MODELLING OF THE ACTIVATION OF A STRETCH REFLEX IN VIEW

OF IMPROVING THE MUSCULAR FORCE

L. Afilal, N. Manamanni, T. Cherouali, S. Moughamir and J. Zaytoon
Université de Reims Champagne Ardenne
Laboratoire d'Automatique et de Micro-éectronique
LAM, Faculté des Sciences - Moulin de la housse BP 1039 51687 Reims Cedex 2

Abstract- This paper presentsa method to improve the muscular
force for a patient's muscle during rehabilitation or training.
The aim of this work is to formalise a stretch reflex called
myotatic reflex by building an adequate model. This model is
then used together with a muscle mode to illustrate, through
simulation, the efficiency and the feasbility of the method
relatively to an isokinetic machine.
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[. INTRODUCTION

In the domain of medical training or rehabilitation, the
muscular intensification is obtained by repetitive movements.
These movements, which are defined by the practitioners or
the trainers, are often performed with the help of isokinetic
machines. In view of improving the performance of these
machines, the paper presents a method to enhance the
muscular intensification by using the stretch reflex [1].

After defining the muscle structure and the physiological
phenomenon induced by the gamma loop, Section 2 proposes
a model of the stretch reflex activation. A muscle model
illustrating the effect of stretch reflex activation on the
improvement of the muscular force is presented in Section 3.
The feasibility of this model relatively to an isokinetic
machine will be discussed and some simulation results are
given for illustration.

[1. STRETCH REFLEX ACTIVATION MODEL
A. Physiological definition of the gamma loop

The muscle structure (Fig. 1)

elements:

- muscular fibers (called extrafusales fibers) of contractile
nature which are controlled by the nervous system through
alpha motor neuron axons,

- the neuromuscular spindle innerved by sensory endings,
la/ll, and by gamma motor neurons [1][2],

- the tendon which connects extrafusales fibers with the
skeleton bone and which is connected to the nervous syste
by the afferent fiber, Ib.

includes the following

The Gamma Loop principle is rather simple. If the gamma
motor neuron is activated, then this would increase the
tension in the muscle spindle and, consequently, reinforce the
activity in the la afferent fibbers. The increase in la activit
increases the activity of the alpha motor neurons, which, in
turn, causes the extrinsic muscle fibbers to contract.

The role of gamma motor neurons [1] is to preparethe
movement of the muscle in the case of an unforeseen alert
situation, in away to comply with the mechanical structure of
the muscle. Indeed, it allows the muscle to control its
contraction during a rough stretching, facilitatesthe

depolarisation of apha motor neurons, and stresses the
muscular reactive contraction. To increase the muscular
performances of a subject, it is necessary to control the
muscular activity (contraction) which is responsible for effort
evolution and for the delivered power [2][3].

Tendon

a-motor neuron

Fig. 1. Muscle morphology and gamma loop principle.

The aim of the work presented in this paper is to exploit the
stretch reflex to improve the muscular intensification through
the application of an external stimulation [1]. During a
contraction, several abrupt stretches of the muscle are used to
provide consecutive activations of the reflex. In this way, the
muscle is solicited with supplementary contractions, which
are added to the basic contraction, to increase the developed
force. This technique has been applied to Isokinetic and
I sometric movement types[1].

During an isokinetic movement which is realised witha

predetermined constant velocity, it is possible to provoke the

myotatic reflex in two different ways (Fig. 2):

-Stimulation by abrupt inversion of the movement direction
(Fig. 2a);

-Stimulation by an abrupt advance of the movement in the
original direction and then by an inversion of the movement
direction (Fig. 2b).
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Fig. 2. Stimulation during Isokinetic movement.
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In the isometric movement, the length of the muscle is
maintained constant while the subject produces a muscular
effort [4]. Here again, the myotatic reflex can be provoked in
two different ways (Fig. 3):

- Stimulation by an abrupt change of the position in the same
direction of the effort, then return back to the initial
position (Fig. 3a);

- Stimulation by an abrupt change of the position inthe
opposite sense of the effort, then return to theinitial
position (Fig. 3b).
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Fig. 3. Stimulation during | sometric movement.

Based on the above definitions, a stretch reflex stimulation
model will be proposed in view of evaluating, through
simulation, the effect of thistechnique on the muscle.

B. Sretch reflex activation

To provoke the stretch reflex, it is necessary to stimulate the
muscle with a sequence of impulses during the movement;
these impulses should be periodic, of adjustable period, and
applicable to the two scenarios presented above.

