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Anatomy and physiology (1)
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Anatomy and physiology (2)
Parieto-premotor connections



Anatomy and physiology (SSMA homunculus) (3)

Motor responses

Sensory responses

Li et al., 1994)



Anatomy and physiology (4)
Tractography reconstruc6on of the frontal associa6on tracts



Anatomy and physiology (5)

Diagram of the main frontal lobe regions and their association and projection pathways. 



Anatomy and physiology (6)
Diagram of the principal thalamic nuclei, their afferent fibres, and their projec=ons
to the frontal cortex



Anatomy and physiology (7)
Control of movement: schema4c diagram

(Bonini et al., 2014)



The Epileptogenic Zone and AEC correla4ons (1)

• Motor signs are frequent in seizures involving frontal cor3cal areas

• Ictal semiology reflects the origin and 3D propagation of the discharge to areas
both close to and remote from its origin

• Seizure onset zone often do not coincide with symptomatogenic zone

• Ictal motor signs o?en do not necessarely coincide with the func3on

• Do not think in terms of a «naval baBle» but in terms of AEC correla3ons



The Epileptogenic Zone and AEC correla4ons (1)



The Epileptogenic Zone and AEC correla4ons (2)

Frontal lobe seizures

Distant cor4co-cor4cal efferent pathways,  mul4lobar and
mul4direc4onal

Rapid, widespread propaga4on of seizure discharges

Semiologic complexity

Difficul4es in EEG analysis (ventromedial prefrontal region far from 
EEG electrodes)



(Bonini et al., 2014)

Group 1 Elementary motor signs

Group 2 Elementary motor signs and 
non integrated gestural motor behavior

Group 3 Integrated gestural motor
behavior with distal stereotypies

Group 4 Fearful behavior

Frontal lobe seizures: From clinical semiology to localizaEon (1)



Temporal differen-a-on in matura-on

Func-onal differences along the rostro-
caudal axis.

Frontal lobe seizures: From clinical semiology to localiza-on (2)

Development of the FLs along the rostro-caudal axis



Lateralization value of ictal signs



Lateralization value of ictal motor signs

not always
contralateral



Automa'sms Unilateral clonic seizure

Automotor seizure → Clonic seizure of the le6 side of the face

A 44-year-old woman with right neocor'cal TLE of unknown origin. EEG
seizure onsets were localised to the right posterior temporal region.

More or less regular, repeated, short
contrac)ons of various muscle groups (0.2-
5 Hz).

Distal part of the extremi)es or face and
most probably originate from the primary
motor or premotor area.
(Noachtar and Arnold, 2000)

In contrast, in TLE, clonic seizures typically
occur a;er automa)sms (spread of
epilep'c ac'vity from the temporal to the
frontal lobe).

Posi've predic've value of 92% for seizure
onset in the contralateral hemisphere
(Janszky et al., 2001).

(Stoike et al., 2010)



Dx unilateral gestural automa/sms

Left TLE-HS

Left ATL

Long-term Engel Class IA



Epileptic negative myoclonus/Epilepsia partialis continua

• Short (ca. 30-400 ms) phases of
muscle atonia (clinically observed
only during muscle contrac0on)
(Tassinari and Gastaut, 1969).

• Focal negaGve motor phenomena
frequently preceded by
epilep0form discharges in the
contralateral central region (20-
30 ms before atonia).

• Origin in primary
somatosensorimotor cortex
(Ikeda et al., 2000), the premotor
cortex (Baumgartner et al., 1996,
MeleO et al., 2000) and the
postcentral cortex (Noachtar et al.,
1997)

(Stoike et al., 2010)



Unilateral tonic seizure+ head/body rota5on (2)

• Unilateral or bilateral contrac,on of one or more muscle groups, usually las5ng for
more than 3 seconds and leading to tonic posturing (Noachtar and Arnold, 2000).

• If tonic seizures are clearly unilateral, seizure onset in the contralateral
hemisphere.

• Tonic seizures occur more oEen in extratemporal lobe epilepsies (i e. FLE) (79%)
than in temporal lobe epilepsies (1.7%) (Werhahn et al., 2000).

