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Abstract

Objective: The aim of the study was to validate the use of electromyography (EMG) for detecting
responses to command in patients in vegetative state/unresponsive wakefulness syndrome
(VS/UWS) or in minimally conscious state (MCS).
Methods: Thirty-eight patients were included in the study (23 traumatic, 25 patients 41 year
post-onset), 10 diagnosed as being in VS/UWS, eight in MCS� (no response to command) and
20 in MCS+ (response to command). Eighteen age-matched controls participated in the
experiment. The paradigm consisted of three commands (i.e. ‘Move your hands’, ‘Move your
legs’ and ‘Clench your teeth’) and one control sentence (i.e. ‘It is a sunny day’) presented
in random order. Each auditory stimulus was repeated 4-times within one block with a
stimulus-onset asynchrony of 30 seconds.
Results: Post-hoc analyses with Bonferroni correction revealed that EMG activity was higher
solely for the target command in one patient in permanent VS/UWS and in three patients in
MCS+.
Conclusion: The use of EMG could help clinicians to detect conscious patients who do not
show any volitional response during standard behavioural assessments. However, further
investigations should determine the sensitivity of EMG as compared to neuroimaging and
electrophysiological assessments.
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Introduction

In order to diagnose a patient recovering from coma as being

conscious [1], clinicians search for reproducible behavioural

responses which are considered as localizing or, better,

volitional. Contrary to localizing responses (e.g. oriented eye

movements; see the debate around visual fixation) [2], the

conscious aspect of volitional responses is difficult to dispute

(a patient has to be conscious in order to wilfully respond to

stimulation). These responses are, therefore, crucial to detect.

The most common volitional behaviour in this field is the

response to simple commands (i.e. the ability to execute a

simple movement on demand). Besides its volitional aspect,

the response to command is assumed to indicate the

reappearance of higher-level cognitive functions such as

language (i.e. comprehension of the command) and executive

functions (i.e. accurate planning of the movement execution).

The recovery of these functions may form the bases for

communication between the patient and the medical staff and

for a more active role of the patient in his/her own

rehabilitation. The detection of responses to command is,

nevertheless, complicated by the limited motor responses and

the fatigability of patients with disorders of consciousness

(DOC). Recent studies have shown how difficult it is, even for

trained clinicians, to differentiate volitional from reflexive

behaviours, leading to high misdiagnosis of conscious

patients (rate of �40%) [3–5]. In fact, even when using

sensitive standardized diagnostic scale such as the Coma

Recovery Scale-Revised (CRS-R) [6], micromovements

might still remain undetected at the patient’s bedside.

Recently, Bekinschtein et al. [7] used electromyography

(EMG) to improve the detection of responses to command.

In several patients with no reproducible volitional responses

at the bedside (including one patient in minimally conscious

state—MCS but also one patient diagnosed as being in a

vegetative state—VS or, more recently, unresponsive wake-

fulness syndrome – UWS) [8, 9], the authors found a

significant increase of the EMG signal in response to a target

command (i.e. ‘Move your hand’) as opposed to a control

command (e.g. ‘Today is a sunny day’). This technique may

constitute an objective measure to better detect volitional

behaviours in patients with DOC. It would also represent a

more convenient tool as compared to neuroimaging or

electrophysiology as it is portable, easy to use and
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inexpensive. However, Bekinschtein et al.’s [7] study only

included 10 patients (i.e. eight VS/UWS and two MCS),

making clinical inferences very difficult. The aim of this

study is, therefore, to test this technique in a larger sample,

taking into account three different commands in order to

confirm the interest of electromyography (EMG) for the

detection of volitional responses in patients with severe brain

injury.

Methods

Inclusion/exclusion criteria

Patients were recruited from the University Hospital of Liège

(CHU-Liège, Belgium). Medically stable patients were

assessed with the CRS-R and diagnosed as being in

VS/UWS or MCS (traumatic and non-traumatic causes).

Inclusion criteria were (a) age above 18, (b) at least 28 days

post-injury, (c) preserved auditory evoked potentials and/or

presence of auditory startle and (d) no neuromuscular

function blockers and no sedation within the prior 24 hours.

