quiet with 16 - T T
eyes open and eyes closed: 0 14
The length (magnitude) of the SV E i
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J/ =arctan— =arctan— >,
Sv ML 0
2 .
Results 0
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insensitivity of the control to changes in the input parameter
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s . . . ’ c 05
dependent on vision while its azimuth remained at the fixed <>£
n

level of 0.99 radian (51.5 deg). This value of the SV azimuth
sets the optimum level of interaction between the AP and the

ML controls. Figure 1 Sway vector (SV

coordinates of the COP stability
. vectors in young subjects while
Conclusions standing still with eyes open (EO)
An extension of stability radius notion is our SV, which takes and eyes closed (EC). The error ba

into account both magnitude and direction sway. The SV is a represent standard deviations.

main disturbance during quiet stance, therefore both the

magnitude and azimuth of the COP instability vector may serve as measures of postural stability. In
this study the instability vector is defined as the smallest destabilizing posture vector in any
direction. By definition, a person while standing quiet irrevocably loses balance when his/her COP
moves outside limits of stability and the motor control system does not have sufficient time to
complete a recovery program. Combination of the SV attributes allow to pinpoint quality of
postural stability control. A probability of successful balance recovery in face of perturbation
depends on three measures that define the SV: its initial point (the COP reference point), vector
magnitude and its azimuth. An increased magnitude of the SV substantially reduces time for
balance recovery action and increases probability of fall. The timing of recovery action depends also
on direction of perturbation. The latter problem does not exist in young healthy subjects.
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Introduction

Anticipatory postural adjustments (APA) prior stepping seem to have impact on step initiation in
patients with Parkinson's disease (PD) especially in patients with freezing (FZ). An external stimulus
frequently can terminate the freezing episode. We analyzed step initiation of healthy controls (HC)
and Parkinsonian patients with regard to changes taking place during aging, changes caused by
Parkinsonism and the influence of an external stimulus to trigger the step.

Methods

We examined data from 1594 steps from 84 subjects (HC, PD, PD wFZ) in 2 conditions (810 steps
self-initiated, 8-10 steps externally triggered). The path of the center of pressure before the step
(APA) was recorded.

Results

Variables of the first step (length, velocity) and APA-measures (APA duration, APA lateral APA
anterior-posterior) showed no significant correlation (Pearson) with age. When a step was elicited
by an external command, APAs were significantly larger, faster and shorter in time as with sel
initiated steps. Step length had negligible influence on the parameters of the preceding APA. In
comparison with the HC group only freezers but not non -freezing PD patients had longer APA
duration, reduced APA velocity, and shorter lateral APA excursions. Remarkably, the extent of the
APA excursion in anterior-posterior direction was not significantly different between the three
groups.

Conclusions

The results of our study show no significant physiological changes of stepping preparation during
aging. Surprisingly APA in detail does not seem to be much influenced by the length of the
following step. Externally elicited steps are larger (on average 5%) than sekltriggered steps and
show a clear difference in several APA parameters. Concerning PD patients we found no differences
between the anterior-posterior APA excursions in the 3 groups. Only the lateral APA was reduced in
the PD groups (significantly only between HC and FZ). PD patients with the freezing phenomenon
showed no clear APA difference compared to non-freezing PD patients, from this we conclude that
the reduced APA may not be a causal factor for the freezing phenomenon.
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Introduction

Inertial sensors are electric circuits which measure acceleration and rotational velocity. This
information is needed to determine the 3 -D position of a body in space. With the help of those

sensors gait can be recorded. Using a 4segment model for the legs (shank-thigh -thigh -shank) and
the stance foot as a pivot, the position of the segments in space can be computed (inverse
kinematics).

Methods

We examined twelve healthy young men. Sensors were attached at the thigh as well as at the lower
leg on each side. One sensor consisted of one gyroscope und two accelerometers. With the help of
an integrated Kalman Filter it was possible to calculate the position of all 4 leg segments in the

sagittal plane. Specific pattern of gyroscopic and accelerometric data helped defining moments of

terminal contact (toe-off) and initial contact (heel strike). These events were validated by a
pressure-sensitive inserted sole. We compared this data wth data synchronously obtained from a

motion capture system while subjects walked on a treadmill.

Results

Comparison of the time of initial and terminal contact obtained by inertial sensors and pressure

sensitive soles resulted in very small deviations vithin the range of data resolution. The toe -off

moment was not at the trough preceding the huge peak of the gyroscope traced during the mid -

swing phase. Correlation between segment angles measured with inertial sensors and motion
capture system was above £0.9. Correlation between step length measured by these two systems
was above r>0.8 and could be increased by a calibration of the inertial-sensors system by a defined
gait distance.

Conclusions

The method of inverse kinematics allowed for a realistic reconstruction of the gait path and
accurate measurements in the sagittal plane. Gait analysis with inertial sensors is less expensive
than with conventional methods and allows for the assessment of gait in more natural
environments. The actual disadvantage d less precision will be compensated in the near future with
better sensors and software. This model may be supplemented by the addition of the pelvic
segment which is not yet included.
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Introduction

Voluntary movements are generally accompanied by postural adjustments. Also prior stepping over
an obstacle, shift of center of pressure (CoP) is observed, termed anticipatory postural adjustments
(APAs). Postural adjustments are essential because they allow postutadisturbance due to the

movement. APAs are also associated with the movement control that prevents equilibrium
disturbances [1, 2]. Aim of the study was to determine if overweight factor leads to some

adjustments necessary to control body inertia and preserve postural equilibrium.

