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INTRODUCTION
Rapid eye movement sleep behavior disorder (RBD) is a 

parasomnia characterized by excessive electromyographic 
(EMG) activity during rapid eye movement (REM) sleep and 
acting out of dreams, leading to injurious or potentially inju-
rious behaviors to the patient or bedmate.1,2 Available data 
indicate that in many patients, idiopathic RBD (iRBD) is an 
early sign of an evolving synucleinopathy such as Parkinson 
disease (PD).3-6 In addition, in patients with established neu-
rodegenerative disorders such as PD, recognition of RBD is 
important because it may require specific treatment.2 A cor-
rect diagnosis of RBD is therefore of the utmost importance. 
Only video-polysomnography (PSG) allows for a sufficiently 
sensitive and specific diagnosis of RBD. Sleep history alone 
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may lead to false-positive results because of RBD mimics7-10 
and false-negative results because of the patient’s potential un-
awareness of his or her dream-enacting behaviors,11 lack of an 
attentive bedmate, and mild and uncommon manifestations.12,13 
One big step in improving accuracy of RBD diagnosis was the 
revision of the International Classification of Sleep Disorders 
(ICSD-2), which now includes PSG as mandatory for RBD di-
agnosis.14 However, until now, ICSD-2 criteria did not provide 
cutoff values for the definition of “excessive amounts of pha-
sic or tonic EMG activity“ nor did they clearly indicate which 
muscles should be investigated in patients with suspected RBD. 
In iRBD patients and those with RBD associated with PD, we 
previously performed a quantitative EMG analysis in 13 dif-
ferent muscles of the body to investigate which combination 
of muscles provided the highest rates of phasic EMG activity 
by a still-acceptable number of EMG channels.15 Highest rates 
of phasic EMG activity were found in the mentalis muscle, the 
flexor digitorum superficialis (FDS) muscle in the upper limb 
muscles, and the extensor digitorum brevis (EDB) muscle in 
the lower limb muscles in what we termed the SINBAR EMG 
montage. Phasic EMG activity differed significantly according 
to the evaluated muscles. In a second study, we performed a 
combined video-PSG analysis in patients with iRBD to investi-
gate if the characteristic clinical motor (e.g., jerking, punching, 
etc.) and vocal (e.g., moaning, shouting, etc.) manifestations of 

A commentary on this article appears in this issue on page 743.

Submitted for publication September, 2011
Submitted in final revised form November, 2011
Accepted for publication January, 2012
Address correspondence to: Birgit Högl, MD, Department of Neurology, 
Innsbruck Medical University, Anichstrasse 35, A-6020 Innsbruck, Aus-
tria; Tel: +43 512 504-23811; Fax: +43 512 504-23842; E-mail: birgit.
ho@i-med.ac.at.



SLEEP, Vol. 35, No. 6, 2012 836 EMG Values during REM Sleep for RBD Diagnosis—Frauscher et al

RBD were captured using this muscle combination.16 Using this 
combination of muscles, EMG activity was present in 95% of 
all motor and vocal manifestations, whereas using the mentalis 
muscle alone, the common practice in many centers involved in 
RBD research, EMG activity was only present in 35% of these 
behaviors. Following these 2 studies we felt the need to estab-
lish the degree of EMG activity that can be considered within 
normal limits and which degree exceeds this limit and should 
be considered abnormal. Thus, in the current study we sought 
to evaluate in detail the EMG activity in the SINBAR EMG 
montage and other muscles in patients with RBD to obtain nor-
mative EMG values with calculated cutoffs for establishing the 
diagnosis of RBD in clinical practice.

METHODS

Patient Selection
Thirty consecutive patients from the sleep laboratories of 

the Departments of Neurology of Innsbruck Medical Univer-
sity, Austria (n = 15), and Hospital Clinic de Barcelona, Spain 
(n = 15) with the diagnosis of iRBD (n = 15) and secondary RBD 
associated with PD (n = 15) were included. Diagnosis of RBD 
required a history of dream-enacting behaviors and nocturnal 
video-PSG demonstrating prominent tonic and/or phasic EMG 
activity associated with abnormal behaviors and absence of elec-
troencephalographic epileptiform activity during REM sleep.14

Diagnosis of iRBD required absence of cognitive and motor 
complaints, and normal neurologic examination. The diagnosis 
of PD was made according to the United Kingdom PD Society 
Brain Bank criteria.17

Controls were 30 consecutive sex- and age-matched indi-
viduals recruited from patients with sleep related breathing dis-
orders under effective treatment with either nasal continuous 
positive airway pressure (CPAP) therapy (n = 28) or an intra-
oral device (n = 1) for at least 6 months and who did not have 
current sleep complaints; absence of RBD was confirmed by 
PSG. None of the controls reported dream-enactment behaviors 
before or after treatment initiation with CPAP therapy or oral 
devices. One control patient was a healthy volunteer without 
any sleep complaint and without sleep disordered breathing in 
PSG. Exclusion criteria for RBD patients and controls were an 
apnea-hypopnea index (AHI) > 10 per hr of total sleep, and an 
AHI > 10 per hr of REM sleep, history of bruxism, presence of 
snoring despite treatment with CPAP or an oral device, history 
suggestive of a clinically relevant sleep disorder, and treatment 
with clonazepam or melatonin. In patients with iRBD and con-
trols, current or past use of any central nervous system (CNS) 
active medication was a further exclusion criterion. In patients 
with PD, CNS active medications except clonazepam and mela-
tonin were accepted. All participants granted written informed 
consent according to the Declaration of Helsinki.

Nocturnal PSG
Nocturnal PSG was performed with a digital polygraph 

(Innsbruck: Schwarzer Brainlab, software version 4.00, Mu-
nich, Germany; Barcelona: Deltamed, software version 2007 
Paris, France) and consisted of electrooculography, electroen-
cephalography (F4-A1, C4-A1, O2-A1), surface EMG of 11 
muscles in different localizations of the body, electrocardiog-

raphy, nasal and oral air flow, thoracic and abdominal respira-
tory effort, oxygen saturation, and microphone and digitally 
synchronized videography. Sleep stages were scored according 
to American Academy of Sleep Medicine (AASM) criteria18 
with allowance to score REM sleep despite excessive EMG 
activity in the mentalis muscle channel.19 The occurrence of 
the first REM in the electrooculographic channel was used to 
determine the onset of REM sleep period. The end of the REM 
sleep period was determined when either no REMs were de-
tected in 3 consecutive minutes or an awakening, K complex-
es, or spindles were observed. A new REM sleep episode was 
considered when it occurred 30 min or more after the previous 
episode. Otherwise it was considered part of the same REM 
sleep episode. Scoring of sleep stages and quantification of 
phasic and tonic EMG activity in REM sleep was done by dif-
ferent investigators who were blinded to the patient’s category. 
Because of ongoing collaboration and exchange between both 
participating centers, the interrater reliability is high, with a 
mean kappa coefficient of 0.872.15

Investigated Muscles
Surface EMG activity of 11 different body localizations 

was quantified during REM sleep. We evaluated the mentalis 
muscle and bilateral EMG activity from sternocleidomastoid, 
biceps brachii, FDS, anterior tibialis, and EDB muscles. These 
muscles were chosen according to our experience in RBD be-
cause they had either the higher rates of phasic EMG activity 
in REM sleep (mentalis, FDS, EDB, and sternocleidomastoid) 
or in the presence of medium rates of phasic EMG activity be-
cause they are proximal limb muscles (biceps brachii) or com-
monly recorded in routine PSG (anterior tibialis).15 For the sake 
of simplicity, we did not include the abductor pollicis brevis 
muscle because it shows rates of phasic EMG activity similar to 
that of the FDS muscle and a high number of artifacts according 
to our experience.15

Two surface electrodes per muscle were attached to the skin 
with each electrode spaced 2 to 3 cm apart. The EMG activity 
was analyzed in all channels using amplification at 5 µV/mm, 
low-frequency filter at 10 Hz, high-frequency filter at 100 Hz, 
and a sampling rate of 256 Hz. Impedances of surface EMG 
electrodes had to be lower than 10 kΩ.

