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CHAPTER 28

Electrophysiological evaluation of
oropharyngeal dysphagia in ALS

Cumhur Ertekin*

Neurology and Clinical Neurophysiology Departments, Ege University Medical School Hospital, Bornova, İzmir, Turkey

28.1. Introduction

Dysphagia is one of the most distressing and

important clinical problems of amyotropic lateral

sclerosis (ALS). Not uncommonly it is an initial

symptom of ALS along with the other symptoms and

signs of bulbar/suprabulbar involvement. It is

reported that the bulbar involvement, which affects

swallowing, speech and voice production, is the

primary initial symptom in about 19–35% of ALS

patients (Hillel and Miller, 1989; Langmore and

Lehman, 1994; Strand et al., 1996; Kawai et al.,

2003). Dysphagia may also appear clinically several

months after the onset of the disease; and most

patients with ALS ultimately show oropharyngeal and

respiratory involvement.

The onset of dysphagia is insidious even bulbar

onset ALS. As symptoms progress, dysphagia-relatedQ3

aspiration pneumonia and choking become the major

handicaps and greatly impact the quality of life. In

addition poor nutrition and dehydration, particularly

in older patients occur (Mayberry and Atkinson,

1986; Hillel and Miller, 1989; Strand et al., 1996).

Moreover, disorders of swallowing and respiration

may complicate one another (Strand et al., 1996;

Smith and Wiles, 1998; Hadjikouitis et al., 2000;

Hadjikouitis and Wiles, 2001).

Problems related to malnutrition and dehydration

result secondary complications that exacerbate the

effect of the disease (Hillel and Miller, 1989; Strand

et al., 1996; Hillel et al., 1999; Desport et al., 2000).

Symptomatic management of dysphagia can help to

alleviate much of the misery that ALS patients

experience. In order to manage the symptoms of

dysphagia in ALS one must be able to predict the

progression of symptoms and relate these to the

clinical findings.

ALS patients can be provided with interventions

directed toward compensatory functions, environ-

mental modifications and alternatives to oral feeding.

Monitoring the dysphagia of ALS patients through-

out the course of the disease is therefore as important

as it is to establish the baseline function of

deglutition at the first examination of the ALS

patient. The presence of dysphagia can be diagnosed

by videofluoroscopic/manometric methods even

before the bulbar symptoms or swallowing difficulty

appears clinically (Robbins, 1987; Briani et al.,

1998; Higo et al., 2002). However, such studies are

costly and not easily tolerated by patients with

advanced disease (Miller and Groher, 1997). They

are usually performed by non-neurology disciplines

or special swallowing centers. Thus, electrophysio-

logical methods are needed to diagnose and follow

up dysphagia in ALS patients, as well as to under-

stand the pathophysiological mechanisms for the

symptomatic treatment of swallowing problems.

In this chapter, electrophysiological methods for

the evaluation of deglutition will be reviewed.

28.2. Oropharyngeal swallowing in normal adults

28.2.1. Peripheral aspects of oropharyngeal

swallowing

It has become convenient to subdivide swallowing

is into three phases: oral, pharyngeal and esophageal

phases. The oral phase is often accepted as voluntary

while the pharyngeal phase is considered as a kind of

reflex response and the esophageal phase is mainly
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Turkey.

E-mail address: erteker@unimedya.net.tr (C. Ertekin).

Tel.: þ90-232-4220160; fax: þ90-232-463-0074.

Clinical Neurophysiology of Motor Neuron Diseases
Handbook of Clinical Neurophysiology, Vol. 4
A. Eisen (Ed.)
q 2004 Elsevier B.V. All rights reserved 487

ARTICLE IN PRESS

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50



under the control of the autonomic nervous system

(Doty and Bosma, 1956; Miller, 1982, 1999). The

pharyngeal phase of deglutition involves not only

pharyngeal and laryngeal muscles but also the

muscles in the oral cavity such as the tongue and

suprahyoid muscles. The perioral muscles could also

actively contribute to the involuntary swallows. Thus

the actual motor events of swallowing can be best

described as being composed of an oropharyngeal

phase (or buccopharyngeal phase) and a subsequent

esophageal phase (Jean, 1984, 2001; Ertekin et al.,

1995, 1998; Ertekin and Palmer, 2000). Once it has

been triggered and initiated, the pharyngeal phase of

swallowing appears to be an irreversible motor event.