Methods

Twenty overweight and obese adults (7F, mean age 32.7+£1.46 yrs, mean height 173.9+2.12 cm,
mean BMI 33+1.12 kg.m®) and 20 normal weight adults (8F, mean age 33.1+1.29 yrs, mean height
170.8£1.99 cm, mean BMI 22.5+0.40 Ig.m'z) participated in study, free of any neurological or
musculoskeletal disorders. CoP data in anteriorposterior (ap) and medio-lateral (ml) directions
were sampled at 100 Hz. A movement analysis system (BTS Smart DX, Italy) with sampling
frequency 100 Hz recorded the kinematics of body. Participants were instructed to maintain an
upright standing position, with arms along the body and feet parallel at their comfortable stance
width. After hearing sound signal, subjects were asked to initiate step with right leg and make few
steps at their comfortable speed. Then they were instructed to initiate step by crossing an obstacle
with two different heights (low - 2 cm; high - 13 cm). Each trial was repeated 5 times. Assessed
variables from CoP signal were: totd duration of APAs and amplitude of APAs in both directions
(Alap, A2ap, A3ap, Alml, A2ml see Fig. 1A; A3ml was not evaluated because of great variability).
From markers data we evaluated parameters for right and left step: time, length, velocity, maximd
velocity and time-to-peak maximal velocity.

Results

Overweight subjects had increased amplitudes in lateral direction of preparatory phase of gait
initiation (Fig. 1B). We noticed great variability in phase of adjustment (APAs phases according
Ruget et al. [3]) corresponding to slow CoP shift onto the supporting foot in obese group. Effect of
BMI factor was more evident on parameters of trailing leg.
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Figure 1 A Amplitude p arameters considered in data analysis B Amplitudes in lateral direction A1lml and A2ml
of gait initiation without an obstacle (IS), with low obstacle (ILO) and high obstacle (IHO); grey- control group,
black - obese group. Mean + SEM *p<0.05; **p<0.01; ***p<0.001.

Conclusions

Results showed significantly increased APAs amfitudes in lateral direction in obese group. Training
aimed to step initiation in lateral direction could help to improve effectivity of APAs in motor
control in overweight and obese subjects.

Acknowledgements: Supported by VEGA grant No. 2/0138/13.
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Introduction

Motor impairments often include reduced mobility, tremor, and rigidity, among others, and they
can greatly worsen the quality of life leading to an increased difficulty in moving, a higher risk of
falls and fall injuries, as well as suffering from depression in certain circumstances. It is still unclear
how the severity of the impairment is linked to the observed motor behavior, but being able to
understand how the characteristics of human movement are linked to the pathological state of a
patient suffering from a neurological disorder affecting movements is critical for the success of
approaches intended for restoring movement functionality. | n Par ki nsonés di sease (PD)
example, it is not clear yet, whether the observed motor behavior is the direct result of the disease
or of a compensatory response to the debilitating effects of the di sease. Maurer et al. have
previously suggested that increased sensory noise could explain the motor behavior of PD patients
0. Knowing how the observed motor behavior is linked to the pathological state of patie nts is a
critical and still open problem. In this work we started to address this problem and we chose
initially to study PD patients. The experimental protocol included a set of different movement
classes and investigate the effects of the pathology across different motor classes and different
limbs. We use whole-body motion data to quantify motion behavior and a number of approaches
to derive meaningful information about the pathological state of the patients. Our aim is to identify

a link between movement characteristics and the severity of the underlying neurological disorder.
Identifying this link is important to develop better tools to quantify the pathological state of
patients and to evaluate rehabilitative methods using only motion information.

Meth ods

Eighteen PD patients and 18 healthy subjects participated in this study and completed the testing
procedures. Movement tasks included four movement classes: voluntary lean involving postural
control, walking straight, complex locomotion tasks, and an everyday-like coordination task
(pouring water from a glass into another). The 3D whole-body motion data was measured using the
XSens MVN motion capture system. Clinically relevant high-level features were developed such as
smoothness, root-mean-square of kinematic measures, and segmental coordination. Moreover, we
developed a method that combines features like joint activity, torsion of the trajectory, and time
into a classifier for PD patients vs. healthy subjects. A machine learning metaalgorithm (AdaBoost)
used these features to compute weak classifiers that are then combined to form a strong classifier.
The output can be either a label for the tested dataset (PD vs. healthy) or a continuous variable.
Lastly, we developed a motor control strategy approach which comprised of two-steps: 1.
complexity reduction by mapping the human motions to a simpler mechanical model, and 2.
estimation of adaptive joint weights used by a controller. The joint weights represent the control
strategy during motions. All these approaches produce quantitative measures representing the
pathological state of patients.

Results

Preliminary results showed that PD patients wal ked [Iik
little deviation from the cruising motion; the RMS of th e Cartesian acceleration was lower in PD
patients in both the straight walking and the hand coordination. Additionally, for the hand -
coordination task we found the joint weights to be almost evenly distributed along the arm joints in
the PD group, while the proximal joint weights were notably larger than the distal ones in the
healthy group O.

Conclusions

In this work, we have used three different approaches from a more traditional biomechanical
measures of motion to more motor control and classifier oriented ones. Preliminary results support
our goal that movement related features can be used t
These findings can help to evaluate the patient state and evaluate the progress over the course of a
therapy or intervention.
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This paper describes the design and implementation of an interactive rehabilitation system
for balance exercises on a wooden wobble board and its implementation into clinical praxis [1].

