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WELCOME

This abstract book contains the summaries of the invited lectures and poster
presentations at thelnternationd Workshop and Conference on Human Reflexes:
Wiring and Firing oMotoneurone held at Ege Universitf, YA NE ¢ N®NMaye S o m
2009). Iwould like to take this opportunity to thangarticularly toall invited speakers
who came from all parts of the glotie join us and to generously share with us their
experiences and recent findings. | would also like to thank the poster presenters and all
participants who joined us with this learning experience.

This meeting was held to bring together principal expervho have led the
studies on human reflexes in recent years to discuss the advancement in the following
areas of research:

1. Recent developments in surface EMG decomposition methods that have made
analysis of the properties of human motoneurons relativedgy;

2. Recent development of a novel technique for determining synaptic connections
of motoneurons that does not contain errors of the classical methods;

3. New developments on the transcranial magnetic brain stimulation and its
implications on the contributin of the motor cortex to movement;

4. Recent findings in persistent inward currents which illustrate that motoneurons
are not simple integrators of synaptic inputs but display characteristics that alter
their response properties;

5. Recent developments in usimgflex studies to probe the workings of the central
nervous system in health and disease;

6. Recent findings on gender related differences in reflexes that may be the
underlying cause of gender related sports injuries.

This meeting will also unigue in thdt will honour two colleagues for their
important contribution to EMG/reflex research: Carlo DeLuca and-Pé&me Vedel
We plan to give the 'DelLuca prize for best oral presentation’ to the best oral presenter
and to give Vedelprize for best poster msentation' to the best poster presentation.
The winners will be selected by all the participants of the conference.

| would like to thank all individuals who took part in preparing this meeting
SALISOALTte add aSNBS | { pzblicatoasdOmetngeting)eDr.l Yy R F
BfAY ! 2f-dAN] YSBIyRSar& NI { A0St 9fAF ! GPOI aNW®
aSKYSdi /SYIf YIKels add /SNBY {NYSNE !aaz
t N22SO0 / dZNNByd [/ 22 NRUMakeliCarelmair RrdjeRt Fidande) i F A &
and Prof. Sakire Pogun (EU Marie Curie Chair Project Original Coordinator). Also would
fAl1S G2 GKFIYyl GKS wSOG2NJ 2F (GKS 93S | yA@S



Medical Faculty, Prof. Serhat Bor fdreir generous support for the meeting. | would

also acknowledge generous support from the Delsys Company, European Union Marie

| dZNAS t Ne2SOi> ¢KS {OASYUGUAFAO YR ¢SOKy2f
and the students and staff of Ege Univirswithout which free student participation to

this meeting would not have been possible.

Thank you all for your valuable input and participation.

Kemal S. Turk

Marie Curie Chair of the European Union
Ege Univesity Center for Brain Research,
Bornow = TI YANE ¢N
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Maria Piotrkiewicz
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Maria Knikou
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INTERNATIONAL WORKSHOP

1. EMG: what is it; how to record it and how to use it (11 May
2009); theory and practice: Chair: Carlo Deluca (Boston
Univorsity. Boston, USA)

) Carlo Deluca (Boston University, Boston, USA):
"Decomposmon of the Surface EMG Signal: accurate, automatic,
and up to maximal force”

10 Kemal Tirker (Ege University, lzmir, Tlrkiye):
“Single unit EMG; methods for recording and analysing”

1 Hayri Ertan (Anadolu University, Eskisehir, TUrkiye)
"EMG in Sport Science”

13:00 Practical 1: "Pitfalls of EMG recording: When does
E MG represent the electrical activity of the underlying muscle?”

12 MAY 2009

2. Reflexes: what is it; how to record it and how to use it (12 May
2009); theory and practice; Chair: John Burne (Sydney University,
Sydney, Australia):

9:01 ) Kemal Tlrker (Ege University, lzmir, Tlrkiye):
“"What and how reflexes can tell us about the conditions of the
human nervous system”
1100 John Burne (Sydney University, Australia): “Reflex
conmbutlon to muscle stiffness: Tonic stretch reflex at work”
0 Franca Deriu (University of Sassarl, Italy): “Reflex
responses of masseter muscle to sound”’
0 Practical 2: “Pitfalls of reflex studies: Is it possible to
estimate the wirlnq of motoneurones reliably ?*

13 MAY 2009

zTou_r to Ephesus and the Mo
. Koressos (Bulbildag, "Mount Nightin

et o
INTERNATIONAL CONFERENCE

14 MAY 2009

Welcome : Prof. Dr. Candeger Yilmaz (Rector)
Prof. Dr. Serhat Bor (Dean, Faculty of Medicine)
Introduction: Kemal Tirker (Ege University, lzmir, Turkiye)

' Session 1: Recent developments in surface EMG methods
Chair: Carlo Deluca (Boston University, USA)

Carlo DeLuca (Boston University, USA): “Control
properties of motor units during fatiguing contractions: What causes
the force to become unstable?”

i) Darlo Farina (Aalborg University, Denmark): “High-
density surface EMG for the analysis of individual motor unit
properties”

0 Annie Schmied (CNRS/Université de la Méditerranée,
Marsellle, France): “Recurrent quantitative analysis of EMG activity

10:30-11:00  MORNING TEA AND CAKES




11:30 Session 2: Methods for determining the synaptic connection of

human motoneurones.
: Kemal Tiirker (Ege University, lzmir, Turkiye)
11.00 ~ 11:30 Randy Powers (University of Washington, USA) and

Kemal Tirker (Ege University, izmir, Tirkiye): “Estimates of PSP
amlitude based on stimulus-evoked changes in motoneuron output.”
11:30 12:00 Maria Piotrkiewicz (Polish Academy of Sciences,
Warsaw,Poland) :“ Methods for analysis of stimulus-correlated MN
firing evaluated by computer simulations”

1200 ~ 12:30 Dick F. Stegeman, Gijs A. van Elswijk, Bert U. Kleine
(Radboud University Nijmegen Medical Centre, Nijmegen, The
Netherlands): “The Three Frequencies: The alpha-motoneuron pool as
transmitter of rhythmicities in cortico-spinal motor drive”

| 12:30 - 14:00 LUNCH

14:00 Session 3: Connection of the motor cortex to human

14:00 - 14:30 Kemal Turker (Ege University, lzmir, Turkiye) and Gaby
Todd (Adelaide University, Australia): “Investigation of the cortical
silent period with the use of the peristimulus frequencygram®.

14:30 - 1500 Jon Shemmell and Eric Perreault (Rehabilitation
Institute of Chicago, USA): “Task-dependent cortical involvement in
modulation of the human stretch reflex”

15:00 — 15:30 Nigel Rogasch, TJ Dartnall, J Cirillo, MA Nordstorm, JG
Semmler (Adelaide University, Australia): “Motor cortex plasticity
and learning of a ballistic thumb training task is diminished in older
‘,adultes" e

16:00 - 16:30 ydia P Kudlnaand Regina E. Msdreeva(Russnan
Academy of Sciences, Moskow, Russia): “Bistable firing behaviour of
human motoneurones”

16:30 - 17:00 CJ Heckman (Northwestern University, Chicago, USA):
“Factors controlling refiex gain in humans”

17:00 - 17:30 Monica Gorassini (University of Alberta, Edmonton,
Canada): “Facilitation of motoneuron PIC activation by norepinephrine
in humans”.

17:30 - 18:00 Hans Hultborn (University of Copenhagen,

Denmark): “Comments on the present methods for assessing plateau
properties in human motoneurons”

19:00 CONFERENCE DINNER

15 MAY 2009

#:10 Session 5: Gender-related differences in reflexes

8:30 - 9:00 Riccardo Mazzocchio (Universita di Siena, Siena, Italy):
“Gender-related differences in anticipatory control of impending
postural perturbation”

100 - 930 Utku Yavuz, Aylin Sendemir-Urkmez and Kemal Tirker
(Ege University, izmir, Tirkiye): “Gender-related differences in the
electromechanical delay of the triceps surae-foot system”

9:20 - 10:00 Sakire Pogun (Ege University, izmir, Tirkiye): “Gender-
related differences in human joints and reflexes”

10
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10:30 « 1200 Session 6: Poster presentations and discussion;

12:00 - 13:00 LUNCH

13:00 Session 7: Wiring of the human nervous system (reflexes at work)
: Simon Gandevia (University of New South Wales, Sydney, Australia)

13:00 — 13:30 Eric Perreault (Rehabilitation Institute of Chicago,
USA): “Neural and biomechanical contributions to the regulation of
stretch reflex sensitivity and arm impedance”
13:30 — 14:00 Hilmi Uysal (Akdeniz University, Antalya, Tarkiye):
“Medium-latency reflex response of soleus elicited by peroneal nerve
stimulation”
14:00 — 14:30 Jacques Duchateau (Université Libre de Bruxelles,
Belgium): “Reflex control of antagonist activation during fatigue”
14:30 15:00  Christiane Rossi-Durand (CNRS/Université de la
Méditerranée, Marseille, France): “Adaptation of muscle spindle
reflex gain to specific requirements of the motor task. Contribution of
the fusimotor system”
15:00 - 15:30 Simon Gandevia (University of New South Wales,
Sydney, Australia): “Reflex inhibition of human inspiratory
motoneurones‘

15:30 - 16:00 AFTERNOON TEA AND CAKES

15.00 Session 8: Re-wiring of the human nervous system:
: Cumhur Ertekin (Ege University, Turkiye)

16:00 - 16:30 John Burne (Sydney University, Sydney, Australia):
“Reflex and non-reflex contribution to muscle/joint stiffness”

16:30 - 17:00 Maria Knikou (City University of New York &
Northwestern Univ, USA): “Reflex modulation patterns during
assisted stepping in human SCI”

17:00 = 17:30 Cumbhur Ertekin (Ege University, Turkiye): “Voluntary
and reflex influences on oropharyngeal swallowing”™

12:00 Session 9: Future for human reflex and motoneuron studies:

18:30 Gonchsionmdprlzem —
De Luca prize for best oral presentation
Vedel prize for best poster presentation

t 19:00 FAREWELL DINNER

ACCOMMODATION

University Guest House (Konuk Evi)  konukevi@mail.ege.edu.tr
max 75 TL per person/ per night including cooked breakfast (about
$50 USD).

Anemon Ege Saglik Hotel www.anemonhotels.com
Single room with facilities: 150 TL (about $100 USD); Double room:
180 TL (per room; about $120 USD).

*To receive the discount organized by the committee, in all
mmmmmnmmmhm
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WORKSHORP | 11 MAY 2009

EMG: WHAT IS IT; HOW TO RECORD IT AND 6 Q\WHIT,;
THEORY AND PRACTICE

Chair: Carlo De Luca (Boston University, Boston,USA)

09:00-10:00
Carlo De Luca
oBehavior of motor units revealed by decomposition of the EMG signal

10:00-11:00
YSYIf ¢NNJ SNJ
G{Ay3tS dzyAl 9aDY YBlikKeRAY T2N NEO2N

11:00512:00
HayriErtan
wo9abD Ay {LERNI {OASyOSQQ

13:00;17:00
Practical 1:

Gt AGFrtta 2F 9abD NBO2NRAyYy3AY 2KSy R2S&a 9ab
feAy3d YdzaOf SK¢
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BEHAVIOR OF MOTOR UNITS REVEALED BY DECOMPOSITION OF THE EMG

SIGNAL

CARLO J DE LUGAamid Nawab
NeuroMuscular Research Center, Boston University, Boston, MA, USA

During the past three decades, with the collaboration of numerous colleagues, we
have been developing technology for investigating the firing behawioconcurrently
active motor units for the purpose of investigating mechanisms used by the CNS and PNS
to control motor units when generating force. We have developed various serially
improved signal processing algorithms, the most recent of which useistaaited
Artificial Intelligence concepts, to decompose the indwelling and more recently, the
surface EMG signals. Most importantly, we have also developed methods, such as the
duatsensor test to assess the accuracy of the algorithms for identifyingnitigidual
action potentials and for locating their precise timing. For the indwelling EMG signal we
have been able to identify typically 9 motor unit action potential trains in isometric
contractions ranging up to 80% MVC level with an accuracy readmng§7% level with
the aid of an operator assisted editor. Whereas in the surface EMG signal, we have been
able to decompose the signal automatically identifying 26 &/motor unit action
potential trains with an average accuracy of 90% from contractign® 1.00% MVC.