Exclusion criteria were (a) documented history of prior brain

injury, (b) pre-morbid history of developmental, psychiatric or

neurologic illness resulting in documented functional disabil-

ity up to the time of the injury, (c) pre-morbid history of

uncorrected hearing impairments, (d) flaccidity in response to

noxious stimulation and (e) acute illness. The patients’ group

was age-matched to healthy volunteers (control group). For

this group, exclusion criteria were (a) uncorrected hearing

impairments, (b) muscle disease or muscle dysfunction due to

an injury and (c) developmental, psychiatric or neurologic

illness. The study was approved by the ethics committee of

the Faculty of Medicine, University of Liège. Written

informed consent was obtained from the patients’ legal

surrogate.

Behavioural assessment

The CRS-R was administered on the day of the EMG

recording as well as several times during the week of the

recording to establish the participant’s diagnosis and

neurobehavioural profile. This scale was designed to differ-

entiate VS/UWS from MCS and consists of 23 hierarchically-

arranged items that comprise six sub-scales assessing arousal,

auditory, visual, motor, oromotor/verbal and communication

functions. The lowest item on each sub-scale represents

reflexive activity, while the highest item represents cogni-

tively-mediated behaviours [6]. As behavioural fluctuation is

frequent in patients with severe brain injury [10], the highest

CRS-R total score obtained was reported. Based on these

behavioural assessments, the sample was divided into the

following sub-groups: MCS+ [11] (if any reproducible

response to command was obtained at the bedside; CRS-R

Auditory sub-score 42), MCS� [11] (if no reproducible

response to command but only non-reflexive behaviours such

as visual pursuit or localization to noxious stimulation were

obtained at the bedside; CRS-R Auditory sub-score �2) and

VS/UWS (if no localizing or volitional response was obtained

at the bedside; CRS-R sub-scores as follows: Auditory �2;

Visual 52; Motor 53; Oromotor 53; Communication 51;

Arousal53).

EMG paradigm

Pre-recorded auditory stimuli were presented in a random

order (90 dB). The stimuli consisted of three target commands

(i.e. ‘Move your hands’, ‘Move your legs’ and ‘Clench your

teeth’) as well as one control auditory phrase (i.e. ‘It is a

sunny day’). All stimuli, although different in semantic

information, had the same length (1.8 seconds) and approxi-

mately the same intonation. In order to follow the clinical

guidelines of the standardized behavioural tool [6], each

auditory stimulus was repeated 4-times within one block. The

stimulus onset asynchrony was of 30 seconds. The total

duration of the task was less than 10 minutes.

EMG recording

Surface electromyogram (EMG) activity was recorded at the

patients’ bedside from eight disposable adhesive surface

electrodes (www.spesmedica.com) which were applied using

a bipolar montage (inter electrode distance of 20 mm) and

connected to a portable digital EEG/EMG amplifier (SynAmp

EEG amplifier; www.neuroscan.com). The electrodes were

placed on the abductor policis brevis muscle (n¼ 2; channel

‘Hand’) and on the flexor digitorum superficialis muscle

(n¼ 2; channel ‘Arm’) for recording responses to the

command ‘Move your hands’, on the gastrocnemius muscle

(n¼ 2; channel ‘Leg’) for the command ‘Move your legs’

(www.seniam.org) as well as on the masseter muscle (n¼ 2;

channel ‘Face’) for the command ‘Clench your teeth’ [12, 13].

The electrodes were placed on the side (i.e. left or right) of

the upper and lower limbs that presented the best motor

responses during behavioural assessments. Data were rec-

orded on a laptop computer. EMG acquisition was performed

with a sampling rate of 2000 Hz and a band pass filtering

of 0.1–500 Hz was used [14]. This procedure lasted

�15 minutes. Before starting the recording, upper and lower

limbs as well as jaw were passively moved in order to assure

the accuracy of the electrodes position. EMG recordings were

performed while the patients were in a wakeful state with eyes

open in a setting with minimal ambient noise. Brief auditory

or deep pressure stimulation, as used by the CRS-R [6], was

applied immediately before presenting each command in

order to ensure sufficient arousal. During the recording, any

response observed behaviourally was reported. Note that two

different muscle groups were tested for the command ‘Move

your hands’ to ensure that the initial method (using abductor

policis brevis muscle) was the most efficient one to detect

responses.