The proposed rehabilitation system consists of the wireless telemetric wobble board and a
computer (Fig.1la). There is used precise inertial sensor, which allows measurement ofthe
acceleration and orientation in the space. This sensor sends data wirelessly through Bluetooth Low
Energy to personal computer. There is done further processing. From technical point of view this
system allows very precise continuous measurement of the inclination of the wobble board and

also it allows to determine its orientation in the space & the rotation of the wobble board during

the exercise.

Bluetooth 4.0y (.o
Reciever

Bluetooth 4.0

PC, Laptop

Telemetric Spherical Cap
for Balance Exercises

Patient

A

Figure 1 System features (left); rehabilitaion programs (right).

This device was primarily designed for the feedback purposes, to motivate patients during
their rehabilitation process. There were proposed several rehabilitation programs, which follows the
standard use of standard wobble boards in clinical praxis. These shapes represent the object which

the patient has to describe (by his own movement) on the wobble board during the rehabilitation.

A physiotherapist can adjust the size of selected objects. This value represents the size of the
angular deflection in degrees. It can be freely chosen from 10° to 30°. The current patient
movement is represented by a two-dimensional representation (Fig. 2bA). The black square
represents the selected angular deflection which the patient has to achieve. Tte black point is the

current patient

position.

It

S

cl

ear

from
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that the patient has to retain stability on the spherical cap (Fig. 2bC). This task has to be performed
with a tolerance of 5°, which can be also changed by physiotherapist. The black circle represents
the maximum achievable angular deflection. This program also provides values, which can be used

for diagnosis of the stability discordances.

Our solution provides better quality of meas urement in comparison to other existing
solutions. Each exercise is continuously measured so it allows the further analysis of measured

values during the rehabilitation process and of course the motivation during the rehabilitation

process. The device is mder clinical tests in the University hospital now, it is used in rehabilitation
after injuries of the lower legs - fractures, soft tissue damage at adults. Also it is used for faulty

posture rehabilitations of children.
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Introduction

Identifying which way is up is essential for human posture. To estimate verticality we use visual cues
from our environment and graviceptive cues from the somatosensory and vestibular systems.
Vestibular graviceptive cues are ambiguous wth respect to translational motion, requiring an
estimate of head tilt to disambiguate them. Visual motion cues can be used to estimate head tilt,
and through this mechanism are believed to indirectly influence our estimate of the orientation of
gravity [1]. While it has long been known that visual motion can influence our perception of the
orientation of gravity [2], it remains unclear how noise added to visual motion influences the
motion -induced bias in our estimation of the orientation of gravity. Here we investigate the
influence of noisy visual motion on perception of the orientation of gravity.

Methods

Ten healthy subjects (2717 yrs) sat head fixed in front of a screen presenting an annulus filled with
coloured dots. The annulus of coloured dots could rotate both clockwise and counter -clockwise
and was presented at six angular velocities (1, 2, 4, 6, 8, 16 deg/s) and with six levels of coherence
(20, 30, 40, 50, 75, 100%)The stimulus was engineered as to keep the net angular velocity of the
stimulus constant with varying levels of noise. Participants were required to keep a bar, consisting
of a linear sequence of dots and located at the centre of the annulus, parallel to earth vertical by
rotating a hand held dial. Low amplitude low frequency angular noise was added to the angular
position of the bar to require participants to actively maintain the vertical position of the bar, thus
providing a continuous estimate of perceived vertical.

Results

Participantés percept i ornfluenced byechangesia stimwuswelocgyiagni fi cant | vy
has been previously reported [2]. The addition of visual noise significantly reduced the biasing

influence of vi sual motion on subjectés perception of
interaction between motion coherence and velocity. At low velocities, the biasing effect of visual

motion was reduced only by coherence levels below 40%. As motion velocity increased, the

reduction in the biasing effect became apparent at higher levels of coherence.
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Conclusions

Visual scene rotation biases the perception of gravity direction, but the motion coherence between
small elements of the scene influences the magnitude of this bias. This influence is nonlinearly
dependent on the relative amplitude of the noise added to the scene of visual motion.
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Introduction

One way the visual system helps to maintain upright posture is to identify unintended body
movements through visual motion. The source of visual motion, though, is inherently ambiguous &
is it due to motion of self or the environment? The brain is susceptible to this ambiguity [1], but not
all visual motion is equally ambiguous. This could be because the brain refers to other sensory
information that provides alternative noisy estimates of self-motion e.g. vestibular, as well as to
memories of prior visual experience [2]. With a prior favouring low body speed in the environment,
such a Bayesian framework predicts a decreasig gain of postural response to increasing speed of
visual motion [2], a phenomenon that has been found previously with oscillatory stimuli [3]. Here
we investigate this in more detail using discrete, rather than oscillatory, constant-velocity rotation
stimuli.

Methods

Multi -coloured dots (18 mm dia) were rear-projected onto a large (2.4 x 2.0 m) vertical screen in a
darkened room. The dots had a uniform density (300 dots/m 2) and were randomly distributed on a
black background. Typically, the scene wouldrotate clockwise or anticlockwise with ramp and hold
angular velocity stimuli of different magnitudes, or remain stationary. In the first experiment,
healthy participants (n=10, mean age 23.6+5.0 yrs) attempted to stand stationary on a force plate
(Kistlen) in front of the screen. Markers were fixed to parts of the body and their movements were
recorded in 3D (Coda). The visual scene was set
horizontal axis at ankle height. In the second experiment, subjects (n=10, mean age 27.0+£7.0 yrs)
were seated with head restraint while they attempted to keep a projected white line vertical using a
potentiometer. The line was randomly perturbed by noise while the dot pattern was made to rotate
about its centre.

