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Quali sono i bisogni di cura dei pazienti con 
disfagia al pasto a casa e fuori casa?



LEARNING OBJECTIVES

At the end of the lesson the student will know:

- The difference between swallowing, 
nutrition and eating

- The characteristics of the oral phase
- The characteristics of the pharyngeal

phase
- The characteristic of the esophpageal

phase
- The neural circuites underlying swallowing
- Swallowing physiology in the elderly
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OUTLINE

- Swallowing and body functions
- The oral phase
- The pharyngeal phase
- The esophageal phase
- The neural circuites underlying swallowing
- Swallowing physiology in the elderly



SWALLOWING: 
How can we study it?



DEGLUTITION vs

Motor function of driving bolus 

into the stomach

NUTRITION vs

Metabolic activity

EATING

Activity of daily living



Health 
condition

ActivitiesBody functions
& structures

Participation

Enviromental
factors

Personal 
factors

ICF

International Classification of Functioning, Disability and Health (ICF, 
WHO, 2001)



Health 
condition

ActivitiesBody functions
& structures

Participation

Enviromental
factors

Personal 
factors

Consuming the 
food/drinking in a 
culturally acceptable way
Informal associations
Ceremonies
Recreation and leasure

Structures of mouth, 
pharynx, larynx
Sucking
Biting
Chewing
Manipulation of food in 
mouth
Salivation
Swallowing
Consciousness
Intellectual functions
Memory 
Attention
Reception of Language 
Motivation
Appetite
Taste function
Smell function
Psychomotor functions

Preparing meals
Selecting and using
the appropriate cutlery
Cutting
opening bottles/cans
Bringing the 
food/drink to the 
mouth
Taking hold of a drink 
Drinking 
Eating

Food
Products and Utensils
Light 
Sound
Family
Friends
Personal assistants
Health services

Individual preferences
Culture
Religion
Social influences
Political influences

Swallowing and meals



What do we swallow?

a. Substances coming from outside

• Food

• Liquids

• Drugs

• Foreign body

b. Substances coming from inside the oral cavity and pharynx

• Saliva

• Mucus 

c. Substances coming from the stomach

• Food and stomach liquids



SWALLOWING: 
numbers to remember

1000-15000 ml of saliva are swallowed every
day

On average 1 swallow/minute 1200-1400 
swallows every day

Swallowing strarts at birth and ends when we
die

Swallowing is a key body function for survival



SWALLOWING AND BODY FUNCTIONS

SWALLOWING

NUTRITION HYDRATION

MUSCLE IMMUNE COGNITIVE 
STRENGTH ACTIVITY FUNCTIONS



Oropharyngeal 
swallowing

Esophageal 
swallowing



POSITIVE

PRESSURE

POSITIVE 

PRESSURE

NEGATIVE 
PRESSURE



DEGLUTIZIONE

 > 25 paia di muscoli 
 6 nervi cranici
 < 2 sec



SWALLOWING 
PHENOMENOLOGY

Three major phase are 
described: 

Oral phase (stage I, II)

Pharyngeal phase

Esophageal phase
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ANTICIPATORY PHASE

Although the anticipatory phase happens before swallowing, it
can severly impact on swallowing
It is related primarily to smell, taste and memory of previous
experience



ORAL PHASE

The oral phase is the most complex sensori-motor activity in 
deglutition and it includes: biting, sucking, chewing



ORAL PHASE – oral stereognosis



ORAL PHASE: ingestion

Different ways exist to introduce food/liquids into the oral cavity

- nippling
- biting
- spoon
- fork
- cup/glass



INGESTION                             
food enters the oral cavity

TRANSFER?

STADIO I TRANSFER                             
food moved in the molar region

TRASFER?

STAGE II TRANFER                                
food moved to the oropharynx

THRESHOLD?

