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FROM CELL TO MOVEMENT:
TO WHAT ANSWERS DOES EMG REALLY CONTRIBUTE?

G.Rau, C. Disselhorst-Klug, E.Schulte
Institute for Biomedical Technologies - Helmholtz-Institute, Aachen, Germany

INTRODUCTION

The electrophysiological phenomena reflect the active state of living cells. In this sense, the
electromyogram is connected to the complex activation of skeletal muscles which results in
static and dynamic active force exertion and movement control. Today with refined electrode
and amplifier technologies it is easily possible to obtain signals from a muscle. But it still is a
big challenge to utilize those signals in order to obtain detailed, repeatable, reliable — and
meaningful results. In the following some issues will be considered on various levels of the
muscle with reference to the corresponding electrode and recording techniques as indicated by
figure 1. Selected implications will be discussed.

Considerable progress has been achieved on different levels during the past years. The
biomechanics of muscle cell contraction has been studied regarding the subcellular and
cellular phenomena yielding new and deep insight into the biochemical and mechanical
mechanisms involved. The electrophysiological excitation at the cell membrane had been
investigated by development of voltage clamp techniques, using microelectrodes. With the
patch clamp technique it became possible to observe individual electrophysiological channel
dynamics under controlled conditions. Recently, the molecular structures of different channel
types have been identified and analysed supported by complex computer modelling.

With larger electrodes the activity of muscle cell groups and of complete muscles can be
observed. Non-invasive electrode systems pick up the superimposed potential generated by all
muscle cells within the volume conducting body. Also here, new developments in
measurement methodology, electrode arrangements, signal processing and modelling are in
progress to improve the interpretation of the EMG.

However, many issues are unsolved, and one question is: can we make use of all that
knowledge to better understand the EMG, or what properties and parameters are represented
in the EMG signals? What kind of restrictions may cause limits in the interpretation of the
EMG signals?

MUSCLE CELL ACTIVITY

The motor unit (MU) is the functional element in voluntary contraction of skeletal muscles.
The access to single muscle fibres and their electrophysiological excitation is possible by
isolating the cell in a preparation or by inserting highly selective electrodes. Both are invasive
procedures which will not be considered here.

Indwelling needle and wire electrodes can be inserted into the muscle tissue. If the active
electrode area is small the electrical activity of single fibres or small motor units may be
picked up. Needle and wire electrodes have in this sense a high selectivity with little
interference signals from adjacent cells. They are adequate to e.g. study the firing rate of a
motor unit. One of the drawbacks is the relative movement between the electrode and the
tissue caused by contraction. This implies a number of restrictions for the interpretation of the
signals. Also, the method is invasive, poorly repeatable and painful. In small or deeper located
muscles or parts of a muscle it is an extremely valuable method.




If we wish to consider activities of a single motor unit or a population of motor units we have
to use multiple electrode systems. Insertion of such systems show even more problems .of the
kind mentioned above. Therefore, non-invasive electrodes may be used to ol?taln Fhe
superimposed action potentials, combined with adequate signal processing including

decomposition features.

INVESTIGATION OF MOTOR UNIT PROPERTIES .
Studies on the level of MUs enables valuable estimates on different muscular propertles aod
neuromuscular control. For instance, the estimation of single motor unit cooti_uctmn \«:elomty
(CV) may provide information about fiber type anfi .mus_cle fatigability, while Fhe
investigation of recruitment pattern and fire rate gives inside into CNS conn'rol strategies.
Thus investigation of the MU properties can contribute to the basic understanding of muscle
physiology as well as to the diagnosis of neuromuscular disorders.

A proper recording technique for the analysis of MU properties require's the recording of the
overall potential, resulting from the potentials of its muscle ﬁber's. Sloce the cells of one
individual MU are spread over a wide cross-section of the muscle, invasive EMG techniques
such as needle or wire EMG come to their limits here. The application of specialized surface
EMG (SEMG) techniques helps to overcome these problems. N

SEMG techniques with a high spatial resolution have been developed within the last‘ d‘ecades,
making use of one or two-dimensional electrode arrays. T_he spatial arrangement of little bar
or pin electrodes with small inter electrode distances (in the oreier of mm) z{llows ‘th_e
enhancement of selectivity by means of spatial filters. Using appropriate filter techniques, 1t 18
now possible to detect single MU potentials (MUPs) even at high force levels.

Still it is necessary to decompose such recorded signals in order to tracif single MUs during an
extended time period. Here the combination of invasive and non-invasive methods has shown
good results, using the highly selective invasively rccorsied EMG to trigger the SEMG
recordings on single MUPs. With the development of hlgher. order spatial filters it la}so
became possible to track MUs non-invasively from SEMG using advanceel decorppomtlon
programs. However, the problem of EMG decomposition is not yet solved satisfactorily.

While the timing of the MUPs provides information about CNS control strategies,
conclusions on the muscle physiology may be drawn from the MUP shape. Whlle. the use of
spatial filters enables the identification of MUPs, it also leads to serious d»eforma’tlons op'the
signal shapes. Therefore it is meaningful to also stud_y monopolar signals In addition.
Monopolar signals are superimposed by spuriouse signal components which can be
suppressed by averaging over several MUPs. It has beep shown that this can be done non-
invasively by triggering on the spatially filtered data (Fig. 2)_. The rpooopolar signal clearly
shows non-travelling components which are suppressed by differentiating electrodle systems
including bipolar leads. This opens the detection of further m}lsclc_ﬁber properties as €.g.
fiber length. This knowledge may prove to be important specnolly n the' field of dynamic
EMG, that is EMG acquired during non-isometric and non-isotonic contractions.

Utilizing a one or two dimensional electrode-array, _it becomes possiole_to smulFaneously
obtain potentials from different acquisition sites. This gives the‘posmblllty to estimate for
instance CV of MUs from the comparison of signals recorded at different locations. lelferent
methods have been developed in this field, trying to minimize the variance of the estimate.
However, due to the non ideal conditions of distorted signal shapes,lCV estimates depend on
the method adopted. Modelling and recent experimental studies indicate that also the choice

of the spatial filter influences the estimates of CV strongly. This has to be kept in mind when
comparing studies which report CV estimates with different types of recording systems.

Finally, when discussing the number of interesting parameters concluded from high spatial
resolution EMG techniques, of which not all could be reported here, we have to keep in mind
that the results obtained are highly affected by physiological details, such as muscle
temperature, relative muscle fiber diameter or inhomogenities in the connective tissue
forming part of the volume conductor around the muscle.

GLOBAL MUSCULAR ACTIVITY

In contrast to investigations on cellular or motor unit level, which need very specialised
detection techniques, the detection of the compound muscle activity on a more global scale
seems to be less difficult. Bipolar electrode arrangements, consisting of relatively large
electrodes with interelectrode distances of more than 10 mm, are commonly used in
applications in biomechanics, ergonomics or rehabilitation. In these applications mostly the
activation pattern (timing) of different muscles or muscle groups or the intensity of muscle
activation are of interest. Due to the relatively simple recording technique the detection of the
global muscle activity is popular. However, the difficulties with the detected surface-EMG
signals appear, when the signals have to be interpreted. The signal amplitude, its power
spectrum or the onset of muscular activity are examples for parameters used for information
extraction in different applications. However, even for these very established parameters it is
often not clear on what underlying effects they depend. Some examples will be shown here.

The mean frequency of the power spectrum is often used to quantify muscular fatigue. A shift
of the mean frequency towards lower frequencies is often interpreted as a decrease of the
conduction velocity. However, up to now it is not clear whether this effect can be attributed to
a decrease of the conduction velocity on the muscle fibre level or to a change in the
recruitment toward slower motor units. Further basic investigations are needed to support the
interpretation of the frequency shift during fatiguing measurements.

The SEMG amplitude, which is often used to quantify the level of muscular contraction, is
known to depend on several different effects like distance between muscle and recording
electrodes, localisation of the electrodes relative to the anatomical structures of the muscle or
physical parameters like electrode size or interelectrode distance. The European initiative
SENIAM gives recommendations for a proper electrode localisation and signal detection in
order to minimised the uncertainty in the signal and to make the results more comparable.

The detection of the muscular coordination pattern of different muscles or muscle groups by
specifying the on- and the off-times of each muscle is frequently used in clinical applications.
However, how to detect of the onset of muscular activity correctly is still discussed and not
solved. Additionally, the problem of cross-talk between the different muscles lead to a some
degree of uncertainty in the detected coordination pattern. Some of these problems are less
when the signals are interpreted by highly experienced persons. To make their experience
available for a lager number of users, expert-systems have been designed which support the
physician in the interpretation of the surface-EMG signals. Figure 2 shows one attempt based
on the fuzzy-inference methodology to build such an expert-system for the supported
interpretation of SEMG signals detected synchronously at different muscles.
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THE LINEAR ELECTRODE ARRAY:
A TOOL WITH MANY APPLICATIONS

R. Merletti, D. Farina, M. Gazzoni
Centro di Bioingegneria, LISiN, Dipartimento di Elettronica, Politecnico di Torino, Italy

INTRODUCTION.

Electrode arrays provide a very powerful tool for non invasive investigation of muscles
through surface EMG. They have been used in research labs for over twenty years, since the
pioneer work of Hayes et al., Hilfiker and Meyer, Rau and Reucher, Masuda et al (9, 10, 12,
16). It is the purpose of this lecture to provide an overview of their applications and of their
present and future clinical relevance.

An electrode array samples the EMG bidimensional surface potential distribution in a number
of points (or surfaces) detecting the evolution of this potential distribution in space and in
time.

Except for the case of monopolar pick-up, a spatial filter is always introduced by the detection
system. This filter enhances some signal features and attenuates others: it always implies loss
of (often undesired) information. Linear arrays sample a section of the “image” represented
by the monopolar surface potential distribution and provide linear combinations of the
samples. Two dimensional electrode structures, such as the Laplacian or the concentric ring
system, process the same “image” in two dimensions. When aligned with the fiber direction
of a motor unit (MU), a linear array detects the generation, propagation and extinction of the
motor unit action potentials (MUAP) and provides information about the geometry of the MU
and MUAP conduction velocity (CV). Full information is provided by the monopolar
detection. Progressively reduced information is provided by linear combinations of
monopolar voltages which, however, allow to focus on features of interest and to eliminate
confounding components. As a first approximation, this process of “spatial filtering” may be
seen as a rough form of de-blurring of the signals blurred by the volume conductor
interposed between the sources and the detection surfaces or, in certain cases, as a way to
reduce undesired components such as the “fiber-end effect”. Important applications concern
a) the identification of anatomical/geometrical properties of the MUs (in particular, the
location of the innervation zone) and consequent identification of the optimal location of a
single electrode pair, b) high resolution estimation of CV of single MUs, c) surface EMG
decomposition into the constituent action potential trains, d) volume conduction studies.

IDENTIFICATION OF ANATOMICAL/GEOMETRICAL PROPERTIES OF MOTOR UNITS.

Fig.1 depicts a short segment of a set of single differential signals obtained with a linear
electrode array applied to the biceps brachii. A number of MUAPs can be visually identified.
They can be extracted and repeated MUAPs may be classified as generated by the same MU
(13). The innervation and termination zones (IZ and TZ) can be clearly identified. A
symmetric pattern indicates proper alignment between the fibers and the electrode array. Fig.
1 also shows that two electrodes placed symmetrically with respect to the IZ would detect a
small signal and that the best position of an electrode pair, suitable for estimating EMG
variables, is on one side of the 1Z, as indicated in Fig. 2 (7). Combinations of linear arrays
placed along the fiber directions and perpendicular to it allow estimation of MU location, as
demonstrated by Roeleveld et al (17, 18, 19) and depicted in Fig. 3.

HIGH RESOLUTION ESTIMATION OF CV OF SINGLE MOTOR UNITS.
CV estimation is traditionally based on the ratio between the distance separating two
electrode pairs and the estimated delay between the corresponding signals. If many signal




pairs are available (on the same side of the IZ, as indicated in Fig. 1) the estimate of delay
may be obtained with greater accuracy using the beamforming or the maximum likelihood
algorithms, as demonstrated by Farina et al. in 2001 (5). If the multiple channel delay
algorithms are applied to many individual MUAPs generated by different MUs, the.CV
distribution of MU firings may be obtained. The CV of a single MU may be estimated with a
resolution of 2% to 5% and small changes over time can be detected (5).

SURFACE EMG DECOMPOSITION INTO THE CONSTITUENT MUAP TRAINS.

After 20 years of research, decomposition of a needle or thin wire interferential signals is
now ready for clinical applications. Decomposition of surface EMG is still in its infancy and
the resolution of superpositions is not yet satisfactory. Classification techniques based on
neural networks and template matching are acceptable only when superpositions are limited
and MUAP features reasonably different (14).

VOLUME CONDUCTION STUDIES.

Electrode arrays allowed to demonstrate that a major source of crosstalk is the fiber-end
effect. Indeed the extinction of the MUAP at the tendon junctions in a muscle can often be
clearly detected on another muscle (4, 8). This observation would not be possible with single
electrode pairs and opens up a totally new approach to this problem that plagues surface
EMG. Fig. 4 shows an example. This is a first step towards the solution of the problem and a
challenging research area for the future.

CLINICAL APPLICATIONS AND FUTURE PERSPECTIVES
Clinical applications of surface EMG, at this time, are mostly limited to nerve conduction
velocity studies, biofeedback, movement analysis and identification of muscle activation
intervals. However, as anticipated by Zwarts et al (21), an increasing number of
neurophysiological studies show the potentials of the techniques for estimation of MU size
and number (1, 19), studies of firing rate modulation induced by magnetic cortical
stimulation (11), studies of specific neuromuscular diseases (3, 15), end-plate disorders,
quantification of pathological muscle CV and fatigue (2), etc. The identification of
individual MUs and of their innervation zones should lead to optimization of the use of
botulinum toxin, by minimizing the injected quantity and allowing monitoring of the
denervation-reinnervation process. In conjunction with electrical stimulation and with
mechanomyography, array EMG detection is expected to allow studies of recruitment and
advances in non-invasive assessment of muscle fiber type constituency by joint estimation of
electrophysiological and mechanical properties of individual MUs. Other application areas
concern monitoring of muscle reinnervation following peripheral lesions or transplanted
limbs, MU topography, studies of innervation of the anal and urethral sphincters to provide
guidelines during surgical procedures.
The expected progress in surface EMG decomposition should soon allow reliable estimation
of firing rates and recruitment strategies thereby providing more comprehensive information
~ on central mechanisms as well as on peripheral properties of the system.
International research agencies, such the European Community and the European Apace
Agency, have recently sponsored research in this field by supporting concerted actions and
shared cost projects in the areas of standardization, applications to ergonomics and
occupational health, sphincter electrophysiology in relation to incontinence, EMG monitoring
of electrical stimulation effectiveness as a countermeasure in microgravity environment.
Applications in sport medicine for assessing effectiveness of training strategies is also
attracting attention.
Academic training of experts in the field needs specific attention. EMG in general, and
surface EMG in particular, are extremely marginal in the education curriculum offered by

most Schools of Neurology, Rehabilitation, Sport and Occupational Medicine as well as in the
recently established Schools of Movement Sciences and Exercise Physiology. International
efforts and guidelines in this direction are urgently needed to insure proper training of future
experts.
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Fig. 1. Voluntary contraction of the
biceps brachii at 50% MVC. Single
differential signals from a 16 contact
linear array with interelectrode distance of
10 mm. 8-10 motor units innervated in
two locations can be indentified. Channels
located between the innervation zones (%)
show bidirectional propagation and are
not suitable for global estimation of
conduction velocity. Muscle-tendon

junctions are visible for some MUs.
From: R. Merletti et al. 1999 (13), with permission.

Fig. 2. Average Rectified Value (ARV)
and Mean Frequency (MNF) of single
differential EMG signals detected in
different locations and for different inter-
electrode distances (IED) above the
trapezius muscle. IED is incremented in
steps of 5 mm. A well defined innervation
zone (1Z) is evident at 55% of the distance
between acromion and C7, where EMG
amplitude is minimal while MNF is
maximal. From: D. Farina et al. (7) with
permission.

Fig. 3. Left: detection of surface EMG
using two perpendicular arrays placed on
a biceps brachii. Right: a) monopolar
detection of a superficial MU, b) mono-
polar detection of a deep MU, c) differ-
ential detection of a superficial MU, d)
differential detection of a deep MU.

From Roeleveld et al. (17), with
permission.

Fig. 4. Electrical stimulation of the vastus
lateralis (A) or vastus medialis (B) and
single differential detection of surface
EMG with an eight electrode array on
each muscle. Observe the propagating M-
wave on the stimulated muscle and the
non- propagating signal synchronous with
the M-wave extinction on the non
stimulated muscle presumably due to
volume conduction of the fiber-end
potential generated by the stimulated
muscle. From Farina et al. (8), with
permission.

MOTOR MECHANISMS OF BALANCE DURING QUIET STANDING

D.A. Winter

Department of Kinesiology, University of Waterloo, Waterloo, Ont. N2L 3G1, Canada

MEASUREMENT CHALLENGES

Quiet standing as a human “movement” has been confounded at the measurement level for two
major reasons. First, the vast majority of studies have been limited to force plate studies using
only one force platform. Second, because the displacements, velocities and accelerations of the
individual segments and joints are so small that the vast majority of optical systems are not
precise enough to yield meaningful kinematic data. The major kinetic variable measured from a
force platform is the centre of pressure (COP) and for a single platform produces a two
dimensional “spaghetti” diagram that was the spatial/temporal summation of the A/P COP and
M/L COP. The control of both these COPs was considered to be the ankle muscles. Not until two
platforms were used to separate the contributions of the individual limbs was it possible to
identify the fact that the “spaghetti” plot was nothing more than the spatial/temporal summation
of two completely separate mechanisms (Winter, et al. 1996). In side-by-side standing, for
example, the A/P COP was under the control of the ankle plantarflexors and dorsiflexors while
the M/L COP was identified as being under the control of a load/unload mechanism controlled by
the hip abd/adductors. The major kinematic variable reported was the body centre of mass
(COM) and this has varied from crude single point one-dimensional estimates (Horak, et al.
1992) to a 3D, 14 segment bilateral estimate (Winter, et al. 1998). Standard TV based optical
systems lack the precision; however, IRED based systems, such as OPTOTRAC, have a precision
of 0.01 mm which is sufficient to record displacements of the leg (= 0.2 to 0.5 mm) to the head (=
2 to 4 mm). Thus estimates of the total body COM are now possible (= 3 mm in the A/P direction
and 1.5 mm in the M/L direction).

MODELS AND MECHANISMS OF BALANCE

With precise and accurate measures of COP and COM it is possible to develop a valid
biomechanical model of quiet standing: the inverted pendulum. In both A/P and M/L directions a
simple inverted pendulum model (Winter, et al. 1998) showed that:

COP - COM = -KeCOM Eqtnl

where: K = I/Wh, an individual anthropometric variable; I is the total body moment of inertia
about the ankles, W is body weight and h is height of COM above the ankles.

COM is the horizontal acceleration of the COM in either the A/P or M/L directions.

A regression of COP-COM vs COM for 10 subjects yielded an average r of 0.91 in the A/P
direction and 0.78 in the M/L direction. The lower M/L score was due to the fact that COP -
COM was only twice the noise level while the A/P measures were five times the noise level
(Winter, et al. 1998). Eqtn.1 gives us the framework to understand the horizontal accelerations of
the COM, those acceleration which could be either destabilizing or destabilizing. COM is the
passive controlled variable while COP if the active controlling variable. In quiet standing COP
oscillates either side of COM to keep COM in a safe and fairly constant position between the two




feet. If COP is ahead of COM it accelerates COM posteriorly; if COP is to the right of COM it
accelerates it to the left, etc.

Detailed segment and joint kinematics of quiet standing have not yet been reported. COM
measures are a weighted summation of the trajectories of all body segments in both A/P and M/L
planes but do not necessarily reflect the fact that all segments and joints are moving in unison. A
recent study (Gage et al. 2002) using a 14 segment bilateral model revealed that all segments
move in synchronization with the total body COM and that the largest movement is at the ankle
and its angular displacement is highly correlated with the total body COM. A plot of all the rms
trajectories vs height of each segment above the ankle yielded a straight line passmg though the
ankle at (0,0). For 11 subjects standing quietly for two minutes the average R for this regression
averaged 0.965 in the A/P direction and 0.956 in the M/L direction. The correlation between the
individual segment and the total body COM trajectories ranged from 0.923 to 0.999 and averaged
0.972. Thus it is quite evident that quiet standing involves all segments from the legs up to the
head moving in unison. Also, a correlation between the individual ankle joint angular
displacements and the total body COM gave an average 1* of 0.876 for the left ankle, 0.891 for
the right ankle and 0.896 for the average left and right ankles. Thus the simplified inverted
pendulum model (Eqtn.1) is a valid representation of all segments and reinforces the assumption
that COM is the single controlled variable.

The debate that now arises as to whether COP is under active reactive control or passive stiffness
control. If reactive control were involved some form of sensory input must be available at the
joint, muscle or vestibular level. Our measures of joint angles (0.1° in M/L, 0.25° in A/P), angular
velocities (0.05%s in M/L, 0.16°/s in A/P) and head accelerations (1.1 cm/s®in M/L, 1.9 cm/s”in
A/P) are all at or below reported sensory thresholds (Winter,et al. 1998). Also, if reactive control
of some sensory system were present that tracked the COM then there would be afferent and
efferent latencies (= 50 to 70 ms) plus delays in build up of muscle tension (=70 to 100 ms) as
predicted by the newly recruited muscle twitches. Thus A/P COP which is controlled by the
plantarflexors would be predicted to lag the COM by 120 to 170 ms. However our measures of
COM show that the COP lags by only 5 ms (Winter, et al. 1998). Such a close relationship
suggests a near 0™ order control, i.e. a simple passive spring system with a small amount of
friction. As the body sways forward the ankle spring increases it tension causing the COP to
increase and move ahead of the COM, thus causing a posterior acceleration of the COM. Then as
the body swing backwards the spring tension decreases causing the COP to decrease and move
behind the COM and decelerate its backward movement. The theoretical relationship between
M/L sway and stiffness were closely matched by experimental results (Winter, et al. 1998).

More recent evidence is now available as to why the ankle A/P stiffness is always higher than
gravitational load (which varies linearly with sway angle from the vertical) is suggested by the
non-linear series elastic plantarflexor characteristics reported by Winters and Stark (1988). They
report a non-linearity that is close to a square law, thus the tension in the plantarflexors would
increase as the square of the ankle angle. Thus at the operating point of the system (the
intersection of the gravitational load line and the non-linear series elastic curve) the plantarflexor
ankle moment would increase twice as fast as the gravitational load. The operating point is
decided by the plantarflexor muscle tone which could drift over time causing the operating point
to also drift but the changes in the plantarflexion moment about that changing operating point
would always be twice that of the gravitational load. A recent model (Winter et al. 2002) assumes
this non-linearity in the plantarflexors combined with a “noisy” COM which is perturbed
internally by respiratory and cardiac mass shifts (Hunter and Kearney, 1981). With the COM
trajectory as an input the sway angle, 2, is predicted from:
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2w =COM/h Eqtn.2
The ankle moment, M,, is predicted by the non-linear relationship:
M, = K2," Eqtn.3
where: “n” must be greater than 1 for COP to increase more rapidly than COM.
M, is independently calculated from the COP:
M, = COPeR - m¢x¢ Eqtn.4

where: R is the ground reaction force, COP is the distance of COP anterior of the ankle, meis the
mass of the foot and x; is horizontal distance of the foot COM to the ankle.

For 11 subjects standing quietly for two minutes n was varied until the predicted M, (Eqtn.3)
most closely agreed with the independently calculated M, (Eqtn.4). A perfect agreement between
the predicted and measured M, would result i i af s difference of 0 N.m and a regression of the
predicted vs calculated M, would yield an r*=1witha 9!0pe of 1. The results from our model
gave an average rms difference of 0.70 N.m, an average r* of 0.965 with an average slope of
0.985. The non-linearity power “n” ranged from 1.54 to 2.10 with an average of 1.66. Thus this
simple non-linear passive model with nothing more than 2, as input yields an extremely close
prediction of M,. The inherent simplicity of such a balance control system is that the sensory
system is not involved any more than setting the muscle tone and even this can be somewhat
“sloppy” as changes in muscle tone only cause the operating point to drift forwards and
backwards along the gravitational load line (these drifts have been documented experimentally in
all subjects).
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CORTICAL REORGANIZATION IN TRAINING
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INTRODUCTION
The adult human cortex has the ability to reorganize and adapt to compensate for environmental

changes or lesions. ) The term “plasticity” defined as “any enduring change in cortical
properties, as for example, in the strength of internal connections, representation patterns, or
neuronal properties either morphological or functional” % refers to this reorganization. IR
Transcranial magnetic stimulation (TMS) has been used as a non-invasive method for
evaluation of neural plasticity of central nervous system. We evaluate the motor leaning by
using TMS. TMS has the characteristics in stimulation the more interneurones in the superficial
layer of motor cortex, compared with the transcranial electrical stimulation, which stimulates
the more Betz’s neurons, corticospinal neurones. The direction of stimulation by TMS is in

parallel with skull.

METHODS
TMS DO with twin coil is given to the brain of normal subjects and patients with

Parkinson’s disease, by recording the TMS induced movement 3 of thumb with electric
goniometer, and the surface EMG. The subject is asked to move the thumb the opposite
direction actively, repetitively to the TMS induced movement in 2-3Hz, without rhythmic
sound or with rhythmic sound.

RESULTS
In normals after repetitive movement of thumb for 1-2 minutes the direction of TMS induced

movement is changed to the direction of active movement. This change is not observed after 5 -
10 times of active movements of thumb. The change of the direction of TMS induced
movement after active movements of thumb for 30 minutes, has remained more than 60
minutes after stopping the active movement as memory trace. In imagery there is no change in
direction of TMS induced movement as memory trace in primary motor cortex or premotor
cortex.

