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ABSTRACT – We report a patient with reflex tooth-brushing-triggered
epilepsy, associated with a post-central lesion within the right somatosen-
sory face area. Contralateral facial sensory and motor phenomena,
associated with contralateral upper limb extension, were present at
seizure onset after gingival stimulation, but seizures could also be
induced by contact with solid food or liquids. Spontaneous seizures also
were recorded. Secondary generalization was infrequent. Stereoelectroen-
cephalography implantation was performed, with seizure recording and
cortical/subcortical stimulation for mapping, to identify the precise extent

stoperative control of epilepsy was
transient neurological deficit. [Pub-

ed seizure, reflex seizures, facial

the lower trigeminal branches and
thus provoke seizures (Badowski,
1891). This epileptic phenomenon
could originate from lesions located
mostly in the central area, as
reported elsewhere. (Chan et al.,
2016).
IDEO ONLINE

of surgical resection. Complete po
achieved, accompanied by a mild and
lished with video sequence].

Key words: tooth-brushing induc
somatosensory and motor areas

Reflex epilepsy is a very rare condi-
tion in which seizures are trig-
gered by an external stimulus or
internal mental process (Xue and
Ritaccio, 2006; Wolf, 2017; Okudan
and Ozkara, 2018) Tooth-brushing
epilepsy is an unusual form of reflex
epilepsy provoked by the act of
d
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tooth-brushing, or sometimes by
stimulation of the gingival region
with liquids or solids. We identi-
fied reports from as early as 1891,
describing the relationship between
caries and epilepsy, indicating that
an inflammatory stimulus may affect

Case study

We present a 27-year-old, right-
handed woman who developed
epilepsy at four years of age, with
seizures initially occurring during
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face and upper limb, stereoelectroencephalography
leep. Shortly afterwards, seizures began to be trig-
ered predominantly by tooth-brushing, although
pontaneous seizures continued to occur. The pres-
nce of food and/or liquid in contact with the oral
ucosa or gingival region could also induce seizures.

here was no focal neurological deficit.
t the time of the first consultation with our team, the
atient was 27 years old, and she identified that more

han 80% of her seizures occurred when she brushed
er left upper gums.
he had previously received treatment with mul-
iple antiepileptic drugs, including carbamazepine,
henytoin, vigabatrin, lamotrigine, valproic acid, leve-

iracetam, clobazam, and cannabidiol, as monotherapy
r in different combinations, without achieving
eizure control. The maximum period of seizure free-
om was one week, and she had an average of four to
ve seizures per day, despite medication.
er condition had previously been considered psy-

hogenic by others and several brain magnetic
esonance imaging (MRI) studies had been interpreted
pileptic Disord, Vol. 22, No. 4, August 2020

s normal. The patient had a poor quality of life, consid-
ring herself severely disabled. A thorough evaluation
f a new brain MRI by our neuroradiologist demon-
trated a cortico-subcortical lesion in the lower third
f the postcentral gyrus (figures 1, 2), with blurring
f the grey-white matter junction, which could be
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igure 1. MRI showing a cortico-subcortical lesion in the lower third
atter junction (coronal FLAIR sequence [A]; post-gadolinium coron

blique axial (D) post-gadolinium T1WI reconstructions also exhibit t
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Tooth-brushing epilepsy

nterpreted as concordant with seizure triggering and
emiology.
uring preoperative video-telemetry monitoring,

ight frontal interictal epileptiform activity was
resent. Two typical tooth-brushing seizures were
ecorded (see video sequence), in which the patient,
fter beginning the action of brushing the left upper
nd lower gums, manifested a left hemifacial tingling
ensation located around the lips. Immediately follow-
ng this sensation, she exhibited left hemifacial tonic
ontraction, with flexion and then tonic extension of
he left arm, followed by clonic contraction of the
eck muscles. There was no alteration of conscious-
ess. Ictal EEG demonstrated epileptiform discharges

ocated in the right frontal region, but interpreta-
ion was difficult because of the amount of muscular
rtefact.
ased on seizure semiology, comprised of sensory
anifestation on the left face almost synchroni-

ally with motor manifestations affecting the left
483

D

B

of the postcentral gyrus (A-D), with blurring of the grey-white
al T1WI [B]) and subcortical hyperintensity (A). Sagittal (C) and
he lesion.

