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Thursday March 14, 2013

13.00 ~~ Interreg IVa “Mobility in elderly” — Partner meeting — Helmut Kern, Winfiied Mayr, Chairmen
21.30  Organizing Meeting of the Call for an EU Program 2015-2020 “FES4SEF - Functional Electrical Stimulation for Senior Early Falls”

Friday March 15, 2013
Vallisneri Biology Complex, Aula B-Pt, University of Padua, Viale G. Colombo 3, Padua, Italy

09.30  Workshop cirMYO — L. Vitiello, U. Carraro, Chairmen

(15 min) Three ways to try and heal a diseased muscle: macrophages, exon skipping and cell transplant, E. Galletta, et al., Padua, Italy

(15 min) Congenital pseudo-myotonia in Chianina and Romagnola cattle and congenital myotonia in a New Forest pony: genetic homologs of
human muscular diseases, T. Dorotea, et al., Padua, Italy

(15 min) Mitochondrial calcium signaling in the control of skeletal muscle homeostasis, C. Mammucari, Padua, Italy

(15 min) Skeletal muscle injury in Amyotrophic Lateral Sclerosis: effect or first cause? 4. Nori, Padua, Italy

(15 min) Presynaptic neurotoxins and the degeneration and regeneration of motor axon terminals, M. Rigoni, Padua, Italy

(15 min) Water-environment as exercise setting to improve physical function in elderly, M. Bergamin, Padua, Italy

(15 min) Muscle tissue micro engineering, E. Serena, et al., Padua, Italy

(15 min) ER processing of skeletal muscle proteins, E. Bianchini, D. Sandona, R. Betto, Padua, Italy

(15 min) Microgenomics of skeletal muscle fibers, F. Chemello, G. Lanfranchi, Padua, Italy

(15 min) Double face of autophagy in skeletal muscles during physical exercise, P. Grumati, et al., Padua, Italy

Archivio Antico, Palazzo Bo, University of Padua, Via VIII Febbraio, Padua, Italy

14.00 Openings - Rosario Rizzuto, University of Padua Department of Biomedical Sciences, Head
14.10 Myology Lectures™ — Ugo Carraro, Carlo Reggiani, Chairmen

(30 min)Rehabilitation studies in denervation, aging and oncology — Interreg IVa “Mobility in elderly”, Helmut Kern,
Wilhelminenspital, Wien, Austria

(30 min) Transcriptional changes in muscle with exercise and disuse, Andrew Fisher and Jonathan Jarvis, Liverpool John Moores
University, UK

(30 min) The contribution of stem cell therapy to skeletal muscle remodeling in heart failure, Giorgio Vescovo, Vicenza General
Hospital, Italy

(30 min)Patient results and mathematical methodology for EMG-based control of deep brain stimulation in Parkinson and
Essential Tremor, Daniel Graupe, University of lllinois, Chicago, IL, USA

(30 min) Bone and muscle assessment in patients undergoing total hip arthroplasty using HU based analysis, Paolo Gargiulo,

Landspitali, Reykjavik, Iceland
16.40 Coffee Break

17.00 Perspectives in Rehabilitation of Oncologic Patients — Helmut Kern, Stefano Merigliano, Chairmen

(30 min)Mechanisms underlying exercise-mediated rescue of cachexia, Dario Coletti et al., University Pierre et Marie Curie Paris,
France and Sapienza University, Rome, Italy

(20 min) A subclinical myopathy in early colorectal cancer, Sandra Zampieri et al., University of Padua, Italy & LBI, Wien, Austria

(20 min)Rehabilitation treatment for postintervention lymphedema in breast cancer, Stefano Masiero et al., Rehabilitation
Department, University of Padua Hospital, Italy

(20 min) Exercise-based rehabilitation in complicated patients with anemia, Leonida Compostella et al., Istituto Codivilla Putti,
Cortina d'Ampezzo (Bl), Italy

(20 min) Physical Medicine and Rehabilitation in Oncology. Therapeutic strategies in a key cancer center in Vienna — Interreg [Va
“Mobility in elderly”, Austria, Martina Grim-Stieger et al., LBI, Wilhelminenspital Wien, Austria

Terme Euganee Conference Hall, Hotel Augustus, Montegrotto Terme, Padova, Italy

21.30 Organizing Meeting of the ejtm/BAM On-Line Advisory Board

*Myology Lecture Neural injury and regeneration: Accelerating axon growth after nerve injury, Tessa Gordon, Toronto, Canada
Due to obligations in Canada, Prof. Tessa Gordon will lecture to doctorate students and mentors May 2", 2013
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Saturday March 16, 2013

Terme Euganee Conference Hall, Hotel Augustus, Montegrotto Terme, Padova, Italy

Workshop Interreg IVa “Mobility in elderly” — Helmut Kern, Marco Sandri, Chairmen

(30 min)Progressive un-coupling of mitochondria from calcium release units in ageing: implications for muscle performance,
Feliciano Protasi, Chieti University, Italy

(30 min)Decades of high level physical activity postpone age-related decline by increasing reinnervation of skeletal muscles, Sandra
Zampieri et al., University of Padua and LBI, Wilhelminenspital, Wien, Austria

(30 min) Effects of electrical stimulation and strength training with proprioceptive stimulation on selected strength and functional
parameters in elderly, Jan Cvecka et al., Faculty of Physical Education & Sport, Comenius University, Bratislava, Slovakia

(30 min) The effect of strength training on balance in elderly, Nejc Sarabon, University of Primorska, Science and Research Centre,
IKARUS, Koper, Slovenia

11..00 Coffee Break

11.30 ** Interreg IVa — Molecular Biology — Jonathan Jarvis, Sergio Adamo, Chairmen

(30 min) The power of mitochondrial shaping machinery in controlling muscle mass, Marco Sandri, Dept. Biomedical Sciences,
University of Padua, Italy

(30 min) The role of cytokine IL-6 in the physiophatology of skeletal muscle, Antonio Musaro, Sapienza University, Rome, Italy

(30 min) The role of the Mitochondrial Calcium Uniporter (MCU) in skeletal muscle trophism, Cristina Mammucari, Gaia Gherardi,
Anna Raffaello, Rosario Rizzuto, Dept. Biomedical Sciences, University of Padua, Italy

13.00 Lunch & Cycling Exercise; 14.00 Discussion of Posters - Libero Vitiello, Paolo Gargiulo, Chairmen

15.00 Molecular Biology, Session II — Antonio Musaro, Feliciano Protasi, Chairmen

(30 min)Malignant Hyperthermia (MH) and Environmental Heat Stroke (EHS): understand the molecular mechanisms to develop
therapeutic interventions, Feliciano Protasi, Chieti University, Italy

(30 min) Epigenetic signature during differentiation of presomitic satellite cells, Tiziana Pietrangelo, et al., Dept. Neurosciences and
Imaging, University G. d'Annunzio Chieti-Pescara, Chieti, Italy; Interuniversity Institute of Myology (IIM);
Interdepartmental Stem Cell Institute, Leuven, Belgium,; Dept Experimental Veterinary Sciences, University of Padova, Italy

(30 min)Cytoskeleton in injured skeletal muscles, Roberta Squecco, Fabio Francini, University of Florence, Italy

16.30 Coffee Break

16.45 Workshop Rise2-Italy — Winfried Mayr, Stefano Masiero, Chairmen

(20 min)Muscle reinnervation in difficult-to-stimulate complete Conus-Cauda Syndrome, Emiliana Bizzarini, et al., Udine, Italy

(20 min) Dynamic echomyography of skeletal muscle demonstrates that h-b FES in peripheral denervation does not hamper muscle
reinnervation, Riccardo Zanato, et al., Padova, Italy

(20 min) Three year RISE therapy follow up of non- or poorly-compliant patients, Thordur Helgason, et al., Reykjavik, Iceland

(20 min)Recovery of tetanic contractility: the first step toward a walking aid for unilateral peripheral denervation of tibialis anterior,
Andrea Marcante, et al., Padova, Italy

(20 min)Clinical effects of the exercise therapy in Amiotrophic Lateral Sclerosis patients, Antonio Merico, et al., Ospedale San
Camillo, Venice, Italy

(20 min)Molecular mechanism of action of botulinum neurotoxins at nerve terminal, Marco Pirazzini, et al., Padova, Italy
19.30 Dinner
21.00  Organizing Meeting of the 2013Autumn PaduaMuscleDays
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Sunday March 17, 2013

Terme Euganee Conference Hall, Hotel Augustus, Montegrotto Terme, Padova, Italy

09.00 MED€ELWorkshop FES in Reinnervating Muscle, Session I — Richard J Piercy, Francesco Mascarello,
chairmen

(30 min)How to stimulate muscle respecting its inherent adaptive capacity, Jonathan Jarvis, Liverpool John Moores University, UK

(30 min)Neuromuscular pathology in equine recurrent laryngeal neuropathy, Richard Piercy, Royal Veterinary College, London, UK

(30 min)Hounsfield based analysis of posterior cricoarytenoid muscles undergoing Functional Electrical Stimulation, Paolo
Gargiulo, Jon Cheetham, Melissa Kenny, Norm G Ducharme, Landspitali University Hospital of Iceland, Reykjavik
University, and College of Veterinary Medicine Cornell University, Ithaca, NY, USA

10.30 Coffee Break

10.45 MED®EL Workshop FES in Reinnervating Muscle, session II - Justin Perkins, Roberto Stramare, chairmen

(15 min) Expression of myosin heavy chain isoforms in laryngeal muscles in comparison with skeletal and special muscles, Lisa
Maccatrozzo, Luana Toniolo, Pasqua Cancellara, Marco V Patruno, Carlo Reggiani, Francesco Mascarello, Dept.
Comparative Biomedicine&Nutrition, and Dept. Biomedical Sciences, University of Padua, Italy

(15 min) Wavelet analysis of laryngeal EMG for estimation of different fibre type activation in normal horses and horses with a distal
axonopathy, Justin Perkins, Emil Olsen, Jon Cheetham, Marta Cercone, Richard J Piercy, Norm G Ducharme, Royal
Veterinary College, London, UK and Departments of Clinical Sciences, College of Veterinary Medicine, Cornell University,
Ithaca, New York, US

(15 min)Speckle analysis of transoesophageal ultrasound in laryngeal muscles during resting breathing and nerve stimulation, Sarah
A Jones, Rosie Carruthers, Royal Veterinary College, London, UK

(30 min)Functional Echomyography in Healthy Subjects and Patients with Facial Palsy, Gerd Fabian Volk, Mira Finkensieper, Maik
Sauer, Martin Pohlmann, Orlando Guntinas-Lichius, Klinik und Poliklinik fiir Hals-, Nasen- und Ohrenheilkunde,
Universitdtsklinikum Jena, Germany

12.30 Lunch & 13.30 Poster Session
14.30 Electrical Stimulation in neurological disorders — Stefano Masiero, Daniel Graupe, Chairmen

(30 min)Implantable pulse generators for experimental studies — stimulation pattern flexibility versus technological limits, H.
Lanmueller, M. Bijak, E. Unger, Medical University of Vienna, Austria,

(20 min) The short-term effects of antenna insulation thickness on path losses in wireless telemetry implants at microwave frequencies
Lukas Kneisz, Michael Schermann, Ewald Unger, Michael Haller, Matthias Krenn, Winfried Mayr, Medical University of
Vienna, Austria

(20 min) A neuroprosthesis for finger movement rehabilitation, Thordur Helgason, et al., Reykjavik, Iceland

(20 min)Current versus voltage controlled electrical stimulation of the anterior thigh, Matthias Krenn, et al., Medical University of
Vienna, Austrai; Instituto Tecnologico y de Estudios Superiores de Monterrey, Mexico; LBI of Electrical Stimulation &
Physical Rehabilitation, Dept. Physical Medicine and Rehabilitation, Wilhelminenspital, Vienna, Austria

16.00 Coffee Break

16.30 Muscle Disorders — Fabrizio Bruschi, Ugo Carraro, Chairmen

(30 min) The myositis caused by Trichinella spp. Fabrizio Bruschi, Dept. Translational Research, University of Pisa, Italy

(30 min)Myotilin, Desmin and MHC-I expression in muscular disorders with protein aggregates, Giovanna Cenacchi, Bologna, Italy

(30 min)Caveolinopathy — Case histories of four persons, in two families, Istvan Gati, Olof Danielsson, Vrethem Magnus, Linkdping
University, Sweden

(30 min)Hereditary Spastic Paraplegia: clinical effects of neurorehabilitation, Paola Cudia, Alessandra Lacatena, Alfonc Baba,
Pawel Kiper, Elisabetta Tasca, Antonio Merico, Francesco Piccione, Elena Pegoraro, Corrado Angelini, Venezia&Padua,
Italy

18.30 U. Carraro - Adjo, Arrivederci, Auf Wiedersehen, Aurevoir, Biicsu, Despedida, Poslovite, Sjamst, See You to 2013Autumn Padua Muscle Days
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14.00 Posters — Libero Vitiello, Paolo Gargiulo, Chairmen

01 EMG of upper airway muscles in horses: quantitative and spectral analysis of thyrohyoid muscle activity during exercise,
Marta Cercone, Cornell University, Ithaca,NY, USA

02 Combined Sihler nerve stain & arterial description for representation of neuro-arterial-architecture, Martina Fersterra,
Christoph Miilling, Veterindr-Anatomisches Institut, Tierkliniken, Leipzig, Germany

03 3D distribution of electrical field of multipolar intra-muscular FES stimulation electrodes in perfused horse (+ canine) larynx

model by robotic computer controlled needle potential screening acquisition system, Verena Tast, Christoph Miillingg,
Veterindr-Anatomisches Institut, Tierkliniken, Leipzig, Germany

04 Assesment of FES-threshold and optimal stimulation parameters in horses with naturally occurring recurrent laryngeal
neuropathy RLN, Céline Mespoulhes-Riviere Chirurgie — Clinique équine ENVA, Maisons-ALFORT, Paris, France
05 Nuclear wandering and nuclear grouping in denervated skeletal muscle, Nicoletta Adami et al., Translational Myology Lab,

Dept. Biomedical Sciences, University of Padua, Italy

06 Sub-clinical denervation/reinnervation events are contributing mechanisms of muscle atrophy progression in aging. Simone
Mosole et al., Translational Myology Lab, Dept. Biomedical Sciences, University of Padua, Italy

07 Strategies to accelerate muscle reinnervation across traumatic nerve gaps. Vincenzo Vindigni, Luca Lancerotto, Laura
Masetto, Erica Dalla Venezia, Simone Mosole, Nicoletta Adami, Sandra Zampieri, Ugo Carraro, Riccardo Zanato, Roberto
Stramare, Stefano Masiero, Franco Bassetto, Plastic Surgery Clinic and Physiatric Unit of the Neuroscienees Dept.;
Radiology Unit of the Medicine Dept.; and Translational Myology Lab, University of Padua, Italy

08 FES training protocols for the functional recovery of permanently complete denervated human muscles, Stefan Loefler,
Helmut Kern, Ludwig Boltzmann Institute of Electrical Stimulation and Physical Rehabilitation, Vienna, Austria

09 Reliability of novel postural sway task test. Milan Sedliak, Jan Cvecka, Veronika Tirpdkova, Stefan Lifler, Nejc Sarabon,
Helmut Kern, Dusan Hamar

10 Acquired multifocal myoclonus. Case histories, Istvan Gati, Olof Danielsson, Géran Leijon, Valeria Szekeres, Vrethem
Magnus, Linkoping University, Linképing, Sweden, and Division of Neurology, Outpatients Department of Pécs, Pécs,
Hungary

11. Age-related decline of muscle power in track and field master athletes indicates a lifespan of 110 years, Paolo Gava, et al.,

Translational Myology Lab, Dept. Biomedical Sciences, Padua University, Italy; Ludwig Boltzmann Institute of Electrical
Stimulation and Physical Rehabilitation, Vienna, Austria

12. Clinical effects of the exercise therapy in Amiotrophic Lateral Sclerosis patients, Antonio Merico, et al., Ospedale San
Camillo, Venice, Italy

Organizers and Participants gratefully acknowledge the sponsors
The University of Padua, Italy (www.unipd.it/universita)

The Department of Biomedical Sciences, Padua, Italy (www.biomed.unipd.it)
~H Interreg IVa “Mobility in elderly” (www.physmed-vienna.at)
MED®EL, Innsbruck, Austria (http://www.medel.com/int/)

De Gustibus Carnis, Verona, Italy (www.degustibuscarnis.it)
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Three ways to try and heal a diseased muscle:
macrophages, exon skipping and cell transplantation

Eva Galletta (1), Chiara Saletti (1), Sarah Pigozzo (1),
Federico Galvagni (2), Chiara Bolego (3), Libero Vitiello (1)

(1) Department of Biology, University of Padova, Italy; (2)
Department of Biotechnology, University of Siena, Italy; (3)
Department of Pharmacy, University of Padova, Italy.
E-mail: libero.vitiello@unipd.it

Muscular dystrophies have been the main interest of our
group for many years. Here we will present three lines of
research. The first one has to do with the role of macrophages
in muscle regeneration. To this aim, we use the murine
macrophage cell line J774 to obtain a serum-free,
conditioned medium (mMCM) that we previously found to
enhance the proliferation rate and the differentiation of rat
and human myoblast (both normal and dystrophic) [1,2]. We
are now characterizing its mechanism(s) of action in the
murine model. We confirmed the pro-proliferative effect of
mMCM on murine satellite cells, plus a pro-differentiation
activity, and at the same time had a distinct anti-proliferative
effect on primary fibroblasts from dystrophic muscle (i.e.,
from mdx mice). We also investigated the effects of mMCM
on macrophages polarization, using human monocytes from
blood that were differentiated and then stimulated to acquire
either pro- or anti-inflammatory phenotype. Results so far
indicate that mMCM seemed to have mixed effects,
indicating that its composition might affect both populations.
Similar findings were obtained in vivo, when the
administration of mMCM to wt regenerating muscle seemed
to decrease the number of both pro- and anti-inflammatory
macrophages. Importantly, when applied in experiment of
cell transplantation in dystrophic muscle, macrophagic
factors led to much better grafting of donor wt satellite cells
[3]. At the same time, we are also using the mdx dystrophic
model to study the endogenous mechanisms that lead to the
formation of dystrophin-positive fibers in the context of a
dystrophic background, the so-called “revertant” fibers. Such
phenomenon has been reported in man as well in animal
models and is thought to occur thanks to alteration of the
splicing mechanisms. We have analyzed a wide cohort of
mdx mice of different ages and looked at different muscle
types, showing that, as opposed to what had been suggested
previously, the formation of new revertant fibers is a
phenomenon that occurs throughout the animals’ life.
Besides, we found evidences that the number of revertant
fibers increases with age not only in skeletal muscle but also
in the heart, something that had never been reported before.
We are now trying to clone satellite cells in which the
‘reversion’ phenomenon has occurred, in order to be able to
study the biological mechanisms behind it.

[1] Malerba A, Vitiello L, Segat D, Dazzo E, Frigo M,
Scambi I, De Coppi P, Boldrin L, Martelli L, Pasut A,
Romualdi C, Bellomo RG, Vecchiet J, Baroni MD.
Selection of multipotent cells and enhanced muscle
reconstruction by myogenic macrophage-secreted factors.
Exp Cell Res 2009; 315: 915-927.

Malerba A, Pasut A, Frigo M, De Coppi P, Baroni MD,
Vitiello L. Macrophage-secreted factors enhance the in
vitro expansion of DMD muscle precursor cells while

(2]

preserving their myogenic potential. Neurol Res, 2008;
32: 55-62.

[3] Galletta E, Saletti C, Galvagni F, Bolego C, Vitiello L.
Macrophages and muscle regeneration: a multi-faceted
interaction that could lead to therapeutic tools. European
Journal of Translational Myology / Basic Applied
Myology 2012; 22: 11.
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Congenital pseudo-myotonia in Chianina and Romagnola
cattle and congenital myotonia in a New Forest pony:
genetic homologs of human muscular diseases

Tiziano Dorotea, Roberta Sacchetto, Francesco Mascarello

Department of Comparative Biomedicine and Food Science,
University of Padua, Agripolis,

Legnaro (Padua), Italy

E-mail: roberta.sacchetto@unipd.it

An inherited muscle disorder defined as ‘“congenital
pseudomyotonia” has been described in two important Italian
cattle breeds Chianina and Romagnola and, as a single case,
in a cross-breed calf in the Netherlands. Clinically the
disorder is characterized by an exercise-induced muscle
contraction. Cattle pseudomyotonia has been well
characterized at both genetic and biochemical levels. By
DNA sequencing of affected calves, we have provided
evidence of mutations in ATP2A1 gene coding for
sarco(endo)plasmic  reticulum Ca2+-ATPase, isoforml
(SERCA1). Moreover we have demonstrated that cattle
pathological muscles are characterized by a selective
reduction in the level of SERCAL1 expression. A New Forest
foal has been evaluated for a muscular disorder: clinical
findings include episodes of recumbency and stiffness with
myotonic discharges on electromyography. The New Forest
pony myotonia has been associated to a missense mutation in
a well conserved domain of the equine chloride channel 1
(CLCN1) gene. The affected foal has been found to be
homozygous and the mutation has revealed a recessive mode
of inheritance within the reported pony family. On the basis
of symptoms and of genetic confirmations, -cattle
pseudomyotonia has been defined as the true counterpart of
human Brody disease, while the New Forest phenotype
appeared related to human and goat congenital myotonia.
Brody disease is a rare inherited disorder of skeletal muscle
due to a SERCA1 deficiency, resulting from a defect of
ATP2A1 gene. Human congenital myotonia results from
recessive or dominant mutations of CLCN1 gene causing
Becker’s or Thomsen’s disease, respectively. Our studies
reflect the enormous potential of domestic animals to gain
further insights into human medicine.

[1] Murgiano L, Sacchetto R, Testoni S, Dorotea T,
Mascarello F, Liguori R, Gentile A, Drogemiiller C.
Pseudomyotonia in Romagnola cattle caused by novel
ATP2A1 mutations. BMC Vet Res 2012; 8: 186.

[2] Wijnberg ID, Oweczarek-Lipska M, Sacchetto R,
Mascarello F, Pascoli F, Griinberg W, van der Kolk JH,
Drogemiiller C. A missense mutation in the skeletal
muscle chloride channel 1 (CLCN1) as candidate causal
mutation for congenital myotonia in a New Forest pony.
Neuromuscul Disord. 2012; 22: 361-367.
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[3] Pseudomyotonia, a muscle function disorder associated
with an inherited ATP2A1 (SERCA1) defect in a Dutch
Improved Red and White cross-breed calf.
Griinberg W, Sacchetto R, Wijnberg I, Neijenhuis K,
Mascarello F, Damiani E, Drogemiiller C. Neuromuscul
Disord. 2010; 20: 467-470.

A defective SERCAI1 protein is responsible for
congenital pseudomyotonia in Chianina cattle. Sacchetto
R, Testoni S, Gentile A, Damiani E, Rossi M, Liguori R,
Drogemiiller C, Mascarello F. Am J Pathol. 2009; 17:
565-573.

(4]

keskok koK

Mitochondrial calcium signaling in the control of skeletal
muscle homeostasis

Cristina Mammucari

Dept. Biomedical Sciences, University of Padua, Italy
E-mail: cristina.mammucari@unipd.it

Skeletal muscle atrophy is due to a number of causes, such as
disuse, denervation, aging, fasting, cancer cachexia. In recent
years, lots of efforts have been made to understand the
molecular pathways, and thus the potential therapeutic
targets, of muscle atrophy. Mitochondria play a central role
in skeletal muscle homeostasis, being the major source of
ATP in oxidative myofibers. They have the ability to
accumulate Ca®*, behaving as buffers of the cytosolic [Ca®']
increase  occurring during contraction. In addition,
mitochondrial Ca*" stimulates aerobic metabolism, and thus
ATP production, essential for muscle activity. Finally,
excessive Ca®" accumulation in mitochondria can trigger cell
death. The recent molecular identification of the
Mitochondrial Calcium Uniporter (MCU), the highly
selective channel responsible for Ca’" entry into the
mitochondria, has paved the way to novel experimental
approaches, in which mitochondrial Ca** accumulation can
be tightly regulated. Moreover, direct measurement and
modulation of MCU expression and activity in different
physiopathological conditions can now be performed [1-4].
Our preliminary data suggest that mitochondrial Ca*" uptake
plays a main role in muscle trophism. Thus, we wish to
determine whether MCU represents a possible target of
clinical intervention for the maintenance of muscle force. We
also plan to explore whether the effects of mitochondrial Ca**
uptake on muscle homeostasis (trophism and metabolism)
vary according to the muscle type (slow-oxidative versus
fast-glycolytic). Once the physiopathological effects of
mitochondrial Ca®" modulation have been clarified, we will
focus our efforts in the dissection of the underlying
molecular mechanisms. First we will try to understand how
MCU activity is regulated in various conditions affecting
muscle mass (e.g. denervation, exercise, overload,
starvation). Next, we will explore the involvement of known
or novel pathways in MCU-regulated muscle trophism.

[1] De Stefani D, Raffaello A, Teardo E, Szabo I, Rizzuto
R. A forty-kilodalton protein of the inner membrane is
the mitochondrial calcium uniporter. Nature 2011; 19;

476: 336-340.

Rizzuto R, De Stefani D, Raffaello A, Mammucari C.
Mitochondria as sensors and regulators of calcium
signalling. Nat Rev Mol Cell Biol. 2012; 13: 566-578.
Schiaffino S, Mammucari C. Regulation of skeletal
muscle growth by the IGF1-Akt/PKB pathway: insights
from genetic models. Skeletal Muscle 2011; 1: 4.
Rudolf R, Mongillo M, Magalhaes PJ, Pozzan T. In
vivo monitoring of Ca uptake into mitochondria of
mouse skeletal muscle during contraction. J Cell Biol
2004; 166: 527-536.
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Skeletal muscle injury in Amyotrophic Lateral Sclerosis:
first cause or effect?

Alessandra Nori

Dept. Biomedical Sciences, University of Padua, Italy
E-mail: alessandra.nori@unipd.it

Amyotrophic lateral sclerosis (ALS) is a human progressive
neurodegenerative disorder characterized by degeneration of
motor neurons, muscle wasting and paralysis. There are
familial (FALS 5-10%) and sporadic (SALS 90-95%). 20%
of FALS is due to dominant mutations of superoxide
dismutase enzyme (mSODI1) [1]. Studies on the pathogenic
mechanism of ALS, have been focused (but not exclusively)
on the mechanisms of neuronal damage that directly induce
death (neuronal degeneration). In fact, much is known about
the progression of the disease in cases of SOD1 mutations
[2]. Neuronal injury in ALS belongs to four categories:
excitatory glutamate toxicity, degeneration of mitochondria,
oxidative stress protein toxicity. Skeletal muscle is sensitive
to almost all of these categories which often end up with
muscle atrophy. SOD1 expression (like expression of other
genes and mutated proteins causative of the pathology) is not
restricted to neurons, in fact other cells are involved in
mechanisms that lead to disease progression or even to its
establishment. Among tissues directly involved there is
consensus on the importance of skeletal muscle [3]. The key
evidence is that transgenic models with neuron restricted
expression of mSOD show disease onset and progression
only in few cases [4], while mice with muscle restricted
expression of mSOD show signs of ALS similar to human.
One suggestive working hypothesis is that motoneuronal
degeneration might occur as a consequence of muscle
wasting which causes neuromuscular junction loss [5]. Our
goal will be to dissect pathogenic mechanisms of FALS in
muscle cells and ex vivo muscle models by heterologous
expression of mutant proteins to investigate muscle
contribution to ALS.

[1] Rosen DR, Siddique T, Patterson D, Figlewicz DA,
Sapp P, Hentati A, Donaldson D, Goto J, O'Regan JP,
Deng HX, et al. Mutations in Cu/Zn superoxide
dismutase gene are associated with familial
amyotrophic lateral sclerosis. Nature. 1993; 362: 59-62.
Kanning KC, Kaplan A, Henderson CE. Motor neuron
diversity in development and disease. Annu Rev
Neurosci. 2010; 33: 409-440.

Dobrowolny G, Aucello M, Rizzuto E, Beccafico S,
Mammucari C, Boncompagni S, Belia S, Wannenes F,
Nicoletti C, Del Prete Z, Rosenthal N, Molinaro M,
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Protasi F, Fano G, Sandri M, Musar0 A. Skeletal
muscle is a primary target of SOD1G93A-mediated
toxicity. Cell Metab. 2008; 8: 425-436.