In patients with Parkinson’s disease, the change of the direction of TMS induced movement by
active movements is not appeared smoothly after active movement. It takes more time
compared with normal subjects. When active movement is done with rhythmic sound, the
change of the direction of TMS induced movement is caused easily than it without rhythmic
sound(figurel). And it lasts even after stopping of active movement.

DISCUSSION

The motor memory after training is different from the memory of knowledge in the place of
store in the brain. These studies suggest that the motor cortex is able to keep a memory trace of
the most recently practiced movements, which make the beneficial effects of pre-performance
practice in musician and athletes and be the first step in skill acquisition. D3 From this study
the motor learning is stored at least in the primary motor cortex or premotor cortex. The

S12-
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information of the movement with internal rthythm comes from limbic cortex to the basal
ganglia, and to the primary motor cortex (internal voluntary movement circuit). The
information of the movement with sensory cue (rhythm) comes from sensory system to the
cerebellum, and to the premotor cortex and to the primary motor cortex (external voluntary
movement circuit). "'V In Parkinson’s disease, the connection between the basal ganglia and
the motor cortex is not sufficient well. the external voluntary movement circuit might
compensate the insufficient internal voluntary movement circuit in Parkinson’s disease from
the point of motor learning in this study.

In our another study, we ask the patients with Parkinson disease to use handy auditory cue
apparatus and analyze the parameter of gait and the pattern of muscle discharges. By using the
handy apparatus, they can walk more rapid and regularly and the pattern of muscle discharges
become normal pattern. From these studies this has been used for training apparatus.

It is interesting when the neural plasticity play a beneficial effect functionally D with a
compensatory mechanism. But it is possible that the plasticity may become undesirable
phenomenon. The enhanced method to the direction of beneficial effect might be training. The
neural reorganization is ofen related to the usage dependent phenomenon. OIS

The active repetitive finger usage induces memory trace in the motor cortex, with some
duration from 30 minutes to several hours or a few days.

The Olympic athetic players show the increased motor mapping area and changed motor
mapping place in motor cortex, which is the changes with long duration, and related with long
term training.

Voluntary Movement Circuits

Internal Circuit External Circuit
l l
limbic system sensory information
! 4
basal ganglia cerebellum
! !
supplementary premotor

mo% cortex

primary motor cortex
muscle contraction

movement

Figurel : In Parkinson’s disease the internal voluntary movement circuit is impaired, the
external circuit compensate the decreased function of it.

CONCLUSION
Tl.le motor memory is stored in the motor cortex, and the external voluntary movement circuit
might compensate the state of insufficient internal voluntary movement circuit.
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THE DECLINE IN STEADINESS OF SUBMAXIMAL CONTRACTIONS
WITH ADVANCING AGE

R.M. Enoka
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When an individual performs a steady contraction with hand, arm, or leg muscles, the force
exerted by the limb is not constant but rather it fluctuates about an average value (Christou et
al 2002). The variability of the force about the mean, which is quantified in absolute terms as
the standard deviation or in relative terms as the coefficient of variation, often increases with
the average force exerted by the involved muscles. Based on protocols that have involved
low-to-moderate forces during isometric and anisometric contractions, a number of studies
have found that there can be differences between young and old adults in the amplitude of the
force fluctuations. The purpose of the presentation is to describe the functional consequences
of greater force fluctuations, to characterize the changes that occur with advancing age, and to
examine the mechanisms responsible for this effect.

Functional Consequences

The presence of force fluctuations in the motor output influences the capacity of an individual
to achieve a desired force and to produce an intended trajectory. For example, the force
exerted by the thumb and index finger when performing the pinch grip must be greater than
the difference between the minimum in the force fluctuations and the force required to
prevent slipping (Cole, 1991; Kinoshita & Francis, 1996). Similarly, the rapid performance
of a simple aiming movement requires large control signals, which increases the variability of
the trajectory and reduces the accuracy of the final position (Fitts, 1954; Kim et al 1999; van
Galen & Huygevoort, 2000). Furthermore, the fluctuations in muscle force during a
voluntary contraction cause variability in motor output across trials, which impair the ability
of an individual to achieve a desired force, trajectory, or force-time integral (Carlton &
Newell, 1993; Christou & Carlton, 2001; Christou et al 2001). The motor output sent form
the nervous system to muscles, therefore, must accommodate the force fluctuations for the
successful completion of goal-directed movements.

Force Fluctuations in Older Adults

The fluctuations in muscle force during a voluntary contraction have been quantified as the
standard deviation of force during isometric contractions and as the standard deviation of
acceleration during anisometric contractions in hand, arm, and leg muscles. Although the
amplitude of the fluctuations has been found to differ between young and old adults, this is
not a consistent finding. The factors that influence this relation include the muscle group
performing the task, the type of muscle contraction, the intensity of the muscle contraction,
and the physical activity status of the individual.

1. Muscle Group

The coefficient of variation for force is greater for old adults compared with young adults
when performing low-force isometric contractions with the first dorsal interosseus (hand) and
knee extensor muscles, but not for the elbow flexor muscles (Burnett et al 2000; Galganski et
al 1993; Graves et al 2000; Hortobagyi et al 2001; Laidlaw et al 2000; Tracy & Enoka, 2002).
Furthermore, the force fluctuations during submaximal isometric contractions (2.5 to 50%
MVC) were moderately correlated (r = 0.5 to 0.7) within the same individuals for the elbow
flexor and knee extensor muscles, but not between the first dorsal interosseus and the other
two muscles (Tracy et al 2002). Mechanisms related to the lesser upper limit of motor unit
recruitment in intrinsic hand muscles may contribute to this difference between muscles.
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2. Contraction Type

The standard deviation of acceleration for the index finger is much greater when young and
old adults use the first dorsal interosseus muscle to lift a light load compared with supporting
the load (Laidlaw et al 2001). Although the standard deviation of acceleration is similar for
slow concentric and eccentric contractions (Christou et al 2002), the fluctuations are greater
for eccentric contractions at moderate-to-fast speeds (Christou et al 2001) and the trial-to-trial
variability in motor output is greater for rapid eccentric contractions (Christou & Carlton,
2002; Christou et al 2001). Furthermore, the standard deviation of acceleration is greater
during eccentric contractions compared with concentric contractions for old adults when they
lift light loads with the index finger (Burnett et al 2000; Laidlaw et al 2000).

3. Contraction Intensity

The standard deviation of force increased with target force for all muscles examined in both
young and old adults. The coefficient of variation for force, however, declined with low
target forces for the first dorsal interosseus (Burnett et al 2000) and knee extensor muscles
(Tracy & Enoka, 2002), whereas it increased for the elbow flexor muscles (Graves et al
2000). There was no difference in the coefficients of variation between young and old adults
for the elbow flexor muscles, whereas the coefficient of variation was greater for the old
adults at low forces with the other two muscles. Similar to the standard deviation of force, the
standard deviation of acceleration increased with average muscle power for both concentric
and eccentric contractions performed with the first dorsal interosseus muscle (Christou et al
2001). Although the young adults had a greater average standard deviation of acceleration
than old adults at a given movement speed, there was no difference between the two groups of
subjects in movement accuracy. In contrast, the old adults were less accurate with the
movement for the same level of fluctuations in acceleration, had more variable levels of
acceleration across trials, and were more variable with eccentric contractions.

4. Physical Activity Status

The greater coefficient of variation for force exhibited by old adults at low forces with the
first dorsal interosseus muscle disappears after a few weeks of strength training (Bilodeau et
al 2000; Keen et al 1994). Furthermore, this effect occurrs for both isometric and slow
anisometric contractions whether the subjects train with light or heavy loads (Laidlaw et al
1999). In contrast, there are mixed results on the effect of strength training on force
fluctuations during isometric and anisometric contractions with the knee extensor muscles
(Hortobagyi et al 2001; Tracy et al 2002).

Mechanisms That Influence Force Fluctuations

The unitary functional element of the neuromuscular system is the motor unit. The net force
exerted by a muscle when many motor units are activated results in a force of varying
amplitude, the fluctuations of which depend on the contractile and discharge characteristics of
the most recently recruited motor units (Allum et al 1976; Christakos, 1982; Erim et al 1999)
and are, according to the Size Principle, the largest motor units that have been activated for
the task. Based on this rationale, it is evident that the fluctuations in the force exerted by a
single muscle can be influenced by the properties of the activated motor units. These include
factors that influence the amplitude of the motor unit twitch and those that determine the rate
at which the motor neuron discharges action potentials:

1. Motor Unit Force

Apoptosis of spinal motor neurons results in a decline in the number of motor units in the
muscles of older adults but an increase in the innervation number of surviving motor units
(Campbell et al 1972, Tomlinson & Irving, 1977). Accordingly, the spike-triggered average
forces of motor units in the first dorsal interosseus muscle are larger in older adults
(Galganski et al 1993). Thus, the fluctuations in motor unit force when the unit is first
recruited are greater in older adults, which could contribute to the difference in the force
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fluctuations at low forces between young and old adults. However, several weeks of
strengthening exercises performed with the first dorsal interosseus muscle reduced the force
fluctuations in older adults but did not change the distribution of motor unit forces (Keen et al
1994), an effect that was corroborated with computer simulations (Taylor et al 2000; Yao et al
2000). Hence, the larger motor units in the first dorsal interosseus muscle of older adults do
not appear to contribute to the difference in the force fluctuations between young and old
adults.

2. Motor Unit Synchronization

When motor neurons discharge action potentials at or near the same time, which is quantified
as motor unit synchronization (Semmlier, 2002), there is an increase in motor unit force and
the force fluctuations during submaximal isometric contractions (Taylor et al in press, Yao et
al 2000). Experimental measurements indicate that older adults do not exhibit greater levels
of motor unit synchronization between pairs of motor units during low-force isometric
contractions, even though the force fluctuations are greater (Semmler et al 2000). However,
we have recently found that motor unit synchronization and the fluctuations in acceleration
are greater during eccentric contractions compared with concentric contractions performed
with the first dorsal interosseus muscle by young adults (Semmler et al 2001).

3. Motor Unit Discharge Rate

The average discharge rate of motor units in the first dorsal interosseus muscle when subjects
exert low forces and lift light loads is not different between young and old adults (Laidlaw et
al 2000; Semmler et al 2000). However, the discharge rate during these tasks can be more
variable and be associated with increased fluctuations in force and acceleration for older
adults (Laidlaw et al 2000). Furthermore, discharge rate was more variable and the force
fluctuations were greater for eccentric contractions compared with concentric contractions for
old adults. Computer simulations, moreover, indicate that an increase in discharge rate

variability can cause an increase in force fluctuations during isometric contractions (Taylor et
al 2000).

'In addition to motor unit properties in a single agonist muscle, a fourth mechanism that could
influence the force fluctuations is the pattern of activation of the agonist and antagonist
muscles. Because the net force depends on the difference in the force exerted by the agonist
and antagonist muscles, alternating activation of the agonist and antagonist muscles can cause
fluctuations in force and acceleration. Vallbo & Wessberg (1993), for example, found that
young adults used reciprocal activation of agonist and antagonist muscles at 8-10 Hz when
performing slow finger movements. Although older adults coactivate the antagonist muscle
more often than young adults (Burnett et al 2000: Spiegel et al 1996), we have found no
consistent pattern of alternating coactivation or peaks in the power density spectra for
acceleration to indicate that the steadiness of isometric and slow anisometric contractions was
fiue to _the amplitude of 8-10 Hz cycles. These results suggest that for a simple motor system
involving single agonist and antagonist muscles, the force fluctuations depend primarily on

the: discharge characteristics (variability and perhaps synchronization) of the active motor
units.

Most motor systems in the human body, however, comprise multiple agonist and antagonist
muscles. Given the exponential decline in the relative contribution of newly recruited motor
units to the net force (Fuglevand et al 1993), it seems likely that fluctuations in the force
exerted by multiple muscle systems is minimally influenced by the behavior of individual
motor pnits. Alternatively, the fluctuations might be caused by variation in the distribution of
activation among the involved muscles (Graves et al 2000) or by rhythmicities that are

ilnglg(g))sed by the nervous system (Brown, 2000; Halliday et al 1999; Wessberg & Kakuda,
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Despite the functional significance of fluctuations in the motor output for the accuracy of
goal-directed movements and its deterioration with advancing age, there is not yet a
physiological explanation of the mechanisms that are responsible for this phenomenon.
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INTERPRETATION OF EMG CHANGES WITH FATIGUE:
FACTS, PITFALLS, AND FALLACIES

N. Dimitrova, G. Dimitrov
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INTRODUCTION

Failure to maintain the required or expected force, defined as muscle fatigue, is accompanied
by changes in muscle electrical activity. Piper (16) was the first who observed a reduction in
frequency of the surface EMG (Piper thythm) when a contraction was sustained. Besides such
a frequency shift, Cobb and Forbes (1) found a consistent increase in the amplitude of surface
recorded EMG. Since then, the studies can be divided into investigations directed at
discovering signs of fatigue (5,6,9-19) and/or reasons for fatigue (2,5,6,13,14,16,19).
Opinions agree that muscle fiber propagation velocity (v) decreases with fatigue and that
EMG power spectrum shifts during fatigue mainly owing to slowing down of v (5,6,9-16,
18,19). The fact that spectral characteristics can drop even without any changes in v or in
proportion exceeding the v changes has prompted many authors to conclude that there must
be other factors contributing to the observed shift in the power spectrum too. These factors
and the way they could affect EMG spectral characteristics have been so far unknown.
Voluntary and electrically elicited EMG signals have a similar spectral shift during fatigue
(8,15). Simulations performed by (11) showed the power spectra of interference EMG signals
and of motor unit (MU) potential (MUP) as essentially similar and dispersion in the action
potentials produced by individual fibers within MU as leading to dramatic changes in the
MUP power spectrum. Thus, an analysis of factors affecting the spectral characteristics of
MUPs or M-waves can help understand the reasons for EMG power spectrum shift.

Changes in amplitude seem to be more complicated and contradictory, since literature
provides data on increased, almost unchanged and decreased amplitude characteristics of
EMG, M-wave or MUP during fatigue. Moreover, simultaneous decrease and increase in
amplitude of MUP and M-wave detected with indwelling and surface electrodes was referred
to as paradoxical. Analysis of changes in MUP or M-wave size and shape with fatigue makes
it possible to reveal the peripheral factors that contribute (along with the central factors) to
change in amplitude and spectral characteristics of EMG signals. The aim of the present
report is 1) to analyze possible reasons for EMG changes with fatigue; 2) to point out pitfalls
and possible fallacies in the interpretation of amplitude and spectral characteristics of
experimental results; 3) to discuss ways for increasing sensitivity of different EMG
characteristics to changes in individual muscle fibre parameters.

METHODS

It 1s known that besides v, other parameters such as duration (Tj,) of intracellular action
potential (IAP), amplitudes of IAP and after-potential, desynchronization of fibre activation,
etc. change, or could change during fatigue. Moreover, duration of different phases of IAP
alter non-simultaneously and in different proportion. Since individual parameters cannot be
affected independently by an explorer, and, as a rule, the source-electrode distance is
unknown in experiments, in order to analyze the processes, we have resorted mainly to
mathematical modelling of muscle potentials, which does not suffer from these
disadvantages. MUPs and M-waves were calculated with the help of a convolution model (3)
that included source morphology, finite length of the fibres, and a way to simulate IAP shape
without simplification. The volume conductor was assumed to be infinite or semi-infinite,
homogeneous and anisotropic (K.,=5). We did not take into account the more complicated
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restriction of the volume conductor (that increased MUP and M-wave size) nor the presence
of layers of weaker conductivity (skin and fat) whose effect roughly corresponded to the
increase of equivalent source-electrode distances. These parameters and their effects did not
change during fatigue but they considerably complicated description and solution of the
problem. IAP amplitude, duration, and shape during different stages of fatigue were varied
mainly according to the parameters obtained in in vitro experiments, and the result from in
situ experiment was also taken under consideration. Data on v changes were taken from single
fibre experiments. Experimental data on IAP change with fatigue were taken from literature.

RESULTS

Spectral characteristics. Presentation of MUP or M-wave through convolution in the
temporal domain is transformed into product in the frequency domain. Thus MUP or M-wave
power spectrum (PS) can be represented as a product of PS of the input signal (IAP first
temporal derivative) and of PS of the corresponding impulse response (IR). IR depends on the
distances between electrode and activated fibres, arrangement and longitudinal position of the
electrode with respect to the end-plate area, volume conductor properties, location and
scattering of the end plates and fibre ends, desynchronization of fibre activation, diameters of
the fibres, and propagation velocity along individual fibres.

The product of the two spectra is distance-dependent because distances affect strongly the
position of PS of IR on the frequency axis, while PS of the input signal (IS) is distance-
independent. As a result, the effect of any parameter affecting IS or IR on the MUP or M-
wave PS is also distance-dependent. Although PS of IS does not depend on v, its effect on the
resultant MUP or M-wave PS makes insignificant v effect under intramuscular recordings. On
the other hand, position and arrangement of the electrode affect IR and thus its PS, which
results in different sensitivity of MUP or M-wave PS to changes in IAP duration and shape,
and especially to changes in negative after-potentials.

MUP or M-wave amplitudes. Besides in convolution form, MUP or M-wave can also be
represented as a linear summation of temporally and spatially dispersed single muscle fibre
potentials (SMFP). SMFPs have phases reflecting the excitation arising at the end plates
(leading edge) and its extinction at the fibres’ ends (terminal phases) as well as phases that
reflect propagation of depolarized zones from the end plates to the fibre ends. Since formation
of the electric field is essentially a spatial problem, size of individual SMFP is determined by
the IAP profile whose effect is distance-dependent. So are the MUP or M-wave amplitudes.

A ratio (R) between distance (y) and length of the depolarized zone (LDZ, i.e. product of T,
and v) defines an approximate division of distances y in an equivalent isotropic volume
conductor into small (R<<1), medium (R = 1) or large (R > 2) ones. Depending on R, the
effect of IAP asymmetry (ratio of IAP falling and IAP rising phases), IAP profile length,
or/and IAP negative after-potential could predominate at small, medium and large distances,
respectively. Following LDZ lengthening, the SMFP and MUP or M-wave amplitudes first
increase, and then decrease. The larger the source-electrode distance is the greater is LDZ at
which the corresponding amplitude is maximal. IAP negative after-potential could increase
amplitude of SMFP, MUP or M-wave detected far away from the active fibres, but its effect
would depend on the electrode longitudinal position. Desynchronization in activation of fibres
constituting MU decreases the MUP amplitude at small distances stronger than at large ones.
Changes in the duration of MUP negative phase are determined by alterations in duration of
IAP or/and propagation velocity. The effects are also distance dependent. In general, at small
and medium distances, changes in Tj; mainly affect the duration of MUP negative phase. At
large distances, changes in propagation velocity and negative after-potentials are the main
factors affecting MUP or M-wave duration. However, there are differences between the
effects depending on the position of the detecting probe: midway between the end plate area

¥

and tendons, or above the end plate region. In the later case, T, affects negative MUP
duration even at large distances.

Amplitude characteristics such as MUP or M-wave area or rms combine the effects of
changes in MUP or M-wave amplitude and duration that are not directly correlated. As a
resulz, amplitude characteristics can alter in a way different from that of amplitude changes.
Nevertheless, the character of changes is distance dependent and MUP area or rms could also
increase, remain almost unchanged, or decrease during fatigue.

Terminal phases of SMFPs repeat the shape and duration of IAP and do not depend on v; their
polarity is positive above the fibres and negative behind the fibre ends. In MUPs or M-waves,
their shape represents the sum of IAPs desynchronized according to the arrival times at the
fibre ends, which depend on scattering of the end plates and fibre ends and on
desynchronization in fibre activation and v along individual fibres. Duration of terminal phase
does not change with the distance from the source, while its relative weight in the detected
potentials increases with the increase of source-electrode distance. If a positive after-potential
follows the IAP spike, an additional phase should be seen in SMFP, MUP or M-wave, i.e. the
terminal phases would become positive-negative above the fibre length and negative-positive
behind the fibre ends. On the other hand, if the corner frequency of the high pass filter is 20
Hz, as is generally recommended, a similar additional terminal phase could be seen in MUP
or M-wave even when IAP has a negative after-potential.

DISCUSSION

It follows from representing MUP or M-wave through convolution between IS and IR that the
properties of potential power spectra should differ from those of IR power spectra (4). Krakau
(7) was the first who represented the nerve fibre action potentials through convolution.
However, following the expression for the transfer function only, the author made a
conclusion about the effect of velocity on the frequency maximum of an action potential.
Later, Lindstrom (9) was interested in the signal filtering in the muscle as a volume conductor
and therefore related all expressions to the action potential just outside the fibre. He noted that
all formulas, except for the ‘correlation factor’, contained the factor 2z f/v, which indicated
that any change in v was accompanied by translation along the frequency axis. Following
(10), Stulen and Deluca (18) and (11) concluded that v scaled inversely the frequency
components of EMG power spectrum. Along these lines, many authors assumed that the
theory predicted unconditional proportional change of characteristic frequencies with v. The
results represented in this report demonstrate the effect of IAP and after-potentials that can
also affect considerably PS. Data on differences in character of EMG amplitude changes have
prompted many investigators conclude that amplitude characteristics are not reliable (19, 5).
However, knowledge of differences in changes of amplitude and duration depending on the
distance from the source and end plate area could be used to distinguish between the effects of
different parameters, e.g. changes in after-potentials or IAP duration. A considerable increase
of M-wave amplitude at the beginning of a fatiguing contraction (2) when the Na*-K" pump
has hardly been activated could be explained by IAP profile lengthening.

On the other hand, not only fatigue, but the level of muscle force also affects the EMG
amplitude and frequency characteristics. To overcome this problem, (12) and (6) have
proposed the Joint Analysis of EMG Spectrum and Amplitude (JASA) method. But in
accordance with this method muscle fatigue could be misclassified as ‘force decrease’ in
smaller or more superficial muscles, as well as in the final stages of fatigue, when EMG
amplitude decreases or during maximal volume contraction (16). On the basis of the above
findings we propose an index that mainly reflects the increase of negative after-potentials and
does not depend on the source-electrode distance, volume conductor properties, or level of
muscle force.
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CONCLUSIONS

1) Surface detected EMG amplitude characteristics can increase owing to IAP profile
lengthening during fatigue even when IAP amplitude considerably decreases. 2) MUP or M-
wave power spectrum is determined by a product of two spectra whose interrelations vary
with the source-electrode distance that affect the sensitivity of MUP or M-wave power
spectrum to changes in different parameters (IAP duration, propagation velocity, and after-
potentials). 3) Appropriate electrode arrangement and position can intensify or decrease
sensitivity of amplitude and frequency characteristics to changes in individual parameters.
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SURFACE EMG RECORDING OF SINGLE MOTOR UNIT ACTION
POTENTIALS FROM THE EXTERNAL ANAL SPHINCTER

I R. Merletti, 2 P.Enck, ' M. Gazzoni, > H. Hinninghofen,
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INTRODUCTION . .
Electrode arrays have been used for surface EMG recording of single motor unit action

potentials (MUAP) propagating from the innervation zone (IZ) to the tendons in muscles such
as the biceps brachii, upper trapezius and tibialis anterior. Application of this technique to the
circular anal sphincter muscle allows to address the question of the relevance of innervation
and asymmetry in fecal incontinence. In addition, knowledge of the innervation zones of the
two hemisphyncters would be useful to minimize surgery related muscle damage. It was the
objective of this work to determine if innervation zones and other features of the anal
sphincter could be detected using electrode arrays placed on an anal probe.

METHODS

Cylindrical probes, with 12 mm diameter, carrying 16 silver bars (1 mm diameter, 10 mm
length, 2.4 mm apart) to record MUAPs circumferentially along the muscle fibers were used
to detect EMG from the external anal sphincter muscle near the anal orifice and 1 and 2 cm
proximal in 8 healthy volunteers (6 males, 2 females, age 22-41 years.). Each contraction was
sustained for 10 s. Signals were recorded differentially between adjacent electrodes during
rest and during moderate and maximal voluntary contractions in each of the three locations,
and were evaluated to detect the left and right 1Zs (expressed using a 12-h-clock
representations). The EMG signals were amplified (gain of 1000 or 5000, 3dB bandwidth
10Hz-500Hz, 40 dB/decade), sampled at a rate of 2048 Hz and stored on a PC after 12 bit
A/D conversion.

RESULTS

Single MUAPs were reliably observed during maximum and moderate contractions and
occasionally in relaxed conditions. Two major innervation patterns were noted and described
according to a 12 hour clock face: a) ventrally between 11 and 1h in all subjects, mostly
bilateral, travelling dorsally at either side; b) in 6/8 subjects dorsolateral at 4-5 h and 7-8 h,
mostly bileratal, travelling both ventrally and dorsally. In 6/8 cases, the middle segment of
the anal canal showed activity smaller than the distal and proximal end. The averagedistance
travelled by a MUAP was 3,5 hours, but could range between 2 and 6h. About 50 % of the
MUAPs crossed the midline at either 12 of 6 h. At least half of the subjects showed non-
travelling MUAP presumably due to longitudinal motor units or crosstalk from nearby active
muscles. MUAPs with apparently different propagation velocities where observed possibly
due to different radial distances from the surface of the probe. The figure depicts signals from
a contraction showing larger signals on the left side and different MU structures
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’ DISCUSSION AND CONCLUSIONS

Circular electrode arrays reveal individual MUAPs and patterns of functional innervation of

the external anal sphincter and allow the identification and characterisation of individual MUs
in terms of length, IZ, MUAP morphology and, possibly, conduction velocity and firing rate.
The circular EMG electrode array is a useful tool for electrophysiological studies of the anal
é sphincter for detecting abnormalities of this muscle. Similar conclusions have been reached
about the urethral sphincter using a probe with 5 mm diameter and 8 equally spaced electrode

contacts.
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Results from a maximal voluntary contraction showing larger signals on ch 14-15 and 1 to
8 and smaller signals on ch 9 to 13 presumably due to asymmetry in sphincter structure or
control. Innervation zones can be detected under ch. 4, 5 and 6 and under ch. 11, 12 and
13. Non propagating potentials, possibly due to more distant motor units, are visible at t =
2880 ms.