EMG analyses

The EMG signal was filtered with a Butterworth filter

between 20–400 Hz [14]. For each participant, the average

value of the EMG amplitude (in mv) per second was

calculated at each channel (i.e. ‘Hand’, ‘Arm’, ‘Leg’ and

‘Face’) for each command on each trial (n¼ 4). EMG data

(absolute values) obtained at the channel matching one of the

commands (e.g. channel ‘Leg’ for the command ‘Move

your legs’) were analysed using an ANOVA with repeated

measures on the type of command (target vs control

command) and the number of trials (1–4). To ensure that

2 D. Habbal et al. Brain Inj, Early Online: 1–9
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responses were reproducible and reliable, this study followed

the clinical guidelines of the standardized behavioural tool [6]

and considered a response to command as present in a patient

if the EMG activity was higher for the target command than

for the control command in at least three out of four trials,

using post-hoc analyses with Bonferroni correction. Results

were thresholded at p value �0.05.

Results

Participants

Thirty-eight patients with severe brain injury (39 ± 14 years

old; 20 men) were included in this study. The aetiology of

brain injury was traumatic (n¼ 23), anoxic (n¼ 5), haemor-

rhagic (n¼ 4), stroke (n¼ 2), encephalitis (n¼ 1) or mixed

(i.e. traumatic and anoxic; n¼ 3). Twenty-five patients had

been in a DOC for more than a year (from 1.08–11.83 years

post-insult) and 13 for less than a year (from 51–347 days

post-insult). Ten patients were diagnosed as being in VS/

UWS, eight in MCS� and 20 in MCS+ according to CRS-R

scores (see Table I). Two patients demonstrated either

functional communication or functional object use during

one assessment, but this performance was not observed

consistently over two consecutive assessments and, hence, did

not correspond to the criteria for emergence from MCS [1].

Eighteen controls (32 ± 12 years old; five men) also

participated in the experiment.

EMG results

For the controls (see Figure 1), EMG activity was signifi-

cantly higher as compared to the control command in 83% of

cases (i.e. 15/18) for the command ‘Move your hands’ (at the

channel ‘Arm’) and for the command ‘Clench your teeth’, in

67% of cases (i.e. 12/18) for the command ‘Move your hands’

(at the channel ‘Hand’) and in 61% of cases (i.e. 11/18) for the

command ‘Move your legs’. For the patients, a response to

command was obtained for at least one of the target

commands in six VS/UWS, three MCS� and 11 MCS+.

Since these patients often suffer severe spasticity and may

present involuntary/hypertonic muscle spasms [15–17], add-

itional ANOVAs were performed in order to ensure that the

increase of EMG activity was significantly higher for the

target command as compared to the two other non-target

commands (e.g. higher EMG activity at the channel ‘Leg’ for

the command ‘Move your legs’ as compared to the commands

‘Move your hands’ and ‘Clench your teeth’). This had to be

true solely for the channel matching the target command (e.g.

higher EMG activity at the channel ‘Leg’ for the command

‘Move your legs’ and not at channels ‘Hand’, ‘Arm’ or

‘Face’). Post-hoc analyses with Bonferroni correction

revealed that EMG activity was significantly higher solely

for the target command in one VS/UWS (i.e. VS/UWS 5) and

three MCS+ (i.e. MCS+ 1, MCS+ 2 and MCS+ 6). Three

patients responded to ‘Move your hands’ and one patient

responded to ‘Move your legs’ (see Table II and Figures 2 and

3). During CRS-R assessments, reproducible responses to

command were obtained in MCS+ 1 and MCS+ 6 using

‘move your hand’ and in MCS+ 2 using ‘move your hand’ but

also ‘move your head’. During the EMG recording, responses

to command were detectable behaviourally (by the naked eye)

for at least three out of four trials in MCS+ 1 and MCS+ 2,

but for none of the trials in VS/UWS 5 and MCS+ 6.

Discussion

The aim of this study was to confirm the interest of

electromyography (EMG) for the detection of responses to

command in patients with a severe brain injury. As in the

original study by Bekinschtein et al. [7], a significant increase

of EMG signal was elicited to command in a patient who did

not show any volitional behavioural response and was

diagnosed as being in permanent VS/UWS (i.e. time post-

anoxia longer than 3 months—here, 4.59 years).