Wang L, Sharma K, Deng HX, Siddique T, Grisotti G,
Liu E, Roos RP. Restricted expression of mutant SOD1
in spinal motor neurons and interneurons induces motor
neuron pathology. Neurobiol Dis. 2008; 29: 400-408.
Onesto E, Rusmini P, Crippa V, Ferri N, Zito A,
Galbiati M, Poletti A. Muscle cells and motoneurons
differentially remove mutant SODI1 causing familial
amyotrophic lateral sclerosis. J] Neurochem. 2011; 118:
266-280.

(3]
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Presynaptic neurotoxins and the degeneration and
regeneration of motor axon terminals

Michela Rigoni

Dept. of Biomedical Sciences and CNR Institute of
Neuroscience, University of Padova, Italy
E-mail: "michela rigoni" <rigonimic@gmail.com>

Snake presynaptic PLA2 neurotoxins (SPANs) and the spider
toxin oa-Latrotoxin (o-Ltx) block the neuromuscular junction
(NMJ) by inducing a flaccid paralysis. Despite their different
biochemical activities these neurotoxins act similarly by
inducing a massive calcium influx in the nerve terminal,
altering the exo-endocytic balance, thus leading to paralysis.
SPANs and o-Ltx -induced nerve terminal blockade is a
reversible process: few days after toxins injection in the
mouse hind limb the neurotrasmission recovers completely.
We wondered whether some molecules released by the
paralyzed nerve terminal could help NMJ recovery, a process
known to be mediated by both Schwann cells and muscle.
We found that mitochondrial DNA (which has bacterial
origin) and cytochrome c are indeed released in the supernant
of intoxicated primary neurons; these molecules could act as
“alarmins” and activate immunocompetent cells as Schwann
cells are, in order to remove cellular debris and initiate the
regenerative program. These results could have relevant
therapeutical implications for the comprehension of the
complex regeneration process that follows a motorneuron
insult.

[1] Harris JB. Phospholipases in snake venoms and their
effects on nerve and muscle. Pharmacol Ther 1985; 31:
79-102.

[2] Son YJ, Thompson WJ. Schwann cell processes guide

regeneration of peripheral axons. Neuron 1995; 14: 125-

132.

Ushkaryov YA, Volynski KE, Ashton AC. The multiple

actions of black widow spider toxins and their selective

use in neurosecretion studies. Toxicon 2004; 43, 527—

542.

Tedesco E, Rigoni M, Caccin P, Grishin E, Rossetto O,

Montecucco C. Calcium overload in nerve terminals of

cultured neurons intoxicated by alpha-latrotoxin and

snake PLA2 neurotoxins. Toxicon 2009; 54: 138—144.
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Water-environment as exercise setting to improve
physical function in elderly

Marco Bergamin

Dept. of Medicine, University of Padova, Italy
E-mail: "Marco Bergamin" <marco.bergamin@unipd.it>

In literature we found strong evidence supporting the use of
water-based exercise for the improvement of aerobic capacity
and strength [1,2]. Differently, moderate evidence
highlighted the benefits on flexibility, and inconclusive
evidence was found supporting the modification of body
composition. These indications opened new research
questions, beginning from the potential difference of the
training in terrestrial setting versus aquatic environment. On
the basis of these evidences, we developed a first study to
assess the effectiveness of a 24-week exercise protocol
aiming to detect potential differences between water and land
settings on physical function in a group of healthy elderly by
a twice-a-week exercise intervention. In addition dual-energy
X-ray absorptiometry and peripheral quantitative computed
tomography have been performed. Results indicated that both
water- and land-based were beneficial in maintaining
strength, while aquatic exercise was more effective to
improve dynamic balance. We suggested that thermal
swimming pools should be considered potential useful tools
to enhance physical performance and maintain muscle mass
in healthy elderly. The consideration that a warmer water
temperature should be more beneficial for elderly subject,
motivated a further study protocol evaluating the
physiological responses during exercise in hot (HW) vs cold
water (CW). We studied these two conditions in older
subjects observing that heart rate was significantly higher
when exercising in HW compared to colder condition
(+15.9%, p<.01); additionally, systolic and diastolic blood
pressures were found to be lower in the HW condition (-7.1%
p<.05; -9.4%, p<.05). We suggest that a warmer environment
may represent an additional stress to the body that should be
considered when estimating the intensity of aquatic exercise
in a training strategy.

[2] Fernhall B, Manfredi TG, Congdon K. Prescribing water-
based exercise from treadmill and arm ergometry in
cardiac patients. Med Sci Sports Exerc. 1992; 24: 139-
143.

[1]Rodriguez D, Silva V, Prestes J, Rica RL, Serra Al,
Bocalini DS, Pontes FL Jr. Hypotensive response after
water-walking and land-walking exercise sessions in
healthy trained and untrained women. Int J Gen Med.
2011; 4: 549-554.
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Muscle tissue micro engineering

Elena Serena, Susy Zatti, Alice Zoso, Federica Michielin,
Libero Vitiello, Nicola Elvassore

Dept. of Industrial Engineering, University of Padua &
Venetian Institute of Molecular Medicine, Padua, Italy
E-mail: nicola.elvassore@unipd.it

Tissue structure and function are known to be highly inter-
related and the correct stimuli given at micrometric level are
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essential for the emergent properties of a multicellular tissue.
The concept of “microscale tissue engineering” originates
from the need of providing cells with the appropriate cues
and with a controlled microenvironment in order to generate
in vitro models of muscle tissue that accurately replicates the
structure and function of the natural ones. In this scenario, we
engineer the culture microenvironment to guide cell-substrate
and cell-cell interactions to rationally guide human myoblasts
behavior. Our interests are focused on healthy tissues and
disease, in order to provide new tools for studying the
physiology and the pathology of skeletal muscles. In
particular, we adjust the mechanical and topological
properties of the culture substrate, acting on the signaling
involved on the mechanotransduction and on the cell-cell
interactions. We designed a 2D substrate, with mechanical
and topological properties (a 15+2 kPa poly-acrylamide
hydrogel micropatterned with 500 pm wide parallel lanes)
able to guide the differentiation of human healthy and DMD
myoblasts into myotubes exhibiting marked functional
differentiation, highly defined sarcomeric organization and
dystrophin expression in vitro within 12 days. Recently, we
translated these results to a 3D culture system, in order to
study human myogenesis in an in vivo-like physiological
microenvironment. Micro-channels (80-160 pm in diameter,
10-15 mm long) within a hydrogel of poly-acrylamide and
hyaluronic acid (12+4kPa) were developed. Human
myoblasts were cultured for up to 15 days and tightly packed
myotubes bundles have been obtained, expressing myosin
heavy chain, o-actinin and dystrophin. It is worth to
underline that such myotubes bundles can be extracted from
the hydrogel scaffold and manipulated for surgical
implantation. The 2D model of skeletal muscle has been
already exploited for the in vitro test of stem cell therapy and
for studying the effects of cyclic in vitro stretch. We studied
the capability of human mesoangioblasts to restore
dystrophin expression in our model of DMD skeletal muscle
and we observed an increased dystrophin expression when
DMD human myoblasts are co-cultured with human wild
type mesoangioblasts. Moreover, an ad hoc cell-stretching
device has been developed in order to accurately control
human myotubes deformation along biaxial directions. A
maximum cell deformation of 20% can be obtained by tuning
the pressurization of microfluidic channels, with frequency
from 0 to 1 Hz. With this device, we demonstrated that DMD
myotubes have a higher stretch-induced membrane
permeability compared to healthy myotubes, both subjected
to 90 min cyclic deformation of 20%. These results show that
in vitro models of human skeletal muscles, developed
exploting micro tissue engineering techniques, represent with
high fidelity the natural tissue and are exploitable in a wide
range of applications.

[1] Giobbe GG, Zagallo M, Riello M, Serena E, Masi G,
Barzon L, Di Camillo B, Elvassore N. Confined 3D
microenvironment regulates early differentiation in
human pluripotent stem cells. Biotechnol Bioeng.
2012; 109: 3119-3132.

[2] Zatti S, Zoso A, Serena E, Luni C, Cimetta E,
Elvassore N. Micropatterning topology on soft
substrates  affects myoblast proliferation and
differentiation. Langmuir 2012; 28: 2718-2276.

ER processing of skeletal muscle proteins
Elisa Bianchini, Dorianna Sandona, Romeo Betto

Dept. Biomedical Sciences & CNR Neurosciences,
University of Padua, Italy

E-mail: romeo.betto@bio.unipd.it

About one third of all cellular proteins pass through or are
resident in the endoplasmic reticulum (ER) where they
undergo proper folding and targeting. However, these
processes may fail producing misfolded polypeptides,
especially when single amino acid substitutions or in-frame
deletions are present. The ER is therefore endowed by a
sophisticated quality control system that drives nascent
polypeptides towards native conformation and recognizes
and funnels terminally misfolded proteins to degradation by
the so called Endoplasmic Reticulum Associated Degradation
(ERAD). The rigid rule of ERAD, however, can also
eliminate misfolded but partially functional mutants leading
to a de facto loss of function that can evolve in a disease [1].
This, as we recently demonstrated, is the unfortunate case of
several missense mutants of a-sarcoglycan, causing type 2D
Limb Girdle Muscular Dystrophy [2], as well as that of a
single point mutant of the SERCAI1 calcium pump,
responsible for cattle pseudomyotonia. At present, no
effective therapies are available for these severe myopathies
and our efforts are devoted to the identification of new
therapeutical approaches aimed to avoid the misfolded
protein destruction. A “protein rescue strategy” will take
advantage of the identification, that we have almost
completed, of the ERAD components controlling the
processing of a-sarcoglycan mutants. These components
could become potential drug targets so as to control the
effective degradation of mutants. Alternatively, a “protein
repair approach” can be envisaged by using small compounds
able to promote mutant folding and targeting. Promising
results have been obtained with both approaches.

Funded by AFM and Telthon.

[1] Sandona D, Betto R. Expert Rev Mol Med 2009; 11: 28.

[2] Gastaldello S, D’Angelo S, Franzoso S, Fanin M,
Angelini C, Betto R, Sandona D. Inhibition of
proteasome activity promotes the correct localization of
disease-causing a-sarcoglycan mutants in HEK-293 cells
constitutively expressing f3-, y-, and d-sarcoglycan. Am J
Pathol 2008: 173: 170-181.
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Microgenomics of skeletal muscle fibers
Francesco Chemello, Gerolamo Lanfranchi

Department of Biology, University of Padua, Italy
E-mail: gerolamo.lanfranchi@unipd.it

Skeletal muscle is composed by different myofiber types
with a wide range of biochemical, structural, and functional
properties. In the past years, biophysical analyses on isolated
muscle fibers were extensively used to study the different
contractile features of each myofiber type. To better clarify
the complex mechanisms determining and regulating this
heterogeneity, we applied genomic technologies at the level
of single isolated myofibers (microgenomics). Fibers were
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prepared from soleus and EDL mouse muscles in order to
obtain a comprehensive collection of fiber types classified
according to myosin heavy chain (MyHC) isoforms.
Transcriptomic  analysis with  microarrays produced
expression profiles of myofibers free from the background of
non-muscle cell transcription and identified a complete
catalogue of genes differentially expressed among fiber
subtypes, mainly coding for isoforms of the contractile
proteins, metabolic enzymes, or proteins involved in Ca®"
homeostasis. Interestingly, myofibers grouped in 3 different
clusters corresponding to slow, intermediate, and fast
phenotypes that only partially fit with MyHC classification.
In addition, we identified a limited set of transcriptional
markers that can be used to unequivocally classify myofibers
in one of the three clusters [1]. From classified myofibers, we
investigated the different expression levels of the myomiRs.
The correlation between mRNA and miRNA expression data
will allow the definition of the transcriptional circuits
involved in myofiber type specification. This microgenomic
approach at single fiber level would allow a better
understanding of the adaptive transcriptomic transitions
occurring in myofibers under physiological and pathological
conditions.

[1] Chemello F, Bean C, Cancellara P, Laveder P, Reggiani
C, Lanfranchi G. Microgenomic analysis in skeletal
muscle: expression signatures of individual fast and slow
myofibers. PLoS One 2011; 6: ¢16807.
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Double face of autophagy in skeletal muscles during
physical exercise

Paolo Grumati (1), Luisa Coletto (2), Matilde Cescon (1),
Enrico Bertaggia (2), Silvia Castagnaro (1), Bert Blaauw
(1,2), Chrisam Martina (1), Marco Sandri (1,2), Paolo
Bonaldo (1)

(1) Department of Biomedical Sciences, University of Padua
and (2) Dulbecco Telethon Institute, VIMM, Padua, Italy
E-mail: "Paolo Grumati" <paolo.grumati@unipd.it>

Optimal autophagic flux is required for the maintenance of
the integrity of myofibers, which are the basic contractile
units of skeletal muscles. Both excess and reduced levels of
autophagy are detrimental for muscle health; the former
results in the loss of muscle mass, whereas the latter causes
skeletal fiber degradation and weakness [6]. Mutations in any
of the three genes that encode collagen VI, a skeletal
muscular extracellular matrix protein, result in Bethlem
myopathy and Ullrich Congenital Muscular Dystrophy in
humans [4]. Collagen VI deficient (Col6al™) mice, the
animal model of these diseases, are characterized by
decreased muscle strength, skeletal muscle degeneration and
a high rate of apoptosis. Col6al”~ mice revealed impaired
activation of the autophagic machinery resulting in an
accumulation of detective organelles such as dilated
sarcoplasmic reticulum and swollen mitochondria that result
in apoptosis and muscle wasting [1,3]. Col6al™" skeletal
muscles displayed an impairment of autophagy flux and lack
of autophagosomes formation. The lack of autophagosomes
is due to the lower induction of Beclinl and to the
constitutive activation of Akt/mTOR/ULK1 pathway. Forced

activation of autophagy cleared myofibers from
dysfunctional organelles and ameliorated the dystrophic
phenotype of the mice. These findings indicate that defective
activation of the autophagic machinery plays a pathogenic
role in congenital muscular dystrophies [1]. We also
demonstrated that a proper regulation of the autophagy flux
is fundamental for the homeostasis of skeletal muscles in
response to physical exercise, which promotes mitochondrial
biogenesis and function. We hypothesize that exercise might
improve mitochondrial function by triggering autophagy in
Col6al™ mice. The notion that the reactivation of autophagy
via physical exercise may ameliorate muscle myopathy is
particularly relevant in the treatment and management of
skeletal muscle-related diseases. In contrast to our original
hypothesis, we found that while physical activity stimulates
autophagy in normal muscles, neither long-term nor shorter
spurts of intense physical activity stimulate autophagy in
Col6al™" mice. Physical training exacerbated the dystrophic
phenotype of Col6al”~ mice, where autophagy flux is
compromised. After training, skeletal muscles accumulate a
large amount of swollen mitochondria, which determine an
extremely high level of apoptosis in myonuclei. Conversely
to wild-type control, autophagy was not induced in Col6al™~
muscles after either acute or prolonged exercise, and this led
to the marked increase of muscle wasting and apoptosis. In a
situation of altered autophagy in muscles, physical exercise
seems to have more detrimental effects than beneficial ones
[2]. Nonetheless, the study clearly shows that the activation
of autophagy during physical activity in muscle cells is
necessary for maintaining tissue homeostasis by preventing
the accumulation of damaged mitochondria and myofibril
degeneration [2,5].

[1] Grumati P, Coletto L, Sabatelli P, Cescon M, Angelin
A, Bertaggia E, Blaauw B, Urciuolo A, Tiepolo T,
Merlini L, Maraldi NM, Bernardi P, Sandri M, Bonaldo
P. Autophagy is defective in collagen VI muscular
dystrophies, and its reactivation rescues myofiber
degeneration. Nat Med 2010; 16: 1313-1320;

Grumati P, Coletto L, Schiavinato A, Castagnaro S,
Bertaggia E, Sandri M, Bonaldo P. Physical exercise
stimulates autophagy in normal skeletal muscles but is
detrimental for collagen VI-deficient muscles.
Autophagy 2011; 7: 1415-423.

Irwin WA, Bergamin N, Sabatelli P, Reggiani C,
Megighian A, Merlini L, Braghetta P, Columbaro M,
Volpin D, Bressan GM, Bernardi P, Bonaldo P.
Mitochondrial dysfunction and apoptosis in myopathic
mice with collagen VI deficiency. Nat Genet 2003; 35:
367-371.

[4] Lampe AK, Bushby KM. Collagen VI related muscle
disorders. ] Med Genet 2005; 42: 673-685.

Nair U and Klionsky DJ. Activation of autophagy is
required for muscle homeostasis during physical
exercise. Autophagy 2011; 11: 1405-1406.

(5]

Sandri M. Autophagy in health and disease. 3.
Involvement of autophagy in muscle atrophy. Am J
Physiol Cell Physiol 2010; 298: C1291-297.
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Interreg IVa “Mobility in elderly”
Rehabilitation studies in denervation, aging and oncology

Helmut Kern

Ludwig Boltzmann Institute of Electrical Stimulation and
Physical Rehabilitation, Department of Physical Medicine
and Rehabilitation, Wilhelminenspital Wien, Austria

E-mail: helmut.kern@wienkav.at

During the last decade we contributed to rehabilitation in
aging studying physical exercise induced by Functional
Electrical Stimulation (FES) in the special case of Spinal
Cord Injury patients affected by complete injury of the Conus
Cauda, a syndrome in which the denervated leg muscles are
fully disconnected from the nervous system. Denervated
human muscles become unexcitable with commercial
electrical ~ stimulators and undergo wultra structural
disorganization within a few months from SCI, while severe
atrophy with nuclear clumping and fibro-fatty degeneration
appear within 3 and 6 years, respectively [1-4]. To counteract
these progressive changes a novel therapy concept for
paraplegic patients with complete lower motor neuron
denervation of the lower extremity was developed in Vienna:
home-based functional electrical stimulation of long-term
denervated muscles (h-b FES). New electrodes and a safe
stimulator for h-b FES have been designed to reverse severe
atrophy by delivering high-intensity (up to 2,4 J) and long-
duration impulses (up to 150 ms) able to elicit contractions of
denervated skeletal muscle fibers in absence of nerves [5,6].
Specific clinical assessments and trainings were developed at
the Wilhelminenspital Wien, Austria [7], based on sound
evidence from animal experiments [8]. Main results [9-12] of
the clinical study on patients which completed the 2-year h-b
FES training were: 1. significant increase of muscle mass and
of myofiber size, with striking improvements of the ultra-
structural organization; 2. recovery of tetanic contractility
with significant increase in muscle force output during
electrical stimulation; 3. capacity to perform FES-assisted
stand-up and stepping-in-place exercise. The study
demonstrated that h-b FES of permanent denervated muscle
is an effective home therapy that results in rescue of muscle
mass, function and perfusion. Additional benefits are
improved leg cosmetic appearance and enhanced cushioning
effect for seating. We are now extending our studies to
application of h-b FES to the larger cohort of elderly. In
order to assess the effects of exercise on aging rehabilitation,
we are analyzing by morphometric light and electron
microscopy and molecular biology quadriceps muscle
biopsies from young (23 years) [13] and senior male
subjects: sedentary elderly and senior sportsmen (a peculiar
group of subjects that performed life-long sport activities)
with a mean age of 70 years. The group of sedentary seniors
was also exercised for 10 weeks with two different types of
training (leg press or electrical stimulation) and the analyses
performed before and after the training period. Preliminary
results confirm the effectiveness of h-b FES. Based on our
recent observation of the presence of a subclinical myopathy
in patients affected with newly diagnosed colorectal cancer
[14,15], we are now extending our approaches to oncologic
rehabilitation. The factors associated with the subclinical
myopathy at this stage of disease are unknown. A
comprehensive study on the potential molecular mechanisms
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that are responsible for this cancer-associated myopathy
could possibly provide new diagnostic and prognostic
markers and new therapeutic and rehabilitation targets to
prevent the severe loss of muscle tissue which characterizes
late-onset cancer cachexia [16-17].

[1] Rossini K, Zanin ME, Carraro U. To stage and quantify
regenerative myogenesis in human long-term
permanent denervated muscle. Basic Appl Myol 2002;
12: 277-286.

Kern H, Boncompagni S, Rossini K, Mayr W, Fano G,
Zanin ME, Podhorska-Okolow M, Protasi F, Carraro U.
Long-term denervation in humans causes degeneration
of both contractile and excitation-contraction coupling
apparatus that can be reversed by functional electrical
stimulation (FES). A role for myofiber regeneration? J
Neuropath Exp Neurol 2004; 63: 919-931.
Boncompagni S, Kern H, Rossini K, Hofer C, Mayr W,
Carraro U, Protasi F. Structural differentiation of
skeletal muscle fibers in the absence of innervation in
humans. Proc Natl Acad Sci U S A. 2007; 104: 19339
19344.

Kern H, Carraro U, Biral D, Adami N, Zampieri S.
Severely atrophic muscle fibers with nuclear clumps
survive many years in permanently denervated human
muscle. The Open Pathology Journal 2009; 3: 106-110.
Mayr W, Bijak M, Rafolt D, Sauermann S, Unger E,
Lanmiiller H. Basic design and construction of the
Vienna FES implants: existing solutions and prospects
for new generations of implants. Med Eng Phys 2001;
23: 53-60.

Hofer C, Mayr W, Stéhr H, Unger E, Kern H. A
stimulator for functional activation of denervated
muscles. Artif Organs 2002; 26: 276-279.

Kern H, Hofer C, Mayr W, Carraro U. European
Project RISE: Partners, protocols, demography. Basic
Appl Myol/ European Journal of Translational
Myology 2009; 19: 211-216.

Squecco R, Carraro U, Kern H, Pond A, Adami N,
Biral D, Vindigni V, Boncompagni S, Pietrangelo T,
Bosco G, Fano G, Marini M, Abruzzo PM, Germinario
E, Danieli-Betto D, Protasi F, Francini F, Zampieri S.
Despite lost contractility, a sub-population of rat
muscle fibers maintains an assessable excitation-
contraction coupling mechanism after long-standing
denervation. J Neuropath Exp Neurol 2009; 68: 1256-
1268.

Kern H, Carraro U, Adami N, Hofer C, Loefler S,
Vogelauer M, Mayr W, Rupp R, Zampieri S. One year
of home-based Functional Electrical Stimulation (FES)
in complete lower motor neuron paraplegia: Recovery
of tetanic contractility drives the structural
improvements of denervated muscle. Neurol Res 2010;
32:5-12.

Kern H, Carraro U, Adami N, Biral D Hofer C,
Forstner C, Mddlin M, Vogelauer M, Boncompagni S,
Paolini C, Mayr W, Protasi F, Zampieri S. Home-based
Functional Electrical Stimulation (h-b FES) recovers
permanently denervated muscles in paraplegic patients
with complete lower motor neuron lesion. Neurorehab
Neur Rep 2010; 24: 709-721.
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[12] Gargiulo P, Reynisson PJ, Helgason B, Kern H, Mayr
W, Ingvarsson P, Helgason T, Carraro U. Muscle,
tendons, and bone: structural changes during
denervation and FES treatment. Neurol Res. 2011; 33:
750-758.

Kern H, Pelosi L, Coletto L, Musaro A, Sandri M,
Vogelauer M, Trimmel L, Cvecka J, Hamar D, Kovarik
J, Lofler S, Sarabon N, Protasi F, Adami N, Biral D,
Zampieri S, Carraro U. Atrophy/hypertrophy cell
signaling in muscles of young athletes trained with
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2011; 33: 998-1009.

Zampieri S, Valente M, Adami N, Biral D, Ghirardello
A, Rampudda ME, Vecchiato M, Sarzo G, Corbianco
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2012; pp. 1-58.

Markes M, Brockow T, Resch KL. Exercise for women
receiving adjuvant therapy for breast cancer. Cochrane
Database Syst Rev. 2006; 18: CD005001.

Mishra SI, Scherer RW, Geigle PM, Berlanstein DR,
Topaloglu O, Gotay CC, Snyder C. Exercise
interventions on health-related quality of life for cancer
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Transcriptional changes in muscle with exercise and
disuse

Jonathan Jarvis (1), Andrew Fisher (2), Lauren Fisher (2)
Judy Coulson (2)

(1) School of Sport and Exercise Sciences, Tom Reilly
Building, Byrom St Campus, Liverpool John Moores
University; and (2) The University of Liverpool, Liverpool,
UK

E-mail: J.C.Jarvis@ljmu.ac.uk

We have used two models to change the activity pattern of
skeletal muscle. Implantable stimulators have been used to
add impulses to the voluntary activation of lower limb
muscles, and tetrodotoxin (TTX) nerve block has been used
temporarily to eliminate all activity to lower limb muscles
and in some cases to allow a return of voluntary activity.
These models demonstrate the amazing capacity of
individual skeletal muscle fibres to dismantle and to rebuild
their intracellular structures, and to modify the cellular
components that determine their function as motors that
power locomotion and transport. For example total silencing
of the common peroneal muscle in rat over 14 days produces
a 50% reduction in wet weight of muscle fibres, or almost
4% per day. Rebuilding is at a very similar rate once activity
is restored. We have performed microarray analysis of rat
muscles during disuse atrophy and recovery after restoration
of activity using the Genechip 230 2.0 array in which 28,000
genes are represented. While muscle cells contain pathways
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that can maintain homeostasis without changes in protein
synthesis, transcriptional control is demonstrably important
in adaptation to changes in activity. We found significant
differential expression of between 1500 and 2000 genes with
TTX block, and a similar number during recovery from
block, whereas a comparison between sham operated and 7-
day recovery of voluntary activity showed less than 100
differentially expressed genes. Among the genes that showed
the greatest change in expression were myogenin and the
HDAC family. We have investigated the ability of
manipulation of the HDAC pathway to influence atrophy in
myoblast culture. There are a number of recent studies in
which the cellular pathways involved in mitochondrial
biogenesis and fibre type modification have been
investigated with various patterns of exercise in training
humans and other mammals [1,2]. Even with the best
planned studies including biopsy sampling, it is difficult in a
human study to investigate the response space describing the
relationship between pattern of activity, time, and changes in
transcription. We have used PCR to follow key
transcriptional pathways in separate groups of rats over the
hours and days following a change in activity pattern. The
data illustrate the variability in response between individuals
but also that mean transcript levels show complex patterns of
response over time that highlight the difficulties involved in
interpreting and modelling the response space based on the
restricted sampling points in human trials.

[1] Bartlett JD, Hwa Joo C, Jeong TS, Louhelainen J,
Cochran AJ, Gibala MJ, Gregson W, Close GL, Drust
B, Morton JP. Matched work high-intensity interval
and continuous running induce similar increases in
PGC-1o mRNA, AMPK, p38, and p53 phosphorylation
in human skeletal muscle. J Appl Physiol 2012; 112:
1135-1143.

Jensen JH, Conley LN, Hedegaard J, Nielsen M,
Young JF, Oksbjerg N, Hornshej H, Bendixen C,
Thomsen B. Gene expression profiling of porcine
skeletal muscle in the early recovery phase following
acute physical activity. Exp Physiol 2012; 97: 833-
8348.
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Aim of our study was to investigate whether stem cell (SC)
therapy with human amniotic fluid stem cells (hAFS, fetal
stem cells) and rat adipose tissue stromal vascular fraction
cells-GFP positive cells (rSVC-GFP) was able to produce
favourable effects on skeletal muscle (SM) remodelling in a
well-established rat model of right heart failure (RHF). RHF
was induced by monocrotaline (MCT) in Sprague-Dowley
rats. Three weeks later, four millions hAFS or rfSVC-GFP
cells were injected via tail vein. SC differentiation was
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studied by double immunofluorescence. SM remodelling was
assessed by Soleus Muscle fibre cross sectional area (CSA),
myocyte apoptosis, myosin heavy chain (MHC) composition
and satellite cells pattern [1-6]. Cytokine profile was
evaluated. The hAFS and rSVC-GFP injection produced
significant SC homing in Soleus (0.68+1.0 and 0.67+0.75%
respectively), with a 50% differentiation toward smooth
muscle and endothelial cells. Pro-inflammatory cytokines
were down regulated to levels similar to those of controls.
SC-treated (SCT) rats showed increased CSA (p<0.004vs
MCT) similarly to controls and showed a shift towards the
slow isoform with a leap of MHCI. Apoptosis was
significantly decreased (11.12.+ 8.8 cells/mm3 hAFS and
13.1+7.6 rSVC-GFP) (p<0.001vs MCT) and was similar to
controls (5.3843.0 cells'mm3p=ns). RHF rats showed a
dramatic reduction of satellite cells (MCT: 0.2+0.06% Pax7
native vs C 2.60£2.46%, p<0.001), while SCT induced a
repopulation of both native and SC derived satellite cells
(rSVC-GFP 1.35+0.40% Pax7 native and 1.25+0.33%Pax7-
SC injected; hAFS 0.60+0.32 Pax7 native, 0.60+0.34
injected,p<0.005). In conclusion, SC treatment led to SM
remodelling with satellite cells repopulation, decreased
atrophy and apoptosis. Modulation of the pro- and anti-
inflammatory cytokine milieu might play a crucial
pathophysiological role. This observation opens a possible
scenario for autologous transplantation of SC adipose-tissue
stromal vascular cells in patients with cardiac cachexia.