Results

When attempting to stand still, the rotating visual field evoked two sequential postural responses
with different properties. The early response was in the direction of visual motion with a latency of
220 ms and, as predicted by the Bayesian model, became maller with faster stimuli. However, the
reduction in response was not explained by a simple modulation of gain. The later response also
produced a body displacement in the direction of visual motion with a latency of around 1s, but in
contrast became greater with faster stimuli. When seated, the line was deviated away from vertical
by the presence of the rotating dot pattern. Like the later postural response, the deviation was in
the direction of visual motion and increased in size with faster stimuli.

Conclusions

The results suggest that human bipedal stance is under the control of two independent processes,
both of which feed off visual motion. We suggest one is a fast-acting dynamic process that
estimates self motion and acts to minimise it; the other a cts to align the long -axis of the body with
gravity, the direction of which is distorted by visual scene rotation.
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Introduction

The vestibular system is essential for orientation, eye coordination and balance. Disorders of the

vestibular system occurring in bilateral vestibulopathy patients present various symptoms such as

imbalance which is usually compensated with an increase in sensory loading to visual, cognitive and

proprioceptive systems. This compensation is often insufficient in cases of increasing demands

during turning, different gait speeds and cognitive loading. | n this study we investigated

relationship of position and forces actingonthesemi-ci r cul ar canals (Reidés pl ane)
and its effects on gait trajectory and stability. Furthermore, we attempted to quantify effects of

these forces and positions on gait cycle.

Methods

Ten young healthy subjects (20-40 years), 10 elder healthy subjects (4060 years), and 10 bilateral
vestibulopathy patients (BVP) were recruited for the study. Motion capturing was achieved using
Qualisys® with 8 Oqus 100 cameras sampling at 128 Hz. Eleven retroreflective markers were
attached to the head and trunk (4 for the Reidés plan
sensors (triaxial accelerometers, gyroscopes, magnetometers: Mobility lab® - APDM Devices) were
attached to the head and trunk of the subjects sampling at 128 Hz. Subjects were asked to walk
along an elongated circle twice (circumference: 12.6 meters) at three different speed rates:
preferred, slow and fast, tandem gait, and cognitive dual task (serial subtraction). Additionally, a
Timed-up-and-Go test was performed along the long axis. Data analysis was performed using
MATLAB® R2015 and GraphPad Prism 6.01 statistics.

Results
F | r s t w e | nves t | Slow speed Gait Preferred speed Gait Maximal speed Gait
planec¢ differenc s ﬁ/_,w'- = = |

slow and fast walking there wasno ¢ |/ \ \ \ | §
significant difference between the & of | 1 } o f i
groups but dual task range E | A S |

ST R gl SRS e

movement showed a significant

difference for roll (median healthy: P T -
38.21 / BVP: 65.96; p = 0.044) and
pitch (median healthy: 33.81 / BVP:
49.44; p = 0.044). Because of the
circular walking route, the yaw

Slow speed Gait Preferred speed Gait Maximal speed Gait

o
=]
S
s

500 e AN

Y position {mm}

N&;
Ek_ {
Vo

Bilateral vestibulopathy

interpretation is not possible. /
B00F oL n L 500 oAb = - o

These results lead to the S WA | O R L S0 s

assumption that due to 500 0 500 00 © 500 0 0 50

X position (mm) X pasition (mm) X position (mm)

concentration on the calculating
task the cognitive compensation is
reduced and gait instability
increases. Focusing on distracted
gait we proved further distinctions
of the acceleration differences for head and trunk. Finding no significant results for preferred,
normal and slow tasks we could confirm a significant difference in x-axis (median healthy: 0.6141 /
BVP: 1.571; p = 0.050) andy-axis (median healthy: 0.6403 / BVP: 0.9784; p = 0.045); not for-axis.
Furthermore, we validated significant differences in median angular velocity of the head during
dual task for roll (median healthy: 7.676 / BVP: 9.723; p = 0.033) and pitch (median lealthy: 7.637 /
BVP: 9.731; p = 0.030). The higher values arise probably from missing feedback so the movement in
head position is recognized later and the correction takes more time. Secondary there could be a
remaining function of the vestibular system with a greater difference to the threshold described as
4 degrees in the literature.

Figure 1 Example motion capturing data for healthy (top) and
BVP (bottom) subject.
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Conclusions

Our results indicate that for BVP patients there is a higher cognitive load during walking so they
walk nearly as good as the healthy subjects during non cognitive load. So for daily clinical gait
routine analysis, it is very important to perform cognitive gait tasks to provoke instability gait
patterns and diagnose gait pathologies. The analysis we did is a first step showing there are
possible parameters to recognize BVP patient. The next step will be the comparison of other
pathologies such as cerebellar ataxia to find possibilities to differ diseases. Also the analysis of
turnings, especially changes from linear to circular walking, could lead to significant parameter
variations in preferred, slow and fast walking which has to be further investigated.
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Introduction

Postur al instability is a common symptom of Par ki nso
standard treatment of PD symptoms [1], but its effect on postural instability is unclear [2]. In order

to determine whether non -dopaminergic pathways are involved in PD symptoms, the quantification

of postural instability response to levodopa is needed. Clinical assessments of postural instability

involves the pull test: posterior pull at the shoulder level, with response scored between 0 (normal,

recovers with one or two steps) and 4 (very unstable, tends to loose balance spontaneously or with

a gentle pull on the shoulders). This test evaluates the number of steps taken, ignoring the other

components involved in instability and fails to identify individuals at risk of falling [3]. In the current

study, pulls of different force were delivered by moto
postural response: in-place, stepping threshold force, and recovery stepping. Considering all these,

we asked: Does levodopa improve postural instability in PD?

