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To characterize the magnitude and
prevalence of nonlinear fit in the
descending limb of motor neurons

Purpose



T

Methods- Collection

e
i " n. M
= : e — e ~ledr e o\
L1 % - = I T, el B s N o G N WRLL - il :'
ha —_ -~ . : < PR |
= AR I
- ™ | -~
1 ul | i g
et § 0 B0 1 -
YO8
s - ol =
1 o }
% o0 | i'
1 : \ |
- - .
e : _
i = y 3
p } , AR LW | e . . 3)
" l-l ‘)
| u y u 1 ks i
avnamomeler .
iy ¥ L ] o elien 1o
- - - = —p . i J
i L’ T I | I
' L i !
i | i |
-~ i _-lr - .
o bt R .
[
- \ . K

Iin._:_:;,; ankle Graund e I:\w trode il - ‘ ~ o 1
atl!arl-mprt . s 1 insity’ . ,
__~|.|'* [

.

- Methods



T

—= \/ethods- Collection

Ankle torque

- Methods



T

—= \/ethods- Collection

Ankle torque

oS

TAEMG I‘” |
0.1mV

Methods



T

TAEMG

Ankle torque

—®Methods- Decomposition

I. Raw EMG

SIL

c2

|S1‘ (H)"Z‘

VI. IMPROVEMENT
AND DETECTION
STEPS 4-5

Methods

II. EXTENDED

EMG SIGNALS
X
w;(n) 5,(n)

V. FIXED POINT
LAST
ITERATION
STEP 2(A-D)

II1. WHITENED
EXTENDED EMG
SIGNALS

s

iiiiizess
|

w,(1) 5,(1)
IV. FIXED POINT
FIRST

ITERATION
STEPS 1-2(A-D)



T

—=*Methods- Decomposition

Ankle torque 1A motor il “H
A.

| \| il .||| il

I

th

\I\ IHI | :|||:|”||I|| I || ”‘ IMI|I Hml'l“ll':l\l"l“”

I
MVC |||| 00 |||| |||\|||
5s ||WH n||||| it |‘”|||||n‘||||||”|||||||||
TAEMG ”\“ ||\| “ |||||||||||:|n||: :“m“” '
I 0l |||||||
10.1mV

Methods




T

—®Methods- Decomposition

Ankle torque

oS

TAEMG I‘” |
0.1mV

TA motor units i ||| ” “ ||||1|MIIIII

i m‘| il W ‘ -

h’IHII”I || | ||||I I'M'ﬁ |||‘ ||”| |

| |
|||| | | IR |||| |l|||||I|_.'

)'W“‘MI I\[l n\H I u1|||\hn||“|||n'||| n\ |'||||1|'| [M ;

TR ,III ||

[

—
P =

Discharge rate
(Pps)

i

- Methods



T

—®Methods- Decomposition

Ankle torque

oS

TAEMG I‘” |
0.1mV

TA motor units i ||| ” “ ||||1|MIIIII

i m‘| il W ‘ -

h’IHII”I || | ||||I I'M'ﬁ |||‘ ||”| |

| |
|||| | | IR |||| |l|||||I|_.'

)'W“‘MI I\[l n\H I u1|||\hn||“|||n'||| n\ |'||||1|'| [M ;

TR ,III ||

[

—
P =

Discharge rate
(Pps)

i

Methods



T

—®Methods- Decomposition

Ankle torque

oS

TAEMG I‘” |
0.1mV

TA motor units

! n:Mhn i ')M mel

"'hfu:' |||||||”||||I|| ||. | |||‘||‘|‘| "H 'u‘ |”||

|||| | .| IR |||| |l|||||I|__"