Analysis of EMG Activity
In each participant, quantification of tonic, phasic, and “any” 

(either tonic or phasic) EMG activity was performed manu-
ally during REM sleep. EMG activity was not measured dur-
ing non-REM sleep. Before the analysis of EMG activity, REM 
sleep was carefully examined for artifacts (e.g., snoring) and 
increases in EMG tone due to arousals from respiratory events. 
All artifacts and increases in EMG tone due to arousals from 
respiratory events were excluded from the quantitative scoring 
of REM sleep related EMG activity. Scorers were blinded to the 
patient’s category (control, iRBD, PD-RBD).

Tonic EMG activity was scored only in the mentalis muscle 
channel using 30-sec epochs. Each epoch was scored as “tonic” 
when the increased sustained EMG activity was present in more 
than 50% of the total 30-sec epoch duration with an amplitude 
of at least twice the background EMG muscle tone or more than 
10 µV. The periods of PSG shorter than a full 30-sec epoch of 
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sleep, mainly occurring at the end of each REM sleep episode, 
were not included in this analysis.

For scoring phasic EMG activity, the recording was divided 
into 3-sec miniepochs. Each 3-sec miniepoch was scored as hav-
ing or not having “phasic” EMG activity. Phasic EMG activity 
was defined as any burst of EMG activity lasting between 0.1 
and 5.0 sec with an amplitude exceeding twice the background 
EMG activity irrespective of its morphology. We defined the 
end of each phasic EMG burst when there was an identifiable 
return to the baseline or an interburst interval of more than 250 
msec. When analyzing the tonic EMG in the mentalis muscle 
channel it was not unusual to see bursts of phasic activity su-
perimposed on a background of tonic activity. To identify a 
burst of phasic EMG activity during a 3-sec miniepoch with 
sustained tonic activity, it was required that the burst of phasic 
EMG had at least twice the amplitude of the background tonic 
EMG activity within that same 3-sec miniepoch, resulting in a 
waxing and waning morphology as opposed to the sustained 
isomorphic aspect of tonic EMG epochs not containing phasic 
activity. For analysis of phasic EMG activity, each EMG chan-
nel was scored separately on the computer screen. After finish-
ing the scoring of 1 EMG channel, the process was repeated in 
the remaining EMG channels. Every 3-sec miniepoch in each 
EMG channel was scored as “0” when phasic EMG activity 
was not present, “1” when phasic EMG activity was present, 
or “3” when an artifact prevented optimal scoring. Miniepochs 
scored as artifacts (“3”) were excluded from analysis.

To simplify the scoring system and to include periods of 
phasic EMG activity between 5 and 15 sec that are not mea-
sured with current scoring systems, we also scored each 3-sec 
miniepoch as having or not having “any” EMG activity, irre-
spective of whether it contained tonic, phasic, or a combination 
of both EMG activities. Finally, we also calculated the percent-
age of 30-sec epochs containing 5 or more 3-sec miniepochs 
with phasic EMG activity, following the suggestion of the last 
edition of the AASM Manual for the Scoring of Sleep and as-
sociated events.18

Periodic leg movements during sleep (PLMS) were scored 
according to World Association of Sleep Medicine criteria.20 
A PLMS index was calculated independently in both right 
and left anterior tibialis and right and left EDB. PLMS dur-
ing REM sleep were distinguished from phasic EMG activity 
by their characteristic periodic EMG and videographic appear-
ance. Once PLMS were identified in REM sleep, they were 
excluded from the quantitative analysis of RBD-related phasic 
EMG activity.

Statistical Analysis
Descriptive demographic, clinical, and PSG data are given 

as mean ± standard deviations, numbers, and frequencies. De-
mographic, clinical, and PSG variables were compared among 
RBD patients and controls with a t test for quantitative variables 
and with a chi-square test for qualitative variables. The same 
analyses were performed to compare patients with iRBD and 
RBD associated with PD. We used the t test for comparison of 
rates of EMG activity in the different muscles and combinations 
of muscles among RBD patients and controls, and among pa-
tients with iRBD and RBD associated with PD. We computed 
the rates of phasic EMG activity in different combinations of 

muscles, including those most commonly used in routine prac-
tice and other combinations of the mentalis muscle with upper 
or lower limb muscles to determine the best combination to 
distinguish RBD patients from controls. In this study, a 3-sec 
miniepoch was computed as having phasic EMG activity when 
at least 1 of the muscles evaluated in a specific combination had 
phasic EMG activity, and as not having phasic EMG activity 
when none of the muscles in the combination had phasic EMG 
activity. A similar analysis was performed for the “any” EMG 
activity measure. Receiver operator characteristic (ROC) curves 
were computed for tonic, phasic, and “any” EMG activity in 
all the different muscles and combinations of muscles. ROC 
analyses were performed among RBD patients and controls, and 
among patients with iRBD and RBD associated with PD. In all 
analyses, the area under the curve (AUC) was calculated, and 
sensitivity and specificity values for different cutoff points were 
obtained. The 95% confidence intervals were computed with 
2,000 stratified bootstrap replicates.21 Due to the implications 
of diagnosing iRBD in a patient, we decided to look for cutoff 
scores that yielded 100% specificity. Finally, rates of isolated 
and simultaneous phasic EMG activity in different combinations 
of the recorded muscles were calculated.

RESULTS

Demographic, Clinical, and PSG Characteristics
The RBD group consisted of 30 patients (20 men, 10 women) 

with a mean age of 67.0 ± 7.7 yr; more specifically, 15 patients 
had iRBD (12 men, 3 women) and 15 patients had RBD as-
sociated with PD (8 men, 7 women). Mean RBD duration was 
8.5 ± 8.2 yr. With 1 exception, all patients were right-handed. 
Patients with iRBD were not on CNS active medication. All pa-
tients with PD were on antiparkinsonian drugs (12 on levodopa/
carbidopa, 7 on pramipexole, 5 on rasagiline, 3 on ropinirole, 4 
on entacapone, 2 on amantadine, and 1 on selegiline), 5 on an-
tidepressants (2 on mirtazapine, and 1 each on citalopram, ven-
lafaxine, and sertraline), 1 on neuroleptic agents (olanzapine), 
and 1 on hypnotic agents (diazepam). Mean Hoehn and Yahr 
score in patients with PD was 2.9 ± 0.6 (range, 1.5 – 4). There 
was no difference in sex, age, handedness, and RBD duration 
between the iRBD and the PD-RBD groups. RBD patients were 
compared with 30 CNS drug-naïve controls (25 men, 5 women) 
with a mean age of 66.9 ± 8.6 yr. Age and sex did not differ 
among RBD patients and controls (Table 1).

PSG showed that patients with RBD had significantly higher 
amounts of stage N1 sleep, longer REM sleep latency, and few-
er REM episodes than controls (P < 0.05) (Table 2). All other 
sleep parameters did not differ among RBD patients and con-
trols. In particular, PLMS indices were higher in RBD patients 
than in controls in both anterior tibialis and EDB muscles but 
did not reach significant differences. There were no significant 
differences in sleep parameters among patients with iRBD and 
PD-RBD (Table 2). AHI was not different among RBD patients 
and controls, and among patients with iRBD and PD-RBD 
(Table 2).

