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ABSTRACT

Approximately 1,275,000 people in the US have a spinal cord injury severe enough
to cause some paralysis of the arms and/or legs. Epidural stimulation using im-
planted multi-electrode stimulating arrays over the lumbosacral spinal cord has re-
cently shown promise in assisting individuals with severe spinal cord injuries to
stand, walk, and even facilitate voluntary movement. Both animal model and hu-
man studies have shown that sub-threshold facilitation of motor recovery gives the
best results. The underlying neural mechanisms by which sub-threshold epidural

stimulation leads to motor recovery are incompletely known.

This thesis uses computational methods to study the facilitation effect. A neuron
is facilitated if a sub-threshold synaptic input can cause a neuronal output under
the influence of a stimulating electric field. The analysis in this thesis is based on
a computational model of the epidural spinal stimulation process in the rat spinal
cord. This model includes a time-domain finite element simulation (using COM-
SOL®) of the various tissues in the spinal cord with the appropriate anisotropic and
frequency-dependent complex relative permittivities. The voltages obtained from
the finite element simulations were used as the extracellular voltage in NEURON

simulations.

A population of neurons was simulated under a wide variety of conditions. These
simulations highlight the effect of neuron orientation, location, and synaptic timing

as key parameters which influence facilitation.

This study indicates that regions of the spinal cord that have previously been ignored
may be actively involved in motor recovery. These results may also enable the
design of specialized epidural electrode arrays and the design of new stimulation

protocols.
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which is the reversal potential of Na™ ions. To the right of that is
the fast potassium channel with variable conductance gk, (given by
Eq. (3.2)) and e; which is the reversal potential of K™ ions. The
potassium delayed rectifier conductance (gg,, ) is also connected to
ex and is given by Eq. (3.3). The synapse channel (only present
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synaptic conductance gy, (given by Eq. (3.5)) and the reversal po-
tential of the synapse (e,.,). The axial resistance inside the neuron
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extracellular medium (by default C,. = 0 indicating an open circuit).
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volume conductor models. Points (A,,+1,B4+1,Cr+1) connect to the

corresponding points in the next compartment (n +1). . . . . . . ..
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sis as activation) using less than or equal to 5V of stimulation. The

color of each dot indicates the lowest magnitude of stimulation volt-

age required to activate that neuron (see right colorbar). . . . . . ..

Maximum membrane voltage in mV at the soma (segment 0) (y-
axis) plotted against stimulation voltage in mV (x-axis) for all neuron
locations and all 18 electrode pair combinations using monophasic
stimulation (top plot) and biphasic stimulation (bottom plot). The
gray rectangles are a 2d histogram of the number of simulated neu-
rons exhibiting given the voltage level (see gray colorbar). The col-
ored dots represent neurons selected because their axon tip has a
membrane voltage greater than —10 mV (referred to in this thesis as
activation) using less than or equal to 5V of stimulation. The color

of each dot indicates the lowest magnitude of stimulation voltage

required to activate that neuron (see right colorbar). . . . . ... ..
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4.12 Maximum membrane voltage in mV at the distal dendrite middle

4.13

(segment 8) (y-axis) plotted against stimulation voltage in mV (x-
axis) for all neuron locations and all 18 electrode pair combinations
using monophasic stimulation (top plot) and biphasic stimulation
(bottom plot). The gray rectangles are a 2d histogram of the num-
ber of simulated neurons exhibiting given the voltage level (see gray
colorbar). The colored dots represent neurons selected because their
axon tip has a membrane voltage greater than —10 mV (referred to in
this thesis as activation) using less than or equal to 5 V of stimulation.

The color of each dot indicates the lowest magnitude of stimulation

voltage required to activate that neuron (see right colorbar). . . . . .

Maximum membrane voltage in mV at the distal dendrite tip (seg-
ment 16) (y-axis) plotted against stimulation voltage in mV (x-axis)
for all neuron locations and all 18 electrode pair combinations using
monophasic stimulation (top plot) and biphasic stimulation (bottom
plot). The gray rectangles are a 2d histogram of the number of sim-
ulated neurons exhibiting given the voltage level (see gray colorbar).
The colored dots represent neurons selected because their axon tip
has a membrane voltage greater than —10 mV (referred to in this the-
sis as activation) using less than or equal to 5V of stimulation. The

color of each dot indicates the lowest magnitude of stimulation volt-

age required to activate that neuron (see right colorbar). . . . . . ..
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4.14 Membrane voltage (V,,) vs time, for a neuron with axon pointing to-
wards Yp located at GM1_L_r5 exposed to 2.75 V of monophasic
stimulation using combination A4pA5n. Each subfigure (a-f) plots
V,n on a each segment of a different neurite: (a) —% dendrite, (b) +%
dendrite, (c) —y dendrite, (d) —Z dendrite, (e) +Z dendrite, and (f)
+9 axon + soma. For each subfigure (a-f): The horizontal axis is the
simulation time in ms. Each segment plot is labeled on the right side
with (section type, orientation, segment number). The range of the
vertical axis for the segment plots is indicated in the lower left corner.
The minimum and maximum V), for each segment is in the middle
of each segment plot. Red areas under each segment plot indicate
time periods in which V,, at that segment exceeds —10 mV. Subfig-
ure (f) shows an antidromic action potential starting at the axon tip
followed by an orthodromic action potential starting at the IS. The
second action potential fails to cause neurotransmitter release most

likely because of the refractory period of the axon. . . . . . . .. .. 109
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4.15 (top): Membrane voltage (in mV) at different locations on a simu-
lated neuron as a function of stimulation voltage (in mV, axis shared
with bottom plot) for monophasic stimulation with combination
A4pASn, location GM1_L_r5, and axon in the +3 direction. This is
one of the configurations that results in neuron activation with the
minimum amount of monophasic stimulation (in this case 2.75V).
The legend labels in the top plot are in the format (section type,
orientation, segment number). See Fig. 3.3 for segment number
locations by section type. Note that the axon tip (AxonProper, Yp,
16) is most stimulated compared to other probe locations if the
stimulation voltage amplitude is less than 2.75V. (bottom): The
time of the maximum membrane voltage (in ms) for each probe vs
stimulation voltage (in mV). The time of the maximum membrane
voltage helps explain which parts of the neuron reach maximum

first. Note that the stimulation pulse starts at 1 ms and peaks at
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(top): Membrane voltage (in mV) at different locations on a
simulated neuron as a function of stimulation voltage (in mV, axis
shared with bottom plot) for biphasic stimulation with combination
A4pASn, location GM1_L_r5, and axon in the +3 direction. This
is the same configuration as in Fig. 4.15, except biphasic instead
of monophasic stimulation. This is one of the configurations that
results in neuron activation with the minimum amount of biphasic
stimulation (in this case 3.25 V). The legend labels in the top plot
are in the format (section type, orientation, segment number). See
Fig. 3.3 for segment number locations by section type. Note that
the axon tip (AxonProper, ‘Yp’ ,16) is most stimulated compared to
other probe locations and linear as expected from Fig. 4.7b. (bot-
tom): The time of the maximum membrane voltage (in ms) for each
probe vs stimulation voltage (in mV). The time of the maximum
membrane voltage helps explain which parts of the neuron reach
maximum first. Note that the stimulation pulse starts at 1 ms the
middle of the pulse is at 2.66 ms and the maximum amplitudes of
the pulse occur at 2.66 ms + 0.16 ms. The first maximum amplitude

occurs at 2.5 ms and the maximum in the axon proper tip, and the

—X distal dendrite tip occurs very shortly after. . . . . ... .. ...
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4.17 Membrane voltage (V,,) vs time, for a neuron with axon pointing to-
wards Yp located at GM1_L_r5 exposed to 3.25 V of biphasic stim-
ulation using combination A4pASn. Each subfigure (a-f) plots V,,
on a each segment of a different neurite: (a) —X dendrite, (b) +X
dendrite, (c) —y dendrite, (d) —Z dendrite, (e) +Z dendrite, and (f)
+9 axon + soma. For each subfigure (a-f): The horizontal axis is
the simulation time in ms. Each segment plot is labeled on the right
side with (section type, orientation, segment number). The range of
the vertical axis for the segment plots is indicated in the lower left
corner. The minimum and maximum V), for each segment are in the
middle of each segment plot. Red areas under each segment plot
indicate time periods in which V,, at that segment exceeds —10mV.
Subfigure (f) shows that no action potential occurs and instead the
stimulation pulse causes Vj, at the axon tip to exceed —10mV (and

release neurotransmitters) directly. . . . . . . . ... ... ... ...
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4.18 Membrane voltage (V,,) vs time, for a neuron with axon pointing
towards Yn located at GM1_L_r5 exposed to 8.0 V of biphasic stim-
ulation using combination A4pAS5n. Each subfigure (a-f) plots V,,, on
a each segment of a different neurite: (a) —X% dendrite, (b) +% den-
drite, (c) +y dendrite, (d) —Z dendrite, (e) +Z dendrite, and (f) —9
axon + soma. For each subfigure (a-f): The horizontal axis is the
simulation time in ms. Each segment plot is labeled on the right side
with (section type, orientation, segment number). The range of the
vertical axis for the segment plots is indicated in the lower left corner.
The minimum and maximum V,, for each segment is in the middle of
each segment plot. Red areas under each segment plot indicate time
periods in which V), at that segment exceeds —10 mV. Subfigure (f)
shows an orthodromic action potential starting at the IS and traveling

to the axon tip and causing neurotransmitter release. . . . . . . . ..
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4.19 (top): Membrane voltage (in mV) as a function of stimulation volt-
age (in mV, axis shared with bottom plot) for biphasic stimulation
with combination A4pASn, location GM1_L_r5, and axon in the —9
direction. This is the same configuration as in Fig. 4.16 except the
axon is in the —y direction. This configuration results in an ortho-
dromic action potential starting at the initial segment (IS) with 8 V of
stimulation. This is one of the few neurons in Fig. 4.7b with a non-
linear response in the axon tip above 8 V. The legend labels in the
top plot are in the format (section type, orientation, segment num-
ber). See Fig. 3.3 for segment number locations by section type.
(bottom): The time of the maximum membrane voltage (in ms) for
each probe vs stimulation voltage (in mV). The time of the max-
imum membrane voltage helps explain which parts of the neuron
reach maximum first. Note that the stimulation pulse starts at 1 ms
the middle of the pulse is at 2.66 ms and the maximum amplitudes
of the pulse occur at 2.66 ms + 0.16 ms. The first maximum ampli-
tude occurs at 2.5 ms and the maximum in the +3 distal dendrite tip

occurs very shortly after. . . . . . ... .. ... ... ...
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4.20 Maximum membrane voltage in mV at the axon distal tip (segment

4.21

16) (y-axis) plotted against the second spatial derivative of the static
extracellular voltage V, along a vector pointing towards the soma at
the axon distal tip (x-axis) for all neuron locations and all 18 elec-
trode pair combinations using monophasic stimulation (left plot) and
biphasic stimulation (right plot). The gray rectangles are a 2d his-
togram of the number of neurons (see gray colorbar). The colored
dots are active neurons (axon tip has a membrane voltage greater
than —10 mV) and are colored based on the stimulation voltage (see
right colorbar). The red dotted horizontal line indicates the activation

threshold (dots and gray rectangles above this line indicate activated

NEUIONS). .+« v o ot e e e e e e e e e e e

Maximum membrane voltage in mV at the axon distal tip (segment
16) (y-axis) plotted against the static extracellular voltage at the axon
distal tip (x-axis) for all neuron locations and all 18 electrode pair
combinations using monophasic stimulation (left plot) and biphasic
stimulation (right plot). The gray rectangles are a 2d histogram of the
number of neurons (see gray colorbar). The colored dots are active
neurons (axon tip has a membrane voltage greater than —10mV) and
are colored based on the stimulation voltage (see right colorbar). The

red dotted horizontal line indicates the activation threshold (dots and

gray rectangles above this line indicate activated neurons). . . . . . .

120
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4.22 Maximum membrane voltage in mV at the axon distal tip (segment
16) (y-axis) plotted against the static extracellular voltage at the axon
distal tip minus the static extracellular voltage at the soma (x-axis)
for all neuron locations and all 18 electrode pair combinations using
monophasic stimulation (top plot) and biphasic stimulation (bottom
plot). The gray rectangles are a 2d histogram of the number of neu-
rons (see gray colorbar). The colored dots are active neurons (axon
tip has a membrane voltage greater than —10 mV) and are colored
based on the stimulation voltage (see right colorbar). The red dot-
ted horizontal line indicates the activation threshold (dots and gray
rectangles above this line indicate activated neurons). . . . . . . .. 121

4.23 Monophasic stimulation using combination -A4pB4n. Electrode B4
has a positive phase and is labeled red. Electrode A4 has a negative
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GM1_L_r4, Yp, 9.5V), (GM1_L_r4, Xn,
3.75V),(GM3_L_r4, Xn, 10.0V), and (GM1_R_r4, Yn,7.0V). . . . 124
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4.24 Monophasic stimulation using combination A4pB4n. Electrode A4

4.25

has a positive phase and is labeled red. Electrode B4 has a negative
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GM1_R_r4, Yp, 3.75V), (GM3_R_r4,
Yp,8.75V), (GMI1_L_r4, Xp,4.25V), (GM3_L_r4, Xp, 9.0 V), and
(GMI1_L_14,Yn,9.75V). . . . ..
Monophasic stimulation using combination -A4pC4n. Electrode C4
has a positive phase and is labeled red. Electrode A4 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimula-
tion voltages required for axon tip to reach V,, > —10mV. List of
location, axon direction, and threshold: (GM1_L_r4, Yp, 3.25V),
(GM3_L_r4, Yp, 7.75V), (GM1_L_r4, Xn, 4.25V), (GM1_R_r4,
Xn, 3.75V), (GM3_L_r4, Xn, 8.5V), (GM3_R_r4, Xn, 6.0 V), and
(GM1_R_r4, Yn,475V). . . . . . o



4.26

4.27

XXXi1

Monophasic stimulation using combination A4pC4n. Electrode A4
has a positive phase and is labeled red. Electrode C4 has a negative
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GM1_R_r4, Yp, 3.25V), (GM3_R_r4,
Yp, 7.75V), (GM1_L_r4, Xp, 3.75V), (GM1_R_r4, Xp, 4.25V),
(GM3_L_r4, Xp, 6.0V), (GM3_R_r4, Xp, 8.5V), and (GM1_L_r4,

Yn,475V). .o

Monophasic stimulation using combination -A4pASn. Electrode
AS has a positive phase and is labeled red. Electrode A4 has a
negative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are
not displayed. The color of the cube at each axon tip indicates
stimulation voltages required for axon tip to reach V,, > —10mV.
List of location, axon direction, and threshold: (GMI1_L_r5, Zn,
9.75V), (GMI1_L_r4and5, Zn, 5.75V), (GM3_L_r4and5, Zn,
8.5V), (GMI1_R_r4and5, Zn, 10.0V), (GM1_L_r4, Yp, 2.75V),
(GM3_L_r4, Yp, 6.0V), (GM2_L_r4, Yp, 8.25V), (GM1_L_r5,
Xp,5.5V),(GMI1_L_r4, Xn, 6.25V), (GMI1_L_15, Yn, 4.25V), and

(GM3_L_15,Yn,9.75V). . . ...
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Monophasic stimulation using combination A4pASn. Electrode A4
has a positive phase and is labeled red. Electrode A5 has a negative
phase and is labeled blue. All other electrodes are floating and
labeled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r5, Yp, 2.75V), (GM3_L_r5,
Yp, 6.0V), (GM2_L_r5, Yp, 8.25V), (GM1_L_r4, Xp, 5.75V),
(GMI1_L_15, Xn, 6.25V), (GM1_L_r4, Yn, 4.25V), (GM3_L_r4,
Yn, 9.75V), (GM1_L_r4, Zp, 10.0V), (GMI1_L_r4and5, Zp,
5.75V), (GM3_L_r4andS, Zp, 8.5V), and (GM1_R_r4and5, Zp,

