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Summary  The  aim  of  this  paper  is  to  describe  an  uncommon  physiological  EEG  artifact  in
newborns  caused  by  tongue  movements  (TM),  mimicking  anterior  slow  dysrhythmia  (ASD).  The
subjects are  two  full-term  newborns  (39  weeks  gestational  age  (GA)),  admitted  to  the  Neonatal
Intensive  Care  Unit  for  respiratory  distress.  Both  underwent  polygraphic  video-EEG  recording
in order  to  better  characterize  tremor-like  movements  of  all  four  limbs  that  appeared  48  hours
after birth.  Multichannel  video-EEG  polygraphy  was  performed  using  the  10—20  electrode  mon-
tage modified  for  neonates.  Ninety  minutes  of  EEG  was  recorded  for  each  subject,  capturing
different behavioral  states.  Background  EEG  activity  was  normal  for  both  subjects.  During  active
sleep (AS),  synchronous  and  symmetric  slow  activity  was  recorded  over  bifrontal  head  regions.

For subject  1,  bursts  of  monomorphic  2  Hz  delta  waves,  with  an  amplitude  between  50—100  �V
lasting two  seconds,  were  recorded  and  identified  as  anterior  slow  dysrhythmia.  For  subject
2, polymorphic  1-2  Hz  delta  waves,  50—100  �V  in  amplitude  and  lasting  for  20  seconds,  were
recorded only  during  suction.  After  thorough  analysis  of  simultaneous  digital  video  recording
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synchronized  with  the  EEG  trace,  this  activity  was  thought  to  be  compatible  with  glossoki-
netic artifact.  Interpretation  of  neonatal  EEG  can  be  challenging;  the  background  activity  is
frequently  intermixed  with  physiological  artifacts,  such  as  ocular,  muscle  and  movement  arti-
facts, complicating  the  interpretation.  Even  continuous  video-recording  might  not  make  the
diagnosis immediately  obvious.  Therefore,  when  a  rhythmic  monomorphic  pattern  without  evo-
lution in  amplitude  or  frequency  is  seen,  we  suggest  that  tongue  movement  artifact  should  be
considered.
© 2019  Elsevier  Masson  SAS.  All  rights  reserved.
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lasting  three  seconds.  The  Fig.  2  shows  a  run  of  polymor-
ntroduction

hile  electroencephalography  (EEG)  has  been  used  in
umans  since  1929,  it  remains  a  technique  of  tremen-
ous  value.  Particularly  in  the  neonatal  intensive  care  unit
NICU),  EEG  is  a  useful,  non-invasive  and  reliable  bedside
ool  for  evaluation  of  brain  function  and  brain  maturation
1].  The  NICU  can  be  a  technically  difficult  environment  for
EG  recording  due  to  various  sources  of  potential  artifacts
9],  which  can  be  of  physiological  or  non-physiological  origin
14].  Distinguishing  between  normal  electrographic  matura-
ional  patterns  and  non-cerebral  electrographic  activity  is
ssential  for  accurate  neonatal  EEG  analysis  and  interpre-
ation  [10].  Glossokinetic  artifact  is  well  described  in  older
hildren  and  adults.  It  is  electrographically  characterized  by
low  activity  in  the  delta  frequency  with  changing  polarity
ccording  to  the  direction  of  the  tongue  movement  [5].  The
low  waves  associated  with  tongue  movements  have  bilat-
ral  distribution,  and  their  localization  depends  on  the  type
f  tongue  movements.  Vertical  tongue  movements  produce
low  wave  artifact  over  anterior  head  regions,  while  hor-
zontal  tongue  movements  produce  artifact  over  temporal
ead  regions  [3].  On  the  other  hand,  anterior  slow  dysrhyth-
ia  (ASD)  is  a  maturational  pattern  seen  in  near-term  and

erm  infants  and  characterized  by  intermittent  rhythmic  1.5
o  3  Hz  activity  of  50  to  150  �V  over  bifrontal  head  regions.
t  can  be  synchronous  or  asynchronous,  and  associated  with
rontal  sharp  transients,  especially  during  transitional  sleep
8].  Glossokinetic  artifact  can  easily  be  mistaken  for  ante-
ior  slow  dysrhythmia.  Here,  we  describe  the  differences
etween  the  two  patterns  for  electroencephalographers  and
eurologists  interpreting  neonatal  EEGs.