[1] Angelini A, Castellani C, Ravara B, Franzin C, Pozzobon
M, Tavano R, Libera LD, Papini E, Vettor R, De Coppi
P, Thiene G, Vescovo G. Stem-cell therapy in an
experimental model of pulmonary hypertension and right
heart failure: role of paracrine and neurohormonal milieu
in the remodeling process. J Heart Lung Transplant.
2011:30: 1281-1293.

Castellani C, Vescovo G, Ravara B, Franzin C, Pozzobon

M, Tavano R, Gorza L, Papini E,Vettor R, De Coppi

P,Thiene G, Angelini A. The contribution of stem cell

therapy to skeletal muscle remodeling in heart failure, Int

J Cardiol 2013, in press.

[3] Vescovo G, Serafini F, Facchin L, Tenderini P, Carraro
U, Dalla Libera L, Catani C, Ambrosio GB. Specific
changes in skeletal muscle myosin heavy chain
composition in cardiac failure: differences compared
with disuse atrophy as assessed on microbiopsies by high
resolution electrophoresis. Heart 1996; 76: 337-343.

Vescovo G, Volterrani M, Zennaro R, Sandri M, Ceconi C,
Lorusso R, Ferrari R, Ambrosio GB, Dalla Libera L.
Apoptosis in the skeletal muscle of patients with heart
failure: investigation of clinical and biochemical changes.
Heart 2000; 84: 431-437.

[4] Vescovo G, Zennaro R, Sandri M, Carraro U, Leprotti C,
Ceconi C, Ambrosio GB, Dalla Libera L. Apoptosis of
skeletal muscle myofibers and interstitial cells in
experimental heart failure. J Mol Cell Cardiol. 1998; 30:
2449-2459.
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Patient results and mathematical methodology for EMG-
based control of Deep Brain Stimulation in Parkinson
and Essential Tremor

Daniel Graupe, Ishita Basu, Daniela Tuninetti
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We discuss an EMG-based design for closed-loop predictive
on-demand control of deep-brain stimulation (DBS) in
Parkinson (PD) and Essential Tremor (ET) patients. While
presently DBS is applied in open-loop, it is generally
recognized that closed-loop dynamic control of DBS in a
manner that self-adapts to patient needs at any given moment
is the final goal of DBS. Such control obviously is based on
utilizing a reliable sensor for closing the loop, without which
no control is possible. The natural sensor is one that reliably
and continuously senses electrical activity such as neuronal
spike signals or local field potential (LFP) at the site of
stimulation, usually, the STN (sub-thalamic nucleus) or the
VIM (ventral intermediate nucleus of the thalamus) in deep
brain, to be subsequently processed in the IPG (implanted
pulse generator) of the DBS system. This type of sensor
located in deep brain involves many difficulties, such as
reliability of secure placement such that contact is never lost,
filtering of effects of the much stronger stimulation pulse
(relative to electrical level of neural activity, let alone the
mathematical aspects involved in any closed-loop control).
We therefore proposed [1], [2], [3] using the raw surface-
EMG (sEMG) from tremor affected limbs as sensors, noting
its easy accessibility and the richness of that signal in terms
of its integrating information from the firing of many
motor-neurons. We also noted that tremor in PD patients is
usually the first symptom to appear [4], while it is
effectively the only symptom in ET. Although, pathological
tremor is generated in the affected brain regions, but the
related neuronal activity, wherever it originated, is sent to
peripheral motor-neurons to cause tremor. The transmission
delay from brain to the limb where tremor appears is of the
order of 0.1 second, considering neuronal transportation
speed (3-10 m/sec). The control approach we use is
predictive control. Consequently, we predict the appearance
of tremor at least 3-10 seconds before it actually occurs and
once predicted to occur, we switch on DBS. This allows us to
apply our method to any already-approved (by FDA or other
regulatory authority), even in previously-implanted patients.
Our resultant system communicates wirelessly with the
already implanted IPG and hence avoids the need for
additional surgery to incorporate the predictive SEMG
controller in already implanted DBS system. The senior
authors already demonstrated in 1975 a mathematical
procedure capable of retrieving control of an artificial arm in
3 degrees of freedom from a single sSEMG signal site, [5],
thus illustrating the power of combining SEMG with
powerful  mathematical signal processing.  Similar
applications were published and utilized relating to using
SEMG control of electrical stimulation in upper-motor-
neuron paraplegics, for estimating desirable limb function
from above-lesion sSEMG. We also used sEMG sensors (in
combination with others) to predict onset of sleep-apnea
events [6]. The mathematical algorithm used [7] to predict
onset of tremor ahead of its actual occurrence is based on
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incorporating several sub-algorithm in a decision tree. These
algorithms each retrieve certain parameters from the SEMG
signal such that the combination of these parameters
determines tremor is to occur within a predetermined time-
window, .as follows:
(a.).Spectral (using Fourier
Measures:

and wavelet transforms)

a.l. Mean frequency,
a.2 Power at peak frequency
a.3. Mean power in particular wavelet band
(b.) Entropy Measures:
b.1. Wavelet entropy — Shannon Entropy measure
b.2. Sample entropy
(c.) Recurrence quantification measure: Recurrence rate

For discrimination between tremor and voluntary movement
and between ET patient states we also use an acceleration
signal. Results. We carried out 190 test runs of 8 patients, 4
PD patients and 4 ET patients — all previously implanted.

The average outcome of these results was as follows:

PD (average over 4 patients): Accuracy = 80.2, Sensitivity =
100, p-value = 0.0097

ET (average over 4 patients): Accuracy = 85.7, Sensitivity =
100, p-value = 0.0078

The study was made under University of Illinois at Chicago
(UIC) IRB approval.

Acknowledgements. This study would not have been possible
without the help and advice of Dr Konstantin Slavin, Dept. of
Neurosurgery, UIC. The support of Dr Daniel Corcos (Dept.
Kinesiology, UIC) and of Dr. Leonard Verhagen-Metman
(Dept. Neurology, Rush University Med. School, Chicago,
IL) was also essential to this study.

[1] Graupe D, Basu J, Tuninetti, D, Vannemreddy P,
Slavin KV. Adaptively controlling deep brain
stimulation in essential tremor patient via surface
electromyography. Neurological Research, 2010; 32:
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parkinsonian signs return after discontinuation of
subthalamic DBS? Neurology 2003; 60: 78-81.

[5] Graupe D, Cline WK.

Functional Separation of EMG Signals via ARMA
Identification Methods for Prosthesis Control Purposes
IEEE Transactions SMC, 1975; 5: 252-259.

Waxman JA, Graupe D, Carley DW. Automated
prediction of apnea and hypopnea, using a LAMSTAR
artificial neural network. Amer J Respiratory Critical
Care Med 2010; 181: 723-733.

Basu I, Tuninetti D, Graupe D, Slavin KV. Adaptive
control of deep brain stimulator for essential tremor:
entropy-based tremor prediction using surface-EMG.
IEEE EMBC Ann Internat Conf 2011, pp. 7711-7714.

sekokskok

(6]

-13-

Bone and muscle assessment in patients undergoing total
hip arthroplasty using HU based analysis

Paolo Gargiulo (1,2), brostur Pétursson (1), Benedikt
Magnusson (1), Gigja Magnusdottir (3), Grétar Halldorsson
(3), Jan Tribel (4), Halldor Jonsson jr (4,5)

(1) Dept. Biomedical Engineering, University of Reykjavik;
(2) Dept. Science, Education and Innovation, Landspitali
University Hospital, Reykjavik; (3) Rehabilitation Clinic
Grensas Landspitali Hospital, Reykjavik; (4) Orthopaedic
Clinic, Landspitali Hospital, Reykjavik; (5) Medical Faculty,
Iceland University, Reykjavik, Iceland

E-mail: "Paolo Gargiulo" <paologar@landspitali.is>

Total hip arthroplasty (THA) is performed with or without
the use of bone cement. The lack of reliable clinical
guidelines for deciding which one to implement has
encouraged this approach of joint clinical and engineering
with the following objectives: 1. Validate quadriceps muscles
and femur bone atrophy by extracting the mineral density
from Computer Tomographic (CT) images. 2. Validate
computational processes based on 3-D modeling and Finite
Element Methods (FEM) [1,2]. A clinical trial was started,
where 36 volunteer patients underwent THA surgery for the
first time: 18 receiving cemented implant and 18 receiving
uncemented implant. The patients were CT scanned prior-,
immediately after and 12 months post-surgery. The CT data
are further processed to segment muscles and bones and to
create 3D-models for the simulation and for calculating bone
mineral density (BMD). Furthermore quadriceps muscle
density Hounsfield (HU) based value is calculated from the
segmented file on healthy and operated leg [3]. These
preliminary results indicate computational tools and methods
that are able to quantitatively analyse patient’s condition pre
and post-surgery [4]. The BMD and muscle density
measurement in correlation with the fracture risk analysis
display a potential method for eligibility to receive non-
cemented implant; the preliminary results show that also
elderly that according with current clinical evaluation
receives a cemented implant are suitable for the non-
cemented type. The risk for structural failure during THA
surgery is estimated by calculating femoral bone fracture risk
index (FRI) as a ratio between compressive stress during
surgery and estimated failure stress on bone. The correlations
with the BMD observations during the clinical trial will
assess and validate this potential predictor tool.

[11 Gargiulo P. 3D modelling and monitoring of
denervated muscle under Functional Electrical
Stimulation treatment and associated bone structural
change.  European Journal of  Translational
Myology/Basic Applied Myology 2011; 21: 31-93.

Gargiulo P, Reynisson PJ, Helgason B, Kern H, Mayr

W, Ingvarsson P, Helgason T, Carraro U. Muscle,

tendons, and bone: structural changes during
denervation and FES treatment. Neurol Res 2011; 33:
750-758.

Gargiulo P, Helgason T, Reynisson PJ, Helgason B,
Kern H, Mayr W, Carraro U. Monitoring of muscle and
bone recovery in spinal cord injury patients treated
with electrical stimulation using three-dimensional
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imaging and segmentation techniques: methodological
assessment. Artificial organs 2011; 35: 275-281.

Izzo GM. Support for total hip replacement surgery:
Structures modeling, Gait Data Analysis and Report
system. European Journal Translational Myology-Basic
Applied Myology 2012; 22: 69-121.

sekskskosk
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Accelerating axon growth after nerve injury
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Axons in the peripheral nervous system (PNS) conduct action
potentials from one node of Ranvier to another, the myelin
sheath formed by Schwann cells insulating the axons
between the nodes. Accelerated conduction velocity due to
the nodal conduction is also a feature of myelinated axons in
the central nervous system (CNS) where the oligodendrocytic
glial cells enwrap several axons to form myelin sheaths.
After nerve injuries that disrupt axon continuity, the axons
that are disconnected from their cell bodies undergo
Wallerian degeneration with dissolution of the axons and
their myelin sheath. The glial cells multiply but it is only the
Schwann cells in the PNS that support the outgrowth and
elongation of regenerating axons, the myelin products of the
oligodendrocytes inhibiting axon growth in the CNS. The
expression of growth associated genes in the cell bodies of
injured peripheral nerves and the Schwann cells in the
growth pathway facilitate axon outgrowth and regeneration
within the distal nerve pathway after surgical apposition of
the proximal and distal nerve stumps. Axons regenerate at
the rate of slow axon transport, the rate being 1-3mm per
day. However, there are substantial delays and asynchronous
outgrowth of axons at the injury site. The Schwann cells and
extracellular matrix are initially disorganized at this site
before they gradually form Bands of Bungner of
longitudinally orientated Schwann cells that extend
throughout the endoneurial tubes that previously surrounded
each axon in the distal nerve pathway. The Schwann cells are
critical for axon regeneration, their presence and guidance
being essential for axon regeneration to occur. At the time of
nerve repair, a brief period of one hour low frequency
electrical stimulation is sufficient to dramatically accelerate
the outgrowth of axons across the injury site of surgically
repaired peripheral nerves. As a result, the more synchronous
outgrowth of axons results in accelerated regeneration
through distal nerve stumps and their earlier reinnervation of
denervated targets. Although the electrical stimulation does
not accelerate the rate of axon regeneration once the axons
reach the distal nerve stump, the accelerated axon outgrowth
is functionally significant in the light of the transient
expression of growth associated genes in the injured neurons
that have not yet regenerated their axons to make functional
target connections with associated progressive decay in their
regenerative capacity. The growth supportive Schwann cell
phenotype is also time-limited such that their expression of
their growth supportive genes declines with time such that
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they cannot support the regeneration of axons through the
long distal nerve pathways at the relatively slow rate of axon
regeneration. The accelerated axon outgrowth is associated
with increased levels of neuronal cAMP and expression of
the growth associated genes in the injured neurons. The
transient expression has recently been shown to be prolonged
by administration of anabolic steroids such that both when
combined with brief periods of electrical stimulation, axon
outgrowth and rate of regeneration are both accelerated.
These findings in animal studies are very promising and
proof of principle studies in human nerve injuries
demonstrate dramatic increase and accelerated functional
recovery.

[1] Franz CK, Singh B, Martinez JA, Zochodne DW, Midha
R. Brief Transvertebral Electrical Stimulation of the
Spinal Cord Improves the Specificity of Femoral Nerve
Reinnervation. Neurorehabil Neural Repair. 2012 Oct 16.
[Epub ahead of print].

Gordon T, Brushart TM, Chan KM. Augmenting nerve
regeneration with electrical stimulation. Neurol Res.
2008; 30: 1012-1022.

Gordon T, Chan KM, Sulaiman OA, Udina E, Amirjani
N, Brushart TM. Accelerating axon growth to overcome
limitations in functional recovery after peripheral nerve
injury. Neurosurgery. 2009; 65 (4 Suppl):A132-144.
Gordon T, Udina E, Verge VM, de Chaves EI. Brief
electrical stimulation accelerates axon regeneration in the
peripheral nervous system and promotes sensory axon
regeneration in the central nervous system. Motor
Control. 2009; 13: 412-441.

Singh B, Xu QG, Franz CK, Zhang R, Dalton C, Gordon
T, Verge VM, Midha R, Zochodne DW. Accelerated
axon outgrowth, guidance, and target reinnervation
across nerve transection gaps following a brief electrical
stimulation paradigm. J Neurosurg. 2012; 116: 498-512.
Yeh CC, Lin YC, Tsai FJ, Huang CY, Yao CH, Chen
YS. Timing of applying electrical stimulation is an
important factor deciding the success rate and maturity of
regenerating rat sciatic nerves. Neurorehabil Neural
Repair. 2010; 24: 730-735. Epub 2010 Aug 12.
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Cachexia is a multifactorial syndrome defined by an ongoing
loss of skeletal muscle mass, with or without loss of fat mass
that cannot be fully reversed by conventional nutritional
support [1]. Cachexia is characterized by severe muscle
atrophy and weakness, accounting for poor prognosis and
worsening patients quality of life. Indeed, cancer cachexia
accounts for about 20% of cancer patient’s deaths. Recent
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studies showed that physical activity after cancer diagnosis
ameliorates the prognosis, although the underling
mechanisms are still poorly understood. With the aim to
delineate the pathways involved in exercise-mediated rescue
of cachexia, we investigated the effects of spontaneous
physical activity (wheel running) in colon carcinoma (C26)-
bearing mice. All major diagnostic criteria for cachexia were
reversed by exercise, including rescue of body weight,
muscle atrophy and fatigue, ultimately leading to increased
survival. These data suggested a potential use of exercise
mimetics (that is, pharmacological treatments activating
pathways physiologically triggered by exercise) to counteract
cachexia. To test this approach, we treated C26-bearing mice
with AICAR, an analog of AMP that is capable of activating
AMPK-mediated pathways, thus mimicking endurance
exercise adaptations in skeletal muscle [2]. Strikingly,
AICAR treated mice looked healthier, lost significantly less
body and muscle weight and show reduced expression of
atrogenes in respect to vehicle treated mice. The molecular
mechanisms by which AICAR can rescue muscle cachexia
are under investigation. We first hypothesized that AICAR
could increase PGCla expression and mitochondriogenesis,
therefore promoting a shift towards a more oxidative status
that may render skeletal muscle more resistant to wasting.
This was not the case. We are now evaluating if AICAR
rescue cancer cachexia by increasing autophagy in skeletal
muscle. We propose that physical activity counteracts
cachexia and reveal a potential use of exercise mimetics to
ameliorate patient muscle wasting.

[1] Fearon K, Strasser F, Anker SD, Bosaeus I, Bruera E,
Fainsinger RL, Jatoi A, Loprinzi C, MacDonald N,
Mantovani G, Davis M, Muscaritoli M, Ottery F,
Radbruch L, Ravasco P, Walsh D, Wilcock A, Kaasa S,
Baracos VE. Definition and classification of cancer
cachexia: an international consensus. Lancet Oncol
2011; 12: 489-495

Narkar VA, Downes M, Yu RT, Embler E, Wang Y-X,
Banayo E, Mihaylova MM, Nelson MC, Zou Y,
Juguilon H, Kang H, Shaw R, Evans] RM. AMPK and
PPARS agonists are exercise mimetics. Cell 2008; 134:
405-415.
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After completion of cancer treatment, a relatively high
percentage of patients (17-56%) present fatigue. It is
associated with considerable impairments in cardio-
respiratory fitness and is likely due to complex inter-
relationships between direct effects of cancer on the affected
organs, direct toxic effects of anticancer therapy on multiple
systems (especially on heart, blood components, muscles,
neuroendocrine system), as well as indirect consequences of
therapy (physical deconditioning, depression). Anemia is one
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of the most common manifestations, reaching a prevalence as
high as 68-77% of patients in advanced stages of cancer.
Likewise in heart failure patients, fatigue, impaired
cardiovascular fitness and anemia are associated with an
increased risk of cardiovascular morbidity and mortality. The
effects of exercise training on these parameters and the
adaptation mechanisms that could prevent or mitigate
dysfunction in oncologic patients are still poorly known; so,
some data are derived from the larger experience of exercise-
based rehabilitation in cardiac patients. Exercise training
modifies muscle fibers composition and muscle blood
distribution, contrasts treatment-induced sarcopenia, and
increases muscle mass and functional performance
(independently of heart function); physical exercise reduces
the risk of morbidity and mortality from other chronic
diseases (such as diabetes and coronary artery disease), that
could be induced or worsened by cancer therapy and whose
effects could outweigh the initial cancer diagnosis.
Observational studies and meta-analises reports confirm that
exercise-based interventions during or after cancer treatment
are effective in reducing cancer related fatigue and anxiety,
and - similarly to general population and chronic heart failure
patients - improve quality of life =~ and possibly increase
survivorship. Likewise in coronary artery diseases, in
oncology patients blood transfusions seem to be linked to
increased or accelerated mortality, and erythrocyte
stimulating agents - though effective in improving quality of
life - could have an unfavourable effect on life expectancy.
Individually tailored exercise training is well tolerated in
complicated patients with anemia and allows similar physical
improvements as in non-anemic populations; it can increase
total Hb and red cell mass and thus enhance oxygen-carrying
capacity to the working muscles and all other organs. It is
reasonable to presume that a wider application of
comprehensive exercise-based rehabilitation in oncologic
patients could be worthwhile.

[1] Lakoski SG, Eves ND, Douglas PS, Jones LW. Exercise
rehabilitation in patients with cancer. Nat Rev Clin Oncol
2012; 9: 288-296.

[2] Bellotto F, Compostella L, Agostoni P, Torregrossa G,
Setzu T, Gambino A, Russo N, Feltrin G, Tarzia V,
Gerosa G. Peripheral adaptation mechanisms in physical
training and cardiac rehabilitation: the case of a patient
supported by a CardioWest total artificial heart. J Cardiac
Fail 2011; 17: 670-675.

[3] Mishra SI, Scherer RW, Snyder C, Geigle PM,
Berlanstein DR, Topaloglu O. Exercise interventions on
health-related quality of life for people with cancer
during active treatment. Cochrane Database Syst Rev
2012 Aug 15; 8: CD008465.

[4] Preston NJ, Hurlow A, Brine J, Bennett MI. Blood
transfusions for anaemia in patients with advanced
cancer. Cochrane Database Syst Rev 2012 Feb 15; 2:
CD009007.

[5]Bellotto F, Palmisano P, Compostella L, Russo N,
Zaccaria M, Guida P, Setzu T, Cati A, Maddalozzo A,
Favale S, Iliceto S. Anemia does not preclude increments
in cardiac performance during a short period of intensive,
exercise-based cardiac rehabilitation. Eur J Cardiovasc
Prev Rehabil 2011; 18: 150-157.
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Skeletal muscle is the major reservoir of body proteins and it
can be particularly affected in conditions associated to altered
protein turnover and metabolism such as cancer. Although
severe wasting is seen primarily in patients with advanced
malignancy or cachexia, some of them present degree of
wasting at clinical presentation. It would be important to
identify prognostic markers of cancer associated myopathy in
order to prevent the severe muscle wasting that finally leads
to cachexia. We collected skeletal muscle biopsies (rectus
abdominis) from patients (n=50) affected with colorectal
cancer at diagnosis, during open surgery for the excision of
the tumor, and morphometric analyses showed that in the
absence of muscle atrophy and local tissue inflammation, a
high percentage of myofibers (median 13.1%) were
abnormally nucleated presenting myonuclei located inside
the myofiber rather than at the periphery. Histochemical
analyses testing for the activity of myofibrillar ATPase,
showed that these myofibers were predominantly of fast type,
suggesting that this phenomenon was not randomly present,
rather than fiber type specific. In  addition,
immunohistochemical stainings identified several small
myofibers expressing two classical markers of muscle
regeneration: the embryonic isoform of myosin heavy chain
(MHC-emb) or the neural cell adhesion molecule (NCAM).
Moreover, in cancer patients, we observed an inverse
correlation between the number of internally nucleated fibers
and the presence of node metastasis (N+) (p)=-0.30 (p=0.03).
These features are typical sign of myopathy, that were not
observed whit such a frequency in a group of rectus
abdominis muscle biopsies from non oncologic patients
(n=25), undergoing surgery for benign non-inflammatory
diseases (median=3%, p<0.0001 vs oncologic patients).

Analyses on serum samples collected prior to surgery testing
markers of inflammation (C Reactive Protein, CRP), muscle
enzymes, (Creatin Kinase, CK), soluble isoform of NCAM),
and marker of protein turnover (prealbumin) showed that in
the absence of systemic inflammation (CRP and CK values
were in the normal range), in the prevalence of cancer
patients the levels of prealbumin were below the normal
range (200-400 mg/L), and the mean value was significantly
lower compared to that detected in non oncologic patients
(174.38+57.86 mg/L  vs  264.00+69.73, p<0.001).
Interestingly, the low levels of prealbumin were not

-16 -

significantly associated with the body mass index in
oncologic patients, and these patients had no body weight
loss > 5% since 6 months prior to cancer diagnosis, that is
one of the criteria to define the cachetic status of the subject.
Prealbumin, also known as transtiretin, is a typical marker of
caloric and protein malnutrition, which has been already
described in conditions characterized by proteins’ deficit due
to reduced food intake, malabsorption and coeliac disease, or
increased catabolism (cancer, cachexia, AIDS,
hyperthyroidism, hypercortisolism). Recently, prealbumin
has been also described as a prognostic marker of cancer
relapse in patients affected with colorectal cancer, but its
association with the survival rate in these patients has not
been clarified yet. Up to now, our data indicate that the
subclinical myopathy we observed in patients affected with
colorectal cancer appears to be associated with an early stage
of cancer and it could be a side-effect of anti-cancer defense
mechanisms (possibly pro-apoptotic, thus, non inflammatory)
on the skeletal muscle, during the preinvasive stage of
cancer. Cancer-related skeletal muscle wasting has profound
effects on functional outcomes and quality of life. Evidence
from recent publications indicates that repeated exercise may
enhance the quality of life of cancer patients. When started
early during the progression of disease, i.e. before the onset
of severe myopathy or cachexia, at the stage in which the
subclinical myopathy can be observed, regular physical
exercise may prevent or control the progression of cancer-
associated myopathy, possibly counteracting some of the
mechanisms underling muscle wasting.

[1] Tisdale MJ. Cachexia in cancer patients. Nat Rev Cancer
2002; 62: 2771-2777.

[2] Evans WIJ, Morley JE, Argile’s J. Cachexia: a new
definition. Clinical Nutrition 2008; 27: 793-799.

[3] Zampieri S. Doria A, Adami N, Biral D, Vecchiato M,

Savastano S, Corbianco S, Carraro U, Merigliano S.

Subclinical myopathy in patients affected with newly

diagnosed colorectal cancer at clinical onset of disease:

evidence from skeletal muscle biopsies. Neurol Res

2010, 32: 20-25.

Zampieri S, Valente M, Adami N, Biral D, Ghirardello

A, Rampudda ME, Vecchiato M, Sarzo G, Corbianco S,

Kern H, Carraro U, Bassetto F, Merigliano S, Doria A.

Polymyositis, dermatomyositis and malignancy: A

further intriguing link. Autoimmun Rev 2010; 9: 449-453

Zampieri S, Valente M, Adami N, Corbianco S, Doria A,

Biral D, Vecchiato M, Carraro U, Merigliano S.

Subclinical myopathy in patients affected with early

stage colorectal cancer at disease onset: No evidence of

inflammatory cells infiltration in the skeletal muscle
biopsies harvested during diagnostic laparoscopy. Basic

Appl Myol 2009; 19: 247-252.

[6] Frederick KB, Thomas CR. Prealbumin: a marker for
nutritional evaluation. Am Fam Physician 2002; 65.

[7] Bozzetti F. A critical reappraisal of the definition of
cancer cachexia and proposal for a staging system. Nutr
Therapy & Metab 2008; 26: 109-117.

[8] Al-Majid S, Waters H. The biological mechanisms of
cancer-related skeletal muscle wasting: the role of
progressive resistance exercise. Biol Res Nurs. 2008; 10:
7-20.
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Rehabilitation treatment for lymphedema in
postintervention breast cancer

Lia Zanetti, Konstantinos Koutsikos, Aristide Roberto
Gravina, Stefano Masiero

Rehabilitation Department, University of Padua, Padua
General Hospital, Italy
E-mail: stef.masiero@unipd.it>

Lymphedema represents a clear and palpable increase in
volume of a limb or a body segment, due to an interstitial
lymphatic stasis. It’s caused by a mechanical deficiency
characterized by a low lymphatic flow as a result of lymph
nodes and lymphatic vessels disorders, secondary to
iatrogenic events like trauma, surgery, radiotherapy, physical
insult and disuse. Lymphedema presents a large amount of
proteins in the interstitial spaces and, when lasting for more
than four weeks, leads to skin alterations characterized by
proliferation of connective tissue and fibrosis. Lymphedema
can be primary, due to congenital lymphatic deficiencies, or
secondary to pathological and/or iatrogenic causes. The
clinical signs are the following: skin colour appears nearly
normal; in general it is monolateral; it affects both dorsum
and fingers of hand and foot; it is painless; Stemmer sign is
positive in the fibrotic phases; it does not improve in the
antigravitational position. Lymphedema can have an early
onset, soon after surgery and/or radiotherapy, or a late onset,
months or up to twenty years after. Preservation of the limb,
homolateral to the side of surgery, should be the priority in
patient’s management and requires the following cures: avoid
excessive local heat, any compressive events, positions or
activities that restrict venous and lymphatic circulations, risks
of inflammation and infection. Moreover, it’s essential to
care the limb and prevent the complications using active
mobilization. Treatment of lymphedema can be rehabilitative
or pharmacological and its aim is to stimulate a correct
hemolymphatic drainage. Rehabilitative treatment consists
in: draining postures of upper extremity, strengthening and
endurance exercises, passive and active mobilizations of
upper extremity, manual lymphatic drainage with or without
compression bandages and, if necessary, use of compression
garment and pressure therapy. Furthermore, the rehabilitative
management must include patient’s education, daily living
precautions and home exercise programme. Being
lymphedema a chronic condition, rehabilitative treatment
does not manage to resolve but only to limit the problem
improving, however, patient’s expectations and quality of
life. In order to avoid or limit this complication an early
approach of the rehabilitative team is fundamental. On the
other hand, active collaboration of the patient in the self-
management of lymphedema is necessary in maintaining
treatment results and preventing aggravation. Because of its
nature, lymphedema necessitates a multidisciplinary cross-
sectional approach, involving several professionals like
surgeons,  oncologists,  radiotherapists,  radiologists,
physiatrists, psychologists and physical therapists [1-3].