SEEG) implantation was proposed to delineate the
xtent of the primary epileptogenic area and prob-
ble cortical resection. Six depth electrodes were
mplanted (Depthalon, PMT Corporation, Chanhasset,

innesota, USA) using the CRW stereotactic frame
Integra, Plainsboro, NJ, USA) (see video sequence).
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igure 2. Anatomical relationship between a 3D reconstruction o
lane in relation to the central sulcus (B), and the ictal trace of th

hese included one in the lower third of the precen-
ral region and frontal opercula (electrode A); three
n the lower half of the postcentral gyrus, includ-
ng the parietal opercula (from inferior to superior:
lectrodes B, C and D); one in the superior part
f the postcentral gyrus at the region of the hand
omatosensory area (electrode E); and one in the ante-
ior aspect of the supramarginal gyrus (electrode F)
figure 2). Interictal recording demonstrated epileptic
ctivity predominantly in the postcentral and parietal
perculum electrodes (B and C), while the precen-

ral electrode (A) also exhibited abnormal activity
t the most superficial contacts. During SEEG, four
eizures were induced when the patient brushed
er teeth, predominantly as she brushed the upper

eft gingival region. The ictal phenomena exhibited
he same sequence as described during preoperative
ideo-telemetry. Seizures lasted approximately 13 sec-
nds. The electrodes involved at the beginning of the
eizures were A, B and C (figure 2). The patient had
o loss of consciousness or post-ictal status and could
espond to simple commands immediately during the
ost-ictal phase. Electrical stimulation was performed,
llowing us to map the face sensory (electrode D) and
84

otor area (electrode A) (see video sequence). No clin-
cal response was elicited when stimulating the tissue
round electrode B, which we interpreted as coinci-
ent with the location of the dysplastic lesion on MRI.
hese findings are consistent with those from Marusic
t al. (2002), in which no motor functions were found

n perirolandic areas with FLAIR MRI signal increase.
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patient‘s brain (A), the location of the electrodes in the sagittal
EG (C).

he descending fibres of the left upper limb within the
orticospinal tract were also mapped during stimula-
ion, to define the depth of resection. The anatomical
ocation of the contacts was used for neuronaviga-
ional surgical planning.
esection of the lower third of the postcentral gyrus,

he anterior and external part of the parietal oper-
ulum, and a portion of the precentral gyrus was
erformed (figure 3). Postoperatively, the patient pre-
ented with mild weakness of the lower left side of
he face and mild deviation of the tongue towards
he left (see video sequence). These symptoms were
ransient and reversed completely within three weeks,
s expected from previous experience (Lehman et al.,
994). Histology revealed cortical dysplasia type IIB
n the post-rolandic tissue samples, but no histolog-
cal abnormalities were observed in the pre-rolandic
motor area) samples. Postoperative MRI revealed the
erformed resection with preservation of the underly-

ng white matter tracts (figure 4). Seizure freedom was
chieved, with progressive tapering of the patient’s
edication still on-going.
Epileptic Disord, Vol. 22, No. 4, August 2020

iscussion

pileptic seizures are generally unpredictable and
rise spontaneously. Patients often report non-specific
riggers, such as stress or sleep deprivation; but only
arely do seizures occur as a reflex event, in which
hey are objectively and consistently precipitated, or
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Figure 3. (A) Pre-resection image of the brain showing the postcentral gyrus, precentral gyrus, central sulcus and sylvian fissure.
(B) 3D reconstruction of the patient‘s brain. (C) Post resection image of the brain. PoC: postcentral gyrus; PrC: precentral gyrus; yellow
dotted line: central sulcus; green dotted line: Sylvian fissure.
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igure 4. Postoperative MRI showing the cortical resection (whit
s well as on axial plane (FLAIR sequence).
pileptic Disord, Vol. 22, No. 4, August 2020

nhibited by internal or external stimuli (Okudan and
zkara, 2018; Randhawa et al., 2019).

he 1989 International League Against Epilepsy (ILAE)
lassification established the definition of epilepsy
ith specific stimuli (Epilepsy, 1989). In 2001, an ILAE

ask force constructed a list of accepted precipitating
actors for reflex seizures (Engel, 2001).