Volitional brain activity has previously been detected in

patients considered as being in VS/UWS using neuroimaging

[18, 19] and electrophysiology [20, 21]. Those studies have

concluded that high-level cognition can be observed in the

absence of purposeful motor responses, suggesting a potential

dissociation between behavioural expression of consciousness

(involving motor functions) and consciousness per se

(involving cognitive functions) [22]. None of those studies,

nevertheless, checked for the presence of volitional micro-

movements. Only one fMRI study found, in two out of five

patients in VS/UWS, functional changes in the premotor

cortex elicited by specific verbal commands (i.e. move your

left/right hand), whereas no volitional response was found

using EMG recordings [23]. EMG and fMRI recordings were,

however, performed separately in this study, making it

impossible to reject the intervention of vigilance fluctuations

as a potential bias. As patients with severe brain injury

(particularly those in a chronic stage) often present motor

deficits due to severe spasticity [16, 17], it is likely that

volitional movements will not be visually detectable at the

bedside. The results suggest that future studies should

perform simultaneous EMG and neuroimaging/electroence-

phalographical recordings in order to better understand the

interaction between motor and cognitive functions in those

patients. Investigating whether EMG has equal or higher

sensitivity to detect volitional responses over neuroimaging

and other electrophysiological techniques also presents a real

clinical interest, as EMG recordings are inexpensive and can

be conducted rapidly. In order to ensure an optimal rate of

response, the command ‘Move your hands’ should be

selected. According to these results, this command was the

one for which responses were the most frequently observed in

both controls (83% of cases) and patients (three out of four

responsive patients). Responses differed according to elec-

trodes position. Indeed, a higher rate of responses was

detected at the channel ‘Arm’ (i.e. digitorum superficialis

muscle) vs ‘Hand’ (i.e. abductor policis brevis muscle) in

controls (83% vs 67% of cases, respectively), whereas

responses were observed at both channels in patients,

suggesting that the assessment of both muscle groups

should be used in future investigations.

As hypertonic muscle spasms are frequent in patients with

severe brain injury [15], involuntary movements could be

mistakenly considered as a volitional response leading to false

positive results. For this reason, a response was considered as

present in this study if EMG activity was significantly higher

DOI: 10.3109/02699052.2014.920519 Electromyography in disorders of consciousness 3
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on several trials (i.e. three out of four trials; suggesting

reproducible response) [6] and if it was observed solely for

the target command at the matched channel. Considering

these criteria, the detection of potential false positive results

was noted in 16 patients (i.e. five VS/UWS, three MCS� and

eight MCS+) for whom higher EMG activity was observed

for unrelated commands at unrelated channels. Since a

response to command was observed with the EMG recordings

in only three out of 20 MCS+ patients, one may consider that

it shows the higher sensitivity of behavioural assessment

techniques. However, it is important to mention that the EMG
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Figure 1. EMG activity in controls (n¼ 18). This figure illustrates the amplitude (in mv; y-axes) of the EMG activity across trials (n¼ 4) at the channel
matching the target command (e.g. EMG activity at the channel ‘Hand’ for the command ‘Move your hands’) for each of the 18 controls (in various
grey). The x-axes represent time in seconds.

Table II. Number of trials (maximum of four per command) for which a
higher EMG activity was observed in patients in MCS+, MCS� and
VS/UWS.

Patients

Move your
hands

(channel
‘Hand’)

Move your
hands

(channel
‘Arm’)

Clench your
teeth

(channel
‘Face’)

Move your
legs

(channel
‘Leg’)

UWS/VS 1 0 1 0 1
UWS/VS 2 4* 0 0 2
UWS/VS 3 0 2 1 0
UWS/VS 4 1 0 0 1
UWS/VS 5 3** 0 0 0
UWS/VS 6 4* 3* 4* 0
UWS/VS 7 1 4* 0 1
UWS/VS 8 1 1 0 3*
UWS/VS 9 0 3* 2 0
UWS/VS 10 1 0 0 2
MCS� 1 2 2 3* 3*
MCS� 2 0 2 2 1
MCS� 3 0 0 1 2
MCS� 4 0 0 2 1
MCS� 5 1 0 1 0
MCS� 6 0 0 1 3*
MCS� 7 0 0 0 1
MCS� 8 1 2 4* 0
MCS+ 1 4** 4** 2 0
MCS+ 2 1 0 0 3**
MCS+ 3 4* 1 2 0
MCS+ 4 3* 2 1 2
MCS+ 5 1 4* 4* 0
MCS+ 6 4** 1 3* 0
MCS+ 7 0 0 0 0
MCS+ 8 4* 1 0 1
MCS+ 9 0 0 1 2
MCS+ 10 1 0 1 2

(continued )

Table II. Continued

Patients

Move your
hands

(channel
‘Hand’)

Move your
hands

(channel
‘Arm’)

Clench your
teeth

(channel
‘Face’)

Move your
legs

(channel
‘Leg’)

MCS+ 11 1 0 1 2
MCS+ 12 0 0 0 1
MCS+ 13 4* 3* 1 3*
MCS+ 14 0 0 2 0
MCS+ 15 0 1 0 0
MCS+ 16 0 0 3* 1
MCS+ 17 4* 0 2 0
MCS+ 18 2 1 0 0
MCS+ 19 0 3* 0 0
MCS+ 20 0 0 0 2

*Significantly higher as compared to the control command (post-hoc
analyses with Bonferroni correction; p� 0.05); ** means significantly
higher as compared to the control command and the two other non-
target commands solely at the channel matching the command (post-
hoc analyses with Bonferroni correction; p� 0.05).