Along with other colleagues, we have used these technologies to investigate
various aspects of the control properties of motor units during isometric contractions.
These are:

Al) The Common DriveA common excitation controls the firing g of motor
units as a unit, rather than individually. It appears to be of central origin, but the strength
may be reduced by proprioceptive feedback, especially from spindles. This common drive
is greater among motor units within a muscle, but exists tesaer degree, among motor
units of synergist and antagonist muscles. It appears that the CNS provides simultaneous
control to groups of motor units distributed amongst functionayated muscles.

A2) The Onion Skin phenomenek&arlier recruited (lowethreshold) motor units
attain greater firing rates than later recruited (higher threshold) motor units. This control
strategy does not maximize the force generation capacity of a muscle; possibly to refrain
the higher threshold motor units from fatiguing.

A3) DiversificationThe motor units of smaller muscles fire at greater rates and
are fully recruited at lower force levels than those of larger muscles. This property allows
smaller muscles with fewer motor units to produce smoother force, and delays the
progression of fatigue in the larger muscles.

A4) Motor Unit Substitutiorg We have reported instances where individual motor
units stopped firing and another was seen to be recruited. This occurred during long

13



lasting lowlevel (< 10% MVC) contractions.is likely an epiphenomenon, but it may
sustain force production.

B1) Fatigue does not alter the control properties of the motor units. It simply shifts
the operating point of the firing rates in response to the changing mechanical properties
of the muste fibers.

B2) Aging shifts downwards the operating point of the firing rates of the motor
units in response to changing mechanical properties of the muscle fibers. It may also
decrease the common drive.

B3)Stroke In the FDI of acute (< two weeks) pasiaaftlicted with a cerebellar
stroke, the firing rateg recruitment properties of the motor units were not altered from
normal. This observation indicates that the cerebellum does not alter the control of the
motor units in the acute phase of a stroke.

Acknowledgements:
This work was supported in part by Bioengineering Research Partnership grant #

HDO050111 from the National Center for Medical Rehabilitation Research of NICHD/NIH,
and grant # NS058250 from the NINDS/NIH.
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SINGLE UNIT EMG: METHODS FOR RECORDING AND ANALYZING

Y9a![ {® ¢«wYOw
Center for Brain Research, Eged@8iNE A G& > . 2Ny 201X LTY

While surface EMG analyses illustrate the properties and connections of the entire
motoneurone pool, single unit EMG has been developed from the need of identifying
several issues, these are:

1. Studying synapticnoise in motoneurone membranesTo illustrate the synaptic
noise, individual motoneurone discharges are collected and coefficient of variation
0S06SSy GKS &aLA1Sa INB OFftOdzZ F iSR 0¢NNY S

2. Synaptic connection between agfent pathways and individual motoneuronesTo
achieve this, identified afferents are stimulated and prestimulus time histograms and
FNEI|jdzSyOeaNrvya IINB SadlroftAakKSR FTNRBY (KS
Powers, 2005);

3. Distribution of synaptic inptito motoneurones of different size To achieve this, as
well as stimulating the identified afferents, action potentials from motor units of
various sizes are recorded and analyzed around the time of the stimulation (Semmler
FYR ¢NNJ SNE mMdpdbnoT

4. Studying conmon inputs to motoneurone pools To achieve this, action potentials
from two or more needles were recorded and discharges from each motoneurone is
correlated to the discharges from otheratoneurones (De Luca et al, 1982 ¢ NNJ S NJ
and Powers, 2001);

5. Studyng threshold depolarization of motoneuronesThis is achieved by generating
an Hreflex at rest and using the same stimulus intensity when the unit is regularly
RAAOKIFNBAY3I 6¢NN]J SN YR aAfSas mppmOT

6. Studying the trajectory of a regularly discharging motemrone membrane
potential: To achieve this, two different stimulus intensities are used to generate
the Hreflex and the differences in the success histograms of the two stimuli
ASYSNIGS GKS (NI 2SO0l2NE &KFLIS O0¢NNJ] SNE ™

De Luca, C.J. et al (1982) Babaof human motor units in different muscles during linearly

varying contractions. Journal of Physiology, 329:128

{SYYt SNE WD |yR ¢NNJSNE Yo{d Oomdpdny wSTF
motoneurones to lowhreshold electrical stimulation fothe common peroneal nerve.
Neuroscience Letterd 78:206210

¢NN] SNE Yo{d 0OmbpdpIode meth@ddpiba YrobkmNandKissues
Professional Perspectiviehysical Therapy3:698710.

¢NN] SNE Yod{d OmMdhpp0 ¢KS trajéctolyJd todicallyadtitehumars Y 6 NI y
motoneuronsJournal of Electromyography and Kinesioldy$-14.

¢CNNJ SNE Yo{ ® | YR ‘fuitdinigfequendy.can be uset dontide estidaiich NJ

of synaptic potentials in human motoneurongaurnal of uroscience Method$3:225

234.

¢CNNJSNE YP{d YR arAfSazs ¢o{d O6mMppPm0O ¢KNBaAK?2T
motoneuronesJournal of Neuroscience Method9:103107.

15



¢CNN] SNE Y®{d YR t2SNAI wodYD 0 Hapticvinputss S S NI
underlying synchronization in motoneurodsurnal of Neurophysiolog$6:28072822.

CNNLJSNE Yo{d YR t2SNAEE WOPYD OHANHD ¢tKS
synchronization.Journal of Physiologp41:245260.

Warren, J., Miles, T.® I YR ¢NNJ SNE Yo{ D Oomdpdo 0 -tchv LIS NI A
human motoneuroneslournal of Electromyography and Kinesiolpgy189202.

This work has been supported by EU Marie Curie Pré¢{eenderReflex; MEXTF2006
040317) and TUBITAKO7S029 SBAG3556).
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MUSCULAR ACTIVATION STRATEGIES OCEBMBEIHATHLETES: AN EMG
APPROACH

', wT 9w¢! Db
Anadolu University, School of Physical Education and Sports, Eskisehir/Turkey

Earlier studies have proven that hitgvel athletes have a different activation
relaxation and/or cecontraction strategies than that of middle class or beginnétsese
findings motivates the researchers to concentrate on defining certain strategies for given
sports branches. The purpose of the current paper is to share the latest findings of high
level athletes in archery, female volleyball and soccer.

The finding that will be presented in this session have been gathered by using
basically Electromyography (EMG). So, the current manuscript tries to define both some
certain muscular activatiorelaxation and/or cecontraction strategies in given sports
branches andmention the importance of EMG findings in evaluating Heyrel
performance.

The first findings will be from sport archery and the muscular activation strategies
during the release of the bowstring. Two different muscular activation strategies have
been cfined in the literature. In the first strategy, archer releases the bowstring by
actively contacting the forearm extensor and gradually relaxing the forearm flexor
muscles. The archer releases the bowstring with clear relaxation of forearm flexors and
without active involvement of forearm extensors in the second strategy. The second
strategy is known to decrease the lateral deflection of the bowstring, which is reputed to
increase the score on the target.

As for the studies related with male soccer, thadfhgs have demonstrated that
high level soccer players show more agonistic activation during forward swing and ball
contact phase and less antagonistic activation during follow through; whereas middle
class soccer players demonstrated less agonisticadittivduring forward swing and ball
contact phase and high antagonistic activation during follow through phase during the
kicks to a stationary ball. It has been concluded that to increase ball speed on target; one
should (1) increase the contraction vatuef Vastus Lateralis (VL) and Vastus Medialis
(VM) during forward swing and ball contact phase, and (2) decrease contraction values of
Gastrocnemius (GAS) during backswing and follow through phase.

The results that were related with higavel female volyball players have shown
that agonistantagonist contraction ratios and coordination, landing technique and
intramuscular coordination are the important factors for countermovement jump. Having
high GAS activation values during landing may be explain&htding technique. VM, VL,
GAS, GM and BF muscles are activated before ground contact in order to stiffen the joint
in preparation for touch down. It can be said that faetivation is important for the
jumping performance. For the female volleyball playdt has been concluded that high

17



level volleyball players showed higher muscular activation during propulsion phase, but
lower during landing and post landing phases compared withtrobgroup.

In conclusion, higievel sportsmen have different contrtaon-relaxation and/or
co-contraction strategies. These strategies may be used for;

1. Selecting talented athlete for given sport branches,
2. Decreasing the occurrence rate of any type of injury and

3. a2yAld2NAYy3 GKS FiKfSGSQa RSOSt 2LIYSy
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WORKSHORP 1l 12 MAY 2009

REFLEXES: WHAT I$HIOWTO RECORD IT AND HOW TO USE IT;
THEORY AND PRACTICE

Chair: John Burne

09:00-10:00
YSYIf ¢NNJ SNJ
dWhat and how reflexes can tell us about the conditions of the human nervous gystem

10:00-11:00
R John Burne
GwSTfSE O2yY(NRYBAARYCAFADIdZAONS I OKA RSB T f

11:0012:00
Franca Deriu
woQwS Tt SE NBalLkRyasSa 2F YI

w»

G4SNJ Ydz

Q)¢
Q)¢
w

13:00:17:00
Practical 2:

Gt AGFrfta 2F NBFESE addRASaYy L&A Al L2aaroct

(@]
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WHAT AND HOW RHEHEXES CAN TELL US ABOUT THE CONDITIONS OF THE
HUMAN NERVOUS SYSTEM?

Y9a![ {® ¢«wYOw
/] SYGSNI F2NJ . N} Ay wS&aSFNODKI 935S ! yAL

Reflexes have long been used to study human nervous system. From the eyeball
test to normalized singlenit test have been used for this purpose. We will summarize
the classical and novel methods for studying human nervous system under the following
headings:

1. Synaptic connection between afferent pathways and individual motoneurones
Since it is not posdid to record directly from individual neurons in human subject
and directly stimulate individual afferent fibres, indirect methods have been used to
study the synaptic connections. To achieve this, identified afferents are stimulated
and discharges of inddual motor units are built into prestimulus time histograms
YR FNBIjdzZSyOeaNIvYa O0¢NN]JSNIFYR t26SNEX H
2. Distribution of synaptic input to motoneurones of different sizeTo achieve this, as
well as stimulating the identified afferents, action potefgidrom motoneurones of
various sizes are recorded and analyzed around the time of the stimulation (Semmler
FYR ¢NNJ SNE mMdbnoT
3. Studying common inputs to motoneurone poalsTo achieve this, action potentials
from two or more needles were recorded and diaofpes from each motoneurone is
correlated to the discharges from othemotoneurones (De Luca et al, 1982 ¢ NNJ S NJ
and Powers, 2001);
4. Studying threshold depolarization of motoneuronesThis is achieved by generating
an Hreflex at rest and using the samdrstlus intensity when the unit is regularly
RAAOKIFNBAY3I 6¢NN]J SN YR aAfSas mppmOT
5. Studying the trajectory of a regularly discharging motoneurone membrane
potential: To achieve this, two different stimulus intensities are used to generate
the Hreflex andthe differences in the success histograms of the two stimuli
ASYSNIGS GKS (NIX2SO0l2NE &AKIFLIS O0¢NNJSNE ™

De Luca, C.J. et al (1982) Behavior of human motor units in different muscles during linearly
varying contractions. Journal of Physiology, 329:128

{SYYI{ SNE W®Dd FYyR ¢NNJSNE Yo{d O6mppno wST
motoneurones to lowhreshold electrical stimulation of the common peroneal nerve.
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Professional Perspectiviehysical Therapy3:698710.
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motoneuronsJournal of Electromyography and Kinesioldg$14.