Ch. 1 and 15 are located ventrally, ch. 8 dorsally. Ch 1 to 8 are on the left of the subject
and ch 9 to 15 on the right. The subject was asked to contract naximally. Peak to peak
amplitude is about 100 pV.
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EMG-BASED APPROACH TO IDENTIFYING
FUNCTIONAL MOTOR ACTIVITIES

C.J. De Luca., P. Bonato, S.H. Roy, J. Moore, A. Vadnais

NeuroMuscular Research Center & Department of Biomedical Engineering,
Boston University, 19 Deerfield Street, 4th Floor, Boston MA 02215, USA

INTRODUCTION

In this study we describe the feasibility of a surface EMG-based monitoring system for
functional motor activities encountered during daily living.

METHODS

Eleven functional motor activities, derived from the Functional Independence Measure (FIM)
scale, were selected for testing; they included eating, grooming, dressing, transfer,
ambulation, and toileting activities. Misclassification of tasks not belonging to these 11 FIM
activities was evaluated by including an additional set of 11 motor tasks (Non-Identification
FMAs) comprised of fine- or gross-motor activities utilizing similar muscle groups and
movements as those of the 11 FIM tasks. A procedure that combines feature extraction
algorithms, a multi-layer feedforward neural network, and an adaptive neuro-fuzzy inference
system was implemented for task identification. Different combinations and numbers of EMG
channels (maximum of 8 muscle sites) and different neural network topologies were
compared to optimize performance. Performance results from data collected on six healthy
volunteers with no known neuromuscular disorders were based on the operating
characteristics (sensitivity vs. specificity and sensitivity vs. misclassification) of the
algorithms.

RESULTS
For a misclassification value equal to 10%, combinations of 7 and 8 channels lead to
sensitivity values of approximately 90% and specificity values of approximately 99%. For

combinations of 4 to 6 channels, a 10% misclassification corresponded to sensitivity of
approximately 82%, and specificity of approximately 99%.

CONCLUSION

These results indicate that EMG technology can be used to identify specific motor activities.
As few as 4 EMG channels may be sufficient for practical applications.
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EVALUATION OF CHANGES IN THE JOINT ANGLE ON BASIS OF
NON-INVASIVELY EXTRACTED MOTOR UNIT ACTION POTENTIALS

E. Schulte', N.A. Dimitrova2, G.V. Dimitrov?, C. DiBelhorst—Klug', G. Rau'
! Institute for Biomedical Technologies - Helmholtz-Institute, Aachen, Germany
2 Centre of Biomedical Engineering, Bulgarian Academy of Sci., Sofia, Bulgaria

INTRODUCTION

Changes in muscle fiber length and electrode position affect the detected signals as well as
their amplitude and frequency characteristics (1) used to estimate muscle functional state.
Studies of motor unit potentials (MUPs) under extremely weak muscle activity (2) or M-
responses under supramaximal nerve activation (3) have shown that changes in Jjoint angle are
correlated with the length of active muscle fibers and with latencies of certain phases of
muscle potentials. The time between the maxima of negative phase and positive terminal
phase of MUPs was measured in (2), while latency of the negative phase of M-responses
detected monopolarly behind the . biceps brachii tendon was measured in (3). Actual
muscle activity is also accompanied by changes in joint angles; it is, however, neither
extremely weak nor maximally synchronized. To interpret actual SEMG properly, one should
know the actual joint angle or fiber length. It is practically impossible to detect activity of
individual MUs under voluntary contraction. Using M-responses is also not appropriate. The
aim of the present study was to investigate the possibility of extracting information on the

active fiber length from SEMG signals (obtained under voluntary contractions) so as to
correlate fiber length and joint angle.

METHODS

Theoretical basis of the method: To estimate muscle fiber (semi-) length, we extracted MUPs
from SEMG signals. Then, the delay between onset of excitation at the end plates and its
extinction at the fibers’ ends was used to relate the length of the active fibers with changes in
the joint angle, having regard to the excitation conduction velocity. Monopolar SEMG
recordings suffer from a low signal quality. A common technique to obtain the required
information from potentials recorded monopolarly, is averaging. This can be done non-
invasively using the same data set for triggering, after spatial selectivity is enhanced by using
spatial filters (4). To do so, we used the two dimensional Laplacian, NDD filter. From the
spatially filtered signals, the MUPs were assigned to the single motor units (sMUs), and
tracked with time. Then, the monopolar signals were averaged over several MUPs of the same
MU. Experimental protocol: High spatial resolution EMG (H SR-EMG) was utilized to detect
muscular activity from m. biceps brachii non-invasively using a multi-electrode array that
allows the monopolar detection of the SEMG. To record the exact timing of the MUP genesis
at the end plates, the array was located above the distal innervation zone. Measurements were
performed on three healthy subjects. While the Joint angle in the shoulder was fixed in 90°
abduction, the elbow angle was varied over the range 70° to 160°in 10° step, 180° indicating
full extension of the elbow. The succession of angles was random. To avoid fatiguing effects,
the subjects were given breaks of at least two minutes between the single measurements. A
moderate muscle activity was performed at each Joint position during 10 sec.

RESULTS

Using the information contained in monopolarly recorded single MUPs, relative changes in
the muscle fiber length and thus in the joint angle were extracted from the SEMG data [Fig.1].
Initial estimates demonstrated the correlation between the elbow angle and fiber length. No
dependence between conduction velocity and joint angle was found.
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SION ' '
%Ilzillitshod described presumes a monopolar recording technique. It does not reduce the end-

rovides the possibility to follow sMUs over time. The sMUs can be
Of)—tf;});i(:de(fiﬁizzstlsngorr)n spatially fgltered HSR-EMG data that can be also used to trigger
: raging necessary to extract monopolar MUPs. A strong dependenge of the conduction
avle g on the joint angle described in literature by some authors also in case pf the human
e (;C_lty s brachii, was not found in the actual data. Consequently, the change in the latengy
gqe.:twlg:ﬁ the excit;ltion genesis and its run out at the fibers’ ends was f:aused by the change in
the fiber semi-length only. The fact, that the relativ.e change in the estimated _ﬁber length doe;
not go linear with the change in the joint angle might be due to the anatomical %ropde‘rtt‘;es ﬁt
this specific muscle or to the fact that not the same MU was always extracted under differe

joint angles.

CLUSION . . '
iglll\i)ugh the need to average the MUPs in order to increase the signal quality of the

monopolarly recorded signals limits the use of the methqdology descri.bed, the 1H81:};]:;°MG
method might prove to be a useful tool to extract .1nformat10n. on the active fiber leng r(t)ﬁn
surface detected EMG data in static, slowly changlng or .repeptlve mo'vements. More(;vef{,b e
methodology has shown the basic advantage thgt it prov1de§ 1nfomat1on on the rglllzscE i/[ é} ers
semi-length that is defined on the very same single MUs investigated by the HSR- on
whatever other parameters are of interest.
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Fig.1. Normalized estimate of m. biceps brachii distal semi-length obtained for different
elbow angles. Different curves represent data for three subjects studied.
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TIME - FREQUENCY ANALYSIS OF MYOELECTRIC SIGNALS
COLLECTED DURING CLENCHING

G. Balestra', M. Knaﬂitzl, F. Molinaril, F. Raviolaz, F. Mongini2

! Dipartimento di Elettronica — Politecnico di Torino
? Dipartimento di Fisiopatologia clinica - Universita di Torino

INTRODUCTION

The role of muscle contraction in tension-type headache is still controversial. In a previous
study we demonstrated that the electrical manifestations of muscle fatigue during isometric
and constant-force contractions were not different in healthy and pathological subjects. Based
on this result, we decided to extend our study to myoelectric signals collected in dynamic
conditions during repeated clenching. This contribution reports the results of this study, that is
the first application of time-frequency analysis to the study of the role of muscle disorders in
tension-type headache.

MATERIALS AND METHODS

The sample population involved in this study consisted of 11 subjects, 2 males and 9 females,
aged between 20 and 40. All the subjects suffered from tension-type headache, defined
according to the International Headache Society classification. From the point of view of
disorders of the pericranial muscles, one subject was had no symptoms, four subjects reported
pain on the left side of the face, one on the right side, and the remaining four subjects on both
sides. Pain was assessed through a visual analog scale. Each patient underwent clinical
examination and a muscle fatigue test, which consisted of two series of continual contractions
of jaw muscles lasting 1s each and repeated for 60s.

Myoelectric signals were acquired by means of two single differential probes connected to a
myoelectric signal amplifier (Bagnoli2, Delsys, USA) and positioned on the right and left
masseter muscles. The acquired signals were segmented into bursts of activity corresponding
to the contractions of the masseter muscles by means of a double—threshold statistical detector
[1], to isolate the electrical muscle activity corresponding to each contraction. Then, each
signal burst was processed to obtain its time—frequency representation. To this purpose, we
adopted the Choi-Williams time—frequency transform, which belongs to the Cohen’s class of
time—frequency bilinear distribution. These distributions have already proven useful in
previous studies for the detection of the spectral changes affecting the surface recorded EMG
signal during dynamic contractions [2,3]. Moreover, we used an original cross—time
frequency based approach for estimating the instantaneous mean frequency (IMNF) of the
signal bursts.

Plotting all the IMNF curves corresponding to either the left or the right masseter muscle of
each single subject normalized over one thousand samples, it was evident that the IMNF time
courses within each contraction were sufficiently similar, and hence we decided to represent
them by their mean curve. Two different kinds of shapes were clearly recognized. In the first
case we observed no trend from the beginning to the end of the burst, while in the second case
we observed an increment of IMNF followed by a decrement. The mean curve was than used
to classify the subjects.

RESULTS AND DISCUSSION

The time course of the mean IMNF curves observed on our sample population could be
classified according to three different types of behavior:
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1. Left and right masseter muscles showed an IMNF behavior clearly different, and this
! was seen in 3 out of 11 subjects; . o

7. Left and right masseter muscles showed an IMNF behavior that was similar .and
" consisted of an increment of IMNF followed by a decrement, and this was seen in 4

1 subjects;

3. Elé;toir}d ritht masseter muscles showed an IMNF behavior substantially constant, and

this was seen in 4 out of 11 subjects.

Although the number of subjects considered in this study was rather small, and hence results

may not be considered as statistically significant, the_re was a clear match between the type of

behavior of the IMNF time course of left and right masseter muscles and the clinical

conditions of patients:

a) complete clinical examination showed that the subjects belonging to group 3 did not
experience pain related to the masseter muscles. ' '

b) On the contrary, subjects belonging to group 1 and 2 reported pain on elther one or
both masseter muscles and could further be differentiated according to their clinical
situation as shown by the following table:

Group 1 Group2

Time passed from the first | More than 2 years Less than 2 years
manifestation of pain
Pain intensity (VAS)
Factors increasing pain

From 59 to 100
Muscle activation

From 18 to 48
Stress and cold

A possible interpretation is that subjects suffering from more intense anq long lasting pain
developed different strategies of activation of the masseter muscles trying to reduce their
discomfort. On this point further studies are needed. . _ .
Notwithstanding the small sample population size, we believe that this test is very rehablq to
separate subjects in which masseters were, at least to some extents, requns1ble for tension
type headache from those in which masseter muscles were not a cause of pain.

CONCLUSIONS . o
This study reports some preliminary results obtained by applying muscle fatigue evaluation in
subjects suffering from tension type headache. It was demonstrated . thaF jche propc_)sed
technique is able to separate subjects in different groups according to their cliriical situations
and symptoms. Although the sample population we considered is rather small, we b.eheve thE'lt
the results we obtained must be considered as encouraging and justify the extension of this
study to a larger population.
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MOTOR UNIT RECRUITMENT AND PROPRIOCEPTIVE FEEDBACK
DECREASE THE COMMON DRIVE

C.J. De Luca, J.A. Gonzalez-Cueto, P. Bonato

NeuroMuscular Research Center & Department of Biomedical Engineering,
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INTRODUCTION

During voluntary contractions the firing rates of motor units are cross-correlated indicating
that the motor units have a Common Drive. We explored the relationship between the
recruitment of a motor unit and the fluctuation of the Common Drive in three muscles having
varying amounts of muscle spindles.

METHODS

In this study we investigated the common drive during isometric constant-force contractions
and isometric ramp contractions in the First Dorsal Interosseous muscle, the Trapezius muscle
and the Tibialis Anterior muscle. A time-frequency analysis technique was used to calculate
the time course of the common drive throughout the duration of the contraction.

RESULTS

We found that in most contractions the Common Drive was not constant throughout the
contraction. A decrease in the common drive was noted when a motor unit was recruited
during the contraction. The amount of decrease in the Common Drive across muscles was

found to be proportional to the density of muscle spindles in the muscles and to the number of
motor units recruited during the contraction.

DISCUSSION

It is proposed that when a motor unit is recruited, the unfused muscle fibers slacken nearby
spindles, the Ia firings decrease thus decreasing the excitation to the homonymous
motoneuron pool. The contracting fibers will also excite the Golgi tendon organs, which will
increase the discharge of the Ib fibers, thus increasing the inhibition to the homonymous
motoneuron pool. Both effects will increase the discord of the firings of the motor units
resulting in a decrease in the Common Drive. This account explains why the common drive
has been reported to be lower: in muscles with a lesser spindle density, in contractions where
motor units are recruited, in contractions of the elderly where the force output is less steady,
in contractions of the non-dominant side where the force output is less steady, and in
contractions where the proprioceptive input is altered.
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DURING FATIGUING CONTRACTIONS VASTUS LATERALIS
MOTOR UNITS SHOW COMMON FIRING ADAPTATIONS

A. Adam, C. J. De Luca, NeuroMuscular Research Center, Boston University, Boston, USA

TRODUCTION o _
’IrI\}Ile force level of a voluntary muscle contraction is controlled through two mechanisms:

recruitment of motor units and modulation of the firing rate of acti\(e motor units. The
general belief is that a motor unit, once recruited, tfmds to remain active durl_pg a constant
force contraction, although alterations in the recruitment of motor units during spstamed
contractions have been the subject of discussion fo_r decades: ThlS. project was dpmgned to
systematically investigate changes to motor unit firing behavior during long-duration muscle
activity.

METHODS . .
Motor unit firing patterns were studied in the vastus lateralis (VL) muscle dur'ln'g a series of
isometric knee extensions. Five healthy, young men, age 20 — 22years, participated in the
study. The fatigue protocol required subjects to control knee extension torque by following a
target trajectory on a computer screen. Each ramp and hold contraction in the series lasted one
minute followed by a 6-second rest period. The contraction level of the hold phase was set to
20% of the maximal voluntary contraction (MVC) torque of each subject, measureq at the
beginning of the experimental session. A quadrifilar fine wire electrode was inserted into the
muscle to record clectromyographic (EMG) signals as subjects repeatedly contracted the
muscle until exhaustion. The Precision Decomposition technique, developed at the
NeuroMuscular Research Center, was used to identify the firing times of concurrently active
motor units from the intramuscular EMG signals.

RESULTS

The threshold forces for recruitment, normalized to the initial MVC value and the firing rates
of the same set of motor units were tracked at regular intervals during the fatiguing,
intermittent contraction. Preliminary analysis showed a steady decrease in the normalizpd
recruitment threshold of all active motor units and the progressive recruitment of new units,
without a change in recruitment order. Earlier recruited, low threshold motor units a.lwgys
exhibited higher mean firing rates than higher threshold units, but all units displayed similar
time-dependent firing rate adaptations. While the knee extension torque was hpld constant,
motor unit firing rates changed from an initial slow decrease over time to a slow increase over
time.

DISCUSSION

These results indicate that in the VL, the ordered recruitment and firing rate behavior
commonly observed in skeletal muscle is also maintained during fatigue. In contrast' to
previous reports on other skeletal muscles, no evidence was found for a divergent adaptation
of motor unit sub-populations based on the initial recruitment threshold. In .light 'of .the
observed collective changes in firing behavior, the adaptations in the motor unit activation
might simply reflect changes in the drive to the motor unit pool. Thus, in order to achieve the
imposed motor task of a constant torque output, the central drive was modulated in such a
way as to accommodate changes in the mechanical output of the motor units in the fatiguing
muscle.
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CRITICAL EVALUATION OF CONTINUOUSLY ACTIVE MOTOR
UNITS IN LONG-TERM EMG SIGNALS
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INTRODUCTION

Long-term analysis of neuro-muscular systems, such as the analysis of the development of
chronic muscle pain, requires intramuscular electromyogram (EMG) recordings that may last
for several hours. It is obvious that the performance of the decomposition technique affects
the physiological investigation, both the statistics of the interpulse intervals and the motor unit
action potential (MUAP) waveform characteristics. In this paper we present a critical
evaluation of decomposition results of long-term EMG signals that were automatically
decomposed by our decomposition software (EMG-LODEC) [1].

METHODS

30 minutes computer work was performed. Muscle activity was recorded from the upper
trapezius muscle using four fine wires as electrodes, and was analysed by EMG-LODEC [1].
EMG-LODEC describes action potentials by a set of wavelet coefficients that are used for the
clustering, supervised classification, and to describe the goodness of fit. To test the
decomposition results, the different motor unit (MU) classes are compared to each other using
two morphological properties of the MU classes the energy difference AE and the shape
difference between the MU classes d [2]. AE is calculated as AE = E, —E,, where E; and E;

are the energies of the MUAP templates (averaged over time) of class i and j, respectively. To
calculate d, first the boundaries of the adapted MU class mean signal are determined
(confidence interval of the adapted MU template is limited by the 95th percentile of only
these MUAPs that characterize a class). d represents the difference in shape between the
average templates of each MU regarding the estimated time aligned boundaries. If a template
lies completely between the boundaries, d is 100%. The corresponding AE and d for all pairs
of MU classes were calculated and when AE is smaller than 0.2 (20% energy error) and d is
larger than 70%, the corresponding MU classes are merged. The threshold were chosen due to
observed variations in amplitude of the same MU, which can make up more than 30% of the
maximal peak-to-peak amplitude [2]. The information of all three channels were used.

Furthermore, the performance of MUAPs’ classification in the context of the extracted
wavelet coefficients are described by a certainty function. The certainty ¢,,(x) in classifying

a MUAP x to a particular class is defined as
Car(X) = ¢, (x)c, (%), (D

ca<z>=1—m @)

2 3

|

—Jo

2

c‘(x)=1—||i—£j°—, (3)
o 2“{—;. ’

=l

where ¢, is the absolute shape similarity, ¢, is the relative shape similarity, 2 ;, 1s the nearest

class men vector and x ;18 the second nearest class mean vector. The bigger ¢, (x) is the

better a MUAP is classified. On the basis of equation (1) four quality criterions are defined:
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criterion 1: ¢, (x) 2 0.9 (MUAP is correctly classified), 4)

riterion 2: 0.8<¢ (x) > 0.9 (MUAP is in all likelihood correctly classified), 5

C . O =Yg r\z )

criterion 3: 0.6<¢c,,(x) > 0.8 (MUAP is probably correctly classified), (6)

criterion 4: ¢, (x)<0.6 (MUAP is possibly falsely classified (e.g. strong superimposed
a,r\= 7

MUAPS)). (7)

To further determine the accuracy of the decompositiqn, visual plots (waterfall plots.sho'wmg
the MUAP’s waveforms of the respective ten second interval) were .used, as shown in Fig. 1.
These waterfall plots and the goodness of fit (?f the wavelet coefficients enabled us to ve_rlfy
possible misclassifications, i.e. if different trains of MUAPs were correc'tly mergec!. Besu:le;
the visual plots characteristic variables, i.e. peak-to-peak amplitude, shimmer variance an
phase stability were calculated.

SULTS _ . . .
%]::e decomposition of the 74 intramuscular signals identified 887 different MUs. Thirteen
MUs were continuously active throughout the 30 minutes task. In eleven of these the
decomposition achieved good accuracy, in the remaining two MUs it was moderate.
DISCUSSION . ' '
The goodness of fit based on the wavelet coefficients, the calculated varlablgs and the visual
plots enabled us to test the quality of the decomposition results that included several

thousands of single action potentials.
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Figure 1: Waterfall plot of MUAP tempiatés for a Cinderella MU that is active thr

oughout the

entire computer task. The MUAP templates are updated every 10-seconds. The MUAP templgtes
are plotted for all three channels. (AE=80.4% and d=54.8% compared to the most similar
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scparated MU class; 87.7% MUAPs with criterion 1 and 2, 1.9% MUAPs with criterion 4.)
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INTRODUCTION

Muscle pain in the shoulder/neck area and the upper extremities is a common and increasing
problem among computer workers (Oberg and Astrém, 2000). Higg (1991) formulated the
“Cinderella” hypothesis, proposing that the pain is caused by an overuse of low-threshold
motor units (MUs). While this hypothesis is supported by laboratory studies that showed
continuous activity of single MUs during e.g. long-term (60-minute) static contractions
(Thorn et al., 2002), MU substitution (a shift from previously active MUs to newly recruited
ones) has also been observed. It is unknown if the MU behaviour in an experiment more
similar to long-term computer work may differ from that during a solely static muscle
contraction. The purpose of this study was to investigate MU firing patterns in the trapezius
muscle during a long-term computer work task. Specifically, are MUs continuously active
during such work?

METHODS

Four subjects participated in the study. Surface and 3-channel intra-muscular fine-wire EMG
(IEMG) was recorded from the right trapezius muscle during a 60-minute combined mouse-
and keyboard work task, which consisted of editing a text where every 20" word was in
boldface. The subject was asked to double click on each boldfaced word, un-bold and retype
it. A semi-automatic classification program, EMGLODEC, (Zennaro et al., 2001), was used to
decompose the signal into motor unit action potential (MUAP) trains. A MU was defined as
active when its low-pass filtered (0.5 Hz) pulse train (of identified firings) was above zero.

RESULTS

Subject 4 was excluded from the study due to poor quality of the IEMG signals. Median
surface EMG (SEMG) levels for Subjects 1-3 were 7.1, 14.1 and 3.3% of maximal voluntary
electrical (MVE) activity, respectively. The average gap frequencies (SEMG <1% MVE,
during >1/8 s) and the relative time with SEMG <1% MVE were less than 1 min™ and 1%,
respectively, for Subjects 1 and 2, and 13 min™ and 13.4%, respectively, for Subject 3. It was
observed from video recordings that Subjects 1 and 2 lifted their shoulders during the
keyboard input task, which induced periodical SEMG increases and less gaps and muscle rest.

The average classification rate of decomposed IEMG segments into one or several MUAPs

was 87% for Subject 2. For Subjects 1 and 3, there were decomposition problems due to
external signal disturbances and too large pick-up volumes of the electrodes. Therefore, the
classification rate for Subjects 1 and 3 was only 59 and 42%, respectively. Classification
results from Subject 2 showed 10 out of 15 identified MUs to be firing during >90% of the
working time while only 1 was active during <70% of the working time (Figure 1). Subject 1
showed a somewhat lower degree of long-term MU activity; among the 15 identified MUs,
the activity percentage was >90% for 5 MUs and <70% for 4 MUs. For Subject 3, none of the
12 identified MUs showed an activity percentage >90% while 6 were active <70% of the
working time. A low classification rate, as for Subjects 1 and 3, induces a negative bias in the
estimated firing rate, which should be considered when interpreting the result.
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ND CONCLUSIONS

?}iigggtiﬁf ol?long-duration active MUs, in at least one of the' stu.di.ed subj‘ects, supports the

‘derella hypothesis in the context of computer work. Inter-mdw@ual differences in MU
Cl?vity behaviour have previously been reported from more standardised tasks (e.g. Thorn et
a;: l2002). However, as a caveat, the present study contains results from only 3 test subje'cttc,,
; Here 2 subjects showed a low rate of segment classification. Under these cirgu_mstances '1t is
:ot possible to make any population-level conclusions about the MU activity behaviour

computer users.

amglllqill:gezsltihr? MU :ljctivities that could possibly be MU substitutions were found in all studied
subjects, which may mean that only some of the registe‘red_ low-threshold motor units follpw
the concept of the Cinderella hypothesis. These substitutions may also be related to high
overall MU activity. . '

In conclusion, the study showed an existence of long-term active MUs in a cpmputer work
task. This result supports the Cinderella hypothesis. Indic?tions of substltqtlon yver'e.also
found. The determinants for the prevalence of substitution as well as 1pter-1nd1V1dual
differences are still not completely understood. Therefore, the present study will be enlarged
in the near future with more participating subjects.
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Figure 1: Firing frequencies (Hz) for identified MUs in Subject 2 during the 1-hour task.
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INTRODUCTION

There are a few studies which report inhibition, due to experimental muscle pain, of single
motor unit (MU) activity by the use of intramuscular EMG signal decomposition. These
findings are in agreement with the pain adaptation model [4] which predicts decrease of
muscle activity in presence of muscle pain. Past studies [1][5] addressed the analysis of single
MU activity during experimental muscle pain with two basic limitations: 1) only one level of
pain (pain off or pain on) was assessed, thus it was not possible to investigate the firing rate
modulation by the intensity of pain, 2) only MU control properties were investigated, without
any indication on MU conduction properties (peripheral changes in the neuromuscular
system). The present study aimed at investigating single MU conduction velocity (CV) and

firing rate during stimulation at different levels of nociceptive muscle afferents in constant
force isometric contractions.