6 D. Habbal et al. Brain Inj, Early Online: 1–9
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responses acquired in a single session have been compared to

a diagnosis based on repeated behavioural assessments. The

absence of EMG responses during this unique recording could

have been due to vigilance fluctuation, which is a character-

istic of the MCS [1]. In fact, in some cases, voluntary muscle

responses were observed in the absence of behavioural

responses during the EMG recording. In the case of MCS+

6, even though he was able to respond during CRS-R

assessments, no behavioural response was observed during

the EMG recording. One could argue that this is related to

performance fluctuations. Voluntary muscle responses were,

nevertheless, detected, even though it was not clear behav-

iourally. Moreover, the fact that a response was observed in a

patient diagnosed as being in VS/UWS based on repeated

behavioural assessments underlines the interest of EMG,

particularly when paramedical data are not characteristic of a

VS/UWS. It is indeed worth it to mention that the clinical

neuroimaging data of VS/UWS 5 reveal typical brainstem

lesions and severe bilateral fronto-parietal atrophy (using

structural magnetic resonance imaging—MRI), but also

atypically preserved white matter tracts and connectivity

within the default mode network (using both diffusion tensor

imaging and functional MRI). The latter result being more

typical of a MCS [24], the neuroimaging pattern presented by

VS/UWS 5 is, therefore, unusual and not characteristic of an

unconscious state, stressing further the interest of EMG in

helping determining the consciousness level of behaviourally

non-responsive patients. Reliable EMG responses were not

found in patients in MCS�, which might be explained by

previous findings reporting a hypometabolism in the language

VS/UWS 5 

MCS+ 1 

MCS+ 2 

MCS+ 6 

Figure 2. Patients who responded to command through EMG (n¼ 4). This figure illustrates the amplitude (in mv; y-axes) of the EMG activity
across trials (n¼ 4) at the channel matching the command for which a response was observed (*) (e.g. EMG activity at the channel ‘Leg’ in MCS+ 6).
The order in which the commands are mentioned corresponds to the order of administration during the experiment. The x-axes represent time in
seconds.
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network in MCS� vs MCS+ and suggesting a deficit in

language comprehension [11]. It is, therefore, possible that

the patients in MCS� may not have understood the command.

On the contrary, a reliable response was found in the only two

patients in a MCS+ who were about to emerge from MCS

(in fact, MCS+ 2 emerged afterwards) which represents an

additional argument in favour of the sensitivity of this

technique. Nevertheless, one could argue that this method

does not have a good sensitivity as all the controls did not

show a higher EMG response for the target command. It is

thought that this it is rather linked to the statistical analyses

performed. Indeed, the control group had a shorter and

sharper response than the patients’ group. As the average of

the EMG amplitude over 30 seconds (per trial) was compared

and not the EMG amplitude around the peak of the response,

this might have reduced the average value and might explain

why a significant difference was not found for the target vs

control command in each healthy volunteer. Future studies

should, hence, develop statistics based on peak detection.

In conclusion, the use of EMG for detecting responses to

command in patients with severe brain injury could help

clinicians in detecting consciousness in patients who do not

show any volitional response during behavioural assessments.

It is, moreover, an objective technique which is easier to use

and less expensive than neuroimaging or electrophysiology.

This study detected a volitional response in a patient

diagnosed as being in permanent VS/UWS who was able to

reliably increase the muscle tone of a target part of her body

only when she was asked to do so. Detecting consciousness in

patients behaviourally considered as being in VS/UWS is

particularly crucial as it has an impact on end-of-life decisions

(i.e. the family and the medical staff might change their

decision based on the presence of conscious activity). The

detection of volitional EMG responses could also be used to

allow patients to communicate using residual muscle

activity [25]. This would radically improve their autonomy

and their quality-of-life. Nevertheless, future studies will have

first to determine the sensitivity of EMG as compared to

neuroimaging and electrophysiological assessments for

detecting consciousness in patients with severe brain injury.
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