Monophasic stimulation using combination -A4pB5n. Electrode
B5 has a positive phase and is labeled red. Electrode A4 has a
negative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are
not displayed. The color of the cube at each axon tip indicates
stimulation voltages required for axon tip to reach V,, > —10mV.
List of location, axon direction, and threshold: (GM1_L_r4and5,
Zn, 6.25V), (GMI1_R_rd4and5, Zn, 8.25V), (GM3_L_r4and),
Zn, 9.0V), (GMI1_L_r4, Yp, 2.75V), (GM3_L_r4, Yp, 6.0V),
(GM2_L_r4, Yp, 8.25V), (GM1_L_r4, Xn, 6.0V), (GMI1_R_r5,

Yn,6.0V),and (GM1_L_r5,Yn,60V). ... ... ... ......
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4.30 Monophasic stimulation using combination A4pB5n. Electrode A4
has a positive phase and is labeled red. Electrode BS has a negative
phase and is labeled blue. All other electrodes are floating and
labeled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_R_r5, Yp, 3.5V), (GMI1_L_r5,
Yp, 3.5V), (GM3_R_15, Yp, 7.0V), (GM3_L_r5, Yp, 7.25V),
(GMI1_L_r4, Xp, 5.5V), (GM1_L_r4, Yn, 4.25V), (GM3_L_r4,
Yn, 10.0V), (GMI1_L_r4, Zp, —1.0V), (GMI1_L_r4and5, Zp,
6.5V), (GM1_R_r4andS, Zp, 7.75V), and (GM3_L_r4and5, Zp,
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4.31 Monophasic stimulation using combination -A4pC5n. Electrode
C5 has a positive phase and is labeled red. Electrode A4 has a
negative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are
not displayed. The color of the cube at each axon tip indicates
stimulation voltages required for axon tip to reach V,, > —10mV.
List of location, axon direction, and threshold: (GMI1_L_r4and5,
Zn, 7.25V), (GM3_L_r4and5, Zn, 9.75V), (GM1_R_r4and5, Zn,
7.75V), (GM3_R_r4and5, Zn, —1.0V), (GM1_L_r4, Yp, 2.75V),
(GM3_L_r4, Yp, 6.0V), (GM2_L_r4, Yp, 8.25V), (GMI1_L_r4,
Xn, 6.0V), (GM1_R_r5, Xn, 5.25V), (GM1_R_r5, Yn, 4.25V),
and (GM3_R_r5,Yn,9.75V). . . . . . . .. . .. 132
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4.32 Monophasic stimulation using combination A4pC5n. Electrode A4
has a positive phase and is labeled red. Electrode C5 has a negative
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GM1_R_15, Yp, 2.75V), (GM3_R_r5,
Yp, 6.0V), (GM2_R_15, Yp, 8.25V), (GMI1_L_r4, Xp, 5.25V),
(GMI_R_r5, Xp, 6.0V), (GMI1_L_r4, Yn, 4.25V), (GM3_L_r4,
Yn, 9.75V), (GMI1_L_r4and5, Zp, 7.75V), (GM3_L_r4and5, Zp,
-1.0V), (GMI1_R_r4and5, Zp, 7.0V), and (GM3_R_r4and5, Zp,

4.33 Monophasic stimulation using combination -B4pB5n. Electrode
B5 has a positive phase and is labeled red. Electrode B4 has a
negative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are
not displayed. The color of the cube at each axon tip indicates
stimulation voltages required for axon tip to reach V,, > —10mV.
List of location, axon direction, and threshold: (GM1_R_r4and5,
Zn, 6.75V), (GM1_L_r4and5, Zn, 6.75V), (GM3_L_r4and5, Zn,
9.25V), (GM3_R_r4andS, Zn, 9.25V), (GMI1_L_r4, Yp, 3.5V),
(GMI1_R_r4, Yp, 3.5V), (GM3_R_r4, Yp, 7.25V), (GM3_L_r4,
Yp, 7.25V), (GMI1_L_15, Yn, 6.0 V), and (GM1_R_r15, Yn, 6.0V). . 134
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4.34 Monophasic stimulation using combination B4pB5n. Electrode B4

4.35

has a positive phase and is labeled red. Electrode BS has a negative
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation volt-
ages required for axon tip to reach V,, > —10mV. List of location,
axon direction, and threshold: (GM1_L_r5, Yp, 3.5V), (GM1_R_r15,
Yp, 3.5V), (GM3_L_15, Yp, 7.25V), (GM3_R_r5, Yp, 7.25V),
(GM1_L_r4,Yn,6.0V),(GM1_R_r4, Yn, 6.0V), (GM1_R_r4and5,
Zp, 6.75V), (GM1_L_r4and5, Zp, 6.75V), (GM3_L_r4and5, Zp,

9.25V), and (GM3_R_r4and5, Zp,9.25V). . . . . . . ... ... ..

Monophasic stimulation using combination -A3pASn. Electrode
A5 has a positive phase and is labeled red. Electrode A3 has a
negative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are
not displayed. The color of the cube at each axon tip indicates
stimulation voltages required for axon tip to reach V,, > —10mV.
List of location, axon direction, and threshold: (GMI1_L_r3and4,
Zn, 9.0V), (GM1_L_r4and5, Zn, 9.75V), (GMI1_L_r3, Yp, 3.0V),
(GM3_L_13, Yp, 6.25V), (GM2_L_13, Yp, 8.25V), (GM1_L_r5,
Xp, 6.0V), (GM1_L_r3, Xn, 7.0V), (GM1_L_r5, Yn, 4.5V), and

(GM3_L_15,Yn,9.75V). . . ...
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Monophasic stimulation using combination A3pASn. Electrode A3
has a positive phase and is labeled red. Electrode A5 has a negative
phase and is labeled blue. All other electrodes are floating and
labeled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r5, Yp, 3.0V), (GM3_L_r5,
Yp, 6.25V), (GM2_L_r5, Yp, 8.5V), (GM1_L_r3, Xp, 6.0V),
(GMI1_L_15, Xn, 7.0V), (GM1_L_r3, Yn, 4.5V), (GM3_L_r3, Yn,
9.75V), (GM1_L_r3and4, Zp, 9.75V), and (GM1_L_r4and5, Zp,

Monophasic stimulation using combination -A3pB5n. Electrode B5
has a positive phase and is labeled red. Electrode A3 has a negative
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10 V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation volt-
ages required for axon tip to reach V,, > —10mV. List of loca-
tion, axon direction, and threshold: (GM1_L_r3and4, Zn, 9.0V),
(GM1_L_13,Yp,3.0V),(GM3_L_13,Yp,6.25V),(GM2_L_13, Yp,
8.25V), (GM1_L_r3, Xn, 6.75V), (GM1_R_r5, Yn, 6.25V), and

(GM1_L_15,Yn,625V). . . ... .
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Monophasic stimulation using combination A3pB5n. Electrode A3
has a positive phase and is labeled red. Electrode BS has a negative
phase and is labeled blue. All other electrodes are floating and
labeled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_R_r5, Yp, 3.75V), (GM1_L_r5,
Yp, 3.75V), (GM3_R_15, Yp, 7.5V), (GM3_L_r5, Yp, 7.5V),
(GMI1_L_r3, Xp, 6.0V), (GM1_L_r3, Yn, 4.5V), (GM3_L_r3,
Yn, 9.75V), (GM1_L_r3and4, Zp, 9.75 V), (GM1_R_r4and5, Zp,

-1.0V), and (GM1_L_r4and5, Zp, -1.0V).. . . . .. ... .. ...

Monophasic stimulation using combination -A3pC5n. Electrode
C5 has a positive phase and is labeled red. Electrode A3 has a
negative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are
not displayed. The color of the cube at each axon tip indicates
stimulation voltages required for axon tip to reach V,, > —10mV.
List of location, axon direction, and threshold: (GMI1_L_r3and4,
Zn, 9.0V), (GM1_R_r4and5, Zn, 10.0V), (GM1_L_r3, Yp, 3.0V),
(GM3_L_r3, Yp, 6.25V), (GM2_L_13, Yp, 8.5V), (GMI1_L_r3,
Xn, 6.75V), (GM1_R_r5, Xn, 6.0V), (GM1_R_r5, Yn, 4.5V), and

(GM3_R 15, Yn,9.75V). . . ...
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4.40 Monophasic stimulation using combination A3pC5n. Electrode A3
has a positive phase and is labeled red. Electrode C5 has a negative
phase and is labeled blue. All other electrodes are floating and
labeled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_R_r5, Yp, 3.0V), (GM3_R_r5,
Yp, 6.25V), (GM2_R_r5, Yp, 8.25V), (GM1_L_r3, Xp, 6.0V),
(GMI1_R_r5, Xp, 6.75V), (GM1_L_r3, Yn, 4.5V), (GM3_L_r3,
Yn, 9.75V), (GM1_L_r3and4, Zp, 10.0 V), and (GM1_R_r4and5,

4.41 Monophasic stimulation using combination -B3pB5n. Electrode B5
has a positive phase and is labeled red. Electrode B3 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,, > —10mV. List
of location, axon direction, and threshold: (GMI1_L_r3and4, Zn,
10.0V), (GM1_R_r3and4, Zn, 10.0V), (GM1_L_r3, Yp, 3.75V),
(GMI1_R 13, Yp, 3.75V), (GM3_L_13, Yp, 7.25V), (GM3_R 13,
Yp, 7.25V), (GM1_L_r15, Yn, 6.25V), and (GM1_R_15, Yn, 6.25V). 142
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4.42 Monophasic stimulation using combination B3pB5n. Electrode B3
has a positive phase and is labeled red. Electrode B5 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimula-
tion voltages required for axon tip to reach V,, > —10mV. List of
location, axon direction, and threshold: (GM1_L_r5, Yp, 3.75V),
(GM1_R_r15, Yp, 3.75V), (GM3_L_15, Yp, 7.5V), (GM3_R_r15,
Yp, 7.25V), (GMI1_L_r3, Yn, 6.25V), (GMI1_R_r3, Yn, 6.25V),
(GM1_L_r4and5, Zp, 10.0 V), and (GM1_R_r4andS, Zp, 10.0V). . . 143

4.43 Monophasic stimulation using combination -A3pA6n. Electrode A6
has a positive phase and is labeled red. Electrode A3 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,, > —10mV. List
of location, axon direction, and threshold: (GM1_L_r3, Yp, 3.25V),
(GM3_L_13,Yp,6.75V),(GM2_L_r3, Yp,9.0V), (GM1_L_r6, Xp,
6.5V), (GM1_L_r3, Xn, 7.5V), and (GM1_L_r6, Yn,4.75V).. . . . 144
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4.44 Monophasic stimulation using combination A3pA6n. Electrode A3

4.45

has a positive phase and is labeled red. Electrode A6 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimula-
tion voltages required for axon tip to reach V,, > —10mV. List of
location, axon direction, and threshold: (GM1_L_r6, Yp, 3.25V),
(GM3_L_16, Yp, 6.75V), (GM2_L_16, Yp, 9.0V), (GMI1_L_r3,
Xp, 6.5V), (GM1_L_r6, Xn, 7.5V), (GMI1_L_r3, Yn, 4.75V), and
(GMI1_L_rSand6, Zp, —-1.0V). . . . . . .. .. ...
Monophasic stimulation using combination -A3pB6n. Electrode B6
has a positive phase and is labeled red. Electrode A3 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,, > —10mV. List
of location, axon direction, and threshold: (GM1_L_r3, Yp, 3.25V),
(GM3_L_13,Yp,6.75V),(GM2_L_r3,Yp,9.0V), (GM1_L_r3, Xn,
7.5V), (GMI1_R_r16, Yn, 6.75V), and (GM1_L_r6, Yn, 6.75V). . . .

146
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4.46 Monophasic stimulation using combination A3pB6n. Electrode A3

4.47

has a positive phase and is labeled red. Electrode B6 has a negative
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation volt-
ages required for axon tip to reach V,, > —10mV. List of location,
axon direction, and threshold: (GM1_R_r6, Yp,4.0 V), (GM1_L_r6,
Yp, 4.0V), (GM3_L_16, Yp, 7.75V), (GM3_R_r6, Yp, 7.75V),

(GMI1_L_r3, Xp,6.5V),and (GMI1_L_13, Yn,4.75V).. . . . . . ..

Monophasic stimulation using combination -A3pC6n. Electrode C6
has a positive phase and is labeled red. Electrode A3 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,;, > —10mV. List
of location, axon direction, and threshold: (GM1_L_r3, Yp, 3.25V),
(GM3_L_13,Yp,6.75V),(GM2_L _r3,Yp,9.0V), (GM1_L_r3, Xn,
7.5V), (GMI1_R_r6, Xn, 6.5 V), and (GM1_R_r6, Yn, 4.75 V).

. 148
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Monophasic stimulation using combination A3pCé6n. Electrode A3
has a positive phase and is labeled red. Electrode C6 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimula-
tion voltages required for axon tip to reach V,, > —10mV. List of
location, axon direction, and threshold: (GM1_R_r6, Yp, 3.25V),
(GM3_R_16, Yp, 6.75V), (GM2_R_r6, Yp, 9.0V), (GMI1_L_r3,
Xp, 6.5V), (GMI1_R_r6, Xp, 7.5V), (GMI1_L_r3, Yn, 4.75V), and
(GMI1_R_r5and6,Zp, —1.0V).. . . . . .. ... ..o
Monophasic stimulation using combination -B3pB6n. Electrode B6
has a positive phase and is labeled red. Electrode B3 has a negative
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation volt-
ages required for axon tip to reach V,, > —10mV. List of location,
axon direction, and threshold: (GM1_L_r3, Yp, 4.0 V), (GM1_R_13,
Yp, 4.0V), (GM3_L_13, Yp, 7.75V), (GM3_R_r3, Yp, 7.75V),
(GM1_L_r16, Yn, 6.75V), and (GM1_R_r6, Yn,6.75V). . . . . . ..
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4.50 Monophasic stimulation using combination B3pB6n. Electrode B3
has a positive phase and is labeled red. Electrode B6 has a negative
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation volt-
ages required for axon tip to reach V,, > —10mV. List of location,
axon direction, and threshold: (GM1_L_r6, Yp, 4.0 V), (GM1_R_r16,
Yp, 4.0V), (GM3_L_16, Yp, 7.75V), (GM3_R_r6, Yp, 7.75V),
(GMI1_L_13, Yn,6.75V), and (GM1_R_1r3, Yn,6.75V). . . . . . .. 151

4.51 Monophasic stimulation using combination -A2pA6n. Electrode A6
has a positive phase and is labeled red. Electrode A2 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,;, > —10mV. List
of location, axon direction, and threshold: (GM1_L_r2, Yp, 3.5V),
(GM3_L_12,Yp,7.25V),(GM2_L_12,Yp,9.5V), (GM1_L_r6, Xp,
7.0V), (GMI1_L_r2, Xn, 7.75V), and (GM1_L_r6, Yn,5.0V).. . . . 152
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4.52 Monophasic stimulation using combination A2pA6n. Electrode A2
has a positive phase and is labeled red. Electrode A6 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,, > —10mV. List
of location, axon direction, and threshold: (GM1_L_r6, Yp, 3.5V),
(GM3_L_16,Yp,7.25V),(GM2_L_r6, Yp,9.5V), (GM1_L_r2, Xp,
7.0V), (GM1_L_r6, Xn, 8.0V), and (GM1_L_r2, Yn,5.0V). . .. . 153

4.53 Monophasic stimulation using combination -A2pB6n. Electrode B6
has a positive phase and is labeled red. Electrode A2 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,, > —10mV. List
of location, axon direction, and threshold: (GMI1_L_r2, Yp, 3.5V),
(GM3_L_r2,Yp,7.25V),(GM2_L_12,Yp,9.5V),(GM1_L_r2, Xn,
7.75V), (GM1_L_r6, Yn, 7.25V), and (GM1_R_r16, Yn, 7.0V). . . . 154
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4.54 Monophasic stimulation using combination A2pB6n. Electrode A2

4.55

has a positive phase and is labeled red. Electrode B6 has a negative
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r6, Yp, 4.25V), (GMI1_R_r6,
Yp, 4.25V), (GM3_L_16, Yp, 8.25V), (GM3_R_r6, Yp, 8.25V),

(GMI1_L_r2,Xp,7.0V),and (GMI1_L_r2, Yn,50V). .. ... ...