Methods

Sixteen PD patients (67+6 yrs, meantSD) and 16 healthy participants (659 yrs) stood
symmetrically on two force plates (Kistler) whilst pulls were delivered at their shoulder. Pulls of
unpredictable and variable force were applied for 1 s, either forwards or backwards randomly, via
strings connected to two motors positioned in front and behind t he participant. Participants were
instructed to resist the pull. Each session consisted of about 56 pulls. Wholebody kinematics was
recorded in 3D (Coda). The PD group were studied OFF and ON levodopa, controls were also tested
twice. Each patient was clhically assessed using UPDRS in both sessions. 4place ground reaction
force and body sway, stepping thresholds, and step length and number of steps taken were
calculated for the two directions in each session, and differences were tested using ANOVA.

Results

The mean UPDRS score improved from 37.9 (x11.7) in the OFF state to 26.4 (£9.4) in the ON state
(p<0.001). PD patients exerted a lower inplace force in response to pulls compared to controls in
both directions (p<0.05). Stepping threshold was lower in patients in the forward direction (p<0.05).
Patients took shorter and more steps in response to pulls compared to controls in the backward
direction (p<0.05). Levodopa did not improve in-place responses or step length. Only stepping
threshold backward and number of steps forward improved when patients were ON levodopa
(p<0.05).

Conclusions

The benefits of levodopa found here are limited to two quantities in opposite direction, and are
generally mild. Overall, the quantities calculated show that most aspects of impaired postural
responses are levodoparesistant. This result suggests that other non-dopaminergic pathways are,
or become affected in PD patients and have a key role to play in their postural instability.
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Introduction

In 1998, Massion presented a model of postural control emphasising its antigravity function [1].
Within the model he distinguished two components: control balance and stabilization of the body
parts that serve asreference positions for the execution of movement [1]. A higher muscular activity
within axial muscles was found to accompany activation of a greater muscle agonist group [2]. In
this line of this research we have studied the phenomenon of coactivation of distal muscles
involved in a hand grip and the proximal ones responsible for extension of the shoulder joint. The
aim of our study was to assess the optimal activity ratio of the musculus rectus abdominis (RA) and
the musculus obliquus externus (OE). The secondary goal was to verify whether the ratio is affected
by the impact of ageing.

Methods

Fifty healthy men (25 older adults (OM), mean age 68.3 £ 5.5 yrs and 25 young (YM), mean age 21.2
+ 1.5 yrs) participated in the study. The surface EMG of both RA and OE muscles were recorded
while measuring the muscle forces. Theirfunctional interaction was evaluated based on the ratio of
max EMG activity of proximal and distal muscles (P/D). The ratio was defined as follow:

level of RA activity during the assessment of proximal force
EMG P/D (RA)  level of RA activity during the assessment of distal force

level of OE activity during the assessment of proximal force
level of OE activity during the assessment of distal force

EMG P/D (OE)

Results

The EMG P/D (RA) and the EMG P/D (OE) in the experiental group of young subjects were
significantly higher (p(0.001) compared with those found in the elderly group. The mean value of
the EMG P/D (RA) and theEMG P/D (OE)in YM group remained at the level 2.9+ 1.2 and 4.36 +
2.1, while in the OM subjects ranged 1.6+ 1.9 and 1.66 + 1.8, respectively.

Conclusions

We found higher ratio of EMG activity in young subjects for both proximal and distal
measurements. These findings document a higher core stability in young healthy subjects and also
document its progressive decline in the older adults.

Keywords. posture, core stability, muscle activity, ageing
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Introduction

Despite removal of ventilatory | imitations, patient se
be impaired following lung transplantation (LuTX). This is especially true in the postoperative

course, when lung transplant recipients are typically cachectic, sarcopenic and limited in their

mobility with an increased risk of falls. Thus, the functional diagnostic assessment and treatment

outcome monitoring of impaired postural control and performance seem of major relevance within

the rehabilitation process of these patients. This study for the first time sought to examine whether

or not different object ive measures of postural stability using the SMART EquiTest (NeuroCom)

would be reproducible from day to day and sensitive to changes that occur as a result of LUuTX

rehabilitation.

Methods

A total of 50 lung transplant recipients (median age: 39.7 yrs (ange: 20-62), BMI: 19.0+3.9 kg.m?)
underwent all: 1. comprehensive clinical examination using functional assessment tools; 2.
guantitative posturographic testing (SMART EquiTest, NeuroCom International, Clackamas, Oregon)
that included a) the Sensory Organisation Test (SOT), b) the Motor Control Test (MCT), and c) the
Limits of Stability Test (LOS); 3. assessment of posturographic test related personal feelings and fear
associated beliefs. Lung transplantation patients were assessed briefly before dischage from the
acute hospital stay. All tests were repeated 1 to 3 days after baseline (day 2) and after completion
of a comprehensive rehabilitation program (day 3). The main variables of interest were the sum
score of the SOT, the average delays derived fron the MCTs and the distance of the maximum
excursion in the anterior posterior direction (MXE) of the LOS. Reliability was evaluated from the
intra-class correlation coefficient (2,1), Bland Altman plots, the standard error of measurement
(SEM), and the snallest detectable difference (SDD).