METHODS

The tibialis anterior muscle of 12 subjects (5 males, 7 females; mean age = 23.2 years, std =
2.2 years) was investigated. The study was conducted in accordance with the Declaration of
Helsinki, approved by the Local Ethics Committee, and written informed consent was
obtained from all participants prior to inclusion. The subject sat comfortably on a chair with
his/her foot fixed in an isometric force brace incorporating one torque transducer. The angle
of the ankle was fixed at about 90 degrees while the angle of the knee varied between 110 and
130 degrees depending on the height of the subject (the thigh was always in the horizontal
position). Muscle pain was induced by three intramuscular injections of hypertonic saline (5%
NaCl, 0.2, 0.5 and 1 ml) separated by 140 seconds each. In this way, three well-defined levels
of pain were obtained. Six isometric contractions (two for each pain level) of 20 seconds
separated by 50 seconds at 10% MVC were performed after each of the saline injections.
Surface EMG (with an array of 16 electrodes, interelectrode distance 5 mm) and
intramuscular EMG (by four fine wire electrodes) signals were recorded and processed with a
technique (based on spike triggered averaging) we recently proposed [2]. Briefly, the
intramuscular EMG signals were decomposed to have indication on single MU firing rate and
to average the multi-channel detected surface EMG signals. From the averaged surface EMG
signals the CV of single MUs was estimated by low-variance multi-channel methods [3].
During the painful condition the subject was asked to continuously score the pain intensity on

a 100 mm visual analogue scale (VAS) of pain with the lower extreme labeled “no pain” and
the upper extreme labeled “highest pain imaginable”.

RESULTS

The average VAS response from the 12 subjects in reported in the Figure. With the protocol
designed it was possible to obtain a clearly increasing level of subjective pain. The force was
constant in all 72 recordings. A total of 54 MUs were identified from the intramuscular and
surface signals. The mean MU firing frequencies were 10.75 pps, 10.27 pps, 10.03 pps, 9.77
pps, 9.72 pps, and 9.62 pps for the six contractions. A one-way ANOVA of the mean MU
firing frequency with the pain level as independent factor was highly significant (p<<0.001).
The post hoc Student-Newman-Keuls test disclosed pair-wise differences (p<0.01) of mean
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en the first three contractions and between these cont.racFions and t.he last

The mean firing rates in the last three contractions were nqt151gn1ﬁcantly different
i each other, although there was a tendency for a decrease. Firing rate was correlated
bfftweﬁn level of pa;n. The mean single MU CVs were 3.91 m/s, 3.88 m/s, 3.89 m/s, 3.8?, m/s,
w1t;1 :n?s and 3.86 m/s in the six contractions. A one-way ANOVA of single MU CV with the
3'8;1 levél as i-ndependent factor was not significant and CV was not correlated with the pain

firing rate betwe
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Figure. a) Mean and standard deviation of th? VAS providec_l by the sul:).je.cts .durln% tlﬁe
painful contractions. The three instants of time corresponding to the injection of t €
hypertonic saline are indicated with arrows. ‘p) The mean (i'standard error gf the mgan) iring
rate of the detected MUs for the six contractions. ¢) The estimated condpctmn Ve1901ty (mean
+ standard error of the mean) of all the detected motor units during the six contractions.

DISCUSSION AND CONCLUSIONS o '

This study showed that experimental muscle pain induces ¥n.h1b1t'1on Qf MU ﬁrmg rate by a
reflex activity of the afferents of groups III and IV. In addition, in painful conditions it was
found that single MU CV does not significantly change, suggesting that the mgdulatlon of
firing rate in constant force contractions is not related to changes of peripheral MU
conduction properties but rather to a central mechanisms.
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INTRODUCTION

Motor unit (MU) decomposition from needle EMG (1) is widely used today. However, its
measurement is invasive and it would not be easy to use. Although decomposition from non-
invasive surface EMG is desirable, such signal decomposition has been considered difficult,
even if not impossible, because both spatial and temporal resolutions of surface EMG are
much lower than those obtained by needle EMG. Nevertheless, a multichannel measurement,
easily done with an array of electrodes, can actually allow the extraction of much information
including amplitude, waveform and phase of motor unit action potentials (MUAPs). The
study of blind signal separation in MU decomposition using multichannel electrodes was
reported in (2) which used independent component analysis (ICA). Unfortunately, since ICA
decomposes signals basically utilizing only their amplitude, the method cannot, in principle,
identify different waveforms or different phase-delays appeared on multiple electrodes for a
single MUAP. Thus practical application of ICA needs careful deposition of electrodes placed
linearly in the transverse direction to muscle fibers. Considering the fact that waveforms and
phase-delays are actually different among channels, deconvolution is needed in processing
surface EMGs measured by electrodes array. In this paper, we apply multichannel blind
deconvolution method, as an automatic MU decomposition, to surface EMGs measured by
square array of electrodes, and also discuss about our results.

METHODS

A 5 by 4 array of Ag/AgCl electrodes (2mm in diameter for each) was attached on the left
forearm of a subject. The electrodes were placed separating by 10mm along muscle fibers and
by 4mm vertically. 16-channel bipolar surface EMGs were recorded for each pairs of adjacent
electrodes along muscle fibers. The measurement was done with weak voluntary isometric
contraction of a ring finger's flexion for about 5 minutes. Signals were recorded with 12-bit
A/D conversion at 1kHz sampling rate, and were filtered by 250Hz cut-off anti-aliasing filter
and by 2.5Hz digital HPF.

The surface EMG can be regarded as a signal which passed through noncausal filter, and its
transfer function has nonminimum phase characteristics. Therefore, we apply multichannel
blind deconvolution of nonminimum phase systems(3) for MU decomposition. An # -
dimensional output vector y is linearly computed through noncausal filter W(z) from an » -
dimensional input vector x as
Yy =W(@)x=L(z)R(z )x, (eq.1)

where W(z)= Z LNW Z 7, z' is the delay operator, W, is an nxn -dimensional
coefficient matrix at time lag p and W(z) is decomposed into a cascade form of two FIR

filters. L(z) and R(z ') are updated by information backpropagation method for each
sample.

RESULTS & DISCUSSION
400ms samples of the recorded EMGs and three selected outputs are shown in Fig. 1. The
other outputs (not shown here) are visually discarded as noise. Each of these three output

signals seems (0 indicate decomposition into a single MU, and the Wavefoms like delta-
function show successful deconvolution for the entire MUAP tr.ansfer function. There are
eight pulses from three MUs during the 400 msec, and in the middle of the figure, we can
observe that three MUs are firing simultaneously. -We det.ected peaks of eaph MUAP train,
and examined distributions for amplitude anc} firing period. They are unlmod'c.ll and it is
consistent with physiological knowledge on a single MU. We also calculated the i-th column
vectors of W '(z), which represent the MUAP waveforms for the i-th output component.

The obtained MUAP waveforms corresponding to the selected output components were also
consistent if they were assumed to be decomposed into a single MU. Moreover, the
innervation zones could be obviously discriminated where the phases of MUAP is reverse.

CONCLUSION . .
We performed automatic MU decomposition of multichannel surface EMGs by using

multichannel blind deconvolution of nonminimum phase systems, for which any specific prior
knowledge about EMGs is not necessary.
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INTRODUCTION

Knowledge about individual motor unit characteristics (MU) gives the most important
information about the muscle’s function and structure. In addition, the diagnosis of
neuromuscular disorders is largely based on abnormal MU characteristics. Information about
active MUs can be obtained by recording their action potentials using EMG. This is usually
done by needle EMG, but surface EMG is non-invasive and therefore preferable. However,
during a voluntary muscle contraction the potential distribution on the skin-surface is a
superposition of all active MU action potentials (MUAPs), a so-called interference pattern.
This work presents a new method to detect MUAPs in 130-channel surface EMG recordings
and to estimate the corresponding muscle fiber orientation and conduction velocity (CV).
Since MUAPs propagate along the muscle fibers, a grid of 13 by 10 electrodes can be used to
sample potentials from muscle activity at the skin’s surface. The aim is to use such sequential
amplitude distributions to detect moving components. Detection is carried out using 3-D cost
analysis. However, in order to achieve estimation precision in features of the EMG, additional
processing has to be done. An approach to estimate CV and fiber orientation is done using
sequential 2-D Gaussian function fitting and linear regression.

METHODS

The MUAP detection was based on 3-D cost analysis (1) and dynamic programming (2).
Basically, the detection process found all possible MUAP paths (trajectories) in
spatiotemporal data, using weighted path conditions. The conditions were based on amplitude
and deviation criteria, and the process associated each path with a specific cost where the
optimal path had the minimum cost. The problem can be described mathematically as

o J
min C,,, ==3 > w,C,(p,),
i=l j=1

where p, ={r,c:re[lLM]nce[l,N]}. M, N and O are the dimensions of the spatiotemporal
data and r and c¢ refers to rows and columns of the spatial dimensions. C; € R? are the path
condition functions, w; are weight constants and J is the number of conditions.

To reduce the complexity of the calculations, Bellmann’s principle and dynamic
programming were introduced. The detection step filtered out the moving MUAPs that
existed during a given interval of time. However, the positions of the resulting path data were
integer numbers in the frame space and provided poor spatial resolution. To increase the
estimation precision of the EMG features, the positions of the detected MUAPs had to be
improved. The shape of the detected MUAP peaks resembled the 2-D Gaussian in a local
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ding. Using this observation a sequential 2-D .Gaussi'an function-fitting procedure was
e UAP path data, i.e. row, column (proximal-distal and medial-lateral posﬁpns)
testec}. e N::'on ri]iren by th,e cost analysis, were utilized to make a fit in a local surrounding
i tl:;‘etlllicr;rlnplair%lde distributions. The fit was carried out in a least square sense to the
area

ian distribution. _ _ _ ' '
}(:}'auif}l/a CV and fiber orientation was estimated using linear regression on the improved
inally,

position data.

AND DISCUSSION ‘ |
’l;}l?es ll‘lgtrhsod was tested using real multi-channel surface EMG data, from the m. biceps

brachii, sampled for different fiber orientations ljelativ.e to the electrode gni I?nd ?jt t}l](::;
’tion. Figure la, shows an example of the trajf:ctorles of two deteqted MU ’s and tl

;(())Islit:iztcn-improved traces in spatiotemporal space. Figure 1b shows the histogram distributions
i I timates. ‘

Of - ﬁ}?erd(;?am;?f%ne a;f:;l; erldacgécflfence of images, the spatial location and propagating

Slr}llce ) reof the MUAPs is visually evaluable. On this basis, the detectiqn works satlsfa.ctor%ly.

?tesl?glll(l)d be stressed that, at this point, the approach of the fiber orientation and CV estimation

is preliminary.

CONCLUSION ‘ ' o
This work presents a method to detect MUAPs 1n multi-channel EMG data. The detection 1s

carried out using sequential potential amplitude distributions from the skin gnd re'ttl.lrns
spatiotemporal trajectories of the MUAPs. EMG features may be extracted if position-
improvement of the trajectories is done.
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INTRODUCTION

Power spectrum estimation has been widely used as the standard technique for EMG analyses.
In the past few years, a number of researches have been developed, using spectral analyses, to
predict contractile fatigue, to estimate the fibre type composition of muscles, to identify
pathologies etc. However, accurate estimation of the power spectrum function of stochastic
signals, such as EMG, is not a trivial task. Traditional methods, like DFT or FFT, have some
drawbacks: 1) they generally provide imprecise estimations, when processing stochastic
signals; 2) the DFT calculations are very slow, overriding the requirements when real time
signal processing is necessary; 3) the FFT needs an integer power of two number of samples;
4) both FFT and DFT have limited resolution. Faced with those difficulties, the authors
decided to investigate the use of the Chirp-Z Transform, developed by Laurence Rabiner in
the 1970’s. In this paper, the concepts related to the Chirp-Z are reviewed and its performance
is evaluated against traditional techniques such as DFT, FFT and Autoregessive (AR) models.
The results show that, the Chirp-Z matched the traditional methods for EMG power spectrum
estimation, but has also a number of advantages: 1) it does not require an integer power of
two number of samples. For instance, if an specific case study requires the data acquisition
and processing of 10000 samples, that number would need to be increased to 16384 (2" for
FFT calculations. However, the Chirp-Z will need only those 10000 samples; 2) it is almost as
fast as the FFT; 3) Although the authors used the Chirp-Z to obtain only the integer
components of the EMG spectrum, it is possible to improve that resolution to obtain non-
integer components. This can enhance the analyses of signals with low signal to noise ratio,
that is often the case with EMG signals. Therefore, the authors would like to suggest the
Chirp-Z Transform as the standard method for EMG power spectrum estimation.

METHODS

In order to carry out the operations required to use the Chirp Z Transform Algorithm (CZT), a
series of steps must be performed to estimate the power spectrum density of EMG signals.
Rabiner in (1) summarizes them as follows:

1. Choose L, the smallest integer great than or equal to (N+M-1) and compatible with any
available FFT algorithm. L denotes the size transforms that must be calculated in order to
perform the required high-speed convolution. N is the number of points in the input sequence
and M is the number of points at which the Z transform is evaluated.

AW Px(n), n=0,1,...,N - 1}

0, n=N,N+1,...,L-1

3. Compute the L-point DFT of y(n) using the available FFT routine; Call this result Y.
w2 0<n< M-1

4. Define the L-point sequence v(n) by w(n) =W “""2 [ _N+l<n<lL

2. Form the L-point sequence y(n) as y(n) = {

arbitrary, other n, if any
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5. Compute the L-point DFT of V(n). Calll it Vr.

6. Multiply Vr by Yr, point by point, to give Gr=VrYr.

7. Compute L-point IDFT of Gr; call this g. 2

2. Multiply g« by w* 2 to give X defined as X, = g, W* '*,k=0,1,...,M —1. The values of

g for k = M are not meaningful and are discarded.

RESULTS . ' L d
Figure 1 show an EMG signal, along with three different power spectrum estimations an

error signal. The signal was collected at 1000Hz during an isotonic elbow ﬂexipn contraction.
The total processing time to calculated the spectrum using those three techniques has been
recorded and the error signal (between the DFT and Chirp Z spectrums) was calculated.

DISCUSSION _
The results show that the Chirp Z transform (0,26 s) is faster than DFT (15,47 s) and the AR

model (1,87 s) when estimating the spectrum of EMG signals. It also leads to th.e same values
calculated by a traditional method such as the DFT (error signal almost zero - Figure 1(b)). In
this specific example we could not use the FFT to determine the spectrum, as the number of

samples were not an integer power of two.

CONCLUSION |
The various tests carried out during this work show that the Chirp Z transform can be used as

a very good option (sometimes the most suitable one) for EMG power spectrum estimation, as
it gives us a handy solution for some drawbacks of traditional methods such as FFT and DFT.
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Figure 1. (a) EMG signal, Spectrum estimation via DFT, AR model and Chirp Z transform.
(b) Error signal between the estimated spectrum via DFT and Chirp Z transform.
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CROSSTALK ASSESSMENT IN SURFACE RECORDED
MYOELECTRIC SIGNALS

M. Knaflitz, F. Molinari

Dipartimento di Elettronica, Politecnico di Torino, Torino, Italy

INTRODUCTION

Surface electromyography is widely used to investigate muscle activation and timing during
motion, muscle control strategies, and muscle fatigue. However, in many practical situations
it is difficult to discriminate the signal produced by the muscle of interest from crosstalk due
to neighboring muscles. The problem of crosstalk assessment is complicated by the fact that,
during dynamic contractions, the degree of crosstalk affecting myoelectric signals may be
different in different time instants, due to geometrical changes of the source and of the
surrounding tissues. In the past, several strategies have been suggested to lessen the effects of
crosstalk during signal recording, such as using double differential probes or even more
complicated spatial filters, but these techniques must be applied when the signals are
recorded. Many researchers have large archives of signals detected with conventional probes
and would like to process them off-line, for lessening the effects of crosstalk. It is then
important to develop techniques able to compare two signals, collected from neighbouring
muscles, for detecting those intervals in which a signal is corrupted by crosstalk coming from
the other muscle. Moreover, characterizing crosstalk should facilitate its reduction. This
presentation describes a technique that allows detecting crosstalk between signals collected by
means of conventional probes in the time-frequency domain.

METHODS

This technique is based on the mathematical properties of the auto- and cross-time-frequency
transforms belonging to the Cohen class [1]. Two series of samples, which represent two
surface recorded myoelectric signals (SMES), constitute the input of the algorithm. The time-
frequency auto transform allows for estimating the instantaneous power spectrum of the input
signals. The cross-time-frequency transform yields the instantaneous cross-spectrum between
them. These time dependent spectra are then used to estimate the instantaneous log-squared
coherency, which shows, on the time-frequency plane, the regions in which the two input
signals are linearly dependent.

This information is of paramount importance, since crosstalk is due to low pass filtering
(tissue filtering) of a signal generated by a neighbouring muscle. It follows that, if the
istantaneous log-squared coherency is close to zero in a given region of the time-frequency
plane, one of the two signals is affected by crosstalk from the other. The extension of the
region allows for estimating the time interval and the frequency bands in which crosstalk is

present.

This technique has first been characterized through computer simulations. These were carried
out simulating different levels of crosstalk, ranging from totally correlated to completely
uncorrelated signals. To this end, we generated two realizations of uncorrelated stochastic
processes s;(2) and s(2), then we obtained a filtered signal s/(t) by bandpass filtering s(2)
between 50 Hz and 200 Hz, and finally we generated a third signal s;()=ous(t)+(1-a)s(2).
The two signals s,() and s3(1) were used as the input signals of our algorithm. The a
parameter ranged from 1 (totally correlated signals) to 0 (totally uncorrelated signals).

We also tested this technique on real data, by using SMESs recoded from the rectus femoris
and the biceps femoris of a subject during biking. These myoelectric signals were acquired by

- 44 -

i i i i i -Ag -jelled electrodes, recorded with a
f single differential active probes with Ag-AgCl pre-je ' ,
gnglsigg frefluency equal to 2 kHz, and digitized by means of a 12 bit A/D converter.

TS AND DISCUSSION . _
[E{;J;S[i];ns of the synthesized signals we demonstrated that the time-frequency representation

of the instantaneous log-squared coherency shows the. time instants and thF: frequency balnd?
in which the input signals are linearly correlated. Figure ‘1 reports the .1nsta'ntaneous og
squared coherency estimated for values of a equal to 1 (left image) and 0 (right image). b
It is evident that when the two signals are completely correlated (0.=¥),.m the frequency wi:gn
ranging from 50Hz to 200Hz the instantapeous log-'squared cohcrcnt.;y is close Fo ze;o.

the two signals are uncorrelated (a.=0) it is not possible to ﬁnd a reglf)n'of the tnln':-,-hrf:m.l;e)reue:zrl
plane in which the instantaneous log-sqgared coherency is zero. S_1mllar reslu ts iz}\trg e
obtained by processing real myoelectric signals. Moreover, considering the values }(1) fl: s Ef
squared coherency in the time-frequency plane we ha?fe also been able to estimate the valu

o, which measures the amount of crosstalk between signals.

NCLUSION |
fnoconclusion, the technique herein presented is a valuable tool for assessing the presence of

crosstalk between surface myoelectric signals rec'orded. from peighboring muscles. Bzf1
observing the regions of the time-frequency plane in which the instantaneous 10g-squafc}e1

coherency function is close to zero we can demongtrate the presence of crosste‘llk' betwei‘,int i
input signals. Since this technique is based on time-frequency transforms, it is cag etec
crosstalk also between nonstationary signals or even when the amount of correlation etweer}c
signals is variable. We believe that this study represepts a first step .towards the develoi)megl
of a procedure for the automatic crosstalk quantification and reduction, also between already

recorded signals.
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PRECISION DECOMPOSITION I FOR EMG SIGNALS -
AN NIH BIOENGINEERING RESEARCH PROJECT

C.J. De Luca'., S.H. Nawab?, A. Adam', R. Wotiz%, L. Hochstein®, L.D. Gilmore!,
R. Roark®, M.U. Manto*

' NeuroMuscular Research Center & Department of Biomedical Engineering, Boston
University, 19 Deerfield Street, 4th Floor, Boston MA 02215, USA

? Department of Electrical and Computer Engineering, Boston University, Boston, USA

* New York Medical College, Valhalla, New York, USA

* Free University of Brussels, Brussels, Belgium, EU

We propose to develop a new automatic system for decomposing the electromyographic
(EMG) signal into the constituent action potentials corresponding to the firing of individual
motor units. It will be designed with the following characteristics:

1) Decomposition time for typical contractions will be decreased from dozens of hours to a
few minutes.

2) The automatic decomposition accuracy will be increased from 70% to 95% - with
provisions for assisted editing to reach 100% accuracy.

3) It will be able to decompose signals from dynamic as well as static contractions, which is
a current limitation.

4) It will weigh less than 10 kg and have a notebook computer configuration.

5) Most importantly, the decomposition algorithms will be completely rewritten using a
newly developed knowledge-based Artificial Intelligence language blackboard platform
developed by us.

The development of the new system will be carried out in concert with two research projects
and two clinical projects designed to provide challenging data to the new Decomposition
system while revealing new clinical and physiological information. The hardware and
software of a functioning prototype of the new portable decomposition system has already
been built and is currently being alpha tested. Initial tests indicate an accuracy performance
superior to the old version with a speed increase of several hundred-fold.
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DETECTING CHANGES IN MUSCLE ACTIVATION FOLLOWING A
FATIGUING SUBMAXIMAL CONTRACTION

: 1
Lean . . ) } ) }
IsJéll:ggls of Physiotherapy and Biomedical Engineering, Dalhousie University, Halifax,

Canada

TRODUCTION ) e
ﬂyoelectric signal (MES) amplitude increases seen in a reference voluntary activation (RVE),

or test contraction, have been used in ergonomics research in 01"der to dgtegt neuromusgul'flr
fatigue resulting from prolonged or repeated low-level co_ntr'c.lctlons. This is problematic in
that amplitude increases, in the absence of a t_iowgward shift in the frequency spectrum, ma};
not indicate muscle fatigue, but rather alterations n mqtor unit recmltmept. The purposes o
this study were (1) to determine if increases in the amphtu.de of myoelectric signal recordlpgs
at several different sites over and within the upper trapezius muscle could be detected using
surface and/or fine wire electromyography after subjects perfoqned a prolonged arm-holding
task to fatigue, and (2) if these increases corresponded with upward (due to de-novo
recruitment) or downward (due to fatigue) shifts in the frequency spectrum.

METHODS o
Six normal healthy female volunteers participated in this study. Surface (S1-S4) and fine-

wire (FW1-FW4) myoelectric signal recordings were made at four sites on tl'le upper trapeziui
muscle while a series of three repetitions of each of two reference contractions (90°' and 30
unweighted shoulder flexion in the scapular plane) were performed by each subJecF bgth
before and after a static arm-holding task (30° flexion in the scapular plane) held to §ubjectlve
fatigue. For each data file, the corrected root mean square [RMS (mV)] amplitude was
computed over a moving window of 250 ms. The representative RMS values were determined
as the mean RMS value computed across the windows of each RVE contraction. A Fast-
Fourier Transform was used to compute the power spectrum (F FT?) of each data file, and the
median power frequency (MDF) was used to represent the central frequency. The data were
normalized by taking the ratio of the post-test measures (RMS gnd MDF) to th.e pre-test
measures. One-way ANOVAs on these ratios were used to determine significant differences
in RMS amplitude and MDF values after the arm-holding task.

RESULTS

Root Mean Square Amplitude (RMS) .
Surface channels: At the arm angle of 30 degrees, the RMS amplitude increased (?nly at site
S2 (p<0.013), where the post-test values were higher than the pre-test values. With the arm
at 90°, the RMS amplitude increased both at site S1 (p<0.005) and site S2 (p<0.005).

Wire channels: The wire sites demonstrated increases in amplitude at sites FW1 (p<0.02),
FW4 (P<0.035), and marginally at site FW2 (p<0.09) when the arm was held at 30°. When
the arm was held at 90°, FW3 showed a significant change in RMS amplitude, however the
pre-test values were higher than the post-test values. Both sites FW1 (p<0.0§6) and FW2
(p<0.059) showed marginal changes, where the post-test RMS values where higher than the
pre-test values.

Median Power F requency (MDF) . .
Surface channels: The MDF analysis showed that site S1 demonstrated a decrease in MDF in
the 90° reference contraction. Site S2 demonstrated a decrease in MDF (in both the 30°
(p<0.0005) and 90° (p<0.0009) positions) after the arm-holding task.
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Wire channels: Site FW2 demonstrated a decrease in MDF between pre and post-tests, at
both the 30° (p<0.001) and 90° (p<0.0005) positions. Site FW3 (with the arm at 30°)
demonstrated significant (p<0.023) changes in the MDF, however the direction of the change
indicated an increase in MDF. At FW4 there was no significant change in MDF
corresponding to the increase in RMS amplitude found with either the 30° or the 90° test.

DISCUSSION

For the surface electrode sites used in this study, comparing pre- and post-test contractions
revealed that only site S2 showed consistent evidence of fatigue, where an increase in RMS
was accompanied by a decrease in MDF. These findings are surprising given that this site
was 2 cm superio-anterior to the standard electrode position used by most researchers™*. At the
standard site (S1) an increase in RMS amplitude with the arm at 90° was not accompanied by
a decrease in spectral parameters. This finding at S1 is consistent with Oberg et al’ who
found no corresponding decreases in the power spectrum of the signal despite finding

increases in amplitude during similar loads. This RMS increase may not be indicative of
peripheral muscle fatigue.

CONCLUSIONS

Site 2 demonstrated consistent fatigue effects in surface recordings (an increase in amplitude
with a co-incident decrease in MDF), and the fine-wire recordings made at the same site were
also tending to demonstrate similar findings. It appears that wire electrodes are of little
benefit for the detection of fatigue post-activity. The findings of this study, coupled with the
companion reliability study also reported in these proceedings, suggest that site 2, located 2
cm supero-anteriorly to the conventional electrode site used on the upper trapezius’, is more

reliable and sensitive (than the other channels used in this study) to neuromuscular fatigue
recorded using post-activity test contractions.