[1]Markes M, Brockow T, Resch KL. Exercise for women
receiving adjuvant therapy for breast cancer. Cochrane
Database Syst Rev. 2006 Oct 18;(4):CD005001. Review.

[2] Mishra SI, Scherer RW, Geigle PM, Berlanstein DR,
Topaloglu O, Gotay CC, Snyder C. Exercise
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interventions on health-related quality of life for cancer
survivors. Cochrane Database Syst Rev. 2012 Aug
15;8:CD007566.d0i:10.1002/14651858.CD007566.pub2.

Review.
[3] Johansson K, Hayes S, Speck RM, Schmitz KH. Water-
based exercise for patients with chronic arm

lymphedema: a randomized controlled pilot trial. Am J
Phys Med Rehabil. 2013 Jan 30. [Epub ahead of print].
Rossato E, Zanetti L, Salmistraro G, Andreozzi G M,
Ferraro C. Ruolo della dietoterapia e dell’ecografia ad
alta risoluzione nel trattamento con linfodrenaggio
manuale del linfedema secondario a intervento per
carcinoma mammario. Giornale Italiano di Medicina
Riabilitativa 2008; 22: 249-254.
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Therapeutic strategies in a key cancer center in Vienna,
Austria

Martina Grim-Stieger (1), Roland Peceny (2), Hannah
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Wilhelminenspital Wien, Austria; (2) Ludwig Boltzmann
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Cancer is changing from a deadly to a chronic disease. New
therapeutic modalities are helping to prolong the life span of
the affected patients. Apart from new therapies regular
exercise has proven to be safe and cost efficient [1-3]. In
breast cancer patients, for example, the long term survival
can be improved by about 50%! In a major cancer center we
are trying to convince particular patients to use the tool of
force and endurance training to make their life longer and
self determined. After proper assessment and exclusion of
contraindications we train these patients 30 times in 6 months
on force in our hospital and guide them through a 3 times per
week independent endurance training at home. With precise
measurement and targets considering the metabolic situation
and abilities of the patient we are able to follow the progress
of the patients and motivate them to stay adherent to the
training therapy. The program is complemented by
psychological guidance and proper dietetic
recommendations. In this article we try to give an insight in
our considerations and our strategy to modify the behavior of
these patients on a long term basis.

[1] Barbaric M, Brooks E, Moore L, Cheifetz O. Effects of
physical activity on cancer survival: a systematic review.
Physiother Canc 2010; 62; 25-34.

[2] Holmes MD, Chen WY, Feskanich D, Kroenke CH,
Colditz GA. Physical activity and survival after breast
cancer diagnosis. JAMA 2005: 293: 2479- 2486.

[3] Koutsokera A, Kiagia M, Saif MW, Souliotis K, Syrigos
KN. Nutrition Habits, Physical Activity, and Lung
Cancer: An Authoritative Review. Clin Lung Cancer.
2013  Jan 30. doi:pii:  S1525-7304(12)00267-7.
10.1016/j.c11c.2012.12.002. [Epub ahead of print]
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Progressive un-coupling of mitochondria from calcium
release units in ageing: implications for muscle
performance

Feliciano Protasi, Laura Pietrangelo, Alessandra D'Incecco,
Simona Boncompagni

CeSI - Center for Research on Ageing & DNI — Dept.
Neuroscience and Imaging, University of Chieti, Italy
E-mail: fprotasi@unich.it

At the most basic level, skeletal muscle contraction requires
Ca®" and ATP and, thus, is under direct control of two
important intracellular organelles: Ca®" release unit (CRU) -
specialized intracellular junctions, also named triads, which
are involved excitation-contraction (EC) - and
mitochondria, the organelles deputed to produce the energy
required for most cellular functions. It is now becoming
clear that: a) CRUs and mitochondria interact functionally
and structurally because entry of Ca®" into the mitochondrial
matrix is required to stimulate the respiratory chain, and
increase ATP production; b) efficient Ca® uptake into
mitochondria may strongly depend on their location with
respect to sites of Ca’" release. Recent studies from our
laboratory have shown that many mitochondria in skeletal
fibers are connected to CRUs by small structures, called
tethers, electron dense linkers which keeps mitochondria in
proximity of CRUs [2]. Miss-function of mitochondria and
functional structural changes affecting the EC coupling
apparatus have been both proposed to contribute to the age-
related decline of skeletal muscle performance [1,3,5]. We
have studied the morphology, frequency, and sarcomeric-
localization of both CRUs and mitochondria in: A) Extensor
Digitorum Longus (EDL) muscle from adult (4-12 months)
and ageing WT mice (25 to 35 months of age); and b) in
human biopsies from sedentary elderly subject and age
matched sportman (65 to 75 years of age) using light,
confocal, and electron microscopy (EM) to determine how
EC coupling and mitochondrial apparatuses are affected by
age and exercise. Results. A. Studies in mice revealed that: a)
the number of CRUs/100um2 (measured in longitudinal EM
sections) in aging mice decreases significantly compared to
adult mice: 93 £ 9 vs. 76 + 8§, respectively (p<0.01); b) the
number of mitochondria-profiles/100um? also decreases with
age: 54 £ 7 vs. 43 + 6, respectively (p<0.01); c) in ageing
fibers mitochondria are more frequently found at the A band
of the sarcomere (2.0 + 0.0 vs. 0.4 + 0.0), away from CRUs.
The miss-placement of mitochondria is likely the results of
the decreased frequency of tethers: in ageing fibers their
number decrease with age from 14/100pm® in adult vs.
6/100pm? in ageing mice. The above changes taken together
cause a significant decrease in the number of functional
CRUs-mitochondria couples: 39 = 5 vs. 26 £ 5 (a decrease of
about  33%). This  considerable  reduction  of
CRU/mitochondria couples may significantly contribute to
the decrease of specific force and endurance of skeletal

in
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muscle associated to ageing. A manuscript containing these
data is ready to be submitted (D’Incecco et al., in preparation
[4]). Results B. Studies in human Vastus Lateralis biopsies
from sedentary elderly subjects confirmed general findings
collected in mice (i.e. decrease in frequency of both CRUs
and mitochondria and partial miss-placement of
mitochondria). However, in human studies we also had the
chance to compare samples from two groups of elderly
individuals of 65-75 years of age (all males), sedentary and
sportsmen (individuals who regularly exercised in the last
several years of their life), in order to determine if structural
changes in CRUs and mitochondria are just caused by ageing
itself or if inactivity plays also a central role in the
progressive decay of EC coupling and mitochondrial
apparatuses. These studies revealed that both CRUs and
mitochondria increase with exercise, mitochondria much
more than CRUs. Number of CRUs/100um?*: 16.0 + 8.8 in
sedentary vs. 21.6 + 10.8 in sportsmen; number of
mitochondria/100pum? 38.8 + 20.3 in sedentary vs. 52.0 £
21.3 in sportsmen. The combined increase of both CRUs and
mitochondria results in largely increased frequency of
CRU/mito pairs: 4.3 £ 4.5 in sedentary vs. 11.1 £ 8.3 in
sportsmen. The results collected in our studies suggest that
structure/organization of both EC coupling and mitochondrial
apparatus: a) is affected by age; b) is better preserved in
subjects which exercise regularly. In conclusion, the dramatic
age-related decay affecting mitochondrial and EC coupling
apparatuses in humans are, at least in part, caused by
inactivity due to changes in life style.

[1] Boncompagni S, d’Amelio L, Fulle S, Fano G, Protasi F.

Progressive disorganization of the excitation-contraction

coupling apparatus in ageing human skeletal muscle as

revealed by electron microscopy: a possible role in the
decline of muscle performance. J Gerontol Biol Sci

2006; 61: 995-1008.

Boncompagni S, Rossi AE, Micaroni M, Beznoussenko

GV, Polishchuk RS, Dirksen RT, Protasi F.

Mitochondria are linked to calcium stores in striated

muscle by developmentally regulated tethering

structures. Mol Biol Cell 2009; 20:1058-1067.

Delbono O, O'Rourke KS, Ettinger WH. Excitation-

calcium release uncoupling in aged single human skeletal

muscle fibers. ] Membr Biol 1995; 148: 211-222.

D’Incecco A, Pietrangelo L, Boncompagni S, Protasi F.

Progressive un-coupling of mitochondria from calcium

release sites in ageing: implications for muscle

performance. In preparation.

[5] Wang ZM, Messi ML, Delbono O. L-Type Ca(*")
channel charge movement and intracellular Ca(*") in
skeletal muscle fibers from aging mice. Biophys J. 2000;
78: 1947-1954.
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Decades of high level physical activity postpone age-
related decline by increasing reinnervation of skeletal
muscle

Sandra Zampieri (1,2), Katia Rossini (1), Nicoletta Adami
(1), Stefan Lofler (2), Helmut Kern (2), Ugo Carraro (1)

(1) Laboratory of Translational Myology, Dept. Biomedical
Sciences, University of Padua, Italy; (2) Ludwig Boltzmann
Institute  of  Electrical  Stimulation and  Physical
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Wilhelminenspital Wien, Austria

E-mail: sanzamp@unipd.it

Sarcopenia, the age-related impairment in skeletal muscle
structure and function, is the major cause of frailty, fall-
related injuries, increased morbidity and mortality in old age
[3]. It is associated with a progressive loss of muscle mass,
strength, and power. Histological changes seen in skeletal
muscle from seniors indicate that denervation contributes
significantly to muscle wasting. Denervation atrophy causes
progressive accumulation and clustering of small, angular
fibers with denervated features. A progressive loss of [I-
motoneurons and a decrease in the number of motor units are
also observed [2,5]. These age related denervation events
lead to reinnervation by the neighbor motor units (motor unit
remodeling) that can increase in size, in association with
fiber type grouping (one or more myofibers are completely
surrounded by fibers of the same contractile phenotype).
Several longitudinal studies have shown that regular physical
exercise may extend life expectancy, reduce morbidity such
as frailty, neurological disorders and reduce physical
disability in aging [1,4]. Based on these findings, we
indented to determine how a life-long exercise delays
structural decline of muscle characteristics caused by aging,
in particular investigating its effect on age-related
denervation. Quadriceps muscle biopsies from a peculiar
group of fifteen well-trained seniors that exercised regularly
in their previous 30-40 years (senior sportsmen) and from
fourteen sedentary elderlies with a normal lifestyle
(sedentary seniors) were collected (70 = 4.0 vs 71 + 5.5
years, p = n.s). Quantitative histological analyses show that
the average diameter of skeletal muscle fibers from Vastus
Lateralis is significantly higher in senior sportsmen
compared to sedentary seniors (61.22 + 17.11 vs 51.41+
15.43, p < 0.0001) and that the proportion of severely
atrophic denervated myofibers with a mean myofiber
diameter < 30 pm is lower (2%), compared to the 6%
observed in healthy sedentary elderlies (p <0.0001). In all
muscle biopsies from senior sportsmen, reinnervation events
identified as fiber type groupings are observed, while they
are detected in the 86% of healthy sedentary elderly. In
particular, in seniors sportsmen slow fiber type groupings are
detected almost exclusively (slow type n=174, fast type n=3),
while in sedentary seniors the observed type groupings are of
both slow (n=19) and fast (n=20) type. In senior sportsmen
the higher prevalence of slow type fibers predominantly
clustered in type groupings compared to fast type fibers (69%
vs 31%, p<0.001) suggest that the amount of endurance
exercise that these subjects performed lifelong, induces an
increment and a strengthening of the oxidative muscle
metabolism. The total number of fiber type groupings
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detected in seniors sportsmen was significantly higher
compared to that observed in sedentary seniors (177 vs 39, p
<0.0001) These observations suggest that reinnervated
myofibers (in type groupings) are more common in senior
sportsmen than in healthy sedentary elderlies. The low
percentage of denervated myofibers and the higher mean
myofiber diameter observed in seniors sportsmen suggest
that decades of high level physical exercise have beneficial
effects on age related decay also counteracting denervation
atrophy by promoting reinnervation. All together, these
findings suggest that a higher number of myofibers persists
despite aging in senior sportsmen.

[1] Andersen JL. Muscle fibre type adaptation in the elderly
human muscle. Scand J Med Sci Sports. 2003; 13: 40-47.
[2] Edstrom E, Altun M, Bergman E, Johnson H, Kullberg S,
Ramirez-Leén V, Ulthake B. Factors contributing to
neuromuscular impairment and sarcopenia during aging.
Physiol Behav. 2007; 92: 129-135.
Mitchell W K, Williams J, Atherton P, Larvin M, Lund J,
Narici M. Sarcopenia, dyapenia, and the impact of
advancing age on human skeletal muscle size and
strength; a quantitative review. Frontiers in Physiology
2012; 3: 260-278.
Power GA, Dalton BH, Behm DG, Doherty TJ,
Vandervoort AA, Rice CL. Motor unit survival in
lifelong runners is muscle dependent. Med Sci Sports
Exerc 2012; 44: 1235-1242.
Vandervoort AA. Aging of the human neuromuscular
system. Muscle Nerve 2002; 25: 17-25.
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Center for Medical Physics and Biomedical Engineering,
Medical University of Vienna, Austria.

E-mail: "Jan_Cvecka" <cvecka@fsport.uniba.sk>

The term dynapenia has been recently introduced to refer to
age—associated loss of muscle strength. This concept stresses
that, with aging, loss of muscle function and strength is of
higher importance and progresses at higher rate compared to
loss of muscle mass [1]. It seems that muscle strength is a
key component in mobility in elderly and may impact the
results in some clinical functional tests (e.g., chair rising
test). Strength training has been shown to improve dynapenia
[2]. However, there is less knowledge about alternative
treatments for dynapenia e.g., surface electrical stimulation.
Therefore, this study examined effects of an 8-week period of
strength vs. electrical stimulation training on muscle strength
and functional parameters in elderly. Twenty subjects were
randomly assigned to either strength training (ST, age



European Journal of Translational Myology/Basic Applied Myology 2013; 23: 5-48
Proceedings of the 2013 Spring Padua Muscle Days
Terme Euganee, Padova (Italy), March 15 - 17, 2013
Abstracts

71,66+2,97 years, height 167,4+11,52 cm, weight
72,33+£15,02 kg) or electrical stimulation training group
(EST, 70,21+3,258, 168,2+5,630 78,89+8,681). Duration of
both training regimes was 8 weeks. RT trained on a leg press
device in isokinetic mode with proprioceptive stimulation.
EST underwent stimulation of both quadriceps femoris
muscles with an additional load place on ankles (1 to 2.5kg).
Both groups were tested one week before and one week after
the training. Clinical functional test battery consisted of as
follows: chair rising test, timed up-and-go test (TUG), 10-m
maximum speed walking test. Maximum isometric strength
of knee and leg extensors was measured on a knee extension
and leg press dynamometer, respectively. Muscle strength
increased significantly in the ST group, only, with increase
being 10% and 27% (p<0.01) for knee and leg extension,
respectively. A higher relative increase in leg press compared
to knee extension may be a result of the training specificity,
as the leg press device was also used during the trainings. A
non-significant increase in muscle strength (5% in both tests)
in EST could be explained by excluding voluntary neural
activation in EST, which is a crucial part of the training
adaptation during the initial phase of the strength training. In
clinical functional tests, chair rising improved significantly
by 17% (p<0.05) and 14% (p<0.05) in ST and EST,
respectively. There was also a non-significant correlation
between chair rising test and strength levels implicating other
adaptation mechanism(s) besides muscle strength influencing
chair rising performance. TUG performance did not changed
significantly in either group. 10-m maximum speed walking
performance changed significantly in EST only (p<0.05). To
conclude, strength training was superior for gaining
maximum strength in both training-specific and -non-specific
tasks compared to electrical stimulation. There was similar
effect of both ST and EST regimes on clinical functional
tests. It seems that initial results and training adaptations
measured by clinical functional tests may be more vulnerable
to confounding factors e.g., body mass and health status,
compared to laboratory strength tests.

[1] Clark BC, Manini TM. What is dynapenia? Nutrition.
2012; 28: 495-503.

[2] Mitchell WK, Williams J, Atherton P, Larvin M, Lund J,
Narici M. Sarcopenia, dynapenia, and the impact of
advancing age on human skeletal muscle size and
strength; a quantitative review. 2012; 3: 260. doi:
10.3389/fphys.2012.00260.
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The effect of strength training on balance in elderly
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Falls and their consequences are a major health problem in
elderly population [1, 2]. Poor balance has been recognized
as one of many precursors of falls [2-4]. Moreover,
sustaining balance in an upright posture involves reach
sensory-motor processing which results in generating
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appropriate timing and amount of muscle forces needed to
counteract the constantly appearing destabilizing external
forces. The aim of this study was to find out the effects of
2.5-month strength training of two different types on static
balance in elderly subjects. Altogether, 74 subjects (74.3 +
7.0 years, 169.6 = 10.3 cm, 78.5 £ 16.1 kg) volunteered to
take part in the study. They were randomly assigned to
control group (CG, n =19), electrical stimulation group (ES,
n = 27) or leg press group (LP, n = 28). Subjects in both the
training groups (ES and LP) were exposed to training
3x/week for a period of 9 weeks. In the ES group the subjects
received neuromuscular electrical stimulation of the anterior
thigh muscles. In the LP group the subjects performed
strength training on a computer-controlled leg press machine
using the mode of combined slow movements and
superponated vibrations. Before and after the training period,
static balance of the subject was tested by a quiet stance task
(parallel stance, closed eyes, 3x30s. The balance was
quantified as the average velocity, amplitude and frequency
of the center-of-pressure (CoP; total, medial-lateral and
anterior-posterior) as detected with the force platform.
Statistical analysis included descriptive statistics, tests of
normality/homoscedasticity, and tests among the groups
(ANOVA, ANCOVA and t-tests). The level of statistical
significance was set at 0.05. The three groups of subjects
showed statistically significant differences (p < 0.05)
regarding the pre-training vs. post-training changes in CoP
velocity, amplitude and frequency. The differences were
more pronounced for CoP velocity (F =4.9 — 9.6, p = 0.000 —
0.001) and amplitude (F = 5.6 — 8.5, p = 0.001 — 0.006),
while they were less evident in case of mean frequency of the
power spectrum (F = 1.6 — 3.6, p = 0.03 — 0.21). The mean
improvements were higher in the LP group than in the ES
group. To summarize, our results provide supportive
evidence to the existence of the strength:balance relationship.
The selected body sway parameters were namely improved
after the training period in both experimental groups. The
training effect on static balance was bigger in case of training
with voluntary contractions and less when neuromuscular
electrical stimulation was used. This might indicate the role
of recruiting central (supraspinal and spinal) processes and
activation of functional kinetic chains for the better end
effect.

[1] Abrahamova D, Hlavacka F. Age-related changes of
human balance during quiet stance. Physiological
Research/Academia Scientiarum Bohemoslovaca, 2008;
57: 957-964.

Hauer K, Becker C, Lindemann U, Beyer N.
Effectiveness of physical training on motor performance
and fall prevention in cognitively impaired older persons:
a systematic review. Am J Phys Med Rehabil, 2006; 85:
847-857.

Rogers MW, Mille M-L. Lateral stability and falls in
older people. Exercise and sport sciences reviews. 2003;
31:182-187.

Steib S, Schoene D, Pfeifer K. Dose-response
relationship of resistance training in older adults: a meta-
analysis. Med Sci Sports Exerc 2010; 42: 902-914.
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The power of mitochondrial shaping machinery in
controlling muscle mass
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Skeletal muscle is a tissue with high energy demand that
requires an extremely organized and functioning
mitochondrial network. Therefore, mitochondria dynamics
play a critical role in muscle homeostasis and function.
However, only few genetic studies have explored the role of
fusion and fission machineries in muscle physiology. Here
we have investigated the role of OPAl by generating a
muscle specific knockout mouse. Ablation of OPA1 gene
results in 100% lethality at newborn age. OPA1-null muscles
are smaller in size than controls because of inhibition of
protein synthesis and activation of autophagy-lysosome
system. OPA1l null muscles show also an alteration of
myogenesis that contributes to the weakness. Knockout
animals showed accumulation of lipid droplets and of
abnormal mitochondria that are smaller in size with dilated
cristac and altered function. Therefore, mitochondrial
shaping machinery is critical for muscle homeostasis and
open a new set of potential therapeutic targets against muscle
wasting.

[1] Olichon A, Guillou E, Delettre C, Landes T, Arnauné-
Pelloquin L, Emorine LJ, Mils V, Daloyau M, Hamel C,
Amati-Bonneau P, Bonneau D, Reynier P, Lenaers G,
Belenguer P. Mitochondrial dynamics and disease,
OPA1. Biochim Biophys Acta. 2006; 1763: 500-509.
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One of the crucial parameters of tissue regeneration is the
microenvironment in which the stem cell populations should
operate [1]. Stem cell microenvironment, or niche, provides
essential cues that regulates stem cell proliferation and that
directs cell fate decisions and survival. It is therefore
plausible that loss of control over these cell fate decisions
might lead to a pathological transdifferentiation or cellular
transformation. Current advances in stem cell biology justify
a cautious optimism, yet the presence of stem cells seems to
be not sufficient to guarantee efficient tissue regeneration and
repair [2]. Specific factors are required to trigger stem cells
toward a specific lineage, to improve their survival, and to
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render them effective in contributing to tissue repair. Studies
on stem cell niche leaded to the identification of critical
players and physiological conditions that improve tissue
regeneration and repair. Among these, IGF-1 has been
involved in the modulation of inflammatory response and in
the regulation of muscle regeneration and homeostasis
[1,3,4]. On the contrary, IL-6 is a multifaceted signalling
molecule classified as a pro-inflammatory cytokine. It is
commonly described as a pleiotropic cytokine, which is both
produced by a variety of cell types, targets a variety of cell
types, and has the capacity to induce several different
intracellular signaling pathways. Circulating IL-6 levels are
normally very low or undetectable and are dramatically
increased in response to inflammatory conditions. In
particular, chronically elevated levels of circulating IL-6 are
associated with several pathological conditions such as
cachexia, insulin resistance, heart failure, sepsis, etc [2]. We
comparatively investigated the effects of high levels of this
cytokine on muscle homeostasis, demonstrating that 1L-6
affects muscle growth and plays a key role in the
exacerbation of dystrophic muscle phenotype.

[1]Carosio S, Berardinelli MG, Aucello M, Musaro A.
Impact of ageing on muscle cell regeneration. Ageing
Res Rev 2011; 10, 35-42.

[2] Carson JA, Baltgalvis KA. Interleukin 6 as a key

regulator of muscle mass during cachexia. Exerc Sport

Sci Rev 2010; 38: 168-176.

Musaro A, McCullagh K, Paul A, Houghton L,

Dobrowolny G, Molinaro M, Barton ER, Sweeney HL,

Rosenthal N. Localized Igf-1 transgene expression

sustains hypertrophy and regeneration in senescent

skeletal muscle. Nat Genet 2001; 27: 195-200.

Scicchitano BM, Rizzuto E, and Musaro A.

Counteracting muscle wasting in aging and

neuromuscular diseases: the critical role of IGF - 1.

Aging 2009; 1: 451-457.

Tedesco FS, Dellavalle A, Diaz-Manera J, Messina G,

Cossu G. Repairing skeletal muscle: regenerative

potential of skeletal muscle stem cells. J Clin Invest

2010; 120: 11-19.
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Skeletal muscle atrophy is due to a number of causes, such as
disuse, denervation, aging, fasting, cancer cachexia. In recent
years, lots of efforts have been made to understand the
molecular pathways, and thus the potential therapeutic
targets, of muscle atrophy. Mitochondria play a central role
in skeletal muscle homeostasis, being the major source of
ATP in oxidative myofibers. They have the ability to
accumulate Ca®*, behaving as buffers of the cytosolic [Ca®']
increase occurring during contraction. In addition,
mitochondrial Ca®" stimulates aerobic metabolism, and thus
ATP production, essential for muscle activity. Finally,
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excessive Ca®" accumulation in mitochondria can trigger cell
death. We wish to dissect, among these various possibilities,
which is the prevalent effect of mitochondrial Ca** uptake
elicited by contraction, and we aim at verifying whether
novel therapeutic strategies against muscle atrophy may be
forecasted by modulating mitochondrial Ca®>* uptake. The
recent molecular identification of the Mitochondrial Calcium
Uniporter (MCU), the highly selective channel responsible
for Ca entry into the mitochondria, has paved the way to
novel experimental approaches, in which mitochondrial Ca**
accumulation can be tightly regulated. Moreover, direct
measurement and modulation of MCU expression and
activity in different physiopathological conditions can now
be performed.

[1] Rizzuto R, De Stefani D, Raffaello A, Mammucari C.
Mitochondria as sensors and regulators of calcium
signalling. http://www.ncbi.nlm.nih.gov/pubmed/ 228 50
819 Nat Rev Mol Cell Biol. 2012; 13: 566-578.

[2] Schiaffino S, Mammucari C. Regulation of skeletal
muscle growth by the IGF1-Akt/PKB pathway: insights
from genetic models. Skelet Muscle 2011; 1: 4.
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Several skeletal muscle diseases have been associated to
mutations in proteins involved in the excitation contraction
(EC) coupling, the mechanism that links the transverse(T)-
tubule depolarization to release of Ca** from the
sarcoplasmic reticulum (SR) [8]. In particular, mutations in
the gene encoding for ryanodine receptor type-1 (RYR1), the
SR Ca?' release channel, underlie several debilitating, life-
threatening  muscle  disorders  including  malignant
hyperthermia (MH) [10]. To date, MH is only seen as a
clinical syndrome in which genetically predisposed
individuals respond to volatile anesthetics in the operating
room with potentially lethal episodes characterized by
elevations in body temperature and rhabdomyolysis of
skeletal muscle fibers [4]. However, virtually identical over-
heating episodes have been reported in individuals also after
exposure to environmental heat, physical exertion, or even
during febrile illness [7]. Such episodes are described in
literature as environmental/exertional heat strokes (EHS) [1].
The clinical presentation of these crises is indeed very similar
to that of MH: hypermetabolic state, rhabdomyolysis,
increased serum levels of CK, hyperkalemia, etc. [6].
Interestingly, some patients who experienced heat/exertion-
induced MH episodes have family history of MH [3]. The
life-threatening nature (and the frequency) of over-heating
episodes, underscore the critical need for a deeper
mechanistic understanding of these syndromes and for the
development of new and effective treatments and drugs. This
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requires, though, several important issues to be resolved:
Specific Gap A) Mutations in RYR1 have been found in
many, but not all, MH cases suggesting the potential
involvement of additional genes in the pathogenesis of this
syndrome. Specific Gap B) The relationship between classic
MH and EHS over-heating episodes triggered by different
stressors (heat, exertion, fever, etc.) is not yet widely
recognized. Specific Gap C) The cascade of molecular
mechanisms that from SR Ca®" leak leads to rhabdomyolysis
of muscle fibers are still unclear and needs to be fully
celucidated. Thanks to the support of Telethon ONLUS (GGP
030289 and 08153), in the last years we have moved
significant steps toward the solution of the specific gaps
presented above. We have demonstrated in animal models
that: a) MH episodes can result not only from mutations in
RYRI1, but also from mutations in proteins that modulate
RYRI1 function (like Calsequestrin-1, CASQ1) [9]; b) the
mechanisms underlying hyperthermic episodes triggered by
anesthetics and by heat are virtually identical, suggesting that
these syndromes could be possibly treated/prevented using
similar treatments [2]; ¢) during lethal MH/EHS crises Ca”*
leak from intracellular stores results in a feed-forward
mechanism mediated by excessive production of oxidative
species of oxygen and nitrogen (ROS and RNS) [5], which
eventually will lead to depletion of the SR and to massive
activation of Store Operated Ca*" Entry (SOCE). Abnormal
molecular mechanisms, once identified, are potential targets
for prevention and treatment. In the next years we will
attempt to develop/test drugs capable of: a) reducing SR Ca**
leak; b) diminishing oxidative stress; and c) block SOCE in
muscle fibers. Importantly, we have already been successful
in curing CASQ1-knockout mice suffering of MH and EHS
by administration of N-acetylcysteine (NAC), a potent anti-
oxidant administered ad-libitum in drinking water.

