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The age-related changes of Trunk responses to vibration of Achilles tendon

Abrahámová D1, Mancini M2, Hlavačka F1, Chiari L.2
1Institute of Normal & Pathological Physiology, Laboratory of Motor Control, Slovak Academy of Science, Bratislava, Slovakia

2Biomedical Engineering Unit, Department of Electronics, Computer Science & Systems, University of Bologna, Italy

Introduction

Aging is often accompanied by slight balance impairment or age-related pathologies, for example osteoarthritis, Parkinson’s and Alzheimer’s disease, which hinder independent mobility and lead to postural instability [1]. In the elderly, loss of sensitivity in peripheral sensory systems has been reported so frequently without diagnosable disease and these losses are widely regarded as a normal consequence of aging [2]. Postural responses to altered sensory inputs are important indicators of human balance control. The contribution of the different sensory modalities to balance control is modified by age [1, 3]. Body lean responses to vibrations of Achilles tendon were investigated in order to understand the influence of age and proprioceptive input from lower leg in human stance.

Methods

Postural responses to bilateral vibrations of Achilles tendon with 10s duration were recorded at three frequencies 40, 60 and 80 Hz. We examined 9 healthy young (24-27 years), 9 healthy older adults (59-70 years) and 4 PD patients (65-76 years). Subjects performed three trials in each of four conditions with eyes closed: stance on firm surface with three frequencies of vibration and stance on foam surface (thickness 10cm) with 60 Hz of vibration. Postural responses were characterized by displacement of the center of pressure (CoP) by platform BERTEC 4060-08 and kinematics of body segments motion (3D motion system BTS Smart-e). Body segments tilts in anterior-posterior and medial-lateral directions were measured also by three accelerometers (ADXL202) on the head, the upper trunk (Th4) and the lower trunk level (L5).

Results

Bilateral vibrations of Achilles tendon induced backward body lean increasing with age and frequency of vibration. The results showed clear difference in the backward trunk tilt response to bilateral vibration of Achilles tendon for young and elderly subjects. The minimal trunk tilts responses were induced by vibration in young subjects while in elderly clear backward tilts of the trunk were occurred. Interesting reaction with overshoot of the trunk response to Achilles tendon vibration was found in PD patients after vibration offset. The leg angle backward response to vibration was found similar in young, elderly subjects and also in PD patients. 

Conclusion

The findings showed that the trunk response to lower leg muscle vibration might be a good indicator of age-related instability in balance control. Furthermore, the accelerometry of the trunk tilt may provide useful information about posture deterioration in elderly and in PD patients and should be use for balance training.

Supported by European grant FP6 SENSACTION-AAL.
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A WEARABLE SYSTEM FOR LONG-TERM MONITORING AND ANALYSIS OF DAILY PHYSICAL ACTIVITY IN HEALTH AND DISEASE
Aminian K1, Paraschiv-Ionescu A1, Panken E2, Buchser E.3
1Ecole Polytechnique Fédéeale de Lausanne, LMAM, 1015 Lausanne, Switzerland
2 Medtronic, USA

3 Anesthesia Department, University Hospital, CHUV, Lausanne, Switzerland

Introduction
The aim of this study was to provide an easy to use wearable device to measure long-term physical activity in patients with chronic diseases. The designed monitoring system and advanced data analysis tools allowing quantitative and qualitative assessment of daily-life physical activity were used to objectively assess pain-related disability and to monitor treatment-related changes in chronic pain patients. treated with spinal cord stimulation (SCS). The relationship between subjective (although validated) quality of life (Qol) questionnaires and objective physical activity metrics was analyzed to improve our understanding and assessment of disability and QoL.
Methods
The wearable system uses three miniatures Autonomous Sensing Unit Recorders (ASUR) [1] fixed on the chest, the thigh and the shank. The sensing unit (50g) contains a miniaturized encapsulated data-logger with its own set of sensors (2 accelerometers and 1 gyroscope sampled at 40Hz) and can be stuck on the body with medical patches. Since the system is non-obtrusive, it can be carried throughout the day and provide objective information about daily-life physical activity.
First a group of 15 healthy subjects and a group of 60 patients with chronic pain were monitored. Then 26 chronic pain patients were monitored 1, 3, 6 and 12 months after the implantation of a SCS system (follow-up). Each of measurement series was carried out during eight hours per day in daily condition of the patients and over five consecutive days. Pain intensity and QoL were assessed at each measurement series using the Visual Analog Scale (VAS), Oswestry and EuroQOL questionnaires. The weather data (temperature, precipitation and sunshine) was also collected for each recording day in order to assess its effect on physical activity. Physical activity metrics such as time on feet (walking & standing), time in lying, the number of walking episodes and their duration, and rest periods (sitting & lying) expressed as a percentage of the monitoring time, were estimated for each monitoring session.
Activity metrics were calculated once per day. These daily metrics were aggregated over each 5 day recording session yielding minimum, maximum, and average values. Statistical difference between baseline and follow-up tests was assessed using Wilcoxon signed rank test.

Results
A total of 7160 hours (600 hours for control and 6560 hours for chronic pain patients) were obtained during three years study. Compared to control group, chronic pain patients decrease significantly their time on feet (38% vs 58%, p<0.0001), decrease their maximal walking period (190s vs. 346s, p<0.001) and increase their rest period (62% vs 42%, p<0.0001). During follow-up study patients have significantly (p<0.05) increased their minimum time on feet (+30 to +40 min/day after treatment) and decreased their maximum rest period (-4% to -7% of monitoring time/day after treatment). The maximum walking period has significantly (p<0.05) increased 3 months and 12 months after pain treatment and reached the same level as control subjects (306s and 425 s). Moreover a significant (p<0.05) increase of the number of “1min or more” walking episodes was observed at 3, 6 and 12 months after treatment.
Although VAS and QoL questionnaires were improved significantly (p<0.05) after treatment, the correlation between these clinical scores and objective physical activity metrics was low to moderate (max 0.3) with higher correlation with Oswestry questionnaire, while the correlations between the three subjective scores were higher (0.5 to 0.6). Statistical analysis showed low correlations between individual activity metrics, VAS, QoL scores and weather conditions.
Discussion and conclusion
The proposed system has allowed performing long-term monitoring of healthy subjects and patients with chronic pain during their own daily environment. Physical activity metrics have shown to be efficient for objective outcome evaluation after pain relief. The low correlation of physical activity metrics with subjective clinical scores emphasis the need of new rehabilitation outcomes for objective clinimetrics. The huge amount of data was allowed for the first time to obtain new insight of physical activity patterns and translate the change of posture, activity and rest with disease and pain relief.
References
[1]. Salarian et al., IEEE TBME, 54, 313-322, 2007 
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Probing human vestibulo-motor responses using stochastic vestibular stimulation

Blouin J.S, Dakin C.D, Inglis J.T.
School of Human Kinetics, University of British Columbia, Vancouver, Canada

Galvanic vestibular stimulation (VS) can be used to elicit vestibulo-motor responses in the lower limb muscles of standing humans. Due to the small size of the GVS-evoked lower limb muscle responses, the vestibular stimuli need to be applied repeatedly at relatively high amplitude. This may limit the applicability of the GVS technique to explore vestibulo-motor responses in patient populations due to the discomfort and balance disturbance associated with GVS delivered at high intensities. To overcome these limitations and broaden the potential use of VS, we attempted to develop a new method to probe the vestibulo-motor responses in healthy humans. Stochastic or random VS has been used to study the postural responses to unpredictable vestibular perturbations but very limited work has been performed on the lower limb muscle responses to such stimuli. Twenty-four healthy subjects were exposed to unpredictable currents applied on their mastoid processes while standing (+/- 3mA, 0-50Hz). The current amplitude and stimulation configuration as well as the subject’s head position relative to their feet were manipulated in order to determine that 1) the muscle responses evoked by stochastic currents are dependent on the amplitude of the current, 2) the muscle responses evoked by stochastic currents are specific to the percutaneous stimulation of vestibular afferents and 3) the lower limb muscle responses exhibit polarity changes with different head positions as previously described for square-wave (galvanic VS) pulses. Our results revealed significant coherence (between 0 and 20Hz) and cumulant density functions (peak responses at 65 and 103 msec) between stochastic VS and the lower limbs’ muscle activity. The polarity of the cumulant density functions corresponded to that of the reflexes elicited by galvanic VS pulses, but required less time of VS to evoke the vestibulo-motor responses. The stochastic VS-EMG coherence and time cumulant functions were modulated by current amplitude, electrodes position and head orientation with respect to the subject’s feet. Most importantly, the stimulation protocol was well tolerated by subjects: they did not report any sensation of movement and most subjects barely felt the current during the VS. The present findings demonstrate that stochastic VS evokes muscular responses of vestibular origin in the lower limb muscles. The technique has important advantages over the more traditional galvanic VS that will hopefully lead to its use to assess vestibular function in patient populations. In addition, specific frequency bandwidth in the stochastic vestibular signal contributed to the early (11-20Hz) and late components (1-10Hz) of the vestibular-evoked muscular responses. The origin of these frequency-dependent vestibular-evoked muscle responses remains unclear but may provide new perspectives to investigate the physiology of the biphasic muscle response associated with vestibular stimuli.

THE ROLE OF THE PEDUNCULOPONTINE NUCLEUS IN HUMAN BALANCE CONTROL
Boonstra T.A, Van der Kooij H, Bloem B.R.

Department of Biomechanical Engineering, University of Twente, Faculty of Engineering Technology, PO Box 217, 7500 AE Enschede, and the Department of Neurology, Donders Center for Neuroscience, Radboud University Nijmegen Medical Centre, Nijmegen, the Netherlands

Parkinson’s disease is a progressive, incapacitating disease negatively affecting the quality of life for many reasons, not the least because of severe motor impairments. Symptoms include appendicular disability, namely rigidity, bradykinesia and tremor, but also axial disability: gait disorders, balance impairment, falls and fall-related injuries.
Most Parkinson’s patients are treated with levodopa, a pharmalogical agent that increases dopamine levels in the basal ganglia. However, the positive effects of levodopa therapy decrease as the disease further progresses, and in addition, axial symptoms become levodopa resistant.
When levodopa therapy starts to fail, bilateral subthalamic nucleus (STN) deep brain stimulation (DBS) is an effective treatment for Parkinson’s disease, especially for appendicular symptoms that responded well to levodopa preoperatively. However, the effects of STN stimulation on axial motor signs remain debatable, for a review see [1]. In addition, there are increasing concerns that deep brain stimulation may worsen axial mobility, sometimes as an immediate adverse effect of surgery, but also as a long-term complication. Specifically, some of the effects of STN stimulation may act via “downward” projections onto the pendunculopontine nucleus (PPN), which is located in the brainstem 


[2] ADDIN EN.CITE .
Based on many animal studies it is believed that the PPN plays a major role in gait initiation and balance control 


[2] ADDIN EN.CITE . Recently, direct PPN stimulation was applied in humans with Parkinson’s disease with severe gait and postural problems. Plaha and Gill 


[2] ADDIN EN.CITE  showed, in two patients with advanced Parkinson’s disease, that PPN stimulation improved gait and postural stability. Specifically, in both patients the motor score of the Unified Parkinson’s Disease Rating Scale (UPDRS) improved, as well as the timed tests and the Tinetti gait and balance assessment tool. A more recent study 


[3] ADDIN EN.CITE  investigated the effects of bilateral implantation of electrodes in both the STN and PPN in six patients whose gait and balance responded unsatisfactorily to drug treatment. The most interesting results were seen during the medication ON phase (i.e., there period after a dose of levodopa, in which the patient experiences the best clinical benefit). During this ON state, PPN stimulation alone had a positive effect on the UPDRS items for gait and balance, whereas STN stimulation did not. PPN stimulation improved axial symptoms directly postoperatively and this persisted for 6 months. However, an extended follow-up is needed to evaluate the long-term effects. Another important critique was that the electrodes might have been misplaced, i.e. not in the PPN, but rather in the nucleus peripeduncularis [4].
Another study (with the same patients as in 


[3] ADDIN EN.CITE ) investigated the effect of PPN stimulation on spinal cord excitability, by stimulation of the tibial nerve to induce a soleus-Hoffman reflex (H-reflex) threshold. When stimulation was turned off, patients had an abnormal and decreased H-reflex. Interestingly, it was shown that PPN stimulation increased this reflex up to normal values, but STN stimulation was not able to completely recover the H-reflex.
In this presentation I will critically review the role of the PPN for human balance control. It is hypothesized that the PPN plays a major role in human balance control, as evidenced by recent studies. However, the specific effects of PPN stimulation on motor- and balance control are difficult to assess, as most studies use clinical scales (e.g., UPDRS) which suffer from a poor inter- and intrarater reliability. Therefore, the obtained results should be interpreted with care, and further research is needed to investigate the effects in more detail (e.g. using objective measures such as posturography or system identification techniques), to study the effects of electrode (mis)placements on balance control and to evaluate the long-term effects.
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FEAR OF FALLING HAS A HIGHER INFLUENCE THAN OTHER GAIT DISORDERS ASPECTS ON QUALITY OF LIFE MEASURES IN PATIENTS WITH PARKINSON’S DISEASE

Brožová H1, Stochl J2, Růžička E.1

1 Department of Neurology, 1st Medical Faculty, Charles University, Prague, Czech Republic

2 Department of Kinanthropology, Faculty of Physical Education and Sport, Charles University, Prague, Czech Republic
The purpose of this study was to determine the influence of gait disorders (GD) and some of their aspects on the quality of life (QoL) in patients with Parkinson’s disease (PD). A survey including clinical information, the PDQ39 questionnaire and our original GD 8-item questionnaire was mailed to 683 PD patients. After the exclusion of incomplete surveys, responses from a total of 491 patients (290 males, 201 females) of mean age 66.7 (SD 9.4) and a mean PD duration 10 (SD 6) years were evaluated. Patients were divided into three groups with respect to the severity of GD (N1 =106: no GD, N2 =135: moderate GD; N3 =250: severe GD). Statistically significant group differences were found in the total score of PDQ-39 (means 18.8, 31.2, and 44.2 respectively, p<0.01) as well as in all of its subdimensions. The group with severe GD was further divided according to the presence of fear of falling, freezing of gait, “On” freezing of gait, presence of falls and injuries. All groups produced significant differences (p<0.01) in the total scores of PDQ39 and several of its subdimensions. In addition, linear multiple regression analysis showed that fear of falling and “On” freezing had the highest impact on QoL in PD patients. Our results confirm that gait disorders have a substantial influence upon the quality of life in PD patients and suggest that some of their features, namely fear of falling and freezing “On medications”, play a major role in QoL deterioration.

VESTIBULAR PROCESSING FOR BALANCE CONTROL IN CEREBELLAR DISEASE

Bunn L.M1, Marsden J.F2, Giunti P1, Day B.L.1

1 UCL Institute of Neurology, London, UK

2University of Plymouth, Plymouth, UK

The spino-cerebellar ataxias (SCAs) are an autosomally dominant group of heredo-degenerative disorders that cause atrophy of the cerebellum and spino-cerebellar tracts [1]. SCA6 is a genetically identifiable cerebellar ataxia with relatively ‘pure’ pathology i.e. localised to the cerebellum. SCA6 is clinically characterised with ataxia of movement and impaired balance control, frequently causing falls [2]. The patho-physiological reason for the balance impairment remains undetermined and consequently no management guidelines exist [1]. 

Animal experimentation has suggested that areas of the cerebellum, such as the anterior cerebellar vermis, flocculus and spino-cerebellum have roles in vestibular gain control, sensory integration and timing [3]. Dysfunction of these areas could cause poorly scaled, directed or timed postural movements, any of which could be responsible for impaired balance control. Since SCA6 is known to involve Purkinje cell atrophy in the cerebellum, particularly in the anterior and superior hemispheres and vermis [1], it is reasonable to hypothesise that poor balance may result from impaired sensory processing. Here we investigate whether SCA subjects can use vestibular information appropriately to control balance, in particular to integrate vestibular information with other sensory inputs.

Seventeen subjects with SCA6 were recruited alongside a group of seventeen matched healthy controls. Galvanic vestibular stimulation (GVS, 1mA bipolar R+L-/R-L+) was used to provide a standardised and repeatable vestibular balance perturbation and visual conditions (vision intact/obscured) were varied, along with head-on-feet directions (head forward or right/left 90 degrees). 

In both groups, average responses to GVS were normally timed and normally directed (along the intra-aural line, towards the anodal ear). Furthermore, average response magnitudes increased with removal of vision, as did baseline instability measures in both groups. However, in all conditions SCA6 response magnitudes were consistently larger than those of the healthy control group. 