In comparison with the extraordinary complexity and

rapidity of the oropharyngeal phase, the esophageal

phase of swallowing is quite simple and slow (Miller,

1999; Jean, 2001). Since the oropharyngeal swallow-

ing is mainly involved in ALS, the esophageal phase

is not discussed further in this review.

28.2.1.1. Oral phase of swallowing

After the preparation of the solid or semisolid foods

by chewing, the primary function of the oral phase is

the movement of the tongue, pressing the bolus

against the hard palate and initiating the movement of

the bolus to the posterior part of the tongue and

toward the oropharynx. The suprahyoid muscles of

the floor of the mouth are particularly important in

elevating the tongue especially for solid bolus. In this

stage, contraction of the lips and cheek muscles (i.e.

orbicularis oris and buccinator muscles) are crucial to

prevent the escape of solid or liquid from the oral

cavity. This stage is ended by the triggering of the

pharyngeal phase of swallowing. The nature of the

triggering of the pharyngeal phase of swallowing is

not clearly understood. It is necessary that the

mucosae of the posterior part of the oral cavity, the

oropharynx, around the larynx and hypopharynx be

intact; where the sensory signals may elicit or

facilitate the voluntarily triggered and spontaneous

swallows (Thexton and Crompton, 1998).

However, other factors seem to be necessary for

the initiation of the voluntarily induced swallows in

man, in addition to the peripheral sensory system.

They include, the bolus in the mouth (food or

saliva), corticobulbar drive to the tongue and

the submental/suprahyoid muscles at the floor of

the mouth. By contrast, the triggering of the

spontaneous swallows does not require any cortical

drive and occurs between meals and during non-

REM sleep, dependant on the amount of saliva

accumulating in the mouth (Pehlivan et al., 1996;

Ertekin et al., 2001b).

28.2.1.2. Pharyngeal phase of swallowing

The oral and pharyngeal phases of swallowing are

highly interrelated and the distinction between them

is often unclear. Thus, the term of “oropharyngeal

swallowing” is often used due to their intimate

relationship.

When the movement of the bolus from the oral

cavity to the pharyngeal space triggers the swallow-

ing reflex or response, the following physiological

events occur in rapid, overlapping sequences (Miller,

1982, 1999; Ertekin, 1996; Ertekin and Palmer, 2000;

Jean, 2001).

(I) The nasal, laryngeal and tracheal airway is

protected by several “reflex” or automatic events

including closure of the velopharyngeal isthmus

by the palate, laryngeal elevation and suspension

by suprahyoid/submental muscles and closure of

the larynx by laryngeal muscles of the vocal

folds and epiglottis. Laryngeal elevation is a

vital component of airway protection as this

action does not only facilitate closure of the

vestibule but also the repositioning of the larynx

anterosuperiorly under the tongue base. There is

always an apneic period during the pharyngeal

phase of swallowing. Swallows are often fol-

lowed by expiration (Selley et al., 1989; Martin

et al., 1994; Paydarfay et al., 1995; Preiksaitis

and Mills, 1996; Hadjikouitis et al., 2000).

(II) The tongue thrusts posteriorly to push the bolus

throughout the pharynx and into the esophagus.

A sequential wave of contraction of the pha-

ryngeal constrictor muscles clears any remaining

material into the esophagus. The main propul-

sive force acting on the bolus is thus, provided by

the posterior movement of the tongue (Thexton

and Crompton, 1998).

(III) The upper esophageal sphincter (UES) relaxes

and opens for the bolus transport into the

esophagus. The UES consists primarily of the

tonically contracting, striated cricopharyngeus

(CP) muscle. During a swallow, this muscle

relaxes and is opened and the sphincter is pulled

upon (anteriorly) by the contraction of the

suprahyoid/submental muscle groups. Then the
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pharyngeal phase of swallowing is completed

and the UES closes until the next swallow.

During a swallow, the UES opens and the tonic

EMG activity of the CP-sphincter muscle ceases

simultaneously (Ertekin et al., 1995; Ertekin and

Aydogdu, 2002). After the pharyngeal phase of

swallowing is terminated and the UES closes, the

pharynx is ready once more to carry on with its

respiratory function.

28.2.2. Central aspects of oropharyngeal swallowing

Most of the information related to brainstem and

swallowing has been gathered from animal studies,

however, the role of the cerebral cortex and the

descending motor pathways in swallowing has been

obtained from either clinical observations or more

recently from the neuroimaging and transcranial

magnetic stimulation (TMS) studies in humans.