¢ NNJ S NI Ch¥ng,{H®. (1994) Motanit firing frequency can be used for the estimation

of synaptic potentials in human motoneurongaurnal of Neuroscience Methods3:225
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THE TONIC STRETCH REFLEX AT WORK

JOHNBURNE
{8RySe ' yPOSNBRAGREST {&RySes ! d:

Aims: 1. To review the steps in recording the tonic stretch reflex (TSR) and
parallel resistive torque data from the metacarpophalangeal (MCP) joint. 2. To review
ways of correlating the reflex and torque data so asd@w information on the
mechanical contribution of the reflex to joint mechanics. 3. To discuss applications of
these techniques to patient groups with disorders of muscle tone.

Methods: 1. Stretch perturbationA continuous joint perturbation is delivest by
a DC motor under the control of a positional or torque servo control loop. Joint angle can
be specified by a digital signal generated by software (Labview v7.1), converted to an
analogue waveform (National Instruments 6251) and supplied to the s&h®.control
signal will determine the frequency band and amplitude of the perturbation. Factors to
O2y&aARSNI INB GKS Y2G2NRa (2NJjdzS 2dziLidzi |y
and the desired biomechanical data. Reflex recordingContinuous peurbation of a
joint will produce ongoing modulation of the surface EMG produced by a small
background muscle contraction, referred to as the tonic TSRoint torque recording.
The total resistive torque about the joint during a stretch perturbation barextracted
from the servo controller as it is proportional to the current supplied to the motor or it
can be derived from a load cell placed between the rotated limb and the motor shaft.
Several sources contribute to the total joint torque but techniguare available to
decompose it into its components. In the absence of muscle activity, the passive
resistance of the joint and muscle tissues dominate the recording. In the presence of a
background voluntary contraction, the joint resistance is domindigdhe larger active
component which includes the reflex contributiof. Analysis method<Cross correlation
techniques can be used to quantify the reflex EMG modulation. By correlating the
rectified and bandpass filtered EMG signal with the record afitj@ingle (stretch
perturbation), the linear component of the reflex response can be extracted and
guantified by the coherence, gain and phase difference estimates. By correlating the
resistive torque signal with the record of joint angle, the coherencén @ad phase
estimates then quantify the linearly related joint resistance. From this data, estimates of
total joint stiffness, resonant frequency and the factors contributing to stiffness can be
derived. Since the resistance of a normal joint is approteiydinearly related to the
perturbation, a second order model can produce reasonable estimates of the elastic,
viscous and inertial components of stiffness. Since the magnitude of the reflex response
and these stiffness components is dependent on thequdency content of the
perturbation, a more complete analysis can be made by studying the joint over a range of
frequencies.5. ApplicationsBy correlating between paralldISR and torque measures,
the reflex and norreflex contribution to normal joint mdwnics and various disorders of
muscle tone can be inferred. Such studies can provide a unigue understanding of normal
stretch reflex activity and a quantitative approach to patient assessment.
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OLIGOSYNAPTIC VESTIBULAR INPUTS TO THE HUMAN MASSETER MUSCLE

FRANCA DERIBEnzo Ortu, Elena Giaconiugebio Tolu, John C Rothwell*
Department of Biomedical Sciences University of Sassari, Sassari, Italy and *Sobell
Department of Motor Neuroscience and Motor Disorders, UCL, London, UK

Although there have been a number of studies in animals of vestibybats to
trigeminal motoneurones (R), surprisingly little is known about these pathways in
humans. We have recently shown that transmastoidal electric vestibular stimulation
(EVS), which influences vestibular activity by polarising the most distal patieo
vestibular nerve, can evoke a shdatency, shorduration bilateral EMG response in
active masseter muscles of healthy subjects (3). This consists of a symmetric biphasic
potential which has opposite polarity depending on the polarity of electifaugation.

The cathodal response is a positivegative pl11/n15 wave which is larger and more
consistent than the anodal (n11/pl5) response. Single motor unit studies (SMU)
demonstrated that the p11/n15 wave in the surface EMG, corresponds to a-lsitemty,

brief and abrupt interruption of ongoing masseter SMU firing. Based on results of control
experiments, on the physiological properties of the response and on its similarity with the
G@SaldAodzZ  NJ SP21 SR Ye23aSy Al -a2 wsandluddde 0 + ¢
that the EVS8nduced masseter response is of vestibular origin and, hence, it was termed

a vestibulomasseteric reflex (VMR).

The masseter muscles are also known to be reflexly modulated by sound (jaw
acoustic reflex (7)), particularly aigh intensities. However, very high intensities of sound
can also activate vestibular inputs from the saccule (8) with additional activation of
utricular afferents with boneconducted sound (9). In view of this we investigated
whether there is a vestibulazontribution to the jawacoustic reflex (10). We showed that
high intensity soundevokes twobilateral and symmetrical shetatency responses in
active masseter muscles of healthy subjects. Themgially overlap in the urnectified
averaged EMG: a higthreshold, early pl11/n15 wave and a lower threshold, later
pl6/n21 wave. Based on their different physiological properties, we suggested that the
pl1l/nl1l5 was a vestibular response whereas the p16/n21 response was auditory. This was
confirmed in a later sées of experiments on subjects with selective vestibular or cochlear
lesions (11).

The results in human masseter are somewhat puzzling compared with the
literature in animal studies (2) showing that vestibular stimulation exerts a bilateral,
asymmetric long-lasting, excitatory control on trigeminal motoneurones via polysynaptic
pathways. However, these vestibulimduced masseter responses have physiological
features very different from those of the human VMR, with the latter being bilaterally
symmetricd, short duration, inhibitory and mediated by no more than three synapses (3,
10-11). We speculated that these two sets of apparently opposite results might be due to
the operation of two parallel pathways between vestibule and masseter, one short
latency and inhibitory and the other having a longer facilitatory input. These have
recently been confirmed anatomically in rat {13).
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The functional significance of the vestibdfi@geminal link is still unknown. It has
been hypothesized that the sustained aetiion of the indirect excitatory pathways may
be of importance in postural control of masseters by stabilizing the jaw during head
movements in space. The short latency inhibitory pathway activated by phasic stimulation
in the VMR may be of minor importea in postural control, but may be more important
in fine-tuning of voluntary motor output by allowing vestibular inputs a rapid access to
jaw muscle control.

1) Tolu & Pugliatti J Vest Res 1993Talu et al. Arch Ital Biol 1996; Beriu et al. J Phydi2003; 4)
Colebatch et al. J Neurol Neurosurg Neuropsych 1994; 5) Watson & Colebatch J Physiol 1998; 6)
Colebatch & Rothwell Clin Neurophysiol 2004; 7) Mewert et al. Electroencephalogr Clin
Neurophysiol 1974; 8)lurofushi et al. Exp Brain Res 199bCurtoys et al. Exp Brain Res 2006; 10
Deriu et al. J Neurophysiol 2005; 11) Deriu et al. J Physiol 200Gjddni et al. Exp Brain Res
2006; 13) Cuccurazzu et al. Exp Brain Res 2007
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CONTROBROPERTIES OF MOTOR UNITS DURING FATIGUING CONTRACTIONS

'CARLO J DE LUGRgola ContessdAlexander Adam
'NeuroMuscular Research Center, Boston University, Boston, MA 02215, USA

We investigated the behavior of motor unit firings in the vastus lateraliscle
during a sequence of isometric constantque contractions sustained at the 20% of the
maximal voluntary level and repeated to exhaustion. The EMG signal was detected with a
special quadrifilar sensor, and the global force twitch of the muscle eliaged by
electrical stimulation. The EMG signals were decomposed to identify all the firings of
several concurrently active motor units by using an Artificial Intelligence based set of
algorithms combined with manual editing that had a demonstrated sy of 97.5%.

We were able to track the firings of some motor units throughout the sequence of
contractions to observe the firing behavior during the progression of fatigue.

The following properties were found to remaimchangeds fatigue progressed:

The recruitment order of motor units.

The inverse relationship between the firing rate and the recruitment threshold.
The coefficient of variation of the mean firing rates.

The synchronization of the firings of pairs of motor units.

A OWNPE

The followingproperties were found tahangeas fatigue progressed:

1 The recruitment threshold of all motor units decreased, with respect to the original

MVC.

2 The elicited twitch and tetanic torque responses first increased (withia(e® of the
endurance time) andi KSy RSONBIF aSR® ¢KS RSOfAYyS 41l a

decline in the motor unit recruitment threshold.

3 The firing rate of motor units first decreased (within-20% of the endurance time)

and then increased.

4 The number of recruited motor urstincreased (p<0.0422$9.22).

5 The coefficient of variation of the force increased (p<0.0620R1).

6 The crosorrelation of the firing rates of motor units increased (p<0.GE0RLO).

7  The crosgorrelation of the firing rates and force incress(p<0.001, 120.16).

These findings suggest that when the vastus lateralis muscle is activated to maintain
a constant force output, the amplitude of the musdileer force twitches first potentiate
and then decrease. The common drive excitation to mh@oneuron pool compensates
with an initial decrease followed by an increase in the firing rates to maintain the force
output constant. As the force twitches continue to decrease, additional motor units are
recruited. The relationship between recruitmerthreshold and firing rate remains
unaltered, as do the coefficient of variation and the synchronization of the firings. We,
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therefore, suggest that the CNS control of vastus lateralis motor units remains invariant
during fatigue in submaximal isometric fienic contractions. Whereas the increase in the
force fluctuation throughout the endurance time appears to be related to the increasing
number of recruited motor units and to the increasing crassrelation among the firing
rates, which is likely due togpipheral factors.
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HIGHDENSITY SURFACE EMG FOR TAIEYBN OF INDIVIDUAL MOTOR UNIT
PROPERTIES

DARIO FARINA
Center for Sensoiylotor Interaction (SMI), Department of Health Science and
Technology, Aalborg University, Denmark

Recordings of motor unit action potentials from muscles provide the means for
investigating the activity of the output layer of the spinal cord circuitries because of the
one-to-one association between the action ottials discharged by a motor neuron and
generated in the innervated muscle fibers. Electromyographic (EMG) recordings comprise
the activity of the motor units recruited during a contraction. The action potentials of
individual motor units can be identifiefrom the interference EMG signals recorded with
selective electrode systems. Because the selectivity of intramuscular recordings is higher
with respect to norAnvasive recordings, motor unit properties have been classically
investigated with intramuscutaEMG whereas bipolar surface EMG has been used for a
global analysis of the level of muscle activity.

Highdensity surface EMG recording systems are obtained by locating several
closely spaced electrodes over the skin surface overlying a muscle. Thecimanitiel
signal detected by these electrode grids has two spatial dimensions and one temporal
dimension. Currently available systems comprise hundreds of electrodes, spaced from
each other by a few millimeters. Simulations and experimental studies have
demonstrated that several tens of surface electrodes are necessary for representing
uniquely, and thus identifying, the action potentials of different motor units [1].
Moreover, with highdensity surface systems, it is possible to solve the convolutive mixing
problem of the summation of motor unit action potentials by blind source separation
methods. Among the approaches for the decomposition of the surface EMG, the
convolution kernel compensation method [2] has shown results comparable to those
obtained by deomposition of the intramuscular EMG [3]. In addition to the motor unit
control properties, the identification of motor unit action potentials from higgnsity
surface EMG provides information on the fiber anatomy and propagation velocity of the
intracellular potential [4][5].

In conclusion, the recently developed analysis methods for-tiagisity surface

EMG allow the use of nemvasive muscle recordings as a reliable tool for the
investigation of individual motor unit properties during voluntary conti@ts.