PHARYNGEAL SWALLOW

Yes

Yes

Yes

No Refusal

No

Processing        
(consistency
modifications)





ORAL PHASE

Oral phase sequence for liquids: 
Oral preparatory stage – oral propulsive stage – pharyngeal stage

Oral phase sequence for solids:
Transport to molar region – food processing – oral propulsive 
stage – pharyngeal stage







MUSCLES INVOLVED IN MANDIBULE 
MOVEMENTS



ORAL PHASE AND SOFT PALATE 
MOVEMENTS

During jaw closure volume of the oral cavity decreases and air 
is pumped into the nasal cavity



MASTICATION



TONGUE POSTURE

Tongue posture as food is placed in the oral cavity and at the 
beginning of transport to the oropharynx



TONGUE & MASTICATION

Tongue posture in order to move and remove the food to/from 
the molar region









Crecker
Raisin
Apple juice





Both comminution and lubrication take place during mastication

Chewing cause particle size reduction, while salivation fills the 
gradually reducing spacies between particles

Early mastication Late mastication



Optimal time to trigger swallow is when there is a peak in cohesive
forces (saliva related)

nuts

carrots



TONGUE IN SWALLOWING 
AND SPEAKING





ORAL PHASE



ORAL – PHARINGEAL PHASE



TAKE HOME MESSAGE

The oral phase is the most complex sensory-motor action of 
deglutition

Nonetheless, it is usually not difficult to understand and 
remember as it is higly conscious

The tongue action is of key importance in both bolus
transport and bolus maintenance within the oral cavity
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PHARYNGEAL PHASE

The bolus moves from the oral cavity into the 
esophagus

The bolus passes the aero-digestive cross







AIRWAY

FOOD WAY



CHANGE IN PHARYNGEAL CONFIGURATION

Respiratory configuration Swallowing configuration





I QUATTRO SFINTERI 
NELLA FASE FARINGEA

Apertura dello sfintere 
glossopalatale

Chiusura dello sfintere velo-faringeo

Chiusura dello sfintere laringeo

Apertura dello sfintere esofageo 
superiore

Riconfigurazione         Volume                     Clearance faringea
faringea                      dipendente

0               0.2 -0.4 -0.2            00            0.2 -0.4 -0.2            0

















FACTORS INFLUENCING PHARYNGEAL PHASE 
INITIATION

Cued swallow: cued swallow reduceds the likelihood of bolus leading edge in 
the hypopharynx

Viscosity: high viscosity delay swallow initiation

Taste: sour taste facilitate swallow initiation

Chemestesis: menthos and capsaicin facilitate swallow initiation

Sequential drinking: bolus leading edge is usually in the vallecule or 
hypopharynx before swallow initiation

Solid food: bolus leading edge is usually in the vallecule or oropharynx
before swallow initiation

Mixed consistency: bolus leading edge is usually in the hypopharynx before
swallow initiation



PHARYNGEAL PHASE BIOMECHANICS

•Velopharyngeal closure

•UES opening

•Laryngeal sphincter closure

•Tongue base back-ward movement

•Pharyngeal clearance



VELOPHARYNGEAL CLOSURE



VELOPHARYNGEAL CLOSURE

*
*



VELOPHARYNGEAL CLOSURE



1. m. tensor of the velum (n. mandibolaris 
V)

2. M. elevator velum

3. M. palatoglossus

4. M. palatofaringeus

5. M. superior pharyngeal constrictor

plesso 
faringeo 
(VII, IX, X)



LARYNGEAL ELEVATION



LARYNGEAL ELEVATION



WHAT ARE THE IMPLICATIONS 
OF LARYNGEAL ELEVATION?

1: PROTECT THE AIRWAYS



LARYNGEAL CLOSURE



LARYNGEAL CLOSURE: ADDUCTION



LARYNGEAL CLOSURE: VESTIBULAR CLOSURE



TILT OF THE EPIGLOTTIS

*

*

During
swallowing the 
free margin of the 
epiglottis reaches
the postcricoid
region

Tilt of the 
epiglottis is the 
results of
1. Laryngeal

elevation
2. Tongue base 

retraction
3. Bolus weight



TILT OF THE EPIGLOTTIS





Larynx/UES relationship







UES opening

4 main factors contribute to UES 
elevation: 
- Laryngeal anteriorization (and 

elevation)
- UES compliance
- UES relaxation
- Bolus weigth





• I

• La durata dell’apnea deglutitoria si colloca tra 1.0 e 1.5 sec. 
durante l’assunzione dei liquidi.

(Hiss et al; 2001)

Nel soggetto sano:

75% 4%

18% 3%

Espirazione       
post-deglutitoria

nel 93% delle 
deglutizioni

EX-EX: 75% EX-IN: 4%

IN-EX: 18% IN-IN: 3%









MUCOCILIARY ACTION and COUGH

When do they come in to action?

