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MUAPs as a function of space
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Arrays of surface electrodes & MUAPs

surface electrodes
acquire different channels

MUAPs of the same MU on
different channels
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Why decomposition?

(global vs. local metrics)



channels

MUAP superposition & cancelation
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Global metrics (RMS, ARV, MNF, MDF) are easy
to calculate but tricky to interpret. Their values
depend on many internal factors.
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.
Experiment:

Abductor Pollicis
Brevis

* ischemic condition

(to accelerate fatigue and simulate

higher contraction levels)
* isometric contractions Load

Cell  Arm
 force ramps:
— from 0 % MVC to 10 % MVC and back to 0 %

MVC in 12 seconds
normal & ischemic muscle condition
27 ramp repetitions
— 20 MUs identified,
in each force ramp, MUAPs were estimated by
spike triggered averaging technique after
decomposition.
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Convolution Kernel Compensation
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A. Holobar, D. Zazula: IEEE Trans. on Signal Processing, 2007, vol. 55, pp. 4487-4496.

Synthetic EMG, SNR = 15 dB Exp. surface & intramusc. EMG
10 !\Qsalthy controls
100 Zs oo R R
Qg g o5 N . -] v
2 T 0y 20 « & =
=2 Eog o Lt
o 2 5 = * ]
> 2 ©0.2 g o
S %m 8 £ L e
o 20, * lowine
25 30 35 40 25 30 35 40 3 % 80" o 15%MC
PNR (dB) PNR (dB) sorf | o 2wme
100 % * 60% MVC
= - 50 v T0%mve
g & Zoa 48
S 59 g 2 RS
S S E02 . PNR (dB
S5 N s o
Q5 201, 12 * 10%MvC
n § 70 s . o 1s%mvc
o 1 2 2mme
20 30 20 30 5 Do
PNR (dB) PNR (dB) gos v_r0mmve
5
(SN e © Tos :
>%w 1{? g g —_—
= £ 0. Eoap 5 o *
o 28 STe Je .
SE s a
S E 70§ T 02| 0y
(=] 9 0.2 ° .
> g 6 9
@ 5 & o %
0
20 25 30 20 25 30
PNR (dB) PNR (dB) Holobar et al. J. Neural Eng. 2013

10/7/2013

Iterative identification of MU discharges

N Pulse-to-Noise Ratio Iteration = 1, PNR = 6.9 dB
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Pulse-to-Noise Ratio (PNR):

applied to EVERY identified motor unit
computationally efficient

no additional experimental costs

reliable indicator of accuracy of motor unit identification

A. Holobar et al. Journal of Neural Engineering, 2013.

What do we actually
see?

(Representativeness)



channel

Abductor pollicis brevis: 10 % MVC

(Identified MUs account for 31 % - 57 % of signal energy)
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Applications of surface
EMG Decomposition
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Biceps brachii: 75 % MVC, central column
(Identified MUs account for 14 - 49 % of signal energy)
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Non-invasive tremor quantification

¢ Tremor is the most common movement disorder and it is strongly

increasing in incidence and prevalence with ageing.

— Essential tremor: ~ 4% of the population above 65 years of age
— Parkinsonian tremor: ~1% of the population over the age of 50
— Cerebellar tremor: ~ 0.1% of the global population

Tremor diagnosis: 30% to 50% of patients diagnosed with
essential tremor (ET) do not have ET
J. Benito-Ledn, E.D.Louis: Nat Clin Pract Neurol 2006

No tool for noninvasive studies of tremor on the level of

individual motor units:

— preprocessing of surface EMG in order to increase the information on
neural drive — contradictory results

— MU studies limited to invasive needle investigations & controlled
clinical environment



Nonivasive tremor

quantification
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acquisition

Corticospinal coherence

« Significant at the tremor frequency (9/9 pat) and the beta band
(8/9 pat)

* At the tremor frequency, it saturates with the number of motor
Neurons => there is a common tremor-related cortical input? (linearity)
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Decomposed vs. raw surface EMG

* Decoding tremor characteristics
from motor unit spike trains 73
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1. Dideriksen JL, Gallego JA, Farina D. Proc MBEC Nordic Baltic Conf 2011
2. Farina D, Negro F, Jiang N. J Physiol 2012

Corticospinal coherence

* Coherence at the tremor frequency “saturates” with ~5 motor

neurons, and is significant when 1-2 are sampled.
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Motor units & IMUs

Essential tremor, task 1
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EMG-driven EEG decomposition

Multichannel surface EMG
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Step 3: Extracted tremor components

PD patient, EEG decomposition locked to MUs of left wrist flexors
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Tremor higher harmonics & MU discharges

Parkinsonian tremor
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Arms outstreched i Motor unit discharge patterns:
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Experimental dynamic surface EMG Experimental dynamic surface EMG
(13x5 electrodes, biceps brachii) (13x5 electrodes, tibialis anterior) ,
concentric eccentric concentric eccentric
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Wrist flexion & extension Farina eral o2 Targeted muscle reinnervation Farina et al. IEFE
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Targeted muscle reinnervation

Elbow flexion

Farina et al. IEEE
TNRSE 2013b
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Conclusions

Insight into central control strategies:
— a high safety margin at the nerve-muscle synapse
— nonlinear vs. linear projections of neural codes: EMG vs. decomposition
— new unobtrusive arrays of surface electrodes: smart garments, epidermal
electronic systems - “tattoos” (Kim et al. Science, 2011)

Novel decomposition algorithms:
— robust to high MU synchronization

— robust to high MU inter-discharge interval variability
— applicable to high muscle contractions / large number of active MUs
— applicable to dynamic EMG signals

Applications (our group + partners):

quantification of Parkinsonian and essential tremor “’?
rehabilitation after stroke, . ca“o

—cp \
— type 2 diabetes, 1S \Jo\l" app
— muscle cramps, W“a‘. \

— healthy and cleft lips,

— TMR...
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