SCA6 subjects ‘over-response’ to GVS could be due either to an increase in gain of the vestibular channel of balance control or an epiphenomenon of the subjects’ greater baseline instability. Further work is required to resolve this issue. 
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Kinesthetic deficits may contribute to postural disorders in Parkinson’s disease

Carlson-Kuhta P, Horak F.B, Wright W.G, Jacobs J.V, Fujiwara K, Gurfinkel V.S.

Department of Neurology, Oregon Health & Science University, Portland, OR, USA

Department of Human Movement and Health, Kanazawa University, Kanazawa, Japan

Recent studies have suggested that people with Parkinson’s Disease (PD) have impairments in utilizing proprioceptive information. This has been shown, for example, in passive and active arms movements and voluntary gait (Konczak, et al 2007, Zia et al, 2000, Almeida et al, 2005). A deficit in using proprioceptive information may be related to postural instability in PD subjects.

Jacobs and Horak (2006) found that PD subjects could increase their step length during a compensatory step, if stepping to a visual target.  The most severe PD subjects, though, had larger accuracy errors when stepping to a target, and the accuracy was worsened when the PD subjects could not see their legs. Also, medication did not consistently improve step length and accuracy. The results suggest that the short compensatory steps in PD subjects, is due to abnormal proprioceptive-motor integration.

We further examined if poor kinesthesia could contribute to problems in postural alignment and stability in PD. In one study we examined if PD subjects have impaired perception of surface inclination.  Subjects stood blindfolded with each foot on a separate force plate and one plate slowly rotated 4 degrees (reference), after which the second plate rotated 2, 3, 5 or 6 degrees (test) in a toes-up or toes-down direction. After both plates stopped rotating, subjects indicated which ankle was more flexed or extended. A sub-set of subjects was also tested while sitting in a chair. The PD subjects had more errors than control subjects in comparing left and right surface inclinations, during standing trials, and the PD subjects performance was not improved by sitting. Difficulty in detecting surface inclination was correlated with severity of PD (UPDRS scores), and was not improved with medication.

In another study, we examined PD subjects’ perception of axial rotation. Subjects stood on a platform that could make yaw rotation and either the torso or hips were slowly twisted to the right or left. The subjects, with eyes closed, indicated when and in which direction rotation occurred. All subjects erroneously perceived their upper body, rather than the surface, was rotating. The PD subjects had more difficulty than age-matched controls in detecting axial rotation direction. The reaction time to perceiving axial rotation was worse when on antiparkinsonian medication.

Together, these studies suggest that: 1) PD subjects have deficits in kinesthetic perception of surface inclination and axial rotation that may contribute to their postural control deficits, 2) kinesthetic deficit in PD do not rely upon dopaminergic pathways, and 3) therapies for PD should take into account kinesthetic deficits that could contribute to postural instability.

This research was supported by grants from the National Institutes on Aging (AG006457) and the Ministry of Education, Science, Sports, and culture of Japan (15500436).
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Effects of visual, audio and tongue tactile sensory substitution systems for the control of buttock pressures in seated posture

Chenu O, Cuisinier R, Pinsault N, Demongeot J, Payan Y, Vuillerme N.

Laboratoire TIMC-IMAG, Faculté de Médecine, 38706 La Tronche cédex, France

Pressure ulcers, resulting in a dramatic decreased quality of life [1] and high healthcare cost [2], are a critical problem in rehabilitation. A pressure ulcer is defined as an area of localized damage to the skin and underlying tissue caused by overpressure, shearing, friction or a combination of these factors [3]. Mostly located near bony prominences such as the ischium, sacrum and trochanter, pressure ulcers present a prevalence ranging from 23% to 39% in spinal cord injured (SCI) patients (e.g., [4]) and constitute the main cause of rehospitalization for persons with paraplegia [5]. Indeed, contrary to healthy persons, i.e. with intact somatosensory system, SCI patients (para- or tetraplegics) can not get reliable sensory feedback arising from their buttock area informing them of an excessive localized pressure at the skin/seat interface and the necessity to make adaptive postural correction to prevent pressure ulcer formation. Within this context, our group recently developed a biomedical device for preventing pressure ulcer formation in SCI patients. Based on the concept of “sensory substitution” [6], its general principle consists in supplying the patient with supplementary sensory information regarding the adequate seated posture to adopt to relieve or reduce the buttock pressures. This system comprises three distinct components. (1) The sensory input unit, consisting in a computerized pressure mapping system put on the wheelchair, allows the real-time acquisition of the seated buttock pressure distributions. (2) The processing unit allows the detection/localization of any excessive buttock pressure concentration and the determination of the postural change that would decrease the most the measured overpressures. (3) The sensory output unit allows conveying the information about seated buttock overpressures to the SCI patients via an intact and functional sensory modality. The present study was designed to assess the performance of three different substitutive modalities, namely visual, audio and tongue tactile. Height young healthy adults voluntarily participated to the experiment. Seated in front of a DVD movie, they were asked to reduce their buttock pressure, while benefiting from visual, audio and tactile sensory substitution systems or not. Visual, audio and tactile feedback consisted in visual alarms provided on the edges on TV screen, sound audio signals provided on earphones, and electrotactile stimulations of the dorsal part of the tongue provided by a dedicated device, namely the tongue display unit [7], respectively. Analyses of subjects’ trunk movements -recorded with a system for the analysis of movement- and the difference between the seated buttock pressure distributions - recorded using the pressure mapping system showed that young healthy adults were able to use available visual, audio and tongue tactile feedback to produce adapted postural behaviour to reduce excessive localized buttock pressure in a seated posture. Based on the encouraging results of this experimental proof-of concept study, these sensory substitution systems are currently being clinically evaluated in paraplegics.

This work was supported in part by the company IDS SA and Grenoble Alpes Valorisation et Innovation Technologique. The company Vista Medical is acknowledged for supplying the FSA pressure mapping system.
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Mixing sensing and action to support balance and independent mobility in the elderly

Chiari L.

Department of Electronics, Computer Science and Systems – Alma Mater Studiorum, Università di Bologna

Viale Risorgimento 2, 40136 Bologna, ITALY

Introduction

It has been demonstrated that physical activity based interventions can improve functioning in older people, both with and without age-related pathology. In specific elderly populations, such as older fallers and patients with Parkinson’s or Alzheimer’s disease, there is evidence that interventions may improve both cognitive and motor functioning. However, available evidence suggests more effect when interventions take place over longer time periods, when interventions are individually tailored, and when interventions also include exercises in the home environment. Care in the home is regarded as socially desirable, and perceived as a primary need for elderly people, wishing to stay in their familiar environment. 
The SENSACTION-AAL project

The Specific Targeted Research Project SENSACTION-AAL, SENSing and ACTION to support mobility in Ambient Assisted Living, was selected (ranking first among 167 proposals) to be funded by the European Commission within the last IST call, Sixth Framework Programme, Priority 2.6.2, Ambient Assisted Living (AAL) in the Ageing Society. The total budget of the project is € 3.468.476 with an EC contribution of € 2.000.000 for an expected duration of 30 months (1/1/2007 – 30/6/2009). The project consortium includes: Dept. of Electronics, Computer Science and Systems, University of Bologna (I) – scientific coordinator, Mc Roberts – Moving Technology (NL), Robert Bosch Gesellschaft für medizinische Forschung (D), Centre for Human Movement Sciences - University of Groningen (NL), STMicroelectronics (I), Laboratory of motor control - Slovak Academy of Science (SK), Laboratory for Gait & Neurodynamics - Tel-Aviv Sourasky Medical Center (IL), Atos Origin (E). SENSACTION-AAL offers the opportunity for a significant advancement in the field of ambulatory assisting devices for enhancing safety and security in human balance and mobility. The main objectives of SENSACTION-AAL are: i) assisting older people in maintaining independent mobility and daily life activities; ii) preventing injuries by allowing medical professionals to initiate interventions in the home environment. The multidisciplinary consortium is contributing to this goal by i) developing, ii) testing, iii) validating, and iv) making ready for the market, a smart, body-fixed, cell based technology for mobility monitoring and conditioning, where cells can incorporate portable sensors and actuators.

Major achievements 

The general architecture of the SENSACTION-AAL system was defined through a strong interaction among industrial and academic partners. A generalized wireless sensor platform satisfying basic constraints of unobtrusiveness, long lifetime, and low-cost accordingly with the application requirements was designed and prototyped. The sensing end-nodes include inertial sensors (accelerometers and gyroscopes) with data storage capability. At the implementation level, the additional constraints of low power and platform interoperability have been taken into account. Power consumption constraint translated in virtually zero power consumption at idle state and an energy efficient active mode while interoperability translated into a uniform data format at the application level and investigation of a standard at the protocol level. Two different protocols, Bluetooth and Zigbee have been taken into account during implementation also including a comparison between the two solutions.

Results achieved during the first year of activity moved from an extended identification of users’ needs, characteristics, and possible scenarios of use of the proposed technology. Three different intervention scenarios for intelligent assistive technology use with elderly subjects and Parkinson’s disease patients (proposed as model to study several features of ageing in a compressed time frame) were outlined and discussed: tele-rehabilitation (training and improving mobility based on augmented feedback solutions in the home environment), tele-monitoring (monitoring of postures and activities during daily life), and tele-care (fall detection and appropriate care provision). Domains and available instruments to assess assistive technology device outcomes from a subjective user’s perspective were evaluated. Finally, the defined scenarios were translated into technical specifications considering the different requirements and needs. A multicentric, clinical validation is now ready to start. This will be carried out with the support of end-users, will assess the satisfaction of key user requirements, and will produce a solution which is adequate for industrial take-up.

Long-term posturography by wearable accelerometers
Chiari L, Tacconi C, Sottile R, Di Simone A.
Department of Electronics, Computer Science and Systems – Alma Mater Studiorum, Università di Bologna

Viale Risorgimento 2, 40136 Bologna, ITALY

Introduction

Traditional posturography aims at collecting information indicative of the steady-state functioning of the postural control system, and of its success in stabilizing the body against gravity, by examining the properties of some measures, directly or indirectly related with postural sway, taken in a laboratory setting by means of force plates. Beyond this approach, we are exploiting the interesting perspective recently pointed out by wearable systems, based on miniaturized, inertial sensors (accelerometers and gyroscopes), that allow a direct, (multisegmental), continuous analysis of body sway in any situations, including home and the outdoor environment. Our intention is to investigate the properties of body sway in different environments and in the long-term (days, weeks) in order to better understand the reliability, the dynamic properties and the actual level of information that can be expected from postural measures.
Materials and Methods

In this preliminary analysis, 7 healthy subjects (age 24-92 yrs, 5 M – 2 F, weight 50-65 Kg, height 160-175 cm) were analyzed during their normal daily life activities by means of a McRoberts Dynaport MicroMod device. This device contains three orthogonal accelerometers (LIS3LV02DQ, STMicroelectronics) with 50 Hz sampling rate. They are able to measure static and dynamic accelerations and their range (±2 g) is adequate to measure daily physical activities at moderate intensity like normal walking. The device is equipped with an SD-card storage unit used to register the acquired data. The subjects were wearing the MicroMod device posteriorly at the waist (L5 level) by means of a customized belt. Subjects were chosen in order to have one subject for each decade of age from 25 to 95 years. The entire acquisition time for each subject was about 8-10 hours. The acquired data were first processed by the MoveMonitor classification algorithms running on the McRoberts webserver to obtain an activity report with quantitative and qualitative information about the physical activity profile. As a result, we used the segmentation of the original dataset to build up a subset of the acquired data referring only to standing phases. After this classification, the transverse plane acceleration data were processed by Matlab routines to compute stabilometric parameters in analogy with what is usually done with center of pressure data measured with force platforms.
Results and Discussion 

The results obtained confirmed the possibility, with existing devices, to perform a long-term analysis of postural sway and to obtain a daily profile of standing activities (how many times, for how long, with which stabilometric properties, in which temporal relationship with other activities). More so, these recordings with wearable devices provide huge datasets that open new possibilities for studying posture and balance, even out of a laboratory setting, in daily-life environments. Further investigation is needed to address the issues of validity, consistency, circadian effects, between-subject comparisons, protocols and standards, environmental factors influence. 

These new tools may have a dramatic impact in the way of monitoring patients in prevention and rehabilitation medicine and in human factors engineering.
Uniting the left and right vestibular signals for human balance

Day B.L1, Marsden J.F2, Ramsay E1, Fitzpatrick R.F.3
1UCL Institute of Neurology, London, UK

2University of Plymouth, Plymouth, UK

3Prince of Wales Medical Research Centre, Sydney, Australia

The eyes and ears both transduce subtly different signals on the left and right sides, which allows the brain to construct 3-dimensional visual and sound images. The semicircular canals, on the other hand, always transduce the same physical signal on the left and right sides, namely the 3-dimensional rotation vector of the head in space. What is the benefit of having two sets of canals responding to the same signal? Here we test the three hypotheses that: a) it compensates for a lack of functional bi-directionality of canal signals; b) it equalizes motor outputs that project predominantly to muscles on one side of the body; c) it improves the fidelity of the internal representation of the physical rotation signal. To investigate this we stimulated 20 subjects with different polarities of monaural and binaural galvanic vestibular stimuli (GVS) to deliver different virtual head rotation signals on each side of the head, a situation that can never occur naturally, and measured the resulting balance responses. 

Body sway responses to monaural stimuli showed that the processed outputs from canals on one side of the head are functionally bi-directional since the response magnitudes were the same for anodal and cathodal stimuli, making hypothesis a unlikely. EMG responses to monaural stimuli showed that muscles on one side of the body receive equal inputs from left and right canals, making hypothesis b unlikely. With binaural stimuli, the observed body sway responses were similar but not identical to those expected from the vector addition of individual monaural responses. That is, the observed directions were no different to the expected directions, but the observed magnitudes were only about 70% of the expected magnitudes. These results support hypothesis c as they show that the balance response is based on a vectorial combination of signals from the left and right canals. This process would improve the fidelity of the internal representation of head rotation by attenuating neural noise.

DIFFERENCES IN THE ISOMETRIC FORCE TRAJECTORY OF HEALTHY AND PARKINSONIAN SUBJECTS

Dick O. E, Bedrov Ya. A, Romanov S. P.

Pavlov Institute of Physiology of RAS, nab. Makarova, 6, 199034, St. Petersburg, Russia

The process of the maintenance of constancy of the isometric forces developed by the upper limbs includes a continuous activation of muscle effort and visual observation of a subject for deviation of the label at the display. The trajectory registered during this process can be related to non-stationary signal that can be decomposed into the slow trend and the fast high frequency component. The fast variability of the isometric force is found both in normal individuals and sick subjects and it is usually interpreted as a noise in the neuromuscular system [1, 2] or as tremor arising from instability of negative feedback from motor neuron pool to spinal interneurons [3]. By the mathematical model we demonstrated that the fast (involuntary) component controls the deviation of the registered isometric force relative to the voluntary force value that the subject would like to keep [4].

The aim of the work is to evaluate quantitative differences in parameters of the involuntary component of the isometric force trajectory of healthy subjects and patients with parkinsonian syndrome.

Experiments were performed on ten healthy subjects and ten patients with parkinsonian symptom. The subjects should keep the maximal force by fingers of straightened hands during 30 seconds. The registered trajectory was partitioned on the fragments shifted relative each other by one step of sampling of experimental data. Each fragment involving one or two periods of oscillations was approximated by the mathematical model describing the slow and fast components: y (t)= a + bt +ct2 + (r sin ( t+ d cos( t) e-λt. The current values of the frequency ω and the damping coefficient λ were found as solutions of the system
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We compared mean values of ( and ( for the healthy and parkinsonian subjects using Student’s criterion. The essential differences in means were in (, the significance of difference did not exceed 0.1% level. The mean ( were different on 1% level for the left hand and they exceeded 5% level for the right hand.

The calculation of the range in the maximal and minimal values of (  allowed us to dictinguish not only between the healthy and sick subjects but  to evaluate  the measure  of the difference inside the parkinsonian sample. By the range of the maximal and minimal values of (  the studied parkinsonian sample was divided into 3 groups that were different on 1% significance level.

Using wavelet decomposition technique (Dobeschi wavelets db4) we demonstrated that the mean values of the detailed coefficients as well as the components of the isometric force trajectory reconstruction were significantly different on 1 % level for the healthy and parkinsonian subjects.

The fractal measure of the reconstruction components was higher for parkinsonian patients than for healthy subjects that also indicates  on the possibility to discriminate statistically between them.