When voluntary or spontaneous swallows are

initiated, the pattern of EMG activity suggests a

temporal pattern of sequential muscle activation

where the latency of a burst of EMG activity broadly

reflects the distance of that muscle from the entrance

of the mouth to the esophagus. In other words, after

the initiation of the complex motor sequence in the

oropharynx, the sequential muscle activation of more

than 22 swallowing muscle pairs invariably reaches

from the lips through pharyngo-laryngeal muscles to

the UES. This sequential muscle activation is a

function of the central pattern generator (CPG) of

swallowing (Doty and Bosma, 1956; Jean, 2001;

Ertekin and Aydogdu, 2004) (Fig. 1).

The CPG of swallowing is believed to operate

within the brain stem neural network (Miller, 1982;

Jean, 1984, 2001). The precise pattern of muscle

contraction and inhibition sequentially consists of

three levels in the brainstem structures (Broussard

and Altschuller, 2000).

(a) An afferent input from the oral and pharyngeal

cavities and/or descending fibers from cortico-

fugal pathways. This echelon corresponds to the

termination sites of the peripheral and central

swallowing afferent fibers and these inputs to the

central network may initiate either spontaneous

or voluntary swallows.

(b) An efferent echelon that corresponds to the

motoneuron pools of the cranial motor nuclei

that provides innervation to swallowing muscles,

such as V, VII, IX, X, XIIth cranial motor nuclei.

(c) An organizing echelon that consists of an

interneuronal network of “premotor” neurons

in contact with both afferent and efferent

echelons. These premotor neurons or inter-

neurons can initiate or organize the swallowing

motor sequence of the CPG (Miller, 1982; Jean,

2001).

The swallowing premotor neurons are located

within the nucleus tractus solitarius (NTS), the

adjacent reticular formation surrounding NTS and

in the reticular formation around and just above the

nucleus ambiguus (NA) of the ventrolateral medulla

oblongata (Jean et al., 1975; Jean, 1984, 2001;

Broussard and Altschuler, 2000). The NTS and its

vicinity contain the generator neurons involved in

the triggering, shaping and timing of the sequential

or rhythmic swallowing pattern. The NA and its

vicinity contain the switching neurons, which

distribute the swallowing drive to the various pools

of the motoneurons involved in swallowing. These

premotor neurons excite or inhibit the motoneuron

pools bilaterally from the NTS and NA. Thus, the

NTS and NA premotor neurons play a crucial role in

the synchronization process of swallowing. The

excitatory and inhibitory messages are transferred

from the NTS to the motoneuronal levels via NA

(Jean, 2001). The result is a successful sequential

activation and inhibition of the swallowing muscles

bilaterally (Fig. 2).

It has been postulated that the components of the

swallowing network are not solely dedicated to

swallowing but can also serve other functions such

as respiration, mastication and phonation (Jean,

2001). The effects of the cortical control on the

bulbar CPG are rather complex in the oropharyngeal

swallowing in human. It was suggested that the

cortical drive is necessary for the initiation of the

voluntary swallows probably carried by the cortico-

bulbar descending motor fibers (Miller, 1982, 1998).

In addition, the cortical excitatory and inhibitory

drives may also influence the pharyngeal phase of

swallowing and turn on the CPG (Ertekin et al.,

2000b; Aydogdu et al., 2001). It is likely that the

cortical control of the pontomedullary CPG has

increased phylogenetically and behaviorally in man.

The lower cranial motoneurons, especially those

originating from the NA merit some discussion here.
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The neurons of the NA have extensive dendritic

arborization to the adjacent reticular formation

(Jean, 2001). Ultrastructural and physiological

studies indicate that the synapses on these neurons

are both excitatory and inhibitory (Jean, 2001).

The motoneurons of the rostral NA have been

identified by their intracellular activity in sheep

during swallowing. Among these motoneurons some

were shown to have hyperpolarization and depolar-

ization with very long latencies and durations.