Analysis of EMG Activity
We manually analyzed 74,066 3-sec miniepochs of REM 

sleep for each of the 11 muscles recorded in the 60 patients 
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included in the study. This corresponds to a total of 814,726 
3-sec miniepochs of REM sleep. The mean number of 3-sec 
miniepochs analyzed per patient was 1,234.4 ± 566.2 (range, 
145 – 2,925) for each muscle. We also computed EMG activity 
during 7,125 full 30-sec REM sleep epochs in each of the 11 
muscles recorded in the study population, with a mean of 118.8 
± 55.5 30-sec epochs (range, 11- 287) per patient.

Analysis of EMG Activity Using 3-Sec Miniepochs

EMG activity in the mentalis muscle
The mean rates of mentalis muscle phasic, tonic, and “any” 

EMG activity were significantly higher in patients with RBD than 
in controls (all P values were < 0.001). Mean percentage of tonic 
EMG activity was 51.8 ± 32.8 (range, 0 – 100) in patients with 
RBD and 1.4 ± 1.9 (range, 0 – 7.5) in controls. Mean percent-
age of phasic EMG activity was 40.9 ± 19.0 (range, 9.6 – 83.0) 
in RBD patients and 7.3 ± 3.7 (range, 1.4 – 15.3) in controls. 

Mean percentage of “any” EMG activity was 66.5 ± 25.2 (range, 
13.2 – 100) in patients with RBD and 8.4 ± 4.6 (range, 1.4 – 18.9) 
in controls (Table 3). There were patients with RBD who had 
rates of mentalis muscle EMG activity that were clearly within 
the range of control values with an area of overlap, no matter 
which EMG metrics we used (Figure 1). “Any” EMG activity 
had the highest AUC value in the ROC analysis (0.990), followed 
by phasic (0.981) and tonic (0.936) EMG activity.

Phasic and “any” EMG activity in the sternocleidomastoid and limb 
muscles 

Sternocleidomastoid and limb muscles were both evaluated 
bilaterally. The mean rates of both phasic and “any” EMG ac-
tivity in REM sleep were significantly higher in patients with 
RBD than in controls in all muscles evaluated (all comparisons 
had a P value < 0.001). Interestingly, phasic EMG activity in 
controls was more frequent in lower limbs than in the mentalis 
muscle and than in the upper limbs. Upper limb muscles had a 

Table 1—Demographic and clinical characteristics of RBD patients and controls

All RBD (n = 30) Controls (n = 30) P value iRBD (n = 15) PD-RBD (n = 15) P value
Age, yr 67.0 ± 7.7 66.9 ± 8.6 0.950 65.9 ± 8.0 68.1 ± 7.6 0.446
Sex, male/female 20/10 25/5 0.136 12/3 8/7 0.240
Handedness, right/left 29/1 28/2 1.000 15/0 14/1 1.000
Reported RBD onset, yr 58.6 ± 11.3 N/A N/A 56.5 ± 13.0 60.7 ± 9.3 0.301
RBD duration, yr 8.5 ± 8.2 N/A N/A 9.4 ± 9.3 7.5 ± 7.2 0.544
Hoehn and Yahr stage N/A N/A N/A N/A 2.9 ± 0.6 N/A

Values are expressed as mean ± standard deviation and numbers. iRBD, idiopathic rapid eye movement sleep behavior disorder; PD-RBD, rapid eye 
movement sleep behavior disorder associated with Parkinson disease; N/A, not applicable.

Table 2—Polysomnographic variables in RBD patients and controls

All RBD (n = 30) Controls (n = 30) P value iRBD (n = 15) PD-RBD (n = 15) P value
Time in bed, min 467.5 ± 32.0 461.0 ± 32.2 0.437 475.5 ± 20.9 459.5 ± 39.3 0.174
Total sleep time, min 323.7 ± 65.4 348.9 ± 68.5 0.150 338.5 ± 51.6 308.8 ± 75.7 0.221
Sleep efficiency, % 69.24 ± 13.1 75.5 ± 13.5 0.074 71.3 ± 10.7 67.2 ± 15.3 0.394
WASO, min 97.0 ± 51.3 77.5 ± 37.9 0.098 95.4 ± 49.4 98.7 ± 54.8 0.866
Stage N1, % 21.7 ± 11.4 15.4 ± 8.7 0.019 22.6 ± 14.1 20.8 ± 8.5 0.681
Stage N2, % 54.4 ± 12.8 55.2 ± 10.0 0.774 55.6 ± 16.3 53.1 ± 8.6 0.601
Stage N3, % 6.7 ± 8.1 9.3 ± 9.5 0.258 5.4 ± 8.5 8.0 ± 7.6 0.393
Stage REM sleep, % 17.3 ± 7.5 20.1 ± 6.2 0.114 16.5 ± 6.6 18.1 ± 8.5 0.564
Sleep-onset latency, min 28.5 ± 20.6 21.3 ± 19.0 0.165 32.2 ± 20.3 24.7 ± 20.8 0.327
REM sleep latency, min 131.6 ± 76.8 76.2 ± 31.4 0.001 112.4 ± 74.7 150.7 ± 76.4 0.177
REM sleep periods, n 2.6 ± 1.2 3.4 ± 1.1 0.013 2.7 ± 1.2 2.5 ± 1.3 0.668
3-sec REM mini-epochs, n 1,122.0 ± 584.0 1,346.9 ± 533.9 0.125 1,115.8 ± 463.5 1,128.1 ± 701.2 0.995
AHI total, n / h 2.6 ± 2.2 3.2 ± 2.4 0.379 3.3 ± 2.3 2.0 ± 1.9 0.113
AHI in REM sleep, n / h 2.2 ± 2.6 2.6 ± 2.7 0.625 2.2 ± 2.4 2.3 ± 2.8 0.949
AHI in nREM sleep, n / h 3.3 ± 4.1 3.5 ± 3.6 0.777 4.0 ± 5.0 2.5 ± 2.8 0.334
PLMS index in AT 30.10 ± 36.97 19.7 ± 21.7 0.191 27.8 ± 28.6 32.4 ± 44.7 0.736
PLMS index in EDB 32.81 ± 43.74 17.0 ± 17.9 0.073 27.6 ± 31.4 38.0 ± 54.1 0.526

Values are expressed as mean ± standard deviation, number, and frequencies. AHI, apnea-hypopnea index (number of apneas plus hypopneas per hr of 
sleep); AT, anterior tibialis; EDB: extensor digitorum brevis; iRBD, idiopathic rapid eye movement sleep behavior disorder; PD-RBD, rapid eye movement 
sleep behavior disorder associated with Parkinson disease; PLMS, periodic leg movements during sleep; WASO, wake after sleep onset.
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much greater AUC than the lower limb muscles (Figure 2). Bi-
lateral biceps brachii muscle had the highest AUC (1.000), fol-
lowed by the FDS (0.994), the anterior tibialis (0.837), and the 

EDB muscles (0.833). Lower limb muscles had rates of phasic 
EMG activity with an important overlap among RBD patients 
and controls (Figure 2).