[1] Farina D, Negro F, Gazzoni M, Enoka Bbtecting the unique representation of motonit
action potentials in the surface electromyogram. J Neurophysiol. 2008;10038223

[2] Holobar A and Zazula D. Multichannel blind source separation wsingolution kernel
compensation. IEEE Trans Sig Process 2007;5544987
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[3] Holobar A, Farina D, Gazzoni M, Merletti R, Zazula D. Estimating motor unit discharge patterns
from highdensity surface electromyogram. Clin Neurophysiol. 2009;126B351

[4] Merletti R, Holobar A, Farina D. Analysis of motor units with -d&gisity surface
electromyography. J Electromyogr Kinesiol. 2008;18%)79

[5] Farina D, Holobar A, Gazzoni M, Zazula D, Merletti R, EnokadRMtments differ among low
threshold motomnits during intermittent, isometric contractions. J Neurophysiol. 2009;1080350
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RECURRENT ANALYSIS OF EMG ACTIVITY: RELATIONSHIP WITH SINGLE MOTC
UNIT SYNCHRONOUS ACTIVITY

ANNIE SCHMIEDJartin Descarreaux
CNR%3M UMR 6196, 31 chemin Jospeh Aiguier, 13402 Marseilles cedex 20,
France

It has been recently proposed that an index to the synchronous activity of single
motor units could be obtained by applying a nlamear technique, the recurrence
guantification analysis (RQA) to surface EMG recordings. With this tool, the presence of
recurrent patterns in EMG signals is quantified in terms of percent of determinism
thought to be related to the amount of synchronous discharges of the motoneurones.
This hypothesis has been verified in simulation studies, but there is presently no
experimental evidence that single motor unit synchronization indices assessed from
crosscorrelogram analysis do covary with DET%. In this study, pairs of voluntarily
activated single motor units were recorded for 2 to 3 minutes in the wrist extensor
muscle at differenhlevels of steady contraction ranging from 1 to 20 % of the maximum
voluntary activation. In each recording period, the amount of synchronization was
assessed by the amplitude of the central peaks in the eros®lograms. RQA was
applied to the surfac&EMG activity signal concurrently recorded on the wrist extensor
muscles. The percent of recurrence and determinism (DET%) and the EMG root mean
square (rms) values were assessed in consecutive steps of 5 sec and averaged
throughout each of the recordingepiods. A weak positive association was observed
between DET% mean values and the synchronization index (rho = 0.4, P =1A®3).
motor unit pairs dischargk with a greater synchronyfor moderate increases of
contraction levels despite the expected omie effect of higher firing rates and lower
variability. No change was observedin DET% concurrently withe increases in
motoneurone synchronous firingRQA does not seemo be sensitive enough to detect
synchronization changes below 20% of maximum mtaly contraction. At higher
contraction levels rhythmical synchronous firings may occur leading to tremor and
recurrent patterns in EMG activity which might be more readily detected using RQA.
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ESTIMATESFPSPAMPLITUDBASEMNSTIMULUEVOKERQHANGEBI
MOTONEUROSPIKEREQUENGWDTIMING

RANDALK.POWERSY SY I f {"® ¢ NNJ S NJ
*Department of Physiology & Biophysics, University of Washington, Seattle,
WA, USA
** Center for Brain Research, Ege University, Bornova, lzmir, Turkey

Stimulusevoked changes ithe discharge of human motor units are commonly
used to draw inferences about the size and shape of the underlying synaptic potentials.
Excitatory postsynaptic potentials (EPSPs) are expected to shorten interspike intervals
(ISls) in tonically dischargingotoneurons whereas inhibitory postsynaptic potentials are
expected to lengthen ISls. The amount of ISI shortening or lengthening should be related
to the size and shape of the PSP as well as to the time course of the ISI membrane
potential trajectory. Intracellular recordings from motoneurons in experimental animals
have shown that ISI membrane potential trajectories are fairly stereotyfetiwindt and
Calvin, 1972and can be approximated by a rapid drop in voltage followed by a linear rise
to threshold (cf.Fetz and Gustafes, 1983) If the PSP is assumed to sum linearly with
the membrane potential, then peak PSP amplitude can be estimated fairly easily for
excitatory inputs. For example, if the initial drop in voltage is 10 mV, followed by a linear
rise to threshold, the a 5 mV EPSP will shorten the ISI by 50%. ISl lengthening should
also be linearly related to IPSP amplitude, although the amount of shortening will depend
upon the IPSP decay.

We used arnn vitro slice preparation of rat hypoglossal (HG) motoneuronsesi t
these predictions. We produced tonic discharge in HG motoneurons by injected current
waveforms composed of a DC component, random noise and a train of transients that
simulated postsynaptic currents (6. NNJ SNJ | y R .t Bhe QidatIransiahts o 0
produced simulated PSPs ranging in amplitude from 0.9 to 13.5 mV. There was a
monotonic but nonlinear relation between predicted and actual EPSP amplitudes; the
predictions overestimated the ampide of small EPSPs and underestimated the
amplitude of large EPSPs. For our IPSP time course, the amount of ISI lengthening was a
very poor predictor of IPSP amplitude; the amount of lengthening was nearly constant
over a wide range of amplitudes. Oinitial simulations with a threshotdrossing
motoneuron model suggest that these discrepancies are due in part to variations in spike
threshold and membrane conductance during the interspike interval.
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METHODS FOR ANALYSIISSTIMULUSORRELATED MOTONENRGRING
EVALUATED BY COMPREMULATIONS

MARIA PIOTRKIEWICEydia Kudia?
Ynstitute of Biocybernetics and Biomedical Engineering, Polish Academy of
Sciences, Warsaw, Poladthstitute for Information Transmissiondbiems
(Kharkevich InstituteRRussian Academy of Science, Moscow, Russia

Interconnections between motoneur@(MNs) and other neuronal structures are
commonly investigated by analyzing tlgimulusrelated changesin the MN firing.
However, the experimental results are often misinterpreted, which is the reason why we
decided to evaluate the methods of this argiyyby means of computer simulations. The
simulations were based on the threshatdossing model developed in our laboratory.
Care was taken in modeling to reproduce most of the known features of real MN firing,
such as the change of threshold and membrawaductance within interspike interval
(ISl) as well as synaptic noise, which was incorporated into synaptic inflow. The
parameters were chosen to provide the best fit for the firing characteristics of MN
supplying human brachial biceps. The model produgmtential trains which were
evaluated by the same methods as the experimental results.

Computer simulations allowed us to compare a wide range of EPSPs and IPSPs
with the outputs of various functions commonly uskg analysis of stimulusorrelated
MN firing, such as peristimulus time histogram, intervalgram and frequencydgPSH,
PSTI, PSTF) and their CUSUMs. Special attention was paid to distinguishing the primary
responses from the secondary consequences of stimudlaged synchronization, in
which our version of modified raster plot was most helpful. A few less popular functions
were also evaluated. In addition, we were able to show that motoneuronal
characteristics, such as AHP duration or the amount of synaptic noise, significantly affect
the reallts. These factors are not related to EPSPs or IPSPs and not directly accessible in
human experiments; thus attempts to calculate EPSP amplitude from any analytical
function do not seem to be justified.

Every method has its positives and drawbacks, whithbe demonstrated, and
possibilities for misinterpretation indicated. We will show that the optimal set allowing
for proper interpretation of experimental results consists of PSTH, raster plot and PSTF
(or PSTI). CUSUMs may be additionally used fortqagwe evaluation.
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¢19 ¢l w99 Cw9 v-MATOMNEURGNYOOLIAS TBMN TER OF
RHYTHMICITIES IN CORTSPONAL MOTOR DRIVE

DICK F. STEGEMANGijs A. van Elswifk Wendy van de Veh Bert U. Kleiné

'Donders Institute for Brain, Cognition and Behaviour, Centre for Neuroscience,

Radboud University Nijmegen Medical Cenrepartment of Neurology/Clinical

Neurophysiology, NijmegefFaculty of Human Movement Sciences, Research
Institute MOVE, VU University Amsterdam, The Netherlands.

In the study of corticospinal communication, the conceptual mechanism called
communication through coherence (CTC, Fries, 2005) gets increasing experimental
support. The concept comprises the assumption that neuronal groups communicate
through coherent oscillatory activity in specific frequency bands roughly in the range
between 10- 80 Hz, d0A RS R AlyK §f Ri  dad That corticospinal interaction
also gives support to the CTC principle is regarded as strong evidence (Van Elswijk, 2007).
An interesting question with respect to the corticospinal tract is how centrally evoked
oscillatdNBE  LIKSyYy 2YSy |l | NB -mdtdnedrdrt podl $h® métdneuroni K S
F OGA QDA (e d -mokoBeNBnopioperties,keSpechally their long afterhyperpolarized
(AHP) phase, will modulate signal transmission.

A number of authors have already looked intastlpinal transmission and motor
neuron firing patterns (e.g. Farina et al., 2004; Meyers et al., 2007; Williams and Baker,
2009). Three different types frequencies or better frequency bands play a role in the
RA&AO0dzaaA2y ® CANEG-Z -3 KSHNEequdndy band ia wiScd xhe A O
corticospinal interaction apparently occurs (th& fiequency). Since frequencies in these
bands may be in the order of the firing frequencies of motor neurons (théequency),
attempts are made to interpret theceticospinal couplings in the®1frequency directly
from this 2° one. We will elucidate that for a proper understanding these have to be
separated conceptually. Furthermore, the frequency content of the involved
electrophysiological signals (EEG, MEKG; the 8 frequency) plays a role. This leads,
for instance, to the regular question whether and, if yes, why the EMG signal should be
rectified before a coherence analysis is done, a question hardly ever posed for the EEG
signal.

By using a model forocticospinal transmission (Kleine et al., 2001, Matthews.
1996), we investigated the effectiveness and the properties of oscillatory central drive
OGN yavyraairzy (2 (GKS YdzaOf Sz A-inatondlihs)tlieA 2 y
mutual interaction of those firing patterns, and the consequences for especially the
surface EMG signal. In this attempt, we clearly distinguish the roles of the three
frequency bands involved to avoid confusion between them.

Williams ER, Baker SN. Circuits generatingjommnuscular coherence investigated using a
biophysically based computational model. |. Descending systems. J Neurophysiol. 2009
Jan;101(1):341.
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INVESTIGATION OF THE CORTICAL SILENT PERIOD WITH THE USE OF
PERISTIMULUS FREQUENCYGRAM

GabyTod4Y9a! [ { B ¢c«wYOw
'Discipline of Physiology, School of Molecular and Biomedical Science, The
University of Adelaide, Adelaide, Australia
“Center for BrainReS | NOK= 938 ! yAOBSNAAGEZT . 2N

Subthreshold transcranial magnetic stimulation (TMS) over human motor cortex
suppresses ongoing voluntary muscle activity. In hand muscles, the latency of the
suppression is approximately&8ms longer tharthe latency of motor evoked potentials
in contracting musclgl1). The suppression is likely due to activation of intracortical
inhibitory circuits that suppress ongoing corticospinal exditaii of motoneuroneg2; 3)

The aim of our study was to further investigate the suppression of voluntary EMG
following subthreshold TMS with the use of peristimulus frequencygrams constructed
from single motor unit recordings.

Nine subjed 6+ 38 onpmMH @NARO LI NIA Dida TSR A Y
was delivered over the first dorsal interosseus (FDI) motor area at an intensity of ~80% of
active motor threshold. Several hundred stimuli were delivered (at a frequency of ~0.3
Hz) durip weak isometric index finger abduction. Surface EMG analysis involved
extracting a defined time period from around the stimuid0 ms to +200ms) and
averaging the signals. Intramuscular EMG was recorded with fine wire bipolar electrodes
inserted into he FDI muscle belly and single motor unit potentials were identified using
Spike2 algorithms. Analysis of each single motor unit involved extracting a defined time
period from around the stimuli-400 ms to +200ms) followed by construction of a
peristimulus time histogram (PSTldhd peristimulus frequencygram (PSF). PSTH and PSF
were normalised to the average pstimulus data. CUSUMs were calculated on the
surface EMG and single unit data. A significant event in the CUSUM was categorised if the
vertical dstance between two consecutive CUSUM turning points was more than 100% of
the maximum prestimulus variation.

Twenty eight single motor units were identified during weak abduction (below
ME?> az/ 0® ¢KS | @SN IS ydzyo S NI e?P CUSUM, Yhemé A LIS
was ?? units with a significant event after subthreshold TMS. ?? units exhibited a
significant inhibition and ?? exhibited a significant excitation. The significant events
were/were not represented in the ?? or ?? CUSUM.