The evaluation of quantitative differences in parameters of involuntary component of the isometric force trajectory of healthy subjects and patients with parkinsonian syndrome can be useful tool for clinical practice.
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THE CENTRAL PRESSOR RESPONSE DURING STANDING

Fitzpatrick R, Luu B.

Prince of Wales Medical Research Institute, Sydney Australia

Blood pressure increases during voluntary contractions, mediated by a central pressor response that is proportional to the size of the motor command. During voluntary contractions, the perceived force of a contraction provides a measure of the size of the motor command. Here, we determine the perceived force exerted by the calf muscles during standing and the associated pressor response. 

Experiments were conducted on 8 healthy subjects aged 21 - 35 years who had refrained from alcohol, caffeine and exercise for 4 hrs before the experiment. Ankle torque, blood pressure and electromyography of the lower leg muscles were measured continuously. Subjects stood freely on a force platform and were asked to consider how strong the contraction felt during standing and then reproduce this force while the body was supported in an upright position. Subjects also performed a task equivalent to standing in which they balanced an inverted pendulum that was matched to the physical properties of their real body. During this task, the vestibular system is excluded. Blood pressure was measured for 5 minutes with the subject at rest and supported in an upright position and then for a further 5 minutes with the subject either standing freely or immobilised and matching the force of the contraction they experienced when standing. 

During standing, subjects underestimated the force used to stand by 68%. When they produced a voluntary contraction at the level of the perceived force, there was likewise no increase in blood pressure. However, when they matched the actual force of standing, mean arterial blood pressure rose by 6.3 ± 2.2 mmHg.

The perceived force of contraction is much less during standing than when making an equivalent voluntary contraction. This suggests that there is a small cortical motor command to the calf muscles during standing and a large drive from another source (e.g. a balance drive) to which there is no perceptual access. The central pressor response appears to be driven only by the smaller cortical motor command to the leg muscles. These results are important for understanding the regulation of blood pressure and orthostatic hypotension during standing, but highlight the need for balance control to be considered as an entity separate from cortical motor control.

Ambient multiperceptive systems and multi-sensors fusion techniques for the remote monitoring of older and/or disabled persons living at their home

Noury N, Fleury A, Poujaud J, Nocua R, Villemazet C, Vuillerme N.
Laboratoire TIMC IMAG UMR CNRS 5525, France

Objectives

The present paper focuses on innovative technologies, based on ambient multiperceptive systems and multi-sensors fusion techniques, specifically designed for the automatic remote monitoring of older and/or disabled persons living alone at their home [1,2].
Material and methods[image: image25.jpg]
Inhabitant’s localizations and displacements in his/her home are provided by Presence Infra Red sensors, placed in several identified main functional areas of the apartment (e.g. entrance, kitchen, bed, living-room, bathroom, toilets…).
Detection and classification of inhabitant’s postures and activities are provided by a non invasive wearable sensor, the so-called “Actimometer” [3], which integrates 3D accelerometers and 3D magnetometers with a wireless communication link.

Multi-sensors data, computed simultaneously and synchronously, are further automatically aggregated with information from other sources (time, day, temperature…) for remote monitoring, early detection of problems or emergency cases (e.g. fall) and care delivery. 

Results

Within the framework of the French national project AILISA [3], experimental platforms were installed in several hospital suites and private flats in Paris, Toulouse and Grenoble.

Different algorithms were elaborated and validated for the analyses of (i) circadian and night and day activity synchronization [4, 5], (ii) postural transitions [2], (iii) walking patterns [6], (iv) daily living activities [2], and the detection of (v) fall [7].

Conclusions
While the present results are encouraging for the promotion of residential safety and quality of life, further studies, implying instrumental and clinical validations, as well as ethical and sociological implications of this framework, are still necessary to ascertain the usefulness and efficiency of this approach. 
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Attention and Anxiety as Modulators of Postural Control
Frank J.
Department of Kinesiology, University of Windsor, Windsor, Ontario, Canada N9B 3P4

There has been increasing interest in the relationship between attention and balance control during standing and walking over the past 20 years. Within basic science, there is the question of whether human balance control is entirely automatic. Clinical scientists are interested in the possible contribution of selective attention to impaired balance accompanying aging and disease. Several excellent reviews have explored findings from dual-tasking studies on the attention demands of balance control during standing and walking. 

An early review by Woollacott and Shumway-Cook [1] is important for setting the stage for this research; they note that the attention demands of balance control are dependent on the complexity of the task and the type of secondary cognitive task employed. Despite the accumulation of a large amount of research on this topic over the past 16 years, recent reviews by Yogev-Selgmann et al [2] and Fraizer and Mitra [3] note the absence of a clear understanding of the mechanisms underlying the relationship between attention and balance control during standing and walking because of inconsistent experimental designs and balance measures. 

This presentation will argue that progress toward uncovering mechanisms regulating the attention demands of balance control can be made by adopting a systems approach which recognizes the primary goals of gait: navigation, progression and balance. Each of these goals can be systematically manipulated to determine their attention demand during dual-task performance. The extent to which each of these goals places demands on attention resources will depend on multiple factors which must be controlled in an experiment: 

1) task complexity/difficulty, 

2) expertise of the performer, 

3) task-specific self-efficacy/anxiety of the performer and 

4) integrity of the cognitive, sensori-motor and skeletal systems. 

My own research group has demonstrated that anxiety can modify postural control. Over-riding all of these factors is the influence of anxiety/self-efficacy on balance control. Anxiety/self-efficacy may not be an independent modulator of balance control, but may operate by limiting or refocusing attention resources and thereby altering balance control. 
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GAIT DYNAMICS IN PATIENTS WITH SEVERE KNEE OSTEOARTHRITIS
Gage W.H1,2, Dinn N.A1,2, Prajapati S.K.2,3
1 York University, 4700 Keele Street, Toronto, Ontario, Canada;

2 Toronto Rehabilitation Institute, 550 University Avenue, Toronto, Ontario, Canada

3 University of Toronto, 500 University Avenue, Toronto, Ontario, Canada
Introduction: Articular cartilage health is associated with loading of the tissue in the intact joint [1], which supports the notion of a neuromechanical pathway to osteoarthritis (OA) [2]. ‘Altered’ or ‘aberrant’ loading has been associated with progression of knee joint OA. For example, increased peak knee adductor moment is associated with OA progression [3]. Little research has examined changes in variability of loading, though recent work has demonstrated changes in neuromuscular control during gait in patients with knee OA [4]. Altered neuromuscular control may be associated with greater movement variability. Lewek et al [5] reported, however, that stride-to-stride variability in the joint angle – angular velocity phase-plane plot was unchanged in patients with knee OA. The purpose of the current research is to further explore stride-to-stride variability and longer-range dynamics in temporal gait measures in patients with severe knee osteoarthritis. We hypothesized that OA gait would be characterized by greater stride-to-stride variability in stride time, and reduction in a fractal index of gait, which would suggest reduced control during gait.
Methods: Patients diagnosed with severe unilateral knee osteoarthritis and scheduled for knee replacement surgery were recruited through the Musculoskeletal Health and Arthritis Program, at Toronto Western Hospital (Toronto, Canada). To date, data have been collected with two patients and one healthy control; data were collected with one patient one month after knee replacement surgery. Each participant walked for six minutes, along a level, uncluttered hallway in a hospital setting. Participants wore two small three-axis accelerometers, affixed to the lateral aspect of each lower limb, just proximal to the ankle. Accelerometer data were recorded wirelessly on a hand-held computer. Stride time data were extracted, based on deflections of the accelerometer signal in the vertical direction, bilaterally. Mean stride time, and stride-to-stride variability in stride time were calculated, as was stride time coefficient of variability (CoV). Detrended fluctuation analysis (DFA) was then applied to the time series data of stride time [6,7].

Results: Average stride time was greater in both patients (1.18 vs 0.97 sec; 22% change). Stride-to-stride variability in stride time was greater in both patients (0.043 vs 0.025 sec; 76% change). Stride time CoV was greater in both patients (3.7% vs 2.5%; 44% change). The DFA fractal index was slightly lower in both patients (0.76 vs 0.79); the two patients demonstrated fractal indices of 0.78 and 0.74. Following knee replacement surgery, the patient’s fractal index declined from 0.78 to 0.63 (20% change).

Discussion: These early results suggest altered gait control in patients with severe knee OA. While peak kinematic and kinetic measures, such as knee joint angle and adductor moment, demonstrate altered loads applied to the knee joint during gait, changes in temporal variability and structure may reflect underlying changes in peripheral and central nervous control of gait. Altered control may be associated with adaptations related to pain, but might also reflect altered joint afference.
Acknowledgements: Canadian Institutes for Health Research, CFI, Ontario MOHLTC
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Vestibular influences on spatial orientation and postural control

Haburčáková C, Lewis R, Gong W, Merfeld D.
Jenks Vestibular Physiology Laboratory, Mass. Eye and Ear Infirmary and Harvard Medical School,
Boston, United States

We have characterized postural control, tilt psychophysics, and the vestibulo-ocular reflex (VOR) in one rhesus monkey in the normal state, after bilateral vestibular hypofunction was produced with intratympanic gentamicin, and when the vestibulopathic monkey chronically utilized a one-dimensional canal prosthesis [1] aligned with and stimulating the right posterior canal. Posture was assessed by measuring spontaneous sway of the trunk and the forces applied to the support surface during quadrupedal stance when stance-width and the visual and proprioceptive cues were modified, and by measuring postural responses during stereotyped oblique head turns. Tilt perception in the roll plane was measured with a task derived from the subjective visual vertical (SVV) test commonly employed in humans [2]. The VOR was measured during roll and LARP rotation about the earth-horizontal axis. 

The normal monkey demonstrated increasing postural instability when the visual and proprioceptive cues were rendered unreliable, accurate percepts of head orientation during roll tilt, and normal eye movement responses during roll and LARP rotation.  When vestibular function was ablated with gentamicin, postural sway increased, particularly in the more challenging conditions, and large abnormal postural responses were evoked by head turns; percepts of head tilt became less accurate, underestimating the true tilt angle by about 50%; and the VOR gain was reduced by 50-60%.  After the prosthetic canal was activated, the VOR gain increased substantially, percepts of head tilt improved modestly, and the abnormal postural responses induced by head turns decreased slightly.
These results demonstrate that we can effectively measure postural control, tilt perception, and vestibular-mediated eye movements in normal rhesus monkeys, and can quantify the deficits in these behavioral responses produced by bilateral vestibular ablation. The preliminary prosthesis data indicate that a one-dimensional canal prosthesis can significantly increase VOR responses in vestibulopathic rhesus monkeys, and suggest that it may also improve postural and perceptual function in these animals.  We intend to use this approach to determine the effectiveness of a three-dimensional canal prosthesis to alleviate the oculomotor, perceptual, and postural abnormalities associated with bilateral vestibular hypofunction in rhesus monkeys.

Funded by NIH/NIDCD grants DC006909 and DC008362 to RF Lewis
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Training in patients with Parkinson's Disease:

Symptom relief or neural plasticity?
Hausdorff J.M.

Tel-Aviv Sourasky Medical Center, 

Sackler Faculty of Medicine, Harvard Medical School

Traditionally, the motor deficits that accompany Parkinson's disease (PD), including postural instability and altered gait, have been viewed as an inevitable, irreversible consequence of this common neurodegenerative disease. As a result, the goal of physical therapy and rehabilitation programs was only to provide symptom relief. Recently, however, a growing body of evidence has begun to challenge this idea. This talk briefly reviews the animal studies and the investigations in patients that supports the possibility of motor learning and neural plasticity in PD, focusing on studies related to balance and gait.

THE TIMED UP AND GO TEST: MORE THAN MEETS THE EYE

Herman T1, Inbar-Borovsky N1, Brozgol M1, Giladi N1,2,
Hausdorff J.M.1,3
1Laboratory for Gait & Neurodynamics, Movement Disorders Unit, Dept of Neurology, Tel-Aviv Sourasky Medical Center;

2Sackler Faculty of Medicine, Tel-Aviv University, Israel;

3Division on Aging, Harvard Medical School, Boston, MA.

Background
Several clinical tools have been developed to assess gait, balance and fall risk including the Berg Balance Test (BBT), the Dynamic Gait Index (DGI) and the Timed Up and Go (TUG).  While these all measure mobility, each has a unique focus. We speculated that their psychometric properties may be different and tested whether cognitive function may explain disparities.
Methods
BBT, DGI and TUG were assessed in 266 older adults (76.4±4.3 yrs; 58.3% women) who were free from neurodegenerative disease, dementia, and pathologies likely to affect gait or cognitive function.  The Mini-Mental State Exam (MMSE), backwards digit span, and verbal fluency measured cognitive function. The One-Sample Kolmogorov-Smirnov Test evaluated deviations from a normal distribution and Pearson's correlation coefficients quantified associations. 

Results
The BBT, the DGI, and the TUG scores all indicated good mobility (54.0±2.4; 22.8±1.5; 9.5±1.7 sec, respectively).  The BBT and DGI were not normally disturbed (p<0.001), but the TUG was (p=0.713). TUG times were negatively correlated with MMSE (r=-0.18; p=0.003), digit span (r=-0.18; p=0.003) and verbal fluency (r=-0.21; p=0.001), while the BBT and DGI were not (p>0.18).

Conclusions
The TUG appears to be an especially appropriate tool for clinical assessment of functional mobility. In healthy older adults, it does not suffer from ceiling effects, is normally distributed, and is related to executive function, while the BBT and DGI do not. The transferring and turning components of the TUG may help convert this relatively simple motor task into a more complex measure of mobility that also depends on cognitive resources.
Six Weeks Intensive Treadmill Training Improves Gait and Quality of Life in Patients with Parkinson’s Disease: A Pilot Study

Herman T1, Giladi N1,2, Gruendlinger L1, Hausdorff J.M.1,2,3
1Movement Disorders Unit, Tel-Aviv Sourasky Medical Center, Tel-Aviv, Israel

2Department of Physical Therapy, Sackler School of Medicine, Tel-Aviv University

3Division on Aging, Harvard Medical School, Boston, MA

Objective: To evaluate the effects of 6 weeks of intensive treadmill training on gait rhythmicity, functional mobility, and quality of life (QOL) in patients with Parkinson's Disease (PD). 

Design: An "open-label", before-after pilot study. 

Setting: Outpatient movement disorders clinic. 
Participants: 9 patients with PD who were able to ambulate independently and were not demented were studied. Mean age was 70±6.8 years. Patients had mild to moderate PD (Hoehn & Yahr Stage range: 1.5-3).
Interventions: The patients walked on a treadmill for 30 minutes during each training session, 4 training sessions per week, for 6 weeks. Once a week, usual, over-ground walking speed was re-evaluated and the treadmill speed was adjusted accordingly.

Main Outcome Measures: PDQ-39 (Parkinson's Disease Questionnaire), motor part of the Unified Parkinson’s Disease Rating Scale (UPDRS), gait speed, stride time variability, swing time variability, and the Short Physical Performance Battery (SPPB). 
Results: A comparison of the measures taken before and after the treadmill intervention indicates general improvement. QOL, as measured by the PDQ-39, was reduced (improved) from 32 to 22 (p<0.014). Parkinsonian symptoms, as measured by the UPDRS, decreased (improved) from 29 to 22 (p<0.043). Usual gait speed increased from 1.11 to 1.26 m/sec (p<0.014). Swing time variability was lower (better) in all but one patient changing from 3.0% to 2.3% (p<0.06). Scores on the SPPB also improved (p<0.008). Interestingly, many of the improvements persisted even 4 weeks later. 

Conclusions: These results demonstrate the potential to enhance gait rhythmicity in patients with PD and suggest that a progressive and intensive treadmill training program can be used to minimize impairments in gait, reduce fall risk, and increase QOL in these patients. 
EFFECTS OF A GAZE BEHAVIOUR INTERVENTION ON STEPPING ACCURACY IN OLDER ADULTS DURING A VISUALLY GUIDED WALKING TASK

Young W.R, Hollands M.A.

Human Movement Laboratory, School of Sport and Exercise Sciences, University of Birmingham, B15 2TT,UK
Our laboratory has previously demonstrated that young adults and older adults at low risk of falling, usually maintain gaze on a stepping target until after their foot has landed on it [1]. In contrast, high-risk older adults transfer their gaze away from a target significantly earlier than low-risk elderly or young adults [2]. This behaviour, associated with a decrease in the accuracy and precision of stepping, is only seen when multiple targets are present in the travel path. We proposed that a premature shift of attention towards future targets may represent an inappropriate prioritization of the planning of future movements over that of ongoing stepping actions. The aim of the current study was to test if the gaze behaviour exhibited by high-risk older adults can be altered, via intervention, to more closely resemble that of low-risk older adults and young adults and to observe any corresponding changes in stepping performance.