Monophasic stimulation using combination -A2pC6n. Electrode C6
has a positive phase and is labeled red. Electrode A2 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,, > —10mV. List
of location, axon direction, and threshold: (GM1_L_r2, Yp, 3.5V),
(GM3_L_r2,Yp,7.25V),(GM2_L_12,Yp,9.5V), (GM1_L_r2, Xn,
7.75V), (GM1_R_r6, Xn, 7.0 V), and (GM1_R_r6, Yn, 5.0 V).

. 156
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Monophasic stimulation using combination A2pCén. Electrode A2
has a positive phase and is labeled red. Electrode C6 has a neg-
ative phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,;, > —10mV. List
of location, axon direction, and threshold: (GM1_R_r6, Yp, 3.5V),
(GM3_R_16, Yp, 7.25V), (GM2_R_r6, Yp, 9.5V), (GMI1_L_r2,
Xp, 7.0V), (GM1_R_r6, Xp, 8.0 V), and (GMI1_L_r2, Yn,5.0V). .
Monophasic stimulation using combination -B2pB6n. Electrode B6
has a positive phase and is labeled red. Electrode B2 has a negative
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r2, Yp, 4.25V), (GMI_R_r2,
Yp, 4.25V), (GM3_L_12, Yp, 8.25V), (GM3_R_r2, Yp, 8.25V),

(GM1_L_r6, Yn,7.0V), and (GM1_R_r6, Yn,70V). . ... .. ..
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4.58 Monophasic stimulation using combination B2pB6n. Electrode B2
has a positive phase and is labeled red. Electrode B6 has a negative
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r6, Yp, 4.25V), (GMI1_R_r6,
Yp, 4.25V), (GM3_L_16, Yp, 8.25V), (GM3_R_r16, Yp, 8.25V),
(GMI1_L_r2,Yn,7.0V),and (GM1_R_r2, Yn,7.0V). . . ... ... 159

4.59 Biphasic stimulation using combination -A4pB4n. Electrode B4 has
a positive phase first followed by a negative phase and is labeled
red. Electrode A4 has a negative phase first followed by a positive
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GM1_R_r4, Yp, 8.0V), (GM1_L_r4, Xp,
8.75V),and (GMI1_L_r4, Xn,5.0V). . . . ... ... ... .. ... 160
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4.60 Biphasic stimulation using combination A4pB4n. Electrode A4 has

4.61

a positive phase first followed by a negative phase and is labeled
red. Electrode B4 has a negative phase first followed by a positive
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GM1_R_r4, Yp, 4.0V), (GM3_R_r4, Yp,
9.0V), (GM1_L_r4, Xp, 6.5V), and (GMI1_L_r4, Xn, 9.0V).

Biphasic stimulation using combination -A4pC4n. Electrode C4 has
a positive phase first followed by a negative phase and is labeled red.
Electrode A4 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r4, Yp, 4.0V), (GMI1_R_r4,
Yp, 8.75V), (GM3_L_r4, Yp, 8.0V), (GM1_L_r4, Xp, 9.0V),
(GMI1_R_r4, Xp, 9.25V), (GM1_L_r4, Xn, 5.5V), (GMI1_R_r4,
Xn, 5.0V), (GM3_R_r4, Xn, 7.0V), (GM1_L_r4, Yn, 8.5V), and

(GM1_R_r4,Yn,70V). . . . ...

. 161
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4.62 Biphasic stimulation using combination A4pC4n. Electrode A4 has

a positive phase first followed by a negative phase and is labeled red.
Electrode C4 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r4, Yp, 8.5V), (GMI_R_r4,
Yp, 40V), (GM3_R_r4, Yp, 8.0V), (GM1_L_r4, Xp, 5.0V),
(GM1_R_r4, Xp, 5.5V), (GM3_L_r4, Xp, 7.0V), (GM1_L_r4, Xn,
9.0V), (GMI1_R_r4, Xn, 9.25V), (GM1_L_r4, Yn, 7.25V), and
(GMI1_R_r4, Yn,8.75V). . . . . . . 163
4.63 Biphasic stimulation using combination -A4pA5n. Electrode AS has
a positive phase first followed by a negative phase and is labeled
red. Electrode A4 has a negative phase first followed by a positive
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GM1_L_r4and5, Zn, 7.0V), (GM1_L_r4,
Yp, 3.25V), (GM1_L_15, Yp, 7.5V), (GM3_L_r4, Yp, 6.75V),
(GM2_L_r4, Yp, 9.25V), (GMI1_L_15, Xp, 7.25V), (GM1_L_r4,
Xn, 8.0V), (GM1_L_r4, Yn, 8.0V), and (GM1_L_15, Yn, 6.0V). . . 164
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4.64 Biphasic stimulation using combination A4pAS5n. Electrode A4 has
a positive phase first followed by a negative phase and is labeled red.
Electrode A5 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r4, Yp, 7.5V), (GM1_L_r5,
Yp, 3.25V), (GM3_L_r15, Yp, 6.75V), (GM2_L _r5, Yp, 9.25V),
(GM1_L_r4, Xp, 7.25V), (GM1_L_r5, Xn, 7.75V), (GMI1_L_r4,
Yn, 6.0V), (GMI_L_r5, Yn, 8.0V), and (GMI1_L_rd4and5, Zp,



4.65

4.66

liii
Biphasic stimulation using combination -A4pB5n. Electrode BS has
a positive phase first followed by a negative phase and is labeled red.
Electrode A4 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GM1_L_r4and5, Zn, 7.5V), (GM1_L_r4,
Yp, 3.5V), (GMI1_R_r5, Yp, 8.0V), (GM1_L_r5, Yp, 7.75V),
(GM3_L_r4, Yp, 6.75V), (GM2_L_r4, Yp, 9.5V), (GMI1_L_r4,
Xn, 7.75V), (GM1_L_r4, Yn, 8.0V), (GM1_R_r5, Yn, 8.5V), and

(GMI1_L_r5,Yn,85V). . . . ...

Biphasic stimulation using combination A4pB5n. Electrode A4 has
a positive phase first followed by a negative phase and is labeled
red. Electrode B5 has a negative phase first followed by a positive
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation volt-
ages required for axon tip to reach V,, > —10mV. List of location,
axon direction, and threshold: (GM1_L_r4, Yp, 7.5 V), (GM1_R_r15,
Yp, 3.75V), (GMI1_L_r5, Yp, 3.75V), (GM3_R_15, Yp, 8.0V),
(GM3_L_15,Yp,8.25V),(GM1_L_r4, Xp, 7.0 V), (GM1_L_r4, Yn,

6.0V), (GM1_L_r4and5, Zp, 8.0 V), and (GM1_R_r4and5, Zp, 9.5 V).167
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4.67 Biphasic stimulation using combination -A4pC5n. Electrode C5
has a positive phase first followed by a negative phase and is
labeled red. Electrode A4 has a negative phase first followed by a
positive phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are
not displayed. The color of the cube at each axon tip indicates
stimulation voltages required for axon tip to reach V,, > —10mV.
List of location, axon direction, and threshold: (GM1_L_r4and5,
Zn, 8.5V), (GM1_R_r4and5, Zn, 9.75V), (GM1_L_r4, Yp, 3.5V),
(GMI_R_15, Yp, 7.75V), (GM3_L_r4, Yp, 6.75V), (GM2_L_r4,
Yp, 9.25V), (GM1_L_r4, Xn, 7.5V), (GM1_R_r5, Xn, 7.0V),
(GMI1_L_r4, Yn, 8.0V),and (GM1_R_15, Yn,6.0V). . . ... ... 168
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4.68 Biphasic stimulation using combination A4pC5n. Electrode A4 has
a positive phase first followed by a negative phase and is labeled red.
Electrode C5 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10 mV with no
more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages re-
quired for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r4, Yp, 7.75V), (GMI1_R_r5,
Yp, 3.5V), (GM3_R_15, Yp, 6.75V), (GM2_R_r15, Yp, 9.25V),
(GM1_L_r4, Xp, 7.0V), (GM1_R_r15, Xp, 7.5V), (GMI1_L_r4, Yn,
6.0V), (GMI_R_r5, Yn, 8.0V), (GM1_L_r4and5, Zp, 9.75 V), and
(GMI1_R_rdand5, Zp,8.5V). . . . . . .
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4.69 Biphasic stimulation using combination -B4pB5n. Electrode BS5 has
a positive phase first followed by a negative phase and is labeled
red. Electrode B4 has a negative phase first followed by a pos-
itive phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,, > —10mV. List
of location, axon direction, and threshold: (GMI1_R_r4and5, Zn,
8.25V), (GM1_L_r4and5, Zn, 8.25V), (GMI1_L_r4, Yp, 3.75V),
(GMI_R_r4, Yp, 3.75V), (GMI1_L_15, Yp, 7.75V), (GM1_R_r5,
Yp, 7.75V), (GM3_R_r4, Yp, 8.0V), (GM3_L_r4, Yp, 8.25V),
(GMI1_L_15, Yn, 8.75V), and (GM1_R_15, Yn,8.75V). . . . . . .. 170
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4.70 Biphasic stimulation using combination B4pB5n. Electrode B4 has

4.71

a positive phase first followed by a negative phase and is labeled red.
Electrode BS5 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r4, Yp, 7.75V), (GMI1_R_r4,
Yp, 7.75V), (GMI1_L_x15, Yp, 3.75V), (GMI1_R_r5, Yp, 3.75V),
(GM3_L_15, Yp, 8.25V), (GM3_R_r15, Yp, 8.25V), (GMI1_L_r4,
Yn, 8.75V), (GM1_R_r4, Yn, 8.75V), (GMI_R_r4andS, Zp,

8.25V), and (GM1_L_r4and5, Zp,8.25V). . . . . . .. .. ... ..

Biphasic stimulation using combination -A3pASn. Electrode AS
has a positive phase first followed by a negative phase and is labeled
red. Electrode A3 has a negative phase first followed by a positive
phase and is labeled blue. All other electrodes are floating and
labeled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r3, Yp, 3.75V), (GM1_L_r5,
Yp, 8.25V), (GM3_L_r3, Yp, 7.0V), (GM2_L_r3, Yp, 9.5V),
(GM1_L_r15, Xp, 8.0V), (GMI1_L_r3, Xn, 8.75V), (GMI1_L_r3,

Yn, 8.75V),and (GM1_L_r5,Yn,6.5V). . . . .. ... ... ....
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4.72 Biphasic stimulation using combination A3pAS5n. Electrode A3 has
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a positive phase first followed by a negative phase and is labeled red.
Electrode A5 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r3, Yp, 8.25V), (GM1_L_r5,
Yp, 3.75V), (GM3_L_r5, Yp, 7.0V), (GM2_L_r15, Yp, 9.5V),
(GM1_L_r3, Xp, 8.0V), (GMI1_L_r5, Xn, 8.5V), (GMI1_L_r3, Yn,

6.25V),and (GM1_L_r5,Yn,875V). . .. ... ... . ...,

Biphasic stimulation using combination -A3pB5n. Electrode BS has
a positive phase first followed by a negative phase and is labeled red.
Electrode A3 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r3, Yp, 3.75V), (GMI_R_r5,
Yp, 8.5V), (GMI_L_r5, Yp, 8.5V), (GM3_L_r3, Yp, 7.0V),
(GM2_L_13, Yp, 9.5V), (GMI1_L_r3, Xn, 8.75V), (GMI1_L_r3,

Yn, 8.75V), (GMI_R_r5, Yn, 8.75V), and (GM1_L_r5, Yn, 8.75V). 174
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4.74  Biphasic stimulation using combination A3pB5n. Electrode A3 has

4.75

a positive phase first followed by a negative phase and is labeled red.
Electrode BS5 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r3, Yp, 8.25V), (GMI_R_r5,
Yp, 4.0V), (GMI1_L_r5, Yp, 4.0V), (GM3_R_r5, Yp, 8.25V),
(GM3_L_15, Yp, 8.5V), (GM1_L_r3, Xp, 8.0V), and (GM1_L_r3,

Yn, 6.25V). ..

Biphasic stimulation using combination -A3pC5n. Electrode C5 has
a positive phase first followed by a negative phase and is labeled red.
Electrode A3 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r3, Yp, 3.75V), (GMI_R_r5,
Yp, 8.25V), (GM3_L_r3, Yp, 7.0V), (GM2_L_13, Yp, 9.5V),
(GM1_L_r3, Xn, 8.75V), (GM1_R_r5, Xn, 8.0V), (GMI1_L_r3,

Yn, 8.75V),and (GM1_R_15,Yn,6.5V). . . . ... ... ... ...
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4.76  Biphasic stimulation using combination A3pC5n. Electrode A3 has
a positive phase first followed by a negative phase and is labeled red.
Electrode C5 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r3, Yp, 8.25V), (GMI_R_r5,
Yp, 3.75V), (GM3_R_15, Yp, 7.0V), (GM2_R_r5, Yp, 9.5V),
(GM1_L_r3, Xp, 8.0V), (GM1_R_r5, Xp, 8.75V), (GMI1_L_r3,
Yn, 6.25V), and (GM1_R_r5, Yn,8.75V). . . ... ... ... ... 177

4.77 Biphasic stimulation using combination -B3pB5n. Electrode B5 has
a positive phase first followed by a negative phase and is labeled red.
Electrode B3 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r3, Yp, 4.0V), (GMI_R_r3,
Yp, 4.0V), (GM1_L_r5, Yp, 8.5V), (GM1_R_r5, Yp, 8.5V),
(GM3_L_13, Yp, 8.25V), (GM3_R_r3, Yp, 8.25V), (GMI1_L_r5,
Yn, 8.75V),and (GM1_R_r5, Yn,8.75V). . . . .. ... ... ... 178
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4.78 Biphasic stimulation using combination B3pB5n. Electrode B3 has
a positive phase first followed by a negative phase and is labeled red.
Electrode BS5 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r3, Yp, 8.25V), (GMI1_R_r3,
Yp, 8.5V), (GMI1_L_15, Yp, 4.0V), (GMI_R_r5, Yp, 4.0V),
(GM3_L_15, Yp, 8.5V), (GM3_R_15, Yp, 8.25V), (GMI1_L_r3,
Yn, 8.75V),and (GM1_R_13, Yn,8.75V). . . ... ... ... ... 179