16° ramification



COUGH

Cough is a mechanism used to clear lower airways

Reflexive cough is more important than voluntary cough

However

Expulsive phase rise time of voluntary cough significantly 
correlates with aspiration status (in stroke patients)

(Hammond & Goldstein 2006; Chest 129: 154S-168S)











COUGH (1)

Reflexive cough has not been study thouroughlly

Reflexive cough arise following laryngeal 
vestibule receptors stimulation



LYMPHATIC CLEARANCE

Clearing of lung liquids: 400-700 ml/day!

Factors limiting lymphatic clearance: 

- decreased osmotic gradient (serum albumin 
concentration: cirrhosis, nephrotic syndrome) 

- high hydrostatic pressure (congestive heart failure)

Consequences of decreased lymphatic clearance: 

- pleural effusion

- lung stuff with fluid 



ALVEOLAR MACROPHAGE

1-2 macrophage/alveolus

phagocitosis

lymph node

immune response



LYMPHOCYTES

T – lymphocytes

Natural Killer Cells

B - lymphocites

NEUTROPHILS



TONGUE BASE BACKWARD MOVEMENT

TONGUE 
BASE

POSTERIOR 
PHARYNGEAL 
WALL

ARITENOIDI
EPIGLOTTIS



STRIPPING WAVE



PHARINGEAL PHASE



PHARINGEAL PHASE



PHARINGEAL PHASE













TAKE HOME MESSAGE

Pharyngeal phase of swallowing is a very rapid phenomenon

Timing in biomechanical events is crucial

Other key factors are: 
- Tongue strength to move the bolus
- Laryngeal elevation to open the UES
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FASE GASTRICA

E’ il punto finale della deglutizione.
Anche questa fase è governata dal funzionamento di 
una muscolatura liscia compresa fra due sfinteri (il 
cardias e il piloro)



LABIAL

LARINGEAL

VELO-
FARINGEAL

UES

PILORUS

LES

GLOSSO-
PALATAL
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MECCANISMI NEURALI





TRONCO DELL’ENCEFALO: INPUT-OUPUT





RECETTORI
- visivi (II NC)
- olfattivi (I NC)
- tattili (V/IX/X NC)
- termici (V/IX/X NC)
- dolorifici (V/IX/X NC)
- osteomuscolari (V/IX/X NC)
- articolari (V/IX/X NC)
- gustativi (VII/IX/X NC)





CONCENTRAZIONE 
DEI RECETTORI



MUSCOLI, NERVI, NUCLEI NERVOSI





mm. Masticatori
mm. Mimici

Salivazione
mm. Linguali

Mm. Laringei
mm. Faringei

Sensibilità tattile, 
termica, dolorifica, 
cinestesica del volto 
e della bocca

Sensibilità gustativa

Attività 
parasimpatica del 
vago

Sensibilità tattile, 
termica, dolorifica, 
cinestesica della 
faringe e della 
laringe



IL RIFLESSO DA STIRAMENTO
INPUT-OUTPUT







1
2
3

1 N. TRATTO 
SOLITARIO
2 SOSTANZA 
RETICOLARE
3 N. AMBIGUO



Yoshida et al; 
Am J Med 2000; 
108(4A): 51S-61S



IL CENTRAL PATTERN GENERATOR
Il CPG è formato da:
1. Dorsal swallowing group 

(GENERATORS)
2. Ventral swallowing group 

(SWITCHING 
NEURONS)



Fase faringea: regolazione nervosa



LA NATURA DEL CENTRAL PATTERN 
GENERATOR



PATTERN GENERATOR RESPIRATORIO



PATTERN GENERATOR RESPIRATORIO



75% 4%

18% 3%



NEURONI GENERATORI
Nucleo del tratto solitario e 

Formazione reticolare midollare 
dorsale

NEURONI ATTIVATORI
Formazione reticolare: regioni 

midollari 
dorsale e ventrale

NUCLEO 
AMBIGUO

NUCLEO 
dell’IPOGLOSSO

NUCLEO 
MOTORIO 

TRIGEMINALE

NUCLEO 
MOTORIO 

del 
FACCIALE



DEGLUTIZIONE VOLONTARIA: PET

La deglutizione volontaria, confrontata con movimenti linguali 
volontari, determina l’attivazione del giro prefrontale 
bilateralmente (Zald & Pardo, 1999)



DEGLUTIZIONE VOLONTARIA: PET

La deglutizione volontaria, confrontata con movimenti linguali 
volontari, determina l’attivazione dell’insula anteriore e del 
claustrum destri, del lobo cerebellare sinistro (Zald & Pardo, 
1999)



NEURONAL STIMULATION IN 
ANIMAL MODELS

In the sheep the stimulation of the chewing area, within the fronto-
orbital cortex, inhibit the CPG and suppress the muscular activity of 
the pharynx and of the oesophagus. 