Results

Test to retest reliability was found to be fair for the SOT sum score with an ICC of 0.6, poor for the
MCT [ICC(2,1)= 0.2], and excellent for the LOSMXE variable [ICC(2,1)= 0.86]. At baseline 10.9% of
the trials of the SOT resulted in a fall. On the second test day, 1.6 days later, this number decreased
to 5.9% and after completion of rehabilitation to 2.2%, respectively. Significant improvements
occurred between baseline and the first retest for the SOT composte score; such changes to the
better were larger than those observed between the second and third test day. No significant
changes in the mean were observed for the MCT or the LOSMXE. The SEM was 7.1 points for the
SOT sum score and 17.1 ms for the MCTand 10.7 mm for the MXE.

Conclusions

Despite the moderate relative reliability, significant learning effects observed for the SOT conditions
limit the clinical application of the SOT for lung transplant patients in rehabilitation practice. For
diagnostic purposes the SOT should be administered to LUTX patients only who are virgin to this
test. The MCT is neither reliable nor sensitive to changes and therefore is hot recommended in lung
transplant rehabilitation. Among the three SMART EquiTespostural stability measures, the LOS test
was the only one that enabled an excellent level of reliability and an acceptable level of detection of
expected changes in postural stability as a result of planned rehabilitation intervention.

Keywords. posture, lung transplantation, sensorimotor control, sarcopenia, reliability
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Introduction

The researd into Freezing of gait (FOG) has received substantial input during the last years, and

has enhanced our understanding of this characteris
practically all PD patients develop festination and FOG, we hypothesizel that this gait disorder

should correlate to other motor aspects of the disease even when patients who do not show typical

akinetic freezing are examined. We aimed to (i) corroborate the validity of our clinical FOG
assessment and to (ii) explore the role of anticipatory postural adjustments for the prediction of

FOG, as postural mechanisms recently were shown to be involved in the pathophysiology of FOG

[1].

Methods

We conducted a cross sectional study at the Schon Klinik Minchen Schwabing and the Univesity

of Munich with 28 patients with PD and 18 healthy controls. We assessed the MDS UPDRS score for

cognition, non-motor and motor symptoms, and patient self -evaluation of FOG, and we rated a

freezing score [2]. Additionally we assessed anticipatory postual adjustments, and performed a

wal king parcours with turns of varying diameter, t
perform turns while controlling their step lengths using objective inertial measurements. Recorded

data were off-line examined using Matlab algorithms. Clinical data was evaluated using descriptive

and correlative analyses.

Results

Patients / healthy controls were mean 65.4 / 62.6 years old, had a disease duration of 9.4 years.
They took a mean levodopa equivalent dose of 738 mg. Mean MDS UPDRS motor scores were 36.6.
MDS UPDRS nommotor symptom score was mean 10.4 and mean motor symptom score (patient)
was 17.9. Mean FOGQ was 10.8 and mean FOGscore was 7.4. FO&Q and FOGS were highly
intercorrelated (r=.71, p<.0001). FOGrating and FOG selfevaluation correlated with motor scores,
but not with the non -motor symptoms. Data of neurophysiological assessments will be presented
on the poster.

Conclusions

We recorded conclusive data from a small crosssectional cohort, that demonstrate the validity of

our clinical evaluation with good intercorrelations of clinical rating and self -evaluations of FOG, and
solid intercorrelations to motor symptoms, however not to non -motor symptoms. Thus, the
underlying principle of the FOG rating, to treat festination as a minor form of FOG is validated by
this data. The dependency of the gait disorder from postural control measured from anticipatory

postural adjustments will be shown in the presentation.

Keywords: Par ki nsonés dZzingeastiralcontppai t, free
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Introduction

Endurance exercise can affect postural control. Fatigung incremental exercise increases postural
sway. However, results about effects of different levels of exercise intensity, in particular related to
measures of energy metabolism, are inconsistent and rare [1, 2]. Additionally, diversity of methods
used to evaluate postural control limits comparability. One leg stance, often used in clinical

assessment, makes higher demands on postural control for weight support and vertical alignment

of body segments over a reduced base of support. Therefore disturbing effects of fatigue influence

postural control more in mono - than in bipedal stance particularly sway in the frontal plane. In
bipedal stance, with the widest base of support compared with other stances, and input of all

involved sensory systems, even a total ompensation seems possible [1]. Therefore, purpose of this
study was to investigate effects of cycling exercises at three distinct intensity domains as indicated
by metabolic response on postural sway in bipedal as well as monopedal stance.

Methods

19 physically active participants (11 males, 8 females; 24.1+2.3 yrs; 178.9+9.5 cm; 76.0+11.4 kg)
performed an exhausting incremental cycle ergometer test (EIT) followed by four 20 min constant
load tests at exercise intensities corresponding to 2, 3, 4 and 5 mnol/l blood lactate concentration
(BLC) of the incremental test in randomised order. EIT, lowest completed 20 min constant exercise
at which the BLC showed no steadystate by increasing until test termination (severe (SE)), and 2
mmol/l intensity test showi ng a steady-state BLC response after some variability during the initial
10 min (moderate (ME)) were taken for analysis [3]. Postural sway in terms of the Center of Pressure
(CoP) was measured immediately before (pre) and 1 min after (post) each exercisedr 30 sec in
barefooted bipedal (bi) and monopedal (mo) stance. 95% ellipse area (area), average displacement
in medio-lateral (ML) and anterior-posterior (AP) plane were analysed.