4.79  Biphasic stimulation using combination -A3pA6n. Electrode A6 has
a positive phase first followed by a negative phase and is labeled
red. Electrode A3 has a negative phase first followed by a positive
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation volt-
ages required for axon tip to reach V,, > —10mV. List of location,
axon direction, and threshold: (GM1_L_r3, Yp,4.0V), (GMI1_L_r6,
Yp, 8.75V), (GM3_L_r3, Yp, 7.5V), (GM1_L_r6, Xp, 8.75V),
(GM1_L_r3, Xn, 9.5V), (GM1_L_r3, Yn, 9.5V), and (GM1_L_r6,
Yn,6.75V). . . 180
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4.80 Biphasic stimulation using combination A3pA6n. Electrode A3 has
a positive phase first followed by a negative phase and is labeled red.
Electrode A6 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r3, Yp, 9.0V), (GM1_L_r6,
Yp, 4.0V), (GM3_L_r6, Yp, 7.5V), (GM2_L_r6, Yp, 10.0V),
(GM1_L_r3, Xp, 8.75V), (GM1_L_r6, Xn, 9.25V), (GMI1_L_r3,
Yn, 6.75V),and (GM1_L_r6, Yn,9.25V). . . ... ... ... ... 181

4.81 Biphasic stimulation using combination -A3pB6n. Electrode B6 has
a positive phase first followed by a negative phase and is labeled
red. Electrode A3 has a negative phase first followed by a positive
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation volt-
ages required for axon tip to reach V,, > —10mV. List of location,
axon direction, and threshold: (GM1_L_r3, Yp, 4.0 V), (GM1_R_r16,
Yp, 9.25V), (GM1_L_r6, Yp, 9.25V), (GM3_L_r3, Yp, 7.5V),
(GM1_L_r3, Xn, 9.5V), (GMI1_L_r3, Yn, 9.5V), (GM1_R_r6, Yn,
9.25V),and (GMI1_L_r6, Yn,9.5V). . . . ... ... ... . ... 182
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4.82 Biphasic stimulation using combination A3pB6n. Electrode A3

4.83

has a positive phase first followed by a negative phase and is
labeled red. Electrode B6 has a negative phase first followed by a
positive phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,;, > —10mV. List
of location, axon direction, and threshold: (GM1_L_r3, Yp, 9.0V),
(GMI1_R_r6, Yp, 4.5V), (GM1_L_r6, Yp, 4.5V), (GM3_L_r6,
Yp, 9.0V), (GM3_R_16, Yp, 9.0V), (GM1_L_r3, Xp, 8.75V), and

(GMI_L_13,Yn,6.75V). . . ... ..

Biphasic stimulation using combination -A3pCén. Electrode C6 has
a positive phase first followed by a negative phase and is labeled
red. Electrode A3 has a negative phase first followed by a pos-
itive phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,, > —10mV. List
of location, axon direction, and threshold: (GM1_L_r3, Yp, 4.0V),
(GMI1_R_r6, Yp, 8.75V), (GM3_L_r3, Yp, 7.5V), (GM1_L_r3,
Xn, 9.5V), (GM1_R_r6, Xn, 8.5V), (GM1_L_r3, Yn, 9.5V), and

(GMI_R 16, Yn,6.75V). . . . ... .. ..
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4.84 Biphasic stimulation using combination A3pCé6n. Electrode A3 has

4.85

a positive phase first followed by a negative phase and is labeled red.
Electrode C6 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r3, Yp, 9.0V), (GMI_R_r6,
Yp, 4.0V), (GM3_R_16, Yp, 7.5V), (GM2_R_r6, Yp, 10.0V),
(GM1_L_r3, Xp, 8.75V), (GM1_R_r6, Xp, 9.5V), (GMI1_L_r3,

Yn, 6.75V),and (GM1_R_r6, Yn,9.25V). . . ... ... ... ...

Biphasic stimulation using combination -B3pB6n. Electrode B6 has
a positive phase first followed by a negative phase and is labeled red.
Electrode B3 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10 mV with no
more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages re-
quired for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r3, Yp, 4.25V), (GMI1_R_r3,
Yp, 4.5V), (GM1_L_r6, Yp, 9.25V), (GM1_R_16, Yp, 9.25V),
(GM3_L_13, Yp,9.0V), (GM3_R_13, Yp,9.0V), (GMI_L_r6, Yn,

9.25V),and (GM1_R_r6,Yn,9.25V). . ... .. ... ... ....

185
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4.86 Biphasic stimulation using combination B3pB6n. Electrode B3 has

4.87

a positive phase first followed by a negative phase and is labeled red.
Electrode B6 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10mV with
no more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages
required for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r3, Yp, 9.0V), (GMI_R_r3,
Yp, 9.0V), (GM1_L_r6, Yp, 4.5V), (GMI1_R_r6, Yp, 4.5V),
(GM3_L_16, Yp, 9.0V), (GM3_R_16, Yp, 9.0V), (GM1_L_r3, Yn,
95V),and (GM1_R_r3,Yn,95V).. . ... ... ... .......
Biphasic stimulation using combination -A2pA6n. Electrode A6
has a positive phase first followed by a negative phase and is la-
beled red. Electrode A2 has a negative phase first followed by a
positive phase and is labeled blue. All other electrodes are float-
ing and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimula-
tion voltages required for axon tip to reach V,, > —10mV. List of
location, axon direction, and threshold: (GM1_L_r2, Yp, 4.25V),
(GMI1_L_r6, Yp,9.5V), (GM3_L_r2, Yp, 8.0V), (GM1_L_r6, Xp,
9.25V), (GM1_L_r2, Xn, 10.0V), (GM1_L_r2, Yn, 9.75V), and
(GMI_L_r6,Yn, 7.25V). . . . . . e
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4.88 Biphasic stimulation using combination A2pA6n. Electrode A2 has
a positive phase first followed by a negative phase and is labeled
red. Electrode A6 has a negative phase first followed by a pos-
itive phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,;, > —10mV. List
of location, axon direction, and threshold: (GMI1_L_r2, Yp, 9.5V),
(GMI1_L_16, Yp,4.25V),(GM3_L_16, Yp, 8.0V), (GM1_L_r2, Xp,
9.25V), (GM1_L_r6, Xn, 10.0V), (GM1_L_r2, Yn, 7.25V), and
(GM1_L_r6,Yn,10.0V). . . ... .. 189

4.89 Biphasic stimulation using combination -A2pB6n. Electrode B6 has
a positive phase first followed by a negative phase and is labeled red.
Electrode A2 has a negative phase first followed by a positive phase
and is labeled blue. All other electrodes are floating and labeled
purple. Soma, AH, IS, and AP are displayed as red lines for those
neurons whose axon tip membrane voltage exceeds —10 mV with no
more than 10V of stimulation. Dendrites are not displayed. The
color of the cube at each axon tip indicates stimulation voltages re-
quired for axon tip to reach V,, > —10mV. List of location, axon
direction, and threshold: (GMI1_L_r2, Yp, 4.25V), (GM1_L_r6,
Yp, 9.75V), (GM1_R_r6, Yp, 10.0V), (GM3_L_r2, Yp, 8.0V),
(GMI1_L_r2, Xn, 10.0V), (GM1_L_r2, Yn, 9.75V), (GM1_L_r6,
Yn, 10.0V), and (GM1_R_r6, Yn, 10.0V). . . . .. ... ... ... 190
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4.90 Biphasic stimulation using combination A2pB6n. Electrode A2 has

4.91

a positive phase first followed by a negative phase and is labeled
red. Electrode B6 has a negative phase first followed by a pos-
itive phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimu-
lation voltages required for axon tip to reach V,;, > —10mV. List
of location, axon direction, and threshold: (GMI1_L_r2, Yp, 9.5V),
(GMI1_L_16, Yp, 4.75V), (GM1_R_r6, Yp, 4.75V), (GM3_L_r6,
Yp, 9.5V), (GM3_R_16, Yp, 9.5V), (GM1_L_r2, Xp, 9.25V), and
(GM1_L_r2,Yn,725V). . . .. .
Biphasic stimulation using combination -A2pCén. Electrode C6 has
a positive phase first followed by a negative phase and is labeled
red. Electrode A2 has a negative phase first followed by a pos-
itive phase and is labeled blue. All other electrodes are floating
and labeled purple. Soma, AH, IS, and AP are displayed as red
lines for those neurons whose axon tip membrane voltage exceeds
—10mV with no more than 10V of stimulation. Dendrites are not
displayed. The color of the cube at each axon tip indicates stimula-
tion voltages required for axon tip to reach V,, > —10mV. List of
location, axon direction, and threshold: (GM1_L_r2, Yp, 4.25V),
(GMI_R_r6, Yp, 9.25V), (GM3_L_r2, Yp, 8.0V), (GM1_L_r2,
Xn, 10.0V), (GM1_R_r6, Xn, 9.0 V), (GM1_L_r2, Yn,9.75 V), and
(GMI_R_16,Yn,7.25V). . . . . . e
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4.92 Biphasic stimulation using combination A2pCé6n. Electrode A2 has

4.93

a positive phase first followed by a negative phase and is labeled
red. Electrode C6 has a negative phase first followed by a positive
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation volt-
ages required for axon tip to reach V,, > —10mV. List of location,
axon direction, and threshold: (GMI1_L_r2, Yp, 9.5V), (GM1_R_r16,
Yp, 4.25V), (GM3_R_16, Yp, 8.0V), (GMI1_L_r2, Xp, 9.25V),

(GM1_L_r2, Yn, 7.25V), and (GM1_R_r6, Yn, 10.0V). . . . . . ..

Biphasic stimulation using combination -B2pB6n. Electrode B6 has
a positive phase first followed by a negative phase and is labeled
red. Electrode B2 has a negative phase first followed by a positive
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation volt-
ages required for axon tip to reach V,, > —10mV. List of location,
axon direction, and threshold: (GM1_L_r2, Yp,4.5V), (GM1_R_r2,
Yp, 4.75V), (GM1_L_16, Yp, 9.75V), (GM1_R_r6, Yp, 10.0V),
(GM3_L_r2, Yp, 9.75V), (GM3_R_12, Yp, 9.5V), (GM1_L_r6,

Yn, 10.0V), and (GM1_R_r6, Yn, 100V). . . . .. ... ... ...
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4.94  Biphasic stimulation using combination B2pB6n. Electrode B2 has
a positive phase first followed by a negative phase and is labeled
red. Electrode B6 has a negative phase first followed by a positive
phase and is labeled blue. All other electrodes are floating and la-
beled purple. Soma, AH, IS, and AP are displayed as red lines for
those neurons whose axon tip membrane voltage exceeds —10 mV
with no more than 10V of stimulation. Dendrites are not displayed.
The color of the cube at each axon tip indicates stimulation volt-
ages required for axon tip to reach V,, > —10mV. List of location,
axon direction, and threshold: (GMI1_L_r2, Yp, 9.5V), (GM1_R_12,
Yp, 10.0V), (GMI1_L_16, Yp, 4.75V), (GMI1_R_r6, Yp, 4.75V),
(GM3_L_16, Yp, 9.5V), (GM3_R_16, Yp, 9.5V), (GM1_L_r2, Yn,
10.0V),and (GM1_R_r2, Yn, 100V). . . . . ... ... ... ... 195
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5.1 Membrane voltage at the axon tip (V,Zxomip) Vs synapse trigger
time for a neuron whose axon points in the —§ direction located at
GMI1_L_r5. This neuron’s synapse is at segment 16 on the distal
dendrite that points in the +X direction and is exposed to bipha-
sic epidural stimulation using stimulating electrode combination
A4pASn. The stimulation pulse starts at t=76.0ms and the maximum
pulse amplitudes occur at t=77.66ms = 0.16ms. The following
list contains tuples of the form (V;, w, #Tp, #T4), where V is the
stimulation voltage, w is the synapse weight, and (#1'p, #T4) is the
number of synapse trigger time samples (x-axis samples in the above
graph) before or after the stimulation pulse, respectively, given the
values of V; and w that result in neuron activation (a value of V,Zxomip

above —10mV) : (-5.0V, 4.783nS, 10, 6), (-5.0V, 4.776nS, 9, 5),

(-5.0V,4.76918S, 9, 5), (-4.0V, 4.783nS, 8§, 5), (-4.0V, 4.776nS, 8§, 5),

(-4.0V,4.76918S, 8, 5), (-3.0V, 4.783nS, 8, 5), (-3.0V, 4.776nS, 8, 5),

(-3.0V,4.769nS, 7, 4), (-2.0V, 4.783nS, 8, 5), (-2.0V, 4.776nS, 7, 4),

(-2.0V, 4.769nS, 7, 3), (-1.0V, 4.783nS, 6, 5), (-1.0V, 4.776nS, 5, 1),

(-1.0V, 4.769nS, 5, 0), (-0.5V, 4.783nS, 6, 2), and (-0.5V, 4.776nS,
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5.2 Membrane voltage (V;,) (see colormap) at the axon tip (top figure)

53

and at the synapse location (bottom figure) as a function of synapse
trigger time (x-axis) and simulation time (y-axis). Measured on neu-
ron GM1_L_r5_Yn exposed to —2.0 V of biphasic epidural stimula-
tion using stimulating electrode combination A4pA5n while a synap-
tic input with synapse weight=4.783nS is triggered at varying times
on the distal dendrite that points in the +X direction at segment 16.
The electrical stimulation pulse starts at t=76.0ms and the maxi-
mum amplitudes of the pulse occur at t=77.66ms + 0.16ms. The
colormap is white when V,, = —68.31 mV (the resting membrane
voltage for the distal axon tip) and changes from dark yellow to or-
ange at V,, = —10mV to indicate neuron activation. Synapse trigger

times that have a dark yellow to orange color above them are a part

of the “facilitation window.” . . . . . . . . . . . . . . .. ... ...