Channel 2: RMS ratio (Post test vs. Pre-test) Channel 2: PSD ratio (Post test vs. Pre-test)
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Figure 1: The percentage of post-test to pre-test RMS and MPF values recorded during the test
~ contractions performed at surface channel site 2 (S2).
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UCTION . .
ﬁg:;g?of frequency spectra from EMG signals has been widely used to characterize muscle

fatigue and has attracted great interest in the fields of rehabilitation medicine, ergonomy and
- hysiology. The mean frequency (MNF) is commonly used as a spectral ghange
'Spo'rtst pr );)uring a static contraction the surface EMG signal is often assumed to bg stationary
m(:iilctilg i:ourier transform is applied. During dynamic contractions thgt assumption can be
- stioned, and therefore in recent studies time-frequency representations (TFRs) has been
ﬂ::d, One!critical problem during dynamic contractiqns is the 'dependence ?.f t;e 1\f/[It\}111:3
estimate on the signal-to-noise ratio (SNR). In dynamlc contractions the arrflp itu eh:n (e
surface EMG signal changes, but the noise remains almost. constantl. Therefore, f\;v on

signal amplitude is low the SNR will also be low and the estimates will be more affec y

the noise.

ETHODS . ' .
1lzlf)r EMG signals recorded from dynamic contractions the time-dependent or instantancous

1 1 is often estimated from a TFR according
MNF (IMNF) is an important parameter. The IMNE 1S 0
to equgtion 1? where [f;, fi] is the bandwidth on which the TFR has been calculated. The TFR

can be seen as an estimate of a power spectrum for every time instant, 7.
I

Ju
IMNF = [ f-P@, )df | [ P@.df (1)
It S

Since it is known that the MNF estimate is mostly affected by the high-frequency noise arig
that the surface EMG signal is bandwidth-limited, it h.as been proposed that the IMNF' sh0111.
be calculated from /7 to the maximum frequency at time / (fma,f(t)) where the,EMG.31gna11 1;
stronger than the noise. In (1) it was suggested that a method invented by D’Alessio, c?_ Z
threshold crossing method (TCM), should be modified and 1.1sed to find f.. The TCM finds
fmax by comparing the frequency bins, starting from. the high frequency end of th@ power
spectrum, with a threshold calculated from the statistics of th.e spectrum by spec1fyutg a
specificity of the method, p;. If, in a sequence of » frequency bins, the_re'are at least m 1r11s
that surpass the threshold, then f,,, is chosen as the highest .frequency bin in that sequincq. n
a power spectrum the frequency bins are chosen in successive order but we suggest t atdmta
TFR the frequency bins should be chosen with an offset from each other that corresponds to
the dependency in that representation. ‘

Anoth[;r way t}; calculats fomax could be with the hybrid method (2), where fia is the lowest

frequency that satisfies
T (1)

Ty

[ P, = [P N k(S = foa®) @)
Ju J ] d ty NO

where £ i nstant larger than or equal to the power noise density, /Vo. '
In thisks:u?i;()wse introfuce a new ?nethod and compare it yvith the TCM and the hybrid
method. This new method finds f,,q by, with start from the high frequency end of the power
spectrum, adding » frequency bins together, chosen with an offset from eachlother.ttlllat
corresponds to the dependency in that representation and compare the summation with a
threshold. The threshold is calculated from the statistics of the spectrum by specifying a
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specificity of the method, p;. When the summation is greater then the threshold then that value
1s taken as f,,,.

To compare the three different methods 100 signals with 16 000 samples each were made by
filtering white noise with a fourth-order butterworth filter with cutoff frequencies 50 and
100 Hz, with a assumed sampling rate of 2 kHz. In real EMG signals the noise can often be
estimated from the first part of the recording when there is no myoelectric activity. To
simulate inactivity the first 2000 samples of the signals were zeroed before white Gaussian
noise was added to the signals. A scalogram (squared magnitude of a continous wavelet

transform) calculated with a Morlet wavelet from 15 to 700 Hz was used to estimate the
IMNF.

RESULTS AND DISCUSSION

In Figure 1 the normalized root mean square (RMS) errors of the estimated IMNF, with
reference to the IMNF calculated from the noise-free signal, are shown for the different noise-
reduction methods. From the figure it is clear that all methods improved the IMNF estimate
for low SNR. With the parameters chosen the TCM and the new method outperformed the
hybrid method. The difference in results between the new method and the TCM were small
but the new method gave slightly better results, especially for very low SNR.

CONCLUSION

This study showed that MNF estimates of EMG signals recorded from dynamic contractions
could be greatly improved by applying any of the presented methods. The methods could be
used to estimate IMNF from other TFRs than the scalogram. These methods could also be

used to estimate higher order spectral moments, which are known to be even more affected by
noise than is the case for the MNF.
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Figure 1: Normalized root mean square (RMS) errors of IMNF estimate for different noise
reduction methods calculated for different SNR.
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CROSS-CORRELATION

M. Lowery ', N. Stoykov'? , T. Kuiken'?”’

| nehabilitation Institute of Chicago, IL, USA - | |

2 Ilgil::zllr':ment of Physical Medicine and Rehabilitation, Northwestern University, IL, USﬁ:
3 Department of Electrical and Computer Engineering, Northwestern University, IL, US

ODUCTION .
i;Nr;)rsI:-talk, the detection of volume conducted signals from muscles other than the muscle of

 terest, can be a significant limiting factor in surface electromyography (EMG): In
mrticulsar it is an important concern when studying co-contraction of aQJacent pairs of
r;-i,lscles.. ,Unfommately there is no clear method of distinguishing betvs{een sx_gr.lals ge'nerated
by the muscle directly below the recording electrode ar}d those \«\fhlch originate in 1mf)rvze
distant muscles. One approach which has been proposec'i is to examine the cross-corre z;t:on
function of two EMG signals to assess their commonality (1, 2). Although concerns alxl-’e
been raised about this method on the basis thgt the Volqme conduction process dram'clltlca;1 y
alters the characteristics of each motor unit action potential, the cross-correlation functlop as
continued to be widely used as a test for surface EMG 'cros.s-talk. One of the dl.fﬁcultleds 11}c
assessing the usefulness of such a measure is that it is difficult to obtain an 1ndepeg en1
measure of EMG cross-talk experimentally. In this paper, a mod.el of the surface EMG 31(gina
is used to explore EMG cross-talk at different eleptrode lpcatlons around .the limb and to
compare the amplitude of the volume conducted signals with cross-correlation based cross-

talk indices.

METHODS
Using a finite element model (3), surface EMG signals were generated for a muscle composed

of 250 motor units. The motor units were randomly distributed throughout a territory of
radius 30 mm, centred on the vertical axis. Motor units fired with mean ﬁrmg.rate_s that
ranged from 15-25 Hz. Each bipolar electrode pair was orientated parallel to the direction of
the muscle fibres, and was separated by an inter-electrode distance qf 20 mm. The root mean
square (RMS) amplitude and median frequency of the surface signal detected at blpolar
electrodes at 7.5 degree intervals around the surface of the Vglume copductor were exammed.
At each electrode pair, the maximum of the cross-correlation function of the EMG s1.gnal
detected at that electrode and that detected above the centre of the muscle was examined.
This was repeated as subcutaneous fat thickness was varied between 0 mm and 18 mm. The
RMS value and cross-correlation peak were then examined when a second muscle, adjacent to
the first was simultaneously activated.

RESULTS

The rate at which the EMG RMS amplitude decayed around the surface of the model
decreased as subcutaneous fat thickness increased, Fig 1(a). The rate of decay of the median
fre(luency of the EMG power spectrum also decreased with incrt?asing subcutaneous_ fat
thickness, Fig 1 (b). Both the EMG RMS value and the me.dlan frequency remained
relatively constant at electrode locations directly above the active muscl.e. Peak cross-
correlation values also increased with subcutaneous fat thickness, however, in each case, Fhe
maximum of the cross-correlation function decayed much more rapidly than either‘ the median
frequency or amplitude of the surface EMG signal, Fig. 1 (¢). The RMS amplitude of t(}le
Surface EMG signal at an electrode 30 degrees from the edgq of the active muscle was 4 %,
14 % and 20 % of the EMG amplitude directly above the active muscle, in the 3 mm, 9 mm
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and 18 mm fat models respectively. Corresponding cross-talk estimates based on the square
of the maximum of the normalised cross-correlation function were 0.8 %, 2 % and 8 %.

When a second muscle was simultaneously activated, cross-correlation values changed very
little, tending to increase slightly.

DISCUSSION AND CONCLUSION

The simulation results indicate that relatively large amounts of EMG cross-talk can be
detected above regions of inactive muscle tissue adjacent to the active muscle. However,
cross-talk indices based on the cross-correlation function did not reflect the level of cross-talk
at a given electrode site. Furthermore, it was not possible to distinguish between volume
conducted signals and signals generated by the muscle directly below the electrodes using
cross-correlation measures. As individual action potentials propagate through different
volumes of tissue, the amplitude, frequency content and shape of the waveforms change
dramatically. Surface potentials from motor units lying in the common pick-up volume of
two electrodes do not have the same phase, shape or magnitude. Therefore, an absence of a
peak in the cross-correlation function of two EMG signals does not necessarily indicate that
there is no cross-contamination between the two. Similarly, a large peak in the cross-
correlation function may be due to factors such as a common neural drive to both muscles,
rather than a common source. Furthermore, not only does the shape of the volume conducted
signal vary as it passes through different tissues, but different motor unit dominate recordings
at different electrodes, even if all belong to the same muscle. While the exact nature of the
relationship between the rate of decay of the surface EMG amplitude and the median
frequency of the EMG power spectrum is not immediately clear, significant differences in the
median frequency of the EMG signal above the active and inactive tissues were observed,
suggesting that the spectral content of the surface EMG signal may provide a better means of
distinguishing between EMG cross-talk and co-activation of adjacent pairs of muscles.
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Figure 1. (a) Normalised EMG RMS value (b) normalized power spectrum median frequency
and (c) peak cross-correlation value, at different locations around the surface of the model due
to a muscle, radius 30 mm, centred on the vertical axis (0 degrees). Values are presented for 3
mm (dotted line), 9 mm (solid line) and 18 mm (dashed line) thick fat layers.
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CTION .
?&gigglitudes obtained during maximum voluntary contractions (MVC) are commonly

d for normalization of EMG data. However, low back pain (LBP) patients are often upablc;
i willing to produce maximum muscle activation (1). This severely hampers studies o
?rrurllllil muscle recruitment in LBP patients and pr(')bably Fonstitutes one oi% Itlhe f:auscefst}(l):'
divergent results in studies on trunk muscle recruitment in LBB pa‘aents;lk e :::rlr; (f)orces
present study therefore, was to develop and test a model to estimate trunk mu
driven by non-normalized EMG linear envelopes.

ETHODS |
g?xteen patients with chronic idiopathic LBP and 16 matched healthy control subjects

volunteered for this study. Patients had no neurologic deficits, structural defonm.tlgs, gent;;lc
spinal disorders or previous spinal surgery. Patients suffered frgm LBP for perlli) s ia;;l}g) O;gl
from 6 months to 35 years. On a 10 cm visual analog §cale, patients expressed t (;:1; i
the day of testing as 2.1 (SD=1.2). Healthy control subjects had never experlleIric;P a;cu p'aij
lasting longer than three consecutive days and matched the experimenta group by
weight and height. _ _ _
%flrtl)?:;sa%fe,re pl%lced ina s%:mi—seated position in an apparatus that. restrlcte_td hip :inotlton 'ﬁﬁ
performed isometric ramp contractions in left and right lateral bending, ﬂex10nl, antt e)l(l eélio !
up to a level experienced by the subject as effortful but tolerable. A steel c_ab ea aZ 1? °
chest harness at approximately T9 and to a load cell provided the resistance. ramp
' ere performed twice. .

E(l)\r/}t(r}azzlgor?aslsw weré) collected using surface electrodes plaged on the followmg trunk mugcles
bilaterally: rectus abdominis, external oblique, internal oblique, thoracic erector spuglesg%lrﬁe,
and lumbar erector spinae. The EMG signals were band passed bet\yeen 20 an . fltz,
amplified, and sampled at 1.6 kHz. EMG signals were filtered with an adaptg/e2 51 Her
algorithm to attenuate ECG contamination and subsequently full-wave rectified and 2.5 Hz
lo .

Ar\;v é)ﬁéf:;:ie\fzg g&nk muscle model was used to estimate forces produced.by the muscles of
interest. The geometry and outline of the model hgve been described earhe.r 3). 98dvecti);z
crossing the L4/L5 joint were used to represent internal and external obhqu'es and recth
abdominus and erector spinae and multifidus muscles. Muscle force was estlma}te as the
product of maximum muscle stress, muscle activation, and muscle .cross-sec‘.uon.al arez:i
Conventionally, EMG signals are normalized to MVC Val}les to estimate activation an
maximum muscle stress is iteratively adjusted to obtain maximum agreement (least squares)
between the time series of muscle moments and net external moments. In the present model
10 normalization was used and gains were estimated for each muscle group that represepted
the maximum muscle tension divided by the maximum EMG amplitude. Copstramed
optimization was employed with the cost function being the sum of the squared difference
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between net moment components measured and muscle moment components predicted by the
model. The constraints were based on the assumption that maximum tension is between 20
and 100 Ncm™ and that the maximum EMG amplitude would be larger than the maximum
found in the ramp trials and lower than 3 times this maximum. A third constraint limited the
difference between the maximum and minimum of the maximum muscle tension estimates for
the different muscles to a factor of 3.

Gains were estimated on the combined data of the first ramp trials in four directions (gain A).
Gain A values, coefficients of determination (R?), and average absolute errors were compared
between patients and controls. To test the reliability, gain values were estimated on the set of
repeat trials (gain B). To determine whether the level of effort would affect estimates, data of
the first set of contractions were selected up to where 50% of the maximum moment was
produced and gains were estimated by fitting the model to this limited data set (gain C). The

three gain values were used to estimate the total muscle force at the instant of the maximum
net moment during the first set of ramps.

RESULTS

The medians of the peak moments produced were 51, 50, 45, and 37 Nm in extension, flexion
and left and right lateral bending, respectively. Differences between patients and controls
were not significant (Mann Whitney: p =0.47, p=0.40, p=0.18, p=0.09, respectively). The
model in general fitted the time series of net moments well. The median coefficient of
determination was 0.80 corresponding to a median of averaged absolute errors of 9.3 Nm. The
coefficients of determination, average absolute errors and gain values were not significantly
different between back pain patients and healthy controls (Mann-Whitney U: p=0.59, p=0.52,
p=0.47, respectively).

Reliability of force estimates was good with an ICC between estimates based on gains A and
B of 0.82. The estimated total muscle force appeared lower (median 449 N or 17%) when

based on gain C as compared to gain 1, indicating a dependency on the level of effort in the
gain estimation procedure (Wilcoxon: p < 0.001).

DISCUSSION

The model yielded good predictions of muscle moments in both the control and patient group.
Estimation procedures would thus not systematically affect group comparisons. Average
performance and reliability of comparable models that used MVC normalized EMG
amplitudes and healthy subjects was similar to our results.

The gain estimates and resulting force predictions were affected by the level of effort during
the calibration contraction. This may be indicative of non-linear EMG force relationships and
suggests that at least standardisation of this level during calibration trials is required.

REFERENCES

1) Newton M, Thow M, Somerville D, Henderson I, Waddell G. Trunk strength testing with
iso-machines. Part 2: Experimental evaluation of the Cybex II Back Testing System in
normal subjects and patients with chronic low back pain. Spine 1993;18:812-824.

2) Potvin JR, Norman RW, McGill SM. Mechanically corrected EMG for the continuous

estimation of erector spinae muscle loading during repetitive lifting. Eur J Appl Physiol.
1996;74:119-132.

3) Dieén JH van. Are recruitment patterns of the trunk musculature compatible with a synergy
based on the maximization of endurance? J Biomech. 1997;30:1095-1100.

-54._

' ' -RELATED CORTICAL
FACE EEG-DERIVED MOVEMENT
SS(I;TENTIAL IS GREATER FOR HUMAN ECCENTRIC THAN
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ION . _
gfgzé{igDc};j)ggderable evidence suggesting that different nervous system control strategies

exist for human concentric (shortleninglg and c:;:clentnc (lesn'lgst)l}:gr:lg)( (rjn;;g(;les‘iagc;lac;;sd[ii%érhttg(l)(;
i indicate that the central nervou ]

- alrlri:nav;}easl;lew:g $ges of muscle activities. Knowing more about CNS signals that
cong :a)te cgfmcentric and eccentric muscle actions would assist our understanding of neural
EZCII'lanisms underlying human voluntary movements and development oi .mozsdeffec;l\t/(e)
rehabilitative interventions and athletic training programs. The ;()jurpos_e (l)f t ::niial { I\‘/)[VIE{iCP)
evaluate electroencephalogram (EEG)-derived movement-rglate cortica dP?f atial (MRCS)
and to determine whether the level of MRCP-measured cortical activation diite

two types of muscle activities.

THODS _
lglight volunteers (6 men and 2 women, 27.8 + 7.2 y/0) performed 50 voluntary eccentric and

50 concentric elbow flexor contractions against a_subma{cima[ load. Scalp EES sngn?l? 12‘{))2;
four locations overlying sensorimotor-related cortical regions in the frontal an pan(eE?A ot
were measured (Cz, C3, C4 and Fz) along with t.he applied _t:orce, electromlyo%rag% s
the biceps brachii (BB), brachioradialis (BR), triceps brachii (TB), and de t01h ( EE)G ;- nal;
and elbow joint angles during the movements. MRCP was derived from the s tgtwo
associated with the eccentric and concentric muscle. contractions. MRCP was divided into
major components, negative potential (NP) and positive potential (PP) [2].

RESULTS

The load applied during eccentric and concentric tasks was the same and the fo;cgg,eix%rt;g ?qy
the subjects for eccentric and concentric tasks measured 54.5016.93 N aqd 6 .b g thé
respectively. The difference in force values originated from non-uniform friction gt»;eenater
pulling cable and the pulley for the tasks. Eccentric contractions were less steadyAviné gr;:1 e
force fluctuation (1.1420.61 N) than these of the concentric trials (0.76+0.25 N). Althoug o
level of elbow flexor muscle (BB) activation (EMG) was lower during echeR g;
(20.042.46%) than concentric (40.55+11.45%) actions, the amplitude of the two major M cP
components - one related to movement planning and execution (NP) and the other alssocxa te
with feedback signals from the central and peripheral systems (PP) - was sllgmﬁcant3 y g:r&)a ;{
for eccentric than concentric actions. The peak NP values for the Cz location wcreh i gl
1V and 2.80+1.19 pV for the eccentric and concentric contractions, requctwely. The pea 4
values were 6.06+0.40 pV and 4.74+0.66 pV for the two corregpondmg move_menti. The
MRCP onset time for the eccentric task occurred earlier than that for the concentric tas4.8 e
values of NP onset time (relative to the EMG onset) for the Cz location were -'859;:_ rtrlls
(eccentric) and -768+62 ms (concentric). All the above mentioned values were significantly
different between the two tasks (P<0.05). An example of the data is given in Figure 1.

DISCUSSION

The main findings of this study were that for eccentric muscle act’ions, the MRCP amplltLtlge
was greater and onset time was earlier than the corresponding values for concentric
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measurements. The EMG level of the elbow flexor muscles, however, was significantly lower
for eccentric than concentric muscle activities. Possible explanations for greater magnitude
and longer preparation time of cortical activities for eccentric movements: i) Degree of
difficulty. Eccentric contractions are more difficult to perform than concentric ones, and thus,
may require more cortical control [3]. ii) Preventing muscle damage. Eccentric actions are
characterized by greater tissue damage as compared with concentric ones and thus, the CNS
may need to plan ahead for damage reduction. iii) Different control strategy. Motor unit
recruitment order during eccentric contractions differs from the “size principle,” [4] indicating

that the CNS control strategy for eccentric movements may be different from that for
concentric ones.

CONCLUSION Angle N\ o o

It has long been speculated that the —
nervous system poses unique strategies

for controlling eccentric muscle actions. Force,  ~—__ Jn ] N
This study shows, for the first time, that
the brain plans eccentric movements and
processes  eccentric-related  sensory
information differently than it does for Ty
concentric muscle contractions. Because =~ EMG_BB s
eccentric movements are more complex, "l
make muscles more prone to damage, it
and perhaps require a unique motor unit AN 4 uﬂ
recruitment strategy to carry out the g
actions, the greater NP may reflect  EEG Cz
additional cortical planning activities or 4s

effort to deal with these “special : '
problems.” The higher magnitude of
MRCP PP for the eccentric contractions

may indicate that a larger amount of  gig 1. Joint angle, force, EMG (BB), and MRCP (Cz

sensory information is being processed electrode) for concentric (left) and eccentric (right)

in the brain, and additional reflex- contractions ofa subject. Dotted lines indicate the timing of

induced cortical activity resulted from trigger. The data show an increase in MRCP but a decrease

stretching the muscles. in EMG. The discrepancy in force was due to different
friction between the two tasks.

5

Concentric Eccentric
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TRODUCTION .
%Jle functional significance of unilateral motor and sensory activity 1s illustrated by

adaptations (i.e., Cross education) that are highly speciﬁc to thg opposite homologou(s1
structures and occur after chronic mental rehears:fll, skill practice, high-force voluntary emf
clectrical stimulation-evoked contractions, and peripheral nerve damage (1). ' The substrate 0
these adaptations, cortical map plasticity and neufonal pl.astlclty, plays an important role in
mediating recovery from brain injury and orthopedic deﬁcnjrs (2). . _

In an attempt to elucidate the mechanisms of these chromc qdaptatlor}s, we have prev:oysly
reported in acute experiments that 5-s-long voluntary isometric left VYI‘ISt flexion con_tract!or_is
(75%MVC) reduced H reflex amplitude to 50% of coqtrol in the right flexor carpi radlahs
(FCR) and increased 2.5-fold the motor evoked potentials (MEP) produced by'transc.ranlal
magnetic stimulation (TMS) over the left motor cortex ‘(3). Because unilateral stimulation of
cutaneous afferents in spinalized animals can facilitate the homologous contralate_ral
motoneuron pool, we tested the hypothesis that crossed segmentall effects may vary according
to the nature of the unilateral stimulus, i.e., whether the contraction is produced by voluntary
action or by electrical stimulation (4). The aim of this study was to compare voluntary and
electrical stimulation-evoked segmental and supraspinal crossed effects in humans.

METHODS
In 7, right-handed subjects (6 M, 1 F, age 24) we examined the effects of 50% and 75% left

wrist flexion MVCs, electrical stimulation-evoked muscle contraction (50%STIM), and a
combination of voluntary and stimulation-evoked contractions (75%COMB) on MEPs evoked
by TMS (150% motor threshold, Magstim 200) over the left motor cort@x. f.md H reflex
evoked by stimulating (1 ms, 50% of Hmax) the right median nerve (Digitimer DS7H).
MEPs and H reflex were recorded in the relaxed right FCR (background EMG < 20 puV). For
50%STIM and 75%COMB, the left FCR and flexor carpi ulnaris were simultaneously
stimulated with surface electrodes for 5 s with a 1-s on-ramp and 0-s off-ramp at 2 kHz
modulated at 50 Hz, up to maximal stimulator output of 80 mA (Metron Multistim, MA-100).
In the middle of each 5-s condition period, one H reflex or MEP was evoked and followed by
- 11 additional stimuli at 5-s intervals for 1 min and repeated 5 times. The last MEP and H
reflex in each 1-min series was used for normalization.

RESULTS .

One-way ANOVA revealed (F = 67.7, p = 0.0049) that 50%STIM significantly increased the
size of the contralateral H reflex by 30% (x44) (p < 0.05, Tukey’s post-hoc), whereas 50%
wrist flexion MVC reduced H reflex size by 24% (£18) (p < 0.05). In contrast, 75%CQMB
reduced contralateral H reflex size by 38% (£0.22, p < 0.05). This reduction was statistically
similar to the 34% (+£0.20) decrease caused by 75% MVCs without elegtﬁcal muscle
stimulation (p < 0.05). MEPs increased significantly under all four con.d}tlons but the
increases were greater (p < 0.05) during the 75% than during the 50% conditions (one-way
ANOVA, F = 11.1, p = 0.0084).
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DISCUSSION

The present data confirm previous findings that unilateral motor activity activates primary
motor cortex ipsilateral to the contraction, an observation that modifies the classical view that
the contralateral hemisphere exclusively controls voluntary movement (5). The similar
increase in MEP during stimulated and voluntary contractions indicate the importance of
ipsilateral ascending input to the motor cortex. The finding of a contralateral H reflex
facilitation and depression at the same absolute force during stimulated and voluntary
unilateral contraction, respectively, points to unique side-to-side segmental control of the
homologous muscle pair. It is possible that the H reflex depression during voluntary
contraction and the H reflex facilitation during stimulated contractions are the result of,
respectively, reinforcement and removal of presynaptic inhibition. However, animal data
indicate that cutaneous afferents may exert direct crossed influences or indirect crossed
effects through propriospinal paths on he contralateral homologous motoneuron pool (4). The
H reflex depression produced in the COMB condition suggests that the inhibitory crossed
effects associated with voluntary effort canceled the facilitatory effects produced by the
electrical stimulation. This cancellation indicates that the inhibitory effect associated with
voluntary contraction is stronger than the facilitatory effect caused by electrical stimulation
and that these two competing effects interact at the same crossed interneuronal system. The
data from these acute experiments suggest that cross education brought about by chronic
unilateral practice may be mediated predominantly by supraspinal or spinal mechanisms
whether the training stimulus is produced by voluntary contraction or electrical stimulation.

