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1. Scientific background

Multiple sclerosis (MS) is a neurodegenerative and progressively progressive autoimmune
disease of the central nervous system. Inflammatory processes damage the protective sheaths
of the nerves, which is accompanied by the loss of axons [1-4]. The clinical picture is diverse
in its course, severity, and manifestation, with different symptoms depending on the structures
affected. The main symptoms initially include sensory disturbances, visual disturbances, and
disturbances in muscle function, which may manifest as acute weakness, paralysis, or increased
muscle stiffness. In the course of the disease, these are often accompanied by chronic spasticity,
muscle atrophy, and progressive loss of strength, resulting in gait disturbances and impaired
stance control and unsteadiness in purposeful movements

[1, 5]. These symptoms are partly caused by the disease itself and partly due to the physical
inactivity that accompanies it [6-9].

The latter, in particular, has been shown to be counteracted by physical activity [10]. Therefore,
in the recent past, non-drug therapeutic approaches have become increasingly important to
counteract the progressive degeneration in MS.

Empirical studies with endurance or strength training interventions [11] have already shown
that MS patients with mild to moderate severity were able to improve both their muscle strength
and functional mobility during activities of daily living through physical activity [7, 12, 13].
Furthermore, fatigue, well-being, and quality of life have been shown to be improved by
physical activity [14]. Recent findings even discuss neuroprotective effects, i.e., a disease-
modifying, anti-inflammatory effect through activity, so that a slowing of disease progression
could be induced. In contrast, possible negative effects in relation to relapses and disease-
related adverse events due to physical activity could be excluded [15].

In neurorehabilitation, whole-body vibration in particular has become the focus of research
interest in the last decade as an effective training method. The neuromuscular system is highly
challenged by the vibration of the sup port surface. Via reflex arcs, muscle spindles (receptors)
and spinal excitation transmission are addressed via la afferents and a-motoneurons in the
spinal cord [16, 17]. A highfrequency sequence of stretch reflexes results [5, 18-20], which has
a stimulatory effect on sensorimotor interaction. This reflex muscle activation has positive
effects on motor function and movement control [21, 22]. Studies document these
improvements for both healthy [23-29] and neurologically diseased subject groups, such as
stroke patients, people with polyneuropathy, or cerebral palsy [16, 30-35]. The applicability of

the training to the clinical and home environment is



simple, as it does not require a sports therapy training area compared to conventional methods.
However, in relation to its application in patients suffering from MS, the evidence regarding
the effects of whole-body vibration training is limited: Only a few studies investigated acute
[31, 36] as well as exercise-induced adaptations to whole-body vibration [37-44]. For example,
Schuhfried et al [31] demonstrated that improved postural control and functional mobility can
be achieved by a vibration session; however, some of the values just missed the significance
level. Adjustments after multi-week training sessions (longitudinal studies over 3-20 weeks)
varied between significant positive [38, 40, 41, 44] and small effects from whole-body vibration
[37, 43]. Improvements from whole-body vibration include increased gait, or strength
endurance [40, 41], increased leg muscle strength [38, 44], and improvements in functional
aspects of postural control [41] and mobility [44]. However, while the aforementioned studies
describe only functional adaptations to whole-body

vibration, evidence on the underlying neuromuscular mechanisms is widely lacking.
Furthermore, the heterogeneity in the training devices used as well as the different designs
complicate the comparability of the presented data [45, 46].

This leads to the question for the present investigation whether training with whole-body
vibration can induce neuromuscular adaptations, which ultimately manifest themselves

functionally in improved stance control and locomotion.

2. Rational and project collaborators

In the planned study, neuromuscular adaptations to a training intervention with whole-body
vibration in patients with MS will be investigated and evaluated in terms of stance control and
locomotion. For this purpose, postural control, functional mobility and capacity as well as fine
motor skills of the subjects will be assessed in different measurement paradigms before and
after a whole-body vibration training intervention. The research methodology is borrowed from
biomechanics and neurophysiology. The present project is conducted in cooperation with the
Institute of Exercise and Occupational Medicine of the University Medical Center Freiburg and
Prof. Dr. Albert Gollhofer, Institute of Sports and Sports Science of the Albert-Ludwigs-

University Freiburg under the direction of Dr. Ramona Ritzmann and Anne Krause.