In the monkey brain cortical 
stimulation found the regions that 
trigger swallowing: the face motor 
cortex, the primary somatosensory 
cortex, the cortical masticatory area 
(CMA) and the white matter 
underlying the CMA and frontal 
operculum. 
In most of the areas, the 
electrophysiological stimulation 
induced not only swallowing, but also 
other oro-facial responses. 

Cortical inactivation through cold 
block showed that while blocking the 
CMA markedly affected the ability to 
carry out swallowing, inactivation of 
the somatosensory cortex as well as 
of the primary motor cortex, preserve 
swallowing. 



DEGLUTIZIONE VOLONTARIA: PET

La deglutizione volontaria determina l’attivazione della parte 
posteriore del tronco (1), del cervelletto sn (2), dell’insula 
anteriore destra (3), della corteccia sensomotoria 
bilateralmente (4), del giro del cingolo sinistro (5) e 
dell’amigdala sinistra (6) (Hamdy et al, 1999)

1
2

3
4

5
6



DEGLUTIZIONE VOLONTARIA E 
INVOLONTARIA

L’attivazione cerebrale in compiti di deglutizione 
volontaria e involontaria è diversa; in entrambe i casi si 
assiste al coinvolgimento delle aree senso-motorie, ma 
nella deglutizione volontaria regioni corticali parieto-
occipito-frontali sono coinvolte (intenzione e 
programmazione?) (Kern et al, 2001)
L’attivazione corticale in compiti deglutitori e in altri 
compiti del vocal tract (protrusione labiale, movimenti 
mandibolari, movimenti linguali) non sono 
significativamente diversi: le regioni evidenziate 
potrebbero attivarsi non per la funzione deglutitoria per 
sé (Kern et al, 2001)



fMRI: ATTIVAZIONE CORTICALE E 
SOTTOCORTICALE

Suzuki et al, 
2003
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CORTECCIA

INSULA



CORTECCIA MA NON SOLO



GANGLI DELLA 
BASE



NEUROIMAGING 
AND ELECTROPHYSIOLOGICAL STUDIES IN 

HUMAN SUBJECTS

1. sensorimotor areas and cingulated cortex, establishing a 
sensorimotor output for which other areas converge; 

2. inferior frontal gyrus, corpus callosum, basal ganglia and 
thalamus, involved in movement planning and implementation 
to other voluntary motor behaviours; 

3. premotor cortex and posterior parietal cortex, serving to 
integrate sensory information about the bolus with the internal 
representation of swallowing movements; 

4. cerebellum, whose role is to facilitate modulation of the internal 
representation for swallowing and coordination among the 
multiple effectors and effectors states during swallowing; 

5. insula, recruited for synchronizing the kinematics of the 
movements

Five functional modules have been suggested:1

2

5

4

3
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ANATOMIC AND PHYSIOLOGIC 
CHANGES DURING AGING

1. Teeth loss

2. Tongue weaknes

3. Laryngeal weakness

4. Olfaction reduction

5. Oral sensibility reduction

6. Laryngeal sensibility reduction













BIOMECHANIC MODIFICATIONS

1. Reduced ISOMETRIC tongue strength (unchanged
swallowing strenght)  reduced functional reserve

2. Prolonged oral phase

3. Delayed swallowing reflex

4. Reduced opening times oof the UES

5. Reduced pharyngeal peristalsis

6. Reduced laryngeal elevation

(Schindler et al; in Deglutologia II ed, 2011)

INCREASED 
RESIDUE

INCREASED 
RISK OF 
PENETRATION/
ASPIRATION



SWALLOWING-BREATHING 
COHORDINATION

Hirst et al; Dysphagia 2002; 17: 152-161

In the elderly swallowing apnea duration increases, respiratory frequency
increases, oxygen saturation decreases



BRAIN ACTIVITY IN THE ELDERLY

Brain activation in voluntary swallowing of water: increased
activation compared to saliva swallowing



Older subjects recruite  
significantly larger regions of 
the supratentorial brain

(Humbert et al; Neuroimage 
2009; 44: 982-991)

INCREASED BRAIN ACTIVITY IN THE ELDERLY



REDUCED FUNCTIONAL RESERVE