Table 3—Rates of 3-sec miniepochs with phasic and “any” EMG activity

Phasic EMG activity “Any” EMG activity 
RBD patients (n = 30) Controls (n = 30) RBD patients (n = 30) Controls (n = 30)

Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range
Ment 40.9 ± 19.0 9.6 – 83.0 7.3 ± 3.7 1.4 – 15.3 66.5 ± 25.2 13.2 – 100.0 8.4 ± 4.6 1.4 – 18.9
L Ster 14.3 ± 9.7 2.7 – 38.4 1.1 ± 1.0 0.0 – 3.8 41.7 ± 30.7 4.4 – 100.0 1.3 ± 1.2 0.0 – 5.4
R Ster 13.6 ± 9.3 0.5 – 33.1 1.4 ± 2.5 0.0 – 13.6 42.2 ± 31.0 0.6 – 100.0 1.8 ± 2.9 0.0 – 16.2
L Bic 13.1 ± 8.8 1.0 – 32.9 0.5 ± 0.5 0.0 – 1.3 17.2 ± 13.7 1.0 – 54.0 0.6 ± 0.5 0.0 – 1.3
R Bic 13.6 ± 11.4 1.4 – 56.8 0.5 ± 0.5 0.0 – 1.7 18.0 ± 16.2 1.4 – 82.1 0.5 ± 0.5 0.0 – 1.7
L FDS 19.8 ± 10.2 5.1 – 44.5 2.4 ± 2.4 0.0 – 11.6 23.1 ± 14.3 5.1 – 68.1 2.5 ± 2.4 0.0 – 11.8
R FDS 18.9 ± 8.7 7.0 – 41.6 2.2 ± 1.7 0.1 – 8.0 22.1 ± 11.3 7.2 – 52.5 2.3 ± 1.8 0.1 – 9.0
L AT 19.1 ± 11.8 0.7 – 47.3 6.8 ± 5.2 0.9 – 22 19.6 ± 12.2 0.7 – 49.8 6.8 ± 5.2 1.0 – 22.0
R AT 19.1 ± 12.1 1.7 – 46.8 6.9 ± 5.3 0.4 – 23.5 19.9 ± 13.2 1.7 – 53.0 6.9 ± 5.3 0.4 – 23.5
L EDB 17.5 ± 13.5 0.0 – 57.5 6.1 ± 3.9 0.0 – 14.8 18.1 ± 14.3 0.0 – 64.0 6.1 ± 3.8 0.0 – 14.8
R EDB 18.9 ± 13.3 0.6 – 57.6 6.6 ± 5.0 0.0 – 21.4 19.4 ± 14.0 0.6 – 63.6 6.7 ± 5.0 0.0 – 21.4

All comparisons among RBD patients and controls in phasic and “any” EMG activity reached a P value of < 0.001. AT, anterior tibialis muscle; Bic, biceps 
brachii muscle; EDB, extensor digitorum brevis muscle; FDS, flexor digitorum superficialis muscle; L, left; Ment, mentalis; R, right; Ster, sternocleidomastoid 
muscle.

Figure 1—Boxplot representation of the percentages of different types of mentalis muscle EMG activity (tonic, phasic, “any”) measured in 3-sec miniepochs 
in patients with RBD and controls, and corresponding receiver operating characteristic curves. AUC, area under the curve; Ment, mentalis muscle; Phas, 
phasic EMG activity.
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Combination of muscles
In addition to the analysis of EMG activity in single muscles, 

we computed the rates of EMG activity in REM sleep in differ-
ent combinations of muscles, including the mentalis with 1 of 
the upper limb muscles, the mentalis with 1 of the lower limb 
muscles, and finally the mentalis together with an upper and 
a lower limb muscle as in the SINBAR EMG montage (men-
talis + FDS + EDB). In these combinations, limb muscles were 
evaluated bilaterally. In all the combinations, a 3-sec miniepoch 
was considered to have EMG activity when at least 1 of the 
muscles included in the combination contained EMG activity. 
All muscle combinations showed significantly higher rates of 
EMG activity in RBD than in controls (P < 0.001). For the sake 
of simplicity, the results of only 3 of these combinations are 
presented in Table 4.

Cutoff values using 3-sec miniepochs
We explored the cutoff values, based on the percentage of 

3-sec miniepochs of a full PSG night containing EMG activity, 
yielding 100% specificity for the diagnosis of RBD in individu-
al muscles as well as in different combinations of muscles using 
tonic, phasic, and “any” EMG activity in the mentalis muscle, 
and phasic and “any” EMG acitivity in the rest of the muscles 
evaluated in this study (Table 5). In the mentalis muscle, the 
cutoff was 16.3% for phasic EMG activity (AUC 0.981) and 
9.6% for tonic EMG activity (AUC 0.936).

The highest AUC value was found in both biceps brachii mus-
cles (AUC 1.000), followed by the combination of the mentalis 
muscle (tonic or “any”) with both biceps brachii and both FDS 
muscles (AUC 0.999), the combination of the mentalis muscle 
(tonic or “any”) with both FDS muscles (AUC 0.997 – 0.998), 

Figure 2—Boxplot representation of the percentages of different types of phasic EMG activity measured in 3-sec miniepochs in the 4 bilateral limb muscles of the 
upper and lower limbs in patients with RBD and controls, and corresponding receiver operating characteristic curves. All muscles were evaluated bilaterally. AT, 
anterior tibialis muscle; AUC, area under the curve; Bic, biceps brachii muscle; Ext, extensor digitorum brevis muscle; Flex, flexor digitorum superficialis muscle.
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Table 4—Three-sec miniepochs of EMG activity in REM sleep in different muscle combinations

RBD patients (n = 30) Controls (n = 30) P value
Mean ± SD Range Mean ± SD Range

Mentalis “any” + right and left AT phasic (Traditional EMG montage) 74.1 ± 20.2 30.7 – 100 18.2 ± 10 4.1 – 44.1 < 0.001

Mentalis phasic + right and left FDS phasic + right and left EDB phasic 
(SINBAR EMG montage)

61.0 ± 17.5 23.8 – 90.7 18.8 ± 6.8 5.8 – 31.8 < 0.001

Mentalis “any” + right and left FDS phasic 75.1 ± 20.7 23.0 – 100.0 1.9 ± 6.3 2.8 – 30.0 < 0.001

In all the combinations, a 3-sec miniepoch was scored as having EMG activity when at least 1 of the muscles included in the combination contained EMG 
activity. AT, anterior tibialis muscle; EDB, extensor digitorum brevis muscle; EMG, electromyographic; FDS, flexor digitorum superficialis muscle; REM, rapid 
eye movement; SINBAR, Sleep Innsbruck Barcelona.
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and the combination of the mentalis muscle (phasic) with both 
FDS and both biceps brachii muscles (AUC 0.998). The left 
biceps brachii and the right FDS were the individual muscles 
with highest AUC values. Lower limb muscles, individually 
or in combination with any other muscle or combination of 
muscles, tended to decrease the AUC values, showing a lower 
discriminative power. The combination of the mentalis muscle 
(“any”) with both anterior tibialis muscles (the standard EMG 
montage used in routine PSG) had an AUC of 0.990. Discrimi-
native power was higher in upper limbs (100% specificity, AUC 
0.987 – 9.997) than in lower limb muscles (100% specificity, 
AUC 0.813- 0.852).

Simultaneous and isolated phasic EMG activity
We measured the ratio simultaneous/isolated phasic EMG ac-

tivity in the 5 muscles recorded bilaterally as well as in different 
combination of muscles, including the 4 muscles of the upper 
limbs (right and left biceps brachii, right and left FDS), the 4 
muscles of the lower limbs (right and left anterior tibialis, right 
and left EDB), and combinations of the mentalis muscle with 
upper and lower limb muscles (Table 6). We found that RBD pa-
tients had twice as frequent 3-sec miniepochs with simultaneous 
phasic EMG activity than controls, and this number was higher 
in muscles of the upper limbs than of the lower limbs. Simulta-
neous activation of the mentalis and bilateral FDS muscles was 
8 times more frequent in RBD patients than in controls.