[1] Bouchama A., Knochel JP. Heat stroke. N Engl J Med
2002; 346, 1978-1988.
[2] Dainese M, Quarta M, Lyfenko AD, Paolini C, Canato
M, Reggiani C, Dirksen RT, Protasi F. Anesthetic- and
heat-induced sudden death in calsequestrin-1-knockout
mice. FASEB J 2009; 23: 1710-1720.
Davis M, Brown R, Dickson A, Horton H, James D,
Laing N, Marston R, Norgate M, Perlman D, Pollock
N, Stowell K. Malignant hyperthermia associated with
exercise-induced rhabdomyolysis or  congenital
abnormalities and a novel RYR1 mutation in New
Zealand and Australian pedigrees. Br J Anaesth 2002;
88:508-515.
Denborough M. Malignant hyperthermia. Lancet 1998;
352: 1131-1136.
Durham W]J, Aracena-Parks P, Long C, Rossi AE,
Goonasekera SA, Boncompagni S, Galvan DL, Gilman
CP, Baker MR, Shirokova N, Protasi F, Dirksen R,
Hamilton SL. RyRIl S-nitrosylation underlies
environmental heat stroke and sudden death in Y522S
RyR1 knockin mice. Cell 2008; 133: 53-65.
Hopkins PM, Ellis FR, Halsall PJ. Evidence for related
myopathies in exertional heat stroke and malignant
hyperthermia. Lancet 1991; 338, 1491-1492.
Lehmann-Horn F, Klingler W, Jurkat-Rott K.
Nonanesthetic malignant hyperthermia. Anesthesiology
2011; 115: 915-917.
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Maclennan DH, Zvaritch E. Mechanistic models for
muscle diseases and disorders originating in the
sarcoplasmic reticulum. Biochim Biophys Acta 2011;
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Protasi F, Paolini C, Dainese M. Calsequestrin-1: a new
candidate gene for malignant hyperthermia and
exertional/environmental heat stroke. J Physiol 2009;
587:3095-3100.

Quane KA, Healy JM, Keating KE, Manning BM,
Couch FJ, Palmucci LM, Doriguzz C, Fagerlund TH,
Berg K, Ording H, Bendixen D, Mortier W, Linz U,
Muller CR, McCarthy TV. Mutations in the ryanodine
receptor gene in central core disease and malignant
hyperthermia. Nat Genet 1993; 5: 51-55.
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The skeletal muscle adult stem cells (satellite cells SCs) are
resident beneath basal lamina during entire life span and they
are ready to activate themselves and regenerate new fibers.
The SCs are responsible for muscle growth and preservation
[3]. The skeletal muscles are composed of different type of
fibres that can be distinguished by their expression of
particular isoforms of myosin heavy chain (MyHC) proteins.
Moreover, the skeletal muscle fibres have different
embriological origin, the extraocular (EOMs) and jaw-closer
muscles develop from prechordal mesoderm rather than
somites (limb and trunk muscles) and MyHC proteins are
used to identify them [1,2,4]. The different embriological
origin of skeletal muscles could reflect the different
regeneration/degeneration properties in healthy and/or
chronic diseased muscles. We hypothesized that those
differences may also endow the muscle associated satellite
cells (SCs), responsible for muscle regeneration. The SCs
were isolated from canine somitic (SDM) (Vastus Lateralis,
Rectus Abdominus, Gluteus Superficialis, Biceps Femoris,
Psoas) and presomitic (PSDM) (Lateral Rectus, Temporalis-
M fiber, Retractor Bulbi and Masseter) muscles. We studied
the proliferative and differentiative properties: population
doubling level, fusion index, the expression of myogenic
proteins, telomerase activity and skeletal muscle microRNA
(myomiR) expression). We found interesting differences
between somitic and presomitic satellite cells on
differentiation ability.

[1] Hoh JF, Hughes S. Myogenic and neurogenic regulation
of myosin gene expression in cat jaw-closing muscles
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regenerating in fast and slow limb muscle beds. ] Muscle
Res Cell Motil 1988; 9: 59-72.

Maccatrozzo L, Caliaro F, Toniolo L, Patruno M,
Reggiani C, Mascarello F. The sarcomeric myosin heavy
chain gene family in the dog: analysis of isoform
diversity and comparison with other mammalian species.
Genomics 2007; 89: 224-236.

Pietrangelo T, Puglielli C, Mancinelli R, Beccafico S,
Fano G, Fulle S. Molecular basis of the myogenic profile
of aged human skeletal muscle satellite cells during
differentiation.Exp Gerontol 2009; 44: 523-531.

Toniolo L, Cancellara P, Maccatrozzo L, Patruno M,
Mascarello F, Reggiani C. Masticatory myosin unveiled:
first determination of contractile parameters of muscle
fibers from carnivore jaw muscles. Am J Physiol Cell
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The extra-sarcomeric cytoskeleton (acto-miosin micro-
filaments and anchoring proteins) is involved in maintaining
the sarco-membrane stiffness and integrity, and regulates the
Ca”" entry through the stretch activated channels (SAC). In
contrast, intra-sarcomeric cytoskeleton (titin, nebulin and
proteins of Z and M lines) is involved in maintaining the
assembly of the sarcomeric acto-miosin proteins and the
visco-elastic proprieties of the sarcomeres. Moreover, being
intra-sarcomeric  cytoskeleton bound by intermediate
filaments (as desmin and ankirin) to costameric proteins and
other proteins of the sarcoplasma, as receptors and ionic
channels, it was expected that the passive and active
electrophysiological and mechanical properties of skeletal
muscle fibres may be affected by the modified architecture
and functionality of the cytoskeleton. The aim of this
research was to analyze the cytoskeleton alteration of the
injured skeletal muscle due to mechanical overload (eccentric
contraction) or atrophic state induced by denervation. The
method used intracellular recording by conventional
microelectrodes (50-70 MQ) inserted in a single fibres of an
isolated muscle bundle and records in voltage-clamp
condition of the voltage-dependent L-type Ca’" and SAC
currents. The results demonstrated that in the two types of
injured skeletal muscle conditions [1,4,6,7] there is a
decrease in size of L-type Ca" current, that is an index of a
reduced functionality of these channel proteins, and a
positive shift of their voltage threshold and dependence.
Moreover, muscle fibres showed an increase of the resting
membrane permeability, of the SAC current as well as more
depolarized resting membrane potential. This suggests a
leaky  sarcolemma and a reduced cytoskeleton
expression/activity that in turn induces an increase of the
intracellular Ca®" concentration, which was confirmed by the
negative e shift of the L-type Ca®" current reversal potential.
The shift towards more positive potentials of L-type Ca*"
current activation, directly involved in excitation-contraction
coupling, was formerly observed in the slow skeletal muscle
fibres of the frog by using ryanodine or ruthenium red. These
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treatments in fact, acting on RyRs, increased the number of
L-type Ca*/DHPR receptors uncoupled to ryanodine
receptors. Accordingly, the block of the interaction between
DHPRs and RyRs by heptanol or octanol depressed in size L-
type Ca®" current [5]. In agreement to these findings, the shift
towards more positive potentials of L-type Ca®" current that
we observed in injured skeletal muscle fibres could indicate
an increased number of uncoupled DHPRs . In fact, it was
demonstrated that a similar voltage shift was paralleled by an
increased number of DHPRs uncoupled with RyRs in a
subset of skeletal muscle fibres of old mice [2,3]. In
conclusion, in injured muscle fibres the sarcoplasmic
membrane, channel proteins and excitation-contraction
coupling properties are paralleled by cytoskeleton alterations.

[1] Francini F, Squecco R. Excitation-contraction coupling
and mechano-sensitivity in denervated skeletal muscles.
European Journal Translational Myology - Myology
Reviews 2010; 1 (3): 121-130.

Payne AM, Zheng Z, Gonzalez E, Wang ZM, Messi ML,
Delbono O. External Ca2+-dependent excitation—
contraction coupling in a population of ageing mouse
skeletal muscle fibres. J Physiol (London) 2004; 560.1:
137-155.

Renganathan M, Messi ML, Delbono O. Dihydropyridine
recep-torryanodine receptor uncoupling in aged skeletal
muscle. ] Membr Biol 1997; 157: 247-253.

Sassoli C, Pini A, Mazzanti B, Quercioli F, Nistri S, et al.
Mesenchymal stromal cells affect cardiomyocyte growth
through juxtacrine Notch-1/Jagged]l signaling and
paracrine mechanisms: clues for cardiac regeneration. J
Mol Cell Cardiol. 2011;51: 399-408.

Squecco R, Bencini C, Piperio C, Francini F. L-type
Ca2+ channel and ryanodine receptor cross-talk in frog
skeletal muscle. 2004 The Journal of Physiology, 555,
137-152.

Squecco R, Carraro U, Kern H, Pond A, Adami N, Biral
D, Vindigni V, Boncompagni S, Pietrangelo T, Bosco G,
Fano G, Marini M, Abruzzo PM, Germinarlo E, Danieli-
Betto D, Protasi F, Francini F, Zampieri S. Despite lost
contractility, a sub-population of rat muscle fibers
maintains an assessable excitation-contraction coupling
mechanism  after  long-standing  denervation. J
Neuropathol Exp Neurol. 2009; 68: 1256-1268.

Squecco R, Kern H, Biral D, Rossini K, Francini F.
Mechano-sensitivity of normal and long-term denervated
Soleus muscle of the rat. Neurol Res 2008; 30: 155-159.
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We report a 41-year-old male patient (Rise2-Friuli-LS) who
sustained a severe traumatic spinal cord injury in an accident
at work (April 11, 2008). On clinical examination he
presented with flaccid paraplegia (motor level D12). After
discharge from Neurosurgery at 15 days from trauma he was
admitted in our Spinal Unit. At the clinical examination was
evaluated as A at the ASIA Impairment Scale (Motor level
D12, anesthesia below D12). From an electrophysiological
point of view somato-sensory evoked potentials and motor
evoked potentials silent. He had begun the
rehabilitation program with the purpose to reach autonomy in
wheelchair locomotion and activities of daily living (ADL).
The physical rehabilitation was directed to the strengthening
of upper limbs, trunk control and to preventing lower limb
muscle atrophy with patterned Electrical Stimulation.
Specific stimulation parameters (i.e., pulse width, train
duration, between train intervals, method of application)
were applied, but we could not obtain tetanic contraction of
leg muscles (quadriceps and tibialis anterior). The training
was completed by passive exercise at the cycloergometer and
assisted body-weight support treadmill training. Gait over
ground was not possible. At demission we verified autonomy
in wheelchair locomotion and ADL, a good trunk control and
an increment of aerobic performance (VO2max). Meantime
some reinnervation of leg muscles occurred demonstrated by

were

minimal spontaneous activity of right foot muscles, but
voluntary or electrical  stimulation-induced
contractions did not appeared. A few months later FES-
induced twitch dorsiflection of the ankle were achieved by
surface electrical stimulation of the tibialis anterior using the
“Denervated Muscle Stimulation” program of the STIWELL
Med4 device of MED-EL (Innsbruck, Austria), that delivers
triangular or bidirectional impulses of 70 maps intensity and
150 msec duration. After this demonstration of maintained
muscle contractility, the patient accepted the burden to travel
to Vienna (January 21-23, 2009), to be analyzed and enrolled
in the Rise2-Italy Program after signing the Consent and
have performed a Computer Tomography analysis of his leg
muscle that allowed to measure the thick subcutaneous fat
layer and to evaluate the extent of muscle atrophy that
underwent during the 9 months since Spinal Cord Injury. CT
scan of left and right leg of Rise2-Friuli-LS demonstrates that
the healthy macroscopic appearance was misleading, being
due to overweight and to pseudo-hypertrophic lipodystrophy
of denervated thigh muscles. The thick layer of subcutaneous

muscle
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adipose tissue, together with those separating denervated
quadriceps and hamstring muscles is in part responsible of
the difficulties encountered in leg muscle stimulation using
commercial electrical stimulators for innervated muscles.
Compared to the histological aspects of normal adult
quadriceps muscle, the muscle biopsy of Rise2-Friuli-01LS
after 9 months of permanent denervation shows that the
muscle fibers are atrophic and the interstitial tissue is
increased, but the fast and slow fiber types still distinct by
ATPase histochemistry. Some groups of adipocytes of the
infiltrating fat tissue were present. Morphometry of muscle
fibers confirms that they are atrophic (50% decreased mean
diameter), while Functional Echomyography of Tibialis
Anterior shows that the muscles are poorly perfused at rest.
From March 2009 Rise2-Friuli-01LS is performing home-
based Functional Electrical Stimulation (h-b FES) for
denervated leg muscles, using custom-designed electrodes,
stimulators and protocols developed in Vienna, Austria for
the EU Project RISE [1-7]. An early result of the training has
been the impressive reduction of the leg edema. He achieved
tetanic contractility and full knee-extension during the first
six-months of training. After 3 years Rise2-Friuli-LS is still
training his leg muscles. Meanwhile they became
substantially reinnervated, providing strong evidence that h-b
FES did not interferred to these most awaited events. This
experience strongly suggests that more subjects affected with
lower motor neuron denervation of skeletal muscles than
those enrolled in the EU Project RISE will benefit of the
Vienna Strategy for h-b FES, in particular those difficult-to-
stimulate due to thick subcutaneous adipose layer that
hamper excitation of denervated or poorly innervated
muscles.

[1] Boncompagni S, Kern H, Rossini K, Hofer C, Mayr W,
Carraro U, Protasi F. Structural differentiation of
skeletal muscle fibers in the absence of innervation in
humans. Proc Natl Acad Sci U S A. 2007; 104: 19339-
19344.

Kern H, Boncompagni S, Rossini K, Mayr W, Fano G,
Zanin ME, Podhorska-Okolow M, Protasi F, Carraro U.
Long-term denervation in humans causes degeneration
of both contractile and excitation-contraction coupling
apparatus that can be reversed by functional electrical
stimulation (FES). A role for myofiber regeneration? J
Neuropath Exp Neurol 2004; 63: 919-931.

Kern H, Carraro U, Adami N, Biral D Hofer C, Forstner
C, Modlin M, Vogelauer M, Boncompagni S, Paolini C,
Mayr W, Protasi F, Zampieri S. Home-based Functional
Electrical Stimulation (h-b FES) recovers permanently
denervated muscles in paraplegic patients with complete
lower motor neuron lesion. Neurorehab Neur Rep 2010;
24:709-721.

Kern H, Carraro U, Adami N, Hofer C, Loefler S,
Vogelauer M, Mayr W, Rupp R, Zampieri S. One year
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Kern H, Hofer C, Mayr W, Carraro U. European Project
RISE: Partners, protocols, demography. Basic Appl
Myol/ European Journal of Translational Myology
2009; 19: 211-216.

Mayr W, Bijak M, Rafolt D, Sauermann S, Unger E,
Lanmiiller H. Basic design and construction of the
Vienna FES implants: existing solutions and prospects
for new generations of implants. Med Eng Phys 2001;
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regenerative myogenesis in human long-term permanent
denervated muscle. Basic Appl Myol 2002; 12: 277-286.
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Permanent denervated muscles were evaluated by ultra sound
(US) to monitor changes in morphology, thickness,
contraction-relaxation kinetics and perfusion due to the
electrical stimulation program of the Rise2-Italy project [1-
4]. In a case of monolateral lesion of the sciatic nerve due to
a surgical neurotomy during the removal of a hyperplastic
lifenodes in the pelvis, morphology and ultrasonographic
structure of the denervated muscles changed during the
period of stimulation from a pattern typical of complete
denervation-induced muscle atrophy to a pattern which might
be considered “normal” when detected in an old patient.
Thickness improved significantly. Contraction-relaxation
kinetics, measured by recording the muscle movements
during electrical stimulation, showed an abnormal behavior
of the chronically denervated muscle during the relaxation
phase, which resulted to be significantly longer than in
normal muscle. The long-term denervated muscles analyzed
with Echo Doppler showed at rest a low resistance arterial
flow that became pulsed during and after electrical
stimulation. As expected, the ultra sound measured electrical
stimulation-induced hyperemia lasted longer than the
stimulation period. Despite the higher than normal energy of
the delivered electrical stimuli of Vienna home-based
Functional Electrical Stimulation (h-b FES) the muscles
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shown electromyografic signs of re-innervation during the
years of training. US confirm that fascicles of TA muscle
respond with twitch contractions to the electrical stimulation
that only elicit contraction of innervated muscles (Impulse
Duration 1 msec, Amplitude 30 mAmps). Interestingly, the
denervated component of the Tibialis Anterior activated by a
protocol for denervated muscle responded at the same current
amplitude to 150 msec long impulses every sec with twitch
contractions. After a few months of twitch training, the
impulse duration could be reduced to 50 msec, opening the
possibility to induced sustained foot dorsiflection by tetanic
contraction. This may be achieved by shortening to 10 msec
the inter-impulse pause. In conclusion, this pilot study
demonstrates the usefulness of US myography in the follow-
up and the positive effects of h-b FES of
denervated/reinnervating muscles.

[1] Boncompagni S, Kern H, Rossini K, Hofer C, Mayr W,
Carraro U, Protasi F. Structural differentiation of skeletal
muscle fibers in the absence of innervation in humans.
Proc Natl Acad Sci U S A. 2007; 104: 19339-19344.
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Three-year RISE follow up of non- or poorly-compliant
patients

Thordur Helgason (1,2), Paolo Gargiulo (1,2), Vilborg
Gudmundsdottir (3), Stefan Yngvason (3), Pall Ingvarsson

€)

(1) Department of Medical Engineering and IT, Landspitali-
University Hospital, Reykjavik; (2) Department of Science
and Engineering, Reykjavik University, Reykjavik; (3)
Department of Rehabilitation at Grensas, Landspitali,
University Hospital, Reykjavik, Iceland

E-mail: thordur@landspitali.is

Three spinal cord injured (SCI) subjects with flaccid
paralysis in the thigh muscles where treated with home based
electrical stimulation for six years. The treatment was in the
frame of the EU funded RISE project (QLG5-CT-2001-
02191) and used its protocol [6]. That foresaw electrical
stimulation of the quadriceps muscle group five days a week
for one to two hours with different stimulation pattern. The
stimulation treatment was targeting both fibres with small
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diameter and bigger diameter with two different pulse rows.
The goal of the treatment was to enhance the both size and
force of the muscles with the final goal to enable the patients
to stand up and stand in bars or equivalent balance aid. After
an initial training period of some weeks the patients had the
instruction to stimulate five times a week. They came for a
follow up three times a year. Then they were accessed with
some investigations one of which was a spiral CT [1-6]. On
the basis of the CT data the volume, tissue density and shape
of the muscles are monitored. Treatment compliance was
varying. Patient one (P1) was not compliant. We could
monitor a continuous decline of his muscles throughout the
therapy years. The second patient (P2) was not compliant for
the first two years, but started then and had considerable
increase in volume, tissue density and force of rectus femoris
muscle. The third patient (P3) has decubitus ulcers, broke his
leg and other complications making it impossible to comply
with the therapy. In this work the three patients are accessed
three years after the end of the project. In that period they
have had stimulators and been able to stimulate but rarely
done so. The results show signs of a steady decline over the
period. The three subjects are called to the hospital three
years after project end for an assessment of first, their general
health and second, for the monitoring of their leg muscles.
This is done in a doctors interview with the patient
(anamnesis), by looking on his skin and muscles, making a
pendulum test with and without stimulating the quadriceps
muscles with long pulsed and making a spiral CT of the legs.
From the spiral CT data the rectus femoris muscle is
segmented and its volume and density measured and the
shape evaluated [1-5]. P1 is stimulating in the winter time
when he needs to produce warmth in his body as he is outside
in cold weather looking after his sheep. This is estimated to
be less than ten times during the winter time. The lower leg
is moved a little by the stimulated muscle, about 5 degrees
from vertical. P2, the only one that had a considerable
increase in volume (80%), has been stimulating in periods
but not the last year. He has lost the volume of the rectus
femoris muscle down to a stage considerably lower than at
the start of the RISE project. Furthermore the average density
is now 26 HU. P3 has not been stimulating. No movements
are detected when the P2 and P3 quadriceps muscles are
stimulated. In summary the monitoring shows in all three
subjects a declining muscle volume, density and force. The
muscles were declining in the period between observations.
This is an expected result as the stimulation in the period was
not taking place or only done occasionally. P1 did his
stimulation for heat production. That effect should also
diminish as the muscles decrease in volume. The monitoring
work therefore is a documentation of the muscle
degeneration. P2 had a considerable increase in muscle
volume, density and force in the period of the RISE project.
Now these values are considerably lower than that at the start
of the RISE project demonstrating the progressive
degeneration of the permanently denervated muscles and the
reversibility of the eventual stimulation-induced muscle
recovery if patients interrupt the treatment.

[1] Gargiulo P, Carraro U, Mandl T, Kern H, Zampieri S,
Mayr W, Helgason T. Anthropometry of human muscle
using segmentation techniques and 3D modelling:
applications to lower motor neuron denervated muscle
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in Spinal Cord Injury Book chapter in: Preedy, Victor
R. (Ed.) Handbook of Anthropometry: Physical
Measures of Human Form in Health and Disease.
Springer 2012, pp 324-354.

Gargiulo P, Helgason T, Reynisson P, Helgason B,
Kern H, Mayr W, Ingvarsson P, Carraro U. Monitoring
of muscle and bone recovery in spinal cord injury
patients treated with electrical stimulation using three-
dimensional imaging and segmentation
Techniques:Methodological ~ Assessment.  Artificial
organs 2011; 35: 275-281.

Gargiulo P, Reynisson PJ, Helgason B, Kern H, Mayr
W, Ingvarsson P, Helgason T, Carraro U. Muscle,

tendons, and bone: structural changes during
denervation and FES treatment. Neurol Res 2011; 33:
750-758.

[4] Gargiulo P, Vatnsdal B, Ingvarsson P, Knutsdottir S,
Gudmundsdottir V, Yngvason S, Kern H, Carraro U,
Helgason T. Computational methods to analyze tissue
composition and structural changes in devervated
muscle undergoing therapeutic electrical stimulation.
Basic and Applied Myology 2009; 19: 157-161.
Helgason T, Gargiulo P, Knutsdottir K,
Gudmundsdottir V, Kern K, Carraro U, Ingvarsson P,
Yngvason S: Monitoring Muscle Growth and Tissue
Changes Induced by Electrical Stimulation of
Denervated Degenerated Muscles with CT and
Stereolithographic 3D Modelling. Book chapter in:
Narayan, Calvert (Eds.): Rapid Prototyping of
Biomaterials. Wiley-VCH. June 2011 pp 130-146.
Kern H, Carraro U, Adami N, Biral D Hofer C,
Forstner C, Mddlin M, Vogelauer M, Boncompagni S,
Paolini C, Mayr W, Protasi F, Zampieri S. Home-based
Functional Electrical Stimulation (h-b FES) recovers
permanently denervated muscles in paraplegic patients
with complete lower motor neuron lesion. Neurorehab
Neur Rep 2010; 24: 709-721.
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Recovery of tetanic contractility: the first step toward a
walking aid for unilateral peripheral denervation of
tibialis anterior

Andrea Marcante (1), Riccardo Zanato (2), Maurizio Ferrero
(3), Sandra Zampieri (3,4), Helmut Kern (4), Ugo Carraro
(3), Roberto Stramare (2), Stefano Masiero (3)
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Science, University of Padova, Italy

E-mail: "Andrea Marcante" <endriu83@gmail.com>

Electrostimulation of denervated muscle is still a
controversial issue with lack of clinical studies based on
patients with peripheral nerve lesions. We report on a case of
a 26 years old man with a complete sciatic nerve injury
related to a subtrochanteric fracture of the right femur caused
by car accident in 2010. Femur fracture was correctly fixed
with a long gamma nail but clinically, patient has still
presented a complete anesthesia under his right knee and
some pain on the gluteal region. The strength of the
hamstrings was almost spared, but flexion and extension of
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the ankle were impossible, with a severe impaired
deambulation. In 2011 the patient underwent a surgery of
neurolysis with removal of a voluminous neuroma and
positioning of a 8 cm controlateral sural nerve graft. One
year after the surgery the patient refers disappearance of
gluteal pain, strengthening of the hamstrings but no
improvement in the muscles of the shank, so we decided to
perform an electrostimulation test to verify the response of
tibialis anterior and tricep surae muscles. Using a Neuroton
(Philips) stimulator, we applied a current of 10 to 30 mA
with triangular monophasic waves, impulse length from 5 to
150 msec with a pause of 1 or 2 sec. The best muscular
response with no pain for the patient was evident with a 20-
25 mA current, impulse length of 150 msec and pause for 2
seconds. At home, the patient applied similar
electrostimulation parameters using the electrostimulator
SM1 (Demitalia, Medical Technology S.r.L., Torino, Italy)
with the schedule: 2 sessions (lasting 30 minutes each) per
day for the first month, then 5 sessions per week. After two
months, the electrostimulation test revealed muscle
contraction also with a 50 msec impulse length using a
current of 25 mA. The denervated TA (at more than 1 year
from sciatic nerve lesion and attempted surgical
reconstruction) responded with twitches to adequate surface
stimulation. Two months of "adequate stimulation" (150
msec Impulse Duration (ID), 25 mA) recovered excitability
up to the point that a "tetanising" protocol may be attained,
despite the fact that the twitch-training did not hampered the
process of atrophy or improved kinetics of
contraction/relaxation of the twitch induced by home-based
surface Functional Electrical Stimulation (h-b FES). The next
step in the process of functional recovery will be to recover
mass and force of TA with a "tetanising" training (series of
impulse trains of 2-3 second duration at intervals of 3 sec)
against increasing resistance to dorsiflexion of the foot (by
acting a "spring device" opposing foot dorsiflection). In
conclusion the patient improved in two months of twitch-
stimulation so much the excitability of the persistently
denervated tibialis anterior that a tetanising protocol, with its
therapeutic potential to be used in a “walking aid for
denervated muscle”, would be the next “step” in the
rehabilitation program.

