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Basic principles of movement CNP: terms, phenotypes, features

=nt CNP components: hardware, signal processing, analysis

OUTLINE




Basic terms

Movement disorders. abnormalities involving increased (hyperkinetic) and/or

decreased (hypokinetic) movement which arise from disorders of the central
nervous system, especially the basal ganglia, cerebellum, thalamus, and cortex

Impaired movement due to disorders limited to the peripheral nerves, muscle, or spinal
cord are generally classified as neuromuscular disorders

gy (CNP): a subspecialty of neurology focused on measuring
and stimulated) to aid clinical evaluation

> ~tion dies
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Clinical Goal: phenotype abnormal movements for the purpose of supporting
diagnosis, treatment planning, and/or response monitoring.

Key features of well-established phenotypes include:

Tremor: rhythmicity, distribution, setting

o morphology, distribution, setting, cortical origin

of voluntary motor involvement,
ical activity
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Features of additional phenotypes needing further investigation:

Dystonia: patterned EMG morphology (limited, especially in fixed dystonia).
Abnormal excitability

Chorea: EMG morphology (complex and limited), entropy, motor impersistence

TICS EMG resembles voluntary movement. Consistency, pre-movement cortical
also overlaps with voluntary movement)

oluntary limb movements (developing)
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Practical Goal: capture actionable CNP data to enable quantitative analysis and
phenotyping of abnormal movements.

Major features of abnormal movements:

Movement kinematics:

Position in space (meters, X, vy, z)

econd, speed and direction)

> in speed and/or direction)
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Key tools for quantifying abnormal movement features:

Muscle activation patterns: multi-channel EMG, wired or wireless

Surface EMG: noninvasive, painless, record target muscle and neighbors
Needle / fine wire EMG: isolate specific muscles, mainly for botulinum planning/injection
>ment: inertial measurement units (IMUs: require power supply)

ors, often tri-axial x, vy, z
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Additional tools:

Brain activity: EEG, mainly EMG-EEG back-averaging, coherence. No clinical

applications for MEG, fMRI in movement disorders (yet)

Stimulation: sound, tactile, electrical. Allows evaluation of neuroaxis excitability.
Common methods:

~ Somatosensory evoked potential (SSEP)

> of|ex

>
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A single hardware system with multi-channel EMG, accelerometers, EEG, electrical
and sound stimulation, and video recording does not currently exist

Data streams from mulfiple sources can be synchronized during live acquisition or
during analysis

Integration options:
Synchronized start (ready, set, press Record button)

()

iggers to send and receive

HARDWARE INTEGRATION




Hardware priorities:

#1: Multi-channel surface EMG, at least 4 channels, with ability to save and export

#2. Accelerometers, at least 2 for comparing movement between sides

chronized to allow visual review of “what just happenede”

back-averaging, SSEP
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Signal processing basics:

Analog signal. a continuous time-varying electrical signal representing (“analogous
to”) a quantity of interest

Audio analog signal: voltage varies confinuously with sound wave pressure
EEG analog signal: voltage varies with cortical EPSPs and IPSPs
EMG analog signal: voltage varies with ion flow across muscle fiber membranes

Digital signal. computational analysis of the quantity of interest requires sampling
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Amplifier: physiologic electrical signals are very low voltage, and must be amplified
and separated from noise to generate useful EEG/EMG signals.

This typically involves comparing the difference between two sites: e.g. active and

reference EMG electrodes, or two EEG electrodes, or one and a reference electrode or
average

Dynamic range: voltage range over which an amplifier behaves linearly, i.e. the
minimum to maximum voltage that can be reliably measured

Saturation: voltage rising above the dynamic range, preventing accurate quantification.
Can occur when an EMG signal is fed into an EEG amplifier with insufficient range

ne dynamic range, the number of distinct voltage values that can
oit depth.
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Requires software which allows online (during live data acquisition) and offline (post-
acquisition) visualization and quantification of CNP data

This may involve getting add-on software from the device maker (which may require a

research ethics board (REB) / institutional review board (IRB) protocol), or acquiring
ith one software, and then exporting fo another software for offline analysis.
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Basic features:
EMG burst morphology

o duration

es on EMG: agonist/antagonist, regions,

MOVEMENT CNP ANALYSIS



Common analysis fechniques:

Rhythmic movement frequency: IMU or EMG
Raw data visualization: count out EMG bursts, accelerometer modulation
Frequency power spectrum

Time-frequency spectrogram

onerence

> Vtralateral limbs

>
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EMG features of common phenotypes:

Tremor: rhythmic bursts with synchronous agonist-antagonist co-contraction, or

alternating reciprocal agonist-antagonist activation, at rest and/or with activation.
Coherence between sides

Myoclonus: short sharp discharge with agonist-antagonist co-contraction,

N

ibution, at rest and/or with activation, stimulation. Long-latency reflex (LLR)

ariable burst duration, distribution, frequency,

EMG FOR MOVEMENT CNP



Accelerometers: measure linear acceleration

ldeal for measuring the frequency of an oscillating movement: each beat involves a
rapid change in velocity, whether involuntary (fremor) or voluntary (rhythmic
tapping to a metronome)

