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ObjectivesObjectives

! What is electrophysiological characterizationWhat is electrophysiological characterization

! Brief review of quantitative EMGBrief review of quantitative EMG

! Principles of decomposition EMGPrinciples of decomposition EMG

! Basic overview of DQEMGBasic overview of DQEMG

! How can DQEMG be used for clinical and research basedHow can DQEMG be used for clinical and research based

electrophysiological characterizationelectrophysiological characterization

! Validation and reliability of the methodValidation and reliability of the method

! Application to the study of aging and NM diseaseApplication to the study of aging and NM disease

! Future plans and applicationsFuture plans and applications

Desired Neuromuscular InformationDesired Neuromuscular Information

•  Numbers of MUs

•  Relative sizes of MUs

•  MU Innervation patterns
     (fiber densities)

•   MU Recruitment

•   MU Firing Rates

•   Stability of neuromuscular
      junction operation

Electrophysiological CharacterizationElectrophysiological Characterization What is an EMG Signal?What is an EMG Signal?

!!   MFPMFP - muscle fibre potential- muscle fibre potential

!!  MUP MUP - motor unit potential- motor unit potential

!!  MUPT  MUPT - motor unit potential train- motor unit potential train

!!  Composite EMG Composite EMG
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MUP CompositionMUP Composition

MUPT - components of a MUPTMUPT - components of a MUPT
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Why develop/use Quantitative EMG Methods?
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Why develop/use Quantitative EMG Methods?

• Objectivity

• Increased Sensitivity

• Increased Specificity

• Longitudinal studies

Quantitative EMG methodsQuantitative EMG methods

!  Single Fiber EMG Single Fiber EMG

!  Quantitative MUP analysis Quantitative MUP analysis

!! Semi-automatedSemi-automated

!! AutomatedAutomated

!  Interference pattern analysis Interference pattern analysis

!  Motor unit number estimation Motor unit number estimation

Quantitative MUP analysisQuantitative MUP analysis

! Buchthal Buchthal method method –– 1950 1950’’ss

! Concentic Concentic needle MUPs collected one-by-one fromneedle MUPs collected one-by-one from

minimally contracting muscleminimally contracting muscle

!! SlowSlow

!! ++ patient and operator interaction++ patient and operator interaction

!! Biased population of MUPsBiased population of MUPs

!! Relatively limited information provided Relatively limited information provided –– only MUP only MUP

parametersparameters

Quantitative MUP FeaturesQuantitative MUP Features

Morphological parameters - prototypical MUP of each MUPT

" duration, number of phases, turns, Vpp, area, area/amplitude ratio

Example Composite EMG SignalExample Composite EMG Signal Concepts of EMG SignalConcepts of EMG Signal

DecompositionDecomposition
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Basic AssumptionsBasic Assumptions::

!! Each MUP can be detectedEach MUP can be detected

!! Each detected MUP can be recognizedEach detected MUP can be recognized

Basic Requirements:

!! Common MUP feature is available for detectionCommon MUP feature is available for detection

!! MUPs within the same MUPT are more similarMUPs within the same MUPT are more similar

than MUPs from different MUPTsthan MUPs from different MUPTs

!! Typical MUPs can be determined for each MUPTTypical MUPs can be determined for each MUPT

(i.e., MUPs must occur in isolation)(i.e., MUPs must occur in isolation)

How can an EMG Signal Be Decomposed? Steps in EMG Signal DecompositionSteps in EMG Signal Decomposition

!!   Signal AcquisitionSignal Acquisition

!!  Segmentation (Detecting MUPs) Segmentation (Detecting MUPs)

!!  Feature Extraction Feature Extraction

!!  Clustering of Detected MUPs Clustering of Detected MUPs

!!  Supervised Classification of Detected MUPs Supervised Classification of Detected MUPs

!!  Resolving Superimposed MUPs Resolving Superimposed MUPs

!!  Discovering MUPT Temporal Relationships Discovering MUPT Temporal Relationships

Steps In Signal DecompositionSteps In Signal Decomposition Steps In Signal DecompositionSteps In Signal Decomposition

Steps In Signal DecompositionSteps In Signal Decomposition DQEMGDQEMG

! Performs multiple passes through an EMG signalPerforms multiple passes through an EMG signal
to complete a to complete a partialpartial decomposition decomposition

! Detection passDetection pass

!! absolute or relative criteriaabsolute or relative criteria

!! multiply and disparately detected MUPsmultiply and disparately detected MUPs

! Clustering passClustering pass

!! STBC (shape and temporal based clustering)STBC (shape and temporal based clustering)

!! MUPT firing pattern classifiers used for splitting and merging trainsMUPT firing pattern classifiers used for splitting and merging trains

! Multiple Supervised Classification PassesMultiple Supervised Classification Passes