[1] Boncompagni S, Kern H, Rossini K, Hofer C, Mayr W,
Carraro U, Protasi F. Structural differentiation of skeletal
muscle fibers in the absence of innervation in humans.
Proc Natl Acad Sci U S A. 2007; 104: 19339-19344.
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home-based Functional Electrical Stimulation (FES) in
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denervated muscle. Neurol Res 2010; 32: 5-12.
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Clinical effects of the exercise therapy in Amiotrophic
Lateral Sclerosis patients

Antonio Merico, Alessandra Lacatena, Simonetta Rossi,
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E-mail: antonio.merico@ospedalesancamillo.net
Amyotrophic lateral sclerosis (ALS) is a fatal and

progressive neurodegenerative disorder affecting motor
neurons. If the reduced level of activity persists,
cardiovascular  deconditioning and  disuse  atrophy
superimpose on weakness and muscle atrophy caused by the
ALS itself [1]. The animal studies provided good basic
scientific information about the effects of endurance exercise
training in terms of survival and of reduction of the
degeneration of the motor neurons in mice with SOD-1
induced ALS [2, 3]. In other studies, the neurons controlling
fast fibres were noted to degenerate early in the course of
ALS, whereas fatigue resistant neurons failed in the
intermediate and slow twitch neurons in the later stages [3].
In the isometric muscular contraction, the force applied by
the muscle is not sufficient to move the load, and as a result,
the muscle does not shorten though its muscle tension or
force of contraction increases [4]. Therefore, an isometric
contraction should be proposed in order to avoid both the
overuse weakness muscle and overstressing the twitch
muscle fibres. In addition, moderate endurance training has
been developed in order to minimize the fatigue, to facilitate
the musculoskeletal endurance and to enhance the
cardiopulmonary efficiency. Previous studies suggest an
early subclinical involvement of the autonomic system in
ALS [5]. The depressed sinus arrhythmia observed in no
bulbar patients might be the result of a decreased state of
physical condition resulting by a deconditioning. Bulbar
patients, instead, show a more severe autonomic dysfunction
than no bulbar patients. Several clinical trials have
demonstrated the value of moderate exercise in improving
the autonomic dysfunction and in inducing a cardiovascular
reconditioning. Based on these available evidences from
animal and human studies, strengthening and cardiovascular
exercises may help maintain function and do not adversely
affect disease progression in persons with ALS [6]. However,
the current evidence is not sufficiently detailed to
recommend a specific exercise prescription for ALS patients.
In the present study, it has been designed an exercise
program based on both moderate endurance training and
isometric muscle contractions (in muscle strength in the mild
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to moderate range with MRC score >3). The aim is to verify
the clinical efficacy of this exercise protocol, thorough an
objective assessment of the changes of muscular strength, the
fatigue and the cardiovascular parameters. ALS pts admitted
for rehabilitation treatment and enrolled with the inclusion
criteria (clinically defined or probable ALS, the El Escorial
criteria; mild-moderate disability; no heart and respiratory
failures); 11 patients with ALS (7 males and 4 females aged
50 + 13 years, range 24 + 75 years) participated in the study;
mean duration of the disease was 27 months (range 10 + 66
months); at the time of the study, the patients had a total
ALSFRS-R score from 21 to 41 (mean value, 31.7 + 6.0).
The exercise protocol consists in isometric muscle
contractions, proposed in muscle strength in the mild to
moderate range (with MRC score 3 and 4) and in a aerobic
training by bicycle ergometry, arm-leg ergometry and/or
treadmill with frequency of 4-5 sessions per week using an
initial training intensity corresponding to 60-70% of
maximum heart rate. Initial exercise duration of 15-20 min is
recommended depending on the disability level of the ALS
patient. We performed the following evaluations (before/after
rehabilitation): ALSFRS-R (revised ALS functional rating
scale), IB, Functional Independence Measure (FIM), Fatigue
Severity Scale (FSS), strength measurements (MMT by
dynamometer); analysis of HR variability and Oxygen Intake
(VO2 submax), six minute walking (6MWT) and ten meter
walk test (I0MWT). The project is a pivotal trial. 4 pts have
presented a drop-out for rapid disease deterioration; the other
7 pts have concluded the study (see table).

Patients age gender D.ofdisease ALSFRSr FIM Barthel FSS
B.B. 71 M 38 mm 32 78 | 45 5.4
RS 54 M 10 mm 43 80 | 60 4.8
S B 65 F 26 mm 42 73 | 45 5.4
V G 72 M 32 mm 36 81 | 60 5.6
M D 53 M 16 mm 30 65 | 40 5.4
™™ 71 M 48 mm 28 68 35 5.6
GD 65 F 19 mm 39 83 | 60 4.5

Decrease in fatigue as measured by a fatigue measurement
tools at two months; the Fatigue Severity Scale and the
change of the VO2submax have presented a reduction.
Increase of muscle strength, as measured by the MMT
dynamometry; the pts have presented an increase of MMT
dynamometry scores; in 5 pts during the 6MWT the distance
has presented an increase. In conclusion, the effects of
therapeutic exercise in ALS patients are controversial and not
well understood. The aim of this project has been to
understand the clinical outcomes of moderate load endurance
and isometric resistance exercise protocol. If confirmed,
these findings may represent a translational step to establish
exercise prescriptions and to improve the clinical practice in
ALS.

[1] Dal Bello-Haas V, Florence JM, Krivickas LS.
Therapeutic exercise for people with amyotrophic lateral
sclerosis or motor neuron disease (Review) Cochrane
Database Syst Rev. 2008 Apr 16;(2):CD005229. doi:
10.1002/14651858.CD005229.pub2.

[2] A Chen, J Montes, H Mitsumoto. The role of exercise in
Amyotrophic Lateral Sclerosis. Phys Med Rehabil Clin N
Am 2008; 19: 545-557.
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Seven different botulinum neurotoxins (BoNT/A to /G) enter
the cytosol of peripheral nerve terminals, most notably of the
neuromuscular junction (NMJ) and very specifically cleave
protein components of the neuroexocytosis apparatus
(SNARE proteins), blocking the acetylcholine release and
causing a flaccid paralysis. For this reason, BoNTs are
increasingly being used to treat a variety of conditions
characterised by muscle hyperactivity. The toxins structure is
structurally conserved among the serotypes and consist of
two main chains linked together by a unique disulphide bond:
the heavy chain (H;100 kDa) mediates the neurospecific
binding, provided by the 50 kDa C-terminal part (HC) and
chaperons through the 50 kDa N-terminal part (HN) the entry
of the catalytic light chain (L;50 kDa). The mechanism of
action consists of four steps: a) binding to nerve terminals, b)
endocytosis, ¢) low pH-driven membrane translocation of L
and d) L mediated cleavage of SNAREs. While the binding
and the hydrolysis of SNAREs have been described in
details, less is known about the vesicular compartment
through which BoNTs are endocytosed. We recently
demonstrated that BoONT/A is endocyted at the active zones
of presynaptic neurons through the recycling of small
synaptic vesicles (SV) where was detected (one or two toxin
molecules per SV) through immunoelectron microscopy [1].
Membrane translocation remains another poorly understood
step. Biophysical studies with artificial membranes have
indicated that, at low pH, the HN of BoNTs form protein
conducting transmembrane channels, across which L chains
can bypass the membrane. We recently developed a reliable
method to study the translocation event across the plasma
membrane of neurons [2], finding that they translocate very
rapidly [3], and that the HN channel can be made of one, or
at the most, two HN domains [1]. We also demonstrated that
an intact SS bond is essential for translocation and therefore
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it must be reduced on the cytosolic side. There are several
disulphide bond-reducing systems in the cytosol of cells and
by a pharmacological approach we found that specific
inhibitors of thioredoxin reductase, inhibits the intracellular
activity of BoNTs as well as Tetanus neurotoxin provide a
strong indication that the thioredoxin system plays a major
role in releasing the L chain of these neurotoxins after their
translocation across the membrane of the endocytic vesicle
assisted by their respective HN domains. We therefore
propose such molecules as novel drugs effective for the
treatment of tetanus and botulism patients [4].

[1] Colasante C, Rossetto O, Morbiato L, Pirazzini M,
Molgo J, Montecucco C. Botulinum Neurotoxin type A is
Internalized and Translocates from Small Synaptic
Vesicles at the Neuromuscular Junction, Molecular
Neurobiology, accepted 4-FEB-2013.

Pirazzini M, Rossetto O, Bolognese P, Shone CC,
Montecucco C. Double anchorage to the membrane and
intact inter-chain disulfide bond are required for the low
pH induced entry of tetanus and botulinum neurotoxins
into neurons. Cell Microbiol 2011; 13: 1731-1743.
Pirazzini M, Rossetto O, Bertasio C, Bordin F, Shone
CC, Binz T, Montecucco C. Time Course and
Temperature  Dependence  of  the  Membrane
Translocation of Tetanus and Botulinum Neurotoxins C
and D in Neurons. Biochem Biophys Res Commun 2013;
430: 38-42.

Pirazzini M, Bordin F, Rossetto O, Shone C.C., Binz T.,
Montecucco C. The thioredoxin reductase-thioredoxin
system is involved in the entry of tetanus and botulinum
neurotoxins in the cytosol of nerve terminals. FEBS Lett.
2013; 587: 150-155.
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How to stimulate muscle respecting its inherent adaptive
capacity
Jonathan Jarvis

School of Sport and Exercise Sciences, Tom Reilly Building,
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The maximum power output of a single skeletal muscle fibre
can vary over at least an order of magnitude depending on its
pattern of use. Its ability to produce continuous work can also
be greatly enhanced or reduced by cellular changes induced
by exercise or disuse. This is because of a fundamental
cellular arrangement of sarcomeres and mitochondria in
which a compromise must be achieved between power output
and endurance. There is a considerable amount of experience
now in stimulation of skeletal muscle, both in experimental
situations and increasingly in therapeutic applications.
Stimulation experiments in small animals are able to
interrogate the extremes of the adaptive capacity of muscle
[1], but a fundamental scaling of stimulation parameters is
necessary in order to translate work in small animals to
therapeutic stimulation in human patients and in larger
veterinary patients. This scaling of parameters can usefully
be related to the differences in the fusion frequencies of
analogous muscles in small and large mammals [2]. A further
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complication arises when muscle is compromised by trauma
which may involve loss of the normal maintenance of the
motor end plate by the innervating motor neurones, and the
voluntary activation of the muscle involved in normal
behaviour. Stimulation of denervated or partially innervated
muscle must take account of the loss of the normal
background activity as well as the potential for reinnervation.
There are good examples of the risk of over-stimulation
especially when skeletal muscle is asked to perform an
unaccustomed endurance task like cardiac or respiratory
assistance. In these cases the potential adaptive change
towards a slow phenotype must be taken into account.
Fortunately there are also good examples and promising
research concerning experimental strategies to reduce
unwanted adaptive changes such as slowing and loss of
power in therapeutic settings.

[1] Jarvis JC () Power production and working capacity of
rabbit tibialis anterior muscles after chronic electrical
stimulation at 10 Hz. J Physiol 1993; 470: 157-169.

Sutherland H, Salmons S, Ramnarine IR, Capoccia M,
Walsh AA, Jarvis JC. Adaptive conditioning of skeletal
muscle in a large animal model (Sus domesticus). J

Anat. 2006; 209: 165-177.
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Neuromuscular pathology in equine recurrent laryngeal
neuropathy

Laura K Tulloch, Justin D Perkins, Richard J Piercy

Comparative Neuromuscular Disease Laboratory, Royal
Veterinary College, Royal College Street, London, United
Kingdom

E-mail: "Piercy, Richard J" <rpiercy@rvc.ac.uk>

Recurrent laryngeal neuropathy (RLN) is a common equine
distal axonopathy associated with neurogenic atrophy of the
intrinsic laryngeal muscles (particularly on the left side) due
to loss of motor neurons in the recurrent laryngeal nerves [1,
2]. The aetiology is unknown, but genetic and environmental
factors are thought to be involved. Prevalence is very high,
with severity varying from sub-clinical involvement to total
paralysis of certain laryngeal muscles. Markedly-affected
horses when exercised, develop laryngeal paresis, inspiratory
stridor, low PaO2 and poor performance. The most widely
accepted treatment is prosthetic laryngoplasty, but the
procedure has varying success rates and complications are
high: consequently, the disorder has a major impact on horse
racing worldwide. Determining variation in degrees of
neuromuscular pathology according to clinical severity could
have a significant impact on our ability to identify horses
suitable for novel forms of therapy designed to replace,
support or mimic intrinsic laryngeal muscle function, such as
functional electrical stimulation [3,4]. Furthermore,
examination of neuromuscular pathology might be a sensitive
technique for identification of unaffected animals and to
grade disease severity for genetic studies and quantitative
trait analyses. We hypothesised that severity of laryngeal
dysfunction determined by resting video-laryngoscopy,
would be correlated with severity of laryngeal muscle
histopathology. Laryngeal function was graded from video-
laryngoscopy recordings in 29 horses by 2 independent
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observers. Subsequently, intrinsic laryngeal muscles (mm
cricoarytenoideus dorsalis and cricoarytenoideus lateralis)
were harvested and analysed for fibre types (by fluorescence
immunohistochemistry for myosin heavy chain expression)
[5], fibre type grouping and minimum fibre diameter.
Morphometric analyses of % collagen (by immuno
histochemistry for collagen V expression) and % fat (by oil
red O) were conducted. The left cricoarytenoideus dorsalis
muscle had significantly more collagen and fat than the right
in horses with complete laryngeal paralysis. Discriminant
analysis revealed significant overlap in muscle pathology
between horses with different degrees of laryngeal function,
with the exception of horses with complete left sided
abductor paralysis. Fibre type grouping was observed
frequently, particularly on the left side. Low grade
histopathological changes were evident in many horses with
normal, or near-normal laryngeal function at rest. In
conclusion, laryngeal function - as determined by resting
laryngoscopy - does not correlate with severity of
histopathology and horses with normal laryngeal function
may have subclinical RLN. Resting laryngoscopy may lead
to inaccurate phenotyping in genome wide association
studies and quantitative trait analyses. This study provides
valuable information that will allow muscle histopathology to
be used as an outcome measure in the future investigation of
novel treatments for RLN, including functional electrical
stimulation.

[1] Cahill JI, Goulden BE. The pathogenesis of equine
laryngeal hemiplegia - a review. N Z Vet J 1987; 35: 82-
90.

[2] Rhee HS, Steel CM, Derksen FJ, Robinson NE, Hoh JF.
Immunohistochemical analysis of laryngeal muscles in
normal horses and horses with subclinical recurrent
laryngeal neuropathy. J Histochem Cytochem 2009; 57:
787-800.

[3] Cheetham J, Regner A, Jarvis JC, Priest D, Sanders I,
Soderholm LV, Mitchell LM, Ducharme NG. Functional
electrical stimulation of intrinsic laryngeal muscles under
varying loads in exercising horses. PLoS One. 2011; 6:
€24258.

[4] Cheetham J, Radcliffe CR, Ducharme NG, Sanders I, Mu
L, Hermanson JW. Neuroanatomy of the equine dorsal
cricoarytenoid muscle: surgical implications. Equine Vet
J2008; 40: 70-75.

[S]Tulloch LK, Perkins JD, Piercy RJ. Multiple
immunofluorescent labelling enables simultaneous
identification of all mature fibre types in a single equine
skeletal muscle cryosection. Equine Veterinary Journal.
2011; 43: 500-503.
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Hounsfield based analysis of posterior cricoarytenoid
muscles undergoing Functional Electrical Stimulation

Paolo Gargiulo (1,2), Jon Cheetham (3), Melissa Kenny (3),
Normand G Ducharme (3)

(1) Landspitali University Hospital of Iceland, Health
Technology  department; (2) Reykjavik  University
Department of Biomedical engineering, Reykjavik, Iceland;
(3) Department of Clinical Sciences College of Veterinary
Medicine Cornell University, USA

E-mail: paologar@landspitali.is

Horses have a naturally-occurring neuropathy leading to
laryngeal hemiplegia with unilateral vocal fold paralysis
leading to complete denervation. Functional electrical
stimulation (FES) of the posterior cricoarytenoid (PCA)
muscle may offer a more physiological treatment of this
condition in future. In this study specific Hounsfield value
(HU) from computed tomography (CT) technology have
been processed using segmentation techniques to monitor
PCA status during stimulation treatment [1]. In this model we
performed a completed transection of the left recurrent
laryngeal nerve with ligation to prevent reinnervation.
Following a 12 weeks denervation period, 8 weeks
stimulation was used in principal horses whilst control horse
remained unstimulated. CT exam and 3-D modeling was
employed to assess the status of the PCA muscle during the
study [2]. In this study we analyze the HU density in 5 small
volumes within the PCA muscle in order to minimize the
influence of the artefacts generated by the -electrodes
implanted on the left PCA . For each horse the HU analysis is
repeated at beginning of the experiment (0 weeks), when the
FES treatment starts (12 weeks) and at end of the experiment
(20 weeks). The density variation after 12 weeks denervation
without stimulation is around -25%, the density variation in
the following 8 weeks of FES is + 3,5%. The analysis of the
PCA HU based density provides a metric to quantify state in
PCA muscles undergoing different physiological conditions:
Normal, Denervation and Electrical Stimulation. In Normal
PCA muscles the mean HU value is between 40 and 60, in
the denervated muscles the mean HU values decrease
progressively to 20-30 HU after 30 weeks denervation. The
PCA that are electrical stimulated seem to stop the density
decline.

[1] Gargiulo P, Chalmers HJ, Cheetham J, Ducharme NG.
Monitoring of denervation in larygeal muscle using CT:
Cricoarytenoid Dorsalis muscle volume and density
changes. ELS congress Vienna 2010, pp 13.

Gargiulo P., Vatnsdal B, Ingvarsson P, Knutsdottir S,
Gudmundsdottir  V, Yngvason S, Helgason T.
Computational methods to analyse tissue composition
and structural changes in denervated muscle undergoing
therapeutic  electrical ~ stimulation.  Basic ~ Appl
Myol/European Journal of Translational Myology, 2009;
19: 157-161.
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Expression of Myosin Heavy Chain isoforms in laryngeal
muscles in comparison with skeletal and special muscles

Lisa Maccatrozzo (1), Luana Toniolo (2), Pasqua Cancellara
(2), Marco V Patruno (1), Carlo Reggiani (2), Francesco
Mascarello (1)

(1) Department of Comparative Biomedicine and Food
Science, University of Padua, Legnaro, Padova, Italy; (2)
Department of Biomedical Sciences, University of Padova,
Italy

E-mail: lisa.maccatrozzo@unipd.it

Larynx in mammals is characterized by five intrinsic
laryngeal muscles with complex movements involved in
respiration, airway protection and phonation. These muscles,
differently from limb and trunk muscles that derived from
somites, originate from the branchial arches. In all species
the laryngeal muscles have the capacity to express the
transitional embryonic and perinatal isoforms in adult but at
low level ([1-4]). In same species of mammals (horse and
cow) the laryngeal muscles express only the three skeletal
MyHC isoforms (type 1, 2A and 2X) ([3], [S]); other species
(dog, cat and tiger) express also a faster isoform, not
detectable in skeletal muscles, the 2B isoform [4,6,7].
Furthermore, in species where the 2B isoform is present in
skeletal muscles (rat and rabbit), another isoform presumably
faster is present, the EO MyHC ([8], [9]). In rat and human
laryngeal muscles a different isoform (IIL MyHC) was
described [10,11], but it is unclear if this new isoform
correspond to EO in rat or to 2B in human or to the two novel
isoforms identified by Rossi et al. [12] in EO muscles
(codified by MYH 14 and 15 genes). Combining RNA
expression, electrophoresis and immunoblot we demonstrated
that the IIL isoform in human does not correspond to type 2
isoforms (2A, 2X, 2B, EO, embryonic and perinatal cluster),
to cardiac isoforms (beta and alfa), to M isoform and to
isoforms codified by MYH 14 and 15 gene, and therefore is
probably a new isoform.

[1] Jung HH, Han SH, Choi JO. Expression of myosin
heavy chain mRNA in rat laryngeal muscles. Acta
Otolaryngol. 1999; 119: 396-402.

Malmgren LT, Lovice DB, Kaufman MR. Age-related
changes in muscle fiber regeneration in the human
thyroarytenoid muscle. Arch Otolaryngol Head Neck
Surg. 2000; 126: 851-856.

Toniolo L, Maccatrozzo L, Patruno M, Caliaro F,
Mascarello F, Reggiani C. Expression of eight distinct
MHC isoforms in bovine striated muscles: evidence for
MHC-2B presence only in extraocular muscles. J Exp
Biol. 2005; 208: 4243-4253.

Toniolo L, Maccatrozzo L, Patruno M, Pavan E,
Caliaro F, Rossi R, Rinaldi C, Canepari M, Reggiani C,
Mascarello F. Fiber types in canine muscles: myosin
isoform expression and functional characterization. Am
J Physiol Cell Physiol. 2007; 292: C1915-1926.

Rhee HS, Steel CM, Derksen FJ, Robinson NE, Hoh
JF. Immunohistochemical analysis of laryngeal
muscles in normal horses and horses with subclinical
recurrent laryngeal neuropathy. J Histochem
Cytochem. 2009; 57: 787-800.

(2]



European Journal of Translational Myology/Basic Applied Myology 2013; 23: 5-48
Proceedings of the 2013 Spring Padua Muscle Days
Terme Euganee, Padova (Italy), March 15 - 17, 2013
Abstracts

Wu YZ, Baker MJ, Crumley RL, Blanks RH, Caiozzo
VJ. A new concept in laryngeal muscle: multiple
myosin isoform types in single muscle fibers of the
lateral cricoarytenoid. Otolaryngol Head Neck Surg.
1998; 118: 86-94.

Bergrin M, Bicer S, Lucas CA, Reiser PJ. Three-
dimensional compartmentalization of myosin heavy
chain and myosin light chain isoforms in dog
thyroarytenoid muscle. Am J Physiol Cell Physiol.
2006; 290: C1446-1458.

Lucas CA, Rughani A, Hoh JF. Expression of
extraocular myosin heavy chain in rabbit laryngeal
muscle. ] Muscle Res Cell Motil. 1995; 16: 368-378.
Briggs MM, Schachat F. Early specialization of the
superfast myosin in extraocular and laryngeal muscles.
J Exp Biol. 2000; 203: 2485-2494.

DelGaudio JM, Sciote JJ, Carroll WR, Escalmado RM.
Atypical myosin heavy chain in rat laryngeal muscle.
Ann Otol Rhinol Laryngol. 1995; 104: 237-245.
Toniolo L, Macchi V, Porzionato A, Paoli A,
Marchese-Ragona R, De Caro R, Reggiani C. Myosin
heavy chain isoforms in human laryngeal muscles: an
expression study based on gel electrophoresis. Int J
Mol Med. 2008; 22: 375-379.

Rossi AC, Mammucari C, Argentini C, Reggiani C,
Schiaffino S. Two novel/ancient myosins in
mammalian skeletal muscles: MYH14/7b and MYH15
are expressed in extraocular muscles and muscle
spindles. J Physiol. 2010; 588: 353-364.

sekokskok

[10]

[11]

[12]

Wavelet analysis of laryngeal EMG for estimation of
different fibre type activation in normal horses and
horses with a distal axonopathy

Justin D Perkins (1), Emil Olsen (1), Jon Cheetham (2),
Marta Cercone (2), Richard J Piercy (1), Normand G
Ducharme (2)

(1) Department of Veterinary Clinical Sciences, The Royal
Veterinary College, North Mymms, Hertfordshire, UK; (2)
Departments of Clinical Sciences, College of Veterinary
Medicine, Cornell University, Ithaca, New York, USA
E-mail: jperkins@rvc.ac.uk

Electromyography (EMGQG) is a technique used to measure the
myoelectric signals generated by motor unit action potentials
in muscle. Wavelet analysis of the EMG signal resolves the
signal into its intensities in time and frequency. Recent
studies have shown wavelet analysis to be a powerful tool for
investigating recruitment strategies in locomotor activities,
and for distinction of different motor unit fibre type
activation [1,2]. In this study three distinct frequency bands
likely relating to the muscle fibre types 1, 2a and 2x where
identified in equine laryngeal muscles, both in normal horses
and in horses with muscle atrophy associated with recurrent
laryngeal neuropathy (RLN). Sequential recruitment of type
1 to type 2 fibres during exercise was demonstrated by
wavelet analysis using implanted electrodes. In different
grades of RLN, different recruitment patterns were identified
between left and right cricoarytenoideus dorsalis muscles by
wavelet analysis. Fibrillation potentials present in the left
CAD muscle in RLN where all from type 2a and 2x fibres.
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Activation patterns were assessed in the context of the
different  fibre types, as assessed by muscle
immunohistochemistry for myosin heavy chain composition
[3]. Wavelet analysis appears to be a useful tool for
evaluation of patterns of fibre-type specific recruitment in
laryngeal muscle.

[1] Wakeling JM, Kaya M, Temple GK, et al. Determining
patterns of motor recruitment during locomotion. J Exp
Biol 2002;205:359-369.

[2] Hodson-Tole EF. Variations in motor unit recruitment
patterns occur within and between muscles in the running
rat (Rattus norvegicus). J Exp Biol 2007;210:2333.

[3] Tulloch LK, Perkins JD, Piercy RJ. Multiple
immunofluorescent labelling enables simultaneous
identification of all mature fibre types in a single equine
skeletal muscle cryosection. Equine Veterinary Journal.
2011 Jul;43(4):500-3. (3)
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Speckle analysis of transoesophageal ultrasound in
laryngeal muscles during resting breathing and nerve
stimulation

Sarah A Jones, Rosie Carruthers, Justin D Perkins

Department of Veterinary Clinical Sciences, The Royal
Veterinary College, North Mymms, Hertfordshire, UK
E-mail: jperkins@rvc.ac.uk

Scattering, interference and reflection of ultrasound waves
results in speckle formation. These speckles represent natural
acoustic markers. Post-processing algorithms track the path
of these speckles from frame to frame on 2D ultrasound
CINEloops, allowing calculation of local tissue displacement
and subsequent estimation of velocity and strain rate. Speckle
tracking echocardiography is commonly used both in
research and clinical setting. However, its application in
assessing skeletal muscle contraction is limited [1-5].
Transoesophageal ultrasound imaging of the equine
cricoarytenoid  dorsalis muscle wusing a 10MHz
transoesophageal probe has been validated previously [6].
Speckle tracking analysis of contraction of this muscle during
normal breathing, secondary to nasal occlusion and in
response to nerve stimulation at various frequencies, pulse
duration and amplitudes would generate quantitative data
regarding the muscle activity. Further, analysis in both
longitudinal and transverse planes can distinguish regional
variation in muscle contraction.

[1] Lopata GP, van Dijk JP, Pillen S, Nillesen MM, Maas H,
Thijssen JM, Stegeman DF, de Korte CL. Dynamic
imaging of skeletal muscle contraction in three
orthogonal directions. Journal of Applied Physiology
2010109:906-915

Yang-Soo K, Jung-Man K, Louis UB, Hye-Jin K, Hyun-
Woo J. In vivo strain analysis of the intact supraspinatus
tendon by ultrasound speckles tracking imaging” Journal
of Orthopaedic Research 2011; 29: 1931-1937.
Slagmolen P, Scheys L, D'Hooge J, Suetens P, Peers K,
Debeer P, Bellemans J. Letters to the Editors: In regard
to: “In vivo strain analysis of the intact supraspinatus
tendon by ultrasound speckles tracking imaging” (Journal
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of Orthopaedic Research, 2011; 29: 12; 1931-1937)
Journal of Orthopaedic Research 29; 13: 2054-2056;
author reply 2056-2057. doi: 10.1002/jor.22174. Epub
2012 Jun 29.

van Doesburg MHM, Yuichi Y, Henderson J, Villarraga
HR, Moran SL, Amadio PC. Speckle-Tracking
Sonographic Assessment of Longitudinal Motion of the
Flexor Tendon and Subsynovial Tissue in Carpal Tunnel
Syndrome Journal of Ultrasound in Medicine 2012; 31:
1091-1098.

Witte RS, Dow DE, Olafsson R, Shi Y, O'Donnell M.
High resolution ultrasound imaging of skeletal muscle
dynamics and effects of fatigue. IEEE Ultrasonics
Symposium. 2004; 1-3 764-767.
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Functional Echomyography in Healthy Subjects and
Patients with Facial Palsy

Gerd Fabian Volk (1), Mira Finkensieper (1), Maik Sauer (1)
Martin Pohlmann (1), Rosemarie Froberb (2), Orlando
Guntinas-Lichius (1)

(1) Klinik wund Poliklinik fiir Hals-, Nasen- und
Ohrenheilkunde, Universititsklinikum Jena; (2) Institut fiir
Anatomie / Anatomie I, Universititsklinikum Jena, Germany
E-mail: orlando.guntinas@med.uni-jena.de

Even though the first reports of visualisation facial muscles
with ultrasound are from 1988, there is still no standardized
method for examination. The purpose of this study was to
identify those facial muscles accessible for reliable
identification and to provide normal values of size,
echogenicity, contraction and perfusion. We used a HDI11
XE ultrasound machine from Philips, Netherlands with two
linear probes (L12-3; L15-7i0). In healthy subjects all facial
muscles were screened for visibility, separation from
adjacent muscles, and reliability of landmarks. Bilateral
scans of reliable muscles were performed in 140 adult
volunteers (70 woman) (age: 18 to 92 years). In total, 14
different facial muscles were at least in some volunteers
visible. In anatomical studies, the correct identification of all
sonographic structures was confirmed. Seven muscles
innervated by the facial nerv were easy reproducible. These
were; frontalis, orbicularis oculi, orbicularis oris, depressor
anguli oris, depressor labii inferioris, zygomaticus and
mentalis muscles Together with temporalis and masseter
muscle as controls, innervated by the mandibular nerv (V3),
all muscles were measured in rest and in contraction.
Additional to geometric parameters, echogenicity was
measured. Based on the same examinations-protocol, 86
patients with acute and chronic facial pareses were scanned.
The Inter-Observer-Reliability for the geometrical values was
high (p>0.001 — p=0.004). Crosssectional area and muscle
thickness showed clear gender differences but no age-
dependence. The occur of facial palsy changed contraction
immediately after onset, while echogeniccity rised and size
shrinked slowly in the first month after denervation.
Crosssectional values below twice the standard deviation
were reached. It was not only possible to demonstrate
degeneration, but also normalisation after reinnervation
followed surgical rehabilitation or spontaneous healing. In
conclusion, the provided measurement protocol allows the
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reproducible, efficient non-invasive diagnostic of pathologic
changes of the facial muscles. Normal values for the facial
muscles are provided. The protocol can be applied in clinical
settings to quantify the success of surgical and conservative
therapy.