Stimulation only: Each subplot plots a different variable ((a) V,,, (b)
MiKdrsMs (€) Mikasm, (d) hikasm, (€) miNasm, and (f) hnasm) against
simulation time (ms) for probes on axon-soma (sub-top) and den-
drites (sub-bottom). All data measured using neuron GM1_L_r5_Yn
exposed to —2.0'V of biphasic stimulation using stimulating elec-
trode combination A4pASn. The stimulation pulse starts at t=76.0ms

and the maximum amplitudes of the pulse occur at t=77.66ms +
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5.4 Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,

(b) mikdrsm, (€) Mikasm, (d) Aikasm, (€) miNasm, and (f) hiNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to —2.0 V of biphasic stimulation using stimulating electrode
combination A4pAS5n. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
An Exp2Syn synapse was triggered at t=66.0 ms with a synaptic
weight of 4.783nS. The synapse was located at segment 16 on the

distal dendrite that points in the +X direction. . . . . . . . . ... ..
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5.5 Membrane voltage at the axon tip (V,Zxomip) Vs synapse trigger
time for a neuron whose axon points in the —y direction located
at GM1_L_r5. This neuron has a synapse triggered at segment
16 on the distal dendrite that points in the +X direction and is
exposed to monophasic epidural stimulation using stimulating
electrode combination A4pASn. The stimulation pulse starts at
t=76.0ms and has a maximum amplitude at t=77.13ms. This neuron
is active without any EPSPs if exposed to -5.0V of stimulation. The
following list contains tuples of the form (Vi, w, #Tp, #T4) where V;
is the stimulation voltage, w is the synapse weight, and (#7g, #T4)
is the number of synapse trigger time samples (x-axis samples in
the above graph) before or after the stimulation pulse, respectively,
given the values of V; and w that result in neuron activation (a value
of VX" above —10mV) : (-4.0V, 4.783nS, 8, 7), (-4.0V, 4.776nS,
8,7), (-4.0V,4.769nS, 7, 7), (-3.0V, 4.783nS, 8, 3), (-3.0V, 4.776nS,
8, 3), (-3.0V, 4.769nS, 8, 3), (-2.0V, 4.783nS, 7, 0), (-2.0V, 4.776nS,
6, 0), (-2.0V, 4.7691S, 6, 0), (-1.0V, 4.783nS, 7, 0), (-1.0V, 4.776nS,
6, 0), (-1.0V, 4.769nS, 6, 0), (-0.5V, 4.783nS, 6, 0), (-0.5V, 4.776nS,
6,0), and (-0.5V,4.769nS,5,0). . . . .. ... oL
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5.7

Ixxiv

Membrane voltage (V,,) (see colormap) at the axon tip (top figure)
and at the synapse location (bottom figure) as a function of synapse
trigger time (x-axis) and simulation time (y-axis). Measured on neu-
ron GM1_L_r5_Yn exposed to —2.0 V of monophasic epidural stim-
ulation using stimulating electrode combination A4pASn while a
synaptic input with synapse weight=4.783nS is triggered at varying
times on the distal dendrite that points in the +X direction at seg-
ment 16. The electrical stimulation pulse starts at t=76.0ms and has

a maximum amplitude at t=77.13ms. The colormap is white when

Vin = —68.31 mV (the resting membrane voltage for the distal axon
tip) and changes from dark yellow to orange at V,, = —10mV to
indicate neuron activation. . . . . . . . . . ... ... oL 213

Stimulation only: Each subplot plots a different variable ((a) V,,, (b)
MiKdrsM» (€) Mikasm, (d) hikasm, (€) miNasm, and (f) hinasm) against
simulation time (ms) for probes on axon-soma (sub-top) and den-
drites (sub-bottom). All data measured using neuron GM1_L_r5_Yn
exposed to —2.0 V of monophasic stimulation using stimulating elec-

trode combination A4pASn. The stimulation pulse starts at t=76.0ms

and has a maximum amplitude at t=77.13ms. . . . . . ... ... .. 214
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5.8 Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,

(b) mikdrsm, (€) Mikasm, (d) Aikasm, (€) miNasm, and (f) hiNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to —2.0 V of monophasic stimulation using stimulating elec-
trode combination A4pASn. The stimulation pulse starts at t=76.0ms
and has a maximum amplitude at t=77.13ms. An Exp2Syn synapse
was triggered at t=71.0 ms with a synaptic weight of 4.783nS. The
synapse was located at segment 16 on the distal dendrite that points

inthe +X direction. . . . . . . . . . ... e
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5.9 Membrane voltage at the axon tip (V,Zxomip) Vs synapse trigger
time for a neuron whose axon points in the —§ direction located at
GMI1_L_r5. This neuron has a synapse triggered at segment 16 on
the distal dendrite that points in the +X direction and is exposed
to monophasic epidural stimulation using stimulating electrode
combination A4pAS5n. The stimulation pulse starts at t=76.0ms and
has a maximum amplitude at t=77.13ms. The following list contains
tuples of the form (V;, w, #Tp, #T4) where V; is the stimulation
voltage, w is the synapse weight, and (#7, #74) is the number of
synapse trigger time samples (x-axis samples in the above graph)
before or after the stimulation pulse, respectively, given the values
of V; and w that result in neuron activation (a value of V,Zxomip

above —10mV) : (5.0V, 4.783nS, 7, 9), (5.0V, 4.776nS, 7, 9), (5.0V,

4.7691S, 6, 9), (4.0V, 4.783nS, 6, 10), (4.0V, 4.776nS, 6, 10), (4.0V,

4.769nS, 6, 10), (3.0V, 4.783nS, 5, 14), (3.0V, 4.776nS, 5, 13),

(3.0V, 4.769nS, 5, 12), (2.0V, 4.783nS, 2, 14), (2.0V, 4.776nS, 2,

14), (2.0V, 4.769nS, 2, 13), (1.0V, 4.783nS, 1, 14), (1.0V, 4.776nS,

1, 14), (1.0V, 4.769nS, 1, 10), (0.5V, 4.783nS, 1, 14), (0.5V,

4.776nS, 1,9), and (0.5V,4.769nS, 1,3). . . . . ... ... ... ..
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5.10 Membrane voltage (V,,) (see colormap) at the axon tip (top figure)
and at the synapse location (bottom figure) as a function of synapse
trigger time (x-axis) and simulation time (y-axis). Measured on neu-
ron GM1_L_r5_Yn exposed to 2.0 V of monophasic epidural stim-
ulation using stimulating electrode combination A4pASn while a
synaptic input with synapse weight=4.783nS is triggered at varying
times on the distal dendrite that points in the +X direction at seg-
ment 16. The electrical stimulation pulse starts at t=76.0ms and has

a maximum amplitude at t=77.13ms. The colormap is white when

Vin = —68.31 mV (the resting membrane voltage for the distal axon
tip) and changes from dark yellow to orange at V,, = —10mV to
indicate neuron activation. . . . . . . . . .. ... oL o L. 217

5.11 Stimulation only: Each subplot plots a different variable ((a) V,,, (b)
MiKdrsM» (€) Mikasm, (d) hikasm, (€) miNasm, and (f) hinasm) against
simulation time (ms) for probes on axon-soma (sub-top) and den-
drites (sub-bottom). All data measured using neuron GM1_L_r5_Yn
exposed to 2.0 V of monophasic stimulation using stimulating elec-
trode combination A4pASn. The stimulation pulse starts at t=76.0ms

and has a maximum amplitude at t=77.13ms. . . . . . ... ... .. 218
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5.12  Stimulation + EPSP: Each subplot plots a different variable ((a) V.,

5.13

(b) mikarsm, (¢) mikasm, (d) hikasm. (€) mNasm, and (f) AmNasm)

against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to 2.0V of monophasic stimulation using stimulating elec-
trode combination A4pASn. The stimulation pulse starts at t=76.0ms
and has a maximum amplitude at t=77.13ms. An Exp2Syn synapse
was triggered at t=76.0 ms with a synaptic weight of 4.783nS. The
synapse was located at segment 16 on the distal dendrite that points
inthe +X direction. . . . . . ... ... o
2d histogram of the number of facilitated neurons with synapses in
the middle (segment 8) of the distal dendrite for: (a) monophasic and
(b) biphasic stimulation. The y-axis of each 2d histogram shows the
number of synapse trigger times which result in facilitation (or sti-
mOnly if no EPSP is required to activate the neuron at that value of
Vs). Understanding the x-axis of each 2d histogram requires looking
at the background columns behind the histogram. The magnitude of
stimulation voltage (|Vs|) is represented by the color of each column
(see right color bar to the right of each plot). The synapse weight of
each column is indicated by the hatching of each column (see leg-
end to the far right of each histogram). The number of neurons in
each square is indicated by the gray-scale colorbar just to the right
of the histogram. Each column consists of the results from simu-
lating 71280 neurons under 18 electrode combinations (described in

Section 5.3). . . ..



Ixxix

5.14  2d histogram of the number of facilitated neurons with synapses at
the distal tip (segment 16) of the distal dendrite for: (a) monophasic
and (b) biphasic stimulation. The y-axis of each 2d histogram shows
the number of synapse trigger times which result in facilitation (or
stimOnly if no EPSP is required to activate the neuron at that value of
Vs). Understanding the x-axis of each 2d histogram requires looking
at the background columns behind the histogram. The magnitude of
stimulation voltage (|Vs|) is represented by the color of each column
(see right color bar to the right of each plot). The synapse weight of
each column is indicated by the hatching of each column (see leg-
end to the far right of each histogram). The number of neurons in
each square is indicated by the gray-scale colorbar just to the right
of the histogram. Each column consists of the results from simu-
lating 71280 neurons under 18 electrode combinations (described in

Section 5.3). . . . ...
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5.15 Stacked bar charts showing the number of active neurons (from fa-
cilitation or stimulation-only) where each column corresponds to a
different pair of stimulation voltage (|Vs|) and synapse weight. These
charts are for neurons with synapses in the middle (segment 8) of
the distal dendrite and (a) monophasic and (b) biphasic stimulation.
Each column consists of the results from simulating 71280 neurons
under 18 electrode combinations (described in Section 5.3). Under-
standing the x-axis of each 2d histogram requires looking at the back-
ground columns behind the histogram. The magnitude of stimulation
voltage (|V;|) is represented by the color of each column (see virdis
(yellow-green-blue color map) color bar to the right of each plot).
The synapse weight of each column is indicated by the hatching of
each column (see legend to the far right of each histogram). The
color of each bar in the stacks (see legend to the right of the color-
bar) indicates the number of synapse trigger times which result in
facilitation (or stimOnly if the stimulation by itself causes activa-
tion). The maximum of the y-axis is the total number of simulated

neurons (71280) indicated by a red horizontal line. . . . . . ... .. 225
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5.17
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Stacked bar charts showing the number of active neurons (from fa-
cilitation or stimulation-only) where each column corresponds to a
different pair of stimulation voltage (|Vs|) and synapse weight. These
charts are for neurons with synapses at the distal tip (segment 16) of
the distal dendrite and (a) monophasic and (b) biphasic stimulation.
Each column consists of the results from simulating 71280 neurons
under 18 electrode combinations (described in Section 5.3). Under-
standing the x-axis of each 2d histogram requires looking at the back-
ground columns behind the histogram. The magnitude of stimulation
voltage (|V;|) is represented by the color of each column (see virdis
(yellow-green-blue color map) color bar to the right of each plot).
The synapse weight of each column is indicated by the hatching of
each column (see legend to the far right of each histogram). The
color of each bar in the stacks (see legend to the right of the color-
bar) indicates the number of synapse trigger times which result in
facilitation (or stimOnly if the stimulation by itself causes activa-

tion). The maximum of the y-axis is the total number of simulated

neurons (71280) indicated by a red horizontal line. . . . . . ... ..

These two figures show (a) the largest 3 synapse weights from
Fig. 5.15a and (b) Fig. 5.16a. See those figures for detailed
description. The y-axis is a log;, scale with the total number of
simulated neurons (71280) indicated by a red horizontal line. A
greater number of neurons with synapses triggered on the distal tips
of the distal dendrites have facilitation windows larger than 2 trigger
time samples compared with synapses in the middle of the dendrite

for synapse weights that are subthreshold by the same amount. . . .

226

. 227
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5.19

5.20

Ixxxii

These two figures show (a) the largest 3 synapse weights from
Fig. 5.15b and (b) Fig. 5.16b. See those figures for detailed
description. The y-axis is a log;, scale with the total number of
simulated neurons (71280) indicated by a red horizontal line. A
greater number of neurons with synapses triggered on the distal tips
of the distal dendrites have facilitation windows larger than 2 trigger
time samples compared with synapses in the middle of the dendrite
for synapse weights that are subthreshold by the same amount. . . .
Example histogram plot showing the regions of example feature x
that can be used for prediction of facilitation. The y-axis is the num-
ber of trigger points facilitated above threshold (—10 mV). Each trig-
ger corresponds with about 5Sms of time during which a triggered
synapse would cause facilitation. For each feature, active and non-
active classification regions of unclassified samples are drawn with
a yellow and cyan background respectively. These classification re-

gions are also written as rules below for feature value fy, where T=1

. 228

and T=0 indicates that the neuron is active and non-active respectively.230

Stimulation type: Biphasic, combination: A3pC5n, stimulation mag-
nitude: V5 =2 V. Synapses are on segment 8 of each dendrite with a
synapse weight of 3.436nS. See Section 5.A for more description.
Colormap indicating facilitation width can be found in Table 5.4.

Darker colors indicate wider facilitation windows. . . . . . . . . . .
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5.21 Membrane voltage at the axon tip (V,Zxomip) Vs synapse trigger
time for a neuron whose axon points in the —y direction located
at GM1_L_r5. This neuron has a synapse triggered at segment
16 on the distal dendrite that points in the +X direction and is
exposed to biphasic epidural stimulation using stimulating electrode
combination A4pAS5n. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
The following list contains tuples of the form (V, w, #Tp, #T4)
where V; is the stimulation voltage, w is the synapse weight, and
(#Tp, #T4) is the number of synapse trigger time samples (x-axis
samples in the above graph) before or after the stimulation pulse,
respectively, given the values of Vi and w that result in neuron
activation (a value of V™™ above —10mV) : (5.0V, 4.783nS, 9,
6), (5.0V, 4.776nS, 8, 6), (5.0V, 4.769nS, 8, 6), (4.0V, 4.783nS, 8,
6), (4.0V, 4.776nS, 8, 6), (4.0V, 4.769nS, 8, 6), (3.0V, 4.783nS, 8,
6), (3.0V, 4.776nS, 7, 6), (3.0V, 4.769nS, 7, 5), (2.0V, 4.783nS, 8,
6), (2.0V, 4.776nS, 7, 5), (2.0V, 4.769nS, 6, 4), (1.0V, 4.783nS, 7,
5), (1.0V, 4.776nS, 6, 0), (1.0V, 4.769nS, 5, 0), (0.5V, 4.783nS, 5,
0), (0.5V, 4.776nS, 4, 0), and (0.5V, 4.769nS, 1,0). . . . . . ... ..
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5.22 Membrane voltage (V,,) (see colormap) at the axon tip (top figure)

5.23

and at the synapse location (bottom figure) as a function of synapse
trigger time (x-axis) and simulation time (y-axis). Measured on neu-
ron GM1_L_r5_Yn exposed to 2.0 V of biphasic epidural stimula-
tion using stimulating electrode combination A4pAS5n while a synap-
tic input with synapse weight=4.783nS is triggered at varying times
on the distal dendrite that points in the +X direction at segment 16.
The electrical stimulation pulse starts at t=76.0ms and the maxi-
mum amplitudes of the pulse occur at t=77.66ms + 0.16ms. The
colormap is white when V,, = —68.31 mV (the resting membrane

voltage for the distal axon tip) and changes from dark yellow to or-

ange at V,, = =10 mV to indicate neuron activation. . . . . . . . . ..

Stimulation only: Each subplot plots a different variable ((a) V,,, (b)
MiKdrsM» (€) Mikasm, (d) hikasm, (€) miNasm, and (f) hinasm) against
simulation time (ms) for probes on axon-soma (sub-top) and den-
drites (sub-bottom). All data measured using neuron GM1_L_r5_Yn
exposed to 2.0V of biphasic stimulation using stimulating electrode

combination A4pAS5n. The stimulation pulse starts at t=76.0ms and

the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms. .

251
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5.24 Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,

5.25

(b) mikarsm, (¢) mikasm, (d) hikasm. (€) mNasm, and (f) AmNasm)

against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to 2.0V of biphasic stimulation using stimulating electrode
combination A4pAS5n. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
An Exp2Syn synapse was triggered at t=41.0ms with a synaptic

weight of 4.783nS. The synapse was located at segment 16 on the

distal dendrite that points in the +X direction. . . . . . . . . ... ..

Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,
(b) mikdarsm, (€) mikasm, (d) hikasm, (€) miNasm, and (f) hNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to 2.0V of biphasic stimulation using stimulating electrode
combination A4pASn. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
An Exp2Syn synapse was triggered at t=66.0 ms with a synaptic

weight of 4.783nS. The synapse was located at segment 16 on the

distal dendrite that points in the +X direction. . . . . . . . ... ...
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5.26 Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,
(b) mikdrsm, (€) mikasm, (d) hikasm, (€) miNasm, and (f) hiNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to 2.0V of biphasic stimulation using stimulating electrode
combination A4pAS5n. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
An Exp2Syn synapse was triggered at t=106.0 ms with a synaptic
weight of 4.783nS. The synapse was located at segment 16 on the

distal dendrite that points in the +X direction. . . . . . . . . ... ..
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5.27 Membrane voltage at the axon tip (V,Zxomip) Vs synapse trigger
time for a neuron whose axon points in the —y direction located
at GM1_L_r5. This neuron has a synapse triggered at segment
8 on the distal dendrite that points in the +X direction and is
exposed to biphasic epidural stimulation using stimulating electrode
combination A4pA5n. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
The following list contains tuples of the form (V, w, #Tp, #T4)
where V; is the stimulation voltage, w is the synapse weight, and
(#Tp, #T4) is the number of synapse trigger time samples (x-axis
samples in the above graph) before or after the stimulation pulse,
respectively, given the values of Vi and w that result in neuron
activation (a value of V"™ above —10mV) : (-5.0V, 3.45nS, 9,
6), (-5.0V, 3.443nS, 8, 6), (-5.0V, 3.436nS, 8, 6), (-5.0V, 3.422nS, 7,
5), (-5.0V, 3.394nS, 7, 4), (-5.0V, 3.337nS, 7, 3), (-5.0V, 3.225nS, 6,
1), (-5.0V, 3.0nS, 4, 0), (-4.0V, 3.45nS, 8, 6), (-4.0V, 3.443nS, 7, 5),
(-4.0V, 3.436nS, 7, 5), (-4.0V, 3.422n8S, 7, 4), (-4.0V, 3.394nS, 6, 2),
(-4.0V, 3.337nS, 6, 1), (-4.0V, 3.225nS, 4, 0), (-4.0V, 3.0nS, 2, 0),
(-3.0V, 3.45nS, 8, 6), (-3.0V, 3.443nS, 7, 4), (-3.0V, 3.436nS, 7, 3),
(-3.0V, 3.422nS, 6, 2), (-3.0V, 3.394nS, 5, 0), (-3.0V, 3.337nS, 4, 0),
(-3.0V, 3.225n8, 1, 0), (-2.0V, 3.45nS, 6, 5), (-2.0V, 3.443nS, 5, 2),
(-2.0V, 3.436nS, 5, 1), (-2.0V, 3.422nS, 4, 0), (-2.0V, 3.394nS, 3, 0),
(-1.0V, 3.45nS, 6, 3), (-1.0V, 3.443nS, 4, 0), (-1.0V, 3.436nS, 3, 0),
and (-0.5V,3.45nS,5,0). . . . . ..o
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Membrane voltage (V,,) (see colormap) at the axon tip (top figure)
and at the synapse location (bottom figure) as a function of synapse
trigger time (x-axis) and simulation time (y-axis). Measured on neu-
ron GM1_L_r5_Yn exposed to —2.0 V of biphasic epidural stimula-
tion using stimulating electrode combination A4pA5n while a synap-
tic input with synapse weight=3.45nS is triggered at varying times
on the distal dendrite that points in the +x direction at segment 8.
The electrical stimulation pulse starts at t=76.0ms and the maxi-
mum amplitudes of the pulse occur at t=77.66ms + 0.16ms. The
colormap is white when V,, = —68.31 mV (the resting membrane

voltage for the distal axon tip) and changes from dark yellow to or-

ange at V,, = =10 mV to indicate neuron activation. . . . . . . . . ..

Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,,
(b) mikdrsm, (€) mikasm, (d) hikasm, (€) miNasm, and (f) hNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to —2.0 V of biphasic stimulation using stimulating electrode
combination A4pAS5n. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
An Exp2Syn synapse was triggered at t=46.0ms with a synaptic

weight of 3.45nS. The synapse was located at segment 8 on the distal

dendrite that points in the +% direction. . . . . . .. ... ... ...
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5.30 Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,

5.31

(b) mikarsm, (¢) mikasm, (d) hikasm. (€) mNasm, and (f) AmNasm)

against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to —2.0 V of biphasic stimulation using stimulating electrode
combination A4pAS5n. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
An Exp2Syn synapse was triggered at t=66.0 ms with a synaptic

weight of 3.45nS. The synapse was located at segment 8 on the distal

dendrite that points in the +X direction. . . . . . . . ... ... ...

Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,
(b) mikdarsm, (€) Mikasm, (d) hikasm, (€) miNasm, and (f) hNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to —2.0 V of biphasic stimulation using stimulating electrode
combination A4pAS5n. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
An Exp2Syn synapse was triggered at t=101.0 ms with a synaptic

weight of 3.45nS. The synapse was located at segment 8 on the dis-

tal dendrite that points in the +X direction. . . . .. ... . ... ..
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5.32 Membrane voltage at the axon tip (V,Zxomip) Vs synapse trigger
time for a neuron whose axon points in the —y direction located
at GM1_L_r5. This neuron has a synapse triggered at segment
8 on the distal dendrite that points in the +X direction and is
exposed to biphasic epidural stimulation using stimulating electrode
combination A4pA5n. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
The following list contains tuples of the form (V, w, #Tp, #T4)
where V; is the stimulation voltage, w is the synapse weight, and
(#Tp, #T4) is the number of synapse trigger time samples (x-axis
samples in the above graph) before or after the stimulation pulse,
respectively, given the values of Vi and w that result in neuron
activation (a value of V™ above —10mV) : (5.0V, 3.45nS, 8, 7),
(5.0V, 3.443nS, 8, 6), (5.0V, 3.436nS, 8, 6), (5.0V, 3.422nS, 7, 5),
(5.0V, 3.394nS, 7, 4), (5.0V, 3.337nS, 7, 3), (5.0V, 3.225nS, 6, 1),
(5.0V,3.0nS, 5, 0), (4.0V, 3.45nS, 8, 7), (4.0V, 3.443nS, 7, 6), (4.0V,
3.436nS, 7, 5), (4.0V, 3.422nS, 7, 4), (4.0V, 3.394nS, 6, 3), (4.0V,
3.337nS, 6, 1), (4.0V, 3.225nS, 5, 0), (4.0V, 3.0nS, 1, 0), (3.0V,
3.45nS, 7, 6), 3.0V, 3.443nS, 7, 5), (3.0V, 3.436nS, 6, 4), (3.0V,
3.422n8, 6, 2), (3.0V, 3.394nS, 5, 0), (3.0V, 3.337nS, 4, 0), (3.0V,
3.225n8S, 1, 0), (2.0V, 3.45nS, 7, 6), (2.0V, 3.443nS, 6, 3), (2.0V,
3.436nS, 5, 1), (2.0V, 3.422nS, 5, 0), (2.0V, 3.394nS, 4, 0), (1.0V,
3.45nS, 6, 3), (1.0V, 3.443nS, 4, 0), (1.0V, 3.436nS, 2, 0), (0.5V,
3.45nS, 4, 0), and (0.5V,3.443nS,1,0). . . . .. ... ... ... ..
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Membrane voltage (V,,) (see colormap) at the axon tip (top figure)
and at the synapse location (bottom figure) as a function of synapse
trigger time (x-axis) and simulation time (y-axis). Measured on neu-
ron GM1_L_r5_Yn exposed to 2.0 V of biphasic epidural stimula-
tion using stimulating electrode combination A4pAS5n while a synap-
tic input with synapse weight=3.45nS is triggered at varying times
on the distal dendrite that points in the +x direction at segment 8.
The electrical stimulation pulse starts at t=76.0ms and the maxi-
mum amplitudes of the pulse occur at t=77.66ms + 0.16ms. The
colormap is white when V,, = —68.31 mV (the resting membrane

voltage for the distal axon tip) and changes from dark yellow to or-

ange at V, = =10 mV to indicate neuron activation. . . . . . . . . ..

Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,,
(b) mikdrsm, (€) Mmikasm, (d) hikasm, (€) miNasm, and (f) hNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to 2.0V of biphasic stimulation using stimulating electrode
combination A4pAS5n. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
An Exp2Syn synapse was triggered at t=46.0ms with a synaptic

weight of 3.45nS. The synapse was located at segment 8 on the distal

dendrite that points in the +% direction. . . . . . .. ... ... ...
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Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,,
(b) mikdrsm, (€) mikasm, (d) hikasm, (€) miNasm, and (f) hiNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to 2.0V of biphasic stimulation using stimulating electrode
combination A4pAS5n. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
An Exp2Syn synapse was triggered at t=66.0 ms with a synaptic

weight of 3.45nS. The synapse was located at segment 8 on the distal

dendrite that points in the +X direction. . . . . . . . ... ... ...

Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,
(b) mikdarsm, (€) mikasm, (d) hikasm, (€) miNasm, and (f) hNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to 2.0V of biphasic stimulation using stimulating electrode
combination A4pASn. The stimulation pulse starts at t=76.0ms and
the maximum amplitudes of the pulse occur at t=77.66ms + 0.16ms.
An Exp2Syn synapse was triggered at t=106.0 ms with a synaptic

weight of 3.45nS. The synapse was located at segment 8 on the dis-

tal dendrite that points in the +X direction. . . . .. ... ... ...
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5.37 Membrane voltage at the axon tip (V,Zxomip) Vs synapse trigger
time for a neuron whose axon points in the —9 direction located at
GMI1_L_r5. This neuron has a synapse triggered at segment 8 on
the distal dendrite that points in the +X direction and is exposed
to monophasic epidural stimulation using stimulating electrode
combination A4pASn. The stimulation pulse starts at t=76.0ms
and has a maximum amplitude at t=77.13ms. This neuron is
active without any EPSPs if exposed to -5.0V of stimulation. The
following list contains tuples of the form (Vi, w, #Tp, #T4) where V;
is the stimulation voltage, w is the synapse weight, and (#7g, #T4)
is the number of synapse trigger time samples (x-axis samples in
the above graph) before or after the stimulation pulse, respectively,
given the values of V; and w that result in neuron activation (a value
of VZMP ahove —10mV) : (-4.0V, 3.45nS, 8, 8), (-4.0V, 3.443nS,
8,7), (-4.0V, 3.436nS, 8, 7), (-4.0V, 3.422nS, 7, 7), (-4.0V, 3.394nS,
8,7), (-4.0V, 3.337nS, 8, 7), (-4.0V, 3.225nS, 8, 6), (-4.0V, 3.0nS, 8,
5), (-3.0V, 3.45nS, 8, 4), (-3.0V, 3.443nS, 8, 4), (-3.0V, 3.436nS, 7,
3), (-3.0V, 3.422nS, 7, 3), (-3.0V, 3.394nS, 7, 2), (-3.0V, 3.337nS, 7,
0), (-3.0V, 3.225nS, 6, 0), (-3.0V, 3.0nS, 4, 0), (-2.0V, 3.45nS, 7, 2),
(-2.0V, 3.443nS, 7, 1), (-2.0V, 3.436nS, 6, 1), (-2.0V, 3.422nS, 6, 0),
(-2.0V, 3.394nS, 5, 0), (-2.0V, 3.337nS, 5, 0), (-2.0V, 3.225nS, 3, 0),
(-1.0V, 3.45nS, 7, 0), (-1.0V, 3.443nS, 6, 0), (-1.0V, 3.436nS, 6, 0),
(-1.0V, 3.422n8, 5, 0), (-1.0V, 3.394nS, 4, 0), (-0.5V, 3.45nS, 7, 0),
(-0.5V, 3.443nS, 6, 0), (-0.5V, 3.436nS, 5, 0), and (-0.5V, 3.422nS,
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Membrane voltage (V,,) (see colormap) at the axon tip (top figure)
and at the synapse location (bottom figure) as a function of synapse
trigger time (x-axis) and simulation time (y-axis). Measured on neu-
ron GM1_L_r5_Yn exposed to —2.0 V of monophasic epidural stim-
ulation using stimulating electrode combination A4pASn while a
synaptic input with synapse weight=3.45nS is triggered at varying
times on the distal dendrite that points in the +X direction at seg-
ment 8. The electrical stimulation pulse starts at t=76.0ms and has
a maximum amplitude at t=77.13ms. The colormap is white when
Vin = —68.31 mV (the resting membrane voltage for the distal axon

tip) and changes from dark yellow to orange at V,, = —10mV to

indicate neuron activation. . . . . . . . . . . . e e e e

Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,,
(b) mikdrsm, (€) Mikasm, (d) hikasm, (€) miNasm, and (f) hNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to —2.0 V of monophasic stimulation using stimulating elec-
trode combination A4pASn. The stimulation pulse starts at t=76.0ms
and has a maximum amplitude at t=77.13ms. An Exp2Syn synapse
was triggered at t=46.0 ms with a synaptic weight of 3.45nS. The

synapse was located at segment 8 on the distal dendrite that points in

the +X direction. . . . . . . . . ...

271
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5.40 Stimulation + EPSP: Each subplot plots a different variable ((a) V.,

541

(b) mikarsm, (¢) mikasm, (d) hikasm. (€) mNasm, and (f) AmNasm)

against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to —2.0 V of monophasic stimulation using stimulating elec-
trode combination A4pASn. The stimulation pulse starts at t=76.0ms
and has a maximum amplitude at t=77.13ms. An Exp2Syn synapse
was triggered at t=76.0 ms with a synaptic weight of 3.45nS. The

synapse was located at segment 8 on the distal dendrite that points in

the +X direction. . . . . . . . . . ...

Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,
(b) mikdarsm, (€) Mmikasm, (d) hikasm, (€) miNasm, and (f) hiNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to —2.0 V of monophasic stimulation using stimulating elec-
trode combination A4pASn. The stimulation pulse starts at t=76.0ms
and has a maximum amplitude at t=77.13ms. An Exp2Syn synapse
was triggered at t=86.0 ms with a synaptic weight of 3.45nS. The

synapse was located at segment 8 on the distal dendrite that points in

the +X direction. . . . . . . . . . ...
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5.42 Membrane voltage at the axon tip (V,Zxomip) Vs synapse trigger
time for a neuron whose axon points in the —§ direction located at
GMI1_L_r5. This neuron has a synapse triggered at segment 8 on
the distal dendrite that points in the +X direction and is exposed
to monophasic epidural stimulation using stimulating electrode
combination A4pAS5n. The stimulation pulse starts at t=76.0ms and
has a maximum amplitude at t=77.13ms. The following list contains
tuples of the form (V;, w, #Tp, #T4) where V; is the stimulation
voltage, w is the synapse weight, and (#1, #74) is the number of
synapse trigger time samples (x-axis samples in the above graph)
before or after the stimulation pulse, respectively, given the values
of V; and w that result in neuron activation (a value of V,Zxomip

above —10mV) : (5.0V, 3.45nS, 6, 9), (5.0V, 3.443nS, 6, 9), (5.0V,

3.436mnS, 6, 9), (5.0V, 3.422nS, 6, 8), (5.0V, 3.394nS, 5, 7), (5.0V,
3.337nS, 5, 6), (5.0V, 3.225nS, 4, 4), (5.0V, 3.0nS, 3, 2), (4.0V,
3.45nS, 6, 10), (4.0V, 3.443nS, 6, 10), (4.0V, 3.436nS, 5, 9), (4.0V,
3.422nS, 5, 8), (4.0V, 3.394nS, 5, 7), (4.0V, 3.337nS, 4, 5), (4.0V,
3.225n8, 4, 2), (3.0V, 3.45nS, 4, 13), (3.0V, 3.443nS, 4, 11), (3.0V,
3.436nS, 4, 9), 3.0V, 3.422nS, 4, 7), (3.0V, 3.394nS, 3, 4), (3.0V,
3.337nS, 0, 1), (2.0V, 3.45nS, 0, 14), (2.0V, 3.443nS, 0, 11), (2.0V,
3.436mnS, 0, 7), (2.0V, 3.422nS, 0, 3), (1.0V, 3.45nS, 0, 14), (1.0V,
3.443nS, 0, 6), and (0.5V,3.45nS,0,14). . . .. ... ... ... ..
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5.43 Membrane voltage (V,,) (see colormap) at the axon tip (top figure)
and at the synapse location (bottom figure) as a function of synapse
trigger time (x-axis) and simulation time (y-axis). Measured on neu-
ron GM1_L_r5_Yn exposed to 2.0 V of monophasic epidural stim-
ulation using stimulating electrode combination A4pASn while a
synaptic input with synapse weight=3.45nS is triggered at varying
times on the distal dendrite that points in the +X direction at seg-
ment 8. The electrical stimulation pulse starts at t=76.0ms and has

a maximum amplitude at t=77.13ms. The colormap is white when

Vin = —68.31 mV (the resting membrane voltage for the distal axon
tip) and changes from dark yellow to orange at V,, = —10mV to
indicate neuron activation. . . . . . . . . .. ... oL o L. 2717

5.44 Stimulation only: Each subplot plots a different variable ((a) V,,, (b)
MiKdrsM» (€) Mikasm, (d) hikasm, (€) miNasm, and (f) hinasm) against
simulation time (ms) for probes on axon-soma (sub-top) and den-
drites (sub-bottom). All data measured using neuron GM1_L_r5_Yn
exposed to 2.0 V of monophasic stimulation using stimulating elec-
trode combination A4pASn. The stimulation pulse starts at t=76.0ms

and has a maximum amplitude at t=77.13ms. . . . . . ... ... .. 278
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Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,,
(b) mikdrsm, (€) mikasm, (d) hikasm, (€) miNasm, and (f) hiNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to 2.0V of monophasic stimulation using stimulating elec-
trode combination A4pASn. The stimulation pulse starts at t=76.0ms
and has a maximum amplitude at t=77.13ms. An Exp2Syn synapse
was triggered at t=81.0 ms with a synaptic weight of 3.45nS. The

synapse was located at segment 8 on the distal dendrite that points in

the +X direction. . . . . . . . . . ...