Results

Area (pG0.001, £=0.215), ML (p&.001, £=0.285) and AP (p(0.01, £=0.058) show main effects for

pre-post, interaction effects of intensity (area pCD.OOl,ﬁE:0.119, ML pC’D.OOl,ﬁ%:O.143, AP p00.05,
ﬁﬁ:0.061), and main effects for stance (p30.001, /ECD.SSI). Areapresents main effect of intensity

(p®.05, @20.066). EIT increases all Cofparameters in bi (area pre 1.16+0.44 cnf, post 2.60+1.40

cm?, pG0.001; ML pre 0.13+0.04 cm, post 0.20+0.05 cm, 80.001; AP pre 0.32+0.11 cm, post
0.45+0.15 cm, pd0.05) and mo (area pre 6.67+2.22 cn?, post 9.76+3.57 cn¥, p(D.001; ML pre
0.39+0.08 cm, post 0.51+0.11 cm, pd0.001; AP pre 0.57+0.11 cm, post 0.66+0.11 cm, @0.05). SE
increases area in mo (pre 5.62+1.50 cr, post 7.00+£2.75 cnt, p(0.001), ML in bi (pre 0.14+0.04 cm,
post 0.21+0.10 cm, p(0.001) and mo (pre 0.38+0.05 cm, post 0.42+0.09 cm, [©0.001). AP is not
affected. ME has no effect on any CoRparameter in bi and mo.

Conclusions

Exhaustive exercise increases postural sway irrespective of base of support. A 20 min moderate
exercise has no effect on postural sway. Asevere constant exercise of the same duration changes
medio-lateral sway in bi- and monopedal stance, whereas area is only affected in one leg stance.
Severe, but not moderate endurance exercise seems to challengepostural control in the more
demanding monopedal stance with the smaller base of support.
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Learning to control balance is an important stage of early human development that continues over
a lifetime, declines with aging and can be impaired by injury and disease. When standing, the
challenge is to maintain the large mass of the head, arms and trunk (HAT) over the base of support.
This challengeincreases when walking and running, as the large mass of the HAT must be allowed
to move safely beyond the base of support while navigating the environment and moving toward a
goal. Sport skills present even greater challenges associated with high precisin, force, and/or
speed requirements. The challenge that we confront in all of these tasks is coordinating the actions
of multiple joints and timing the onset and scaling the magnitude of these actions so as to oppose
and/or exploit the destabilizing force s. Destabilizing forces include not only gravity and external
forces in the environment, but also intersegment reactive forces arising from movement. | will use
examples from research in rehabilitation and sport, including my own research, to demonstrate that
balance control learning involves a decrease in redundant degrees of freedom in the coordination
of joint actions, a shift from feedback dominant to greater feedforward control and refined scaling
of joint actions. My own research has explored balance control learning while participants stood on
a continuous motion platform translating at fixed frequency and varying amplitudes for 45 seconds.
Participants performed 42 practice trials on day one and returned 24 hours later for a retention and
transfer test. Both young [1] and older [2] participants demonstrated learning characterized by a
decrease amplitude of HAT center of mass displacement, a transition from ankle dominant to
multisegmental control and a shift from phase lag to phase lead control. These changes persisted
when participants returned for the retention test and translated to a pattern of platform motion not
previously experienced. Learning appeared to reflect a generalized strategy by which participants
all owed t he | owe rplatfoimnsb as totminimeesmotioh af the ldrge HAT segment.
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Introduction

Vestibular, proprioceptive and mainly visual information are known to be the principal afferent
inputs involved in postural regulation [1]. Surprisingly, only a few studies have addressed the effect
of auditory information in postural regulation, and no clear con sensus has emerged, because of
slightness of effects and different experimental contexts. Here, our goal is to develop a
methodology to systematically explore the effects of dynamic auditory information on static
balance.

Methods

An innovative 3D sound spatialization system was developed for sound stimuli generation, with 42
loudspeakers equally distributed around the subject. This system allows to create virtual sound
sources and to displace it in the whole 3D space. Then, three experiments were conductedon 20
young and healthy standing subjects. Subjects were blindfolded; their body sway was measured
with a force platform. The first experiment aimed to investigate the role of a rotating sound source
around subjects compared to no sound or a static sound source. Subjects were asked to stand still
and focus on sound stimuli. The second experiment addressed the importance of attentional focus
in the integration of sound into postural process. Subjects were presented with the same sound
stimuli as in experiment 2, but their attention was manipulated in 3 different tasks, where they were
asked to: 1 & focus on sound, 2 & focus on their posture and 3 & focus on a secondary mental
arithmetic task. In the third experiment, the sound stimuli were designed to compar e effect of
sound movement evoked by manipulations of its morphology (rendered on one loudspeaker) to
real sound source displacement around subject (rendered with sound spatialization).

Results

In the first experiment, body sway of subjects was reduced inpresence of a rotating sound stimulus,

compared to no sound or static sound conditions [2]. In the second experiment, the same
stabilizing effect of rotating sound stimuli was obser
on sound stimuli. Then, in the third experiment, subject body sway was greater in conditions where

sound movement was evoked by morphology than in real sound source movement conditions.