!! Certainty-based classificationCertainty-based classification

!! Robustly and actively uses firing pattern informationRobustly and actively uses firing pattern information

!! MUPT firing pattern classifiers used for splitting and merging trainsMUPT firing pattern classifiers used for splitting and merging trains

! Temporal relationships passTemporal relationships pass

!! accounts foraccounts for  multiply (linked MUPTs)multiply (linked MUPTs)
and disparately (exclusive MUPTs) detected MUPsand disparately (exclusive MUPTs) detected MUPs

! Superimposed MUPs are Superimposed MUPs are notnot resolved resolved
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Data CollectionData Collection

! Concentric or mono-Concentric or mono-
polar needle andpolar needle and
surface surface ““macromacro”” EMG EMG
collectedcollected

! 20 - 30 isometric20 - 30 isometric
contractionscontractions

! Mild to moderateMild to moderate
intensityintensity

! Twenty or more MUsTwenty or more MUs
from 4 from 4 –– 6 6
contractionscontractions

Acquiring EMG SignalsAcquiring EMG Signals

! Apply surface electrode configuration as per standardApply surface electrode configuration as per standard

motor study with active electrode over motor point.motor study with active electrode over motor point.

! Acquire maximal CMAPAcquire maximal CMAP

Acquiring EMG SignalsAcquiring EMG Signals Acquiring EMG SignalsAcquiring EMG Signals

! Apply surface electrode configuration as per standardApply surface electrode configuration as per standard

motor study with active electrode over motor point.motor study with active electrode over motor point.

! Acquire maximal CMAPAcquire maximal CMAP

! Perform MVC and calculate MVCRMSPerform MVC and calculate MVCRMS

Acquiring EMG SignalsAcquiring EMG Signals Acquiring EMG SignalsAcquiring EMG Signals

! Apply surface electrode configuration as per standardApply surface electrode configuration as per standard

motor study with active electrode over motor point.motor study with active electrode over motor point.

! Acquire maximal CMAPAcquire maximal CMAP

! Perform MVC and calculate MVCRMSPerform MVC and calculate MVCRMS

! Insert needle electrode and position for sufficientInsert needle electrode and position for sufficient

signal quality (signal quality monitor V/s or kV/ssignal quality (signal quality monitor V/s or kV/s22).).

! Have subject Have subject isometricallyisometrically contract to desired contract to desired

level of effort or signal intensitylevel of effort or signal intensity

(%MVCRMS effort and (%MVCRMS effort and ppspps intensity monitors) intensity monitors)



6

Acquiring EMG SignalsAcquiring EMG Signals Acquiring EMG SignalsAcquiring EMG Signals

! Apply surface electrode configuration as per standardApply surface electrode configuration as per standard

motor study with active electrode over motor point.motor study with active electrode over motor point.

! Acquire maximal CMAPAcquire maximal CMAP

! Perform MVC and calculate MVCRMSPerform MVC and calculate MVCRMS

! Insert needle electrode and position for sufficientInsert needle electrode and position for sufficient

signal quality (signal quality monitor V/s or kV/ssignal quality (signal quality monitor V/s or kV/s22).).

! Have subject Have subject isometricallyisometrically contract to desired contract to desired

level of effort or signal intensitylevel of effort or signal intensity

(%MVCRMS effort and (%MVCRMS effort and ppspps intensity monitors) intensity monitors)

! Decompose needle acquired signalDecompose needle acquired signal

and calculate available SMUPsand calculate available SMUPs

! Reposition needle and repeat during aReposition needle and repeat during a

subsequent contractionsubsequent contraction

! Continue until sufficient number of SMUPs acquired (20 Continue until sufficient number of SMUPs acquired (20 ––35)35)

Acquiring EMG SignalsAcquiring EMG Signals Decomposition SummaryDecomposition Summary

Quantitative Needle EMGQuantitative Needle EMG Quantitative Needle EMGQuantitative Needle EMG
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Spike-triggered AveragingSpike-triggered Averaging Decomposition-Based S-MUPsDecomposition-Based S-MUPs

Decomposition-Based S-MUPsDecomposition-Based S-MUPs Motor Unit Number EstimationMotor Unit Number Estimation

Size of M-potential

Mean S-MUP Size

= MUNE

McComas et al. 1971

Methods ofMethods of

acquiring sampleacquiring sample

of S-MUPsof S-MUPs

Incremental
Stimulation

MPS STA

Statistical

Mean S-MUP template MUNE

CMAP
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Decomposition-based Decomposition-based mSmS-MUAP-MUAP

Desired Neuromuscular InformationDesired Neuromuscular Information

"  Numbers of MUs

"  Relative sizes of MUs

•  MU Innervation patterns
     (fiber densities)

"   MU Recruitment

"   MU Firing Rates

•   Stability of neuromuscular
      junction operation


