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Fig.  1.   The proposed air core coil.
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Abstract - Magnetic nerve stimulation is a non-invasive method of
exciting neural tissue.  The major limitation of using magnetic
stimulation is the lack of a focused field.  At sufficiently high
magnetic pulses the diffused field not only stimulates the target
population of neurons, but also stimulates adjacent structures as
well.  Further, for deeply penetrating fields, as is the case in
transcranial  stimulation, excessively high amplitude current pulses
are required in the coils because a significant fraction of the field
energy is spread throughout the tissue under the coil. 

In this paper we propose two new coil designs that can be used
for magnetic stimulation of the peripheral or central nervous
system.  The purpose of the design was to increase field focality and
depth of penetration.  The  magnetic fields produced by these coils,
when driven by biphasic pulses, were simulated using a finite
element technique coupled with a transient solver.  The resultant
field densities and gradients were compared with those obtained
from the commonly used Figure-8 coil.  Both the air core and the
ferromagnetic core designs have superior results when compared
to the Figure-8 coil. 
Keywords - magnetic nerve stimulation, stimulating coil  design,
modeling biological tissues.

I. INTRODUCTION

Over the past few years, magnetic stimulation has grown
tremendously and moved from diagnoses usage to surgery
monitoring, physiotherapy, and psychiatric treatments.  The
potential advantages of magnetic over electrical stimulation are
the key reasons for this growth. Some of these advantages are:
reduced or sometimes no pain, access to tissues covered by
poorly conductive structures, and stimulation of neural tissues
lying deeper in the body without requiring invasive techniques
or very high energy pulses [1,2].  

The first practical stimulating coil was a circular coil
developed by Barker [3].  Hiwacki and Ueno [4] and Maccabee
et al.  [5] joined pairs of coils to form the Figure-8 coil and the
“butterfly” coil respectively.  These coils have currents in the
same direction at the joint and opposite at the edges.  This
resulted in a stronger, more focused field under the joint.
Larger Figure-8 coils, which could deliver several kilo joules
per pulse, were used to stimulate the heart [6,7].

More recently, Knaulein and Weyh [8] decentralized the coil
turns to produce an “eccentric coil” in an effort to increase the
coil focality.  A novel coil, the “slinky” coil, was suggested by
Ren et al.  [9] and Lin et al.  [10].  Their results show that the
magnetic field is stronger and more focused when compared to
the circular or butterfly coils. 

II. THE PROPOSED COILS

The design of the proposed coils is based on modifying the
design of the slinky coil of Ren et al.  [9].  Both models are
composed of three coils, two with windings equally distributed
over a 210E arc similar to the slinky model and a third coil
tightly wound and positioned perpendicular to the plane of the
body surface.  The addition of the third set of windings was
deduced on the basis of work by previous researchers involving
the impact of coil orientation [4,5].  By positioning the third set
of windings perpendicular to the joint of the other windings, the
field across the targeted nerve will be maximized and weakened
outside the targeted area.  Accordingly, the combination of the
three coils enhances the magnetic field shape and its degree of
penetration.  The latter can be achieved by independently
varying the amount of current supplied to each of the three
coils. Further, the introduction of the  ferromagnetic core (with
relative permeability much higher than that of air) to the second
coil design will channel the field outside the body.  This results
in controlling the magnetic field in the region external to the
body and minimizes its diffusion inside the body.  Fig.  1 and
Fig.  2 show the proposed coils.

Other than the difference in the core material, both proposed
coils are similar in shape, size, number of turns, and type of
conductors.  A detailed description for the coils hardware (coil
core material and geometry, coil conductor layout and number
of turns) is covered in [11]. 
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Fig.   2.    The proposed  magnetic core coil.

Fig.  3.   A model representing a cross section of the

upper arm.

III. MODELING AND SIMULATIONS

To model and calculate the electrical field in the tissue due
to magnetic stimulation is not an easy task.  The difficulties
involved are due to the transient state of the supply, the
complex shapes of the regions of interest, and the
heterogeneous and non linear electrical characteristics of these
regions.  Considering the above factors, it becomes impossible
to solve this problem with precise results by an analytical
method.  Instead, a numerical method is needed.  The finite
element method is the most suitable method as it has the
flexibility to handle complex geometry for various regions with
different types of boundaries and conductivities.  The general
formula for the electric field induced during magnetic
stimulation can be represented by equation (1)

Equation (1) shows that the induced electric field consists of
two components.  The first component (- L M) generates an
electrostatic field .M which is relatively small when compared
to the electric field due to magnetic induction .A.  Therefore, to
calculate the electric field of the proposed  coils, we will only
consider the component .A.  To apply the finite element method
to this problem, the software package Magnet [12] was used.
Both proposed coil models were simulated  using static and
transient field analysis, and the resulting fields were compared
to those achieved with a Figure-8 coil (the most commonly used
commercial coil).