CONCLUSION

Crossed segmental effects may vary according to the nature of the unilateral stimulus and the
crossed-inhibition and crossed-facilitation of the H reflex during voluntary and stimulated

contraction, respectively, may involve presynaptic inhibition and crossed propriospinal and
cutaneous reflex paths.
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INTRODUCTION |
It has been reported that the simple reaction time was prolonged in the old age group compared

to the young age groupl). In order to investigate the effect of preparatory signal on the
0

prolonged reaction time in the old age group, the reaction times with and without a warning

. )
signal were studied in normal subjects J

METHODS o |
The reaction times with and without a warning signal were studied in 84 healthy subjects from

24 to 78 years old, averaging 48 years. As the methods, the subjects were requested 'to look a(;
the lamp(visual signal) and keep the finger of dominant hand on t}.1e ke.y. They were instructe

to push the key quickly as far as possible after the light. The reaction time was measured from
the time interval between the onset of stimulus and the initiation of response. The test of
reaction time was tried under two conditions: (1) a simple test with no warning signal, (2) a test

with a warning signal preceding the reaction time stimulus by 1.0 second. The warning signal

" was an 80-dB buzz with duration of 0.5 sec”. The 10 trials of reaction time were given for each

person under the same condition, and the mean value and standard deviation (SD) of reaction

times were calculated.

RESULTS o - .
The quantitative dates showed that the mean values of reaction times under the condition w1

no warning signal were increased with the age distribution from 24 to 78 years old. In the }./oung
age group of 20-29 years old(Figl), the mean value of reaction times was 252 ms-ec, and it was
significantly increased to 360 msec in the group of 60-69 years old and 379 msec in 70-79 years
0ld.(P<0.01). On the other hand, under the condition with a warning signal, the mﬁ.:an value of
reaction times was 220 msec in the group of 20-29 years old, and it was 258 msec in the g'roup
of 60-69 years old and 260 msec in the group of 70-79 years old. These values of reaction times

under the condition with a warning signal were not different between the groups of young age

and old age.
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DISCUSSION

The simple reaction times in the old age group have been reported to be prolonged compared
to the young age group'”. The similar results were also obtained in our examination. While in
normal subjects, a warning signal preceding the reaction time induces the alpha wave
desynchronization on the EEG before the reaction time stimulus® Then it was suggested that a
warning signal increased the arousal (alerting) level, and made the sensory motor response
more efficient*”. From these results, the reduction of reaction time to a warning signal
(preceding or anticipating signal) has been used as a measure of phasic arousal or alerting. In
our studies, the increased reaction times in the old age group significantly decreased after a
warning signal. Therefore our results suggest that the decreased function of arousal (attention)

system played the important role for the prolongation of reaction times in old age group of
60-79 years .

CONCLUSION

The reaction times with and without a warning signal were studied in 84 healthy subjects from
24 to 78 years old. The mean values of reaction times under the condition with no warning
signal were increased with the age distribution. On the other hand, under the condition with a
warning signal, the mean values of reaction times were not different between the groups of
young age and old age. Our results suggest that the decreased function of arousal (attention)
system played the important role for the prolongation of reaction times in old age group of
60-79 years old compared with the young age group of 20-29 years old.
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Age (Y.0.) 20-29 30-39 40-49 50-59 60-69 70-79
Without Warning P<0.01 |P<0.01
Mean+SD msec | 252+19 | 253425 |[253+26 |274+26 |[360+76 |379+80
With Warning

Mean+SD msec 220+9 22349 224+10 | 228+£10 | 258459 | 260+46

Fig 1:The age related changes in the simple reaction times without warning and with a warning
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ODUCTION o
{\T‘E;le denervation is typically investigated by using intramuscular needle EMG

[1][2][3][4]. This technique is useful in diagnosis and as prognostic tpol, but? since it is
invasive, it is unsuitable for monitoring the reinnervation process. The aim of this work was
to assess the feasibility of a surface EMG based follow-up of the reinnervation process in

denervated muscles.

METHODS .
Surface EMG signals were detected using linear arrays of 8 and 16 electrodes with

interelectrode distance 2.5mm, 5mm, and 10mm, according to the length pf the inyeshgated
muscle. Linear electrode arrays allow to identify the position of the innervation zones,
estimate motor unit (MU) conduction velocity, investigate the recruitment strategies, identify
polymorphic MUs, if they occur, and distinguish them from randomly superimposed MU
action potentials (MUAPs). ‘ .

The extensor carpi ulnaris and radialis, the extensor digitorum communis and the‘abductor
pollicis longus muscles were investigated in patients with a depervatmp of the radial nerve.
The abductor pollicis brevis was selected for the patients with a lesion of _the me(.ha}nqs
nerve. Finally, in subjects with a lesion of the sciatic nerve the biceps f.emurlg and tlblalls
anterior muscles were investigated. Until now, 8 patients have been 1nvest1gate(_l in 1_4
experimental sessions. Surface EMG signals were acquired from thg same S}lbjects in
experimental sessions separated by approximately 20 days. Each session proy1ded for a
series of maximal voluntary contractions for all muscles affected by the nerve lesion.

RESULTS '

In 4 subjects it has been possible to follow the reinnervation process in a temporal range
varying between 4 to 8 months. In one subject, with a sciatic nerve lesion, no reinnervation
has been observed. Three subjects are currently under observation.

On the basis of the preliminar data analysis, the following observations were made:

* The surface technique does not reveal denervation potentials which can be obserYed
from intramuscular recordings. Denervation potentials, also called ﬁbrlllathn
potentials, are brief spontaneous bi-or triphasic potentials that are seen in neurogenic
and primary muscle disease. .

The appearance of MUAPs and the progressive increase of the am.phtude of the
surface EMG signal allow monitoring the reinnervation process. The increase of the
surface EMG signal amplitude is concurrent with an improvement of the motor
ability of the subject, as clinically observed.

In some cases it has been possible to observe surface EMG signals at thelvel.'y
beginning of the reinnervation process, when only few MUs (3/4 MUs) were active 1n
the detection volume.

The evolution of the recruitment strategy can be appreciated starting with isolated
MUAPs and evolving to a burst activity up to a complete interferential pattern, as
shown in Figure 1.
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CONCLUSION

Preliminary results indicate the suitability of the surface EMG technique for the follow-up of
reinnervation processes of superficial denervated muscles. Further investigation is required
to extend the data analysis to a higher number of subjects.
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Figure 1. Surface EMG signals detected from the extensor carpi ulnaris of a subject with
lesion of the radial nerve in a recovery stage, during a wrist extension exercise at the
maximum voluntary force. It is possible to identify the reinnervation of new MUs..
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CTION ] _ ) .
%:I;%?:ilty of obtaining reliable, repeatable, and user independent data in gait analysis is

f the reasons that limit the diffusion of this techpique_. Gait analysis requires the
b oot of numerous biomechanical and myoelectric signals. Spemﬁcally, among
ct?lleCtloﬂ ical signals the most important and widely used are those obtained from foot
blo'mecham(;lich describe gait timing and the modality of the foot-floor contact. Next, are
i \'hc!lered joint angles, acquired by means of electrogoniometers, and the accel@ratlon
of'tf)ndcogz;;mentsj obtained tl"lanks to mono or bi-axial accelerometers. }n this presentation we
?ocu(')s gn signals obtained by foot switch;s gnd on surface myoelectric s1§n?ls;OtOCOl o for
This contribution shows that simple statistical procedures and a proper esf p e
obtaining highly reliable and user independent results, thus allowing for

diffusion of this technique.

NTAL PROTOCOL AND SIGNAL ANALYSIS . _
Ef)(igtl:ilrlrll fser independent results, the test protocol must be as sn_nple as possible. ?f(o;erzreﬁ%
it must be taken into account that often a proper space, for all9wmg patients to wa1 . %he
for at least 15 — 20 meters, is not available. To overcome this proble_m, we simply asd the
patient to walk back and forth several times over a d1stanc§ of at least .elght meters, 11:1 otf rethe
collect 100 — 150 gait cycles. Signals are sampled _contmuously, without any nee hon e
operator to start or stop the acquisition when the patient accelerates, decelerates, or chang

direction.

Foot switch signals: three foot switches are positioned under each foot of the1 sgbjec&
respectively in correspondence to the first and fifth metatarsal heads and the heel. On-o

signals from the switches are encoded to obtain four- anq eight-level basogriﬁhy. 1Inc égi
following only four-level coding is considered. The only choice left to the use;1 is te sieZ :S o0
of the reference cycle, which is defined as the sequence of phases that. clarag ‘ert > he
specific gait cycle the user is interested in. It must be noted that pathologlcad ;ul jec Isn e
show more than just a single type of gait cycle, and then the analysis Qescrlbe i, ow hySen
repeated several times, for each specific phase sequence. Once the gait cycle has 'eeg % oth
for each foot, a first software procedure selects all the cycles 'thgt are characteqze fy E
same sequence of phases, without taking into accoupt the statistics of t‘he duiiatéon ;)r :tailgn
phase. In this way, most of gait cycles related to patient turns, _acceleratlon an : ecele o
are rejected. To make sure of restricting the analygls to s1gmt.'1ca,nt cycles 0{1 y, a §ectin
procedure consisting on multivariate rejection of outliers (Hotelh'ng.s T-t'est) allows rq}::c; rrg1
those cycles that show the correct sequence of phases but whose timing differs too muc r(t))1
the sample mean vector (p < 0.2). Statistics are then carried out on the reduced ensemble
only.
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Surface myoelectric signals: surface myoelectric signals are used in an on-off fashion, to
detect muscle activation. This is obtained through a double threshold statistical detector
previously developed [1]. The statistical analysis of on-off muscle activation is then restricted

to the gait cycles belonging to the reduced ensemble only. In this phase, no arbitrary choice is
left to the user.

RESULTS AND DISCUSSION

Data presentation: the statistics of the four phases of the reference cycles are presented in
terms of mean value, standard deviation, and standard error for each phase considered as an
univariate variable, as well as in terms of multiple confidence intervals of the mean vector and
covariance matrix following a multivariate approach. Multivariate results allow for a sound
comparison between sets of data obtained in different tests on the same subjects, to
statistically demonstrate changes in his/her performances.

Muscle activation pattern is derived statistically in a similar way. To facilitate the
understanding of the entire data set and of possible correlations among muscle activation, a
single plot presents patterns and foot-floor contact data jointly.

Reliability of the results: following the procedures presented above, in normal subjects we
obtain standard errors on the duration of gait phases as low as 2%-3%. When different
operators repeat tests in different days, the repeatability of results is generally within the
standard error cited above. Similarly, in normal subjects we obtain standard errors as low as a
few percents when estimating the on-off and off-on transitions of muscles, with high
repeatability in different days.

CONCLUSION

In conclusion, the proposed technique allows for obtaining highly repeatable and user

independent data in gait analysis and we believe its diffusion could play an important role in
facilitating its clinical diffusion.
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DUCTION . _ .
E:;ll-sl.{ :;d fall-related injuries are common, costly and serious medical problems, especially for

the growing population of elderly people. Falling is often the resglt of a trip. After l?ﬁac'i gf
the swing limb with an obstacle, the body gets a forward rotation. '"1?0 prevent a fall, it is
necessary to rapidly arrest this forward rotation to prevent a fall. Positioning of th}e rg:ngry
foot properly in front of the body is one means to reduce the fgrwarcl rotation (1- ) emﬂes
the swing limb, the stance limb may play an important r(-)le in the recovery reaction a e;
tripping. Push-off with the stance limb can have two functions: first, initial countera&czltlon cty

the angular momentum of the body, and secondly,' gaining time and clearapce for adequa et
positioning of the recovery limb for further arresting of the forward rotation. The prezlsen

sfudy investigated whether and how push-off of the contralateral stance limb is used to reduce

the forward rotation of the body after tripping.

METHODS .
Twelve subjects walked over a platform of 10 meters at a comfortable walking speed, on

average at 1.64 m/s. Kinematic data and ground reaction forces' were measu.red at 100 Hz, and
EMG of lower limb muscles at 1000 Hz. Based on the online kinematic data, one of 21
obstacles, hidden in the platform, could be made to appear unexpectedly .from the platform
and catch the swing leg at exactly mid-swing. In about 10 of 60 trials, subjects were actuallz
tripped over an obstacle on either left or right side. Safety was ensured by a harness .attached
to a ceiling-mounted rail. Data of 5 trials of normal walking were av'eraged over SL'leects an
compared with averages of 5 left limb tripping trials. Joint moments in the stance limb during
both walking and tripping conditions were calculated by use of an inverse dynamics model.

RESULTS & DISCUSSION ' ‘ . | N
Recovery reactions appeared to be reproducible within subJ.ects; immediately after (':0111S10n
the obstructed swing leg was elevated over the obstacle. Swing phase of the swing limb was
prolonged, while the stance limb provided prolonged push-off: After push—off a short aerial
phase was seen instead of the normal double support phase. Stride length was increased from
1.66 m during normal walking to 1.82 m after tripping. ‘ ' o

Due to impact with the obstacle, the body rotated forwards, with a major cont.rlbutlon of ‘the
head-arms-trunk (HAT) segment. The averaged peak HAT angle was 42.4° with the Yertlcal
and the peak forward angular velocity was about 270°/s. This incre_aseq angular velocity was
almost completely arrested within the push-off duration. The COl‘ltI‘lbL!tlon of thg stancel: limb
to this counteraction is reflected by an increase in (peak) ground reaction forces in vertical as
well as forward direction by respectively 33 and 61 %. .

The required push-off force magnitude and direction were gener.at.ed by hamstrmg and
gastrocnemic muscles in the stance limb, which showed increased activity very rapldly. These
Muscle activities generated an increased ankle plantar flexion and an extension moment
around the hip and a flexion moment around the knee, where in normal walking hip flexion
and knee extension are generated during push-off (see figure).
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CONCLUSION

Based on these results, it may be concluded that the push-off in the stance limb contributes to
prevention of falling after tripping. By a rapid increase in activation of the hamstring and
triceps surea muscles, adequate joint forces and moments are generated to counteract the
forward rotation of the body. Additionally, push-off resulted in extra time and space (increase
of swing phase and an aerial phase and increased recovery step length), which facilitate
adequate positioning of the recovery limb for further arresting of the forward rotation.
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FIGURE: Stick figures of several comparable phases during normal walking or tripping.
Arrow indicates the Ground Reaction Force. The GRF is increased and directed more forward
after tripping. Horizontal bars in stance limb joints represent the joint moments. A bar to the
right indicates an extension moment, a bar to the left a flexion moment. Note the opposite in
hip and knee joint moments just during push-off of normal walking and tripping.
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TRODUCTION . _
[-n:_;man locomotion is controlled by spinal and central motor programs. Schizophrenic

disorders as well as neuroleptic treatment can affe-ct common motqr task-s..In gengral, severity
of neuroleptic-induced extrapyramidal symptoms 1s assessed by using clinical ratings. .
Aim of the study was to assess the influence of neuroleptic treatment on human gait.
Therefore we used a system for precise three-dimensional ultrasonic movement analysis for
the assessment of gait under neuroleptic treatment.

METHODS ' . - . .
The basic principle of ultrasonic three-dimensional gait analysis is the use of tiny ultrasonic

markers. These markers are attached to anatomically defined positions of the body.
Ultrasound impulses are detected by three stationary microphones mqunted on a panel on
each side of a walkway. Based on transmission times of the ultrasonic impulses between the
markers and the microphones, the three-dimensional spatial positi(_m of each marker is
calculated every 20 msec. Thus, several spatial and temporal gait-varlables_ can be assessed.
The basic variables calculated are stride length, cadence and velocity. Velocity of over g?ound
locomotion is determined as the product of stride length and cadence. The cadence is the
number of steps per time unit. Velocity can be increased either by longer steps or by more
steps per time unit.

In our setting, the patient is asked to walk at a self-selected speed on a 8m—Wallfway and then
to walk on a treadmill with three predefined velocities. The slowest velocity is 9.38 m/se.‘,c.
Gait at this velocity requires good coordination and is little automatized. The third v.elomty
with 0.86 m/sec represents for most probands a quite normal relaxed and casual gait. The
second velocity is 0.58 m/sec. o .
Ultrasonic three-dimensional gait analysis was performed in 2 groups of schlzophremc
patients according to DSM-IV. Group 1 consisted of 15 patients whose neuroleptic tr.eatment
was switched from conventional neuroleptics to olanzapine. 10 patients got haloperld'ol at a
mean dose of 7.1 mg/day, 4 patients fluphenazine at a mean dose 7.3 mg/d and 1 patient 10
mg flupentixol per day. They were switched to olanzapine with a mean dose of 16.7 mg/dgy.
We assessed gait parameters under conventional treatment and under treatment with
olanzapine after the change.

Group 2 consisted of 10 neuroleptic naive schizophrenic patients according to DSM-IV who
started treatment with olanzapine. Gait parameters were assessed before treatment and under
mean dose of 16.7 mg/d. ‘
Concomittant medication was limited to medication without effects on gait or motor
performance. There were no significant differences in age and sex distributipq, hexght and
Weight between the patients of the two groups. We used the ESRS for the clinical rating of
extrapyramidal side effects and the PANSS for rating the positive and negativ symptomes of
Schizophrenia, The nonparametric Wilcoxon test for dependent samples was used for
Statistical analysis.
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RESULTS

After treatment change from conventional neuroleptic to olanzapine in group 1 velocity of
over ground locomotion (p<0.05) and stride length (p<0.007) increases markedly. Stride
length under olanzapine treatment after the switch of the medication is similar to the stride
length in the group of neuroleptic naive patients before and during treatment with olanzapine.
In contrast to stride length there are no significant changes in cadence in group 1. At the
predefined slowest velocity (0.38 m/sec) in both groups stride length increases and cadence
decreases after the treatment change. The alterations are more marked in the group with
change from conventional neuroleptics to olanzapine than in the untreated group.
Assessments at the intermediate velocity (0.58 m/sec) show a similar picture. At the velocity
of a normal automatized gait (0.86 m/sec), the results are similar to the results we got at the
assessment of normal gait on the walkway at self-selected speed. Differences between patients
without neuroleptic medication and those with olanzapine are not significant.

DISCUSSION

Dynamic gait parameters are significantly influenced by neuroleptic treatment. At normal gait
velocity — the highly automatized gait — treatment change from conventional neuroleptics to
olanzapine leads above all to an increase of stride-length, whereas cadence remains stable.
Patients walk faster, mostly because they make longer steps and not because they make more
and faster steps. The increase of stride length and decrease of cadence at 0.38 m/sec in both
groups after the treatment change might partly be due to a learning effect.

CONCLUSION

Clinical findings of a reduction of the ESRS-scores under treatment change can be objectively
confirmed by three-dimensional ultrasonic gait analysis. The degree of impairment can be
objectively measured by testing spatiotemporal and kinematic gait parameters. Neuroleptics
can be compared regarding differences of impairment. Impairment of gait is more pronounced
under treatment with conventional neuroleptics then under treatment with olanzapine.
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- UCTION ' )
Tn;:lil,?f(?rmation about the co-ordination pattern of different muscles or muscle groups 1s of

high relevance not only in the treatment of movement disorders but al.so i_n other fields fet.g.

. ilitation medicine or sport sciences. Abnormal muscular co-ordln_atlon.patterns often
ﬁgg‘; lthc performance of an effective movement and results frequently in serious functional
ﬁrt?(;;rggntft; abnormal muscular co-ordingtioxll pattern is often the reasoln, in cf}ir;:z;ll ep::r;l:ﬁ
the characterisation of the movement deﬁc_lenmes is still based on the analysis o e muee
ics of the movement. 3D movement analysis has been turned out to be a proper tfho 0 iohieve
objective data about kinematic, kinetic, forces or power of the .mo'Vement but . e ;nee_EMG
ogy does not yield any information about the muscular co?ordmatlon patterlr:. urfac PN
signals detected simultaneous at different muscleg are sulFable to assess the r:n:scu o o
ordination pattern and would provide the needed 1.nformat10n, but the 1pterpcr1e ation o
surface-EMG signals is time consuming and often dlfﬁcglt'even for. experience Ilgsgzs 1S
why surface-EMG is so far not been introduced to clinical routine (Winter , Win
’11%?57 ﬁaper presents a new approach based on fuzzy-logic which supports the 1r}terpretat1§n r(r)lf
the surface-EMG signals and facilitates the assessment of the .rnuscular. co-ordination pa e1 .
This methodology contributes to utilise surface-EMG and‘ the 1nf0rrpat10n about the mliscu af
co-ordination pattern in clinical routine. The proc§dure is ‘exemphﬁed by the mus(;:u atr cct)
ordination pattern of the ankle joint movement during gait in healthy volunteers and patients
suffering from spasticity in gait.

METHODS . ‘
To support the interpretation of the surface-EMG signals in order to get the information abou;
the effectiveness of the muscular co-ordination pattern, an expert-system has been create

which is based on the fuzzy-inference-method. This method makes. the management of urﬁc;f-
tain, complex, logical connections with linguistic instrument's pqs&ble. Ina ﬁrs't apprf)acT . e
methodology has been exemplified by the muscular co-orc.hnatlon pattern durmg' t%'allt" 1tls,
the surface-EMG signals of the most relevant muscles during ankle movement (tibia 1s1 aél e-
rior, soleus and gastrocnemius) have been validated by the expert system. The knowledge-
base of the expert system takes into account that in t'hos.e cases 1n Whlch agonist anq antzlilg-go}-1
nist are synchronously active the movement of the joint is not effective. Thpse cases in whic

the co-activation is needed to stabilise the joint are excepted. The evaluation of the surface-—
EMG signals by the fuzzy-inference regards the level of activation of each musgle, t.he copicr:l-
bution of the different muscle to the resulting movement and the moment of a.ctwatlon within
the gait cycle. This information results in 11 rules e.g. “If the tibialis .a}.fzter.zor and the gas-
trocnemius are simultaneous active, than the movement of the ankle joint is not ?ﬁ‘ectzve i
Each rule is weighted according to its relevance for the ankle movement. The resultmgloutput
measure of the fuzzy-system has been called “Effectiveness” of ankle joint movement. I.t in-
dicates to which extent and at what periods of time the muscular co-ordination pattern yields
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an effective movement of the ankle. Figure 1 schematises the development of the different

rules and their outcome measure.

11 Rules for the Fuzzy-Inference:

TibAnt active and Gastroc active —>
TibAnt active and Soleus active —>
TibAnt active and (Soleus + Gastro) active —p

°

o]
TibAnt not active and Gastro active -
TibAnt not active and Soleus active —

TibAnt not active and (Soleus + Gastroc) active =

Effectiveness poor
Effectiveness poor

Effectiveness very poor
@

Effectiveness good
Effectiveness good
Effectiveness exceilent

Figure 1:

11 rules are used
for the fuzzy-
inference  which
estimates the ef-
fectiveness of the
out coming
movement based
on the muscular
co-ordination pat-
tern. The figure
gives a schematic
summery in which

— L Figure 2:
Healthy Co-ordination SpasticCo-ordination Fuzzy-based
EMG Surface-EMG ipterprefta—t .
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way the different
rules are build.

Conventional bipolar surface-EMG has been recorded simultaneously from the tibialis ante-
rior, the soleus and the gastrocnemius medialis muscle according to the SENIAM recommen-
dations (SENIAM 1999). EMG data have been rectified and smoothed by a 10 Hz high pass
filter. For each muscle different EMG-sweeps have been synchronised to the gait cycle, which
has been detected by food-switches. The EMG-sweeps have been averaged and normalised to
the maximum EMG amplitude appearing in each EMG envelope. The normalised EMG enve-
lopes of the different muscles have been used as the input parameters for the expert system.

RESULTS AND DISCUSSION

The expert-system has been verified at the ankle movement of healthy volunteers and patients
suffering from spasticity in gait. 20 Patients aged between 5 and 12 years and 10 adult volun-
teers have been evaluated with the fuzzy-system.

Figure 2 shows the results of the fuzzy-logic based interpretation of the muscular co-
ordination pattern of a healthy volunteer and a patient suffering from spasticity in gait. In the
case of the healthy volunteer the fuzzy system shows that the effectiveness of the ankle joint
motion is high during the complete gait cycle. This is due to an normal muscular co-
ordination pattern where agonistic and antagonistic muscles work in an effective way. In con-
trast to the healthy case in patients with spasticity the effectiveness of the motion is not as
good as in healthy ones. Especially in the beginning of the stance phase and at the end of the
swing phase the muscular co-ordination pattern induces a motion which effectiveness is poor.
In patients with less pronounced spasticity the effectiveness of the motion can increase to
normal values again. The degree of loss of effectiveness and the time of recovery typical for
each patient corresponds to the degree of spasticity.

The example of the ankle joint motion in spastic and healthy gait shows that the interpretation
of the muscular co-ordination pattern detected with surface-EMG can be supported by the

fuzzy-inference methodology. This is an essential prerequisite for the use of the information
about the muscular co-ordination in clinical routine.
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The example of the relatively simple ankle movement demons.trates the principles’ feasibility.
However the structure of the methodology allows to extgnd it to more comple>.c movemeILts
with a higher number of joints and muscles involved. This opens new information about the
movement not only for the treatment of patients with movement disorders.
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INTRODUCTION

Clinical movement analysis as well as dynamic electromyography are accepted tools for
evaluation of gait pathologies in CP children (1). In these patients, multi-level soft tissue
surgery may be performed in order to improve gait function. The success of the intervention
can again be evaluated with the above mentioned objective measurements. However,
comparisons between pre and post intervention measurements rely on a certain consistency of
EMG measurements. Therefore, it is mandatory to know how repeatable EMG data can be
obtained in these patients. This was the objective of the present study.

METHODS

In eight patients that were submitted to our department for soft tissue surgery (Tab. 1), two
measurements were recorded on separate days (PRE1 and PRE2) in order to test for reliability
and reproducibility. Electromyographic measurements were performed during free walking at
self-selected speed with bipolar surface electrodes from the following six thigh and shank
muscles: rectus femoris, vastus lateralis, semitendinosus, tibialis anterior, peroneus longus,
gastrocnemius medialis. Data was sampled and digitized at 1000 Hz with 12 bit resolution.
Data processing involved an automatic burst detection algorithm (2) for determination of
amplitude and timing (onset and offset) of EMG activities for at least 20 gait cycles.