For example, a negative impulse followed by a positive
impulse should be applied in the case of the abrupt inversion
of the movement direction during Isokinetic mode (Fig. 4).
The amplitude and the duration of each impulse are to be
adjusted according to the frequency of application of the

consecutive stimulations. The equation of the impulse signal
Q) is dso given in Fig. 4, where "*" represents the
convolution product, T, (respectively, T,) is the duration o

the first (respectively, second) impulse, Tz is the global
stimulation period, and R isthe time delay.
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Fig. 4. Gammaimpulse and the corresponding equation

The mechanical activation of the stretch reflex reguires the
satisfaction of a number of physiological constraints in view
of activating the reflex. For example, it is necessary tousea 1
to 3 degrees articulation angle for the knee, and a5 to 100 Hz
activation frequency.

C. Feasibility on an isokinetic machine

An isokinetic machine, developed by our research groupin
association with the company Myosoft (Bellegarde-France)
[4][5], was chosen as a support for the validation of the
proposed method. This machine, called Multi-1so, is used for
the muscular training and rehabilitation of the quadriceps and
the hamstrings. It reinforces the muscular intensification by
performing a series of repetitive movements.

During a training session, the basic muscular contraction ca

realise either a concentric, an eccentric, or an isometric action
[6][5]. The implemented control laws provide classica
training possibilities to achieve muscular intensificationin a
natural way [4]. Furthermore, the muscular performance of a
subject depends on the muscular activity (contraction). This
contraction can be increased by the mechanical stimulation of
the stretch reflex. Fig. 5 gives the block diagram of the
control system used for the machine together with the stretch
reflex activation model.
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Fig.5. Stretch reflex and Multi-1so control model
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Having identified the parameters of the machine model, a
simulation phase was used to study the feasibility of the
reflex activation relatively to the machine dynamics. The
simulation results for isometric and isokinetic modes at 60°/s,
has shown that the machine dynamics can react to stimulation
amplitudes ranging from 0.5 to 5 degrees with a maximal
frequency of 50Hz. Thus the machine partially satisfiesthe
imposed physiological constraints. The use of higher
stimulation frequencies requires a slight modification in the
mechanical structure and in the motor system of the machine.

The next section presents an adequate muscle model to

illustrate the efficiency of the method during a muscular
contraction.

1. MUSCLE MODEL AND SIMULATION RESULTS

Several muscle models have been proposed in the literature
[3,7,8,9,10,11,12]. The first mechanical model of the muscle,
known as Hill's model, was finalised in 1924 by H. Gasser
and H. Hill [3]. This model describes the set muscle/tendon
using acontractile element, CE, and two springs, SEE and PE
(Fig. 6). SEE is connected in series with CE to represent the
elasticity of the tendon, SEE, whereas the passive element,
PE, is connected in parallel to represent the elasticity of the
muscle. In this model, Fcg, which represents the active force
of the contractile element, depends on the muscle fibber
length, 1", and the state of activation of the muscle fibbers.
Fpre represents the passive force of the elastic element, and F™
isthe sum of the passive and the active forces.
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Fig. 6. Hill-type model for contraction dynamics of muscle.

The Hill's model was generalised by Zagjac, by taking the
angle between the muscle and the tendon into account and
using a supplementary spring, connected in series with a
system equivalent to Hill's model (Fig. 7). Thus, the elastic
element, SEE, of Hill's model is separated here into two
elements to be able to represent the steepness of each of the
elastic elements of the model, the muscle and the tendon.

pr

g7 I": tendonlength,
IMT - muscle/tendon length,

Pleos(q) — puul
F': applied force onthe
tendon,

W
\ W o : Angle between the muscle
FT o\ and the tendon.

|
!

r

Fig. 7. Zajac's muscle model.

A refined version of Zgac's model, taking the non-linear
dynamics of the muscle into consideration [2], was aso
proposed by Brown & a [7] [8]. We propose are
formalisation of this refined model by highlighting the
physical equations to deduce the muscular force required for
the evaluation of stretch reflex effect on isokinetic machines.

Denote by M the muscular mass with two forces, F™ and FT,
connected with its extremities,and y the muscular
acceleration. The proposed refined Zgjac's mode is rewritten
in terms of the fundamental dynamics law asfollows:

2 Fext = 2 I:int
FM —FT =My
According to Fig. 7, one can write:
(Fee +Fe) = FT =My

with : Foe = Fpes + Fogr Af
and FCE = FL . FV . Af
where "~" indicates a normalised variable, v is the muscular

acceleration, IEF,El is the passive easticity designating the
effort evolution of a muscle during stretching, IEPE2 is a

passive elasticity designating the effort evolution during the
shortening of a muscle, Af is the activation frequency which

depends on Fye,, F_ is the tetanic isometric force-length

relationship which is a function of the muscle length, and =
is the tetanic force-vel ocity relationship.