‘MM‘M' ” \H n\H 10 [|1|||\|m||“|||n|||| ﬂ\ |'|||'1|'| [M |

‘ (L AREAERRN TR ,III ||

[

—
e o

Discharge rate
(Pps)

i

Methods



T

—=*Methods- Analysis

20 pps

S pps

5s

Purpose - Background - Methods - Results - Discussion



50 | |
] E Spikes unconstrained
0

—*Methods- Analysis

20 pps §
S
S pps

0 50 100 150
Number of spikes

—_
o
g

Occurrence (%)
(O)
o

o
o ‘H-"..
\ 1

20 40 60 80 100
Percent of limb

Purpose - Background - Methods - Results - Discussion



E@ 50
20 pps § 0
S
S pps

Occurrence (%)
(@) o
2 =

o
o I

Purpose - Background - Methods - Results

[fiif] 50
—=*Methods- Analysis 0

Spikes unconstrained

|lk Spikes constrained

0 50 100 150
Number of spikes

—

20 40 60 80 100
Percent of limb

- Discussion



50; , ,
Spikes unconstrained

Methods- Analysis 0

50-|\k Spikes constrained

20 pps

Count (Number)
o

h
b YA PN 100- : .
) -" A Windowed unconstrained
~f ,-‘.,')’ S -vr._ . ¢ :
‘?' F 4 "’ -“'d— ' O

S pps

S5s 0 50 100 150
Number of spikes

N
o
<

Occurrence (%)
(9]
o

o
o ~SEisc--.

20 40 60 80 100
Percent of limb

Methods



T 20 Spikes unconstrained
—*Methods- Analysis ”

E 50-[k Spikes constrained
=

20 pps 2 o
c
=2
(@]
O

g Windowed unconstrained

ol
50-
5 pps J\ Windowed constrained
0 - : :
0 50 100 150

Number of spikes

SR
o
2

Occurrence (%)
(@)
o

o
O e

20 40 60 80 100
Percent of limb

Purpose - Background - Methods - Results - Discussion



Linear fit : Bilinear fit

I ] E I a. Bilinear slope prevalence
—H®Results: Bilinear Prevalence =,

20pps G S I T o 1

Residual (difference)

5 pps

Purpose - Background - Methods - Results - Discussion



Linear fit I Bilinear fit

T a. Bilinear slope prevalence
20 - :

15
101

—H®Results: Bilinear Magnitude

Count

o O,

20 pps )t 5 2 3 0 12 5 4

Residual (difference)

b. Bilinear slope magnitude

50 - 0 Ascending initial
Ascending final
=
325
| .
0 —— - pnlii_ o
50- ~ Descending initial
1 Descending final
=
8 25'%%

0 2 4 6 8 10 12
Slope (pps/s)

Purpose - Background - Methods - Results - Discussion



T

a. Ascending initial

b. Ascending final

10‘x
0
a 1' .e';‘.‘
o '9.’“
%0.1 °
¢ o
0.0l —— ——
0O 2 4 6 8 10 0 2 4 6 8 10

Recruitment time (s)

Recruitment time (s)

C.

—HResults: Motor Unit Characteristics

20 pps

S pps

Descending initial d. Descending final

0

2 4 6 8 10 0 2 4 6 8 10
Recruitment time (s) Recruitment time (s)

Results



T

—H Results: Motor Unit Characteristics

Slope (pps/s)

e. Ascending initial

[l

|

slope(pps/s)

o
—

. Ascending initial

f. Ascending final

10;

Slope (pps/s)
()]

P

b. Ascending final

g. Descending initial

10

Slope (pps/s)
($)]

o -

c. Descending initial

h. Descending final
10

T
ol —= =

Slope (pps/s)
(6)]
—

d. Descending final

©

o

—
o

10 0
Recruitment time (s)

2 4 6 8

Recruitment time (s)

10

0

2 4 6 8

Recruitment time (s)

Results

0 2 4 6 8 10
Recruitment time (s)



T

—H® Djiscussion

Understanding nonlinear characteristics of motor unit firing rates is
important when assessing synaptic drive and excitability of motoneurons

The prevalence of motor units with a bilinear fit is 87% during the
ascending limb and 61% during the descending

Irlmitial ascending and final ascending limbs are significantly different
slopes

Initial descending and final descending are significantly different slopes
The slopes do not mirror each other despite mirrored force generation

Sustained firing of PICs could decrease the amount of synaptic excitability
needed to maintain the same force output in recruitment and de-
recruitment limbs

PIC vulnerability to inhibition during the de-recruitment limb could
contribute to the non-identical firing rate slopes.
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