The results illstrate that the synaptic potentials in human motoneurones should
be studied using both the PSTH and PSF to obtain the best possible insight.
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TASK DEPENDENT CORTICAL INVOLVEMENT IN MORWRATHE HUAN
STRETCH REFLEX

JON SHEMMELEric Perreault
Rehabilition Institute of Chicago, USA

The motor cortex assumes an increasingly important role in higher mammals
relative to that in lower mammalsThis is true to such an extent that the human motor
cortexis deeply involved in reflex regulation and it is common to speak of "transcortical
reflex loops". Such loops add flexibility to the human stretch reflex, allowing it to adapt
across a range of functional tasks. However, the purpose of this adaptatioainem
unclear. A common proposal is that stretch reflexes contribute to the regulation of limb
stability; increased reflex sensitivity during tasks performed in unstable environments
supports this hypothesis. Alternatively, prior to movement onset, stratefiexes can
assist an imposed stretch, opposite to what would be expected from a stabilizing
response. Here we show that stretch reflex modulation in tasks that require changes in
limb stability occurs within the motor cortex, whereas modulation causedhanges in
how the subject is instructed to react to the imposed stretch occurs elsewhere. By timing
muscle stretches such that the modulated portion of the reflex occurred within a cortical
silent period induced by transcranial magnetic stimulation, Wweligshed the increase in
reflex sensitivity observed when individuals stabilized arm posture within a compliant
environment. Conversely, reflex modulation caused by altered task instruction was
unaffected by cortical silence, suggesting a different sitenofiulation. These results
demonstrate that tastidependent changes in reflex function can be mediated through
multiple neural pathways and that these pathways have task specifis.role
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MOTOR CORTEX PLAHNM@AND LEARNING ABALLISTIC THUMBATIRING
TASK IS DIMINISHENDOLDER ADULTS

NC ROGASCH, TJ DalttnhCirillo, MA NordstromJG Semmler.
Discipline of Physiology, School of Molecular and Biomedical Science, University
of Adelaide Australia

Introduction: Numerous studies indicate that advancing age is accompanied by a
diminution in the performance and learning of new motor skills, which may be due to
altered excitability and neuroplasticity in the ageing brdihe aim of this stdy was to
examine changes in motor cortex (M1) excitability and plasticity after a ballistic thumb
abduction task in young and old adults.

Methods: Electromyographic (EMG) recordings were obtained from the right abductor
pollicis brevis (APB) muscle in ydung (1824 years) and 14 old (682 years) adults.
The training task consisted of 300 ballistic abductions of the right thumb with the aim of
maximising peak abduction acceleratiofranscranial magnetic stimulation of the left
M1 was used to assess clges in APB motesvoked potentials (MEPs) and short
interval intracortical inhibition (SICI) before, immediately after, and 30 minutes after
motor training.

Results:Motor training resulted in improvements in peak thumb abduction acceleration

in the young(177% improvement, P<0.001) and old (124% improvement, P=0.005)
subjects, with greater improvements in the young subjects (P=0.002, Figure 1A). The
increased peak abduction acceleration with training in young subjects was accompanied
by a trainingrelated enhancement of APB EMG (40% greater in young compared with
old subjects at end of training, P = 0.008), and a motor strategy that used less thumb
flexion throughout training. After training, APB MEPs were significantly increased in
young (50% greater thdpefore at all stimulus intensities, P<0.0001; inset Figure 1B) but
not old subjects (P=0.49 compared with before; inset Figure $CJI remained
unchanged following training in both groups.
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Figure 1. Trainingelated changes in motor performnce and APB MEP amplitudes in young and
old adults. A, peak thumb abduction acceleration at the start, middle and end of training in young
and old adults.B,C,stimulusresponse curves in youn@®)(and old ¢ adults obtained before,
immediately after and30 minutes after training. Inset shows mean APB MEP amplitudes pooled
across all stimulus intensities before, after and 30 mins after training. * P < 0.05 compared with
start/before. " P < 0.05 compared with start.P < 0.05 compared with old middIé.P<0.005
compared with old end. RMT, resting motor threshold.

Conclusions:Motor performance improvements with training were reduced in old
compared with young adults. The diminished learning in older adults was characterized
by reduced modulation in APB EM®@roughout training, and diminished M1
neuroplasticity after training. We suggest that the reduced motor learning in older
adults may be related to impaired neuroplasticity mechanisms in the ageing M1.

Grants:Supported by the National Health and MediRalsearch Council of Australia.
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BISTABLE FIRING BEKDUR OF HMAN MOTONEURONES

LYDIA P. KUDINRegina E. Andreeva
Institute for Information Transresion Problems (Kharkevich Institute),
Russian Academy of Sciences, Moscow, Russia

During voluntary muscle contractions, repetitive firing of human motoneurones
(MNs) typically consists of single discharges at rather low firing rates and is controlled by
the longlasting afterhyperpolarization (AHP) as one of the main factors. Nevertheless,
during certain postural tasks, some MNs can exhibit quite different discharge pattern
including single and repetitive doublets with uniquely short (up to a few msjsipilee
intervals (ISls). The mechanism underlying single doublets is believed to be the delayed
depolarization (DD) with a prominent hump preceding the AHP. As to repetitive doubling,
i.e. persistent firing with alternate short doublet ISI and prolongestjioublet ISI, it has
been studied much less and its controlling mechanisms remain obscure.

The aim of the present study was &malysemechanisms underlying repetitive
doubling, in particular, the possible role of a plateau potential as a leading oviagr
evaluated. For this purpose, the repetitive firing of either the triceps brachii or the
trapezius motor units (MUs) was recorded during weak voluntary contractions in subjects
that were trained for 1820 minutes to recruit MUs by doublet series. It waand that
approximately 60 % loshreshold MUs (40 of §8fired doublets. The analysis of ISI
distribution of MUs with doublets revealed the bistable firitgghaviour including
persistent doubling, spontaneously or voluntarily shifting to persistentlsisigike firing.

A possible contribution of a common synaptic drive to doubling mechanisms was
estimated by analyzing correlations between ongoing ISIs of MUs with and without
doubling simultaneously recorded. It was shown thetyonddoublet series, the Ms
shared a common synaptic drive, whereagthin a doublet series a common input
controlled only posdoublet but not doublet ISIs. The distributions of durations of both
repetitive and single doublet ISIs (which commonly ranged from 4 to 10 ms) were very
similar, thus suggesting that the DD was involved in mechanisms of both doublet types.
Howeverthe DD alone, being quite unstable during repetitive firing (Kernell, Acta Physiol
Scand 65: 87100, 1965; Calvin, Brain Res 84221 1975), can hardly be mable of
playing a pivotal role in producing sustained doublet trains. Further analysis revealed
several doubling properties that are compatible with the presence of plateau potentials in
MNs.First,doubling was found to be typical of lethreshold (presmably of Sype) MUs

that were recruited during slowly increasing gentle voluntary muscle contractions;
second, i I LILIS| NBE&®-Y 2y SQ y T IWi KKkeepiig dnly Rithiga riarrow
range of the excitatory synaptic drivéhus exhibitingvoltagedependent properties;
third, repeated MU recruitments throughout the experiment markedly increased doublet
ASNASa RdzNHzIIR 2 & F 8 @aMUBdapayidrof firingfdpdtitiveé dbublets
showed sudden spontaneous shifting from doubling to skshliA { S F A Mattgr@ o WT A
2 dzY LJQ y sbverél Kird=iof evidence suggest that a plateau potential can contribute to
doublet firing. It has been concluded that theechanism underlying repetitive doubling

in human MNs during voluntary muscle contracsoincludes a humypD that becomes
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persistent due to a plateau potential activated in some MNs in parallel with a common
synaptic input.

The present results give further evidence for a suggestion advanckéhyand
Eken (J Neurophysiol 78: 30868, 197), Gorassini et al. (Neurosci Lett 247:153
1998), and Collins et al. (J Physiol 538:-2@9, 2002) that a plateau potential can be one
of possible mechanisms controlling the Mig¢haviourin healthy humans. It should be
noted that our findings maket possible to add Do a list of intrinsic motoneuronal
properties, including firing threshold and AHP duration, once considered to be immutable
MN characteristics but now known to be alterable by activation of plateau potentials. In
addition, one may assne that DD as a specific intrinsic property inherent in only some
MNs can be a factor restricting diffuse character of monoaminergic input activating
plateau potentials similar to the role of reciprocal inhibition as a restricting mechanism
suggested by étkman et al. (J Physiol 586: 122281, 2008).
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FACTORSONTROLLINGEFLEGAININHUMANS

CJ HECKMAMiichael Johnson
Northwestern University, Chicago USA

The overall excitability of motoneurons is a primary determinant of gain for all
motor inputs, inclding reflexes.  The dominant control of net motoneuron gain is
exerted by neuromodulatory inputs as opposed to ionotropic inputSefinitions Net
pool gain the net gain of a pool of motoneurons innervating a single muscle. Each
individual motoneura in the pool has both a threshold for repetitive firing and a gain for
conversion of synaptic current to firing rate. But the net pool gain refers to the summed
effects of thresholds and gains of the individual motoneurotehotropic inputs These
are the classic inputs to motoneurons that generate EPSPs and IPSPs by opening ion
channels that allow electrical current to flow in and out of the cell (e.g. the monosynaptic
input from muscle spindle la afferentsNeuromodulatory inputs Instead of diretly
opening channels to induce current flow to depolarize or hyperpolarize the cell,
neuromodulatory inputs are coupled to-@otein linked receptors that activate complex
intracellular signaling pathways. For motoneuron excitability, the key point as th
neuromodulators alter the behavior of many types of voltage sensitive channels. The
most potent heuromodulators of motoneurons are probably the monoamines, serotonin
(5HT) and norepinephrine (NE). Their effects on motoneuron excitability are extremely
strong, as first shown by the revolutionary studies of Hounsgaard, Hultborn, Kiehn and
colleagues in Copenhagen. Both 5HT and NE dramatically lower motoneuron threshold
and increase gain. A large portion of the gain effects are mediated by facilitation
persistent inward currents (PICs). There are both sodium and calcium PICs (i.e. NaPICs
and CaPICs). The PICs provide remarkably strong amplification of synaptic input.
Estimates using computer simulations indicate that net pool gain can be incré@ét
by strong descending monoaminergic input (including both threshold and PIC effects).
PIC effects are proportional to levels of 5HT and NE; presumably so too are the
monoaminergic actions on thresholds.