RESULTS

In total, 90 PRE1 timing parameters were compared to 90 PRE2 timing parameters of eight
subjects. In two subjects with hamstring tendon lengthening, the two pre-intervention
recordings of the rectus femoris showed continuous activity. Therefore, no on- and offsets
times and amplitudes outside the burst were found. The average difference between the PRE1
and PRE2 timing parameters was 3.5+5.7 % of the gait cycle. Fig. 1 shows an example of two
repeated recordings with the detected timing parameters for the semitendinosus and vastus
lateralis. No significant timing differences can be seen between the PRE] and PRE2 meas-
urements. Thirteen of the paired timing parameters were significantly different (p<0.05). In
one subject (#14) all six timing parameters were significantly different. However, the profiles
were almost identical except they were shifted in time (mean 7.4 %). The lengths of the bursts
were not significantly different. It seems that there was an irregularity in marking the heel
strike events between the two trials. From the other 7 significantly different timing
parameters, 4 were within 6 % of the gait cycle. The average difference in amplitude between
PREI and PRE2 was 2.742.5 uV. This is 20+15 % with respect to the amplitudes in PRE1.

DISCUSSION & CONCLUSION

By studying the two pre-intervention recordings, it can be concluded that timing parameters in
the repeated measurements before surgical intervention are sufficiently reproducible. 86 % of
the measurements showed no significant differences between the two measurements. From
the 14 % that do show significant differences, most (43 %) are due to systematic differences
in one subject and 38 % are within 6 % of the gait cycle. The average difference in timing of
3.5 % appears adequate for gait analysis. Even though the absolute amplitude differences are
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.1 a few pV, the relative differences are larger since the amplitudes in and outside the
g e relatively small. Differences in timing parameters betw_een measurements can be
g ferences in muscle coordination and different walking speeds. Further sources

i b dif . - - . .
.e}f{’p‘;?;tr‘:gnc);s might be irregularities in marking heel strike events, or estimation errors in
ol di

purst detection.

CES aqe. . . . .
?Egtgilxzﬁz‘ldcr G et al. (2000) Intrasubject repeatability of gait analysis data in normal and spastic
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Tab. 1: Subject data and type of surgical procedures that were performed in 8 subjects.

Age Height Body mass Operated Surgery performed*

[years] {cm] kgl limb(s)

17,9 172 53 Right Ham
.;Z:g: 18,6 189 69 Right Ham, ATL, TAT
Joh06 14,9 169 54 Both Ham, ATL, Add
Joh07 12,9 Both Ham, Add
Joh08 13,8 158 44 Both ATL, & others
Joh11 9.3 139 43 Both Ham, ATL, Add
Joh13 18,0 165 55 Right ATL, TAT,
Joh14 15,3 163 67 Both ATL
Mean 15,1 165,0 55,0
SD 3.1 15,1 10,1

*Ham = Hamstring lengthening, ATL = Achilles tendon ler}gthening,
TAT = tibialis anterior transfer, Add = Adductor lengthening.
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Fig. 1: Above, 1% recording; below, 2" recording; left: semitendinosus, right: vastus lateralis.
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PATTERNS OF ELECTROMYOGRAPHIC ACTIVITY DURING FOUR
METHODS OF A SIT-TO-STAND TASK

B. Etnyre', D.Q. Thomas®
: Kinesiology Department, Rice University, Houston, Texas, USA
?School of Kinesiology and Recreation, Illinois State University, Normal, Illinois, USA

INTRODUCTION

Many studies have reported on the EMG activity of muscles during gait, but although rising
from a sitting position is a compulsory pre-requisite to gait, very little research has been
conducted on the muscle activity patterns of the sit-to-stand (STS) movement. Previous EMG
studies found no difference between conditions of rising with or without using armrests
(Kelley, Dainis, & Wood, 1976; Munton, Ellis, & Wright, 1984; Wheeler, Woodward,
Ucovich, Perry, & Walker, 1985). Reduced intervertebral disk pressure during the STS
maneuver was reported for rising using armrests or pushing off the thighs (Andersson,
Ortengren, & Nachemeson, 1982), but muscle activity during these methods of rising has not
been previously published. The purpose of the present study was to compare the EMG onset
times and durations of four methods of the STS task. Although several previous studies used
constrained methods of chair height (Alexander, Koester, & Grunawalt, 1996; Burdett,
Habasevich, Pisciotta, & Simon, 1985; Munro, Steele, Bashford, Ryan, & Britten, 1998) and
foot position (Fleckenstein, Kirby, & MacLeod, 1988; Khemlani, Carr, & Crosbie, 1999;
Shepherd & Koh, 1996) to standardize experimental protocol, this investigation focused on
the normal conditions every individual must use for rising from a standard seated chair
position.

METHODS

One-hundred subjects (50 males, 50 females; mean age 22.4 years) performed four methods
of rising from a standard height chair (43 c¢m). The four STS methods were rising with: arms
FREE; arms CROSSed; hands on the KNEEs; and hands on the ARMrests. IOMED pre-
amplified surface electrodes were attached bilaterally over the right erector spinae (RES) and
left erector spinae (LES) muscles. Electrodes were also attached to the right lower extremity
over the: gluteus maximus (GM); medial hamstrings (MH); rectus femoris (RF); tibialis
anterior (TA); and triceps surae (TS) muscles. Subjects were instructed to rise naturally using
each of the STS methods. A light directly in front of the subject signaled the initiation of the
movement and simultaneously initiated recording of the EMG signals. Separate one-way
analysis of variance with post-hoc analysis was used to compare conditions for each muscle.
A p <.05 level of significance was used for all comparisons.

RESULTS

There were no significant differences between onset times over the four conditions for any of
the muscles. Invariantly the TA was the first muscle recruited and the TS was the last muscle
activated in the sequence Significant differences between muscle durations occurred for the
RES, LES, MH and RF. The FREE condition EMG durations were significantly shorter than
the other three STS conditions for the RES and RF muscles and significantly shorter than the
CROSS condition for the LES. The CROSS condition was significantly longer than the other
three conditions for the MH durations.

DISCUSSION
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suggested that muscles contracting across . joints are temporally linked aI;ld

. +ione of muscle durations may be used in the lower limb and low back to coordlnat.e the
i d action under different functional demands. The sequence of onsets were cops1stent
e fgur conditions although durations varied. The natural parameters used ip this study
f at height and foot position could provide more generalizable ipfomatlon for the
e r in analyzing STS movements. Also, when rising from a chair Wlthout armrests,
praam;::ﬁts indicate moving with the arms free may be more efficient than using the hands
:ilef}ierknees as is commonly recommended by clinicians.

The results

sit-
across the

. LUSIONS ) . .
g?gg concluded that each method of rising had unique EMG pattern characteristics during

' i i jant. These data may be useful for comparing to
TS although onset times are invariant T : : ' _
:Ehglogic conditions when considering rehabilitation strategies during relearning of the STS

task.
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THE EFFECT OF EXTERNAL SUPPORTS ON THE AMPLITUDE OF THE
SURFACE EMG SIGNAL RECORDED FROM LUMBAR SPINE MUSCLES
DURING MAINTENANCE OF A FORWARD-FLEXED POSTURE

D.M. Selkowitz', M. Knaflitz%, P. Bonato®
! Western University of Health Sciences, Pomona, CA; 2 politecnico di Torino, Torino, Italy;
3 NeuroMuscular Research Center, Boston University, Boston, MA.

INTRODUCTION

Forward-flexed postures have been shown to increase indicators of spinal compressive
loading, such as lumbar EMG."? Maintenance of forward-flexed postures and spinal
compressive loading are known to be risk factors for low back pain and dysfunction
(LBPD),>* Published data is scarce on effective strategies that allow people to maintain
forward-flexed postures without increasing surface EMG activity of the lumbar paraspinal
musculature and other indicators of spinal compressive loading. External supports such as
lumbosacral corsets have been widely prescribed and used for the prevention and
management of LBPD. Among the mechanisms by which they are thought to be effective is a
decrease of spinal compressive load (via decrease of intra-discal pressure, and lumbar
paraspinal musculature activity and contraction force).” However, studies that have
investigated this mechanism included very small sample sizes, and are equivocal or
unsupportive regarding the usefulness of lumbosacral corsets,”® as are studies that have
assessed injury prevention.”'°

The purpose of this study was to compare the effects of using an elasticized lumbosacral
corset (ELSC), an electromechanical device called the Spine Sling Support (SSS), and no
support (NS) on the magnitude of the surface EMG activity of the lumbar paraspinal muscles
during maintenance of a forward-flexed posture. The initial value of the root-mean-square
(RMS;init) was the dependent variable. Our hypotheses for the comparisons among the
conditions of support were: 1) there would be no difference in RMS;,; between an ELSC and
NS; 2) the SSS would manifest lower values for RMS;,;; than an ELSC and NS.

METHODS

Thirty-three uninjured volunteers (24 men, 9 women), 19-40 years of age (mean 28.4 years),
were recruited from the Politecnico di Torino community in Italy. Subjects maintained a
forward-flexed posture in each of three conditions of support: 1) ELSC; 2) SSS; 3) NS. The
position of testing, based in part on research by Schultz and colleagues,’ was the same for all
conditions of support, and was verified in each case by the experimenter. The SSS is an
electromechanical back and body support."' In part, it consists of a motor, spool, support line,
pulleys, vest, belaying track, and remote control switch. The ELSC was of similar design to
corsets commonly used in the workforce, with nylon fabric, suspenders and Velcro
enclosures.

Surface EMG signals were collected bilaterally from longissimus thoracis at the L1-2 spinal
level, iliocostalis lumborum at L2-3, and multifidus at L5-S1, using active single differential
electrodes having two parallel detection bars. Each bar was 10 mm long and | mm thick.
Inter-electrode distance was 10 mm. During the recordings, each bar was aligned
perpendicular to the direction of the muscle fibers so that the perpendicular distance between
the bars was aligned parallel to the direction of the muscle fibers. The ground electrode was
placed over the wrist. Signal acquisition system specifications were: bandwidth 10-500 Hz (-
3 dB; 12 dB/octave roll-off), CMRR greater than 90 dB, input equivalent noise 1 pVims,
linearity error < 2%. Sampling rate was 1,024Hz. Samples were digitized and stored using a

computer equipped with a 12-bit A/D card (Microstar 2400). Signal processing occurred off-
line.
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RMS values were computed for each of 30 s of the contraction fl(])r each muscle. An ordinary
Jeast-square regression was performed on the 6" through the 30" secor}d (.epoch) of the RMS
time-course, to obtain the RMS;y; (intercept with the y-axis) alor.lg with its 95% confidence
interval. The first 5 s of EMG data were disregarded to avoid possible artifacts at the
beginning of the contraction due to postural adjustments. Any ep_och’s RMS value that was
outside of the 95 % confidence interval was considered an outlier and removed. In such
infrequent occurrences (less than 5%) the regression line was re-estimated after removal of
the outliers, and the RMS;y; value was computed again. o
Repeated measures ANOVAs were performed to determine if the RMS;,;; was significantly
different among the conditions of support, for each muscle site (i.e., six ANOVAs, total).
Difference contrast tests (a priori planned comparisons using multiple dependent t-tests) were
performed following the ANOVAs to show which pairs of support conditions were
significantly different. The alpha level for the contrast tests was 0.05/3. Based on the
research hypotheses, the contrast test comparing ELSC versus NS was two-tailed, and the
contrasts comparing the SSS to the ELSC and to NS were one-tailed.

RESULTS

Mean RMS;.; values for the six muscle sites ranged from 17.7 pV to 21.7 pV for the ELSC,
16.3 pV to 20.6 uV for NS, and 6.0 uV to 10.5 pV for the SSS. The SSS was significantly
lower (p<0.001) than the ELSC and NS at all muscle sites, by about 50-75%. The ELSC and
NS were not significantly different at any muscle site except one; NS was lower (p=0.011),
but by only 1.5 pV (about 8%).

DISCUSSION

In a preliminary study, our data analyses from within-subject comparisons among the
conditions of support demonstrated that there was no systematic bias affecting RMS values
due to pressure exerted on the electrodes by the ELSC." This is consistent with other
reports.>’

The mean RMS;,; levels recorded were generally low, and those associated with SSS use
were extremely low. The 95% confidence interval for the signal was approximately +3uV.
Thus, in most cases using the SSS, the signal appears to have consisted largely of noise.

CONCLUSION . .
The SSS was useful for reducing the magnitude of lumbar paraspinal muscle activity during
maintenance of a forward-flexed posture, while the ELSC was not.
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MUSCLE ACTIVATION CHARACTERISTICS IN CHRONIC PAIN

H.J. Hermens, M.M.R. Hutten, M. Nederhand, M. Tepper, G. Voerman
Roessingh Research and Development, Enschede, The Netherlands

INTRODUCTION
In our western world, there are a large number of people with chronic pain, preventing them
to participate actively in work and social life. Several models have been developed to create a
better understanding of the process of the development of chronic pain as well as to answer
the question why some subjects develop chronic pain while others in an apparently very
similar situation do not. Most of these models recognise the multidimensional complexity of
this process by involving both personal and environmental factors. A common characteristic
in most models concerns changes in the motor control of the muscles in the painful (and
contra-lateral) area, reflected in abnormal muscle activation pattern. To summarise some of
the models with respect to this aspect:
e The pain adaptation model (Lund 1991) suggests changes in muscle activation
patterns, especially a lowered activation level of muscles in the painful region and more
antagonistic activity.
e The pain-spasm-pain model (Johansson 1991) suggests a circle process of pain
development and higher muscle activation levels, which again contributes to more pain.
e The occupational health model of Birch links a dysbalance in workload and
environmental aspects to short-term and long-term changes in muscle activation pattern
e The Cinderella theory (Hagg 1991) links a lack of sufficient relative muscle rest
(EMG gaps) to damage of muscle fibres and the occurrence of chronic pain

Brutally summarising the models, one would expect that after an initial occurrence of pain,
protection of the painful area is done in two ways:

® Avoiding patterns: a decrease of muscle activity and more activity of synergistic and

antagonistic muscles

¢ Stiffening patterns: hyperactivity of the muscles and a decreased ability to relax.

Both types of patterns are found in experimental studies. Some models strongly suggest that
the “choice” between these two patterns is related to personal factors (e.g. Vlaeyen 1995,
Hasenbring 1996). However, it is still far from clear how and when abnormal motor control of
muscles develops, who develops it, why and whether there are differences between different
chronic pain disorders like e.g. whiplash syndrome and computer related muscular pain. In
our centre a research program has been started towards characterisation of muscle activation

patterns in subjects with chronic pain, to answer these questions and to provide starting points
for a more efficient treatment.

- METHODS

SEMG measurements were made from the Trapezius muscles during epochs of 15 seconds in
each minute of the task (sample rate 1024 Hz; filters set at 10 and 250 Hz). Analysis was
focused on amplitude behaviour (RMS calculation during 100 mS windows).

Tasks involved concerned a standardised typing task, a stress task requiring no motor activity,
a gross motor task involving paced putting of marks on paper and a reference task
(Mathiassen). Three groups of subjects were involved: subjects with chronic pain related to a
whiplash (1), related to computer repetitive strain injuries (RSI)(2) and healthy controls (3).
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RESULTS N N .
A summary of results in chronic pain with respect to muscle activation in several different

conditions is given. The terms higher and lower refer to the values obtained with a group of
healthy controls.

Muscle activation during motor tasks - ‘
During the typing task higher EMG levels were found in the whlplash and in RSI.groups. However
during the dot task, lower EMG levels were found in whiplash.patlents. Remarkable is that these lower
levels are found already at the very early stage of the whiplash syndrome (Nede.rhand). Anotl}er
remarkable finding is that in one handed tasks the differences are most pronounced in the Trapezius

muscle at the non-active side. . ) ‘
No evidence was found that the lower muscle activation was “compensated” for by more active other

muscles (like Deltoid and Infraspinatus)

Muscle activation during stress task - . .
During the stress task, muscle activation is in general higher in the whiplash and the RSI
subjects. This is especially evident in the non-dominant side.

Post task relaxation 3
Whiplash subjects at the chronic stage show a decreased ability to relax (Nederhand 2000).
However, this phenomenon is not present at early stages of whiplash, up to 6 months after the
accident (Nederhand, this proceeding)

Reference task . o
The reference task was developed by Mathiassen (1996) to decrease inter subject variability,
i.e. to enable a better comparison between subjects. However we found lower EMG values in
subjects with whiplash. No clear evidence was found that this lowered activity is compensate_d
for by higher activity in other muscles. In contrast, we found higher then normal values in
subjects with RSI.

CONCLUSIONS

The results of our studies indicate a large inter-subject variability in all groups, but some
patterns are becoming apparent. Subjects with chronic pain generally show more non-
functional (psychogenic) muscle activity, i.e. activity not necessary for the task tbey are
performing. This is reflected especially in activity in the Trapezius muscle at the side that
requires no muscular activity and a decreased ability to relax the muscles after a task.

A second characteristic, which is less consistent, is the activity level during the task. Both
higher and lower levels are found in comparison with healthy controls. This difference is
probably related to differences in the task but also to differences in the chronic pain syndrome
(whiplash vs computer related pain).

In a related project, a feedback therapy has been realised, in which the EMG is processed and
an alarm is given when there is insufficient muscle rest (Hutten et al. this proceedings). A first
study shows that muscle activation patterns can be changed using this approach. Also the
experienced pain decreases. This finding supports the idea that there is some relation between
experienced pain and muscle activation patterns, but more important, it also supports the
concept that learned abnormal control of muscles can be changed again into more healthy
muscle activation patterns.
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THE INFLUENCE OF MYOFEEDBACK ON MUSCLE ACTIVATION
PATTERNS AND PAIN IN WORKRELATED MUSCULOSKELETAL
DISORDERS

M.M.R. Hutten, H.J. Hermens, D. Eilander
Roessingh Research and Development, Enschede, The Netherlands

INTRODUCTION

Models and experimental studies show that in subjects with chronic pain, the muscle
activation patterns differ from those in normal subjects. This is reflected especially in a
decreased ability to relax the muscles. Subjects are not aware of this muscle activation as it
often concerns rather low levels of activation. Nevertheless, according to the Cinderella
theory (Hégg, 1991) these low levels of activation may contribute seriously to the
development and maintenance of chronic pain, when occurring during relatively long time
duration. An accurate feedback on the absence of sufficient muscle rest may contribute to a
greater awareness of this undesirable muscle activation and therefore may contribute to
diminishing of pain. However, up today, most myofeedback equipment has been based upon
the starting point that a warning to the subject should be given when the muscle activation
level exceeds a certain preset level. The Cinderella theory as well as the results of the
previously described research suggests a very different approach, i.e. a subject should be
warned when there is less then a preset time of rest in a muscle. In the present study a

myofeedback system has been developed, based on these starting points and a first study has
been carried out.

Myofeedback system

The myofeedback system consist of a two channel portable system that is combined with a
harnas incorporating dry SEMG electrodes to enable a stable recording of the upper Trapezius
muscles (figure 1). The SEMG signal is amplified (15x), digitised (22 bits ADC) and smooth
rectified with removal of the low frequency components. Embedded software provides muscle
rest detection and parameterisation. Sensory feedback is provided when a pre-set level of rest
is not reached. The duration of the feedback is progressively increased when there is no
adequate response on the feedback.

METHODS

Twenty one subjects with computer related disorders in their neck shoulder region received

continuous myofeedback for four weeks during their normal work. Before (T0), after (T1) and

4 weeks after (T2) the myofeedback training SEMG measurements of the left and right

trapezius muscles were performed and pain/discomfort was measured. SEMG analysis started

with placement of the electrodes (Hermens et al, 1999) and a reference test

(Mathiassen,1995). Subsequently, measurements were performed during a relaxed sifting

position, a standard typing task, three rest measurements, a stress related mouse task and

again three rest measurements. SEMG parameters used for analysis were:

1. The muscle activation level quantified by the RMS value.

2. Relative muscular rest time (RRT). This represents the amount of time, expressed as a
percentage of the total time, during which there is total muscle relaxation. Total muscle
relaxation is achieved when the RMS value is < 10 pV for at least 0.25 sec.

RESULTS

The RMS values show an obvious increase during the typing and stress task with respect to
the rest measurements. There is however a large variability between individuals. 65% (left)
and 71% (right) of the subject show lower RMS values during typing directly after
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myofeedback and still at four weeks follow up. For the stress task 35 and 41% of the subject
show an improvement directly after myofeedback and at 4 weeks follow‘-up: '

For RRT an opposite pattern is shown as found for th_e RMS. The RRT is hlgh d1-1r.1ng rest and
decreases during the typing and stress task. Again there is a large variability between
individuals. Directly after treatment, 24% and 35%_ of the subject are able to relax more
during the typing task compared to 41% and 47% during the st.ress task. At four weeks follow
up these percentages are increased; 53% and 41% for the typing task and 53% for the stress
g:lff(.)re myofeedback mean pain/discomfort scores are tl_le highest. for the neck and shoulder
region but are all below four on a scale from zero till ten. Directly after myofeedback,
decreases in pain/discomfort scores are found for all four (neck, shoulder, arms and upper
back) regions. Remarkable is that at four weeks follow up the scores show further decreases
and are significantly different from the scores before myofeedback.

DISCUSSION . .
Results of this study show in a considerable amount of subjects a decrease in RMS, an

increase in RRT and a decrease in experienced pain/discomfort directly after a myofeedback
training and even further improvements are shown at fo_ur weeks follow up. The concept of
myofeedback was to increase the awareness of insufficient muscle relaxation and teach the
subject how to relax. However, the increasing improvements at four weeks follow up, the
rather large changes directly after myofeedback as well as the pe.rs'onal Verbal' responses
indicate that not only muscle awareness but also the subject’s cognition concerning pain 18

changing.
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NECK AND SHOULDER PROBLEMS, TRAPEZIUS MUSCLE
ACTIVITY, AND HEARING DISORDERS IN ROCK/JAZZ MUSICIANS
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INTRODUCTION

Musicians are exposed to high sound levels and many suffer from hearing disorders such as
hearing loss, tinnitus (“hearing” noise and/or tones), and hyperacusis (hypersensitivity to
sound). Playing an instrument often includes fine-tuned movements, awkward postures, and,
especially during performances, stressful conditions, all of them factors known to contribute
to neck and shoulder problems. It has also been hypothesized that hearing disorders are linked
to increased muscle tension in the neck and shoulder region and/or sensitivity to stress. This
study was aimed at investigating such correlations.

METHODS

In this study, hearing status and living conditions were investigated in 139 rock-/jazz-
musicians by tests, physical examinations, and an extensive questionnaire (1). Forty of these
subjects (22 men and 18 women) were randomly selected into two groups, one consisting of
subjects having one or more of the hearing disorders hearing loss, tinnitus, distortion,
hyperacusis, and diplacusis (experienced pitch depends on sound level), while the other group
was free of hearing disorders. The two groups took part in an experiment where trapezius
muscle activity, as measured by bipolar surface EMG, and heart rate were recorded during
three different stress provocations (the Stroop test, the Norinder mental arithmetic test, and
counting backwards from 1022 in steps of 13) and during attempted rest (2). Each of the three
stress provocations and the resting condition went on for five minutes with short breaks in
between. During these breaks the next condition was described and the subject was instructed
on what to do.

The surface electrodes were placed on the upper trapezius (pars descendens) with an inter-
clectrode distance of 20 mm and the center of the two electrodes 2 ¢m lateral of the midpoint
between C7 and the acromion. The muscle activity was normalized to a reference contraction
where the subject held his/her arms 90° abducted in the frontal plane according to Mathiassen
et al. (3), and thus is expressed in percent of reference voluntary electrical activation (%RVE).

RESULTS

Three out of four (74%) of the musicians suffered from one or more of the hearing disorders
hearing loss, tinnitus, distortion, hyperacusis and diplacusis (1). Self-reported musculoskeletal
problems in the neck and shoulder were more common among those having (43%), compared
to those not having (31%) hearing disorders (n=139). Regarding the specific disorder hyper-
acusis, 1.c. hypersensitivity to sound, 55% of those having hyperacusis reported problems,
whilst 31% of those not having hyperacusis had problems in the neck and shoulder. This dif-
ference in neck and shoulder problems was significant (Chi-square test; p<0.05).

Table 1 shows group median values of heart rate and myoelectric activity during stress
provocations and attempted rest. Significantly higher heart rates were registered during all
three stress provocations compared to the resting condition (two-sided, paired t-test; p<0.001),
which proves that the chosen provocations were successful in creating stressful conditions.
Also the muscle activity was significantly higher during the Stroop and Norinder tests,
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compared to rest, in all 40 subjects _and in tlhe group without hearing disorders, but not in the
group with hearing disorders (one-sided, paired t-tests'; p<0.05). N ‘

The group without hearing disorders had somf‘:what. higher mean muscle activity during stress
provocations compared to those having hearing disorders, however, the difference was not
significant. Gender differences were not evaluated due to too small groups.

DISCUSSION N . ‘ .
The higher prevalence of neck and shoulder problems among musicians with hearing dis-

orders, especially the significant difference among those suffering from hyper.acusis, indicates
a possible link between hearing disorders and musculoskeletal. prpblems in the nec}c fcm‘d
shoulder region. Considering the nature of hearing disorders like tinnitus and hyperacusis, it is
easy to assume that they can contribute to increased muscle activity in the neck and sho'u.lder
in a similar way as mental stress. Contrary to what was expected, the group of musicians
without hearing disorders had higher mean muscle activity during stress provocations. Further
analysis will focus on other muscle activity characteristics than mean level and test these
against one hearing disorder at a time.