Comparison between iRBD and PD associated with RBD
Tonic EMG activity in the mentalis muscle was significantly 

higher in PD-RBD patients (66.8 ± 30.4) than in iRBD patients 
(36.8 ± 28.7) (P = 0.009). There were no significant differences 
in phasic EMG activity in the 11 muscles recorded between the 
2 groups. The only significant differences in the “any” EMG 
activity measure were found in the mentalis muscle (P = 0.018) 
and in the left and right sternocleidomastoid muscles (P = 0.024 
and 0.034, respectively), probably because these muscles have 
more tonic EMG activity. The cutoff of 31.9 (AUC 0.998) for 
the combination between “any” mentalis muscle EMG activity 
and bilateral FDS was the same for both iRBD and PD-RBD 
groups (Table 7).

EMG Analysis Using 30-Sec Epochs
We also computed the rates of phasic EMG activity and 

“any” EMG activity in 30-sec epochs. For this analysis, a 30-
sec epoch containing 5 or more 3-sec miniepochs with phasic 
EMG activity was considered a “phasic” epoch. A similar ap-
proach was made for the category “any” EMG activity. Using 
these metrics, RBD patients had higher percentages of phasic 
and “any” EMG activity than controls in all muscles evaluated 
in this study (P values were < 0.001 for all muscles) (Table 8). 
In patients with RBD and in controls, the percentages of 30-
sec epochs with phasic EMG activity in all muscles evaluated 
were similar to those found when using the 3-sec miniepochs 
(Figures 3 and 4).

Using the 30-sec approach, the AUC values for distinction 
among patients with RBD and controls remained very similar 
to the 3-sec miniepoch approach. The AUC for mentalis muscle 
“any” EMG activity is 0.989 in the 30-sec approach and 0.990 
in the 3-sec miniepoch approach. The AUC for the combination 

of mentalis muscle “any” EMG activity with both FDS mus-
cles is 0.999 in the 30-sec approach and also 0.998 in the 3-sec 
miniepoch approach (Tables 8 and 9).

DISCUSSION
To the best of our knowledge, this is the first study that in-

vestigates different body muscles and types of EMG activity 
for best discriminating RBD from non-RBD individuals. We 
chose this approach because isolated use of the mentalis muscle 

Table 5—Cutoff values for rates of EMG activity with 100% specificity for 
RBD in individual muscles and combinations of muscles ordered from 
highest to lowest AUC values in 3-sec miniepochs

Muscles Rates with 100% 
specificity AUCIndividual muscles

L Bic 1.8 0.997 
R FDS 8.3 0.996 
Ment “any” 18.2 0.990
L Ster 3.9 0.989
R Bic 2.1 0.989 
L FDS 12.1 0.987 
Ment phasic 16.3 0.981
R Ster 14.1 0.952
Ment tonic 9.6 0.936
L AT 22.4 0.852 
R AT 24.8 0.839 
R EDB 21.5 0.838 
L EDB 14.9 0.813 

Muscle pairs (right and left)
Bic 2.9 1.0 
FDS 16.8 0.994 
Ster 15.2 0.980
AT 39.2 0.837 
EDB 26.4 0.833 

Muscle combinations
Ment tonic + FDS + Bic 22.0 0.999 
Ment “any” + FDS + Bic 32.6 0.999
Ment “any” + FDS 31.9 0.998
Ment phas + FDS 25.3 0.998 
Ment phas + FDS + Bic 26.8 0.998
Ment tonic + FDS 24.6 0.997 
FDS + Bic 17.5 0.997
Ment phas + Bic 16.3 0.996
Ment “any” + Bic 21.8 0.992
Ment phas + FDS + EDB 33.9 0.990
Ment “any” + AT 46.4 0.990
Ment tonic + Bic 10.3 0.989
Ment phas + FDS + AT 48.5 0.981
Ment phas + AT 44.2 0.960

Note that in the muscle combinations section, EMG activity of extremity 
muscles is evaluated in both sides (right and left). EMG activity in the 
sternocleidomastoid and limb muscles provided here is phasic. In all the 
combinations, a 3-sec miniepoch was considered to have EMG activity 
when at least 1 of the muscles included in the combination contained 
EMG activity. AT, anterior tibialis muscle; AUC, area under the curve; 
Bic, biceps brachii muscle; EDB, extensor digitorum brevis muscle; FDS, 
flexor digitorum superficialis muscle; L, left; Ment, mentalis muscle; R, 
right; Ster, sternocleidomastoid muscle.
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is prone to breathing and snoring artifacts, it shows low correla-
tion with most behaviors that patients with RBD display during 
REM sleep,16 and the differentiation into phasic and tonic EMG 
activity can be challenging. Previous studies by our group 
aiming to develop a suitable EMG montage for RBD detec-
tion demonstrated that a combination of the mentalis, the FDS, 
and the EDB muscles (SINBAR EMG montage) showed the 
highest rates of phasic EMG activity in RBD.15 In a consecu-
tive video-PSG study, this montage was found to be useful for 
capturing more than 94% of the RBD-related motor and vocal 
behaviors.16 The aim of the current study was to investigate dif-
ferent types of EMG activity (tonic, phasic, “any”) in the SIN-
BAR EMG montage and other muscles in patients with RBD to 
calculate normative values for the routine diagnosis of RBD in 
sleep centers.

Evaluation of the Mentalis Muscle for RBD Detection
Our data demonstrated that the mentalis muscle is useful to 

discriminate patients with RBD from controls. When choosing 
a specificity of 100%, the cutoff for RBD diagnosis was 16.3% 
for phasic EMG activity (AUC 0.981) and 9.6% for tonic EMG 
activity (AUC 0.936). Good discriminative power of the men-
talis muscle was also demonstrated in a recent study.22 In that 
study, 2-sec miniepochs were used for evaluating phasic EMG 
activity and 20-sec epochs for evaluating tonic EMG activity, 
instead of 3-sec miniepochs and 30-sec epochs, as we used. In 
addition, definition of phasic EMG activity was selected differ-
ently with an amplitude of 4 times the background EMG activ-
ity lasting between 0.1 and 10 sec. A total correct classification 
of 84% for phasic EMG activity of at least 15% was found. 
Interestingly, although criteria for phasic EMG activity were 

Table 6—Ratios of 3-sec miniepochs with simultaneous activity/total number of 3-sec miniepochs with EMG activity in the 5 muscles recorded bilaterally and 
in combinations of muscles in RBD patients and controls

Bilateral muscles RBD patients (n = 30) Controls (n = 30) Ratio patients/controls
Ster 0.53 (2,353/4,468) 0.28 (194/689) 1.9
AT 0.67 (3,945/5,904) 0.33 (1,068/3,226) 2.0
EDB 0.76 (3,997/5,220) 0.37 (1,055/2,857) 2.1
Bic 0.44 (2,308/5,293) 0.15 (51/340) 2.9
FDS 0.41 (2,977/7,260) 0.13 (199/1,467) 3.0
AT + EDB 0.22 (2,355/10,362) 0.072 (439/6,085) 3.1
Ment +AT + EDB 0.21 (3,458/16,149) 0.062 (514/8,350) 3.4
Bic + FDS 0.11 (1,198/11,266) 0.018 (32/1,795) 6.1
Ment “any” + AT 0.139 (3,127/22,053) 0.019 (139/7,142) 7.3
Ment + FDB + AT 0.12 (2,318/18,580) 0.015 (115/7,698) 8.0
Ment “any” + FDS 0.117 (2,390/20,341) 0.014 (70/4,710) 8.4
Ment + FDS + EDB 0.14 (2,457/1,7830) 0.016 (116/7,287) 8.7
Ment + Bic + FDS 0.14 (2,331/16,657) 0.013 (60/4,410) 10.8

Note that ratios RBD patients/controls in the far right column are ordered by their ascending values. EMG activity in the sternocleidomastoid and limb muscles 
provided here is phasic. AT, anterior tibialis muscle; Bic, biceps brachii muscle; EDB, extensor digitorum brevis muscle; FDS, flexor digitorum superficialis 
muscle; Ment, mentalis muscle; Ster, sternocleidomastoid muscle.