[1] Balogh B, Fruhwald F, Millesi W, Millesi H, Firbas W
(1988). Sonoanatomy of the muscles of facial expression,
Surgical and Radiologic Anatomy, 2, 101-106.

[2] Volk GF, Pantel M, Streppel M, Guntinas-Lichius O.
Reconstruction of complex peripheral facial nerve
defects by a combined approach using facial nerve
interpositional graft and hypoglossal-facial jump nerve
suture. The Laryngoscope 2011; 121, 2402-2405.
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Implantable pulse generators for experimental studies -
stimulation pattern flexibility versus technological limits

Hermann Lanmueller, Manfred Bijak, Ewald Unger

Center for Medical Physics and Biomedical Engineering,
Medical University of Vienna, Austria
E-mail: hermann.lanmueller@meduniwien.ac.at

The major characteristics of implantable pulse generators,
used for experimental studies are easy handling, physical
volume and life time [1-3]. The devices should work reliable
over weeks without any intervention by the staff. Such a
stand alone operation requires the use of primary battery cells
to avoid interventions with external components for RF-
powering or recharging. Usage of primary battery cells
influences strongly the final device volume and life time,
making power saving strategies essential. Each implantable
pulse generator consists of circuitry for data transmission, a
controller and an output stage. The latter two mainly
determine the energy consumption while the contribution of
the data transmission unit can be neglected due to the short
time of activation in comparison to the implant live time. The
energy consumption of the controller is roughly proportional
to its operating frequency. Short pulse widths and a high
stimulation frequency require a high clock frequency
resulting in increased energy consumption. Another
important factor in terms of battery life time is the relation
between the time when the devices delivers stimulation
pulses and the rest time. Reduced clock frequency or
implementation of sleep mode during rest contribute
significantly to energy saving. The selection of stimulation
pulse width and amplitude is a further important fact to
reduce energy consumption and efficiency of the output
stage. The electric charge delivered with each pulse depends
on the specific application and determines the minimum
electrode tip area as well as the volume of the dc-preventing
decoupling capacitors in the output stage. Pulse width and
amplitude can be varied to achieve the required pulse charge.
Therefore the amplitude can be used to optimize the
efficiency of the output stage. In case of a constant voltage
output, the amplitude should be slightly below the battery
voltage or the integer multiple of the battery voltage. Similar
to that, in case of a constant current output stage the product
of stimulation current and electrode impedance should fulfil
the above criteria. These technical facts, considered during
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study designing, can help to reduce volume and prolong
implant live time.

[1] Lanmiiller H, Wernisch J, Alesch F. Technical analysis
of dual channel pulse generators used in deep brain
stimulation; a safety evaluation. Acta Neurochir (Wien).
2009 Jan;151(1):63-67.

[2] Lanmiiller H, Buchroithner J, Wernisch J, Alesch F.

Sudden failure of implantable pulse generators: cause of

failure and examination. Biomed Tech (Berl). 2007

Oct;52(5):356-9.

Sauermann S, Rafolt D, Bijak M, Unger E, Lanmueller

H, Weigel G, Girsch W, Mayr W. Objective assessment

of the fusion frequency in functional electrical

stimulation using the fast Fourier transform. Biomed

Tech (Berl). 2007 Aug;52(4):267-73.
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The short-term effects of antenna insulation thickness on
path losses in wireless telemetry implants at microwave
frequencies

Lukas Kneisz, Michael Schermann, Ewald Unger, Michael
Haller, Matthias Krenn, Winfried Mayr

Center for Medical Physics and Biomedical Engineering,
Medical University of Vienna, Austria
E-mail: lukas.kneisz@meduniwien.ac.at

Various physiological parameters (e.g. glucose level,
electrocardiogram, electromyogram, intracranial pressure [1])
can be monitored non-invasively by the use of biotelemetry
links. The development of sophisticated ultra low power
consuming transceivers allows the transmission of large
amounts of data from the inside of the body to an external
receiver in real time at microwave frequencies. Antenna
impedance matching is crucial for obtaining an acceptable
propagation link budget in a wireless telemetry link. The
dielectric properties of biological tissue induce detuning to
transceiver antennas when implanted into the body. To
counteract detuning problems, implant antennas are coated
with biocompatible insulating material. The study
investigates the propagation losses of a wireless
communication link at different insulation thicknesses of
medical grade silicone in the 2.45 GHz ISM (Industrial-
Scientific-Medical) radio band. The wireless link consisted of
an implantable unit which was placed between two pads of
tissue substitute material and an external receiver which was
connected to a PC via USB. Predefined data packets were
transmitted from the implant, the received packets were
analyzed, packet errors and packet losses were logged and
the received signal strength indicator values (RSSI) were
recorded. Our results showed that the mean RSSI values of
insulated transmitter antennas - embedded in tissue
equivalent material - provide more safety distance to critical
receiver sensitivity level than uncoated antennas. The
conducted experiments let us conclude that with increasing
thickness of the insulation layer, the antenna becomes less
sensitive to detuning by adjacent tissue substitute material
and we may expect less detuning after implantation in living
tissue.
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[1] Tofighi M R, Kawoos U, Neff S, Rosen A. Wireless
intracranial pressure monitoring through scalp at
microwave frequencies, Electron Lett 2006; vol. 42, no.
3: 148-150.

[2] Gemio J, Parron J, and Soler J. Human Body Effects on
Implantable Antennas for ISM Bands Applications:
Models Comparison and Propagation Losses Study. Prog
Electromagn Res 2010; 110: 437-452.

[3] Ito K, Furuya K, Okano Y, Hamada L. Development and
characteristics of a biological tissue-equivalent phantom
for microwaves, Electronics and Communications 2001;
vol. 84, no. 4: 66-77.
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A Neuroprosthesis for finger movement rehabilitation.
Some results

bordur Helgason (1,2), Roésa Hugosdéttir (2), Drofn
Svanbjornsdottir (2), Rannveig Asa Gudmundsdottir (1),
Ama Oskarsdottir (2), Haraldur Sigpérsson (2), Paolo
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3)
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A neuroprosthesis for finger movement rehabilitation is
under construction. It consists of a lower arm sleeve with
integrated electrode matrixes for finger muscle stimulation,
microprocessor based electronics for stimulating current
control and communication with a user interface. The system
has been under test and used for training of the finger
muscles of one patient with spinal cord injury at level C6-C7.
Voluntarily he has little or no mobility in the finger muscles,
very limited mobility in the wrist but he can move his
shoulder and elbow joints. Goal of the training is to enhance
muscle force and enable finger movements. The training is
ongoing for five years. Only the right arm is trained but not
the left arm. Several different versions of the sleeve have
been constructed and used for the training. Main goal of the
sleeve construction is to enable the user to use it
independently of the help from another person. Results of
muscle monitoring show a slight increase in muscle tissue
density. In contrast to the classical method of using a self-
adhesive electrode [1,7], that is repeatedly replaced to find
the best position on the arm for a certain finger movement,
up to sixteen different electrodes where used. This way an
electrode repositioning can be done by choosing a different
one electronically [7]. As long as the training was done by
an assisting person the electrodes could be adhesive. To
make a tetraplegic patient independent in the training a
sleeve with electrodes, that he can put on himself and take
off, where designed and constructed. The new electrodes are
smaller than usual adhesive gel electrodes, are 10 mm in
diameter and are thin laser cut stainless steel plate to increase
its surface area. They are placed in a silicone rubber cover
and a sponge soaked in isotonic 0,9% NaCl solution.
Hardware has been constructed for choosing active
electrodes at each moment. The therapy lasted for about three
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and a half year. In this time the patient was stimulated 3 to 5
times a week, the first two years a stimulation frequency of
20 Hz was used but then changed to combined therapy with 6
and 16 Hz. Only the right arm has been treated. Partially the
patient has done the training independent from help of
another person and partially with the assistance and
monitoring of others. For monitoring purposes a spiral
computer tomography (CT) image has been made. The CT
data was processed to measure the density and volume of the
finger muscles and the result from different time points
compared. A carbon fibre sleeve with integrated electrodes is
constructed. It enables a patient with SCI at C6-C7 level and
no voluntary finger movements to train his finger muscles
independent from the help of another person. Furthermore
the controlling electronic has been constructed. The CT data
show that density has increased in the finger muscles tissue
of both arms, also in the left untreated arm [3-6]. The
increase is similar in both arms []. In the interval from 62 to
85 Hu an density increase is detected but at the same time a
decrease in the interval from 39 to 62 Hu suggesting that
some of the voxels in the lower interval have moved to the
higher one. A sleeve with electrode matrix and controlling
electronics is constructed that enables a C6 - C7 SCI person
to train his finger muscles independent from help of a another
person. The density of the innervated finger muscles tissue is
increased suggesting an effect of the electrical stimulation
training. As a consequence of reflex stimulation [1,5], this
happens on both sides, both in trained and untrained arm, that
has to be investigated further.

[1] Schill O, Wiegand R, Schmitz B, Matthies R, Eck U,
Pylatiuk C, Reischl M, Schulz S, Rupp R.
“OrthoJacket: an active FES-hybrid orthosis for the
paralysed upper extremity”. Biomed Tech 2011; 56: 35-
44,

Gan LS, Ravid E, Kowalczewski JA, Olson JL, Morhart
M, Prochazka A. First permanent implant of nerve
stimulation leads activated by surface electrodes,
enabling hand grasp and release: the stimulus router
neuroprosthesis. Neurorehabil Neural Repair. 2012; 26:
335-343.

Helgason T, Gargiulo P, Johannesdéttir F, Ingvarsson P,
Knutsdottir S, Gudmundsdottir V, Yngvason S.:
“Monitoring Muscle Growth and Tissue Changes In-
duced by ES of DDM with CT and Stereolithographic 3
D Modelling.” Artificial Organs, 2005; 29: 440-443.
Gargiulo P, Reynisson PJ, Helgason B, Kern H, Mayr
W, Ingvarsson P, Helgason T, Carraro U. Muscle,
tendons, and bone: structural changes during
denervation and FES treatment. Neurol Res 2011; 33:
750-758.

Helgason T, Svanbjornsdottir D, Gudmundsdottir RA,
Oskarsdottir A, Sigpdérsson H, Gargiulo P,
Gudmundsdottir V, Ingvarsson P. Muscle density

changes after electrical stimulation therapy with
neuroprosthesis for finger rehabilitation. European
Jpurnal of Translational Myology/Basic Applied

Myology 2012; 22: 10-11.

Kern H, Carraro U, Adami N, Biral D Hofer C, Forstner
C, Modlin M, Vogelauer M, Boncompagni S, Paolini C,
Mayr W, Protasi F, Zampieri S. Home-based Functional
Electrical Stimulation (h-b FES) recovers permanently
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denervated muscles in paraplegic patients with complete
lower motor neuron lesion. Neurorehab Neur Rep 2010;
24:709-721.

Oskarsdottir A, Helgason T. Application of
electrode matrix to locate stimulation sites for
hand functions of SCI patients. World Congress on
Medical Physics and Biomedical Engineering,
2009; 25: 377-380.
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Neuromuscular electrical stimulation is well established for
rehabilitation and diagnostic. The stimulator design is in
most cases based on voltage controlled (VC) or current
controlled (CC) output stages. VC devices are considered to
be safer for transcutaneous applications because an electrode
error does not lead to dangerous high current density.
Whereas, the output force prediction of CC stimulators are
more reliable, to due the fact of independency of the
electrode impedance. In five subjects we compared both
techniques during stimulation of the anterior thigh using
surface electrodes (8 x 13 cm, STIMEX, schwa-medico
GmbH). The controlled pulse shapes were rectangular and
biphasic with a pulse width from 2 x 50 us to 2 x 1 ms. We
increased the stimulation amplitude up to +/-60 V (CV) and
+/-100 mA (CC) and measured the knee extension torque and
evoked myoelectric signal of rectus femoris muscle. The
equipment was custom-built for CV stimulation and the CC
stimulation was applied by Stimulette DEN2X, Schufried
Medizintechnik GmbH -Austria. Using the CC stimulator the
activation threshold decreases monotone with longer pulse
width, e.g. in one subject from 75 mA at 2 x 50 us to 10 mA
at 2 x 1 ms. The torque-amplitude graph shows an increasing
slope for longer stimulation pulse widths. In contrast, during
CV stimulation the activation threshold stays constant for
pulse width longer than 2 x 300 ps. Hence, the torque-
amplitude graphs are also similar with pulse width longer
than2 x 300 ps. At equal knee torque levels the pulse charge
of VC and CC stimulation are alike, e.g. at 20 Nm the charge
is 43.7 nC and 96.2 nC for a pulse width of 2 x 200 ps and 2
x 1 ms, respectively. We conclude that for VC stimulation a
pulse width of 2 x 300 ps provides the most sensitive control
characteristic via impulse amplitude variation, whereas pulse
width variation is in general problematic. For CC mode both
amplitude variation and impulse width variation provide a
well adjustable control characteristic. This observation was
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investigated for single twitches and is limited to the specific
electrode setup.

[11Kern H, Boncompagni S, Rossini K, Mayr W, Fano G,
Zanin ME, Podhorska-Okolow M, Protasi F, Carraro U.
Long-term denervation in humans causes degeneration of
both contractile and excitation-contraction coupling
apparatus that can be reversed by functional electrical
stimulation (FES). A role for myofiber regeneration? J
Neuropath Exp Neurol 2004; 63: 919-931.
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Myositis, either infective or autoimmune, is usually
characterised by skeletal muscle inflammation, with different
degrees of both damage and regeneration in the tissue.
Among the possible causes for infective myositis parasites
such as protozoa or helminths such as in particular
Trichinella spp. can be responsible. At present, eight
different species have been described, Trichinella spiralis,
Trichinella nativa. Trichinella nelsoni, Trichinella britovi,
Trichinella murrelli, and the recently described Trichinella
patagoniensis  (all  encapsulating species) and T.
pseudospiralis, T. papuae and T. zimbabwensis (which,
conversely do not induce the capsule formation) plus
different genotypes [4,5]. This parasite has a special relation
with the skeletal muscle, because of its unique intracellular
localization in this tissue. After invasion by the parasite, the
fiber muscle cell changes completely in morphology and
biochemistry to become the parasite protective niche,
otherwise called, nurse cell (NC). The long-lasting muscle
infection of Trichinella is awarded by the keen interplay with
host immune response, mainly characterized by a Th2
phenotype as shown by in vitro studies where cells collected
from cervical lymph nodes or spleen cells of infected mice
produced cytokines derived from such T subset, such as
interleukin (IL-)5, IL-10, IL-13 but also IFN-y after
stimulation with somatic larval antigens as well as by the
presence of parasite-specific IgG1 and IgE during the chronic
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infection. Very important informations have derived from
mice knock out (KO) for the different cytokines or
haemopoiesis regulating genes. For example, in KO mice for
IL-10 a crucial role of this cytokine was shown for the
regulation of inflammation intensity. Muscular host immune
response to Trichinella is partially regulated by the intestinal
phase of the parasite which emphasizes the intensity of the
following muscle inflammation compared to animals infected
by sinchronized injections of larvae directly into the muscle.
In eosinophil-ablated mice such as PHIL and GATA™
animals, increased nitric oxide synthase II expression in
macrophages is responsible for parasite damage (reviewed in
[1]). Besides, modulation of the intestinal stage of the
infection, using recombinant IL-12, increases the muscular
parasite burden delaying adult worm expulsion from the
intestine. Another Thl adjuvant of bacterial origin called
Helicobacter pylori neutrophil activating protein (HP-NAP),
administered during the intestinal phase of trichinellosis,
alters the muscular parasite burden, too [3]. Differences in
the level of myositis are observed, depending on the different
Trichinella species responsible for infection, in fact in mice
experimentally infected with 7. pseudospiralis, belonging to
the non encapsulating clade, the inflammatory response is
significantly lower than in those infected by either T. spiralis
or T. britovi, both encapsulating species. Such difference is
present not only around the parasite-NC complex, but also in
non infected muscle [2]. In conclusion, a mutual adaptation
between parasite and host immune response achieve a
strategic compromise between two evolutionary forces
pointed towards the survival of both species.

[1] Bruschi F, Chiumiento L. Trichinella inflammatory
myopathy: host or parasite strategy? Parasit Vectors.
2011; 4: 42.

Bruschi F, Marucci G, Pozio E, Masetti M: Evaluation of
inflammatory responses against muscle larvae of
different Trichinella species by an image analysis system.
Vet Parasitol 2009, 159: 258-262.

Chiumiento L, Del Prete G, Codolo G, De Bernard M,
Amedei A, Della Bella C, Piazza M, D'Elios S, Caponi L,
D'Elios MM, Bruschi F. Stimulation of TH1 response by
Helicobacter pylori neutrophil activating protein
decreases the protective role of IgE and eosinophils in
experimental trichinellosis. Int J Immunopathol
Pharmacol. 201; 24: 895-903.

Krivokapich SJ. Trichinella patagoniensis n. sp.
(Nematoda), a new encapsulated species infecting
carnivorous mammals in South America. Int J Parasitol
2012; 42: 903.
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Protein aggregates have been identified in muscle fibres in
different neuromuscular disorders such as: Myofibrillar
Myopathies (MFM), Inclusion Body Myositis and Myopathy
(IBM), Becker Muscular Dystrophy (BMD), Limb Girdle
Muscular Dystrophies 1A (LGMDI1A) and 1F (LGMDIF).
Pathological protein aggregates generally emerge as
subsarcolemmal and/or sarcoplasmic inclusions. In addition,
rimmed and non-rimmed vacuoles may be present in each
one of these conditions and also up-regulation of Major
Histocompatibility Complex Class I (MHC-I) is observed in
some of them. In particular, there are similarities between
IBM and MFM: midlife or late-onset clinical symptoms,
apparently of both sporadic and genetic background,
autophagocytosis by vacuole formation, which is frequent in
IBM though rare in MFM, and presence of tubulofilamentous
aggregates, which is almost regular in IBM but scantily
found in DRM as beta-amyloid accumulation both in IBM
and MFM. Therefore, differential diagnosis could be very
complex. Trying to identify a morphological border between
these diseases we studied diagnostic muscle biopsies from
MFM and sIBM patients with histological, histochemical,
enzyme histochemical, ultrastructural and
immunohistochemical techniques using antibodies towards
desmin, myotilin and MHC-I. This study has identified
similarities and dissimilarities between these two different
groups of protein aggregate myopathies and has given more
insights into the effects of protein aggregation within muscle
fibres.

[1] Ferrer I, Martin B, Castafio JG, Lucas JJ, Moreno D,
Olivé M. Proteasomal expression, induction of
immunoproteasome subunits, and local MHC class I
presentation in myofibrillar myopathy and inclusion body
myositis. ] Neuropathol Exp Neurol 2004; 63: 484-498.
Momma K, Noguchi S, Malicdan MC, Hayashi YK,
Minami N, Kamakura K, Nonaka I, Nishino I. Rimmed
vacuoles in Becker muscular dystrophy have similar
features with inclusion myopathies. PLoS One 2012;
7:€52002. doi: 10.1371/journal.pone.0052002.

Bastian A, Goebel HH. Protein aggregation in inclusion
body myositis, a sporadic form among protein aggregate
myopathies, and in myofibrillar myopathies--a
comparative study. Rom J Intern Med 2010; 48: 377-384.
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The membrane protein Caveolin-3 regulates sarcolemmal
stability and modulates different signalling pathways.
Caveolin-3 deficiency leads to four skeletal muscle
phenotypes: limb girdle muscular dystrophy (LGMD) 1C,
isolated hyperCKemia, rippling muscle disease and distal
myopathy. The CAV3 gene is mapped on chromosome 3p25,
and most of caveolinopathies are transmitted with an
autosomal dominant inheritance. Case histories of four
patients, in two unrelated families are presented. In both
families, the fathers and their sons were affected. Case
histories. In the first family, the clinical symptoms were
characteristic for rippling muscle disecase. A 32-years old
man has got high arch feet since his childhood, which has
been operated several times, in first and second decades of
his life. After operations, he has been suffering from a mild
gait disturbance, without other complain. With physical
neurological investigation no pathological findings were
found, except percussion-induced rapid muscle contraction
(PIRC). Serum creatine kinase levels were 2-3 times
increased. Muscle biopsy demonstrated myopathy, and total
absence of caveoline3 protein, by immunohistochemistry.
The patient’s mother and grandfather also had had foot
deformities, without other complain and symptom. Tiptoe
walking of patient’s 1,5- years old son has been observed.
The molecular genetic investigations found mutation of
CAV3 gene, in exon 1(c.80G >A, p.R27Q), the same
mutation in the case of father and his son. In the other family,
the symptoms were characteristic for limb girdle muscular
dystrophy (LGMD) 1C. A S55-years old man has been
suffering from moderate proximal muscle weakness of
shoulder girdle, and muscle cramps after exercise, primarily
in the proximal musculature. His complain started in the
second decade of his life, without serious deterioration. With
physical investigation, a moderate muscle weakness was
found in the shoulder girdle and in the pelvifemoral muscles,
with expressed calf hypertrophy. Serum creatine kinase level
was three times increased. Muscle biopsy showed increased
number of the internal nuclei, an increase of the endomysiel
connective tissue, and total absence of caveoline3
immunostaining. The ultrastructural investigations demon-
strated loss of caveolaec at the sarcolemma and large
subsarcolemmal membrane vacuoles. The molecular genetic
investigation demonstrated CAV3 gene mutation, in exon 2,
(c.159C>A, p.S53R), a gene mutation, which has not been
previously described. The patient’s 28-years old sons
complain started about a year ago. He has been suffering
from muscle cramps after exercise. With physical
investigation, a slight muscle atrophy of the shoulder girdle
and weak deep reflexes of upper extremities was found.
Muscle histology did no demonstrate myopathy, but electron
microscopy demonstrated the same ulrastructural alterations,
as in the fathers case. Serum creatine kinase level was
normal. Molecular genetic investigations is being performed.
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and Neuromuscular

Electrostimulation Hereditary Spastic Paraplegia, also known
as Spastic Paraplegias (SPGs) constitutes a clinically and
genetically heterogeneous group of neurodegenerative
disorders characterized by insidiously progressive weakness
and spasticity of the lower limbs (pure SPG), which may be
combined with additional neurological and non neurological
manifestations (complex or complicated SPG). SPGs are
due to mutations in genes encoding for proteins involved in
the maintenance of the corticospinal tract axons. The strong
genetic heterogeneity is reflected by the fact that 52 gene loci
associated with SPG have been discovered so far, involving
X-linked, autosomal recessive, autosomal dominant and
maternal inheritance. To date, 31 genes have been identified
as causative [1,2]. Treatment is exclusively symptomatic.
The effects of neurorehabilitation on SPG clinical
manifestations are currently unknown. To evaluate the role
of rehabilitation in SPGs, we considered the following
outcome measures: improvement of muscle strength
examined by MRC scale. Improvement of the 6-minutes
walk distance (6MWT). Improvement of gait speed,
evaluated by a reduction of the time required to cover 10
meter. Seven patients with clinically and/or genetically
confirmed SPG have been recruited. Two patients had
mutations in the gene encoding Spastin (SPG4), while one in
REEP1 gene (SPG31). Genetic studies revealed mutations in
SACS and Mitofusin genes in one subject. The diagnosis was
confirmed by clinical and instrumental investigations in the
other subjects. Patients have been admitted to the IRCCS
Foundation Hospital San Camillo, where they performed
intensive rehabilitation treatment consisting of daily aerobic
(60% VO2max) and strengthening exercise in addition to
standard motor treatment. Two patients performed electrical
stimulation in muscles with severe weakness (MRC <3). At
the beginning and at the end of the rehabilitation program all
patients underwent muscle strength evaluation according to
the MRC scale, 6MWT, 10 meter walk test, spirometry,
overnight oximetry study. Echocardiography, EMG, motor
and somatosensory evoked potentials, brain and spinal cord
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MRI were performed. Blood samples were collected for
DNA, RNA and serum. At the end of the rehabilitative
program we observed a statistically significant (p=0.001)
improvement of muscle strength: mean MRC values vary
from 3.46+0.68 at the beginning of the treatment to 4.1+0.69
at the end. The 6-minute walk mean distance varied from
193.4+140m to 208.35+157m (p=0.04). Time needed to walk
10 meter ranged from 18.22 £9.1 sec to 15.71 + 7.88 sec
(p=0.005). Aerobic and strengthening exercise may be an
effective treatment for SPGs. We observed in the patients
enrolled an improvement of muscle strength, fatigue
tolerance and gait speed. Electrical stimulation may be a
promising tool to counteract weakness in those muscles with
MRC<3.

[1] Finsterer J, Loscher W, Quasthoff S, Wanschitz J, Auer-
Grumbach M, Stevanin G. Hereditary spastic paraplegias
with autosomal dominant, recessive, X-linked, or
maternal trait of inheritance. J Neurol Sci 2012; 318: 1-
18.

[2] Blackstone C, O'Kane CJ, Reid E. Hereditary spastic
paraplegias: membrane traffic and the motor pathway.
Nat Rev Neurosci. 2011;12: 31-42.
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Dorsal displacement of the soft palate (DDSP) is the most
common cause of naso-pharyngeal dynamic collapse in
horses and shares some etiological similarities with
obstructive  sleep-apnea.  Thyrohyoid muscles (TH)
dysfunction plays a central role in the pathophysiology of
exercise-induced DDSP [2] which is thought to be associated
with muscle fatigue. This is a preliminary report on the
quantification of electromyographic (EMG) activity of the
TH muscle in exercising horses and its correlation with the
development of DDSP. Three adult Thoroughbred horses
were evaluated in the study, two with a definite diagnosis of
DDSP, one as control. All procedures were approved by the
Institutional Animal Care and Use committee. One
permanent SF bipolar electrode was implanted into one TH
of each horse. The horses were subjected to an incremental
exercise test, while recording EMG, upper airway
videoendoscopy and upper airway pressures. EMG data were
recorded through a surgical implanted telemetric transmitter.

Data from twenty consecutive breaths at the end of each
speed interval were considered for the analysis. Mean
electrical activity (MEA) [5], Median (MF) and Mean Power
Frequency (MPF) were calculated. Data were normalized as
a percentage of the value measured at an exercise intensity of
50% maximum heart rate (HRmax50). MEA increased with
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exercise intensity in the absence of displacement. Both
horses with DDSP demonstrated a marked decrease in MEA
immediately prior to the onset of displacement. In one of
these horses spectrum analysis showed an initial increase in
MPF, followed by a constant MF shift to lower frequencies.

In normal horses, MEA activity of upper airway muscles
increases with exercise intensity [2,6,7]. EMG data obtained
from both affected horses presented here suggest that a
component of TH dysfunction leading to DDSP may be
produced by a decrease in muscle recruitment and this may
result from muscle fatigue. The reasons for fatigue to occur
in the TH muscle are unknown but could rely in a different
fiber-type proportion between affected horses [3,4]. This
requires further investigation through histologic evaluation.
These findings give a potential rationale for a new
management approach of horses with DDSP, by increasing
the muscle strength and resistance to fatigue through
functional electrical stimulation (FES) of the TH muscles [8].

[1] Ducharme NG, Hackett RP, Woodie JB, Dykes N, Erb
HN, Mitchell LM, Soderholm V. Investigations into the
role of the thyrohyoid muscles in the pathogenesis of
dorsal displacement of the soft palate in horses. Equine
vet J 2003; 35: 258-263.