ethods

ubjects

he  subjects  were  two  term  newborns,  both  born  at  39
eeks  of  gestational  age  following  uncomplicated  preg-
ancies.  Normal  fetal  movements  were  reported.  Prenatal
ltrasounds  were  unremarkable.  Both  subjects  were  admit-
ed  to  NICU  for  assessment  of  tremor-like  limb  movements.
eurological  examination  was  otherwise  normal.  Investiga-
ions  including  complete  blood  count,  plasma  amino  acids,
hyroid  hormone,  urine  organic  acid,  and  infection  disease

ork  up  were  negative.  Both  subjects  had  normal  head  ultra-

ound.
p
w

EG  acquisition

ccording  to  our  neonatal  protocol,  polygraphic  video-EEG
ecordings  were  performed  using  modified  neonatal  10—20
lectrode  montage[12],  on  the  Nihon  Kohden  Neurofax  EEG
100  system  (Tokyo,  Japan)  with  synchronized  color  video
amera  (resolution  power  of  7.20  ×  5.76).  The  duration  of
he  recording  for  each  subject  was  90  minutes,  and  behav-
oral  states  including  wakefulness,  quiet  and  active  sleep
ere  captured.  A  prearranged  ready-made  electrode  cap
as  used  (Fp1,  Fp2,  C3,  C4,  T3,  T4,  O1,  O2  and  ground  lead)
ith  chlorinated  silver  cup  electrodes.  Extracephalic  leads

or  the  electromyogram  (EMG),  electrocardiogram  (ECG),
nd  pneumogram  (PNG)  were  also  used.  The  ECG  lead  was
laced  above  the  midline  on  the  chest  (high  pass  filter  15  Hz;
ow  pass  filter  0.3  and  sensitivity  100  �V).  The  EMG  lead  was
laced  over  the  left  deltoid  muscle  (high  pass  filter  120  Hz;
ow  pass  filter  0.003  and  sensitivity  30  �V).  The  PNG  was  a
iezoelectric  breath  transducer  placed  2 centimeters  above
he  umbilicus  (high  pass  filter  15  Hz;  low  pass  filter  1  and
ensitivity  7  �V).

ideo-EEG  interpretation

ipolar  longitudinal  montage  and  coronal  montage  were
sed  for  EEG  recording  with  the  settings  as  follows:  high  fre-
uency  filter  35  Hz,  low  frequency  filter  0.3  Hz,  notch  filter
ff,  sensitivity  100  �V  for  10  millimeters,  display  of  20  sec
er  page.  Video  EEG  traces  were  independently  analyzed  by
he  technologist  and  pediatric  neurologist.  Rhythmic  delta
as  evaluated  using  synchronized  video-EEG  recording  to
orrelate  the  appearance  and  disappearance  of  the  artifact
ccording  to  the  tongue  movements.

esults

ackground  EEG  activity  was  normal  during  wakefulness  and
ctive  sleep  (AS)  for  both  neonates  (Figs.  1  and  2).  In  both
ases,  background  electrographic  activity  in  wakefulness
as  continuous,  while  background  in  quiet  sleep  (QS)  was
haracterized  by  a  tracé  alternant  pattern.  The  Fig.  1  shows
n  ASD  pattern  characterized  by  bursts  of  monomorphic

 Hz  delta  frequency,  with  an  amplitude  between  50—100  �V
ver  both  frontal  head  regions,  synchronous  and  symmetric,
hic  1—2  Hz  delta  frequency  of  50—100  �V  in  AS  associated
ith  the  baby  sucking  on  a  pacifier,  as  shown  in  the  video.
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Figure  1  Anterior  slow  dysrhythmia.
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Figure  2  Glo

The  activity  was  localized  over  both  frontal  head  regions,
was  synchronous  and  symmetric,  and  lasted  for  15  seconds
(Fig.  2).  The  mean  duration  of  this  artifact  was  of  10  sec
(minimum  3  sec  to  max  20  sec)  and  it  was  identified  dur-
ing  wakefulness  and  active  sleep.  After  thorough  analysis
of  the  video-EEG  recording,  we  concluded  that  the  activ-
ity  on  Fig.  2  was  compatible  with  the  tongue  movements,
i.e.  glossokinetic  artifact.  Other  sources  of  artifact,  such  as
head  movements,  eye  blinks  or  facial  movements  were  ruled
out.