Figure 8 represents the force produced by the muscle model,
F,, where the muscle length, IM", varies linearly as a function
of the knee angle, 6.
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Fig. 8. Block diagram of the proposed muscle model
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The stimulation efficiency of the stretch reflex during a
muscular contraction will be illustrated by estimating the
increase of the force generated by the reflex contractions
related to the successive stimulations. The simulation set-up
(Fig. 11) integrates. the muscle model [1], the Stretch reflex
activation model generating the stimuli during the movement
[1], and a model of the isokinetic machine together with the

adequate control laws for isokinetic and isometric
movements.
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Fig. 9. Block diagram of the simulation set-up

The simulation results depicted in Fig. 12 and 13 illustrate the
influence of the stretch reflex stimulation on the force
developed by the muscle in isokinetic and isometric modes.
The results are compared with those obtained using the same
training modes, but without the activation of the stretch reflex
loop stimulation. This figures show an improvement of the
muscular force for various stimulation frequencies ranging
from 5 to 50Hz and for amplitudes from 1 to 5 degrees.

1V. CONCLUSION

This paper concerns the formalisation of the neuromuscular
myotatic reflex in view of improving the muscular force. The
resulting stretch reflex activation mode was adapted to an
isokinetic machine for lower limbs training. By using an
adequate muscle model, simulation results illustrate the

efficiency of this method for improving the muscular force in
the case of isokinetic and isometric movements. Current
research is directed at experimentally validating the method
on the isokinetic machine. It's a'so important to evaluate the



pertinence of the resulting force gain compared to classical
training methods. Another work in progress is related to the
refinement of the muscle model by considering parameters
related to the muscle fatigue.
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Fig. 10. Increase of muscular force during | sokinetic movement.
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Fig. 11. Increase of muscular force during |someric movement

ACKNOWLEDGMENT

The authors would like to thank Dr Angeloz, the manager of
the company Myosoft for supporting this work.

REFERENCES

[1] DJ. Newham, and E. Lederman, "Effect of manual
therapy techniques on the stretch reflex in normal human
quadriceps,” Disabil Rehabil, vol. 19(8), pp. 326-31, Aug
1997

[2] D. Popovic and T. Sinkjaer, Control of movement for the
Physically Disabled. Springer-Verlag, 2000.

[3] H.S. Gasser and A.V. Hill, "The Dynamics of Muscular
Contraction,” Royal Society of London Proceedings, vol. 96,
pp. 398-437, 1924.

[4] S. Moughamir, "Conception et développement d une
machine d'entrainement et de rééducation des membres
inférieurs," theése de doctorat, Universitt de Reims
Champagne Ardenne, 1999.

[5] J. Zaytoon, E. Richard and L. Angelloz, " Spécification et
conception d'un prototype asservis d entrainement des

membresinférieurs," ITBM, val. 17, (1), 1996.

[6] EJ. Higbie, K.J. Cureton, "Effects of concentric and
eccentric training on muscle strength, cross-sectiona area,
and neural activation, J Appl Physiol, vol 81(5), pp. 2173-81
Nov. 1996.

[7] E. Brown, E.J. Cheng and G.E. Leob, "Measured and
Modelled Properties of Mammalian Skeletal Muscle: II. The
effect of stimulus frequency on force length and force-
velocity relationships, Journal of Muscle Research and Cell
Motility, vol. 20, pp. 627-643, 1999.

[8] E. Brown and G.E. Leob, "Measured and Modelled
Properties of Mammalian Skeletal Muscle: IV. Dynamics of
Activation, J. of Muscle Research and Cell Matility, 2000.
[9] T.L. Hill, "The heat of shortening and the dynamic
constant of the muscle” Proc. R Soc. London Biol.
Vol.126,pp. 135-195, 1938.

[10] JM. Winters and L. Stark, "Muscle models: What is
gained and what is lost by varying model complexity” Biol.
Cybern val. 55, pp. 403-420, 1990.

[11] G.I. Zahdak, "Modeling muscle mechanics (and
energetics), In: M. Winters S, Woo L-Y (eds) Multiple
muscle systems : Biomechanics and Movement organisation.
Springer Verlag, New York, pp 1-23, 1990.

[12] F.E. Zajac, "Muscle and Tendon : Properties, Models,
Scaling, and Application to Biomechanics and Motor
Control”, Crit. Rev. Biomed. Eng. 17,359-411, 1989.



	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