• Generally, tonic ac5vity is generated by cor5cal motor areas, i.e. the primary
motor and supplementary sensorimotor areas (Bleasel et al., 1997; Lüders and
Noachtar, 2000; Penfield and Jasper, 1954).



Bilateral tonic facial contrac,on (ictal pou,ng or «chapeau du gendarme») (1)

(Souir, et al., 2010)

• Symmetrical and sustained (> 5 s) lowering of
labial commissures with contraction of chin,
mimicking an expression of
fear, disgust, or menace

• Early symptom in frontal
seizures

• PET-FDG hypometabolism include both the  
anterior cingulate cortex and lateral cortex
including the anterior insula in all cases.



Bilateral tonic facial contraction (ictal pouting or «chapeau du gendarme») (2)

(Wiwchar et al., 2019)



Dx vs paroxysmal hypnogenic/non kinesigenic dyskinesia (1)



Dx vs paroxysmal hypnogenic/non kinesigenic dyskinesia (2)

Calderon, 2019



Bilateral tonic seizure (SSMA vs Extra-SSMA)

SSMA group
• Unilateral/ bilateral asymmetrical tonic limb

posturing (extended upper extremity was
contralateral and flexed upper extremity was
ipsilateral )

• Awareness during seizures was preserved
• OCen aura and more than half of the auras were

somatosensory (seven paFents). Side of
somatosensory aura was contralateral

• Bilateral tonic facial contrac9on (BTFC) and
speech arrest are frequent

Extra SSMA group
• Bilateral symmetrical tonic limb posturing
• Impaired awareness during seizures

(Sitthinamsuwan et al., 2016)

SSMA
Bilateral asymmetrical 

(extension 
contralateral)

SSMA
Bilateral tonic facial

contracFon

Extra-SSMA
Bilateral symmetrical)

4 dlF or preF
2 insula
3 P
1 TP

SSMA group 22 pts Extra-SSMA group 10 pts



Bilateral tonic/dystonic seizure (insula → frontal lobe) (1) 

Bilateral tonic/dystonic seizure R>L

Involvement of frontal cingulate gyrus and the posterior part of the 
mesial frontal cortex, in particular the SSMA

• Full  awareness

• Laryngeal constriction

• Paresthesiae, often unpleasant, affecting large 

cutaneous territories

1. Evolution in hyperkinetic seizure

2. Evolution in Bilateral tonic/dystonic seizure
Isnard et al., 2004

(Proserpio et al., 2011)

Posterior/antero-inferior → TLE semiology
Antero-superior → FLE semiology

Ryvlin et al., 2006



Hand posture (FLE vs TLE) (1)

(Ferando et al., 2019)

79 pts, 489 seizures
• Seizure Disorder Center

UCLA, Los Angeles (USA)
• C. Munari Epilepsy Surgery Center

Niguarda Hospital, Milan, Italy



Hand posture (FLE vs TLE) (2)

(Ferando et al., 2019)

100% specificity and PPV in FLE



Head and eye devia*on (1)

• Versive seizures consist of a
forced and involuntary head
movement resul4ng in
sustained unnatural posi4oning
(Wyllie et al., 1986a), High
specificity (>90%) of
lateralisa*on for a contralateral
seizure onset zone (Chee et al.,
1993; Steinhoff et al., 1998),
par*cularly when occurring
immediately prior to
generalisa*on (Kernan et al., 1993).

• IEpilep*c ac4va4on of the
frontal eye field contralateral to
the side to which the eyes or
head turn (Penfield and Jasper,
1954).



Head and eye devia*on (ipsilateral/contralateral) (2)

Ipsilateral
• early
• no  associated clonic

movements
• (frontopolar/orbitofrontal)

Contralateral
• Tardive
• Tonic unnatural
• Associated clonic

moviments
(FEF)

(Rheims, 2005)

In Frontal Lobe Seizures



Head and eye devia*on (ipsilateral/contralateral) (2)



Rotatory seizures (1)



Rotatory seizures (2)
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