Sixteen older adults (>65 yrs) were randomly placed into either a control or an intervention group. All participants were screened for deficits in visual, motor and cognitive functioning and mental health was assessed. Participants were required to walk a 10m travel path which contained various combinations of stepping target and obstacle sub-tasks. The sub-tasks comprised of: 1) a single target box 2) two target boxes 3) two target boxes separated by an obstacle. Participants were instructed to walk at their own pace, placing their feet as accurately as possible into the centre of each target. Participants completed 20 trials in each condition, presentation of which was randomized. Gaze and lower limb kinematics were measured using a Vicon system interfaced with an ASL500 gaze tracker. On a separate day participants returned and repeated the experiment. The intervention group where given additional instruction to maintain their gaze on a target box until after their foot had landed inside it. The control group completed a second session under the same instructional conditions as the first.

Following intervention, subjects significantly delayed gaze transfer from the first target area (Fig 1) until after the foot had landed. Under these conditions participants in the intervention group demonstrated a significantly reduced M-L foot placement error, variability and task failure rate compared with the control participants (Fig 2). There was no corresponding detrimental effect on subsequent foot placement accuracy when stepping to the second target area. 

Figure 1





Figure 2
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These findings suggest that improvement of foot placement accuracy is achievable through  visual behaviour intervention and support the proposal that premature redirection of gaze away from stepping targets to fixate future environmetal constraints may contribute toward the increased incidence of elderly falls.
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How has Posture Control Research Informed Rehabilitation?

Horak F.B.
Department of Neurology and Biomedical Engineering, Oregon Health and Science University,

Portland, Oregon, USA

The most important contribution of postural control research to rehabilitation has been in the theoretical framework for understanding the biomechanical and neurophysiological basis for human postural stability.  Biomechanical understanding of stability in static and dynamic conditions and the complex interactions between biomechanical and neural systems is bridging the gap between neurological and orthopedic rehabilitation.
Neurophysiological recognition of separate subsystems underlying control of posture has revolutionized clinical assessment and treatment of balance disorders from ‘how much’ to ‘what kind’ of balance disorder. 

We have designed a new clinical Balance Evaluation Systems Test (BESTest) to allow clinicians to differentiate 6 subsystems underlying postural control: biomechanical constraints, verticality and limits of stability, postural responses, anticipatory postural adjustments, sensory orientation, and dynamic stability during gait. New advances in wearable inertial systems will soon allow clinicians to easily, inexpensively quantify performance of clinical tests of balance systems much beyond rating scales and stop watches without the cost and complexity of moving force plates. Longitudinal testing of postural control in the clinic and at home with these new systems during prescribed tasks and during continuous, community monitoring will soon revolutionize clinical evaluation of postural control.
In fact, the complex nature of control of posture makes it an ideal system to sensitively predict and monitor changes in health with aging and disease.  Research has also demonstrated that balance is a complex sensory-motor skill that can be learned, adapted and developed.  The demonstration that patients can improve balance, prevent falls, and learn new strategies to safely control their mobility has provided a scientific basis for balance rehabilitation. Although it has been shown that augmenting sensory information with biofeedback systems can reduce postural sway in stance and gait, the extent to which these new devices are practical or an improvement over traditional assistive devices is not yet clear.  Studies showing that not all patients with similar balance problems compensate similarly, is an important justification for customization of balance rehabilitation for individual patients. In summary, research has informed rehabilitation specialists that balance does not consist of one ‘balance system’ that can be assessed with one ‘balance test’ and treated with one set of ‘balance exercises.’ The new challenge for postural control researchers is to translate their understanding of the complexity of the system with new technologies to develop simple, useful tools for rehabilitation of balance disorders.

CONSTRAINTS ON POSTURAL CONTROL IN PATIENTS WITH PARKINSON’S DISEASE

Horak F.B.

Department of Neurology and Biomedical Engineering, Oregon Health & Science University, Portland, OR, USA

Falls are more common in Parkinson’s disease than in any other neurological disease. Are the balance problems associated with Parkinson’s disease due to their bradykinesia and rigidity or to additional factors? Our studies suggest that although balance problems early in the disease are related to bradykinesia and rigidity, as the disease progresses, clinically significant balance disorders, associated with falls, are associated with additional constraints to postural control including inflexibility to current conditions, freezing, lack of automaticity and reduced kinesthesia.
Bradykinesia results in smaller amplitudes of automatic postural responses and of anticipatory postural adjustments, even early in the disease. Although levodopa increased the size of anticipatory postural adjustments, it does not increase the size of automatic postural responses, suggesting separate mechanisms.  Loss of scaling of the size of anticipatory postural adjustments for changes in base of foot support may be related to a poor internal, proprioceptive model of body kinematics. Rigidity results in loss of trunk flexibility and the flexed postural alignment associated with reduced limits of stability.
Inflexibility of postural synergy changes with changes in support conditions, changes in perturbation direction, and changes in intentional goals are added later in the disease when postural problems become clinically apparent. For example, whereas control subjects immediately modify their postural response synergies when they are supported, when the perturbation changes from a translation to a rotation, and when intending to maintain upright alignment or allow sway, patients with PD do not. Freezing is associated with poor coupling between normal, but reduced amplitude or repetitive anticipatory postural adjustments and bradykinetic step initiation programs. The lack of automaticity of postural control becomes obvious when patients with PD attempt to make protective steps in response to perturbations while simultaneously verbalizing a secondary, cognitive task. Sensory orientation problems in PD are primarily associated with poor use of somatosensory inputs with compensation by over-reliance on vestibular information. This explains why postural stability may be better on an unstable, than a stable surface. Our studies show that patients with PD have poor ability to detect inclination of the support surface or rotation of their trunks. Poor proprioception may also explain why they have difficulty placing their foot on targets during protective steps without vision of their feet.

Deep brain stimulation not only, does not improve postural control, but may worsen it. We have found that six months after stimulators are placed, PD patients showed even more bradykinetic automatic postural responses and anticipatory postural adjustments prior to step initiation.

Our current studies are focused on better understanding the contribution of the cortex in postural instability in PD and in developing intense exercise programs for early PD focused on preventing the constraints on postural stability that have been inevitable with the progression of the disease.
Supported by grants from the National Institutes on Aging and the Kinetics Foundation.

A WEAK BALANCE: pathophysiology and management of falls in patients with muscle weakness
Horlings C.G.C, Van Engelen B.G.M, Küng U.M, Munneke M, Allum J.H.J, Bloem B.R.

University Hospital Basel, Switzerland

Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands
Muscle strength is a potentially important factor that contributes to postural control. We considered the contribution of muscle weakness to postural instability and falling. 

The literature supports muscle weakness as a risk factor for falls in community-dwelling elderly individuals. Moreover, strength training reduces falls, particularly when provided as component of a multifactorial intervention. Whether strength training alone reduces falls remains unclear. Supporting pathophysiological evidence is rare, but can be examined by considering neuromuscular patients suffering from muscle weakness. In fact, our retrospective (questionnaire) and prospective (weekly telephone calls for 3 months) study in 71 patients suffering from facioscapulohumeral disease (FSHD) showed that falling was a prevalent and clinically relevant problem in these patients. 

The question arises from these data whether proximal or distal muscle weakness is more disabling. In order to answer this question we examined balance corrections in specific patient groups with either proximal or distal muscle weakness. Balance reactions were probed using sudden platform tilts in different directions. Preliminary analyses indicated that distal, but not proximal, weakness caused COM-instability, especially in the sagittal plane. Some compensation for this instability occurred in distal weakness patients through enhanced proximal muscle responses (mainly hamstrings and paraspinal muscles), but overall was insufficient to prevent instability. Patients suffering from proximal muscle weakness compensated more successfully, by using their arms.

We conclude that muscle weakness is an important risk factor for falls that is potentially amenable to therapeutic intervention. Distal weakness causes great postural instability, presumably because the ankle strategy is weak, and compensation for this instability is difficult. Future studies should further clarify the role of muscle weakness in balance control, the pathophysiology of falls and thereby provide new leads for therapeutic intervention.

Modular architecture for the control of human posture and locomotion
Ivanenko Y.P.
Department of Neuromotor Physiology, Santa Lucia Foundation, Rome 00179, Italy

The presentation will be focused on recent findings on the interaction between posture and locomotion, control of locomotor trajectory, axial motor synergies and limb kinematics. Evidence will be presented for shared processing of temporal and spatial information and a modular architecture of neuronal networks involved in the control of posture and locomotion. 
Postactivation phenomena can be used as a tool to study the role of tonic influences [1,2]. Involuntary post-contraction muscle activity may occur after performing a strong long-lasting (about 30 s) isometric muscle contraction (Kohnstamm phenomenon). We examined how this putative excitatory state may interact with a locomotor movement. The subjects stood upright and were asked to oppose a rotational force applied to the pelvis for about 30 s either in the clockwise or counterclockwise direction. After that, they were asked to perform various motor tasks with the eyes closed. During quiet standing, we observed an involuntary post-contraction torsion of the trunk. During walking, the post-contraction facilitatory effect of body torsion was not overridden by the voluntary activity, but instead significantly influenced the forward locomotor program such that subjects walked along a curved trajectory in the direction of the preceding torsion. In contrast, we did not observe any rotational component when subjects were asked to step in place. We conclude that the post-contraction rotational aftereffect does not transfer to just any motor task but apparently manifests itself in those movements that incorporate the activated axial muscle synergy or rotational component. We argue that central excitability changes following the voluntary effort may contribute to the phenomenon and highlight the role of tonic influences in fine-tuning of the spinal cord. Our findings on task-dependent aftereffects are consistent with a modular architecture of neuronal networks for selecting the appropriate muscle pattern for a particular motor task. 
The analysis of gait kinematics in different gaits showed that limb segment covariance is also consistent with a modular control of limb kinematics where limb movements result from a superposition of separate length- and orientation-related angular covariances [3]. The hypothesis finds support in the animal findings that limb proprioception may also be encoded in terms of these global limb parameters. 

Finally, in addition to a ‘spatial’ architecture of neuronal networks, that selects the appropriate muscle pattern for compound movements, there may also be a ‘temporal’ architecture that utilizes discrete timing intervals to coordinate the elements of compound movements. We studied the spatiotemporal organization of motoneuronal activity during different human gaits [4]. We mapped the recorded EMG activity patterns onto the spinal cord in approximate rostrocaudal locations of the motoneuron pools. The activation of motoneurons in different human gaits tends to occur in bursts and be segregated by spinal segments in a gait-specific manner. The results overall support the idea of flexibility and adaptability of the spatiotemporal activity in spinal circuitry with constraints on the temporal functional connectivity of hypothetical pulsatile burst generators. A modular spatiotemporal architecture of neuronal networks may reflect a general property of the control system. 
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Vestibular-evoked myogenic potentials

Jombík P1, Bahyl V2, Spodniak P.2
1Dept. Neurology, Zvolen Hospital, Slovak Republic

2Technical University Zvolen, Slovak Republic

Balance system of the vertebrates is a highly developed complex regulatory system which uses multi-sensory arrangement. It allows orientation in the 3-D space and produces appropriate reflex responses which serve to maintain the balance and clear vision during rotational and translational movements. The crucial component of this system is the vestibular apparatus, because it provides information to the central nervous system in the gravity related coordinate frame. Because the clinical methods for the assessment of this system are often not reliable and unsatisfactory some objective tools are needed. Since the time when Robert Barany introduced his methods for vestibular testing, despite of the great endeavor of researchers, almost nothing has been done in this field what would be useful for clinical setting until the last decades of the twentieth century. However, the conventional methods for vestibular testing have some limitations. First, they allow largely only some testing of the horizontal canal system. Second, they are probing this system only in the lowest part of its frequency-response range. However, the vestibular system has five end-organs on each side, with their central vestibulo-ocular and vestibulo-spinal projections. Moreover, from the viewpoint of the physiological function the most relevant frequencies are in the band-pass above 1 Hz and that exceed the capabilities of the conventional methods.

In the last two decades however several new methods have been discovered including the vestibular-evoked myogenic potentials (VEMPs) which can be produced by impulsive stimuli of various kinds. These reflex responses are transmitted by the short latency oligosynaptic pathways. They reveal themselves as inhibitory or excitatory potentials in the tonically contracted active muscles according to the site and mode the of stimulation as well as recording. It has been evidenced that air-conducted (AC) sound stimuli selectively activate the saccular afferents. Bone-conducted (BC) sound stimuli activate the utricle and probably the saccule as well. It has been shown that in response to the low-frequency BC sound/vibration the skull base is behaves as a rigid body and it moves primarily along the axis which is in the direction of the acceleration vector. Thus, by applying the BC sound stimuli to different sites of the head it would be possible to stimulate otolithic afferents with appropriate spatial polarization vectors. Both the cervical VEMPs and the ocular VEMPs can be easily recorded from the sternocleidomastoidal muscles and at the peri-ocular sites respectively. According to the mode of stimulation they will allow us for testing the function of different otolithic end-organs as well as their central connections. The AC sound stimuli will activate the sacculo-collic and the sacculo-ocular pathways. Conversely, the BC sound stimuli applied to different sites of the head in its horizontal plane would predominantly activate the utricular afferents with appropriate spatial polarization vectors and their vestibulo-collic and vestibulo-ocular pathways. In this manner, by combination of the above mentioned and the head impulse tests, we can get insight into the functional state and integrity of individual vestibular end-organs their peripheral pathways along the superior and the inferior branch of the vestibular nerve as well as the particular vestibulo-collic and vestubulo-ocular pathways.

Finally, the vestibulo-collic and the vestibulo-ocular pathways can be investigated also by short impulsive galvanic stimuli. These stimuli are probably acting on the spike-trigger zone of the primary vestibular afferents thereby modulate their firing rate. Through the by-passing of the vestibular receptors, the galvanic cervical and ocular VEMPs will make possible to differentiate between vestibular nerve and end-organ damage. Finally, owing to their powerfulness they can show any residual vestibular function which could be escaping by using the other tests and we are wondering whether this would be helpful in the scheduling the rehabilitation design.
SENSORY RE-WEIGHTING MECHANISMS PREDICT OBSERVED

CHANGES IN POSTURAL SWAY REMNANT

Van der Kooij H1,2, Peterka R.J.3
1 Biomechanical Engineering, University of Twente, Enschede, The Netherlands

2 Biomechanical Engineering , Delft University of Technology, Delft, The Netherlands

3 Biomedical Engineering Division, Oregon Health & Science University, Portland, USA
Background: Human bipedal upright stance is achieved by feedback mechanisms that generate an appropriate corrective torque based on body-sway motion detected primarily by visual, vestibular, and proprioceptive sensory systems. When one sensory systems is perturbed – for example by visual surround or support base rotations –the perturbed sensory system is less weighted while the weighting of the unperturbed sensory systems increases [1]. The sensory re-weighting in postural control has been successfully modelled with adaptive Kalman filtering theory [2], in which the sensory re-weighting depends on the noise properties of the different sensory systems and the conditions of the environment.
Objective: The goal of this research is to test the sensory re-weighting theory further. A prediction of the theory is that when support surface (SS) rotational amplitude increases, the proprioceptive weight reduces and the visual and vestibular weights increase. Since in the theory the vestibular channel is noisier than the propriopcetive and visual channels, the theory also predicts that body sway (BS) becomes more variable when the SS amplitude increases. Here we test the latter prediction.
Methods: Previously determined frequency response functions (FRF) of SS to BS in an eyes closed condition were used in our analysis [1]. In addition we also calculated the power spectral densities (PSD) of BS at the non-excited frequencies, which we define as the BS remnant. First a postural control model [3] was fitted to the FRF of SS to BS. The model contained proportional and derivative neural feedback of BS, a neural time delay, muscle stiffness and damping, gain and time constant of a low pass filtered force feedback loop, and sensory weights. We assumed that all model parameters were invariant except for the sensory weights that were allowed to vary for the different amplitudes of SS. Next the PSD of the BS remnant was fitted to estimate the noise levels of proprioceptive (Np) and vestibular (Ng) sensory channels, and estimate the frequency shape factor (npow) for the sensory noise spectrum that varied inversely as a function of f npow .
Results: With increasing SS amplitude, the gain of the FRF decreased while the PSD of BS remnant increased. The model predicted the gain and phase of the FRF as well the BS remnant PSD. The fitted vestibular noise level (Ng=1.9e-4) was about 25 times larger than the proprioceptive noise (Np=7.3e-6). The frequency shape factor (npow) was 1.23, closely resembling 1/f noise.
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Fig. 1.: Left: gain (top) and phase (bottom) of FRF of SS to BS for different amplitudes of SS (red: 0.5º, green 1º;blue 2º; cyan 4º; black 8º. Right: PSD of BS remnant. Solid lines are experimental data, dashed lines model outcome.
Conclusion

1) BS becomes nosier when SS amplitude increases. 2) vestibular sensory signals are much noisier than proprioceptive signals. Both 1 and 2 are predicted by sensory re-weighting theory.
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QUANTIFYING THE DYNAMICAL STRUCTURE OF POSTURAL SWAY USING AN AMBULANT ACCELEROMETER

Lamoth C.J.C1, van Lummel R.C2, Beek P.J.1

1Research Institute MOVE, Faculty of Human Movement Sciences, VU University Amsterdam,
 The Netherlands, 
2McRoberts BV, Den Haag, The Netherlands

Recent studies on postural control have shown that variability of body sway during quiet standing may provide valuable information to characterize changes in postural control due to age, pathology, skill and task difficulty. Increased regularity and decreased local stability and complexity of postural sway dynamics have been reported for a variety of pathological conditions including stroke patients, sport-related concussion, Parkinson’s disease, and children with Cerebral Palsy and frail elderly. These changes are considered indicative of a less flexible, less automatized and efficient postural control. In contrast, experts in balance skills, such as gymnastics and dancers, are characterized by less regular and locally more stable sway patterns, which may be interpreted as indicative of a more efficient automatized postural control and greater behavior flexibility. The aim of the present study was to determine, as spade work for possible clinical applications, whether body sway measured with a three-axial accelerometer at the trunk can differentiate between three healthy young populations that differ in athletic skill level. In addition, we examined if task difficulty had a differential effect in the three groups, by obtaining sway measurers during tandem stance with eyes open, eyes closed and while standing on foam.
The acceleration time-series were analysed in anteriorposterior and mediolateral direction. Differences in postural control were quantified in terms of variability, spectral properties and stochastic dynamical measures, namely regularity (sample entropy, long range correlations) and local stability (largest Lyapunov exponent). Standing with eyes closed and on foam increased variability. Standing with eyes closed decreased regularity but increased local stability, whereas standing on foam had an opposite effect. With greater gymnastic skills, acceleration time-series were less variable, less regular and more stable. 