R
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ow) on coronal plane (inversion recovery and FLAIR sequences)
485

eflex seizures are an ideal model to study the
ynamics of seizure initiation and termination. Tooth-
rushing epilepsy is a rare type of reflex epilepsy,
nd its aetiology is not well established. The
eriodontal ligament and gingiva represent a highly-

nnervated zone, although this may require excitation
rom a critical mass of a previously hyper-excitable
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egion within the somatosensory cortex to generate
seizure.
he first case of tooth-brushing-induced epilepsy
escribed in the literature was published in 1982, in
12-year-old boy. Seizures began after placement of
palatal expansion appliance, with right-side Jackso-
ian seizures evoked by tooth-brushing. The patient’s
euroimaging was normal, but electroencephalogra-
hy detected left frontocentral spikes and the patient

ailed to respond to antiepileptic drugs (Holmes et
l., 1982). We have located 17 cases of tooth-brushing-
nduced seizures described in the literature, but none
f them were studied with SEEG recording and/or stim-
lation for brain mapping (Holmes et al., 1982; O’Brien
t al., 1996; Koutroumanidis et al., 2001; Chuang et al.,
004; Navarro et al., 2006; D’Souza et al., 2007; Haytac
t al., 2008; Kumada et al., 2013; Ott et al., 2014; Chan et
l., 2016).
ooth-brushing seizures are caused by sensitive stim-
li in the teeth and gums during brushing. However,

he trigger does not appear to be merely a “simple”
timulus. Repetition of the stimulus, and frequency
nd intensity of the stimulus have been described as
ariables that may influence seizure induction.
nterestingly, our patient described a very narrow area
f the gums which caused her seizures.
rom a pathophysiological and anatomical point of
iew, we believe that the stimulus is driven by the max-
llary nerve, the branch of the trigeminal nerve which,
fter its passage to the brain stem, reaches the ventral
osteromedial nucleus of the thalamus and projects

owards the primary somatosensory cortex in the pari-
tal lobe.
nder normal conditions, brushing of the teeth is per-

eived as a sensation in the stimulated area. If pain
ccurs, a reaction will clearly take place away from the
ociceptive stimulus. This “withdrawal” behaviour is
motor response that originates in the motor cor-

ex. Abnormal neural connectivity in local cortical
ysplasia could “amplify” this response due to elec-

rical dissemination to adjacent motor areas, causing a
reater motor response that manifests as a seizure.
ntracranial records of EEGs in focal cortical dyspla-
ia show that the epileptogenic zone may be greater
han the lesion identified on MRI, and may originate
s complex patterns of propagation to neighbouring
r distant regions (Duchowny et al., 2000). The precise
esection of this “generator” of abnormal electrical
ctivity can explain the excellent clinical response that
86

ur patient experienced.
hen considering surgery for lesions located within

he sensory and/or motor area of the face, the fact that
here are bilateral projection pathways of motor and
rigeminal sensory information, from and to the cor-
ex, and that these have been identified in humans
hould be taken into account (Penfield and Boldrey,
937; Chen et al., 1999; Müri, 2016). Initial bilateral
ortical responses of somatosensory-evoked poten-
ials with a short latency, in both hemispheres, have
een reported following lip tactile stimulation, with
o significant differences in their latencies, according

o some studies. Bilateral sensation of the tongue fol-
owing unilateral direct cortical stimulation has been
lso described in humans (Shibukawa, 2012). Thus, uni-
ateral somatosensory cortex of the facial area could
e resected without serious facial sensory deficits, or

ong-lasting motor deficits, as previous experience has
emonstrated (LeRoux et al., 1991; Lehman et al., 1994).

onclusion
e present a challenging case of a young woman with

evere, disabling, refractory epilepsy, with a predomi-
ant reflex component while tooth-brushing or eating.
ue to negative MRI studies and being diagnosed with
sychogenic seizures, the patient suffered her condi-

ion for 23 years. Consideration of reflex epilepsy must
e taken into account when facing a case like this.
etailed evaluation within a multidisciplinary team

llowed us to consider a possible surgical solution.
EEG helped us to delineate the primary epilepto-
enic area and eloquent areas, and to perform surgical
esection. Motor deficits in the face and tongue were
ransient, and total control of epilepsy was achieved.�

Legend for video sequence
Case study of a patient with refractory epilepsy, with
spontaneous tooth-brushing-induced seizures. The
usual seizure sequence consisted of a left hemi-
facial tingling sensation located around the lips,
immediately followed by a left hemifacial tonic
contraction, and then by flexion and tonic extension
of the left arm, finalizing with clonic contrac-
tion of the neck muscles. Anatomical relationships
between the lesion and the brain and SEEG implan-
tation scheme are shown. An induced seizure under
SEEG monitoring, and motor and sensory stim-
ulation through depth electrodes are presented.
Surgical resection and postsurgical neurological
examinations are shown.