3. Desing and methodolgy

The present study is a longitudinal investigation in which neuromuscular and functional
correlates are examined before (t0), after (t1) and four weeks after (follow-up, t2) a four-week
training with whole-body vibration.

The training sessions will be completed on a side-alternating vibration plate (Galileo®, Novotec

Medical GmbH). The extent of the training sessions will be two sessions per week of 3x3



minutes each. Intensities will be set to a minimum of 26Hz at amplitudes of 2-4mm (depending
on body size) following Jackson et al [36]. During the individualized training program [6],
standardized baseline conditions are defined based on the study by Ritzmann et al [47].

The examination series is preceded by a screening for which the reliable and valid measuring
instrument "Expanded Disability Status Scale, EDSS" [48] as well as the patient's medical letter
are used. This serves the purpose of being able to make a suitable subject delimitation in
advance [13]. Accordingly, patients with an EDSS score <7 and motor deficits in the lower
extremity should be included. Exclusion criteria include at least one acute episode in the
previous three months as well as acute injury and chronic diseases. In addition, the method of
transcranial magnetic stimulation (TMS) should be used to diagnose reduced nerve conduction
velocity [2], so that exclusion criteria also apply according to the guidelines for use with TMS
[49].

- To elicit neuromuscular and functional correlates, four different measurement
paradigms are used in the input (t0) and output measurements (t1 & t2), which
include Balance tests to check postural control,

- Mobility tests (active mobility - maximum possible deflection of the ankle and knee
joint),

- Functional capacity tests (testing rate of force increase, reactive strength, and

jumping strength, times up and go test)

Fine motor function tests (fine motor response to external signals) include.

During these tasks, the following measurement methods will be used: Electromyography
(EMG) to collect muscle activity, peripheral nerve stimulation (PNS) to collect spinal
excitability, joint goniometry (ankle, knee and hip joint) to collect joint angle changes and
mobility, posturography (measurement of foot pressure point) to collect balance ability, and
mechanography (force measurement) to collect force-related parameters. All of the
measurement methods described are common diagnostic instruments, are available at the
Institute of Sport and Sport Science and are backed up by an ethical vote of the Albert Ludwig
University of Freiburg.

In addition to the methods mentioned above, adjustments of disease-related symptoms such as
fatigue, pain and depression during the measurement time points will be checked with the help

of questionnaires.



4. Potential - expected findings for the therapy of MS patients

The aim of the project is to assess the benefits and effectiveness of whole-body vibration
training as a sports therapy measure for MS patients. The evidence of underlying neuromuscular
mechanisms also offers the possibility to modify therapeutic measures in MS in order to apply
an individual, disease-specific training. Based on the research presented above, it can be
hypothesized that neuromuscular adaptations of whole-body vibration training have a positive
effect on functional stance control and locomotion in MS patients.

Whole-body vibration offers above all the potential of a low-time training, in which passive
highintensity training is performed on the vibration plate. The training can therefore be easily
integrated into the clinical or home routine of the patients and allows to counteract inactivity
and disease-related degeneration at the central and peripheral level.

5. Time line
- Subject recruitment: 6 weeks
- Preparation and test measurements: 4 weeks
- Initial measurement: 6 weeks
- Training phase (with time offset for capacity reasons): 14 weeks
- Baseline measurement: 6 weeks
- Data evaluation and statistical analysis: 12 weeks
- Final report: 4 weeks.

- The total duration of the study is therefore 12 months.

6. Contact

Dr. Ramona Ritzmann

Institut fir Sport und Sportwissenschaft

Albert-Ludwigs-Universitat Freiburg, SchwarzwaldstralRe 175, 79117 Freiburg
Email: ramona.ritzmann@sport.uni-freiburg.de, Tel: 0761-203 4559
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