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EMG in neurogenic dysphagia

Courtesy of D. Restivo

Relationship of CP and TP EMG activities to UES pressure during rest and excitation.

a: Actual responses. b: Graph of the relationship between EMG and UES pressure. The UES pressure changed five times: one swallow (S) preceded and followed by two rises
in UES pressure induced by whistling in an awake dog lying on its side. Note that UES pressure changes correlated well (p<.05) with integrated CP-EMG

but not integrated TP-EMG. TP, thyropharyngeus: CP, cricopharyngeus. (Source: Lang et al.,1 with permission of the American Physiological Society.)

From the following article
Upper esophageal sphincter
Ivan M. Lang
GI Motility online (2006)
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Table 1 - Motor and sensory innervation of the muscles that open the upper
esophageal sphincter (UES)

Muscle Motor/sensory nerve Motor nucleus Sensory nucleus

Roman numerals are the cranial nerve numbers.

Digastric muscle Trigeminal (V) Trigeminal (V) Not applicable

Mylohyoideus Trigeminal (V) Trigeminal (V) Mesencephalic V

Geniohyoideus 1st cervical C1 C1

Stylohyoideus Facial (VII) Facial (VII) Not applicable

Hyoglossus Hypoglossal (XII) Hypoglossal (XII) Spinal V

Stylopharyngeus Glossopharyngeal (IX) Nucleus ambiguus Not applicable

Palatopharyngeus Accessory (XI) Nucleus ambiguus Spinal V

Thyrohyoideus 1st,, 2nd cervical C1, C2 C1, C2

Sternohyoideus 1st- 3rd cervical C1-C3 C1-C3

Sternothyroideus 1st to 3rd cervical C1-C3 C1-C3

Omohyoideus 1st to 3rd cervical C1-C3 C1-C3
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 EMG duration of the activation of oral floor muscles (SHEMG-D)
 EMG duration of CPEMG-ID
 Duration of laryngeal pharyngeal mechanogram (LPM-D)
 Interval between SHMEG activation and LPM (I-SHMEG-LPM

Alfonsi et al., Neurology 2007, JNNP 2010; Clin Neurophysiol 2013

CPEMG-ID

LPM-D
I-SHMEG-LI

SHEMG-D

I-SHEMG-LPM

DISFAGIA NELLA S. DI WALLEMBERG  ( disfagia lieve)

Muscoli sub-
mentali/ 
sopraioidei

Sfintere 
esofageo 
superiore

Meccanogramma
faringo-laringeo

MUSCOLO GENERALE

5s 100µV

6.3

5s 200µV

6.4

5s 1mV

6.5
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Layout

 Classical rehabilitation

 Botulinum toxin

 Non invasive brain stimulation (NIBS)

 Peripheral electrical stimulation

TREATMENTS OF NEUROGENIC 
DYSPHAGIA

Long-Lasting effect of a sigle botulinum toxin 
injection in the treatment of  oropharyngeal 
dysphagia secondary to upper esophageal
sphyncter dysfunction: A pilot study

Rosa Terré et al.  Scandinavian Journal  of 
Gastroenterology, 2008; 43: 1296-1303
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Upper esophageal sphyncter (UES)

Formed by the m. inferior constrictor of 
the pharynx, the m. cricopharyngeus and 
the proximal portion of esophagus
musclulature

Controlled by vagal and glossopharyngeal
nerves. 
Ambiguus nucleus is the primary motor
nucleus, while nucleus tractus solitarii is
the primary site for the convergence of 
sensory afferents.

UES participates to several reflexes of the 
GI tract, in some instances with an 
increase in its tone, in others with a 
decrease.

Precision medicine based on ‘warning values’
for the efficacy of   Botulinum Toxin treatment
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• Design of the Study
Prospective observational investigation

67 Patients with absent opening of UES documented by FEES and an absent or incomplete EMG –CP pause during the
pharyngeal phase of swallowing underwent BTX injection into the CP muscle of one side.