As stated earlier, magnetic nerve stimulation can be applied
to both the peripheral and central nervous systems.  The
simulations conducted for this study, with the objective of
evaluating the proposed coils, used the median nerve as the
targeted area.  Since the median nerve is well defined within its
surrounding tissue, and is the region of interest, a model with
distinctive boundaries can be developed.  The alternative choice

 is a model that represents the cranial region.  However, using
a cranial model results in a problem that is too difficult to solve
or requires tremendous simplifications which leads to
unrealistic results.  Fig.  3 illustrates the computer model used
for our simulations. 

The magnetic characteristics (relative permeability) of the
heterogeneous tissues included in this model can be considered
similar or equal to that of free space.  However, the induced
potential and the resulting currents will vary depending on the
rate of change of the magnetic flux and the different tissue
conductivities (after [13]).  This model represents a cross
section of the upper limb at the junction of the proximal and
middle thirds of the humerus.  The outside diameter was
modeled according to an average adult male’s  upper limb 
(10 cm).

When using the software Magnet, the first step is to define
the problem geometry within a plane of two dimensions.  For
a three dimensional problem a set of two dimensional planes
are required to create a model in three dimensions.  The next
step is to apply an appropriate mesh to the problem.  For this
analysis careful mesh distribution was considered with high
node densities applied around the nerve and the interface
between the coil and the arm.  The mesh constructed for this
analysis consisted of 101,805 nodes and 175,070 bricks.  After
applying the mesh, the variables related to the problem were
defined including the region electrical characteristics, the coils
and their forcing functions (supplies).  For the Figure-8 coil,
the current was divided equally between both sides of the coil,
while for the proposed coils, the current was divided into three
equal parts.  Two parts were divided between fourteen
windings (on both sides of the coil) while the third part was
divided equally between the three windings of the third
perpendicular coil.  The boundary in the XY-plane for this
problem was defined as a circle with a radius of 50 cm from the
centre of the arm, while the boundary in the Z-axis (depth) was
defined 20 cm away from the front and back surface of the arm.
Assuming that the magnetic flux diminishes at the boundary,
Dirichlet’s boundary conditions were applied to this analysis.

. ' & LM &
MA
Mt

(1)
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Fig.  4.  Flux density along the Y-axis (field penetration depth).

-0.06 -0.04 -0.02 0 0.02 0.04 0.06
0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

X-ax is  (m)

M
a

g
n

e
ti

c
 F

lu
x

 D
e

n
s

it
y

 (
T

e
s

la
)

Magnetic Core
Air Core
Figure-8

Fig.  5.  Flux density along the X-axis (field focality).   
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Fig. 6.  Flux density along the Z-axis (field focality).

Fig.  7.  Induced currents produced by the three coils.   

IV. RESULTS

Fig.  4 shows the flux density along the Y-axis (the flux
starts from the coil interface with the arm and penetrates
through the tissues to the center of the bone).  

 
Fig.  5 illustrates the flux density along the perimeter of a

cylinder with a radius of 3.75 cm and its center defined at the
center of the arm.  The radius of this cylinder represents the
distance between the center of the arm and that of the nerve.

Fig.  6 shows the flux density along the Z-axis of the
previous cylinder.  

From Fig.  4, 5, and 6 it can be seen that the flux density
produced by the magnetic core coil is  higher (almost double)
compared to the flux generated by the air core coil or  the
Figure-8 coil.  Further, Fig.  5 and 6 show that the field
gradients produced by the magnetic core coil is higher than that
generated by the other two coils. 

These findings agree with the work done by Lin et al.[10]
and Davey et al. [14].  

By applying the transient solver, provided by the software
Magnet [12], the induced currents in the nerve were calculated.
The simulations conducted for the three coils used the same
energy per pulse with a  pulse duration of 300 Fsec. The
current waveforms (forcing functions) applied to the three coils
were biphasic.  Fig.  7 shows the current waveforms (induced
in the nerve) produced by the three coils: magnetic core coil, air
core coil, and Figure-8 coil. 

From Fig.  7 it can be seen that the magnetic core coil
generated an induced current five times higher then the air core
coil.  Further, the air core coil generated an induced current
twice as high as the Figure-8 coil.  It is crucial to mention that
the inductance of the magnetic core coil was assumed to be 
25 FH, while the inductances of the air core coil and the
Figure-8 coil were considered to be 10 FH. 
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The resultant of the inductance difference can be noticed in
Fig.  7.   From Fig.  7 it can be seen that the rate of change of
the induced current is lower for the magnetic core coil than that
of the other two coils.  This is a valid result as increasing an
inductor will decrease its current rate of change.  Further, it can
be seen that the induced currents produced by the magnetic core
coil carry more multi phasic sections compared to the induced
currents produced by the other two coils.  This is another valid
result as the energy coupled between the arm and the magnetic
core coil is higher than the energy coupled by the other two
coils.