Key words for video research on
www.epilepticdisorders.com

Phenomenology: tooth-brushing-induced seizu-
Epileptic Disord, Vol. 22, No. 4, August 2020

res, sensory and motor seizure (simple), focal
seizure, reflex epilepsy.
Localisation: primary motor and sensory facial areas
(right)
Syndrome: reflex epilepsy
Aetiology: focal cortical dysplasia (type II)

http://www.epilepticdisorders.com/
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upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.

cknowledgements and disclosures.
he authors acknowledge Dr. Juan Bulacio for his professional
upport.
one of the authors have any conflict of interest to declare.

eferences

adowski D. Reflex epilepsy from dental caries. Hospital
Lond 1886) 1891; 9(228): 292.

han DY, Chan DT, Zhu CX, Lau CK, Leung H, Poon WS. Tooth-
rushing epilepsy: a case report and literature review. Clin
eurol Neurosurg 2016; 145: 46-51.

hen CH, Wu T, Chu NS. Bilateral cortical representation of
he intrinsic lingual muscles. Neurology 1999; 52(2): 411-3.

huang YC, Lin TK, Lui CC, Chen SD, Chang CS. Tooth-
rushing epilepsy with ictal orgasms. Seizure 2004; 13(3):
79-82.

’Souza WJ, O’Brien TJ, Murphy M, Trost NM, Cook MJ.
oothbrushing-induced epilepsy with structural lesions in
he primary somatosensory area. Neurology 2007; 68(10):
69-71.

uchowny M, Jayakar P, Levin B. Aberrant neural circuits in
alformations of cortical development and focal epilepsy.
eurology 2000; 55(3): 423-8.

ngel Jr. J. A proposed diagnostic scheme for people with
pileptic seizures and with epilepsy: report of the ILAE
ask Force on Classification and Terminology. Epilepsia
001; 42(6): 796-803.

aytac MC, Aslan K, Ozcelik O, Bozdemir H. Epileptic
eizures triggered by the use of a powered toothbrush.
eizure 2008; 17(3): 288-91.
pileptic Disord, Vol. 22, No. 4, August 2020

olmes GL, Blair S, Eisenberg E, Scheebaum R, Margraf J,
immerman AW. Tooth-brushing-induced epilepsy. Epilep-
ia 1982; 23(6): 657-61.

outroumanidis M, Pearce R, Sadoh DR, Panayiotopoulos
P. Tooth brushing-induced seizures: a case report. Epilepsia
001; 42(5): 686-8.

S
f

W
a

X
E

Tooth-brushing epilepsy

umada T, Nishii R, Higashi T, et al. Passive toothbrushing-
nduced seizures: report of a severely disabled girl. Brain Dev
013; 35(1): 91-4.

ehman R, Andermann F, Olivier A, Tandon PN, Quesney LF,
asmussen TB. Seizures with onset in the sensorimotor face
rea: clinical patterns and results of surgical treatment in 20
atients. Epilepsia 1994; 35(6): 1117-24.

eRoux PD, Berger MS, Haglund MM, Pilcher WH, Ojemann
A. Resection of intrinsic tumors from nondominant face
otor cortex using stimulation mapping: report of two cases.

urg Neurol 1991; 36(1): 44-8.

arusic P, Najm IM, Ying Z, et al. Focal cortical dysplasias
n eloquent cortex: functional characteristics and corre-
ation with MRI and histopathologic changes. Epilepsia
002; 43(1): 27-32.

üri RM. Cortical control of facial expression. J Comparative
eurology 2016; 524(8): 1578-85.

avarro V, Adam C, Petitmengin C, Baulac M. Toothbrush-
hinking seizures. Epilepsia 2006; 47(11): 1971-3.

’Brien TJ, Hogan RE, Sedal L, Murrie V, Cook MJ. Tooth-
rushing epilepsy: a report of a case with structural and

unctional imaging and electrophysiology demonstrating a
ight frontal focus. Epilepsia 1996; 37(7): 694-7.

kudan ZV, Ozkara C. Reflex epilepsy: triggers and manage-
ent strategies. Neuropsychiatr Dis Treat 2018; 14: 327-37.

tt DV, Kauert A, Holtkamp M. Toothbrushing-induced
eizures at onset of cryptogenic partial epilepsy: a case
eport. J Neurol 2014; 261(2): 432-4.

enfield W, Boldrey E. Somatic motor and sensory represen-
ation in the cerebral cortex of man as studied by electrical
timulation. Brain 1937; 60(4): 389-443.