UNILATERAL INJECTION OF BTX INTO THE CRICOPHARYNGEAL MUSCLE

• Primary Outcome measure
DOSS score change 1 month after  BTX treatment

• Secondary Outcome measure
Duration of the therapeutic effect of  BTX treatment  (DOSS mounthly repeated)

• High –responders : DOSS score increase > 2 levels
• Low-responders: DOSS score increase ≤ 2 levels
• Non-responders: DOSS score: no change or worsening of DOSS score
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Control

Left side Right side 

Stroke
left hemisphere

Post-traumatic
encephalopathy

EMG recordings from CP muscles
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Side Effects

In 10 /13  patients classified as non-responders
(15% of the total)

In 7 patients (10%) : transient and  mild
worsening of dysphagia from 1 to 3 weeks (3 
patient with stroke , 2 patients with PD, 1 patient
with PSP, 1 patient with MSA-P)

In 3 patients (5%): transient dysphonia
(breathiness/whispering voice) lasting 1-2 week 
(1 patient with stroke, 1 patient with PD, and 1 
patient with PSP)
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• 10% of adverse events after  the 2° injection of btx ( increase of 
dysphagia) 

• But in 2 patients who were both non-responders to the first btx
injection and had undergone the 2° treatment after 1 month : 
severe increase of dysphagia with feeding tube and ‘ab ingestis’ 
pneumonia 

• This suggests caution in the repetition of treatment in 
non-responders

• The choise to repeat the treatment should be carefully weighed
against the risks, possibly considering a longer time interval from 
the first administration

Possible causes of ineffectiveness of treatment with 
botulinum toxin without DOSS change

• Important deficits of activity of suprahyoid/infrahyoid muscles 
involved in UES opening or  abnormal increase of oral-pharyngeal 
interval. 

• Deficit of propulsive action of the inferior constrictor muscle

• Injected dose lower than that required for the therapeutic effect

• Occurrence of  immunogenic response ( activity of antibody  anti BTX)
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The fact that side effects and complications of the 
BTX injection occurred only in non-responders both
after the first and second treatment deverves to be 
discussed.

It may be that, in some patients, UES hypertonia was
essentially a protective mechanism, serving to prevent
reflux of material from the esophagus into the 
pharynx (Shaker and Hogan, 2000).

This mechanism might be observed in patients with 
gastroesophageal reflux , however, this specific aspect
was not completely investigated in the present study.
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Deglutizione e Respiro ABD DIG MIN (UL)
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Deglutizione e Respiro MUSCOLO GENERALE

Dysphagia in Wallenberg 
syndrome caused by vertebral 

artery dissection
16 weeks after the onset of 

the disease. Inocululation of 
BTX into the CP muscle ( 15 U of 
Xeomin or Dysport 50-60 U or 
BOTOX 15 U)

12 weeks after BTX injection

Pseudorhythmic myoclonic
bursts overlapping baseline 

tonic activity of the CP 
muscle
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Botulinum toxin injection to improve tracheoesophageal
speech after total laryngectomy

MICHELE M. ZORMEIER, MD, ROBERT J. MELECA, MD, MARK L. SIMPSON, PhD, JAMES P. DWORKIN, PhD, ROGER KLEIN, MD,
MARTIN GROSS, MD, and ROBERT H. MATHOG, MD, 
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Suggestions for the diagnostic procedures  
of BTX

treatment  in neurogenic  dysphagia 

Dysphagia

bedside swallowing evaluation + FEES and/or VFS 

Electromyographic/Electrokinesigraphic investigation of 
oropharyngeal swallowing (3 channels for recording  oropharyngeal 

swallowing with EMG activity of the CP muscle)+ evetually, 
manometry

Injection of botulinum toxin using electromyographic recording of the 
CP muscle

Absence of UES opening : absence of  
relaxation of  UES muscles? Deficit of muscles
moving upwards and anteriorly
pharyngeal/laryngeal structures?
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Pterigoideo Mediale ( Mov. di elevazione e 
stabilizzazione della mandibola)

EMG Pteriogoideo Mediale
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Pterigoideo  laterale post. laterale 
Mandibola)

EMG  Pterigoideo laterale