V. CONCLUSIONS

This paper outlines a new coil design for magnetic nerve
stimulation with the objective of enhancing the stimulating coil
focality. The finite element method was applied, using the
software Magnet, to compare the proposed coils with the
Figure-8 coil.  The simulation results clearly show a large
improvement in flux strength and focusing when using the
magnetic core coil.  The use of the ferromagnetic material
enhances the field delivered by the stimulating coil to the
targeted area.  These findings agree with our previous findings
[15,16] and with the results presented by Davey et al.  [14] and
their suggestion in using a partial toroid as a core for their
stimulating coil.  However, the unique design proposed in this
study for the core geometry adapts and controls the flux lines
produced by the coil and consequently improves its
performance.  Further, these findings agree with Lin et al.  [10]
regarding the superior performance of slinky-type coils
compared to Figure-8 and circular coils.  In the proposed coils
the introduction of the ferromagnetic material coupled with the
inclusion of a  tightly wound third set of windings with its own
power supply, give greater flexibility for generating a more
focussed and deeper field.

ACKNOWLEDGMENT

This work was supported by a grant from the Natural
Sciences and Engineering Research Council of Canada.

REFERENCES

[1] R.  Jalinous, “Guide to magnetic stimulation”, Jali
Medical, Inc.  1996.

[2] R.  Jalinous, A.T.  Barker, I.L.  Freeston, “The design,
construction and performance of  a magnetic nerve
stimulator”,  Royal Hallamshire Hospital, Sheffield and
University of Sheffield, UK.

[3] A.T.  Barker, “Stimulation of nerves and muscles using
large pulsed magnetic fields”, Department of Medical
Physics and Clinical Engineering, Royal Hallamshire
Hospital, Sheffield, UK.

[4] O.  Hiwaki, S.  Ueno, “Selective magnetic stimulation of
the spinal cord”,  Annual International Conference of the
IEEE Engineering Medicine and Biology Society, Vol 12,
No 1, 1990.

[5]  P.J.  Maccabee, L.  Eberle, V. Amassian, R.Q. Cracco, A.
Rudel, “Studies of 3-dimensional voltage distributions
induced in homogeneous media volume conductors by
round and butterfly magnetic coils”, IEEE Engineering in
Medicine and Biology Society 11th Annual International
Conference, June 1989.

[6] A.  Hosono, et al. , “Effective combination of stimulating
coils for magnetic heart stimulation”, Japan,  Applied
Physics, Vol 31, Part I, No 11, November 1992.

[7] GA.  Mouchawar, JA.  Nyenhuis, JD.   Bourland, LA.
Geddes, “Guidelines for energy-efficient coils: coils
designed for magnetic stimulation of the heart” Magnetic
Motor Stimulation: Basic Principles and Clinical
Experience (EEG Suppl. 43).

[8] R.  Knaulein, Th.  Weyh, “Minimization of energy stored
in the magnetic field of air coils for medical application”,
Techinische Universitat, Munchen Germany, 1996.

[9] C.  Ren, P. Tarjan, D.D. Popovic, “A novel electric design
for electromagnetic stimulation - the slinky coil”, IEEE
Transactions on Biomedical Engineering, Vol 42, No 9,
September 1995.

[10]V.W.H.  Lin, I.N.  Hsiao and V.  Dhaka, “Magnetic coil
design considerations for functional magnetic
stimulations”, IEEE Transactions on Biomedical
Engineering, Vol 47, pp.600 - 610, 2000.

[11]N. Al-Mutawaly, “A novel coil design for magnetic nerve
stimulation”,  A  Master  Thesis, McMaster University,
September 1998.

[12] Infolytica Corporation, “MagNet 5.1 user manual”, (C)
Copyright Infolytica Corporation, Part Number 5T0302,
Revised November 4, 1994.

[13]L.F. Fuks, M. Cheney, D.  Isacson, D.G.  Gisser,J.C.
Newell, “Detection and imaging of electric conductivity
and permittivity at low frequency”, IEEE Transactions on
Biomedical Engineering, Vol 38, No 11, November 1991.

[14]K.  Davey, C.M. Epstien,  “Magnetic stimulation coil and
circuit design”, IEEE Transactions on Biomedical
Engineering, Vol 47, No. 11, November 2000.

[15]N. Al-Mutawaly, R.D. Findlay,  “A novel coil design for
magnetic nerve stimulation”, Canadian Conference on
Electrical and Computer Engineering, Waterloo, Canada,
24 -28 May, 1998.

[16]N.  Al-Mutawaly, H. de Bruin, “A coil design for magnetic
nerve stimulation: 3-dimensional analysis”, 25th Annual
Canadian Medical and Biological Engineering Society
Conference, London, Ontario, Canada, June 1999.


	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