Table 7—Rates of phasic EMG activity and “any” EMG activity in iRBD and RBD patients with PD

Phasic EMG activity “Any” EMG activity
iRBD (n = 15) PD-RBD (n = 15) P value iRBD (n = 15) PD-RBD (n = 15) P value

Ment 38.8 ± 20.8 42.9 ± 17.5 0.576 55.9 ± 26.4 77.1 ± 19.4 0.018
L Ster 15.9 ± 10.3 12.7 ± 9.2 0.372 29.2 ± 21.1 54.2 ± 34.2 0.024
R Ster 14.1 ± 10.5 13.2 ± 8.2 0.803 30.3 ± 22.9 54.0.9 ± 34.2 0.034
L Bic 11.3 ± 8.1 14.8 ± 9.4 0.282 12.8 ± 9.0 21.5 ± 16.3 0.080
R Bic 11.8 ± 8.4 15.3 ± 13.8 0.404 13.0 ± 8.9 23.0 ± 20.3 0.095
L FDS 19.6 ± 8.8 20.0 ± 11.7 0.926 20.8 ± 9.5 25.4 ± 18 0.386
R FDS 18.8 ± 8.4 19.1 ± 9.4 0.920 19.6 ± 9.0 24.6 ± 13 0.238
L TA 17.8 ± 9.2 20.3 ± 14.1 0.569 18.1 ± 9.4 21.1 ± 14.6 0.501
R TA 17.9 ± 9.7 20.3 ± 14.4 0.597 18.1 ± 9.8 21.6 ± 16 0.473
L EDB 17.8 ± 11.0 17.3 ± 16.0 0.932 18.3 ± 11.2 18.0 ± 17.3 0.958
R EDB 17.5 ± 8.7 20.2 ± 17.0 0.598 17.8 ± 8.8 21.0 ± 17.9 0.550

AT, anterior tibialis muscle; Bic, biceps brachii muscle; EDB, extensor digitorum brevis muscle; FDS, flexor digitorum superficialis muscle; L, left; Ment, 
mentalis muscle; R, right; Ster, sternocleidomastoid muscle.
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Figure 3—Boxplot representation and the corresponding receiver operating characteristic curves of the mentalis muscle EMG activity values measured in 
30-sec epochs. AUC, area under the curve; Ment, mentalis muscle; Phas, phasic EMG activity.

Figure 4—Boxplot representation of the percentages of different types of 30-sec epochs with phasic EMG activity in the 4 muscles of the upper and lower 
limbs in RBD patients and controls and corresponding receiver operating characteristic curves. Muscles are presented bilaterally. AT, anterior tibialis muscle; 
AUC, area under the curve; Bic, biceps brachii muscle; Flex, flexor digitorum superficialis muscle; phas, phasic EMG activity.
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different and 2-sec miniepochs were applied, this cutoff is very 
similar to that obtained in our study. In contrast, the EMG cut-
off for tonic activity was much higher at 30% (correct classifi-
cation rate 82%). Whether this discrepancy may be explained 
by the total epoch duration (20 vs. 30 sec) remains speculative.

In addition to traditional evaluation of phasic and tonic EMG 
activity, we also evaluated the measure “any” (either phasic or 
tonic) EMG activity. This evaluation was performed only in the 
mentalis muscle because it is the only muscle with consider-
able tonic EMG activity in RBD when compared with the limb 
muscles. Another study23 combined tonic and phasic EMG mea-
surements to generate a “PSG RBD score”, which was a post 
hoc average of the RBD measure for the “proportion of epochs 
containing elevated muscle tone” and of the RBD measure for 
the “proportion of miniepochs containing burst activity”. Our 
approach was different. “Any” EMG activity was defined to in-
clude any muscle activity exceeding 0.1 sec with an amplitude 
of more than twice the background EMG activity. We found 
that this simplified approach resulted in excellent discriminative 
power to distinguish patients with RBD from controls. When 
choosing a specificity of 100%, the EMG cutoff for RBD di-
agnosis was 18.2 % for “any” mentalis muscle EMG activity. 
Its AUC of 0.990 is similar to that resulting from differentation 
into phasic and tonic EMG activity. Based on our data, it might 
be assumed that for clinical routine the “any” EMG measure 
in the mentalis muscle is sufficient for RBD diagnosis because 
it greatly decreases the complexity of the scoring process and 
saves time to score EMG activity. In addition, phasic and tonic 
EMG activity is sometimes difficult to distinguish. Of note, both 
the mentalis and the sternocleidomastoid, which are both cranial 
nerve innervated muscles, had much lower rates of phasic than 
of “any” EMG activity, whereas the limb muscles had similar 
rates of phasic and “any” EMG activities. The explanation for 
this difference is most probably due to the high rates of tonic 
EMG activity in both the mentalis and sternocleidomastoid mus-
cles, which is not present in the evaluated limb muscles.

Quantification of “any” EMG activity in the mentalis 
muscle would facilitate the task of those computer programs 
under development for the automatic diagnosis of RBD, 
because they will not have to distinguish phasic from tonic 
EMG activity. However, this automatic quantification would 
only be feasible after visual inspection of the mentalis muscle 
channel showing the absence of artifacts from, for example, 
snoring, arousals associated with sleep disordered breathing, 
and electrical noise.

Evaluation of Upper Limb Muscles for RBD Detection
Upper limb muscles showed the highest discriminative 

power for RBD diagnosis, even higher than that of the mentalis 
muscle. Phasic EMG activity in bilateral FDS muscle showed a 
very high AUC of 0.994 (cutoff 16.8%). The AUC in bilateral 
biceps brachii muscles was even higher, at 1.000 (cutoff 2.9 %). 
Based on this finding it might be concluded that if a patient has 
EMG activity in the biceps brachii muscle during REM sleep, 
he or she is very likely to have RBD. However, patients with 
RBD showed a low percentage of EMG activity in this muscle 
of only 13%. This means that there could be a lack of discrimi-
native power in case of artifacts if EMG activity is quantified 
only in the biceps brachii muscle for the routine diagnosis of 
RBD. Therefore, the FDS muscle, which also has a high rate 
of EMG activity in patients with RBD, seems preferable for 
RBD detection. Advantages of upper extremity muscles are that 
they are easy to record, show few artifacts, and have no overlap 
with tonic EMG activity. According to our data, using a bilat-
eral muscle of the upper limbs, preferably the FDS muscles, is 
highly recommended for RBD detection.