These results imply that quantifying the dynamical structure of postural sway using an ambulant accelerometer based system can contribute to the development of a diagnostic measurement device that is capable of identifying and localizing loss of balance control in stance during controlled and daily life conditions. 

Validation of a new method to classify locomotion and postures (of physical activity?) in daily life with one sensor at the lower back

Van Lummel RC1, Terwee CB2, Heikens SC1, Zuidema M3, Zijlstra W4.
1 McRoberts, The Hague, The Netherlands
2EMGO Institute, Free University Medical Centre, Amsterdam, The Netherlands

3Human Kinetic Technology, HHS, The Hague, The Netherlands

4Center for Human Movement Sciences, University Medical Center Groningen, The Netherlands
Introduction
Activity monitors detecting locomotion and postures use sensors at leg and trunk. A disadvantage of such a multi sensor approach is risk of damage, discomfort for the subject, and complexity for the investigator. This abstract presents the results of a cross-validation study in healthy subjects with one sensor in a belt around the waist.

Methods
Six healthy subjects were asked to wear two activity monitors continuously for 24 hours. The DynaPort ADL-Monitor is used as the reference system (Pitta et al. Arch Phys Med Rehabil 2005). The new system (DynaPort MoveMonitor) consists of 3 piezo-capacitive acceleration sensors in a small and light housing (45 gram). Raw data are stored with 100 Hz. A Matlab program was developed to compare the output of the two systems. Sensitivity, specificity and error were calculated. The error is the absolute difference between the duration assessed by the gold standard and the duration assessed by the new algorithm.

Results 

 The sensitivity is between 74.2 and 91.7% (Table 1). The specificity is between 91.8 and 98.2%. The error is between 1.0 and 4.0%.

Discussion 
Good agreement was found between both systems. A single unit triaxial accelerometer is a promising system to classify activity categories. The detection of sitting and standing should be improved. Future studies have to further confirm validity of the method in different populations.

A model-based comparison of stance control deficits in Huntington’s disease vs. Parkinson’s disease

Maurer C.

Neurozentrum, University Neurology Clinic, Freiburg, Germany

Introduction

Huntington’s disease (HD) is clinically characterized by abnormal, involuntary movements (chorea) associated with psychiatric signs and progressive dementia. Motor disturbances involve both hyperkinetic motor signs (chorea) and a progressive, akinetic-rigid syndrome at more advanced stages. Clinical features of the disturbed stance and gait in HD were reported to resemble (see e.g. Delval A. et al., J Neurol 2006; 253: 73-80) those in Parkinson’s disease (PD). We therefore studied postural control in subjects with manifest HD using a model based approach and compared the results to those of patients with PD.

Methods
We examined postural control in a total of 15 HD patients and compared the results to 16 PD patients and 15 age-matched healthy control subjects. We analyzed spontaneous sway using a factorial analysis and, in addition, exposed subjects to varying tilts of the support surface, using a pseudo-random waveform (PRTS, spectral bandwidth 0.05 - 10 Hz).

Results
Spontaneous sway amplitude and velocity of HD patients were larger than those of both control subjects and PD patients. Primarily, this reflects the hyperkinetic motor signs (chorea). Additionally, HD corrective responses to externally-generated tilts of the support surface were more insufficient than those of PD patients, both in the presence and absence of visual cues. Unlike control subjects, both HD and PD patients suffer from a lack of flexibility when it comes to weighting the sensory information (visual, vestibular, proprioceptive, somatosensory) depending on the availability of external cues. However, HD patients, unlike PD patients, show a clearly larger overall time delay of their corrective response and, again unlike PD patients, display a passive stiffness in the normal range.

Conclusions
Whereas some parameters of HD patients’ postural control mechanism resemble those of PD patients (insufficient error correction, lack of sensory reweighting), others are clearly different from PD patients (abnormally large time delay, normal passive stiffness), thus indicating that HD patients’ postural control deficit is clearly distinguishable from that of PD patients. The parameters discussed here allow us to characterize and simulate postural behavior of all three subject groups and to implement these behaviors on a humanoid robot.

Direction of force responses to stochastic vestibular stimulation

Mian O.S, Day B.L.
Sobell Department of Motor Neuroscience and Movement Disorders, Institute of Neurology, University College London, 33 Queen Square, London WC1N 3BG, UK
Following a balance perturbation, ground reaction force (GRF) and/or body sway recordings reveal the direction of the response that has been organized to correct for the perturbation. Whilst numerous stages in sensorimotor control may influence the response direction, it is of particular interest in the context of the study of central coordinate transformation processes that are involved in combining sensory information from various reference frames into motor output that is represented in a different frame of reference. To study the direction of the balance response to vestibular perturbation (or multisensory perturbations that have a vestibular component), repeated square wave current pulses are typically applied to the vestibular nerve until an average force/sway recording is obtained from which a response direction can be calculated using vector analysis of cartesian components of the recorded force/sway time series. Dakin et al [1] recently demonstrated that the cumulant density function (a time domain measure of association akin to cross-correlation [2]) between a stochastic current applied to the mastoid processes (stochastic vestibular stimulation; SVS) and lower limb EMG responses provided similar information to the average EMG responses to square wave pulses. The purpose of the current study was to determine if a meaningful vestibulo-motor response direction could be determined by applying this method to the analysis of the association between SVS and GRF data. Stochastic stimuli can have practical advantages over traditional square wave stimuli, including better tolerance and a smaller destabilizing effect.

Stochastic currents (0-20 Hz bandwidth, peak ± 2 mA, root mean square 0.6 mA) were applied to the mastoid processes of healthy participants as they stood quietly with their eyes closed and with their head at 7 different yaw angles (-90, -60, -30, 0, +30, +60, +90 deg). The duration of exposure was 3 minutes per head angle (split into six 30 s trials). Ground reaction forces were recorded using a force plate. The cumulant density function of the association between SVS and the shear GRF exhibited peaks of opposite polarity at approximately 140 ms and 350 ms, thought to be the mechanical consequences of the short and medium latency muscle responses to vestibular perturbation. Our primary interest was in the direction of the later response, as we deem this to be the determinant of subsequent body sway. To establish the direction of response we rotated the reference frame in which ground reaction forces were recorded (i.e. the laboratory reference frame) over 360 degrees, re-calculating the cumulant density function for each degree of rotation. The rotation that produced the largest peak in the cumulant density function along the ordinate of the rotating frame was deemed the response direction.

Since vestibular information is coded in a craniocentric reference frame, the measured response direction should be strongly dependent on head angle. Response direction was significantly different for each of the 7 head angle conditions (p < 0.01). Regression analysis revealed a one to one relationship between head angle and response direction (p < 0.01), and that response direction was directed along the inter-aural axis (i.e. head yaw angle + 90 deg) (p < 0.01), as is the case following traditional square wave stimuli. These results demonstrate that a stochastic current can be effectively used to study the direction of the motor response to vestibular stimulation. The dependence of head position on other aspects of the SVS – GRF association will also be discussed.
References

[1] Dakin CJ, Son GM, Inglis JT, Blouin JS. Frequency response of human vestibular reflexes characterized by stochastic stimuli. J Physiol. 2007; 583: 1117-1127.

[2] Halliday DM, Rosenberg JR, Amjad AM, Breeze P, Conway BA, Farmer SF. A framework for the analysis of mixed time series/point process data--theory and application to the study of physiological tremor, single motor unit discharges and electromyograms. Prog Biophys Mol Biol. 1995; 64: 237-278.



Bilateral Alternating Vibration of Postural Muscles Induces Body OSCILLATIONS in Standing Parkinsonian Patients

Nardone A1,2, De Nunzio A.M3, Godi M2, Grasso M2, Schieppati M.3,4

1Department of Clinical and Experimental Medicine, University of Eastern Piedmont, 28100 Novara, Italy

2Posture and Movement Laboratory, Division of Physical Medicine and Rehabilitation, Scientific Institute of Veruno, 28010 Veruno (Novara), Italy
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Patients suffering from Parkinson’s disease (PD) have difficulties in stance control [1], postural changes and in both initiation and performance of walking [2]. These dysfunctions have been attributed to problems in central integration of proprioceptive information [3], despite reports that muscle vibration can be effective in PD patients [4]. These abnormalities might contribute to changes in postural and gait performance in PD patients [5,6]. This study aimed to test the hypothesis that vibration of postural muscles, which selectively produces discharge from muscle spindles and induces definite postural changes in standing normal subjects [7], can be employed in PD patients to produce alternate medio-lateral or antero-posterior shifts of their standing body, mimicking those accompanying body progression during locomotion. 

In 12 PD patients and 11 healthy controls, we applied trains of vibratory stimuli, bilaterally in an alternating paradigm, to the soleus, tibialis anterior or paravertebral muscles during quiet stance with eyes open. The trains of alternating stimuli (internal frequency 100 Hz) were delivered at frequencies selected to be above (1.1 Hz), near (0.8 Hz) and below (0.6 Hz) the natural walking rhythm (0.9 Hz). Based on the displacement of the centre of foot pressure (CoP) recorded by a force platform, we determined amplitude and frequency of the antero-posterior and medio-lateral CoP sway. 
In PD patients, CoP sway during unperturbed stance was slightly but consistently larger than in normal subjects, and antero-posterior CoP position was slightly backward. The capacity to shift the CoP in response to the alternating vibration trains was conserved, regardless of the vibrated muscle pair (Fig. 1). 
Figure 1. Mean sway area of CoP as a function of vibrated muscles for the three train frequencies in PD and normal subjects. During vibration (Vib), sway area increased in both groups with respect to before vibration condition (Pre). The effect was more evident for Sol and TA than ES muscles. After vibration (Post), sway area values returned similar to those observed during Pre.
The CoP oscillations along medio-lateral, but not antero-posterior directions, were coupled to the alternating vibration trains. The time to initiate and terminate these postural responses was normal.

Standing PD patients are able to correctly transduce and transmit to the central nervous system the patterned vibration-induced proprioceptive inflow, and to integrate and exploit this information to produce body oscillations similar to those occurring during walking [8]. Vibratory stimulation can be safely and easily employed to provoke rhythmic postural changes in PD. Such postural assistance affecting the interaction between posture and locomotion may have therapeutic potential for improving walking function in patients with PD.
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MEASURING BALANCE IN QUIET STANCE WITH A FORCE PLATE AND A BODY FIXED SENSOR

Nicolai S, Becker C, Lindemann U.
Robert-Bosch-Krankenhaus, Auerbachstr. 110, 70376 Stuttgart, Germany

Introduction: Assessment of balance in older persons is important to identify persons at risk of falling [1] as well as to document progress in rehabilitation. As functional test are not sufficient, because these tests are prone to ceiling effects [2], objective sensor-based tests are used, such as force platform measurement [1,3]. Here, the displacement of the vertical ground reaction force (centre of pressure; COP) is measured. Unfortunately, force platforms are locally tied and therefore not appropriate for the use in the home environment. Against this background new technology based on body fixed sensors (BFS) has been developed for monitoring motor function in younger and normal aged persons [4,5,6]. In this study results of a force platform measurement and a BFS measuring acceleration at the lower back near L5 were compared assessing postural sway during unsupported standing. Furthermore, progress in rehabilitation in a geriatric cohort is described by the standardized response mean (SRM) of different parameters. As the values of both measurements are obtained by entirely different measures the results will not highly coincide [7]. It is hypothesized that different parameters of each measure will be able to document different aspects of progress in standing balance during rehabilitation. 

Methods: In a hospital for geriatric rehabilitation 60 patients (mean age 82.4 years, 85% women) performed balance tests. After testing unsupported standing, the most challenging but possible position (open stance, closed stance, semi-tandem stance, tandem stance) was measured on a force platform and simultaneously with a BFS based on accelerometers attached at the lower back measuring acceleration. After 2 weeks of rehabilitation 30 patients were measured again in the same standing position. All others changed standing position.

Results: The coefficients of correlation to compare different parameters of the measures were poor to fair (r=0.137 to r=0.528). Changes of performance after 2 weeks of rehabilitation calculated by the SRM were better detected by parameters measured by force plate (SRM=0.06 to 0.23). The highest SRMs were calculated for medio-lateral extension of the COP and medio-lateral velocity of the COP (both SRM=0.23). SRMs calculated to indicate change of performance measured by acceleration ranged between -0.07 and 0.1 with the highest value also for a parameter indicating medio-lateral movement (high-pass filtered root-mean-square of medio-lateral acceleration). Moreover 13 participants improved their standing position and therefore could not be included into the calculation of the SRM.
Discussion: Although force plates as well as accelerometers are able to measure aspects of balance performance, this study shows that results of comparable parameters do not coincide, likely because of entirely different measures [5]. Besides those who were able to improve their standing position after 2 weeks of rehabilitation the reported results of change refer only to those patients with minor changes. Although the sensitivity to change was weak in most parameters, those parameters indicating medio-lateral movement seem to be appropriate to describe minor changes in rehabilitation. This is in line with another study stressing the importance of parameters measuring medio-lateral movement [1]. A better sensitivity to change expressed by SRM was documented for some parameters derived from force plate measurement. This might be explained by greater COP movement to counteract balance disturbance compared to the movement of the centre of gravity [7]. 
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ASPECTS OF POSTURAL REACTIVITY IN TRANSTIBIAL AMPUTEES ASSESSED BY SURFACE EMG AND DYNAMIC POSTUROGRAPHY

Paráková B, Janura M, Hlavačková P, Svoboda Z, Kozáková D.
Faculty of Physical Culture, Palacký University, tř. Míru 115, 771 11 Olomouc, Czech Republic

Introduction
Changed neural and biomechanical relations following lower limb amputation lead to modifications of postural-locomotion strategies [1]. Those are expressed as f.e. increased weight bearing on the non-amputated leg (NL) [2] or as the altered character of knee muscle activity on the amputated leg (AL) [3].

Objectives and methodics

The aim of this study was to assess and compare aspects of postural stabilization in upright stance in static and dynamic conditions. A group of 11 transtibial amputee males (age 55 ± 13.1 years; body weight 84.9 ± 9.6 kg; height 1.79 ± 0.1 m) participated in the measurement. We evaluated muscle activity and body weight distribution in a quiet upright stance and in stance within anterior and posterior platform translations by synchronization of surface electromyography (Noraxon®) and dynamic computed posturography (NeuroCom®). Muscle activity was measured bilaterally in m. biceps femoris (BF), m. rectus femoris (RF) and m. tensor fasciae latae (TFL). For the statistical analysis of the examined data, the programme Statistica was used.