andhawa J, Hrazdil CT, Hassan I. Affect-induced reflex
eizures (AIRS): a case series based on a systematic literature
eview. Epilepsy Behav 2019; 92: 18-25.

hibukawa Y. Cortical mechanism of oral somatosensory
unction. J Oral Biosciences 2012; 54(1): 15-8.
487

olf P. Reflex epileptic mechanisms in humans: lessons
bout natural ictogenesis. Epilepsy Behav 2017; 1(B): 118-23.

ue LY, Ritaccio AL. Reflex seizures and reflex epilepsy. Am J
lectroneurodiagnostic Technol 2006; 46(1): 39-48.

http://www.ncbi.nlm.nih.gov/pubmed?term=Reflex epilepsy from dental caries
http://www.ncbi.nlm.nih.gov/pubmed?term=Tooth-brushing epilepsy: a case report and literature review
http://www.ncbi.nlm.nih.gov/pubmed?term=Bilateral cortical representation of the intrinsic lingual muscles
http://www.ncbi.nlm.nih.gov/pubmed?term=Tooth-brushing epilepsy with ictal orgasms
http://www.ncbi.nlm.nih.gov/pubmed?term=Toothbrushing-induced epilepsy with structural lesions in the primary somatosensory area
http://www.ncbi.nlm.nih.gov/pubmed?term=Aberrant neural circuits in malformations of cortical development and focal epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=A proposed diagnostic scheme for people with epileptic seizures and with epilepsy: report of the ILAE Task Force on Classification and Terminology
http://www.ncbi.nlm.nih.gov/pubmed?term=Epileptic seizures triggered by the use of a powered toothbrush
http://www.ncbi.nlm.nih.gov/pubmed?term=Tooth-brushing-induced epilepsy
http://www.ncbi.nlm.nih.gov/pubmed?term=Tooth brushing-induced seizures: a case report
http://www.ncbi.nlm.nih.gov/pubmed?term=Passive toothbrushing-induced seizures: report of a severely disabled girl
http://www.ncbi.nlm.nih.gov/pubmed?term=Seizures with onset in the sensorimotor face area: clinical patterns and results of surgical treatment in 20 patients
http://www.ncbi.nlm.nih.gov/pubmed?term=Resection of intrinsic tumors from nondominant face motor cortex using stimulation mapping: report of two cases
http://www.ncbi.nlm.nih.gov/pubmed?term=Focal cortical dysplasias in eloquent cortex: functional characteristics and correlation with MRI and histopathologic changes
http://www.ncbi.nlm.nih.gov/pubmed?term=Cortical control of facial expression
http://www.ncbi.nlm.nih.gov/pubmed?term=Toothbrush-thinking seizures
http://www.ncbi.nlm.nih.gov/pubmed?term=Tooth-brushing epilepsy: a report of a case with structural and functional imaging and electrophysiology demonstrating a right frontal focus
http://www.ncbi.nlm.nih.gov/pubmed?term=Reflex epilepsy: triggers and management strategies
http://www.ncbi.nlm.nih.gov/pubmed?term=Toothbrushing-induced seizures at onset of cryptogenic partial epilepsy: a case report
http://www.ncbi.nlm.nih.gov/pubmed?term=Somatic motor and sensory representation in the cerebral cortex of man as studied by electrical stimulation
http://www.ncbi.nlm.nih.gov/pubmed?term=Affect-induced reflex seizures (AIRS): a case series based on a systematic literature review
http://www.ncbi.nlm.nih.gov/pubmed?term=Cortical mechanism of oral somatosensory function
http://www.ncbi.nlm.nih.gov/pubmed?term=Reflex epileptic mechanisms in humans: lessons about natural ictogenesis
http://www.ncbi.nlm.nih.gov/pubmed?term=Reflex seizures and reflex epilepsy


Journal Identification = EPD Article Identification = 1184 Date: August 10, 2020 Time: 3:7 pm

488 Epileptic Disord, Vol. 22, No. 4, August 2020

O. Martinez, et al.

TEST YOURSELF
EDUCATION

(1) Neurological deficits associated with the resection of lesions within the facial motor area are usually
transient. Explain why.

(2) In the semiological sequence of this patient‘s seizures, left hemifacial contraction is immediately followed
by extension of the arm. Explain anatomically the reason for this.

(3) What factors, pertaining to gingival stimulation, could induce reflex seizures in this case?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.
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