Discussion

Interpretation  of  neonatal  EEG  can  be  challenging,  since
the  background  activity  is  frequently  intermixed  with  phys-
iological  artifacts,  such  as  eye  movements,  muscle  and
movement  artifacts  that  may  complicate  the  interpretation
[10].  The  aim  of  this  paper  was  to  characterize  electro-
graphic  changes  produced  by  tongue  movements  in  neonates
and  compare  them  to  a  normal  physiological  pattern,  ante-

rior  slow  dysrhythmia.  The  Fig.  2  shows  a  symmetric  and
synchronous  slow  electrographic  activity  over  bi-frontal
head  regions  recorded  during  active  sleep,  which  could  be
misinterpreted  as  ASD.  Instead,  this  activity  represented  a

a
s

m

netic  artifact.

lossokinetic  artifact,  as  demonstrated  by  time-locked  video
ecording.  In  adults,  glossokinetic  artifact  is  typically  iden-
ified  using  a  submandibular  electrode.  However,  this  would
e  technically  difficult  in  a  neonate.  Our  protocol  does  not
outinely  include  submandibular  electrode  due  to  the  con-
ern  of  added  stress  to  the  neonate  and  difficulties  keeping
t  in  place  due  to  the  movements.  Therefore,  we  did  not  use
ubmandibular  electrodes  in  the  subjects  presented  here.
fter  thorough  evaluation  of  the  electrographic  tracing  and
he  time-locked  video,  we  concluded  that  the  two  patterns
an  be  differentiated  by  careful  analysis  of  synchronized
ideo-EEG  recording.  We  were  thus  able  to  identify  that  the
ntermittent  frontal  slow  activity  in  the  second  case  was
elated  to  tongue  movements.  The  slower  duration  of  the
SD  was  identified  as  the  key  difference  between  two  elec-
rographic  patterns.  The  ASD  occurred  in  brief  runs  lasting
or  no  more  than  2—3  seconds,  while  the  glossokinetic  arti-
act  lasted  longer.  ASD  is  a  normal  maturational  pattern;  it
sually  first  appears  at  34  weeks  of  GA  and  persists  until  44
eeks  of  GA.  It  is  characterized  by  brief  runs  of  bi-frontal
0  to  100  �V  delta  waves,  lasting  2—3  seconds  [2,4,6].  The

ctivity  is  typically  asynchronous  between  the  two  hemi-
pheres  and  is  often  asymmetric.

Tongue  movements  in  neonates  can  be  subtle,  and  often
asked  by  a  pacifier.  Even  with  a  continuous  video-recording
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[14] Walls-Esquivel E, Vecchierini MF, Heberle C, Wallois F. Elec-
troencephalography (EEG) recording techniques and artifact
detection in early premature babies. Neurophysiol Clin
2007;37:299—309.
80  

he  diagnosis  may  not  be  immediately  obvious,  and  in  a  near-
erm  or  a  term  neonate,  glossokinetic  potentials  (GKP)  can
e  easily  misinterpreted  as  ASD  [14].  Therefore,  we  suggest
hat  tongue  movements  should  be  considered  as  a  source  of
rtifact  in  a  neonate  when  rhythmic  monomorphic  patterns
ithout  evolution  in  amplitude  and  frequency  are  seen.  We
ould  like  to  highlight  this  point  for  electroencephalogra-
hers  and  pediatric  neurologists  interpreting  neonatal  EEGs.

It  is  important  to  distinguish  between  ASD  and  GKA,  even
lthough  both  patterns  are  considered  benign,  thus  not  asso-
iated  with  brain  pathology.  Mistaking  GKA  for  ASD  after  44
eeks  of  gestational  age  can  lead  to  an  incorrect  assumption
f  brain  immaturity,  with  potential  impact  on  the  manage-
ent  of  the  neonate.  GKP  are  evoked  potentials  generated
y  tongue  movements  [7—13].  Both  the  appearance  of  the
attern  and  the  frequency  depends  on  the  extent,  direc-
ion  and  velocity  of  the  tongue  movement  [5].  The  tongue
reates  an  electric  dipole,  with  the  tip  of  the  tongue  being
lectronegative  and  the  posterior  part  of  the  tongue  elec-
ropositive.  There  when  tongue  movements  are  vertical,  the
elta  activity  is  best  seen  on  the  EEG  over  the  bi-frontal  head
egions.  In  comparison,  delta  activity  is  seen  over  the  tem-
oral  head  regions  when  tongue  movements  are  horizontal
3].  In  adults,  these  EEG  changes  can  be  differentiated  from
ormal  EEG  patterns  by  adding  a  submandibular  electrode
11].