Results

For all tested situations more weight was placed on the NL. The rest activity in upright stance was higher in NL for all tested muscles. The maximum activity amplitude within anterior and posterior platform translations was higher for AL muscles in the case of m. TFL and m. RF. During anterior platform translations was the highest maximum activity amplitude in m. BF NL, during posterior platform translations it was in m. RF AL.

Table 1. Muscle activity 

	Muscle
	 
	Quiet*
	AT**
	PT**
	 
	Quiet*
	AT**
	PT **

	
	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	
	Mean
	SD
	Mean
	SD
	Mean
	SD

	M. tensor fasciae latae
	NL
	5.11
	5.95
	3.8
	3.42
	10.45
	11.2
	AL
	3.52
	2.44
	12.48
	17.7
	14.65
	11.3

	M. rectus femoris
	NL
	6.1
	4.97
	6.69
	5.47
	17.77
	19.3
	AL
	4.96
	2.98
	8.13
	7.92
	20.36
	18.2

	M. biceps femoris
	NL
	9.43
	12.06
	17.61
	19.1
	13.51
	19.1
	AL
	3.61
	2.07
	16.69
	19.9
	8.75
	5.72


Legend: AT – anterior translation, PT – posterior translation, * average rest activity, **maxima of activation values (AV) multiples (AV = rest activity + 2 SD)
Discussion

Automatic postural reactions on unexpected platform translation provide us with information about the efficiency of postural stabilization. Throughout quiet upright standing matched more weight taken on the NL with increased activity of all tested muscles on the non-amputated side. In the case of maximum muscle activity amplitude the activity of m. RF is higher on AL. These results were measured in spite of the fact that m. RF atrophy is present in TTA and its lowered isometric and isotonic contraction compared to NL [3, 4]. The activity of m. BF AL is continually increased as the result of the knee extensor’s atrophy [4]. 

Conclusion

The weight bearing on NL was increased in the tested subjects in quite upright standing and even in anterio- posterior platform translations. Within automatic postural reactions present transtibial amputees we found a different character of muscle activity, then within voluntary modifiable activities.
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Repetitive transcranial magnetic stimulation (rTMS) for treatment of gait disorders in Parkinson’s disease

Rektorová I.
Movement Disorders Center, 1st Department of Neurology, Masaryk University and St. Anne’s Hospital, 

Brno, Czech Repulic

Recently, several studies have suggested the therapeutic efficacy of rTMS in Parkinson’s disease (PD) while other studies have found no clinical improvement of motor performance in PD. Overall, the high frequency rTMS seems to have a better effect on motor sign of PD (as measured by the UPDRS motor scores changes) than low frequency rTMS.

Conversly, 1 Hz rTMS targeted over the supplementary motor area or the primary motor cortex (MC) markedly reduced drug-induced dyskinesias in PD patients.

We recently reported the results of a pilot study that investigated whether 5 repeated sessions of high frequency rTMS at 10 Hz applied over the foot MC or over the left dorsolateral prefrontal cortex (DLPFC) might result in a modification of “off”-related freezing of gait and motor symptoms of PD in advanced PD patients. The target selection was supported by previous results demonstrating positive cumulative benefit of high-frequency rTMS applied over the same targets for improving gait speed, as well as reducing upper limb bradykinesia in PD patients. 

In our study, rTMS was well tolerated. Despite a reported trend towards improvement of the Stroop test interference and significant reductions of the ipsilateral motor cortex excitability after rTMS over the left DLPFC, freezing of gait and motor symptoms of PD remained unchanged by rTMS. Interestingly, our pilot results showed that high frequency rTMS of the DLPFC might be suggestive of an improvement of L-dopa-induced dyskinesias.

The study was was supported by Research Project of the Czech Ministry of Education, MSM 0021622404.

Voluntary control of standing sway

Reynolds R.
School of Sports and Exercise Sciences, University of Birmingham, Birmingham, UK

Standing sway can be reduced simply by instructing someone to stand still. Here I attempt to understand the sensorimotor mechanisms responsible. Eight subjects were asked to stand relaxed or still with differing stance widths, eyes open or closed. In absolute terms, body speed was reduced by similar amounts in all conditions (3-6 mm/s). However, relative to baseline sway (i.e. stand relaxed), greater reductions were observed for wider stance when vision was unavailable, representing an interaction of stance width and vision (see figure).  EMG measurements revealed slight increases in ankle muscle cocontraction when standing still. However, there was no obvious relationship between cocontraction and sway reduction amongst the group, suggesting that increased ankle stiffness was not a successful strategy. Spectral analysis revealed that COP/body sway power was reduced similarly across all frequencies. However, a peak in calf muscle EMG-COP coherence was observed at 1-1.5Hz when subjects stood still. This frequency corresponds to the pulsatile muscle control frequency previously identified during standing sway by Loram et al [1]. Therefore I suggest that when subjects successfully reduce sway, they do so by increasing the accuracy (but not necessarily quantity) of the calf muscle bursts seen at approximately 1-1.5Hz.
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Enhancement OF Step Initiation WITH Posture Assisted Locomotion (PAL) TRAINING IN Parkinson’s disease 

Rogers M.W1, Fudokos I2, Hanson L2, Hauptschein A2, Radecki T2, Hilliard M.J2, MacKinnon C.D2, Martinez K.M2, Simuni T3, Zhang Y.2
1Department of Physical Therapy & Rehabilitation Science, University of Maryland School of Medicine, Baltimore, MD USA
2Department of Physical Therapy & Human Movement Sciences & 3Department of Neurology, Feinberg School of Medicine, Northwestern University, Chicago, IL USA

Start hesitation and freezing of gait (FOG) are poorly understood manifestations of Parkinson’s disease (PD). In gait initiation, anticipatory postural adjustments (APAs) for forward propulsion and lateral weight transfer prior to stepping suggest a role for motor prediction in coordination. The use of a forward model for coordination between posture and locomotion could operate such that the neural circuits for initiating stepping would normally be delayed until the APAs that generate the weight transfer from bipedal to single leg support have achieved single stance limb loading [1]. This transition in stance support reflects a change in the body center of mass-base of support relationship. In PD, absent or prolonged and reduced APA forces [2, 3] could delay step initiation due to adaptive changes in neural control affecting the timing release and other features of the step cycle. With external postural assistance, impaired APAs can be enhanced to acutely improve stepping as was previously demonstrated [3]. However, it remains to be determined whether PD patients can adapt their stepping performance to posture assisted locomotion (PAL) training by demonstrating retention of improvements in gait initiation. To examine this possibility, postural perturbations that augmented APA forces during step initiation were applied to 7 PD subjects (Hoehn & Yahr Stage 2.5-3) ON medication who were trained biweekly for six weeks. During each training session, they performed 60 rapid self-initiated stepping trials with an externally-triggered, pneumatically-driven vertical drop (1.5 cm in 150 ms) of the impending single stance limb applied in the early phase APA  (i.e. when the baseline loading force changed by 5%). Ground reaction forces, net medio-lateral center of pressure (M-L COP) changes, and motion kinematics were recorded during light-cued reaction time (RT) stepping and rapid self-initiated (SI) stepping conditions for unperturbed pre-training trials (Baseline), immediately post-training (Post-Test), and six weeks after training (Retention). Clinical assessments were also performed. Dependent variables included APA amplitude and duration, and first step timing and distance measures. Data were analyzed using ANOVAs and post hoc paired t-tests (p<0.05). Overall APA duration for SI trials (Fig. 1A.) was reduced (p < 0.05) by 38% between baseline and retention (p < 0.05), and by an additional 17% between post-training and retention (p<0.05). Speed of stepping (Fig. 1 B.) was faster post-training (p < 0.05) for both the RT (p < 0.05) and SI conditions (p < 0.05) and was retained for the SI trials (p < 0.05). First step width (Fig. 1 C) also became more medial (p<0.05) for the SI condition between baseline and retention (p < 0.05). Five out of seven subjects reported improvement as measured on the seven-point Global Impression of Change Score. 
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Figure 1. Group mean data for rapid self-initiated stepping trials showing: A. APA duration (M-L COP time to initial peak displacement); B. first step speed; and C. first step width (positive values indicate more medial foot placement) at pre-training (Baseline), immediately after six weeks of PAL training (Post-Test), and at six weeks after training (Retention).

These findings suggested that modifying preparatory state conditions for balance through PAL training enhances posture and locomotion interactions, possibly through adaptive changes in the forward model for step initiation in individuals with PD experiencing ‘start hesitation’ and FOG.
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PERCEPTIONS AND ADAPTATION TO PROLONGED VESTIBULAR STIMULATION

St George R.J, Fitzpatrick R.C.
School of Medical Sciences, UNSW & Prince of Wales Medical Research Institute, Sydney Australia

Galvanic stimulation at the mastoid processes evokes a vestibular afferent signal which bypasses the mechanical activation processes of the cupula. With the head in a pitched nose-down position, so Reid’s plane is 72 degrees to the horizontal, GVS evokes a virtual motion about an earth-vertical axis [1].  This study investigates firstly, how the perception of rotation induced from prolonged bilateral binaural GVS equates with natural kinetic stimulation and, secondly, how the CNS incorporates this vestibular input into a coherent perception of orientation during locomotion when it is discordant with visual and proprioceptive inputs. 

Twelve healthy subjects aged 21-54 years were studied. During both virtual (GVS) and real (platform rotation) vestibular stimulation we measured perceived rotation about the vertical axis, by verbal report during standing and by measuring rotation when attempting to step in place. The GVS at 1.5mA had a step profile and the rotational velocity of the platform  had a trapezoidal profile. Both were held constant for 2 minutes, with the direction randomized. The second study consisted of two phases (i) a conditioning phase of sustained GVS (1,2,3&6 minutes) with eyes open (ii) a response phase where GVS was turned off and blindfolded subjects attempted to step in place. Positional magnetometers affixed at the pelvis and head, sampling at 25 Hz, recorded yaw position during the walking trials. 
During constant velocity rotation of the platform, the corrective stepping response and the reported perceptions decayed with an average time constant of 23 seconds, reflecting the known central vestibular velocity storage time constant [2]. During constant GVS there was no habituation in the stepping response, with the rate of turn steady at 6 deg/sec towards the anodal electrode. There was however decay of the reported perceived virtual rotation during standing. When GVS was applied with the eyes open as a conditioning stimulus, subjects stepped without turning. However, when the stimulus was turned off and vision excluded, subjects walked in the direction of the conditioning cathodal electrode. The peak velocity of the rotational after-effect was higher with longer conditioning times and rates of decay were similar across conditions. In addition the size of the after-effect could be reduced or increased by continuing the GVS during the eyes closed condition with the same, or opposite polarity respectively. These results suggest that the offset in the vestibular afferent firing frequency produced by GVS can be recalibrated within the CNS over time and with discordant visual input to signal a stationary state.
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ESTIMATION OF DYNAMIC STABILISATION OF VERTICAL BODY POSITION IN DIAGNOSTICS AND EFFECTIVENESS OF TREATMENT AND REHABILITATION

Usachev V.

Institute of Osteopathic medicine, Saint-Petersburg, Russia

E.B.Babski, V.S.Gurfinkel and E.L. Romel offered a new method of stability estimation of human vertical posture [1]. The era of studying stabilograms on two-coordinate self-recorders began. This captured scientists' minds. Thus they are still studying the stabilograms, using modern computers; even they have possibilities to analyze the statokinezigram. There are so many stabilometric indexes, that medical doctors have serious difficulties in choosing the estimation of the balance function. The most favorite index is an area of 90 % of confiding ellipse of statokinezigram. Although this index has a series of essential defects. The crooked line of statokinezigram absolutely unsightly fills the ellipse in. When recording time interval is increasing the area of statokinezigram is considerably rising. Besides, the area of statokinezigram is extremely unstable in time. At a low frequency of a signal, a part of information about the displacement of centre of feet pressure is lost.

In 1983 year T. Okyzano offered the analysis of vectors of the statokinezigram's linear velocity [2]. Based on the vectors he built up a histogram of directions of body tilts that reminded a "rose of wind". Neither the author nor others researches unfortunately went further.

At present scientists often talk about the stability, but not about dynamic stabilization of the body in a vertical position [3], however criterion of estimation also doesn't exist. Using the analysis of velocity vectors of the statokinezigram, we offered how to evaluate the dynamics of linear and angular velocities of the centre of feet pressure movements. We calculate meanings of linear and angular displacements of centre of feet pressure for all digital samples of stabilographic signal.

For example the graph shows the dynamics of meanings of instantaneous linear (A) and angular (B) velocities of centre of feet pressure movement. This graph also shows the coefficient of dynamic stabilization or factor of dynamic stabilization of vertical body posture (C) during interval of two seconds with the sampling frequency 50 Hz. We developed this coefficient on the base of these indexes.
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The other picture shows us how we can determine the effectiveness of osteopathic treatment of patient accordingly to the coefficient of dynamic stabilization.
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All these figures of process of dynamic stabilization of vertical body posture are various and they can be statistically worked up. So this allows comparing the results before and after the treatment or after rehabilitation individually with the patient.
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The Relationship Between Anxiety, Gaze Behaviour and Stepping Accuracy in Older Adults During Adaptive Gait
Young W. R, Hollands M. H.

The School of Sport and Exercise Sciences, The University of Birmingham, UK
Previous research has shown that older adults characterized as being at a high risk of falling are more likely to transfer their gaze from a stepping target prior to completion of the step towards it. This behaviour is occurs in situations where individuals face additional upcoming stepping constraints and is associated with reduced foot placement accuracy and stepping precision [1]. The aim of the present study was to test the hypothesis that increased anxiety about upcoming obstacles is instrumental in driving the gaze behaviour.

Sixteen older adults (8 high-risk, 8 low-risk) participated in the study. Each participant walked a 7 meter walkway placing their right foot into the centre of a target box (if present). The experimental paradigm consisted of 5 conditions (10 trials each): No target or obstacle, 1 target box, 1 target and obstacle separated by 40cm, 1 target and obstacle separated by 120cm, 1 target followed by both obstacles. Movement kinematics, eye movements and electrodermal skin response (EDR) were measured. Subjects also completed a 5-point task specific state anxiety questionnaire relating to each condition between trials.

Magnitude of EDR response was higher under conditions of raised postural threat i.e. increased task complexity. This finding was most pronounced in high-risk subjects. In addition, when presented with conditions of increased complexity, only high-risk subjects self-reported increased anxiety levels. Self-reported anxiety was also significantly correlated with early gaze transfer from the target.
Our results give evidence for a relationship between increased anxiety/fear of falling and early gaze transfer from stepping targets in older adults, a behaviour associated with increased voluntary stepping error [2]. Our results are described with reference to possible rehabilitation techniques.
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THE EFFECT OF TASK-ORIENTED PROPRIOCEPTIVE TRAINING ON PARAMETERS OF NEUROMUSCULAR FUNCTION

Zemková E, Hamar D.