Holcombe SJ, Derksen FJ, Robinson NE.
Electromyographic activity of the palatinus and
palatopharyngeus muscles in exercising horses. Equine
vet J 2007; 39: 451-455.

Gerdle B, Henriksson-Larsen K, Lorentzon R, Wretling
M-L. Dependence of the mean power frequency of the
electromyogram on muscle force and fibre type. Acta
Physiol Scand 1991; 142: 457-465.

Kupa EJ, Roy SH, Kandaraian SC, De Luca CJ. Effects
of muscle fiber type and size on EMG median
frequency and conduction velocity. J Appl Phys 1995;
79: 23-32.

Ledlie JF, Pack AI, Fishman AP. Effects of
hypercapnia and hypoxia on abdominal expiratory
nerve activity. J Appl Physiol 1983; 55: 1614-1622.
Morello SL, Ducharme NG, Hackett RP, Warnick LD,
Mitchell LM, Soderholm V. Activity of selected rostral
and caudal hyoid muscles in clinically normal horses
during strenuous exercise. AJVR 2008; 69: 682-689.
Tessier C, Holcombe SJ, Stick JA, Derksen FJ, Boruta
D. Electromyographic activity of the stylopharyngeus
muscle in exercising horses. Equine vet J. 2005; 37:
232-235.

Zantingh A, Ducharme NG, Mitchell LM, Cheetham J.
AJVR 2013, in press.
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Detailed information on the neurovascular architecture, i. e.
the angioarchitecture and neuroanatomy of the equine larynx
is essential for development of surgical techniques to implant
probes for electrostimulation in patients with laryngeal
paralysis. To get detailed information about the course and
branching of arteries within the larynx we recently prepared
22 corrosion casts of the equine larynx. We also performed a
Sihler staining (Mu and Sanders, 2010) on 4 larynges to
reveal the course and branching pattern of the laryngeal
nerves. Based on these specimens we were able to prepare a
complete description of the neurovascular architecture of the
equine larynx. Aim of this study was to demonstrate the
spatial relationship between nerves and arteries as well as
their position in relation the surrounding structures and the
cricoarythaenoideus dorsalis muscle in particular. We
focused on the surgical relevant dorsal aspect of the larynx.
A combination of Sihler staining with a latex injection of the
laryngeal arteries did not provide satisfactory results. So we
replaced latex by Technovit 7143 in a modified technique. In
two equine larynges of adult warm blood horses the arteries
were injected with Technovit 7143 via the common carotid
artery. Subsequently a Sihler staining was performed which
revealed the principal branching pattern and also provided
information on fine details of the regional branching of the
laryngeal nerves within the cricoarythaenoideus dorsalis
muscle. The first branch of the caudal laryngeal nerve enters
the dorsal cricoarythaenoid muscle at its caudolateral and
dorsal aspect. An arterial branch of the ascending pharyngeal
artery reaches the muscle in this area but runs separate from
the nerve. A second branch of the caudal laryngeal nerve
runs close to the caudal laryngeal branch of the ascending
pharyngeal artery along the lateral margin of the cricoid
plate. The combination of corrosion casting and Sihler stain
used in this study provides valuable information on the three
dimensional relationship of arteries and nerves and
surrounding tissues required for precise and correct
positioning of probes for electrostimulation.

[1] Mu L, Sanders I. Biotech Histochem. 2010; 85: 19-42.
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Motivation of these experimental measurements was to
evaluate the electrical field distribution of implanted
electrodes in three dimensions inside the tissue.
Measurements were performed in a perfused ex vivo equine
larynx to achieve results of physiologically intact tissue.
Objectives of the measurements are the practical evaluation
of the measurement system. Especially the reproducibility of
the measurements, evaluation of the perfusion setup
influences on field distribution and further investigation of
the tissue changing effects of the measuring needle and the
scanning process. A system to measure the electric field
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distribution inside the tissue has been developed, which
contains a 3D linear motor system for the positioning of a
measuring needle inside the tissue. At each discrete point
electrical potential is measured and according to an
interpolation the 3D electrical field distribution is calculated
and visualized. We measured variations of scanning grids at
same electrode configuration and electrode position to
evaluate measurement reproducibility. The experiments were
performed on perfused CAD muscle (Musculus
cricoarytaenoideus dorsalis) of two horses. This enables an
intact physiological state of the muscle for up to 6-8 hours.
The perfusion setup shows no significant influences on the
measurement system. The measuring needle causes a
morphologically change in tissue (tissue shift) and thus a
displacement of the field distribution measurements. In
consideration of the reproducibility the different
measurements, with the same electrode configuration and
position, similar field distribution results are obtained.

The experimental results show, that ex vivo measurements of
the 3D electrical field distribution can be performed with this
measurement setup. In future field distribution displacement
will be reduced by an additional 3D force measurement and
control system to evaluate the tissue shifts while inserting the
needle. Further planned investigations are the optimization of
electrode configuration and placement, to achieve a more
selective stimulation and better therapeutic effects.
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We will describe in details the time course of denervation-
induced morphological changes affecting the human
denervated skeletal muscle, resulting from the analyses of
our world-unique cirMYO-Bank of human denervated
muscle biopsies. These morphological changes last longer (in
years) than generally accepted; the mid- and late-phases of
denervation-induced atrophy and degeneration presenting
two very contrasting myofibers populations: beside those
severely atrophic due to loss of sarcomeric structures and
with clumps of internalized myonuclei [5,6], large fast-type
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muscle fibers continue to be present four-to-six years after
Spinal Cord Injury [2]. Throghout these phases in the
denervated muscle several events of muscle fiber
regeneration occur that are the outcomes of satellite cell
activation, proliferation and fusion to aneurally myotubes and
myofibers [5,7]. These are stages of the myofiber
development characterized by centrally localized nuclei, and
in adult muscle fibers, central location of the nucleus is too
often taken as marker of myofiber regeneration

On the other hands, experiments in rodents [4] and
observation in humans suggest that the normal elicoidal
distribution of subsarcolemmal myonuclei is a dynamic
process that actively and life-long maintain the nuclei in their
peripheral position [3,1]. The percentage of severely atrophic
myofibers showing nuclear clumps between the third and the
sixth year after LMN lesion in humans is up to the 27% [6],
while the percentage of big fibers is approximately of the 2%
[2]. The percentage of morulae abruptly decreases after the
sixth year onward, when fibrosis takes over to neurogenic
muscle atrophy. Example of nuclear internalization will be
provided in the peculiar case of muscle biopsies harvested
from rectus abdominis of patients bearing colorectal cancer at
the clinical onset of the tumor [9]. How and why this peculiar
and exclusive distribution is maintained in the skeletal
muscle myofibers remains to be described and their
evolutionary advantage understood.

[1] Nicoletta Adami, Helmut Kern, Winfried Mayr, Ugo
Carraro, Donatella Biral, Sandra Zampieri. Permanent
denervation of rat Tibialis Anterior after bilateral
sciatectomy: Determination of chronaxie by surface
electrode stimulation during progression of atrophy up to
one year. Basic Appl Myol 2007; 17: 237-243.

[2] Biral D, Kern H, Adami N, Boncompagni S, Protasi S,
Carraro U. Atrophy-resistant fibers in permanent
peripheral denervation of human skeletal muscle. Neurol
Res 2008; 30: 137-144.

[3] Carlson BM. The Denervated Muscle: 45 years later.
Neurol Res 2008; 30: 119-122.

[4] Carraro U, Morale D, Mussini I, Lucke S, Cantini M,
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apparatus that can be reversed by functional electrical

stimulation (FES). A role for myofiber regeneration? J

Neuropath Exp Neurol 2004; 63: 919-931.
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Severely atrophic muscle fibers with nuclear clumps

survive many years in permanently denervated human
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[8] Squecco R, Carraro U, Kern H, Pond A, Adami N, Biral
D, Vindigni V, Boncompagni S, Pietrangelo T, Bosco G,
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Betto D, Protasi F, Francini F, Zampieri S. Despite lost
contractility, a sub-population of rat muscle fibers
maintains an assessable excitation-contraction coupling
mechanism after long-standing denervation. J Neuropath
Exp Neurol 2009; 68: 1256-1268.

[91 Zampieri S. Doria A, Adami N, Biral D, Vecchiato M,
Savastano S, Corbianco S, Carraro U, Merigliano S.
Subclinical myopathy in patients affected with newly
diagnosed colorectal cancer at clinical onset of
disease: evidence from skeletal muscle biopsies.
Neurol Res, 2010, 32: 20-25.
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P06. Sub-clinical denervation/reinnervation events are
contributing mechanisms of muscle atrophy in aging
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(1,2), Katia Rossini (1), Stefan Lofler (2), Helmut Kern (2),
Ugo Carraro (1)
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Although denervation has long been implicated in aging
muscle, the degree to which it causes the loss of myofibers
seen in aging muscle is unknown [1-3]. To address these
questions, we quantified in senescent patients (either
sedentary or with a life-long history of amateur sport) the
percentage and size of denervated and innervated muscle
fibers in a leg muscle using both in situ co-expression of fast
and slow myosin heavy chain and the ATPase assay.
Quantitative histological analyses show that the average
diameter of skeletal muscle fibers from Vastus Lateralis is
significantly higher in senior sportsmen compared to
sedentary and that the proportion of severely atrophic
denervated myofibers with a mean myofiber diameter < 30
pum is lower, compared to those observed in sedentary
elderlies. In all muscle biopsies from senior sportsmen,
reinnervation events identified as fiber type groupings were
observed, while they were detected in the 86% of sedentary
elderly. In senior sportsmen the higher prevalence of slow
type fibers predominantly clustered in type groupings
compared to fast type fibers suggest that the amount of
endurance exercise that these subjects performed lifelong,
induces an increment and a strengthening of the oxidative
muscle metabolism. The total number of fiber type groupings
detected in seniors sportsmen was significantly higher
compared to that observed in sedentary seniors. In summary,
our study provides a quantitative assessment of the
contribution of denervation/reinnervation events to muscle
decline in aging. A renewed focus on these aspects, in
seeking for their clinical relevance and to understand causes
and mechanisms may identify new targets for
therapy/rehabilitation of aging muscles.

[1] Rowan SL, Rygiel K, Purves-Smith FM, Solbak NM,
Turnbull DM, Hepple RT. Denervation causes fiber
atrophy and myosin heavy chain co-expression in
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Mitchell WK, Williams J, Atherton P, Larvin M, Lund
J, Narici M. Sarcopenia, dynapenia, and the impact of
advancing age on human skeletal muscle size and
strength; a quantitative review. 2012; 3: 260. doi:
10.3389/fphys.2012.00260.

Kern H, Loefler S, Vogelauer M, Burggraf S, Grim-
Stieger M, Cvecka J, Hamar D, Sarabon N, Rossini K,
Barberi L, De Rossi M, Romanello V, Musaro A,
Sandri M, D'Incecco A, Pietrangelo L, Boncompagni S,
Protasi F, Carraro U, Zampieri S. Lifelong physical
exercise delay age-associated skeletal muscle decline
by maintaining ultrastructural coupling of mitochondria

PLoS ONE 2012; 7:
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to calcium stores, promoting reinnervation and
modulating atrophy/hypertrophy cell signaling. 2013,
submitted to Aging
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PO07. Strategies to accelerate muscle reinnervation across
traumatic nerve gaps
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Carraro (3), Barbara Zavan (3), Riccardo Zanato (4), Roberto
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Regeneration of peripheral nerves is remarkably restrained
across transection injuries, limiting recovery of function.
Strategies to reverse this common and unfortunate outcome
are limited. Remarkably, however, new evidence suggests
that a brief extracellular electrical stimulation (ES), delivered
at the time of injury, improves the regrowth of motor and
sensory axons. (Singh et al J Neurosurg 2012). In this work,
the authors explored and tested this ES paradigm, which was
applied proximal to transected sciatic nerves in mice, and
identified several novel and compelling impacts of the
approach. Using thy-1 yellow fluorescent protein mice with
fluorescent axons that allow serial in vivo tracking of
regeneration, the morphological, electrophysiological, and
behavioral indices of nerve regrowth were measured. The
authors show that ES is associated with a 30%-50%
improvement in several indices of regeneration: regrowth of
axons and their partnered Schwann cells across transection
sites, maturation of regenerated fibers in gaps spanning
transection zones, and entry of axons into their muscle and
cutaneous target zones. In parallel studies, the authors
analyzed adult sensory neurons and their response to
extracellular ES while plated on a novel microelectrode array
construct designed to deliver the identical ES paradigm used
in vivo. The ES accelerated neurite outgrowth, supporting the
concept of a neuron-autonomous mechanism of action. Taken
together, these results support a robust role for brief ES
following peripheral nerve injuries in promoting
regeneration. Electrical stimulation has a wider repertoire of
impact than previously recognized, and its impact in vitro
supports the hypothesis that a neuron-specific reprogrammed
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injury response is recruited by the ES protocol. Indeed, poor
functional recovery after peripheral nerve injury is generally
attributed to irreversible target atrophy. Gordon et al, in rats,
addressed the functional outcomes of prolonged neuronal
separation from targets (chronic axotomy for up to 1 year)
and atrophy of Schwann cells (SCs) in distal nerve stumps,
and whether electrical stimulation (ES) accelerates axon
regeneration. Moreover, they studied whether in carpal
tunnel syndrome (CTS) patients with severe non-nerve
interrupting axon degeneration and release surgery ES
accelerates muscle reinnervation (Gordon et al, Neurol Res,
2008). Reinnervated motor unit (MUs) and regenerating
neuron numbers were counted electrophysiologically and
with dye-labeling after chronic axotomy, chronic SC
denervation and after immediate nerve repair with and
without trains of 20 Hz ES for 1 hour to 2 weeks in rats and
in CTS patients. Chronic axotomy reduced regenerative
capacity to 67% and was alleviated by exogenous growth
factors. Reduced regeneration to approximately 10% by SC
denervation atrophy was ameliorated by forskolin and
transforming growth factor-beta SC reactivation. ES (1 h)
accelerated axon outgrowth across the suture site in
association with elevated neuronal neurotrophic factor and
receptors and in patients, promoted the full reinnervation of
thenar muscles in contrast to a non-significant increase in
MU numbers in the control group. They thus concluded that
brief ES accelerates axon outgrowth and target muscle
reinnervation in animals and humans, opening the way to
future clinical application to promote functional recovery.
Our goal is to verify published results on the beneficial
effects of ES in the in vivo animal and human models, and to
extend to humans the model of electrical stimulation of
neural recovery after traumatic nerve transactions. Overall,
the animal and human studies will take advantage of three
potential approaches that will be also combined: 1. Cytokine
seeded biomaterials; 2. Schwann cell delivery; 3. Electrical
stimulation. Experiments will be performed in collaboration
with the group of Nicola Elvassore, to identify effective
biomaterials for bridging nerve gaps, and with Libero
Vitiello lab to test combined strategies in rodent models. The
eventual need for expansion of Schwann cell cultures of
animal and human origin for the aims of the study will call in
the collaboration with the group of Barbara Zavan. We will
also count on the expert advice of Helmut Kern and Sandra
Zampieri, Ludwig Boltzmann Institute of Electrical
Stimulation and Physical Rehabilitation, Dept. Physical
Medicine and Rehabilitation, Wilhelminenspital Wien,
Austria for ES protocols and of Paolo Gargiulo, Dept.
Science, Education and Innovation, Landspitali University
Hospital, and Dept. Biomedical Engineering, University of
Reykjavik, Iceland for 3D color reconstruction of
experimental muscles.

[11 Gordon T, Brushart TM, Chan KM. Augmenting nerve
regeneration with electrical stimulation. Neurol Res
2008; 30: 1012-1122.

Singh B, Xu QG, Franz CK, Zhang R, Dalton C,
Gordon T, Verge VM, Midha R, Zochodne DW.
Accelerated axon outgrowth, guidance, and target
reinnervation across nerve transection gaps following a
brief electrical stimulation paradigm. J Neurosurg
2012; 116: 498-512.
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P08. FES training protocols for the functional recovery of
permanently complete denervated human muscles
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Ludwig Boltzmann Institute of Electrical Stimulation and
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E-mail: stefan.loefler@wienkav.at

In denervation it was generally believed that no effective
treatment was available for muscle that has undergone severe
atrophy resulting from a chronic denervation injury. Under
the Gutmann’s [1] view of the trophic influence of nerves on
muscle, the effect of a mimicking approach, electrical
stimulation, played an important role, but over the years the
value of electrically stimulating the denervated muscle has
been disputed because of the difficulties to obtain strong
contraction by electrical stimulation and of its possible
unfavorably effects on any remaining potential for
reinnervation. In the last 15 years, we studied the possibility
to effectively train permanently denervated human muscles
by means of Functional Electrical Stimulation (FES). The
results of the EU Project RISE [2-4] show a new perspective
in stimulating muscle fibers in the absence of nerves and
after prolonged denervation, enabling: i) restoration of
muscle fiber ultrastructure; ii) recovery of conduction
velocity of the excitation-contraction apparatus up to a level
that allows tetanic contractility; and thus iii) astonishingly
recovery of fiber size, muscle mass and FES-induced force.
Our training strategy is based on two combined stimulation
programs. Within continuous clinical assessments, the
stimulation parameters and training protocols should be
progressively modified according to the patient’s time span
of denervation, the current condition of muscle and function.
At the beginning of the treatment, biphasic stimulation
impulses of very long-duration (120-150 ms, 60-75 ms per
phase) at high intensity should be applied to improve
membrane excitability and muscle structure. The next period
of the routine daily training consists of combined stimulation
patterns one eliciting single twitches (impulse duration of
120 ms) and the other tetanic contractions (2 — 3 s bursts with
an impulse duration of 36-50 ms and impulse pause of 10
ms). After tetanic contractility is achieved and the subject is
able to provide full extension of the leg during stimulation of
the quadriceps muscles, the ankle should be progressively
loaded following the training theory for healthy people.
Finally, few patients who have achieved a good muscle and
functional condition can be able to stand and perform step-in-
place and walking exercise with stimulation to train the
cardiovascular system, upper body, sense of balance and
thigh muscles.

[1] Gutmann E, editor. The denervated muscle. Prague:
Publishing House of the Czechoslovak Academy of
Sciences, 1962.

Kern H, Hofer C, Mayr W, Carraro U. European Project
RISE: Partners, protocols, demography. Basic Appl
Myol / European Journal of Translational Myology
2009; 19: 211-216.
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Vogelauer M, Mayr W, Rupp R, Zampieri S. One year
of home-based daily FES in complete lower motor
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Kern H, Carraro U, Adami N, Biral D, Hofer C, Forstner
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Paolini C, Mayr W, Protasi F, Zampieri S. Home-based
functional electrical stimulation rescues permanently
denervated muscles in paraplegic patients with complete
lower motor neuron lesion. Neurorehabil Neural Repair.
2010; 24: 709-721.
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The purpose of this study was to examine the reliability of
parameters obtained from a novel postural sway task test
based on body movements controlled by visual feedback.
Fifty-nine volunteers were divided into two groups. The first
group consisted of young (n = 32, 16 females and 16 males,
age: 25.2 + 3.4 years) and the second group of elderly
individuals (n = 27, 17 females and 10 males, age: 75.7 £ 6.9
years). Participants stood in parallel on a computer based
stabilographic platform with the feet approximately a
shoulder width apart, the toes slightly pointing outwards, the
hands placed on the hips. The computer screen was placed
approximately 1.5 meter from the platform at a height of
subjects’ eyes. An instantaneous visual feedback of
participant’s centre of pressure (COP) was given in a form of
a blue cross visible on the screen. Participants were
instructed to keep the blue cross driven by movements of
their hips as close as possible to a predefined curve flowing
on the screen. Out of the 6 parameters studied, only the
average distance of COP from the curve line and the sum of
the COP crossings through the curve line showed high
reliability. Correlation between these two highly reliable
parameters was -0.89. There was also a statistical difference
(p<0.001) between young and elderly in both the average
distance of COP from the curve line and the sum of the COP
crossings through the curve. To conclude, the novel postural
sway task provides a simple tool with relatively low time
burden needed for testing. The suggested output parameters
measured are highly reliable and easy to interpret.
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Myoclonus should be differentiated from other forms of
muscle hyperactivity with central nervous system origin,
such as dystonia, tremor, chorea and seizures, and from
muscle hyperexcitability with peripheral origin, such as
fasciculation, myokymia, rippling muscle syndromes and
pseudomyotonia. Here we report case histories of two
patients with symptoms of acquired, progressive multifocal
myoclonus and cramps. Patient 1. A 48 years-old male
patients complains started 6 years ago with cramps and
involuntary muscle contractions in head and extremities. The
symptoms slowly became more frequent, and occurred in the
musculature of the abdomen. There were possible to elicit or
increase the symptoms by voluntary muscle contractions and
painful skin stimuli. The symptoms were complicated by
excessive sweating. Physical neurological investigation
found continuous irregular myoclonus-like twitching in the
head, in the abdominal muscles, and in the muscles of the
extremities. There was no found increase of the antibodies
against several investigated proteins, except a threshold
increase of kv.1.2 VGKC antibody. Neurophysiological
investigation (EEG, EMG, ENG, SEP) demonstrated normal
results. Muscle biopsy found diameter variation, II type fibre
hypertrophy, and central nuclei, split fibres. Electron
microscopy showed numerous vacuoles, which could be
ascribed to dilated T-tubules. Increased amount of
mitochondria and glycogen were seen under sarcolemma.
Furthermore, bizarre, amorphous, electro dense
subsarcolemmal lipid structures were seen. Antiepileptic
drug treatments were ineffective, while plasma exchange
resulted in several months symptom free episodes. Patient 2.
A 45 years-old male patientis complains started 5 years ago
with involuntary muscle contractions in the right arm and in
the abdominal musculature, which lasted about 30 minutes.
Similar symptoms occurred two months after the first attack,
and they became more and more frequent. Physical
neurological investigation found continuous irregular
twitching in the head, in the abdominal muscles, and in the
muscles of the upper extremities. Skin stimulation by touch
or pinprick elicited the symptoms, or increased the amplitude
of twitching. A threshold increase of 1.1 kv. VGKC
antibody was found. Neurophysiological investigation (EEG,
EMG, ENG, SEP) demonstrated normal results. Muscle
biopsy showed identical finding to the patient 1.
Antiepileptic drug treatments were ineffective, while plasma
exchange resulted in substantial recovery. In conclusions,
two patients with acquired multifocal myoclonus has been
presented. The clinical symptoms pointed to a possible brain
stem origin, while electrophysiological findings directly did
not support the localization. An autoimmune mechanism was
postulated on the base of a threshold increased of VGKC
antibodies. The usual antiepileptic therapies did not result in
improvement. Plasma exchange resulted in substantial
recovery in both patients. The histories of these patients
emphasize the possible autoimmune pathomechanism of late
onset nerve hyperexcitability disorders, and benefit of
immunomodulating therapies. The muscle biopsy findings
most probably were secondary to continuous muscle fiber
hyperactivity, and not primary pathological alterations.
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The power developed by skeletal muscles is surely declining
with age after the growth of the youth. The characterization
or the rate of loss is a question analyzed in many clinical
research studies. Data useful to study the decline of the
skeletal muscles power are largely available from sources
other then medical tests, e.g. from track and field
competitions of master athletes. Absolute world records of
various events have been collected together with world
records of all master categories. Masters are athletes
competing within age classes of 5 years (39 to 39; 40 to 44;
45 to 49 and so on). The performance of master athletes can
be normalized with respect to the absolute record: the
normalized performances are thus represented by a number
from one (world absolute records) to zero (null performance).
The decline of the performances with age is analysed and
compared. Most trend-lines show a linear decline down to 70
years. The average annual rate of power decline of analyzed
events (running, throwing and jumping) is 1.25% per year.
The events involving mostly upper limbs (shot put, javelin
throw) show a declining rate higher than the disciplines
where lower limbs are most important (long jump, track
events). This study analyses the human decline within a
coherent approach based on very extended baseline of data.
The decline of skeletal muscle power starts at the age of 30
with minor variance. This conclusion is in line only with
some of previous studies. The various trend lines tend to zero
at the age of 110 years. This is substantially in line with the
actual survival of humans.
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P12. Clinical effects of the exercise therapy in
Amiotrophic Lateral Sclerosis patients
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Amyotrophic lateral sclerosis (ALS) is a fatal and

progressive neurodegenerative disorder affecting motor
neurons. If the reduced level of activity persists,
cardiovascular ~ deconditioning and  disuse  atrophy
superimpose on weakness and muscle atrophy caused by the
ALS itself [1]. The animal studies provided good basic
scientific information about the effects of endurance exercise
training in terms of survival and of reduction of the
degeneration of the motor neurons in mice with SOD-1
induced ALS [2, 3]. In other studies, the neurons controlling
fast fibres were noted to degenerate early in the course of
ALS, whereas fatigue resistant neurons failed in the
intermediate and slow twitch neurons in the later stages [3].
In the isometric muscular contraction, the force applied by
the muscle is not sufficient to move the load, and as a result,
the muscle does not shorten though its muscle tension or
force of contraction increases [4]. Therefore, an isometric
contraction should be proposed in order to avoid both the
overuse weakness muscle and overstressing the twitch
muscle fibres. In addition, moderate endurance training has
been developed in order to minimize the fatigue, to facilitate
the musculoskeletal endurance and to enhance the
cardiopulmonary efficiency. Previous studies suggest an
early subclinical involvement of the autonomic system in
ALS [5]. The depressed sinus arrhythmia observed in no
bulbar patients might be the result of a decreased state of
physical condition resulting by a deconditioning. Bulbar
patients, instead, show a more severe autonomic dysfunction
than no bulbar patients. Several clinical trials have
demonstrated the value of moderate exercise in improving
the autonomic dysfunction and in inducing a cardiovascular
reconditioning. Based on these available evidences from
animal and human studies, strengthening and cardiovascular
exercises may help maintain function and do not adversely
affect disease progression in persons with ALS (6). However,
the current evidence is not sufficiently detailed to
recommend a specific exercise prescription for ALS patients.
In the present study, it has been designed an exercise
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program based on both moderate endurance training and
isometric muscle contractions (in muscle strength in the mild
to moderate range with MRC score >3). The aim is to verify
the clinical efficacy of this exercise protocol, thorough an
objective assessment of the changes of muscular strength, the
fatigue and the cardiovascular parameters. ALS pts admitted
for rehabilitation treatment and enrolled with the inclusion
criteria (clinically defined or probable ALS, the El Escorial
criteria; mild-moderate disability; no heart and respiratory
failures); 11 patients with ALS (7 males and 4 females aged
50 £ 13 years, range 24 + 75 years) participated in the study;
mean duration of the disease was 27 months (range 10 + 66
months); at the time of the study, the patients had a total
ALSFRS-R score from 21 to 41 (mean value, 31.7 £+ 6.0).
The exercise protocol consists in isometric muscle
contractions, proposed in muscle strength in the mild to
moderate range (with MRC score 3 and 4) and in a aerobic
training by bicycle ergometry, arm-leg ergometry and/or
treadmill with frequency of 4-5 sessions per week using an
initial training intensity corresponding to 60-70% of
maximum heart rate. Initial exercise duration of 15-20 min is
recommended depending on the disability level of the ALS
patient. We performed the following evaluations (before/after
rehabilitation): ALSFRS-R (revised ALS functional rating
scale), IB, Functional Independence Measure (FIM), Fatigue
Severity Scale (FSS), strength measurements (MMT by
dynamometer); analysis of HR variability and Oxygen Intake
(VO2 submax), six minute walking (6MWT) and ten meter
walk test (IOMWT). The project is a pivotal trial. 4 pts have
presented a drop-out for rapid disease deterioration; the other
7 pts have concluded the study (see table). Decrease in
fatigue as measured by a fatigue measurement tools at two
months; the Fatigue Severity Scale and the change of the
VO2submax have presented a reduction. Increase of muscle
strength, as measured by the MMT dynamometry; the pts

- 46 -

have presented an increase of MMT dynamometry scores; in
5 pts during the 6MWT the distance has presented an
increase. In conclusion, the effects of therapeutic exercise in
ALS patients are controversial and not well understood. The
aim of this project has been to understand the clinical
outcomes of moderate load endurance and isometric
resistance exercise protocol. If confirmed, these findings may
represent a translational step to establish exercise
prescriptions and to improve the clinical practice in ALS.
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