The major advantage of using the mentalis muscle for RBD 
detection is that it is the muscle used routinely in standard PSG 
to score sleep stages. However, its isolated use implies impor-
tant drawbacks due to its vulnerability to breathing and snoring 
artifacts, its low correlation with most behaviors that patients 
with RBD display during REM sleep,16 and the challenging 

Table 8—Rates of 30-sec epochs with phasic and “any” EMG activity in RBD patients and controls

Phasic EMG activity (%) “Any” EMG activity (%)
RBD Patients (n = 30) Controls (n = 30) RBD Patients (n = 30) Controls (n = 30)

Mean ± SD Range Mean ± SD Range Mean ± SD Range Mean ± SD Range
Ment 42.5 ± 25.6 5.1 – 96.6 2.6 ± 2.8 0.0 – 10.5 70.5 ± 28.4 6.8 – 100.0 4.1 ± 4.0 0.0 – 13.1
L Ster 7.8 ± 10.6 0.0 – 39.0 0.1 ± 0.2 0.0 – 1.0 39.5 ± 33.7 1.5 – 100.0 0.2 ± 0.6 0.0 – 2.5
R Ster 7.4 ± 9.8 0.0 – 28.6 0.3 ± 1.7 0.0 – 9.4 39.9 ± 33.8 0.0 – 100.0 0.6 ± 2.2 0.0 – 11.8
L Bic 7.2 ± 8.3 0.0 – 28.9 0.0 ± 0.2 0.0 – 0.8 13.3 ± 15.5 0.0 – 57.6 0.0 ± 0.2 0.0 – 0.8
R Bic 8.8 ± 14.3 0.0 – 70.0 0.0 ± 0.2 0.0 – 0.7 14.3 ± 19.4 0.0 – 93.7 0.1 ± 0.2 0.0 – 0.7
L FDS 13.3 ± 11.9 0.0 – 46.7 0.6 ± 1.0 0.0 – 4.2 17.6 ± 17.6 0.0 – 78.0 0.6 ± 1.1 0.0 – 4.2
R FDS 12.2 ± 11.1 0.0 – 42.3 0.4 ± 0.7 0.0 – 2.3 16.4 ± 14.7 0.0 – 57.1 0.5 ± 0.9 0.0 – 3.6
L TA 13.4 ± 14.0 0.0 – 57.0 2.2 ± 2.8 0.0 – 9.4 14.0 ± 14.6 0.0 – 58.1 2.2 ± 2.9 0.0 – 9.9
R TA 13.1 ± 13.1 0.0 – 48.4 2.2 ± 3.0 0.0 – 9.4 14.4 ± 14.9 0.0 – 56.4 2.3 ± 3.0 0.0 – 9.4
L EDB 13.0 ± 16.1 0.0 – 66.2 1.6 ± 2.3 0.0 – 9.2 13.7 ± 17.2 0.0 – 73.2 1.6 ± 2.3 0.0 – 9.2
R EDB 14.1 ± 16.2 0.0 – 64.8 2.4 ± 3.4 0.0 – 14.1 14.7 ± 17 0.0 – 71.4 2.4 ± 3.4 0.0 – 14.1

RBD patients had higher percentages of phasic and “any” EMG activity than controls in all muscles evaluated in this study (P values were < 0.001 for all 
muscles). AT, anterior tibialis muscle; Bic, biceps brachii muscle; EDB, extensor digitorum brevis muscle; FDS, flexor digitorum superficialis muscle; L, left; 
Ment, mentalis muscle; R, right; Ster, sternocleidomastoid muscle.
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differentiation into phasic and tonic EMG activity. In contrast, 
according to our experience, the upper limb muscles such as 
the FDS are less prone to show artifacts, are easy to locate in 
the arms, and are also easier to be scored without tonic activity 
interferring the scoring (Table 10).

Evaluation of Lower Limb Muscles for RBD Detection
Lower limb muscles showed an important overlap in EMG 

activity among patients with RBD and controls. Phasic EMG 
activity in both anterior tibialis muscles showed an AUC of 
0.837 (cutoff 39.2%). The AUC in EDB muscles was similar, at 

0.833 (cutoff 26.4%). Although discriminative power was still 
good, it was less than in the mentalis muscle and than in the 
upper limb muscles. The explanation for this finding may be 
due to significant overlap with other phasic phenomena such as 
fragmentary myoclonus or PLMS.24 This finding is even more 
striking because in our study we did not count apparent PLMS 
as phasic EMG activity, admitting that this was in a few cases 
challenging. EMG quantification in the lower limb muscles, 
therefore, seems to offer no additional advantage to differenti-
ate patients with RBD from controls when comparing the upper 
limb muscles and the mentalis muscle. In addition, our experi-
ence recording muscle activity in the EDB indicates that ar-
tifacts are common in this muscle as appropriate impedances 
below 5 kΩ are difficult to obtain and derivations seem to be 
unstable. The combination of mentalis muscle “any” with bilat-
eral anterior tibialis (the montage used in routine PSG for stage 
scoring and detection of PLMS) had an AUC of 0.990 (cutoff 
46.4%), which is the same AUC as the mentalis muscle “any” 
isolated but lower than the AUC obtained in the upper limbs 
(Table 5).

Evaluation of Single Muscles and a Combination of Muscles for 
RBD Detection

Our data demonstrated that evaluation of single muscles for 
RBD identification shows very high AUC values. For example, 
the AUC value for “any” EMG activity in the mentalis muscle 
is 0.990. When the mentalis muscle “any” is combined with 
bilateral upper extremity muscles such as the FDS, the AUC 
value increases up to 0.998 (cutoff 32%). In contrast, adding a 
lower limb muscle to the mentalis or to any upper limb muscle 
had no further benefit. For example, the combination of men-
talis “phasic” with both FDS and with both EDB (SINBAR 
EMG montage) showed an AUC of 0.990 (cutoff 34 %). Be-
sides AUC values, clinical experience (RBD behaviors mostly 
involve the extremities) as well as practical issues (Table 10) 
favor the use of a combination of muscles for the detection of 
RBD rather than evaluating a single muscle.

We think that the combination of mentalis muscle “any” 
EMG activity with bilateral FDS phasic EMG activity is a fea-
sible combination for the diagnosis of RBD in routine clinical 
practice because it provides a very high AUC (0.998); provides 

Table 9—Cutoff values for rates of EMG activity with 100% specificity for 
RBD in individual muscles and combinations of muscles using 30-sec 
epochs

Muscles Rates with100% 
specificity AUC Individual Muscles

Ment “any” 14.5 0.989
Ment phasic 10.6 0.986
L FDS 4.8 0.952
Ment tonic 8.7 0.936
R FDS 3.1 0.915
R Bic 0.8 0.909
L Bic 0.8 0.876
L Ster 1.2 0.851
R Ster 9.5 0.831
L AT 11.8 0.837
R AT 10.1 0.812
R EDB 9.3 0.797
L EDB 14.1 0.786

Muscle pairs (right and left)
FDS 7.7 0.990
Bic 0.9 0.962
Ster 10.5 0.918
AT 30.6 0.850
EDB 20.5 0.826

Muscle combinations
FDS + Bic 7.4 1.0
Ment “any” + FDS 27.2 0.999
Ment tonic + FDS + Bic 14.2 0.999
Ment “any”+ FDS+ Bic 28.2 0.999
Ment phas + FDS + Bic 18.6 0.999
Ment tonic + FDS 12.2 0.998
Ment phas + FDS 18.9 0.996
Ment “any” + Bic 15.1 0.991
Ment “any” + AT 45.5 0.991
Ment phas + Bic 13.6 0.989
Ment.phas + FDS + EDB 26.2 0.988
Ment phas + FDS + AT 49.7 0.982
Ment phas + AT 42.5 0.964
Ment tonic + Bic 8.7 0.962

Note that in the muscle combinations section, EMG activity of the extremity 
muscles is evaluated on both sides (right and left). In all the combinations, 
a 3-sec miniepoch was considered to have EMG activity when at least 1 
of the muscles was included in the combination contained EMG activity. 
AT, anterior tibialis muscle; AUC, area under the curve; Bic, biceps brachii 
muscle; EDB, extensor digitorum brevis muscle; FDS, flexor digitorum 
superficialis muscle; Ment, mentalis; Ster, sternocleidomastoid muscle.