In  conclusion,  we  report  GKP  artifact  in  two  term
eonates.  This  pattern  can  be  mistakenly  considered  to  be
SD,  which  can  contribute  to  incorrect  assumption  of  gesta-
ional  age,  or  incorrect  diagnosis  of  dysmaturity.  Neonatal
EG  technicians  should  be  aware  of  this  type  of  artifact  and
ble  to  correct  it.  Electroencephalographers  should  verify
he  origin  of  this  pattern  on  time-locked  video  recording.

unding

one  of  the  authors  has  received  funding  for  the  preparation
f  the  present  article.

isclosure of interest

he  authors  declare  that  they  have  no  competing  interest.

ppendix A. Supplementary data
upplementary  data  associated  with  this  article  can
e  found,  in  the  online  version,  at  https://doi.org/10.
016/j.neucli.2019.07.015.
R.  Falsaperla  et  al.

eferences

[1] André M, Lamblin MD, D’Allest AM, Curzi-Dascalova L,
Moussalli-Salefranque F, Nguyen The Tich S, et al. Elec-
troencephalography in premature and full-term infants.
Developmental features and glossary. Neurophysiol Clin
2010;40:59—124.

[2] Coelho CR, Guadalupe F-BV, Lüders HO. Electrooculogram and
submandibular montage to distinguish different eye, eyelid,
and tongue movements in electroencephalographic studies.
Clin Neurophysiol 2018;129:2380—91.

[3] Ebersole JS, Pedley TA. Current practice of clinical elec-
troencephalography, 3rd ed Philadelphia: Lippincott Williams
& Wilkins; 2003. p. 106—234.

[4] Fisch BJ, Fisch, Spehlmann’s. EEG Primer, 3rd ed New York:
Elsevier; 1999.

[5] Levin KH, Lüders HO. Comprehensive Clinical Neurophysiology.
W.B. Saunders Company, Cleveland; 2000. p. 414—32.

[6] Hartmut, Baier. Artefakterkennung und—beseitigung im EEG.
Abteilung für Epileptologie. In: ZfP Südwürttemberg. Wein-
gartshofer Str. 2: 88214 Ravensburg; 2013.

[7] Klass D, Bickford RG. Glossokinetic potentials appearing in the
electroencephalogram. EEG Clin Neurophysiol 1960;12:239.

[8] Lamblin MD, André M, Challamel MJ, Curzi-Dascalova L,
d’Allest AM, De Giovanni E, et al. Electroencephalography of
the premature and term newborn. Maturational aspects and
glossary. Neurophysiol Clin 1999;29:123—219.

[9] Lamblin MD, de Villepin-Touzery A. EEG in the neonatal unit.
Neurophysiol Clin 2015;45:87—95.

10] Mizrahi E, Hrachovy R, Kellaway P. Atlas of neonatal electroen-
cephalography. Philadelphia: Lippincott, Williams and Wilkins;
2004.

11] Nam Y, Zhao Q, Cichocki A, Choi S. Tongue-rudder: a
glossokinetic-potential-based tongue-machine interface. IEEE
Trans Biomed Eng 2012;59:290—9.

12] Tsuchida TN, Wusthoff CJ, Shellhaas RA, Abend NS, Hahn
CD, Sullivan JE, et al. American clinical neurophysiology
society standardized EEG terminology and categorization for
the description of continuous EEG monitoring in neonates:
report of the American Clinical Neurophysiology Society crit-
ical care monitoring committee. J Clin Neurophysiol 2013;30:
161—73.

13] Vanhatalo S, Dewaraja A, Holmes MD, Miller JW. Topography
and elimination of slow EEG responses related to tongue move-
ments. NeuroImage 2003;20:1419—23.

http://dx.doi.org/10.1016/j.neucli.2019.07.015
http://dx.doi.org/10.1016/j.neucli.2019.07.015
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0075
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0080
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0085
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0090
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0095
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0100
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0105
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0110
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0115
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0120
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0125
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0130
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0135
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140
http://refhub.elsevier.com/S0987-7053(19)30219-9/sbref0140

	Developmental EEG hallmark or biological artifact? Glossokinetic artifact mimicking anterior slow dysrhythmia in two full ...
	Introduction
	Methods
	Subjects
	EEG acquisition
	Video-EEG interpretation

	Results
	Discussion
	Funding
	Disclosure of interest
	Appendix A Supplementary data
	References