Stimulation + EPSP: Each subplot plots a different variable ((a) V,,,
(b) mikdarsm, (€) Mmikasm, (d) hikasm, (€) miNasm, and (f) hiNasm)
against simulation time (ms) for probes on axon-soma (sub-top) and
dendrites (sub-bottom). Measured on neuron GM1_L_r5_Yn ex-
posed to 2.0V of monophasic stimulation using stimulating elec-
trode combination A4pASn. The stimulation pulse starts at t=76.0ms
and has a maximum amplitude at t=77.13ms. An Exp2Syn synapse
was triggered at t=146.0 ms with a synaptic weight of 3.45nS. The

synapse was located at segment 8 on the distal dendrite that points in

the +X direction. . . . . . . . . . ...
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5.47 Predicting facilitation for all combinations using biphasic epidural

stimulation with a synapse triggered on a distal dendrite at segment

: : : _ yIS _ y/Soma —

8 with weight 3.0nS using features fo = V> . — VoOuL f1 =
Synapse _ y7Soma _ DistalDendriteMiddley __ y/Soma

Vslatic Vslalic’ Ja= anVdendrites(Vsmtic ) Vstatic » and

DistalDendriteMiddle) _ VSoma

Sf3 = minygendrites(V,, ;10 .. Bach feature is on

the x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 400 are active without

the EPSP, 537 are facilitated, and 426743 are non-active. . . . . . .
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5.48 Predicting facilitation for all combinations using biphasic epidural

stimulation with a synapse triggered on a distal dendrite at segment

: : : —_ yIS _ y/Soma —

8 with weight 3.225nS using features fo = V> . — VooU f1 =
Synapse _ y7Soma _ DistalDendriteMiddley __ y/Soma

Vslatic Vslalic’ fa= anVdendrites(Vsmtic ) Vstatic » and

f3 = Minygendrites (V2 StalDendriteMiddie) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 400 are active without the EPSP, 1647

are facilitated, and 425633 are non-active. . . . . . . . . . . . ...
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5.49 Predicting facilitation for all combinations using biphasic epidural

stimulation with a synapse triggered on a distal dendrite at segment

: : : —_ yIS _ y/Soma —

8 with weight 3.338nS using features fo = V> . — VooU fi =
Synapse _ y7Soma _ DistalDendriteMiddley __ y/Soma

Vslatic Vslalic’ fa= anVdendrites(Vsmtic ) Vstatic » and

f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 400 are active without the EPSP, 4248

are facilitated, and 423032 are non-active. . . . . . ... ... ...
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5.50 Predicting facilitation for all combinations using biphasic epidural

stimulation with a synapse triggered on a distal dendrite at segment

: : : —_ yIS _ y/Soma —

8 with weight 3.394nS using features fo =V > . — VooU fi =
Synapse _ y7Soma _ DistalDendriteMiddley __ y/Soma

Vslatic Vslalic’ fa= anVdendrites(Vsmtic ) Vstatic » and

f3 = Minygendrites (V2 StalDendriteMiddie) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 400 are active without the EPSP, 9670

are facilitated, and 417610 are non-active. . . . . . ... ... ...
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Predicting facilitation for all combinations using biphasic epidural

stimulation with a synapse triggered on a distal dendrite at segment

8 with weight 3.422nS using features fo = VIS = — ySoma ¢ —

static static’
Vo = Vit 2 = ¥ e (Vi P N) — V3o, and
f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active

samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 400 are active without the EPSP, 24532

are facilitated, and 402748 are non-active. . . . . . . . . . ... ..



civ
5.52 Predicting facilitation for all combinations using biphasic epidural

stimulation with a synapse triggered on a distal dendrite at segment

: : : —_ yIS _ y/Soma —

8 with weight 3.436 nS using features fo = V> . — VooU f1 =
Synapse _ y7Soma _ DistalDendriteMiddley __ y/Soma

Vslatic Vslalic’ fa= anVdendrites(Vsmtic ) Vstatic » and

f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 400 are active without the EPSP, 62471

are facilitated, and 364809 are non-active. . . . . . .. .. ... ..



Ccv

5.53 Predicting facilitation for all combinations using biphasic epidural

stimulation with a synapse triggered on a distal dendrite at segment

: : : —_ yIS _ y/Soma —

8 with weight 3.443nS using features fo = V> . — VooU f1 =
Synapse _ y7Soma _ DistalDendriteMiddley __ y/Soma

Vslatic Vslalic’ fa= anVdendrites(Vsmtic ) Vstatic » and

f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 400 are active without the EPSP, 110804

are facilitated, and 316476 are non-active. . . . . . . . .. ... ..



cvi

5.54 Predicting facilitation for all combinations using biphasic epidural
stimulation with a synapse triggered on a distal dendrite at segment

8 with weight 3.45nS using features fo = VIS —— ySoma ¢ —

static static’
Vo = Vit 2 = ¥ e (Vi PN) — V3o, and
f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 400 are active without the EPSP, 257472

are facilitated, and 169808 are non-active. . . . . . .. .. ... ..



cvil
5.55 Predicting facilitation for all combinations using biphasic epidural

stimulation with a synapse triggered on a distal dendrite at segment

16 with weight 4.769 nS using features fo = VIS = — ySoma ¢

static static’
Vo = Vit = ¥ e (Vi PN — V3o, and
f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 400 are active without the EPSP, 82986

are facilitated, and 344294 are non-active. . . . . . . ... ... ..



cviil
5.56 Predicting facilitation for all combinations using biphasic epidural

stimulation with a synapse triggered on a distal dendrite at segment

16 with weight 4.776nS using features fo = VIS = — ySoma ¢

static static’
Vo = Vit = ¥ e (Vi PN — V3o, and
f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 400 are active without the EPSP, 120616

are facilitated, and 306664 are non-active. . . . . . . . .. ... ..



cix
5.57 Predicting facilitation for all combinations using biphasic epidural

stimulation with a synapse triggered on a distal dendrite at segment

: : : _ yIS _ Y/Soma —

16 with weight 4.783 nS using features fo = V> . — V2oul, fi =
Synapse _ y7Soma _ DistalDendriteMiddley __ y/Soma

Vslatic Vslalic’ Ja= anVdendrites(Vsmtic ) Vstatic » and

f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 400 are active without the EPSP, 256925

are facilitated, and 170355 are non-active. . . . . . . . .. ... ..



CcX

5.58 Predicting facilitation for all combinations using monophasic epidu-
ral stimulation with a synapse triggered on a distal dendrite at seg-

ment 8 with weight 3.0 nS using features fo = VIS = —ySoma ¢ —

static static’
Vo = Vit 2 = ¥ e (Vi PN — V3o, and
f3 = Minygendrites (V2 StalDendriteMiddie) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 645 are active without the EPSP, 2562

are facilitated, and 424473 are non-active. . . . . . . .. ... ...



cxi

5.59 Predicting facilitation for all combinations using monophasic epidu-

ral stimulation with a synapse triggered on a distal dendrite at seg-

ment 8 with weight 3.225 nS using features fjy = V}SI e ™ VSZ;’;‘?, f1=
Synapse _ y7Soma _ DistalDendriteMiddley __ y/Soma
Vslatic Vslalic’ Ja= anVdendrites(Vsmtic ) Vstatic » and

f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 645 are active without the EPSP, 6522

are facilitated, and 420513 are non-active. . . . . . . ... ... ..



cxil
5.60 Predicting facilitation for all combinations using monophasic epidu-

ral stimulation with a synapse triggered on a distal dendrite at seg-

ment 8 with weight 3.338 nS using features fjy = V}SI e ™ VSZ;’;‘?, f1=
Synapse _ y7Soma _ DistalDendriteMiddley __ y/Soma
Vslatic Vslalic’ Ja= anVdendrites(Vsmtic ) Vstatic » and

f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 645 are active without the EPSP, 16246

are facilitated, and 410789 are non-active. . . . . . . . .. ... ..



5.61

cxiil
Predicting facilitation for all combinations using monophasic epidu-

ral stimulation with a synapse triggered on a distal dendrite at seg-

ment 8 with weight 3.394 nS using features fjy = V}SI e ™ VSZ;’;‘?, f1=
Synapse _ y7Soma _ DistalDendriteMiddley __ y/Soma
Vslatic Vslalic’ Ja= anVdendrites(Vsmtic ) Vstatic » and

f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active

samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 645 are active without the EPSP, 46322

are facilitated, and 380713 are non-active. . . . . . . . .. ... ..



CX1V

5.62 Predicting facilitation for all combinations using monophasic epidu-

ral stimulation with a synapse triggered on a distal dendrite at seg-

ment 8 with weight 3.422 nS using features fjy = V}SI e ™ VSZ;’;‘?, f1=
Synapse _ y7Soma _ DistalDendriteMiddley __ y/Soma
Vslatic Vslalic’ Ja= anVdendrites(Vsmtic ) Vstatic » and

f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 645 are active without the EPSP, 87686

are facilitated, and 339349 are non-active. . . . . . . . .. ... ..



CXV

5.63 Predicting facilitation for all combinations using monophasic epidu-
ral stimulation with a synapse triggered on a distal dendrite at seg-

ment 8 with weight 3.436 nS using features fo = VIS . —ySoma ¢ —

static static
Vo = Vit 2 = ¥ e (Vi P N) = V3o, and
f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 645 are active without the EPSP, 133965

are facilitated, and 293070 are non-active. . . . . . . . . . ... ..



CXVi

5.64 Predicting facilitation for all combinations using monophasic epidu-

ral stimulation with a synapse triggered on a distal dendrite at seg-

ment 8 with weight 3.443 nS using features fjy = V}SI e ™ VSZ;’;‘?, f1=
Synapse _ y7Soma _ DistalDendriteMiddley __ y/Soma
Vslatic Vslalic’ Ja= anVdendrites(Vsmtic ) Vstatic » and

f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 645 are active without the EPSP, 185287

are facilitated, and 241748 are non-active. . . . . . . ... ... ..



cXvil

5.65 Predicting facilitation for all combinations using monophasic epidu-
ral stimulation with a synapse triggered on a distal dendrite at seg-

ment 8 with weight 3.45 nS using features fp = VIS = —ySoma ¢

static static’
Vo = Vit 2 = ¥ e (Vi P N) = V3o, and
f3 = Minygendrites (V2 StalDendriteMiddle) _y/Soma “gach feature is on the
X-axis in a separate subplot above with the number of trigger points
facilitated above threshold (—10mV) as the y-axis. Each subplot
consists of three 2D histograms (showing the number of neuron sim-
ulations in each square), shades of grey (unclassified), shades of red
(classified as active), and shades of blue (classified as non-active).
For each feature active and non-active classification regions of un-
classified samples are drawn with a yellow and cyan background re-
spectively. These classification regions are also written as rules be-
low, where T=1 and T=0 indicates that the neuron is active and non-
active respectively. The number of samples of neurons caught by
each rule is specified in the comment after each rule. Using the deci-
sion regions in that subplot and those above, the percent of all sam-
ples classified (id), active samples classified (id+), and non-active
samples classified (id-) are labeled in each subplot. There are a total

of 427680 samples of which 645 are active without the EPSP, 319226

are facilitated, and 107809 are non-active. . . . . . . . ... .. ..



cxviil
5.66 Predicting facilitation for all combinations using monophasic epidu-

ral stimulation with a synapse triggered on a distal dendrite at seg-

ment 16 with weight 4.769nS using features fy = VIS = — ySoma

static static’

_ y/Synapse _ y/Soma _ DistalDendriteMiddley __ y7/Soma
fi= Vstatic Vstatic fa= anVdendrites(Vstatic ) Vslalic >

and f3 = minydendrites (VDiStIDendriteMiddley _y/Soma Fach feature is
on the x-axis in a separate subplot above with the number of trig-
ger points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also writ-
ten as rules below, where T=1 and T=0 indicates that the neuron is
active and non-active respectively. The number of samples of neu-
rons caught by each rule is specified in the comment after each rule.
Using the decision regions in that subplot and those above, the per-
cent of all samples classified (id), active samples classified (id+), and
non-active samples classified (id-) are labeled in each subplot. There

are a total of 427680 samples of which 645 are active without the

EPSP, 176092 are facilitated, and 250943 are non-active. . . . . . .



CXiX

5.67 Predicting facilitation for all combinations using monophasic epidu-
ral stimulation with a synapse triggered on a distal dendrite at seg-

ment 16 with weight 4.776nS using features fy = VIS =~ — ySoma

static static’

_ y/Synapse _ y/Soma _ DistalDendriteMiddley __ y7/Soma
fi= Vstatic Vstatic fa= anVdendrites(Vstatic ) Vslalic >

and f3 = minydendrites (VDiStIDendriteMiddley _y/Soma Fach feature is
on the x-axis in a separate subplot above with the number of trig-
ger points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also writ-
ten as rules below, where T=1 and T=0 indicates that the neuron is
active and non-active respectively. The number of samples of neu-
rons caught by each rule is specified in the comment after each rule.
Using the decision regions in that subplot and those above, the per-
cent of all samples classified (id), active samples classified (id+), and
non-active samples classified (id-) are labeled in each subplot. There

are a total of 427680 samples of which 645 are active without the

EPSP, 209901 are facilitated, and 217134 are non-active. . . . . . .



CXX

5.68 Predicting facilitation for all combinations using monophasic epidu-
ral stimulation with a synapse triggered on a distal dendrite at seg-

ment 16 with weight 4.783nS using features fy = VIS = — ySoma

static static’

_ y/Synapse _ y/Soma _ DistalDendriteMiddley __ y7/Soma
fi= Vstatic Vstatic fa= anVdendrites(Vstatic ) Vslalic >

and f3 = minydendrites (VDiStIDendriteMiddley _y/Soma Fach feature is
on the x-axis in a separate subplot above with the number of trig-
ger points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also writ-
ten as rules below, where T=1 and T=0 indicates that the neuron is
active and non-active respectively. The number of samples of neu-
rons caught by each rule is specified in the comment after each rule.
Using the decision regions in that subplot and those above, the per-
cent of all samples classified (id), active samples classified (id+), and
non-active samples classified (id-) are labeled in each subplot. There

are a total of 427680 samples of which 645 are active without the

EPSP, 278554 are facilitated, and 148481 are non-active. . . . . . .