Table 10—Clinical experience on practical issues of the evaluated body 
muscles while scoring EMG activity in REM sleep

Muscle Artifacts
Easy 

placement
Easy 

scoring AUC
Ment ++ +++ + ++
Ster ++ ++ ++ ++
Bic + +++ +++ +++
FDS + +++ +++ +++
AT ++ ++ ++ +
EDB +++ + ++ +

AT, anterior tibialis muscle; AUC, area under the curve; Bic, biceps brachii 
muscle; EDB, extensor digitorum brevis muscle; EMG, electromyograhpic; 
FDS, flexor digitorum superficialis muscle; Ment, mentalis muscle; REM, 
rapid eye movement; Ster, sternocleidomastoid muscle. +minimal; 
++moderate; +++maximal.
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the quantification of the metric “any” EMG activity in the 
mentalis muscle, which eliminates the difficulty of distinguish-
ing phasic from tonic EMG activity; involves the muscle with 
highest phasic and tonic EMG activity seen in RBD (mentalis 
muscle)15 ; involves limb muscles where clinical motor mani-
festations of RBD are typical and frequent; involves the FDS, 
which is the muscle with the highest phasic EMG activity in 
the limbs15; and involves bilateral evaluation of the upper limbs 
given the fact that in RBD bilateral movements are more fre-
quent than unilateral movements.

In the current proposed EMG montage, the exclusion of 
lower limb muscles (EDB) from the original SINBAR EMG 
montage15 does not limit the discriminative power to distin-
guish RBD patients from controls as we have shown. Although 
patients with RBD may show isolated lower limb movements, 
these are rarely the only type of abnormal movements displayed 
during the PSG study in RBD, and usually are accompanied 
by movements in the upper limbs. Also, not evaluating phasic 
EMG in the lower limbs for the diagnosis of RBD eliminates 
the problem of having to distinguish between PLMS and phasic 
EMG activity during REM sleep.

Conventional 3-Sec Miniepoch Analysis and 30-Sec Epoch 
AASM Approach

In addition to analysis of phasic EMG activity in 3-sec 
miniepochs, we analyzed our data according to the recent 
AASM recommendation for scoring of phasic EMG activity. 
According to these criteria, a 30-sec epoch was classified as 
“phasic” when more than 5 3-sec miniepochs contained pha-
sic EMG activity.18 Our data demonstrated that by using this 
approach, the AUC values for distinction among patients with 
RBD and controls remained very similar to the 3-sec miniepoch 
approach. The AUC for mentalis muscle “any” EMG activity is 
0.989 in the 30-sec approach and 0.990 in the 3-sec miniepoch 
approach. The AUC for the combination of mentalis muscle 
“any” EMG activity with both FDS muscles is also 0.999 in the 
30-sec approach and 0.998 in the 3-sec miniepoch approach.

Comparison Between iRBD and RBD in Patients with PD
In this study, we included both iRBD and PD patients with 

RBD to establish diagnostic cutoff values that are representa-
tive for RBD in general. The combination of “any” mentalis 
muscle EMG activity with phasic EMG activity in both FDS 
muscles provided the same cutoff of 32% in iRBD and RBD 
associated with PD for the correct diagnosis of RBD. Rates of 
phasic EMG activity were similarly distributed between both 
groups. In contrast, tonic EMG activity in the mentalis muscle 
was more prominent in the PD group. This may be explained 
by the fact that some patients with PD were taking antide-
pressants at the time of PSG. These medications are known 
to increase tonic but not phasic EMG activity in the mentalis 
muscle.25 This finding is in agreement with an earlier study 
showing that tonic EMG activity in the mentalis muscle is not 
different among patients with iRBD and patients with PD not 
taking antidepressants.11

Evaluation of Simultaneous EMG Activation
Of note, RBD patients had twice as frequent 3-sec miniep-

ochs with simultaneous activation of different muscles than 

controls, and the ratio simultaneous/isolated phasic EMG ac-
tivity was higher in muscles of the upper limbs than of the 
lower limbs. Simultaneous activation of the combination 
mentalis muscle “any” with both FDS muscles was 8 times 
more frequent in RBD patients than in controls. This pattern 
of EMG activity is consistent with video-PSG data in patients 
with RBD compared with controls, showing that the major 
difference between physiologic and pathologic REM sleep is 
reflected in the amount and the extent of movements during 
REM sleep.26,27 This favors the use of bilateral rather than 
unilateral EMG recording in the limbs for the diagnosis of 
RBD. In a future project it might be worthwhile to study if 
the position of the patients alters the scoring of EMG activity 
in the limbs.

Our study has some potential limitations. First, in clinical 
practice we usually tend to identify specific patterns of move-
ments that are highly suggestive of RBD on video. These move-
ments usually go along with activation of the limbs and consist 
of typically scenic or violent behavioral manifestations.13,26 In 
the current study we exclusively focused on EMG measures 
for the establishment of RBD diagnostic cutoff values without 
including video analysis. However, in a previous study16 we 
showed that most RBD clinical manifestations seen in the video 
are detected when evaluating the EMG activity in the mentalis 
muscle and limbs.16 Second, the metrics using 30-sec epochs 
were derived from previously analyzed 3-sec miniepochs rather 
than from an initial scoring of the full epochs. Because of this 
approach, we assume that this 30-sec epoch analysis is by far 
more accurate than any analysis performed initially in full 30-
sec epochs. Third, patients included were affected by differ-
ent forms of RBD (iRBD and RBD associated with PD) and 
were using different medications. We selected such a heteroge-
neous sample because we aimed to evaluate the habitual patient 
presenting to a sleep center to confirm the diagnosis of RBD 
ranging from the CNS active drug-naïve iRBD individual to 
the patient with PD taking CNS active medication, including 
those that may change EMG activity during REM sleep (e.g., 
antidepressants). Most of the controls were recruited from pa-
tients with effectively treated sleep related breathing disorders. 
Fourth, patients with RBD and controls were selected on a 1:1 
ratio, which does not reflect the real-life prevalence of RBD in 
the general population.28,29 To prove the underlying utility of 
EMG case identification, a future study is needed to investigate 
a population not selected for disease and determine specificity 
and positive predictive value in such a population. The current 
study may best be viewed as a prelude to future population-
based studies that might eventually lead to data that allow the 
use of sleep and diagnostic PSG as important screening tools 
for incident neurodegenerative disease.

CONCLUSION
For the diagnosis of RBD in clinical pratice, we recommend 

using a PSG montage quantifying “any” (either tonic or phasic) 
EMG activity in the mentalis muscle and phasic EMG activity in 
right and left flexor digitorum brevis muscles in the upper limbs 
with a cutoff of 32%, using 3-sec miniepochs. This cutoff value 
is the same for the idiopathic form of RBD and RBD in the set-
ting of PD. To this montage, the addition of bilateral anterior tib-
ialis EMG can be useful for the traditional detection of PLMS.20
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ABBREVIATIONS
AASM, American Academy of Sleep Medicine
AT, anterior tibialis muscle
AHI, apnea hypopnea index
AUC, area under the curve
Bic, biceps brachii muscle
CNS, central nervous system
CPAP, continuous positive airway pressure
EDB, extensor digitorum brevis muscle
EMG, electromyographic
FDS, flexor digitorum superficialis muscle
ICSD-2, International Classification of Sleep Disorders, 2nd revision
IRBD, idiopathic REM sleep behavior disorder
Ment, mentalis muscle
PLMS, periodic limb movements in sleep
PD, Parkinson’s disease
Phas, phasic
PSG, polysomnography
RBD, REM sleep behavior disorder
REM, rapid eye movement
ROC, receiver operator characteristic
SINBAR, sleep Innsbruck Barcelona
Ster, sternocleidomastoid muscle
WASO, wake after sleep onset 
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