Limitations on measuring the amplitude of an oscillating movement (or any other

movement)

Jnywhere in the body, so localizing requires caution

ACCELEROMETERS, GYROSCOPES



Position sensors:
Goniometers: measure angle.
Torsiometers: measure torsion (twisting tension)

Validated set-up for botulinum planning for upper limb tremor

POSITION




EEG allows correlating cortical activity with EMG activity, with utility in specific
phenotypes:

Myoclonus: cortical sharp transient on raw EEG (rare) or EEG-EMG back-averaging:
ires 50-100 jerks for reliable results

BP) on EEG-EMG back-averaging: requires 20+

EEG FOR MOVEMENT CNP



Stimulation modalities, utility:

Sound: handclap/percussion instrument with EMG artifact, or waveform generator
chronized with recording

ith EMG/accelerometer artifact

person syndrome

STIMULATION



Movement CNP studies involve various tasks from holding postures to rhythmic
tapping, requiring an organized approach and annotation of recorded data. Options:

Separate named files for each task: possible with any system which allows saving
files, but time-consuming to start, stop, save, and analyze each file separately

Annotation during data acquisition to indicate timing of voluntary and involuntary
vements, task start and end times

ding software: allows consistency, efficiency,



Clinical hardware/software systems:
Optimized 1o be simple and efficient in completing specific clinical studies
Widely available, FDA approved, maintenance costs covered by other clinical uses

May be limited in doing flexible recordings, annotate, save, analyze, or export data,
or integratimg other hardware components

Oftware systems:

ith other systems

CLINICAL / RESEARCH SYSTEMS



Size, weight: does it fit in a suitcase, or on a cart, or is it immobile?¢

Wired vs wireless: wired systems are more common, but wireless can have equal
data quality, allow greater freedom of movement, with similar or lower cost

P only: sharing a system can help with funding, but
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Clinical neuromuscular EMG systems are optimized for online EMG analysis of a single
muscle (and nerve conduction studies)

Advantages:
Widely available

Multi-channel EMG acquisition of 4-12 channels may be possible

available: Cadwell, Natus

OPTION: NEUROMUSCULAR EMG SYSTE




Clinical EEG systems are optimized for multi-channel EEG acquisition, offline review
and analysis

Advantages:
Widely available

4+ EMG channels common. Adding more EMG channels in bipolar pairs may be
nossible if EEG amplifier dynamic range goes high enough

OPTION: SEIZURE/EPILEPSY EEG SYSTEM



Evoked potential systems are optimized for delivering stimulation and recording EEG
and EMG data
Advantages:

Common in neuromuscular CNP |abs

ix of EMG and EEG channels, may be flexible
startle, exteroceptive reflex

OPTION: EVOKED POTENTIAL SYSTEM




Clinical polysomnography systems are optimized for long-duration acquisition of EEG,
other inputs

Advantages:

4+ EMG channels common. Adding more EMG channels in bipolar pairs may be
possible if EEG amplifier dynamic range goes high enough

Video recording common
Annotation is standard, export is common

daytime use

OPTION: POLYSOMNOGRAPHY SYSTEM



Intfraocperative monitoring systems are optimized for continuous recording of EMG and
EEG data

Advantages:

Available through some neuromuscular CNP |abs

lexible mix of EMG and EEG channels

OPTION: INTRAOPERATIVE MONITORING SYSTEM



Wireless sensor systems are optimized for flexible recording and analysis of motion
Advantages:

No tangled wires

Enfire system often lightweight and portable

sensors are widely used in gaif studies for clinical and research purposes

IS common

OPTION: WIRELESS EMG + IMU SYSTEM



Movement CNP costs:

Equipment: acquisition, disposables (e.g. EMG stickers), annual software licenses,
upgrades, maintenance

Time: planning, set-up, acquisition, analysis, and reporting tfime for physician, CNP
technician, fellow, and/or resident

Space: clinic exam room, heuromuscular/epilepsy CNP room, clinical research area

_NP billing approaches:
or initial set-up phase, not appropriate or

MOVEMENT CNP FINANCES




Procedural billing codes:

Ontario G266: Electrophysiological assessment of movement disorders includes multi-channel
recording of EEG and EMG, rectification, averaging, back averaging, frequency analysis and cross
correlation. Minimum of 3 hours. Physician must be physically present throughout assessment. OHIP:
$279 CAD ($204 USD)

Created via advocacy from Drs. Robert Chen and Peter Ashby

CPT 96002: Dynamic surface EMG, during walking or other functional activities, 1-12 muscles.
Medicare: $21 USD ($29 CAD)

CPT 96004: Review and interpretation by physician or other qualified health care professional of
omprehensive computer-based motion analysis, dynamic plantar pressure measurements,

ing walking or other functional activities, and dynamic fine wire EMG,
D ($147 CAD)

an be used o bill for

MOVEMENT CNP BILLING CODES



Key points:

If you have nothing else, 4 channels of surface EMG allows basic movement studies

1derstanding the value and limitations of EMG, accelerometers, EEG, and other
iate use and interpretation

put usable tools are

SUMMARY
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