Conclusions

Data from the three experiments suggest that auditory information can be integrated i n postural

control process of blindfolded subjects, to reduce their body sway, provided: 1- subj ect s é
attentional focus is on sound, and 2 & sound source is moving around subjects, varying auditory

cues. In other situations, sound information does not seem to be crucial as proprioceptive and
vestibular modalities are available to manage posture.
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Introduction

Higher postural stability performance was found in individuals with elite sport experiences
compared to individuals without. Postural stability performance was examined through static
balance tests by previous researchers and found it useful for patients however not for examining
postural stability performance in highly trained individuals. Double narrow stance tests on different
surfaces were used to compare static postural stability performance between males and females
and did not found significant differences [1]. However, there were not used tests with smaller base
of support to find out differences in static postural stability performance between males and
females. The purpose of this study was to compare static postural stability performance between
junior-aged males and females golf players

Methods

Thirteen males (mean = SD: age 17 + 2,1 years; height 181,5 £ 4,8 cm; weight 77,6 £ 14,8 kg;
handicap -1,2 + 1,7) and twelve females (mean + SD: age 16,7 + 2,0 years; height 168,5 + 3,2 cm;
weight 60,8 + 9,6 kg; handicap -0,4 + 2,0), who were al right handed elite golf players usually
participating in national and international tournaments, participated in this study. Four static
postural stability tests were performed on pressure plate FootScan (RScan International, Belgium):
double stance feet parallel - eyes open (30 s), double stance feet parallel- eyes closed (30 s) and
right and left single leg stance (60 s). We used total travel way (TTW) parameter to evaluate results
in each test.

Results

We found significantly higher results in TTW parameter for males than for females in single leg
stance test for left (females TTW was 1319 + 310 mm; males TTW was 1609 + 351 mm; t = 2,18;
p<0,05) and non-significant for right (females TTW was 1392 + 477 mm; males TTW was 1501 *
348 mm; t = 0,66; p>0,05) lower limb. There were no significant differences between males and
females in double narrow stances, both in conditions with eyes open (t = 0,20; p>0,05) and closed
(t =0,80; p>0,05).

Conclusions

Left lower limb has stabilizing function during the golf swing of right handed players, especially in
final position, where golfer stay only on one leg, just after finishing rotational movement. These
findings revealed lower static stability scores (TTW) in single leg stance tests for females than males,
but significant for left lower limb only. There were no stability differences between genders in static
double stance parallel feet tests. These findings indicate that static stability test with smaller base of
support may be more effective discriminator of bala nce-related performance between male and
female elite golf players, especially on lower limb which makes support for movement during the
golf swing.
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Introduction

Approximately 8 million American adults suffer from some kind of vestibular system impairment.
Patients suffering from vestibular dysfunction experience difficulty maintaining their balance and
stabilizing their vision. The goal of the study is to characterize postural control strategies in rhesus
monkeys in two different vestibular states: normal function and bilateral vestibular hypofunction.

Methods

Two juvenile rhesus monkeys were studied in these experiments, one with mild bilateral vestibular
dysfunction and one with severe vestibular dysfunction induced by amynoglycosides
administration. Severity of vestibular damage was determined by measuring the vestibulo-ocular
reflex (VOR) response. Sway of the trunk in the earthhorizontal roll plane was measured while the
animals stood in their normal quadruped posture, before and after vestibular ablation. We
measured sway during quiet stance (e.g. no external perturbation) with the support surface
configured in 4 ways & condition 1. wide stance with thin (gum) rubber covering the footplates,
condition 2: wide stance with foam covering the footplates ( which distorts somatosensory inputs),
and narrow stance with gum (condition 3) or foam rubber (condition 4) on the footplates. The
effect of vestibular ablation on the body sway during quiet stance was further evaluated by utilizing
a feedback controller model.

Results

The monkey with mild ablation showed decreased sway of the trunk in all the 4 test conditions after

ablation to compare to pre -ablation/normal state. In contrast, the monkey with severe vestibular

damages showed an increased sway in threeof the four conditions. The model was able to simulate

the results in the mildly-ablated monkey by increasing the stiffness parameters of the limbs,
suggesting that mild vestibular ablation leads to increased body stiffness which is able to

compensate for the vestibular damage. Conversely, further increases in stiffness could not
compensate for more severe vestibular damage.

Conclusions

The experimental and model results imply that different compensatory mechanisms are used to
improve postural stability depending on the severity of the peripheral vestibular damage. Increased
stiffness appears to be employed when damage is mild and appears able to compensate
adequately in this situation, while increased stiffness cannot compensate when damage is more
severe so other mechanisms must be employed in that situation.
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Introduction

Considering the high prevalence of falls in older adults, the identification and description of

potential risk factors for falls is required [1]. The aim of the study was to assess the association
between age and centre of pressure (CoP) velocity in older adults in the group of fallers and non-

fallers.

Methods

Observed group consisted of 144 subjects aged 5%86 years (mean age 71.1 £+ 6.7 years). The
participants were recruited from thirteen seniors clubs and The University of the Third Age. Postural
sways were recorded during 30-second quiet stance using two force platforms AMTI. Participants
were tested under four conditions: stance on a firm surface with eyes open and eyes cbsed and
stance on a foam surface with eyes open and eyes closed. Spearman correlation and polynomial
regression were used to examine the association between age and CoP velocity (\A total velocity,
Vp & velocity in anterior -posterior direction, V. & velocity in medial -lateral direction) separately for
fallers and non-fallers.

Results

Twenty-two of the subjects reported at least one fall and 122 subjects reported no falls in the past
three months. Analyses of agerelated change of CoP velocity by the polynomial regression showed
higher increase of velocities with increasing age in fallers in comparison with non-fallers under
conditions with unlimited sensory inputs (Fig. 1), as well as under conditions with limited sensory
inputs (eyes closed, foam suface). Under all conditions we found stronger velocity and age
correlation in fallers (middle level) than in non-fallers (low level).
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Figure 1 Age-related associations of CoP velocity (Mp, VL) during stance on a tirm surface with eyes open In
fallers and non-fallers.

Conclusions

Our results pinpoint the importance of early rehabilitation management, especially in older adults
with a fall experience. This may reduce the risk of recurrent falls and improve quality of life in
elderly people.
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