Therefore the descending neuromodulatory inguovides the capacity to control
net pool gain over a wide range to match the demands of different motor tasks. Yet this
functional advantage is coupled to functional deficits, most of which are due to the
behavior of the PIC. PIC amplification is iialdy coupled to input prolongation, because
the PICs tend to generate long lasting plateau potentials. CaPICs also exhibit substantial
GoF NY dzL S 3INRBgAY3I fFNHSN 6A0GK NBLISFISR |«
the motoneuron becomes imesisitive to further input. Thus, if the PIC were uncontrolled,
motoneurons would tend to be easily driven to sustained and saturated high output
states. Yet synaptic inhibition can deactivate the PIC and recent studies in our lab have
shown that the PIGsihighly sensitive to reciprocal la inhibition. Our most recent work is
studying the possibility that g@ushpull configuration of excitation and inhibition for
control of PICS is effective is mitigating some of their potentially undesireable effects.
Pwshpull starts from a base of a mixture of excitation and inhibition, so that
depolarization is generated by both excitation and disinhibition and hyperpolarization by

43



inhibition and disfacilitation. Our studies thus far show that the sensory input &mkte
rotation is clearly organized in a push pull fashion, with the disinhibitory and
disfacilitatory components being just as large as the excitatory and inhibitory
components.  Further studies are evaluating the hypothesis that -puiheffectively
provides PIC amplification without temporal distortion, allowing motoneurons to amplify
dynamic input while also tracking dynamic changes accurately. -fukhmay also
provide good sensitivity to reflex inputs, i.e. good reflex gain, through a wide rainge o
motor outputs.
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FACILITATIO®F PERISTENT INWARD CURRENTS IN HUMAN MOTONEURONS
BY INCREASING PRESFYNC RELEASE OF NOREPINEPHRINE

MONICA GORASSINI, EstherUgin& 4 a A Ol 5 Q! YA O2
University of Alberta, Edmonton, Canada

The excitability of motoneurons in the spinal cord is not fixed buijestt to
pronounced facilitation via the monoamines serotonin (5HT) and norepinephrine (NE)
NEft SIFaSR o6& | E2ya RSaOSyRAy3I FNRBY (#KS o6NI
receptors on motoneurons increases the amplitude of voltdgpendent calcium (i L-
type CaV 1.3 channels) and sodium currents througftdamgpled pathways (Hounsgaard
et al. 1988; Lee and Heckman 1999; Li et al. 2007; Harvey et al. 2006). These calcium and
sodium persistent inward currents (PICs) produce depolarizations in the matameu
(plateau potentials) that can last for several seconds when activated by ionotropic
depolarizations lasting 500 ms or more (Li et al. 2004). Thahsabhold activation of
sodium and calcium PICs helps to facilitate motoneuron recruitment and teimg n
the face of lowlevel ionotropic inputs. In animals and humans attempts have been made
to provide an indirect measure of themplitude of PIC activation via paired motor unit
recordings (Bennett et al. 2001; Gorassini et al. 2002; Powers et &).Z0® do this, the
firing rate of an early recruited (control) motor unit is used to estimate the synaptic drive
to a later recruited (test) motor unit. During a gradually increasing and then decreasing
synaptic profile, the lower level of estimated symiapdrive (i.e., control unit firing rate)
when the test unit is deecruited compared to the higher level of synaptic input required
to initially recruit the testunit (C0O X A& GK2dZAKG G2 FNRAS FNI
produced by the PIC. Thus, theC @I f dzS>X gKAOK Kl & 0SSy (
recordings in rat motoneurons (Bennett et al. 2001), corresponds to the reduction in
synaptic drive needed to counteract the intrinsic PIC and has been used as indirect
measure of the amplitude of this ant.

Previously we have shown in animal studies that amphetamine, which increases
the pre-synaptic release of NE, increases the amplitude of calcium PIC activation and self
sustained firing of motoneurons (Rank et al. 2007). In this study, we usedaiihedp
motor unit analysis techniqgue (C0 G2 RSUGSNXYAYS AT AYONBI aA
increases the estimated amplitude of PIC activation in human motoneurons. Subjects
were given a high oral dose of amphetamine-gmg) or placebo and C Y Sd & dzNB
were made from motor unit activity generated during slowly increasing and then
decreasing isometric contractions.

In the 5 subjects tested, amphetamine increased the average o6t L/ 0 0 &
FNRY odtp ndc AYLXKA (2 c onthege werdgo sinficartd 6 LJ
increasesin C @ f dzS&a | FGSNI LI I OS62 | RYAYAAUNI (A2
Theincreasein C o6& | YLIKSGOFYAYS gt a | NBadzZ G 2F
the control unit when the test unitwas &8 ONHzZA § SR o0y ®n 5 n®H A YL
imp/s after, p = 0.01). The magnitude of tBE values could potentially be constrained by
the extent of firing rate modulation of the control unit in response to the changes in
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synaptic drive during the edraction (Powers et al. 2008). However, there was no
significant correlation between the amount of firing rate modulation of the control unit
(maximum smoothed rate minimum smoothed rate) and the correspondibg (r = 0.1,

p > 0.5), suggesting that tHeF values were not constrained by the firing rate responses
of the control unit to the changing synaptic drive. In contrast, after amphetamine, a
significant positive relationship emerged (r = 0.35, p=0.04), suggesting that in some trials,
the DF values my have been constrained (underestimated) by the degree of firing rate
modulation of the control motor unit.

References: Hounsgaard J et 411988) J Phys 405:3867. Lee RH, Heckman @1999) J
Neurophys 81:2162174.Li X et al.(2007) J Neurophys 97:3@1246.Harvey PJ et al(2006) J
Neurophys 96:1171186.Li Y et al.(2004) J Neurophys 91:783. Bennett DJ et al(2001) J
Neurophys 86:1972982. Gorassini MA et alJ Neurophys87:18508, 2002 Powers RK et al.
(2008) J Neurophyi00:292-303. RankMM et al. (2007) J Neurophys 97:318680.
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ON THE ASSESSMENT OF PERSISIVEARD CURRENTS AND PLATEAU
POTENTIALS IN MOTONEURONES IN INTACT PREPARATIONS (ANIMAL OR MAN
BY RECORDING THE MOTOR UNIT ACTIVITY IN MUSCLES.

HANS HULTBORN
Department of Neuroscience and Pharmacology, University of Copenhagen,
Denmark

Plateau potentialsand persistent inward currents (PICs) in spinal motoneurons
(MNs) were first described during intracellular recording under conditions now known to
enhance the plateau properties (1,2). Subsequent to the description of this phenomenon,
in vitro experimens helped to unravel the underlying mechanisms (3). As the conditions
Fd 6KAOK GKS LI FGSFdz LINRLISNI A QK ekalAR t @30 I
became important to document their presence in intact normally behaving preparations
in animals a well as humans. In that case it is obviously not possible to record the plateau
potentials / PICs directly from the MNs and thus experimental paradigms were designed
to be able to deduce plateau properties in the MNs from the behaviour of the MN firing
pattern as recorded either from individual motor units (MUs) or the integrated EMG. The
challenge in this situation is to distinguish the activity due to intrinsic MN properties from
changes in the synaptic input. Both in animals and humans activatiomsdiseafferents
were used to trigger PICs, and it is necessary to refute the possibility that this stimulation
activates a maintained increase in synaptic excitation by segmental or descending
pathways. In order to address that problemvo MUs were recordd simultaneously in
freely moving ratg it was then discovered that a shedsting sensory stimulation might
recruit new units or an increase in the firing frequency of an earlier recruited MU, even
0K2dzAK GKS 20KSNJ aO02y (i N2 fercy thrdughdtt thisiest (4).yY SR |
Similar experiments in humans also demonstrated that sensory stimuli could recruit new
MUs without increasing the firing frequency of earlier recruited units (5,6). These
SELISNAYSyGa oSNNS 20/15& A @wihtng tHegpassilality fo tquantify
the possible effect by PICs. The Gorassini group (7) used voluntary movements (with
triangular force profiles) with 2 MUs 0 KS FANR UG NBONMXzZA G SR aO2 vy
FaaSaa GKS aeyl LXiAO AUMitldhigher rgcRuitmierk BveldoSedt2 Y R ¢
for a possible recruitment of PICs resulting in a derecruitment of that MU at a lower
SEOAGEFG2NE &éylLWGAO AyLdzi ol a 2dzZRISR o6& |
de-recruitment of the test unit than att$ recruitment. The method was validated by
parallel experiments in a rat preparation. Nevertheless the conclusions depend on the
FdadzYLliAz2ya GKFG tL/&a 2F GKS aO0O2yGNRfé al
derecruitment of the test MU, and thathanges in the excitatory drive to the MN pool
Oty 06S adzZF¥FAOASyGte ¢Sttt Y2yAG2NBR o6& (KS
used gross EMG and force recordings from muscles following short tetanic stimulation of
low threshold afferents (la affents in particular). They described a long lasting sustained
increase in EMG activity and force output following these trains, very similar to what has
been demonstrated for the stretch reflex in the decerebrate cat (and depending on
plateau properties)lt is needed to exclude that this behaviour in the experiments on the
intact humans are due to an involuntary (unconscious) increased synaptic drive (either by
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segmental networks or by descending pathways). Although both lines of evidence builds
on clevery designed experimental protocols both of them deserve further validation to

give a convincing and quantitative measure of the plateau properties in human MNs. This
is of utmost importance for the evaluation of the normal function of PICs as well as the
possible role of PICs in the development of spasticity following various lesions in the CNS.

References(1) Schwindt, P. and Crill, W.E. Brain Res.1977, 120¢8113) Hounsgaard, J.,
Hultborn, H., Jespersen, B. and Kiehn, O. J. Physinod.).1998, 45: 34%67; (3) Alaburda, A.,
Perrier, J.F. and Hounsgaard, J. Adv. Exp. Med. Biol. 2002, 5856;349Eken, T. and Kiehn, O.
Acta Physiol. Scand.1989, 136: 888; (5) Kiehn O, Eken T. J Neurophysiol. 1997;78:8068)
Gorassini, M.A., Bennett, Dand Yang, J.F. Neurosci. Lett., 1998, 24B;1@&7) Gorassini, M.,
Yang, J.F., Siu, M. and Bennett, D.J. J. Neurophysiol., 2002, 88;183®ollins DF, Burke D,
Gandevia SC. J Neurosci. 2001, 21:4%9
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GENDERELATED DIFFERENCES IN ANTICIPATORY CONTROL OF IMPENDING
POSTURAL PERTURBATION

R. MAZZOCCHIO, T. Popa, R. della Volpe, PAPRossi, M. Bonifazi*

Sezione di Neurofisiologia Clinica, Dipartimento di Scienze Neurologiche,

b SdzZNP OKANUzZNHAOKS S RSt /2YLRNIIFYSyidz2z
Siena, Siena, Italy

Background:Human quiet stance is often modeled as ag#link inverted pendulum
pivoting around the ankle joints in the sagittal plafide ankle motion correlates with

the center of pressure (CoP) positioning and, for small disturbances, postural corrections
initiated by the ankle excursion are sufficietd maintain balance (ankle strategy).
Control of feedforwardsetting of ankle stiffness in quiet stance may thus guarantee
stability in the event of postural perturbation. Gender differences in Achilles tendon
stiffness and triceps surae muscle architeetuindependent of anthropometrics, have
been described. In particular, a greater structural ankle stiffness has been found in men

with respect to womeh It is therefore possible that gendelependent adaptation of

anticipatory postural control also servdse regulation of quiet stance in humans.

Objective: This study aimed at evaluating gender differences inGo® position, during
guiet stance, before an impending postural perturbation in a selected population where
an adaptive anticipatory control gbostural stability, characterized by modulation of
forward CoP positioning, presumably on an ankle strategy basis, has been
demonstrated”.

Subjects and MethodsThe population (20 males and 20 females) consisted of three
different groups: a) elite diver (ED) from the ltalian National Team, as a model of
anticipatory postural behaviour developed to maintain a perfect alignment of the body on
unstable surfaces; Igubjects with a history of chronic low back pain (BP), as a model of
anticipatory postural bhaviour developed to avoid undue spinal loading; and c) an age
and body mass indematched control population of healthy subjects (HShifts of the
CoP in the anterioposterior directions were calculated from ground reaction force data
collected from a force platform during anticipatory quiet stance (aQs§, i.e., in
expectation of four backward translations of the support surfadée performed a
repeated measures ANOVA on changes in the mean CoP with group, gender and
condition(aQ%4) as variables.

Results: There wasa main effect of group (F=3.34, p<0.05) and a gender*group
interaction (F=3.49, p<0.05) with a nearly significant effect of gender (F=4.04, p= 0.052).

In ED,the position of the mean COP was significantly more forward in rtiea in

female (F=7.06, p<0.05) independent of the condition (F=1.40, p=NS). In BP subjects,
there was no significant difference between genders (F=2.11, p=NS) but, there was a
gender*condition interaction (F=3.48, p<0.03), since the mean CoP changed significantly

duringaQS., from a more forward position to a less forward position in males, while no
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such shift was seen in females. No significant difference in the CoP position aQ%g
was found between genders in HS.

DiscussionIn selected groups of subje(ED and BP) in whom ankle strategy is likely to
be favoured for the anticipatory control of postural stability in expectation of impending
perturbations, a significantly different behaviour in the modulation of CoP position was
found between genders. Ilthe male group, the starting CoP position, while expecting the
first backward translation, was more forward than in females. Testing experience
modified the CoP position in expectation of the subsequent translations in males only. In
our selected populatin, it appears that females may make less use of the ankle strategy
when facing postural perturbationAlthough the findings have been observed in
particular groups of subjects, it is possible that, in women, anticipatory control of postural
stability durhg quiet stance may resort more to the knear hip- than to the ankle
strategy.

