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In considering the biological correlates that define sleep in the 
human polysomnogram (PSG), electromyographic activity is 
undeniably the least considered of electrophysiologic signals. 
The greatest value of the electromyogram (EMG) recorded 
above the surface of the mentalis traditionally derives from what 
its absence connotes (i.e., rapid eye movement [REM] sleep). 
Contrast this meager supporting role for EMG to sampling the 
spatiotemporal characteristics of thalamocortical excitability 
states evident in the electroencephalogram (EEG) recorded from 
the scalp surface. Electrode arrays of 128 or more sensors and 
signal processing that ranges from spectral analyses to period/
amplitude analyses to non-linear dynamic approaches emerging 
from chaos theory speak to this fact. Even in those instances 
when molecular biological correlates of EMG signals have been 
revealed (e.g., periodic leg movements in sleep [PLMS] as an 
endophenotype for restless legs syndrome),1 they are more often 
interpreted in light of other PSG signals presumed to have great-
er clinical significance. For example, PLMS are often portrayed 
as little more than epiphenomenal kicks, occurring at the end of 
more bona fide breathing events.2

This issue of SLEEP contains a study by Frauscher and col-
leagues3 of motor activity during human sleep that could presage 
a change to this state of affairs. The activity of the vast majority 
of the over 600 skeletal muscles during sleep remains uncharted 
territory. Early researchers in the modern sleep research era4 
seemingly had more intuitive interest in the musculature during 
sleep, but focused largely on finding muscle groups that did or 
did not show REM atonia. Few muscle groups demonstrated 
atonia, and these observations4 did not prompt much further 
work in this area. Perhaps the greatest boon to establish interest 
in EMG was the recognition of REM behavior disorder (RBD)5 
as an entity with potentially great prognostic significance for 
incident Parkinson disease,6 at least as observed to date among 
selected clinical populations.

There are many practical considerations in approaching an 
examination of EMG during human sleep. First, there is the 
decision of what muscle groups to study and the concurrent 
recognition that time for electrode application and achieving 
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low impedance signals taxes the precious commodities of both 
technologists’ time and patients’ patience. Frauscher et al.3 sam-
pled REM phasic activity both from flexors and extensors, the 
former typically demonstrating more activity in sleep, both in 
cats7 and humans.8 Additionally, examining muscles with in-
nervations from different spinal cord segments allows some ap-
preciation of whether higher nervous system input may operate 
uniformly within sleep, or as has been suggested by studies of 
some spinal cord lesion patients, whether generation and me-
diation of skeletal motor activity during sleep may be relatively 
independent of such supraspinal influences.9

The second choice-point revolves around how one quantifies 
muscle activity. Sleep Medicine does not have many precedents 
for how to do this, and with rare exception, most approaches are 
laborious and visually based. The system of visual quantifica-
tion of phasic muscle activity described by Lapierre and Mont-
plaisir 20 years ago10 continues to serve as the default standard 
for several recent similar attempts, the majority of which in-
voke their approach with some variations, although computer-
ized approaches may be in the offing.11-13 Indeed, the current 
paper by Frauscher et al.3 employed visual analyses for EMG 
measurements but embraces an innovative approach for simul-
taneity of EMG activity.8

A third issue in the study of muscle activity during human 
sleep involves a deceptively simple question: whom to record? 
Should everybody be recorded? The normative data presented 
here by Frauscher et al. certainly point to that direction. Given 
what is known about the apparently predictive nature of ab-
sence of REM atonia associated with later neurodegeneration,6 
should more comprehensive monitoring of the body’s muscu-
lature enter the repertoire of routine PSG, much as breathing 
is now? If so, we should have a reasonable idea what patterns 
and levels of activity the general population might show. Here 
then is perhaps is the thorniest issue of all. When characteriz-
ing measurements on a case (i.e., patient) level, one implicitly 
invokes definitions of normality (i.e., at a population level). 
The tenets of the epidemiologic description of disease remind 
us that representativeness of the population under study is key 
for understanding not only the sensitivity and specificity of any 
putative measure of current or anticipated disease, but also its 
positive and negative predictive value. And it is here where the 
story begins to break down.

The study by Frauscher et al. is not unique in suggesting that 
quantification of muscle activity during human sleep may be 
clinically relevant. Earlier work14-17 all suggested clinical utility 
for phasic activity discriminating between normality and disease 
using a somewhat more limited number of EMG recording sites. 
Unfortunately, neither these earlier studies, nor that of Frauscher 
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et al.3 can address the broader and more relevant issue of what 
prognostic value there is in finding high rates of phasic muscle 
activity in the human PSG. This is because those studies have 
not employed a population-based framework and have overs-
ampled synucleinopathic patients using case control approach-
es. For example, Frauscher et al. employed equal numbers of 
patients and controls, whereas among other studies the corre-
sponding ratios ranged from 2.8:1 (14) to 1.9:1 (15) to 1.5:1 (16) 
to 1:1.2 (17)—all potentially vastly overestimating the expected 
patient-to-control ratio of 1:50 that might be expected in a more 
representatively sampled population, assuming the self-reported 
data of violent behavior in sleep18—bear at least some relevance 
to EMG activation in RBD. Until the positive predictive value 
of the sleep EMG is determined in groups whose disease preva-
lence mirrors what is encountered in the general population, its 
ultimate prognostic significance will remain uncertain. Future 
population-based studies providing more careful examination of 
the skeletal muscles during sleep, much as we have now had 
for several decades for sleep disordered breathing,19 would go a 
long ways toward determining under what circumstances EMG 
recordings offer diagnostic insights.
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