5.69

CXX1

Predicting facilitation for all combinations using biphasic epidu-
ral stimulation with a synapse triggered on a distal dendrite at
segment 8 with weight 3.0nS using features fo = max, (VAR (1)),
fi = min V@), fo= max (VMP0), and fy =
MaXygendrites Max, (VListalDendrieMiddle 1)y - Each feature is on the
x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 400 are active without

the EPSP, 537 are facilitated, and 426743 are non-active. . . . . . .



CXXil

5.70 Predicting facilitation for all combinations using biphasic epidural
stimulation with a synapse triggered on a distal dendrite at seg-
ment 8 with weight 3.225nS using features fy = max, (VA (1)),
fi = min V@), fo= max (VMP0), and fy =
MaXydendrites Max, (VListalDendrieMiddle 1)y = Each feature is on the
x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 400 are active without

the EPSP, 1647 are facilitated, and 425633 are non-active. . . . . . .



5.71

cxxiil
Predicting facilitation for all combinations using biphasic epidural
stimulation with a synapse triggered on a distal dendrite at seg-
ment 8 with weight 3.338nS using features fy = max, (VA (1)),
fi = min V@), fo= max (VMP0), and fy =
MaXydendrites Max, (VListalDendrieMiddle 1)y = Each feature is on the
x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 400 are active without

the EPSP, 4248 are facilitated, and 423032 are non-active. . . . . . .
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5.72 Predicting facilitation for all combinations using biphasic epidural
stimulation with a synapse triggered on a distal dendrite at seg-
ment 8 with weight 3.394nS using features fy = max, (VAH(1)),
fi = min V@), fo= max (VMP0), and fy =
MaXydendrites Max, (VListalDendrieMiddle 1)y = Each feature is on the
x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 400 are active without

the EPSP, 9670 are facilitated, and 417610 are non-active. . . . . . .
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Predicting facilitation for all combinations using biphasic epidural
stimulation with a synapse triggered on a distal dendrite at seg-
ment 8 with weight 3.422nS using features fy = max, (VAH (1)),
fi = min V@), fo= max (VMP0), and fy =
MaXydendrites Max, (VListalDendrieMiddle 1)y = Each feature is on the
x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 400 are active without

the EPSP, 24532 are facilitated, and 402748 are non-active. . . . . .
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5.74 Predicting facilitation for all combinations using biphasic epidural
stimulation with a synapse triggered on a distal dendrite at seg-
ment 8 with weight 3.436nS using features fy = max, (VAH(1)),
fi = min V@), fo= max (VMP0), and fy =
MaXydendrites Max, (VListalDendrieMiddle 1)y = Each feature is on the
x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 400 are active without

the EPSP, 62471 are facilitated, and 364809 are non-active. . . . . .
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Predicting facilitation for all combinations using biphasic epidural
stimulation with a synapse triggered on a distal dendrite at seg-
ment 8 with weight 3.443nS using features fy = max, (VAH(1)),
fi = min V@), fo= max (VMP0), and fy =
MaXydendrites Max, (VListalDendrieMiddle 1)y = Each feature is on the
x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 400 are active without

the EPSP, 110804 are facilitated, and 316476 are non-active.
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5.76  Predicting facilitation for all combinations using biphasic epidural
stimulation with a synapse triggered on a distal dendrite at seg-
ment 8 with weight 3.45nS using features fy = max, (VAH(1)),
fi = min V@), fo= max (VMP0), and fy =
MaXydendrites Max, (VListalDendrieMiddle 1)y = Each feature is on the
x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 400 are active without

the EPSP, 257472 are facilitated, and 169808 are non-active. . . . . 312
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Predicting facilitation for all combinations using biphasic epidural
stimulation with a synapse triggered on a distal dendrite at seg-
ment 16 with weight 4.769nS using features fo = max, (VAH (1)),
fi = min V@), fo= max (VMP0), and fy =
MaXygendrites Max, (VListalDendrieMiddle 1)y - Each feature is on the
x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 400 are active without

the EPSP, 82986 are facilitated, and 344294 are non-active. . . . . .
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Predicting facilitation for all combinations using biphasic epidural
stimulation with a synapse triggered on a distal dendrite at seg-
ment 16 with weight 4.776nS using features fo = max,(VAH (1)),
fi = min V@), fo= max (VMP0), and fy =
MaXygendrites Max, (VListalDendrieMiddle 1)y - Each feature is on the
x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 400 are active without

the EPSP, 120616 are facilitated, and 306664 are non-active.
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Predicting facilitation for all combinations using biphasic epidural
stimulation with a synapse triggered on a distal dendrite at seg-
ment 16 with weight 4.783nS using features fo = max, (VAH (1)),
fi = min V@), fo= max (VMP0), and fy =
MaXygendrites Max, (VListalDendrieMiddle 1)y - Each feature is on the
x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 400 are active without

the EPSP, 256925 are facilitated, and 170355 are non-active.
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5.80 Predicting facilitation for all combinations using monophasic
epidural stimulation with a synapse triggered on a distal dendrite at
segment 8 with weight 3.0nS using features fo = max,(VAH (1)),
fi = min V@), fo= max (VMP0), and fy =
MaXygendrites Max, (VListalDendrieMiddle 1)y Each feature is on the
x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 645 are active without

the EPSP, 2562 are facilitated, and 424473 are non-active. . . . . . .
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Predicting facilitation for all combinations using monophasic
epidural stimulation with a synapse triggered on a distal den-
drite at segment 8 with weight 3.225nS using features fo =
max, (VaH(0), fi = ming(V,"™(0), f2 = max, (V" (1)), and
f3 = MaXydendrites Max, (VDistalDendriteMiddle 1)) - Each feature is on
the x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 645 are active without

the EPSP, 6522 are facilitated, and 420513 are non-active. . . . . . .
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5.82 Predicting facilitation for all combinations using monophasic
epidural stimulation with a synapse triggered on a distal den-
drite at segment 8 with weight 3.338nS using features fo =
max, (VaR(0), fi = ming(V,"™(0), f2 = max, (V" (1)), and
f3 = MaXydendrites Max, (VDistalDendriteMiddle 1)) -~ Each feature is on
the x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 645 are active without

the EPSP, 16246 are facilitated, and 410789 are non-active. . . . . .
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5.83 Predicting facilitation for all combinations using monophasic
epidural stimulation with a synapse triggered on a distal den-
drite at segment 8 with weight 3.394nS using features fo =
max, (VaR(0), fi = ming(V,"™(0), f2 = max, (V" (1)), and
f3 = MaXydendrites Max, (VDistalDendriteMiddle 1)) -~ Each feature is on
the x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 645 are active without

the EPSP, 46322 are facilitated, and 380713 are non-active. . . . . .
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5.84 Predicting facilitation for all combinations using monophasic
epidural stimulation with a synapse triggered on a distal den-
drite at segment 8 with weight 3.422nS using features fo =
max, (VaH(0), fi = ming(V,"™(0), f2 = max, (V" (1)), and
f3 = MaXydendrites Max, (VDistalDendriteMiddle 1)) - Each feature is on
the x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 645 are active without

the EPSP, 87686 are facilitated, and 339349 are non-active. . . . . .
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5.85 Predicting facilitation for all combinations using monophasic
epidural stimulation with a synapse triggered on a distal den-
drite at segment 8 with weight 3.436nS using features fo =
max, (VaH(0), fi = min,(V,"™(10), f2 = max, (V" (1)), and
f3 = MaXydendrites Max, (VDistalDendriteMiddle 1)) = Each feature is on
the x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 645 are active without

the EPSP, 133965 are facilitated, and 293070 are non-active. . . . . 321



CXXXViil

5.86 Predicting facilitation for all combinations using monophasic
epidural stimulation with a synapse triggered on a distal den-
drite at segment 8 with weight 3.443nS using features fo =
max, (VaH(0), fi = ming(V,"™(0), f2 = max, (V" (1)), and
f3 = MaXydendrites Max, (VDistalDendriteMiddle 1)) -~ Each feature is on
the x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 645 are active without

the EPSP, 185287 are facilitated, and 241748 are non-active. . . . . 322



CXXXIX

5.87 Predicting facilitation for all combinations using monophasic
epidural stimulation with a synapse triggered on a distal den-
drite at segment 8 with weight 3.45nS using features fo =
max, (VaR(0), fi = ming(V,"™(0), f2 = max, (V" (1)), and
f3 = MaXydendrites Max, (VDistalDendriteMiddle 1)) -~ Each feature is on
the x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 645 are active without

the EPSP, 319226 are facilitated, and 107809 are non-active. . . . . 323
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5.88 Predicting facilitation for all combinations using monophasic
epidural stimulation with a synapse triggered on a distal den-
drite at segment 16 with weight 4.769nS using features fy =
max, (VaH(0), fi = ming(V,"™(0), f2 = max, (V" (1)), and
f3 = MaXydendrites Max, (VDistalDendriteMiddle 1)) - Each feature is on
the x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 645 are active without

the EPSP, 176092 are facilitated, and 250943 are non-active. . . . . 324
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5.89 Predicting facilitation for all combinations using monophasic
epidural stimulation with a synapse triggered on a distal den-
drite at segment 16 with weight 4.776 nS using features f, =
max, (VaH(0), fi = ming(V,"™(0), f2 = max, (V" (1)), and
f3 = MaXydendrites Max, (VDistalDendriteMiddle 1)) - Each feature is on
the x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 645 are active without

the EPSP, 209901 are facilitated, and 217134 are non-active. . . . . 325
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5.90 Predicting facilitation for all combinations using monophasic
epidural stimulation with a synapse triggered on a distal den-
drite at segment 16 with weight 4.783nS using features fy =
max, (VaH(0), fi = ming(V,"™(0), f2 = max, (V" (1)), and
f3 = MaXydendrites Max, (VDistalDendriteMiddle 1)) - Each feature is on
the x-axis in a separate subplot above with the number of trigger
points facilitated above threshold (-10mV) as the y-axis. Each
subplot consists of three 2D histograms (showing the number of
neuron simulations in each square), shades of grey (unclassified),
shades of red (classified as active), and shades of blue (classified
as non-active). For each feature active and non-active classification
regions of unclassified samples are drawn with a yellow and cyan
background respectively. These classification regions are also
written as rules below, where T=1 and T=0 indicates that the neuron
is active and non-active respectively. The number of samples of
neurons caught by each rule is specified in the comment after each
rule. Using the decision regions in that subplot and those above, the
percent of all samples classified (id), active samples classified (id+),
and non-active samples classified (id-) are labeled in each subplot.
There are a total of 427680 samples of which 645 are active without

the EPSP, 278554 are facilitated, and 148481 are non-active. . . . . 326
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4.2 Monophasic simulations which result in the membrane voltage of

the axon tip being above —10mV (V,, > —10mV) while the stim-
ulation voltage is below an amplitude of SV (|Vyim| < 5V). The
combo column indicates which electrodes are active. (Recall from
Section 2.2.1 that electrode combinations use the notation [column
letter][row number][p for +1V or n for -1V] repeated for each active
electrode.) Nonactive electrodes are floating. A value of -1 in the
sign column reverses the sign of the electrodes in the combination.
The side, row, and dorsal-ventral columns indicate the location of
the neuron. The axon column indicates the direction of the distal tip
of the axon from the soma. In this table, column A16 captures the
magnitude of the stimulation voltage necessary to cause the mem-
brane voltage at the axon tip (segment 16) to exceed —10mV. Col-
umn S-A16 tabulates the additional amount of stimulation necessary
to cause the soma membrane voltage to exceed —10mV. Columns
D8-A16 and D16-A16 are the additional amount of stimulation (be-
yond that in column A16) necessary to cause the membrane voltage
of the middle (seg=8) and distal tip (seg=16) of the distal dendrite

respectively to exceed -40mV. . . . .. ... oL
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Biphasic simulations which result in the membrane voltage of the
axon tip being above —10mV (V,, > —10mV) while the stimu-
lation voltage is below an amplitude of SV (|Vyim| < 5V). The
combo column indicates which electrodes are active. (Recall from
Section 2.2.1 that electrode combinations use the notation [column
letter][row number][p for +1V or n for -1V] repeated for each active
electrode.) Nonactive electrodes are floating. A value of -1 in the
sign column reverses the sign of the electrodes in the combination.
The side, row, and dorsal-ventral columns indicate the location of the
neuron. The axon column indicates the direction of the distal tip of
the axon from the soma. In this table, column A16 captures the mag-
nitude of the stimulation voltage necessary to cause the membrane
voltage at the axon tip (segment 16) to exceed —10mV. Column
S-A16 tabulates the additional amount of stimulation necessary to
cause the soma membrane voltage to exceed —10 mV. Columns D8-
A16 and D16-A16 are the additional amount of stimulation (beyond
that in column A16) necessary to cause the membrane voltage in the
middle (seg=8) or distal tip (seg=16) of one of the distal dendrites re-

spectively to exceed —40mV. A value of OSR means Outside Search

Range (i.e. more than =10V of stimulation is necessary). . . . . ..

Biphasic simulations which result in an orthodromic action potential

using less than 10V of biphasic stimulation. The simulation voltage

necessary (V) islistedinvolts. . . . . . . . ... ... ... ...



5.1

5.2

5.3

54
5.5
5.6

cxlvii

Facilitation testing parameters: column |Vs| contains the list of stim-
ulation voltage magnitudes tested, column Wy contains the list of
synapse weights used for the synapse in the middle of the distal sec-
tion of the dendrite, and Wi contains the list of synapse weights
used for the synapse of the distal tip of the dendrite. . . . . ... ..
Summary of classification of facilitation for each dataset (labeled by
columns stimulation, iSeg, and synapse weight) using features based
on the static voltage difference between individual points and the
soma at each stage of the cascade. Each stage uses a different feature
(fo, f1, f2, and f3 defined below the table) and has the percent of fa-
cilitated neurons identified (id+%) and the percent of non-facilitated
neurons identified (id-%) listed. Columns p and n indicate the total
number of facilitated and non-facilitated neurons respectively. The
Figure column indicates the figure that dataset is plotted in (in the
pdf you can click on the figure number to viewit). . ... ... ...
Summary of classification of facilitation for each dataset (labeled
by columns stimulation, iSeg, and synapse weight) using membrane
voltage features at each stage of the cascade. Each stage uses a dif-
ferent feature (fy, f1, f2, and f3 defined below the table) and has
the percent of facilitated neurons identified (id+%) and the percent
of non-facilitated neurons identified (id-%) listed. Columns p and n
indicate the total number of facilitated and non-facilitated neurons
respectively. The Figure column indicates the figure that dataset is
plotted in (in the pdf you can click on the figure number to view it). .
Stimulation type: Biphasic, combination: A3pC5n. . . . .. .. ..
Stimulation type: Biphasic, combination: -A3pC5n. . . . . . .. ..

Stimulation type: Monophasic, combination: A3pC5n. . . . . . ..
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5.7 Stimulation type: Monophasic, combination: -A3pC5n.
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NOMENCLATURE

neurite. Any projection from the neuron cell body; a dendrite or an axon.

sub-threshold. In this thesis sub-threshold indicates that the electrical stimulation
or the synaptic input does not cause neurotransmitter release from the neu-
ron(s) simulated.