Faculty of Physical Education and Sport, Comenius University Bratislava, Slovakia

The study evaluates effects on neuromuscular function following proprioceptive training on unstable spring-supported platform equipped with PC system for feedback monitoring of COM movement. The task of the subject was to hit, as fast as possible, the target appearing randomly in one of the corners of the screen by horizontal shifting of COM. Experimental group (n = 11, age 23.0 ± 1.8 y, height 173.0 ± 6.6 cm, and weight 65.6 ± 9.9 kg) underwent the 3-week program consisting of 3 sets of 200 stimuli with 5 min rest in-between, 3 times a week. A group of 11 subjects (age 20.4 ± 0.7 y, height 179.8 ± 5.5 cm, and weight 73.7 ± 5.1 kg) served as a control. Sensorimotor parameters were evaluated prior to and after the training. These include distance, time, and velocity of sway trajectory measured by “Proprio test” consisting of 2 sets of 60 stimuli. In the test subjects had to hit the target by shifting COM in one of the four directions according to position of stimulus on the screen. Postural stability was evaluated under both static and dynamic conditions (wobble board). COP velocity was registered at 100 Hz by means of posturography system FiTRO Sway check based on dynamometric platform. The height of squat and counter movement jumps was calculated from flight time registered by FiTRO Jumper. Also mean power in concentric phase of take off was estimated by means the 10-seconds test of maximal jumps on the same device. Results of the „Proprio test“ showed that response time significantly (p < 0.01) decreased from 2571.3 ± 477.2 ms to 1340.0 ± 224.4 ms. Though at the same time distance of sway movement also significantly (p < 0.05) decreased from 0.559 ± 0.257 m to 0.457 ± 0.217 m, velocity increased from 0.242 ± 0.143 m/s to 0.356 ± 0.177 m/s. Substantial share of the improvements took place during initial 6-8 sessions (about 1 week). Similarly, COP velocity under unstable conditions as a parameter of dynamic balance improved significantly (p < 0.01) from 116.1 ± 53.2 mm/s to 78.8 ± 34.7 mm/s. On the other hand there were no changes in COP velocity registered in static conditions (11.1 ± 3.9 mm/s and 9.5 ± 1.8 mm/s, respectively). Training program used has also proved to be unsufficient to enhance jumping performance expressed as power in the concentric phase of take off (from 44.3 ± 11.3 W/kg to 40.9 ± 7.9 W/kg), and height of the squat and countermovement jump (from 27.8 ± 5.8 cm to 26.6 ± 4.6 cm and from 30.1 ± 5.7 cm to 29.5 ± 5.8 cm, respectively). After the same training control group failed to show any significant improvement in parameters of the „Proprio test“, dynamic and static balance, as well as explosive power of lower limbs. It can be concluded that task-oriented proprioceptive exercise applied represents a suitable means for enhancement of neuromuscular function enabling more rapid postural sway adjustments in altered surface conditions. It may be of potential use, namely in elderly population, for decreasing  risk of falling and reduction of health-related consequences.

BIOFEEDBACK FOR TRAINING BALANCE AND MOBILITY IN OLDER PEOPLE: SYSTEMATIC REVIEW

Zijlstra A, Mancini M, Chiari L, Zijlstra W.

Center for Human Movement Sciences. University Medical Center Groningen, University of Groningen, Groningen, The Netherlands

In older adults, impairments of balance and mobility, due to specific pathologies (e.g. neurological diseases, stroke) or age-related causes, can seriously affect quality of life, independent living, falls and fall-related injuries. Since a large part (i.e. one third to one half) of the population over 65 years reports some difficulty with balance or ambulation [1], strategies are needed that counteract the decrease in balance function. Exercise-based training of balance and mobility is one way to support functional performance. Measuring the patient’s movements and providing the information, in real-time, to the patient through the senses may enhance the effectiveness of an intervention. Added benefit of auditory or visual biofeedback during training of balance has been demonstrated in stroke patients [2]. The present study reviews the practical feasibility and effectiveness of applying biofeedback in older adults with associated health- and cognitive limitations. 
Relevant literature was searched for in databases PubMed, EMBASE, ISI Web of Knowledge, Cochrane Central Register of Controlled Trials, CINAHL and PsycINFO. In addition, reference lists of articles were reviewed. Articles were selected according to the following inclusion criteria: (1) population: older adults (mean age ≥ 60 years), (2) design: controlled trials, (3) interventions: biofeedback-based training of balance and/or mobility compared to similar training without biofeedback, conventional rehabilitation, an educational program or no intervention, and (4) outcomes: objective measure(s) of balance or mobility. Two reviewers independently assessed trials for inclusion and methodological quality; data were extracted using a standardized form. After an assessment of heterogeneity, a qualitative analysis was performed to summarise the results. 
Preliminary results The database search resulted in 1062 references; in total, 18 trials matched the inclusion criteria. Most trials were in older stroke patients whereas only four were in a population of older adults without a specific pathology. Group sizes were small to moderate (i.e. 5-30 subjects). Five trials evaluated gait training, all with different types of biofeedback. Ten trials studied static and/or dynamic balance training on a force plate system with eight providing continuous visual feedback of the center of pressure. However, statistical pooling of data was not possible due to large heterogeneity in sample characteristics, testing conditions and outcome measures. Seven RCTs with moderate group sizes (i.e. ≥ 13 subjects) compared the biofeedback-based training to training without biofeedback. In six of the RCTs, indications were given for short-term added benefit of applying biofeedback during training. Indications for long-term added benefit were found only for sit-to-stand in older stroke patients. 
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ACCELEROMETRY BASED DETECTION OF GAIT & POSTURES

IN OLDER ADULTS AND PARKINSON’S DISEASE PATIENTS
Dijkstra B, Kamsma Y.P.T, Zijlstra W.

Center for Human Movement Sciences. University Medical Center Groningen, 

University of Groningen, Groningen, The Netherlands
Within the growing population of older people, safe and independent mobility can be at risk due to age-related diseases (e.g. Parkinson’s disease, stroke, osteo-arthritis) or frailty. Especially, falls are a large risk factor for health related quality of life in older people. About one third of older people above the age of 65 fall at least once a year and the physical and psychological consequences of these falls can be very serious. Effective interventions are needed to avoid falls and loss of independent mobility in older people [1]. Miniaturised motion sensors in combination with light-weight, small measuring devices can be used to support the development of fall prevention interventions [2]. However, at present the use of such new technologies for supporting mobility in older populations is very limited [3].
The ultimate aim of SENSACTION-AAL, a research project funded by the European Commission, is to assist older people in maintaining independent mobility by initiating interventions in the home environment. In order to achieve this aim, methods are needed for assessing and monitoring mobility, as well as effective home-based interventions for enhancing balance in people at risk. Since monitoring techniques need to be applied under real-life conditions by health-care professionals or older people themselves, these methods need to be non-obtrusive and easy-to-use. The present contribution focuses on the development of a single sensor accelerometry based method for analysing mobility in older adults and Parkinson’s disease patients.

The first results of a study in 20 older adults and 32 PD patients demonstrate that walking periods and number of steps can accurately be detected by a small 3D accelerometer (DynaPort MicroMod) worn at the dorsal side of the pelvis. Results of the accelerometry-based method proved to be better than those of conventional pedometers for quantifying the number of steps [4]. In addition to gait and step detection, further analyses are now directed to the detection of basic postures (e.g. lying, sitting, standing). Results of applying detection algorithms on accelerations measured at the lower back are evaluated against video-observations. Based on adequate detection algorithms, the frequency and durations of gait and basic postures can be assessed during longer monitoring periods in real-life conditions.
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Coordination of reorientation of different body segments during on-the-spot turns and turns embedded in locomotion in healthy older adults

Akram S.B1, Frank J.S2, Fraser J.1
1University of Waterloo, Waterloo, Ontario, Canada,

2Dean of Graduate Studies, University of Windsor, Windsor, Ontario, Canada
It is difficult to think of any activity which does not require some degree of turning. Despite the prevalence of turning in daily activities and the challenge it poses to mobility-impaired individuals, there is far less research on turning than standing and straight walking especially in elderly population. Young healthy adults show a clear temporal sequence in initiation of rotation of different body segments, with movements in the yaw plane starting from the head and proceeding to the trunk and then to the feet in a top-down manner. This temporal sequence is evident during online steering [1] and on-the-spot turns [2,3]. Healthy elderly are more variable in turn execution [4], turn slower and take more steps to complete the turn [4,5]. A top-down turning strategy has been reported for healthy elderly during turns embedded in locomotion [6,7]. 

The objectives of the present study are to quantify the sequence and timing of body segments’ reorientation in healthy elderly during on-the-spot turns and turns embedded in locomotion and to examine the possible effect of magnitude of turn on the aforementioned sequence and timing. Nineteen healthy elderly, 60 to 75 years old, volunteered to participate. The participants made 45° and 90° turns to their right while standing on the lab floor or in the middle of their walk as they walked on a 7 meter path. Kinematic data were recorded using four Optotrak 3D imaging system cameras (Northern Digital Inc., Waterloo, Ontario, Canada).

Results showed that during on-the-spot turns, regardless of the magnitude of the turn healthy older adults turned their head, shoulder, and pelvis in unison. The simultaneous reorientation of the head and trunk was followed by reorientation of the feet. Results of the walking trials showed that while turning at 45° healthy elderly turned their head first followed by simultaneous rotation of their shoulder and pelvis, and lastly rotation of the feet. During the 90° turns there was a significant delay in initiation of rotation of pelvis and feet. Shoulder and pelvis turned in sequence (not simultaneously) during the 90° turns.
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Postural Responses to Visual Stimulation in Fear of Falling Condition

Čapičíková N1, Frank JS2, Hlavačka F.1
1Institute of Normal & Pathological Physiology, Laboratory of Motor Control, Slovak Academy of Science, Bratislava, Slovakia

2Department of Kinesiology, University of Waterloo, Waterloo, Canada
Introduction

The rotation of visual stimulus evokes direction dependent and specific postural responses. Generally, visual scene rotation influences the perception of verticality in the direction identical with the visual stimulus direction [1]. However, the influence of vision on posture control is related to whether the visual stimulus acts alone or in combination with other stimuli. Carpenter et al. [2] reported a significant interaction between visual input and disturbing factor - surface height (psychological factor - fear of falling). When subject is threatened, he often adopted a tighter control of posture and caution strategy [3]. The aim of this study was to answer the question how the increasing surface height at which subjects stood influences the postural CoP reactions evoked by visual scene rotation.

Methods

Twelve healthy young adults (3 men, 9 women, mean age 21 years) volunteered to participate in this study. Postural threat was modified to the surface height at which subject stood. Subject stood at two different surface heights: 0,4m and 2m above ground level and at two different visual scene rotation: left/right and forward/backward. Subject stood on a portable force plate placed on the edge of platform lift. The rotating visual scene was placed 50cm before or to the left side of subject. 4 trials were performed in each of 8 conditions with eyes opened: VSF1/VSF2 - visual stimulation forward with 0,4m/2m surface height, VSB1/VSB2 - visual stimulation backward with 0,4m/2m surface height, VSR1/VSR2 - visual stimulation right with 0,4m/2m surface height, VSL1/VSL2 - visual stimulation left with 0,4m/2m surface height. Postural orientation was characterized by final CoP displacement and postural equilibrium by amplitude and velocity of CoP.

Results
Influence of surface height and left/right visual stimulation

Despite the same intensity and direction of visual stimulation to the right (VSR1/VSR2), the final CoP shifts decreased to about half size at the 2m surface height above ground level as at the 0,4m surface height above ground level. During the visual stimulation to the left (VSL1/VSL2) the amplitude (A) of CoP oscillations showed significant relation to the surface height about ground level.

Influence of surface height and forward/backward visual stimulation

During the same intensity and direction of visual stimulus (forward/backward), the slope and shift of CoP at the 0,4m and 2m surface height above ground level did not change, but the magnitude of oscillations changed. The amplitude (A) and velocity (V) of CoP oscillations showed significant dependency to the surface height above ground level during visual forward stimulation (VSF1/VSF2).

Conclusion

The findings showed that combination of visual stimulation forward/backward in fear of falling condition showed the significant increase of the amplitude and velocity of CoP oscillations. The combination of right/left visual stimulation with fear of falling condition induced the caution strategy and body stiffness with decreased shift of CoP response to visual stimulation.
Supported by Slovak grant agency VEGA No. 2/7036/27.
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INVESTIGATION EFFECT OF BETASERC UPON THE VESTIBULAR FUNCTION AND EYE TRACKING FUNCTION USING COMPUTERIZED EQUIPMENT

Dotsenko V, Kornilova L. Solovyova A. 

Scientific center of children’s health of Russian academy of medical sciences & Scientific medical company “Statokyn” Ltd, P.O. Box 285, Moscow, 119602, Russia 

The effect of Betaserc was analyzed from three positions: a) the nature and intensity of Vertigo ; b) the eye tracking function using computer stimulating software; c) the state of vestibular function – when thirty-nine patients were observed. 

After four week treatment, Betaserc brought a positive result to all patients. However, the optimal effect was observed in patients with psychogenic vertigo (73%). For this group of patients Betaserc decreased not only intensity ofvertigo but also other psycho-autonomic disturbances. Taking Betaserc, the patients with psychogenic vertigo demonstrated an improvement of vestibular responsiveness parameters and eye pursuit function up to 40-90% depending on the type of vertigo.

Vertigo is the most frequent symptom of various diseases accompanied by many somatic, neurological and neurotic disturbances. A sense of vertigo is an illusory movement of everything around or the subject itself, resulting the disturbance of static and dynamic spatial orientation.

OCULOSTIM hardware and software complex and new technologies were created for studying the state of vestibular function, interacted with other sensory systems, eye pursuit function, and inhibiting perceptive, also sensory-motor disturbances.

The studies were performed in a darkened room giving the patient 20 sec darkness adaptation. The program for vestibular function and eye pursuit research for twenty seconds included the following sections:

1) Calibration. Measuring the angle of eye movement in respond to the spasmodic shifting of the visual stimulus (marked as a point) on the monitor for 10 degrees.

2) Registration of spontaneous oculomotor activity. Here, floating and saccadic eye movements, spontaneous nystagmus, gaze nystagmus with a central eye position and right-, left-, up- and down-ward extreme deviation on an acoustic signal were studied. Gaze at each position was held for seven seconds.

3) Eye pursuit. The studies of eye reaction to smooth and saccadic stimulus displacement. Investigation algorithm included the study of fixational static saccades during a series of spasmodic movements of the stimulus vertically and horizontally within a 20 degrees range with gaze holding on the target up to 2 seconds with and without retinal optokinetic stimulation – ROKS. There also was the study of smooth eye pursuit movements tracking a linear and sinusoidal movement of the stimulus at the frequency of 0.3 Hz horizontally and vertically within a 20 degrees range with and without ROKS. 

 4) Dynamic horizontal vestibulo-cervico-ocular responses to voluntary head turnings. Dynamic vestibulo-cervico-ocular responses were investigated during head rotation around a longitudinal body axis at the frequency of 0.125 Hz. The number of head movements repeats from 6 to 9 cycles (depending on how the subjects feel).

5) Vestibular reactivity. Vestibular reactivity was determined on the basis of the nature, latency, intensity, and duration of nystagmus superimposed on the response of compensatory eye counterrotation during head horizontal turnings with closed eyes at the frequency of 0.125 Hz.
The patients represented four types of vertigo: 1) true vertigo (n=6); 2) non-systemic vertigo (n=10); 3) mixed vertigo (n=7); 4) psychogenic vertigo (n=16).
Four week treatment with Betaserc showed:

– decreased frequency and intensity of vertigo;

– decreased intensity of autonomic responses, improved subjective state;

– improved characteristics of eye pursuit parameters;

– reduced vestibular reactivity.

A positive effect depends on the type of vertigo: 

– normalization of vestibular responsiveness is noted in all groups;

– a marked improvement of eye pursuit characteristics was observed in patients with psychogenic vertigo;

– the remaining 3 groups (non-psychogenic) showed a slight improvement of eye pursuit characteristics, but there was a marked improvement of the general subjective state in the form of lowered frequency and intensity of vertigo, also normalization of autonomic responses.

Keywords: vertigo, eye pursuit function, vestibular function, Betaserc

The Dynamic Gait Index provides insight into stair climbing and fear of falling in healthy elderly men and women

Herman T1, Brozgol M1, Inbar-Borovsky N1, Giladi N1,2 ,Yogev G1, Gruendlinger L1, Hausdorff J.M.1,3

1Movement Disorders Unit, Dept of Neurology, Tel-Aviv Sourasky Medical Center;

2Sackler Faculty of Medicine, Tel-Aviv University, Israel;

3Division on Aging, Harvard Medical School, Boston, MA.

Objective: 

The purpose of this study was to better understand the DGI, and its relationship to other tests and fear of falling.

Background: The Dynamic Gait Index (DGI) has been developed as clinical tool to assess gait, balance and fall risk. Because the DGI evaluates not only usual steady-state walking, but also walking during more challenging tasks such as while rotating one's head, while accelerating, and when climbing stairs, it may be an especially sensitive test.

Methods: 222 older adults (mean:76.5+/-4.7 yrs; 60% women) were studied. Measures included the Dynamic Gait Index (DGI), the Berg Balance test (BBT), the Timed Up and Go (TUAG), the Mini-Mental State Exam (MMSE), the Unified Parkinson's Disease Rating Scale (UPDRS) motor portion, the Activities-Specific Balance Confidence (ABC) scale and the # of falls in the past year.

Results: The DGI was moderately correlated with BBT (r=0.53; p<0.001), the TUAG (r=-0.42; p<0.001) and the ABC (r=0.49; p<0.001). Scores on the DGI were near perfect in men, but among women, there was a small, but significant (p<0.001) decrease in the DGI (22.7+/-1.6). Whereas pivoting, head turning, and other DGI items were not different in men and women, this reduction in the total DGI score in women was due primarily to stair climbing performance (p<0.001), with many women choosing to walk while holding a handrail. Scores on the BBT and the TUAG were similar. UPDRS and MMSE scores were also similar in the two groups. On the other hand, ABC scores and fall history were different. Still, the gender-difference in DGI scores persisted if we adjusted for ABC scores or when subjects were stratified by fall history. 