1. Blackburn et al. Cl. Biomech. 20R6:159-167
2. Popa et al. Exp Brain Res 2007;41x418
3. Popa et alEur J Appl Physi2008;104:10071011
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EFFECTS OF AGE AND GENDER ON ELECTROMECHANICAL DELAY IN HUMAI
MUSCLES

+! 152 BYR&WINISE CANESNI YO { o

!

938 ' yAGSNBAGE / SYGSNI F2NJ . NI AYy v

29038 ! yADGSNEAGE Cl Odz & 2FYRNSRAONNISES
038 ' YyAOSNBEAGE CI OdzZA Gé 2F 9y3aIAYySSNAy3I:

Aim: Electromechanical delay (EMD) is defined as the latency between the onset of
electrical activity in a muscle and the onset of force generation by that im&s® a
contraction. In previous studies in literature, EMD was found to vary between 10 ms and

120 ms depending on the experimental method used. In this study we propose to
develop a standard method for EMD measurements. Additionally, the effect of gender
F3Ss YdzaOft S FILGA3IdzS FyR Ydza Ot SQa O2y i NI OGA

Method: Fifteen male and fifteen female healthy subjects (aged between 18 and 60)
participated in our study. Electromyogram (EMG) recordings were taken from triceps
surae muscldoy Ag/AgCl surface electrodes. When subjects contracted their muscles
voluntarily at specified percentages of maximum voluntary contraction, ten supramaximal
stimuli were applied to the tibial nerveThe time lag between the onset of the-Mave
(motor response) and the onset of force was measured as the EMD.

Resultshy F @SN} 3S> 9a5 ¢l & YSIFadz2NBR 4 cady 5
those reported in previous studies. EMD did not significantly vary with gender (P > 0.05).
On the other hand, a sigieant decrease in EMD was observed with increasing muscle
contraction (P < 0.05). Furthermore, EMD was found to prolong with increasing age and
fatigue (P < 0.05).

ConclusionsBecause supramaximal stimuli activate all motor fibers, onset time -of M
wave and the initiation of the twitch determined more accurately than other methods
used in the literature. The viscoelastic properties of musshelon system of women

and men do not seem to differ according to the similar EMD values in both genders. On
the other hand, elastic properties of tendon may be changing with age. The decrease in
EMD with increasing contraction level illustrates the effect of tendon on EMD as a serial
elastic component which is taken up at high levels of muscle contractions.

This work has been supported by EU Marie Curie Pr{EstderReflex; MEQF2006-040317) and
TUBITAK (107S028BAG3556).
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GENDERELATED DIFFERENQERMAN JAONTS AND REFLEXES

SAKIRE POGU
Ege University Centésr BN A Y w&mis I INKE A & S

There are gendebased differences in various sports injuries which can be linked
to variations in skeletomuscular reflexes. However, there are some discrepancies in
related literature which may be clarified by considering thpecific muscle or tendon
under investigation, the effect of age, fatigue, pain, hormonal status, etc. Below is a brief
summary of literature:

The mechanical properties of tendon fascicles vary within a given human tendon,
and show gender differences. 8ile are sex differences in the activation of collagen
synthesis with exercise, which may underlie tissue overloading and injury in both tendons
and skeletal muscléKjaer et al., 20067 here is a higher incidence of anterior cruciate
ligament injuries indmale athletes than malg&obb et al.i, 2004)The increased incidence
of serious knee injuries in female athletes may be a result of utilizing different
neuromuscular activation strategies when performing higlk maneuvergMyer et al.,
2005) Quadric@s architecture is sexually dimorphic which has impact on response to
exercise trainingBlazevich et al., 2006Differences in viscoelastic properties of human
tendon structures might account for performance differences between the gendeis
et al.,2003) On the other hand, independent of gender, subjects with stiffer tendons have
greater muscle strength, which may prevent tendon strain inju¢i¢saoka et al., 2005)

Sex differences in muscle mass, fibgye distribution, and tendons may have
implications for daily motor behaviour and these effects appear to be more pronounced
in aged women(Ochala et al., 2004)Recent studies show that males and females
compensate for fatigue differentlyfhe amplitude of the peroneus longus reflex, elicited
by audden ankle inversion, was decreased in males and increased females with fatigue
(Wilson et al., 2007)At similar voluntary force, fatigue develops more slowly in women
than in men. Muscle oxidative capacity is higher in women than in men and may underlie
the slower fatigue of womergFulco et al., 2001)Intrinsic stiffness index, a measure of
muscle tone, is reported to be higher in males than femgRisano et al., 1996 he
masseteric jawerk reflex latency is shorter in females than in males, wiiteamplitude

of the reflex is higher in females; no significant differences are reported in the mean
duration of the reflex between males and femal&sssioni et al., 1994)

The effect of gender on muscle sympathetic nerve activity and blood flow may be
another factor which influences reflexes. Reproductive hormones, specifically estrogen
and progesterone, have recently been shown to significantly alter sympathetic neural
control of the skeletal muscle circulatig@harkoudian, 2001fp regulate the threshld of
corticospinal motoneurones in humariBonifaz et al.i, 2004) The effect of the ovarian
cycle on sympathetic neural outflow has been demonstrated during static exercise
(Ettinger et al., 1998)Gender differences in orthostatic intolerance have me®ted, with
women demonstrating a greater susceptibility. Healthy women display smaller
increments in muscle sympathetic nerve activity than ni@memaker et al., 2002put the
baroreceptor reflex sensitivity controlling efferent sympathetic nervewégtis greater in
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women than men(Hogarth et al., 2007)Cutaneous vasoconstriction in response to local
cooling is normally greater in females than in maldslik et al., 2005) During voluntary
muscle contraction, increases in blood pressure and musglepathetic nerve activity

are lower in women than in men. Diprotonated phosphate production and cellular
acidosis development, as well as sympathetic neural outflow during nonischemic static
exercise in women is also lower compared with men. These diféars are basically due

to an attenuated metaboreflex in women and appear independent of muscle mass,
workload, and the level of trainin@ttinger et al., 1996)

Modulation of reflex activity by pain is another sexually dimorphic factor. In
females, reftxes and pain sensation appear at lower stimulus intensity than males
(Komiyama et al., 2006. WWomen have a lower reflex and pain threshold to cutaneous
electrical stimulation than men suggesting gender differences in the sensotyr
integration of primary afferents(Komiyama et al., 2005)The sex of the subjects should be
considered in the interpretation of brainstem reflexes as well since females have higher
peakto-peak EMG amplitudes during jestretch and blink reflexes compared with males
(Peddireldy et al., 2006) On the other hand, the auditory startle reaction, considered a
brainstem reflex, is observed with lower probability and magnitude in rix@fier et al.,
2001).

The talk will provide examples of observed sex differences in the skeletatausc

system which may impact not only sports activities but also daily living, and which should
not be overlooked.
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NEURAL AND BIOMECHANICAL CONTRIBUTIONS TO THE REGULATION OF

STRETCH REFLEX SENSITIVITY AND ARM IMPEDANCE

ERIC PERREAULT
Rehabilition Instituteof Chicago, USA

The human arm is routinely used to perform postural tasks that compromise limb
stability. To complete these tasks the neuromotor system must coordinate the activation
of the muscles throughout the arm so that the coupled stability ofaha and any object
with which it interacts remains stable. Stretch reflexes contribute to the regulation of
limb mechanics and can coordinate the activity of muscles spanning multiple joints
throughout the arm. Reflex sensitivity varies in a task depehdeanner and can
increase to compensate for situations that compromise limb stability. We recently
demonstrated thatinteractions with isotropically compliant environments lead to global
increases in reflex excitability, but it is not known if reflex paiis throughout the arm
have the capacity to exhibit more preferential modulation. The goal of this study was to
investigate the specificity of stretch reflex adaptation. This was accomplished by
qguantifying how reflexes throughout the arm are modulatedridg interactions with
destabilizing haptic environments. We hypothesized that reflexes throughout the arm
would be preferentially modulated to compensate for the mechanical properties of the
environment. Our results demonstrate that such modulation issfie and that it is
determined not only by the mechanical properties of the environment with which a
subject is interacting, but also by the orientation of that environment with respect to the
mechanical properties of the arm.
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MEDIUM-LATENCY REFLEX RESPONSE OF SOLEUS AND ITS RELATIONSHIP W
CLONUS

| T[ WBAL
Akdeniz University Faculty of Medicine , Department of Neurology
Antalya/TURKEY

We describeda mediumlatency response (MLR) in soleus evokednigximal
electrical stimulation of the peroneal nerve at the fibular head. A sindaRcould not
be obtained from the tibialis anterior muscle on electrical stimulation of the posterior
tibial nerve at the popliteal foss@he MLR of soleus was recorded in healthy sttbjand
spastic hemiplegic patients, during rest, during voluntary dorsiflexion, during plantar
flexion, during external restraint to the ankle dorsiflexion movement, during limb cooling,
and during limb ischaemialhe MLRhad an onset latency of 78,8,7 ms in the rest
position, shortening significantly to 66,6,5 ms during active dorsiflexion of the foot.
The MLRwas suppressed if the stimulatienduced twitch in tibialis anterior was
prevented and when the ankle was in plantar flexid@ooling delayedthe MLR
significantly more than the Achilles tendon reflex. During ischaemia the response was
significantly less affected and Tizanidine suppressed the MieRoropose that the MLR
of soleus produced by peroneal nerve stimulation originates mainly froetcst of the
gastrochemiussoleus muscles and the activation of strewdmesitive afferents, including
specifically group Il afferents

There are some similarities between streticiluced soleus MLR and stretch
induced ankle clonus. Clinically, ankle clonsi elicited through a quick and maintained
stretch of the ankle plantar flexors and results in a sustained ankle oscillation in spastic
patients. Every clonus period contains stretch, response and relaxation of triceps surae.
So stretchnduced respons® 'y 6S SaGAYFGSR a4 G4KS oy LISNXR
clonus in 19 spastic patients electrophysiologically. The MLR of soleus by peroneal nerve
A0AYdZ FGA2Y 614 ToXcopyZId Ya Ay (KSasS LI
THPIonp MH I 0 Merentd df theé MIR amiAh@lf period of clonus was significant
(p=0.046). The halferiod may not be same with dorsiflexion and plantarflexion parts of
0KS Of 2ydza LISNA2R® 2SS OFfOdzA F ISR LIX I yilI NFf
the MLR and plasmtrflexion times were not significant (p=0.379 ). Clonus is traditionally
considered to be the result of oscillation in the group la spinal stretch reflex, the rate
being determined by the contraction and relaxation times of the reflex twitch. Although
the speed and cause of the stretch of triceps surae differ in the MLR and clonus, the
above data indicate that there is time for afferents other than la afferents and for other
spinal mechanisms to be involved in clonus, together with la afferents. We sufggest
administration of tizanidine might clarify whether pathways contributing to the MLR also
contribute to clonus.
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REFLEX CONTROL OF ANTAGONIST ACTIVATION DURING FATIGUE
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The concurrent activation of agonist and antagonist muscles, which is commonly
referred to as coadtation, plays an important role in the control of movement and joint
stability. A prevailing concept about the control of coactivation by the nervous system
suggests that a single descending command is distributed to the motor neurones that
innervate bothmuscles. This is known as the common drive (2). According to this scheme,
a command dispatched from the motor cortex controls the motor neurone pools of an
agonistantagonist muscle pair as if they were one pool. An alternative proposal,
however, is thatthe level of coactivation is controlled, in addition to reciprocal la
inhibition, by other spinal mechanisms (1).