CONCLUSION

The hypothesis that hearing problems are linked to increased muscle tension could not .be
verified in the performed test were the muscle activity of the trapezius muscle was studied
during stress provocations. Self-reported neck and shoulder problems were more common
among those having hearing problems, and was significantly higher in the specific hearing
disorder hyperacusis, which indicate that the hypothesized connection may exist.
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Stroop test | Norinder Counting Attempted
backwards | rest
Heart rate (all) [bpm] 90 79 81 72
Hearing disorders (n=20) 91 79 82 72
No hearing disorders (n=20) [86 79 80 73
Muscle activity (all) [%RVE] 3.6 32 3.1 2.8
Hearing disorders (n=20) 3.2 Sl 2.8 2.9
No hearing disorders (n=20) |4.1 3.5 3.3 2.2

Table 1: Group median values of heart rate (in beats per minute; bpm) and trapezius muscle
activity (in %RVE) during three stress provocations and attempted rest. The muscle activity
presented is the group median values where each individual contributes the mean activity of
the left and right trapezius.
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VARIABILITY OF “ERGONOMIC” EMG PARAMETERS (RMS
VALUES AND RELATIVE REST TIME), RELATED TO
NORMALISATION AND ELECTRODE DISPLACEMENT
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Roessingh Research and Development, Enschede, The Netherlands

INTRODUCTION

Surface EMG measurements are often used in occupational health studies to investigate e.g.
the effect of ergonomic measures or muscle activation characteristics in work related
disorders. The two most often used parameters are the RMS value to characterise muscle
loading and the relative rest time (RRT) to characterise relative muscle rest. The RMS value
is calculated during relative small consecutive time intervals to enable determination of a
course of the muscle loading. RRT is calculated as the relative amount of time in which the
smoothed rectified EMG signal is below a threshold. To enable a better comparison between
subjects and comparison of repeated measures within a single individual often a normalisation
procedure for the RMS value is used. A considerable consensus has been developed to use a
submaximal normalisation test for the Trapezius muscle (Mathiassen 1996). Often this test is
not only used to normalise the RMS values, but also to determine the threshold value used to
calculate RRT. As a good comparison of groups of subjects or comparison of repeated
measures in individual subjects is crucial in many studies, the objective of this study was to
investigate the sensitivity of the RMS and RRT values for an electrode displacement and to
investigate the effects of normalisation on the RMS and RRT inter- and intra-subject
variability.

METHODS

SEMG was recorded of the Trapezius muscle of 12 healthy subjects. An electrode array,
consisting of 8 electrodes was mounted on the Trapezius to enable simulation of electrode
displacement. Inter-electrode distance was 2 ¢m in each direction. Using bipolar recordings,
an electrode displacement of 2 cm in 4 directions could be simulated. SEMG measurements
were performed during four reference tests according Mathiassen (1995) followed by a
standardized typing task for 10 minutes. SEMG was bandpass filtered (30-250 Hz), sampled at
1024 Hz during 15 seconds). RMS values were calculated as well as relative values. RRT
values were calculated using an absolute threshold (6 uV) and a relative threshold (5%
RMS,.f). Variability is expressed as the ratio between standard deviation and mean value in
percentage.

RESULTS

Comparing the individual results, no systematic changes were found as an effect of an
electrode displacement both for RMS and RRT values, in the sense of e.g. a lateral
displacement results in systematic lower values. However the results presented in table 1
show that electrode displacements result in quite large variations in RMS values within
individual subjects; mean intra-subject variability’s are 43% and 42% for the reference test
and typing task respectively.

These variability’s are much larger compared to the variability’s found between subjects
when considering one standardised electrode position (Hermens et al, 1999) i.e. 13% and 27%
for the reference test and typing task respectively.
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Normalisation of the RMS values, using the reference contraction values, decreases the
sensitivity of an electrode displacement in individual subjects till 33%, but has apparently no
clear effect on the inter-subject variability.

In contrast to these findings with respect to the RMS values, the sensitivity to elec_trode
displacement is very low for the RRT values; 0.7% and 0.8% for .t}.le RRT values using a
fixed and a relative threshold, respectively. The inter-subject variability on the other hand is
much larger. The use of the reference contraction value for the calculation of the RRT value,
as is often done in literature, did not decrease the sensitivity of RRT for an electrode
displacement neither the inter-subject variability.

DISCUSSION . '
The results suggest that normalisation of the RMS values is useful to decrease intra-subject

variability of the RMS values. This means that for investigation individual subjects repeatedly
in time normalisation of RMS values enables better comparison. Normalisation of RMS
values does however not decrease the inter-subject variability.

So, in contrast to the almost generally accepted hypothesis, normalisation of RMS values does
not result in better group comparison. Concerning RRT values, normalisation has no effect at
all, meaning that fixed thresholds can be used in its calculation. This will facilitate the use of
this parameter. The small sensitivity of RRT for electrode displacement and the large
intersubject variability makes this parameter less useful for direct group comparison but very
well suited in studies with a repeated measure design.
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Absolute Normalised | RRT RRT
RMS RMS Threshold Threshold
6 uv 5% RMS,er
refer.  Intra-subject- Different 43%
test variability electrode (32 - 53%)
(95% CI) placements
refer. Inter-subject- One clectrode  13%
test variability position
typing  Intra-subject- Different 42% 33% 0.7% 0.8%
task variability electrode (34-50%) (22-43%) |(0.3-1.2%) (0.4-1.2%)
(95% CI) placements
typing  Inter-subject- One electrode  27% 27% 111% 118%
task variability position

e ———————— " —————————————————]

Table 1 : Intra and intersubject variability and associated 95% confidence intervals (95% CI) for the
reference test and typing task using absolute and normalised RMS and RRT values.
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THE EFFECTS OF POSITIONING PRECISION AND MENTAL
PRESSURE ON MUSCLE ACTIVATION DURING TRACKING AND
AIMING WITH A COMPUTER MOUSE

B. Visser'?, J.H. van Dieén', M.P. de Looze®

I Institute for Fundamental and Clinical Human Movement Sciences, Faculty of Human
Movement Sciences, Vrije Universiteit, Amsterdam, The Netherlands
2 TNO Work and Employment, Hoofddorp, The Netherlands

INTRODUCTION

Work related upper extremity musculoskeletal disorders have become a major problem over
the last decades, with high and apparently increasing incidence and prevalence rates (1).
Although the pathophysiology of these disorders is still uncertain, several factors have been
associated with these disorders.(1,2). The mechanism behind these associations remain to a
large extent unclear. The present study aimed at identifying the effects of two of these factors,
precision and mental pressure, on the level of activity of the forearm and neck-shoulder
muscles.

METHODS

Ten healthy subjects performed two computer mouse tasks: a tracking task and an aiming
task. Each task was performed at two levels of precision and two levels of mental pressure. In
the tracking task subjects made the cursor follow a dot moving on the computer screen in a
circle at a fixed speed. The level of precision was increased by decreasing the size of the dot,
and mental pressure was increased by giving feedback to the subject about the number of
mistakes they made. In the aiming task subjects were asked to click on a dot which appeared
in random locations on the computer screen. The level of precision was increased by
decreasing the size of the dot, and mental pressure was increased by challenging the subject to
act as quickly as possible and recording the end time of the task. To prevent order effects
precision and mental pressure were varied in a balanced design.

Subjects were seated on an adjustable wheeled chair, with height adjustable arm rests. Also
the table was adjustable in height. A standard mouse and standard monitor were used. Prior to
the experiments the work place was adjusted to the anthropometry of the individual subject
according to common ergonomic guidelines.

EMG signals were recorded from three different muscles at the subject's dominant side: M.
trapezius descendens), abbreviated as 'trapezius' in the results, M. extensor digitorum, and M.
flexor digitorum superficialis, abbreviated as 'extensor' and 'flexor' respectively. Bipolar
Ag/AgCl (Medicotest, Rugmarken, Denmark) surface electrodes were used with a recording
distance of 15 mm. Signals were amplified 20 times (Porti—17TM, TMS, Enschede, The
Netherlands, input impedance > 10'%Q, CMRR > 90 dB), band-pass filtered (10-300 Hz) and
A-D converted (22bits) at 1000 Hz. EMG data were digitally rectified, filtered (4" order
Butterworth lowpass 5 Hz) and normalized to maximal voluntary contractions (MVC). Data
reduction was obtained by extracting the static level (10th percentile, P10), median level
(P50), and peak level (P90) from the Amplitude Probability Distribution (3).

The effects of mental pressure and precision levels on muscle activation were statistically
tested with analysis of variance (ANOVA) for repeated measures.
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RESULTS
Similar results were obtained for the P10, P50 and P90 levels. Therefore, only the P50 results

are presented in this paper. Precision had a main effect (F=9.342, p=.005) on muscle
activation with higher activation under high precision demand (figure 1). Mental pressure had
a4 main effect (F=7.607, p=.01) on muscle activation with higher activation during high mental
pressure (figure 1). Two way interactions between task and mental pressure (F=4.200,
p=.046) and between mental pressure and precision (F=4.833, p=.03) were found as well as a
three way interaction between task, mentalpressure and precision (F=9.935, p=.004). The
activation of the muscles was higher during the aiming tasks than during the tracking tasks
(F=8.446, p=.007), this effect was most pronounced in the trapezius muscle.

DISCUSSION

The results showed that both increased precision and mental pressure led to an increase in
muscle activity in the arm and shoulder muscles. This effect may explain the epidemiological
association of precision demands and mental pressure with the prevalence of upper extremity
disorders.

The level of muscle activity in the forearm extensor muscles during these intensive mouse
tasks was surprisingly high. In addition, trapezius activity appeared high especially in the
tracking task. This would suggest that tasks resembling the experimental tasks in terms of
mental pressure, precision demand and physical characteristics would impose a considerable
health risk.
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Figure 1. Effects of mental pressure and precision on muscle activity (P50) in the M. trapezius

descendens, M. extensor digitorum, and M. flexor digitorum superficialis during tracking and
aiming,.
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AN EVALUATION OF NURSING ASSISTANTS'JOB
IN A NURSING HOME

M. Caicoya, J. Sutil
Departments of Safety Work. Bureau of the Principado de Asturias. mcaicoya@hmn.es

INTRODUCTION

Nursing personnel shows a relatively high prevalence of low-back pain (Stubbs et. al. 1983),
and the workers compensation claims for back injury were ranked fifth among all occupations
(Klein et. al., 1984). Within nursing personnel, nursing assistants ( NAs) in nursing homes are
at greatest risk. Lifting and transferring patients and carrying too much weight are believed to
be the most important precipitating factors (Owen 1985, Scholey 1983, Stubbs et. al., Wright
1981). However, patient care and house hold tasks have been shown to be amongst the
activities contributing the most to the poorer working postures. The objective of this study
was to get a clearer understanding of task-specific work loads.

MATERIAL AND METHODS

The study took place in a 500 beds nursing home where all degrees of functional disability
were represented. Fifteen subjects were randomly selected and observed through the morning
and afternoon shifts. Physical work load was assessed by the Ovako Woking Posture
Analyzing (OWAS) The recording of postures was made every 30 seconds using a small
laptop computer, and the evaluation of the postural load was made with the four Action
Categories as defined by Kahru et. al. (1977). The heart rate (HR) was used as a physiological
measure of dynamic work load. It was monitored with Polar Electro Oy System and recorded
every 5 seconds. The degree of physiological stress was classified in five categories according
to the HR Astrand et. al. (1992): less than 90 (light work), 90 to 110 (moderate work), 110 to
130 (hard work), 130 to150 (very hard work) and 150 to 170 (extremely hard work).). Also, a
job analysis was performed including the work environment and the use of lifting aids. And
the statistic data were analyzed with SPSS/PC+.

RESULTS

7270 work postures were registered with OWAS. According to this method, less than 5% of
the recorded postures might be associated with musculoskeletal damage (categories 3 or 4,
table 1). Lifting accounted for 4.6% of the working time, however, only 15.6% of the lifting
was done manually. In these occasions, 42.3% of the postures were associated with action
categories 3. Pulling and assisting to toilet, which accounts for 5.3% of the working time, was
also associated to high action categories, but to a lesser extent than in manually lifting (table
1). There were 77988 HR observations. The mean resting HR at work was 88 beats, and it
was about 100 beats when physical work was performed, for an average increase in oxygen
consumption of 5 cc/Kg/min per minute, or an increase in caloric expenditure of 82. Kcal
hour for a mid weight person of 60 k.. During the work performance, the highest mean HR
was 102 beats/min, and it was found associated with the following activities: patient care
(washing, dressing etc), on bed postural changes of patients, changing diapers, and assisting
to toilet. In 17% of the work time the HR was between 110 and 130 beats (hard work), and in
about 1% was over 130 (very hard work). These results are in keeping with those found with
the classification with OWAS classification method.

CONCLUSION
In this study we found that only in very few occasions NAs perform tasks with high physical
demand or they adopt dangerous working postures. From these results, there is no reason to

- 88 -

think that NAs are at high risk of musculoskeletal, or low back, disord_ers. The qupstiop is if
the methods have enough sensitivity for the objective.‘ The agreement in the classification of
tasks by both methods gives consistency to the findings, but both might havc? a poor and
similar sensitivity. It might be argued that none of the m'ethods are apprppnate to st}ldy
weight manipulation. But lifting was rare and OWAS takes into account weight, though in a
broad way. Also, when performing brisk and short tasks, as most of the NAs tasks are, HR
does not increase in proportion to the energy consumption beclause most o_f energy 1s
produced anaerobically. It is interesting that HR is on the average htgh at rest Whl.lf: working,
higher than at home. Although oxygen debt must be paid while resting, most (_)f it should be
done in the first 5 minutes, therefore this is not an explanation. In summary, it appears that
NAs tasks are not as dangerous as it might be deduced by the high degree Qf com_plamfcs and
sick leaves we observe in our practice. A possible explanation, aside of misclassification of
the burden of tasks, is that as NAs job is low in content and high in emotional demand,. then
stress might be manifested in a higher susceptibility to back pain. Stress could algo explain the
moderate high HR at rest while at work. In a subsample of 7 NAs, there is a 10 beats
difference between rest at home and rest at work, while there is no difference between rest at
home and sleep. The study is being extended to evaluate this hypothesis.

Observations Action Categories (%)
Basic Activities Number % 1 2 3 4
1. Assisting patient on bed (washing,
changing positions, changing diaper, 1028 14,1 384 564 49 0,3
etc.)
2. Manual lifting 52 0,7 28,8 288 423
3. Mecanical lifting (hoist) 281 3.8 68,3 29,5 2,1
4. Pushing and pulling 291 4 79,0 4,1 16,8
i hing, dressin in
e gENE i 502 69 576 336 719 08
6. Assisting with eating, drinking or taking
medication 2846 39,1 73,3 247 1,8 0,2
7. Housekeeping 620 8,5 653 314 372
8. Put the work’s materials away 965 13,3 77,8 182 3.8 0,1
9. Assisting toilet 94 1,3 574 27,6 117 3,2
10. Other tasks, mostly administration 591 8,1 98 1,9 0,1
Total 7270 100 68,7 27.1 3.9 0,2

Table 1: Distribution of basic activities and percentage of the OWAS action category.
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QUANTIFICATION OF MUSCLE POSTURAL ACTIVITY
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INTRODUCTION

Posturography provides physicians with valuable information on patients suffering from
motor control disorders. Until now, the postural control system has been investigated mainly
by analyzing the postural sway and the trajectories of the center of pressure (COP) and of the
center of mass (COM) during standing posture tasks. Quantitative assessment of balance is
typically conducted on the basis of parameters derived from the analysis of the COP trajectory
[1]. However, the role played by muscle stiffness and muscle activation during standing is
still controversial [2,3]. Thus, the analysis and the quantification of muscular activity can be
of help in investigating motor control strategies. Surface myoelectric signal (SMES) is
commonly utilized in posturoraphy to evaluate responses to externally applied disturbances
[4], but SMESs detected during quiet standing have generally not been taken into account,
mainly because of their very scarce amplitude that makes it difficult separating them from
background electrical and biological noise. At this time, there are detection systems that allow
for strongly amplifying myoelectric signals still yielding high signal to noise ratios and then
studying muscle activation during quiet standing has become feasible. This contribution
suggests a possible strategy to quantify muscle activation in this specific task.

METHODS

Experimental validation was carried out on a sample population consisting of 10 healthy
subjects who signed an informed consent form. The acquisition system consisted of a three-
component dynamometric platform that allowed for acquiring the vertical force and the
moments with respect to the two orthogonal axes. This platform was connected to a system
which allowed the simultaneous acquisition of platform and myoelectric signals (StepPC® by
DEM, Torino, Italy). Signals were acquired with a sampling rate equal to 2 kHz and
discretized by means of a 12-bit A/D converter. Subjects were asked to stand in the center of
the force platform for 60 seconds, with open eyes and arms lying along their trunk. To
evaluate the muscle activity responsible for the maintenance of balance, SMESa were

recorded bilaterally from four muscles: tibialis anterior (TA), gastrocnemius (GSC), rectus
femoris (RF) and biceps femoris (BF).

RESULTS

The modalities of muscle activation during quite standing have been classified as follows: a)
no activation; b) weak and continuous activation; c) strong intermittent activation; d)
activation of a few motor units only. Obviously, in case a) no muscle activity quantification is
possible; in cases b) and c¢) quantification was attempted using the signal root mean squarc
value and its number of turning points. By comparing the characteristics of these two
parameters it is evident that the root mean square value is easier to compute, while the
number of turning points is theoretically more robust during dynamic contractions. Our
experimental results show, that in the specific task considered, the two parameters are
strongly correlated (correlation coefficient > 0.85). Finally, in case d) quantification was
obtained by counting the active motor units and estimating their firing rates.
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DISCUSSION . ' '
A model for the control of posture is the equilibrium point control, which states that: 1) on the

ascending portion of the force/length relationship, a muscle behaves like a spring: the force it
exerts once activated increases with its length; 2) the recruitment and the modulation of the
firing rate of active motor units change the stiffness of each muscle; 3) s'tretch reﬂexe; furt_her
enhance stiffness. Following this model, motion is descrlbefi as a shift of the equilibrium
point realized by agonist and antagonist springs. This is obtained by changing comrr_lands to
alpha motoneurons, changing commands to gamma motoneurons, and changing ?he
amplification of the stretch reflex. While fast movements are modeled_ asa suddpp rf:covenpg
of equilibrium, slow movements are interpreted as a gradual change in the equilibrium pqlnt
towards which the system gradually moves. During these slow movemer.lts,_su.ch as dur1ng
quiet standing, reflexes are not required to generate opposing torque since 1ntr1ns1c_st1ffness 1s
sufficient for maintaining stability [5]. It follows that the system does not negd to glgn1ﬁcantly
increase muscular activity. Moreover, it is demonstrated [6] that myoelectric act1V1t'y of .calf
muscles is modulated by the displacement of the human body during supe.rslow sinusoidal
tilts of the force plate. The classification of muscular activity carried out in this work confirms
the previous findings. In fact: weak and continuous activation (b) can be related to the .slow
movements of the center of mass of the body stretching calf muscles; strong intermittent
activation (c) represents the fast movements due to quick recovering from unstablg situations
when the stiffness alone cannot allow stabilization; activation of a few motor units only (d)
could interpreted as a way for obtaining stiffness modulation.

CONCLUSION . .
This contribution presents a methodology for the quantification of muscl(? agt1v1ty duqng
quite standing. Investigated muscles showed four different typologies of acpvat.lon quahty.
We demonstrated that, depending on the activation modality, a quantification 1s.poss1ble by
evaluating the SMES root mean square value or the number of active motqr units apd their
firing rate. From a physiological point of view, our results confirm previous studm;s that
related the different activation modalities to specific postural tasks, such as muscle stiffness
modulation, fast corrections, and slow movements.
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EFFECTS OF SUDDEN VISUAL STIMULI ON POSTURAL
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INTRODUCTION

Vision is an important factor in maintaining upright balance of the body. The aim of this study
was to investigate the effects of short bursts of visual flow (flow-like movements of the visual
environment) on the recovery of balance following fast, sudden movements of the supporting
surface during quiet standing. The support-surface movements were generated using a
movable platform. Previous studies on postural control using visual stimuli have mainly
investigated effects of long-duration visual flow and/or used slow perturbations (1, 2, 3). It
was hypothesized that reactions following perturbations of balance during quiet standing can
be enhanced by sudden visual stimuli experienced during the perturbation.

METHODS

Ten healthy subjects (8 male, 2 female; age 29.3 + 7.1 yrs; height 1.79 & 0.06m; weight 74.4
+ 9.6kg) were exposed to 0.05 m perturbations (acceleration and deceleration: 5m/s?) in either
forward (fwd) or backward (bwd) direction, while simultaneously two computer screens (21”)
on both sides of their heads displayed stationary, forward or backward moving bar patterns for
1.0 s. Each of the 6 conditions was repeated 8 times in a randomized order during the course
of the experiment. Force plate data and platform position, synchronized with kinematic data
(Optotrak 3010, 18 markers) were collected for each trial. The antero-posterior (AP) center-
of-mass (COM) movement was estimated from the kinematic data, and the velocity with
which the COM returned toward its upright position after the perturbation was extracted (see
Figure 1). AP Center-of-pressure (COP) excursions were calculated from the force plate data.
The impulse generated by the COP on the COM during balance recovery was obtained by
integrating the difference between the AP COP and COM excursions during the recovery
phase (i.e. the large COP excursion pushing the COM towards upright position after the
platform movement, see Figure 1). For each subject and for each platform perturbation
direction, both the impulse and the recovery velocity values were normalized by subtracting
the median of the stationary bar-pattern trials.

RESULTS

The direction of visual flow had a significant effect on the COM recovery velocity
(parametric ANOVA: fwd perturbations p=0.005; bwd perturbations p<0.001), as well as on
the recovery impulse (Kruskal-Wallis ANOVA: fwd perturbations p=0.013, bwd
perturbations p=0.020). A post-hoc Scheffe test showed that visual flow bursts in the same
direction as the support-surface movements strengthened the subjects’ response by increasing
the velocity with which the body returned toward its upright position (fwd perturbation
p=0.022, bwd perturbation p<.0001). No such effect was found when the burst direction was
opposite to the perturbation direction (p>=0.35). Similarly, an increase and no effect for the
two respective flow directions were found for the recovery impulse as well.

DISCUSSION
Previous studies that have combined extended sequences of visual flow with postural
perturbations have demonstrated that a reversal of visual flow direction resulted in a reversal
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of the effect of the visual flow on the postural response (1, 2, 3). In the current study it was
demonstrated that short bursts of visual flow also have an effect on postural responses.
However, these effects only occurred when the visual flow direction was the same as the
direction of the platform perturbation. No change in the response was found when thg VlS.ual
flow was in the opposite direction. It is important to note that when the visual flow direction
equals the direction of the platform movement, the visual ﬂoW corresponds ‘Fo the flow
generated by the induced fall. For example, if the platform moves in the forward d1r§ct10n, the
subject will fall backward and a forward visual flow is generated. When th(_e Vlgual ﬂoyv
direction is opposite to the platform movement direction, the visual flow direction is in
conflict with the expected flow based on proprioceptive and vestibular input. It is
hypothesized that for short bursts of visual flow the central nervous system integrates the
visual flow and strengthens the postural response when the visual flow is as expected, but
ignores the visual flow when it is in conflict. This hypothesis is reasongble, l?ecause .the
central nervous system is experienced in dealing with conflicting visual information
associated with, for instance, large moving objects. When the visual flow is persistent, the
initial conflict is overcome and the visually dominated responses emerge generating the
previously described bi-directional responses.

CONCLUSION

This study showed that short bursts of visual flow have an effect on posturgl responses to
platform perturbations. It was found that visual flow bursts in the same direction as the
platform movement strengthened the postural responses by increasing l?oth the AP-COM
recovery velocity and the AP-COP impulse on the COM. It is hypothesized that whe.n the
direction of a short burst of visual flow is in agreement with the proprioceptive and vestibular
information related to the perturbation, it strengthens the subject’s response, whereas the burst
is ignored when the direction of flow is in conflict.
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INTRODUCTION

Many studies in aging have demonstrated the mechanisms for regulating balance in standing
and walking interact with high level cognitive systems and may share similar attention
resources (Teasdale 1993, Shumway-Cook et al. 1997). Research on children also shows that
attention is related to learning and fine motor control. Whether attention affects the children’s
postural and balance control is less investigated. The purpose of this study was to investigate
the effect of a concurrent attentional task on the standing balance performance in children and
young adults.

METHODS

Ten children (age, 9.4 + 3.5 range 5-13 years; height, 141.2 £ 20 range 116-158.5 cm; mass,
34.8 = 11.8 range 20.5-48.5 kg) and ten young adults (age, 20.8 + 0.7 range 20-22 years; height,
165.7 + 5.1 range 157-171 cm; mass, 56.7 + 7.3 range 50.5-74 kg) participated in this study.
The effect of a concurrent attentional task (tone detection) on standing balance was investigated
under four sensory conditions: (1) eyes open, fixed foot support, (2) eyes close, fixed foot
support, (3) eyes open, compliant foot support, and (4) eyes close, compliant foot support. The
fixed foot support was the metal force plate surface and the compliant foot support was a
medium-density foam (40.5-cm x 40.5-cm x 7.5-cm section) placed on top of the force plate.
The tone-detection task involved playing an auditory signal (a 250 Hz pure tone) to the right or
left of the subjects every two seconds. The subjects were required to press a left or a right
button as soon as they heard the tone. The task varied at two levels of difficulty: easy (stimulus
and response were spatially compatible, e.g., left tone left button) and hard (where stimulus and
response were spatially incompatible, e.g., left tone right button). A force platform (Kistler
9284) was used to collect the ground reaction force at a sampling rate of 500 Hz for 20 s. The
sway area of center of pressure was calculated and used to represent the subject’s standing
balance.

RESULTS

Figure presents the subjects’ standing balance under three attentional conditions (no concurrent
task, low-demand task and high-demand task) and four sensory conditions. Results showed
that children generally presented greater COP sway area than adults did (F 1, 15 =30.01, p
<.0001). The effect of attentional task was also significant. Subjects showed smaller COP
sway area with concurrent attentional task than without concurrent attentional task (F »,
36=19.05, p < .0001). The effect of the attentional task was not different in children than in
adults ((F 2,36 =1.65, n.s.).
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