Conclusion: Given its ability to identify subtle changes in performance, the DGI appears to be an especially appropriate tool for assessing function in healthy older adults. Application of the DGI indicates that among relatively healthy older adults, men and women's approach to stair climbing is different. While fear of falling and fall history contribute to this gender-specific attitude towards stair climbing, other as yet unidentified factors apparently also play a role. This should be considered when applying the DGI and when evaluating functional independence and fall risk in older adults.
Assessment of postural stability in lower limb amputees within the framework of modified visual information

Hlavačková P, Janura M, Paráková B.

Faculty of Physical Culture, Palacký University, tř. Míru 115, 771 11 Olomouc, Czech Republic

Introduction
Keeping stability after the amputation of lower limbs is problematic. The balance in the standing position in patients having gone through amputation of a lower limb is altered and leads to greater postural deviations than in the cases of healthy individuals [1, 2]. It must therefore lead to greater usage of other sensory systems, especially sight [3].

Objective and methods
The aim of this study was to evaluate the influence of optical simulation on the postural stability of individuals after amputation of a lower limb. The experimental group consisted of patients with transtibial (n=3) and with transfemoral (n=5) amputation, (age 64.4±3 years, weight 83.1±10.7 kg, height 175.5±5.2 cm). The control group consisted of 10 healthy individuals (age 57.4±8.8 years, weight 66.6±6.1 kg, height 166.5±5.5 cm). We used two force plates Kistler 9286AA for detecting postural changes in 30 seconds of bipedal standing. The subject had special glasses on (Olympus Eye-Trek FMD 700), into which we directed simulated tilts of an authentic room (in the 10th second tilt to the right-left, in the 20th second tilt up-down). Data were analysed with programme Statistica, version 6.0.

Results and discussion
We did not find any statistically significant differences in the influence of optical simulation on the size of the COP deviations in the medial-lateral (Sway X) and in the anterior-posterior (Sway Y) direction. The size of Sway X stays almost the same in the case of patients with an amputated lower limb, yet we recorded a rising trend in healthy individuals (Graph1). For the size of Sway Y, we found less deviation in patients whereas this value does not change for healthy individuals. The prosthetic limb (55% of the weight) showed higher values of strain in patients. These results differ from the remarks of other authors [4]. As long as the situation in question is not over-sophisticated, it is possible to find minimal changes in postural deviations even in the cases of people with a deficit. 

Graph 1 Size of deviation in the medial-lateral direction (Sway X)
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Conclusion

We did not find a significant influence of optical simulated information on the size of postural deviations in patients who have gone through amputation of a lower limb or for healthy individuals. It will be necessary, in future research, to evaluate the difficulty of modifying the signal and carry out the ensuing adjustment.
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IMPROVEMENT OF POSTURAL CONTROL IN PATIENTS AFTER STROKE – CONNECTING RESEARCH AND CLINICAL PRACTISE
Kafková H.

Regional Hospital of  Liberec, Husova 10, 460 01 Liberec 1, Czech Republic

The research dealing with postural control in neurological patients is very progressive including great deal of new information every year. With the fast development of technology and bioengineering there is a growing use of new modern devices in the treatment of patients with postural and balance problems.

Unfortunately many of these new devices are very expensive so in many rehab settings treating neurological patients they are not available. Therefore physiotherapists are forced to rely on their training and experience using the knowledge of evidence. 
Stroke is one of the major cause of permanent disability leading to restrictions in capacity to succeed in ADL and gait.[1] Postural control is also one of the best predictor of achieving independent living. [2]

There are many emerging questions like how to treat the stroke patient. The decision making depends on the symptoms which can be very different in every patient. Also the site of the lesion is important and can affect the mechanisms of type and extent of postural reorganization after a stroke [3]. It is necessary to know the patient's abilities to learn and how is he able to process and organize his sources of information and integrate it for postural control.

What is then the best way for the particular patient? Is there sufficient evidence what would be the best approach? [3;4] It should be applied in agreement with WHO classification. [5] Is it better to use bottom up or top down approach? [6] How to apply system model to our treatment? [7] Of course the physiotherapists need to know the results of research to decide what type of treatment to use which is kind of the problem in some countries as well as in Czech Republic since there is a lack of literature in the Czech language and not all therapists can read in English or other foreign languages. 

This presentation will try to discuss the possible ways and problems of treating postural control of stroke patients based on evidence with regard to ICF and  without any special treatment device. 
How it is possible to bridge the gap between research and the current clinical practice and how to use the results of research in our treatment(s) for improving the quality of life of our patients.

There are many crucial aspects for the treatment of stroke patients. It is very important to understand the patient’s goals or the goals of his (her) care-takers - what he (she) wants to achieve. The therapists have to take that in account. On the other hand they have to their professional understanding to be aware of the patient’s abilities, strengths and weaknesses, prognosis, how long is he (she) after the stroke, etc. Appropriate clinical tests evaluating level of activities and impairment have to be used. All of this information has to be analyzed within the clinical reasoning process. Then the decision can be made on the best possible treatment for each particular patient.
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Stance control in ‘pure’ Hereditary Spastic Paraplegia (HSP)

Künster D, Maurer C.
Neurozentrum, University Neurology Clinic, Freiburg, Germany


Pure Hereditary Spastic Paraplegia (HSP) seems to be suitable to analyze the effects of pyramidal tract lesions on postural control. The aim of the present study was to identify abnormalities during both unperturbed stance and externally perturbed stance (anterior-posterior tilts of the support surface). Eight HSP patients were investigated and compared to eight normal controls. Data collection was performed before and after two weeks of intensive physical therapy (treadmill training) which is known to be one of the few clinically effective therapeutic interventions in HSP patients.


During unperturbed stance, we recorded measures of spontaneous sway and analyzed it in terms of displacement, velocity, and frequency of the center of pressure (COP), lower body (LB), and upper body (UB) excursions. In addition, inter-segmental UB-LB coupling was investigated as a measure of axial stiffness. All measures were abnormally large in patients before treatment, independent of additional visual cues (eyes open vs. eyes closed). After training, velocity, amplitude and axial stiffness were reduced but did not reach the range of healthy subjects. Patients reacted to platform tilts with anomalously large body excursions. In addition, patients were abnormally late as evidenced by a larger phase lag. These particular tilt reactions of the patients were slightly ameliorated after physical therapy.


Overall, our findings suggest that pyramidal tract degeneration leads to insufficient postural control mechanisms as evidenced by i) larger and faster spontaneous sway, ii) stronger inter-segmental coupling, and iii) larger and more delayed body excursions due to platform tilts. We attribute HSP patients’ deficits to spastic muscle weakness and increased overall nerve conduction time.

STABILOMETRIC DIAGNOSTICS OF EFFECTIVENES OF GIDDINESS TREATMENT BY MONOTHERAPY BETASERC
Pechorin P.

Institute of Osteopathic medicine, Saint-Petersburg, Russia.
The purpose of the study was to evaluate the effectiveness of giddiness' treatment by monotherapy Betaserc, according to data of computer stabilometry.

The methods

The research was held on the basis of neurological department of Railway Clinical Hospital of St.-Petersburg. The general quantity of examined patients consisted of 36 people: 18 - men and 18 women. The computer stabilometry was held to all patients before treatment and after two-months course of treatment Betaserc, 24 mg twice a twenty-four-hour period. Russian stabiloanalyser "Stabilan-01" was used made in OKB "Rhythm" of Taganrog. Feet were set up at angle of 30 degrees taking in to account reper of Barre (proximal cap of the 5th metatarsal bone at the frontal direction. Three tests were held : the first was "fundamental" during 15 sec. for acquainting the patient with conditions of research; the second and the third tests were during for 45 sec. - at first eyes were opened (EO), then eyes were closed (EC). Such things were studied: an area 90% confiding ellipse of statokinezigram, medium linear and medium angular velocities of transference of feet's pressure centre and also original exponents of vectors' analysis of statokinezigramm speed: the quality of balance function and the coefficient (factor) of dynamic stabilisation of vertical body position.

Results
The computer stabilometry data showed that the averages of the statokinezigram area of patients before treatment, tested by stance with EO and EC, were with similar values: 101,425±57,23 mm2; 108,35±63,14 mm2. After two months treatment by betaserc, during stance with EO the area reduced until 87,98±35,23 mm2, but during stance with EC on the contrary increased - 172,20±81,16 mm2.

Indexes of vector analysis of the statokinezigram reftected changes of a balance function more objectively. Distribution of vectors of linear velocity of statockinezigram by means of which the index of quality of balance function was calculated; average linear and average angular velocity of the transference of feet's pressure centre; the coefficient of dynamic stabilisation of vertical body's position.

The combined index of linear and angular shift of the body, offered by professor Vladimir Usachev, is the coefficient of dynamic stabilisation. After the treatment this index considerably decreased , that was the evidence of improving of processes of stabilisation of body in vertical position.

The dynamic of the average meanings of the coefficient of the body's stabilisation is shown in this par chart on the picture.
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Conclusion
As a result of research objective data of effectiveness of patients with giddiness by Betaserc treatment were got. The indexes of vectors' analysis of the statokinezigram more effectively reflected changes of function of the body balance than the area of the statokinezigram. The most informative in evaluation of the effect of treatment Betaserk turned out the coefficient of dynamic stabilisation of vertical body's position.

Improving weight bearing asymmetry in unilateral lower limb amputees by use of an insole pressure sensor-based electro-tactile biofeedback system

Pinsault N,Chenu O., Boisgontier M, Payan Y, Demongeot J,Vuillerme N.
Laboratoire TIMC-IMAG, Faculté de Médecine, 38706 La Tronche cédex, France

The upright stance of persons with unilateral lower limb amputation is characterized by weight bearing asymmetry with more weight on the non-affected limb (e.g. [1]). Over the long term, asymmetric weight bearing can lead to complications, such as pain and premature arthrosis of the non-affected limb [2,3], as well as additional blood ﬂow deﬁcits in persons with vascular disease [1]. Within this context, training for symmetrical weight bearing represents an important issue in the rehabilitation of unilateral lower limb amputees. The purpose of this study was to assess the effectiveness of an insole pressure sensor-based electro-tactile biofeedback system in improving weight bearing asymmetry in lower limb amputees. To achieve this goal, the limb load asymmetry, representing the ratio of body weight fraction put on the more loaded limb to the less loaded limb, was measured in 20 unilateral lower limb amputees (10 transtibial and 10 transfemoral) and 10 able-bodies persons, when standing upright with their eyes closed in two conditions of No-biofeedback and Biofeedback. The No-biofeedback condition served as a control condition. In the Biofeedback condition, participants used an insole pressure sensor-based electro-tactile biofeedback system. This system comprised two major components: (1) a plantar pressure data acquisition system (FSA Inshoe Foot pressure mapping system, Vista Medical Ltd.), consisting of a pair of insoles instrumented with an array of 8 × 16 pressure sensors per insole, as the sensory unit; (2) a tongue-placed electro-tactile tactile output device (Tongue Display Unit) [4], comprising a 2D electrode array (1.5×1.5 cm)of 36 electro-tactile electrodes arranged in a 6×6 matrix, maintained in close and permanent contact with the front part of the tongue dorsum (e.g., [5,6]), as the tactile output unit. The underlying principle of the biofeedback system consisted of supplying users with supplementary information about their weight-bearing distribution through the Tongue Display Unit. The following coding scheme was used: (1) when weight bearing was determined to be equally divided between the two lower limbs, no electrical stimulation was provided in any of the electrodes of the matrix; (2) when weight bearing was not determined to be equally divided between the two lower limbs, electrical stimulation of either the left or right zone of the matrix (2(6 electrodes) (i.e. stimulation of left and right portions of the tongue) was provided, depending on whether more body weight was loaded on the left or right lower limb, respectively. Without the provision of biofeedback, results showed larger limb load asymmetry in lower limb amputees than able-bodies persons. Conversely, when the Biofeedback was available, lower limb amputees were able to drastically reduce their limb load asymmetry to reach a level similar to that observed in able-bodies persons. What is more, the biofeedback was shown to induce a greater effect in reducing the limb load asymmetry in individuals (transtibial amputees, transfemoral amputees and able-bodies persons) exhibiting the greatest limb load asymmetry in the No-biofeedback condition. The present findings evidence the effectiveness of an insole pressure sensor-based electro-tactile biofeedback system in improving postural asymmetry in unilateral lower limb amputees. Based on the encouraging results, this biofeedback system is currently being evaluated in more functional tasks, for the rehabilitation of pathologic gait pattern.
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Fig 2: slope of log(time_scale) vs log(variability) in DFA, the fractal index, was lower in the patient's data, suggesting reduced long-range correlation (less temporal organization).





Fig 1: representative stride time data; collected over 4.5 minutes continuous walking, the patient demonstrated greater average stride time, and greater stride-to-stride variability.
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Change of factor of dynamic stabilisation of a body after treatment Betaserk



Исходник

		ГО остео

		Долг_до		Евст_до		Кукл_до		Кур_до		Степ_до		Фёд_до		Цвет_до		Шкир_до

		0.2913655976		0.2844364098		0.3861628533		0.1053204304		0.5700973223		0.0916025496		0.1132920938		0.0697708714				Среднее		0.239006016

		Долг_п		Евст_п		Кукл_п		Кур_п		Степ_п		Фёд_п		Цвет_п		Шкир_п

		0.2689759331		0.0616191675		0.358931817		0.0616019074		0.2036589136		0.0975675864		0.0538871453		0.1001571554				Среднее		0.1507999532

		ГЗ остео

		Долг_до		Евст_до		Кукл_до		Кур_до		Степ_до		Фёд_до		Цвет_до		Шкир_до

		0.2610268688		0.7139956774		1.125936185		0.1937808607		0.5205967157		0.8459482394		0.2524479805		0.0685111921				Среднее		0.497780465

		Долг_п		Евст_п		Кукл_п		Кур_п		Степ_п		Фёд_п		Цвет_п		Шкир_п

		0.3192767746		0.0748365243		1.60350128		0.1395742084		0.5799923665		0.172433048		0.1730593671		0.32574792				Среднее		0.4235526861

		ГО Бета

		Араш_до		Егор_до		Карм_до		Кач_до		Кон_до		Шер_до														Без Кон и Шер

		0.2572231772		0.1540506524		0.3687471516		0.5210446051		26.63605011		1.204139821								Среднее		4.856875919				Среднее		0.3252663966

		Араш_п		Егор_п		Карм_п		Кач_п		Кон_п		Шер_п

		0.1838944466		0.1153911611		0.0863335803		0.1390562963		0.3910424598		0.0632753586								Среднее		0.1631655504				Среднее		0.1311688711

		ГЗ Бета

		Араш_до		Егор_до		Карм_до		Кач_до		Кон_до		Шер_до

		0.2854977187		0.6153766496		0.3812656162		0.8301978712		22.88959846		1.349934738								Среднее		4.391978509				Среднее		0.5280844639

		Араш_п		Егор_п		Карм_п		Кач_п		Кон_п		Шер_п

		0.3019891858		0.0865783469		0.2203288699		0.2765564825		0.4075624067		0.2003378979								Среднее		0.2488921983				Среднее		0.2213632213

		ГО										ГЗ														ГО										ГЗ

				до лечения		после лечения								befor tritment		after treatment												до лечения		после лечения								до лечения		после лечения

		Остео		0.239006016		0.1507999532						Остео		0.497780465		0.4235526861										Остео		0.239006016		0.1507999532						Остео		0.497780465		0.4235526861

		Бетасерк		4.856875919		0.1631655504						Бетасерк		4.391978509		0.2488921983										Бетасерк		0.3252663966		0.1311688711						Бетасерк		0.5280844639		0.2213632213

																												до лечения		после лечения										before treatment		after treatment

																								ГО		Остео		0.239006016		0.1507999532						Бетасерк		eyes are opened		0.3252663966		0.1311688711

																								ГЗ		Остео		0.497780465		0.4235526861								eyes are closed		0.5280844639		0.2213632213
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						Бетасерк без Кон и Шер																Бетасерк без Кон и Шер
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Коэффициент стабилизации

Динамика средних значений коэффициента стабилизации при открытых глазах
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мм2/сек

Изменение коэффициента стабилизации до и после лечения Бетасерком.