During a fatiguing task, coactivation should be continuously adjusted so that the
performance of the agonist muscles is not impeded by acessive activity of the
antagonist muscles. Therefore, in recent studies (3, 4), we have investigated the control
mechanisms of antagonist coactivation during a submaximal fatiguing contraction of the
elbow flexors at 50 % of maximal voluntary contractidhvVC). We recorded motor
evoked potentials in the biceps brachii and triceps brachii muscles in response to
magnetic stimulation of the motor cortex (MEP) and corticospinal tract (cervicomedullary
motor evoked potentials CMEP), as well as the Hoffmareiflex (Hreflex) and maximal
M-wave (Mmax) elicited by electrical stimulation of the brachial plexus, before, during
and after the fatigue task. The results showed that although the MVC torque produced
by the elbow flexors declined by ~50% with no chaimgéMVC torque for the elbow
extensors, the coactivation ratio did not change at task failure. While the MEP and CMEP
areas (normalized to Mmax) of the triceps brachii increased (~18896) gradually
throughout the fatigue task, in contrast, the-rdflex exhibited a biphasic modulation,
increasing during the first part of the contraction before declining subsequently.
Collectively, these results suggest that the level of coactivation during a fatiguing
contraction is not mediated by a single mechanism kather should involve a more
subtle regulation of the drive to the motor neurones that innervate the antagonist
muscles

(1) Crone C & Nielsen J. Physiol16: 255272, 1989.

(2) De Luca CJ & Mambrito B.Neurophysiob8: 525542, 1987.
600 [ 14 etslydSApplPhysiol.99: 11821188, 2005.
6no [ S@S yINeuraphysSold9: 554563, 2008.
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ADAPTATION OF MUS@HENDLE REFLEX GKINSPECIFIC TASK
REQUIREMENTS. CONBIRIION OF THE FUSIMIR SYSTEM

CHRISTIANE ROSSIRAND
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The monosynaptic reflex (MSR) constitutes the only possible means of testing the
excitability of motoneurons and spinal networks. This method is especially extensively
used clnically to examine changes in the nervous system with diseases. In spite of its
GAAYLX S¢ 2NHIFIYATFGA2Yy S aAyO0S 2yfteée (62 ySdz
MSR actually has significant complexity, which may have consequences for interpretation
of spinal excitability. Firstly, its gain is not fixed and exhibits a-taskl context
dependency; in particular, it can be altered by cognitive factors, mental efforts and
arousal. Secondly, different mechanisms may induce changes in reflex gain. The
mechanism involved in reflex gain adaptation to a given behavioural task is not always
clear. In particular, the contribution of the fusimotor system remained controversial for a
long time.

We have reexamine this question during a mental computation taskttig
known to potentiate the mechanically elicited reflex. By comparing the effects on both la
muscle spindle afferents and monosynaptic reflex amplitude, we established that the
fusimotor sensitization of muscle spindles is responsible for changes extibility of
the monosynaptic reflex pathways and that gammatoneuron system contributes
therefore to adjustment of MSR size. It was shown that the ongoing spindle discharge has
an opposite effect of on the electrically and mechanically elicited xefle The Heflex
depression which developed with an increase in the la resting discharge is attributed to
homosynaptic depression in la terminals. It remains uncertain whether and to what
extent this mechanism may influence the excitability of the monagyic reflex
pathways to proprioceptive synaptic inputs in normal physiological conditions. Indeed, it
is worth reminding that the Heflex and, to a less extend, the tendon reflex are artificial
methods which have no physiological sigbificance.

We have eamined whether the proprioceptive control of the motoneuron tonic
activity may depend on the level of attention required by the behavioural context. The
data were consistent with fusimotor activation during the more demanding task. The
resulting increaseni la resting discharge reinforced the proprioceptive control of
motoneuron activity by increasing both the excitatory synaptic inputs from the
homonymous primary afferents and the inhibitory control exerted by antagonist la
afferents.
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REFLEX INHIBITION OF HUMAN RISRFDRY MUSCLESTBRANSIENT
AIRWAY OCCLWIN

GANDEVIA SC, Murray NPS, McKenzie DK and Butler JE
Prince of Wales Medical Research Institute and University of New South Wales,
Sydney, Australia

Human inspiratoy muscles do not behave like limb muscles when their voluntary
shortening is prevented. Unlike limb muscles responding to unexpected loading, the
major effect in inspiratory muscles is an early inhibition. All inspiratory muscles which
act on the chestwall (diaphragm, parasternal intercostal and scalenes) show a
prominent reduction in activity (inhibition) at short latency (~35 ms) after inspiratory
flow is altered by transient airway occlusion (e.g. Newddavis & Sears, 1970;
Plassman et al 1987). i$hresponse is not dependent on upper airway or pulmonary
receptors (Butler et al 1995, 1997) and is therefore thought to be mediated by
proprioceptive afferents from inspiratory muscles. However, the inspiratory inhibition is
prolonged in respiratory déeases (e.g. Butler et al. 1996; Jeffrey et al 2006), a finding
which suggests that the neural path subserving the inhibitory reflex response can be
modulated by respiratory afferents. We have recently examined some of the
unresolved issues about the refleesponse and the way in which it is mediated. In one
study, using a reliable testing method (Murray et al. 2008), responses in the scalene
muscles were compared during voluntary hyperventilation and during hypercapnoeic
hyperventilation to see whetherhe size of the response was larger when medullary
inspiratory centres (rather than the motor cortex) were especially active. The peak
inhibitory component of the reflex was unaltered in magnitude by hypercapnoea
suggesting a minimal role for supraspinahtres in the response. Previous studies of
this reflex have relied on analysis of rectified (and raw) EMG responses. To explore the
likely synaptic components of the overall response, we followed the firing of ~40 single
motor units in scalenes. In aition to the prominent inhibition beginning at ~35 ms, a
majority of units showed a subsequent net excitation (based on analysis of firing
FNBIjdzSyOeT &SS ¢NNJSN) 9 t26SNEZ -mtegndydp0 @
excitation before inhibition. Ourirfdings highlight the complexity of the potent
inhibitory response to airway occlusion and they are consistent with a spinal
organization for the early components of the response.

Butler JE, McKenzie DK, Crawford MR & Gandevia SC (1995). ABhy&iai281.
Butler JE, McKenzie DK & Gandevia SC (I8@fax51,490-495.

Butler JE, McKenzie DK, Glanville AR & Gandevia SC (1997). J Neur@)hy&ialr6.
Jeffery S, Butler JE, McKenzie DK, Wang L & Gandevia SCS(2e@B), 321-328.
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REFLEX AND NGREFLEX CONTRIBUTION TO MUSCLE/JOINT STIFFNESS

JOHN BURNE
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A brief muscle stretch, such as that produced by a tendon tap or a step change in
muscle length, leads to one or more brief intervals of muscle activity that are quantified
with respect to latency and amplitude. Thes@dg of stimuli elicit phasic stretch reflexes
(PSR). A limitation of this method has been incomplete control over the stimulus
characteristics.

The tonic stretch reflex (TSR) has been studied more recently. This response is
characterized by a continuoustretch perturbation of defined frequency content that
results in ongoing modulation of muscle contraction.. Broad and narrow bandwidths have
been used. The linear reflex response to such perturbations is defined by correlating the
perturbation waveform aginst the rectified EMG which can produce estimates of reflex
coherence, gain and phase difference. Such studies have established the dependence of
the TSR on the frequency content and amplitude of the perturbation as well as the size of
the background camaction. The magnitude and timing of the TSR is influenced by short
and long loop pathways but the sustained activity in these pathways leads to a single net
response of constant delay.

Recent results confirm that TSR coherence and gain remain highcatehcies
beyond 40 Hz in hand muscles. The phase data suggest that the linear component of the
reflex is composed of a single loop of spinal delay. In the lower limb, tendon vibration
permitted exploration of even higher frequencies, revealing a bargs pharacteristic to
beyond 100Hz and again a single loop of spinal delay.

Cross correlation techniques can also be used to extract the linearly related
resistive torgue resulting from tonic stretches. The derived estimates of teamgte gain
and phasedifference can then be directly correlated against the parallel EN&Bived
reflex estimatesFor a periodic stretch such as a sinusoidal displacement, muscles resist
the displacement with a force that varies sinusoidally at the same frequency. Paisof th
dynamic stiffness arises from reflex and voluntary muscle activity and the remainder from
its intrinsic or nowneflexive properties. Apart from joint friction, which may play a
YAYAYIEf NRtSTZ GKS 22AaydQa {2404l ihertid,viscduBy S a &
(or damping) and elastic properties of the muscles. The total resistive torque due to
passive perturbation of the joint angle, even though dependent on the stretch frequency,
can in normals always be resolved into these components.fidréadl component will be
in phase with the acceleration, the damping component in phase with the velocity and
the elastic component in phase with the length change.

This method has been used to study the reflex contribution to normal muscle
toneandto@ a2y Al Ay KSYALX S3A0az tIFIN)JAyazyQa |
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In our lab, TSR and biomechanical data have been collected during different tasks,
where subjects used EMG feedback signals to match target levels of constant voluntary
isometric contradbn or dynamic waveforms to simulate functional tasks.this way it

was possible to collect data on the reflex contribution to joint mechanics during the task
in controls and movement disorders.
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REFLEX MODULATION PATTERNRGNG ASSSITED STEPPING IN SPINAL CORD
INJURY

MARIA KNIKOU
City University of New York & Northwestern rsity, USA
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therapists constitutes one of the main tools for recovery ofgiag and walking in upper
motoneuron lesions, and in particular for spinal camgired (SCI) patients. Howevéng
effects of this intervention on spinal interneuronal circuits coupled with locomotion in the
lesioned human spinal cord remains largehkmoown. Spinal reflexes such as the soleus
H-reflex and the tibialis anterior (TA) flexion reflex are modulated in a pdapendent
manner during gait in healthy humans. In nine individuals with a chronic spinal lesion at
levels that ranged from cervitd to thoraciel0, the modulation pattern of the soleus H
reflex and nomociceptive TA flexion reflex following posterior tibial and sural nerves
stimulation, respectively was investigated during BWS assisted stepping. The soleus H
reflex modulation paern was also investigated in 10 healthy subjects at different levels
of BWS. In healthy subjectfie phasedependent Hreflex modulation and reflex gain
were constant across all BWS (0, 25, and 50) levels. In three out of nine SCI subjects, a
phasedependent Hreflex modulation pattern was evident. The most striking difference
in the remaining SCI subjects was an absengfléx depression during the swing phase.
The Hreflex gain was similar for both subject groups, but yHatercept was increaseahi
SCI subjectsA longlatency (>110 ms) TA flexion reflex was present in all SCI subjects,
while an early (>30 ms) and a middle (>70 ms) latency TA flexion reflex were observed in
three subjects.The longlatency TA flexion reflex was facilitated atdatance and during
the stanceto-swing transition phase. A reflex depression was present from heel strike
until mid-stance and during the swirg-stance transition phase. The early and middle
latency flexion reflexes were depressed during stighce fdlowed by facilitation during
the stanceto-swing transition phase. Regardless of the reflex latency, facilitatory TA
responses during the swing phase coincided with decreased activity of ipsilateral ankle
extensorsWe conclude that the mechanisms undanlg phasedependent modulation of
the soleus Heflex and TA flexion reflex during BWS assisted stepping are partly
functional in SCI subjects.

Qupported bythe New York State Spinal Cord Injury Research Trust Fund through Department of
Health Contract £020933
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VOLUNTARY AND REFLEX INFLUENCES IN OROPHARYNGEAL SWALLOWING

CUMHUR ERTWT
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Human swallowing is accepted as a palyi automatic motor activity. In
experimental animals, it has been demonstrated that the deglutitional movements are
mostly controlled by the Central Pattern Generator (CPG) located at the brainstem. In
humans, cortical influences on oropharyngeal swallmyvwere recently observed in
neuroimaging studies. Safe swallowing without any airway penetration should also be
maintained by some protective reflexes. In addition to the voluntary drives and the CPG
control on the swallowing apparatus, the role of theofective oropharyngolaryngeal
reflexes are established by some human studies. This reflexive aspect of oropharyngeal
swallowing will be discussed.
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