Fig. 1. The sequential muscle activation during 3 ml water swallowing in a normal subject. Uppermost trace is recorded

by the laryngeal movement sensor (laryngeal sensor). Onset of upward movement of the larynx is demonstrated by the

arrow (the onset of pharyngeal phase); and the beginning of the downward movement of the larynx is recorded as a positive

deflection. The time interval between the onset of two deflections indicates the upward movement of the larynx plus

the relocation time during the pharyngeal phase of swallowing. The sequential activation of the orbicularis oris, masseter,

submental, thyroarytenoid and cricopharyngeal muscles are obtained from five superimposed EMG traces (needle recording in

all except the surface recording from the masseter and submental muscles). The arrows are the onset of EMG burst of each

muscle except the cricopharyngeal (CP) sphincter muscle in which the onset of EMG pause (opening of the CP-sphincter) is

shown. Note the sequential and orderly activation of the muscles and EMG pause in CP-sphincter during oropharyngeal

swallowing. Amplitude calibration: 50, 30, 70, 100 and 50 mV for EMG traces, respectively (amplitude of laryngeal sensor

signal is unimportant). Time calibration: 200 ms in all traces.
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They project to either the UES (i.e. CP-sphincter

muscle) or the cervical esophagus. These electrical

sequences were correlated with the relaxation of the

UES and followed the EMG burst during swallowing.

This sequence of EMG activity of the CP-sphincter

muscle is similar to that in humans (Ertekin et al.,

1995; Ertekin and Aydogdu, 2002). The clinical

electrophysiology of oropharyngeal swallowing and

the EMG activity of the CP muscle indicate the

importance of the sequential inhibitory and excitatory

activities of motoneurons (Fig. 3).

All motoneurons of the lower cranial nerves

including the CP-sphincter motoneurons and their

innervation by the NTS and NA, are part of this

specific network; their activity changes with the

swallowing events at the periphery. They may also be

controlled by the motor cortex and other supraspinal

centers as discussed later in this chapter.

28.2.3. Cerebral cortex and voluntary swallowing

As already mentioned, the brainstem swallowing

network or CPG receives descending motor inputs

from the higher centers including the cerebral cortex

(Miller, 1982, 1999; Hamdy et al., 1996; Jean, 2001;

Ertekin et al., 2001a). The cortex may mainly serve to

trigger deglutition and to control the brainstem

swallowing neural network probably for modulation

(Jean and Car, 1979; Miller, 1982; Jean, 2001). ThisQ1

same conclusion has been reached from human

studies. The relationship between the cortex and

swallowing reveals that a more widespread network

of brain regions participates in swallowing. Regional

cerebral blood flow (rCBF), functional magnetic

resonance imaging (fMRI), and positron emission

tomography (PET) image studies have often shown

that human voluntary swallowing is represented

bilaterally within a number of spatially or function-

ally distinct cortical loci, which may participate

differently in the regulation of swallowing (Aziz et al.,

1996; Hamdy et al., 1996, 1998, 1999; Ertekin and

Aydogdu, 2004). Studies of cortical stimulation in the

humans, either applied electrically to the open cortex

(Penfield and Jasper, 1954) or by TMS (Hamdy et al.,

1996, 1999), also suggested that swallowing is

represented within multiple cortical foci including

the lateral precentral and premotor cortices.

The exact mechanism of how the cortical and/or

subcortical inputs are triggered or modulate swallow-

ing in and around the pontobulbar CPG in man is not

known. Cortical inputs to the bulbar network for

swallowing have been experimentally shown to exist

(Jean, 2001). In NTS the premotor neurons are known

to receive convergent information from both cortical

and peripheral inputs that trigger swallowing (Jean,

2001). Before and during swallowing, sensory feed-

back from the oropharynx to the somatosensory

cortical areas may be expected, in addition to that

of the medullary swallowing network, for precise

information from the bolus and the position of the

Fig. 2. Schematic representation of the Central Pattern Generator of swallowing. Peripheral and supramedullary inputs reach

to and around nucleus tractus solitarius-dorsal swallowing group (NTS-DSG). NTS-DSG activates the ventral swallowing

group of premotor neurons in the ventrolateral medulla (VLM-VSG) adjacent to the nucleus ambiguus (NA). VLM-VSG drives

the motoneuron pools of the V, VII, IX, X, XII, C1-3 cranial nerves bilaterally (modified from Jean, 2001).
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Fig. 3. (A) EMG recording method for the CP-sphincter (CP-EMG) and submental muscles (SM-EMG); and their relations to

adjacent structures are shown schematically. (B) EMG activities of the submental muscle (SM-EMG) and cricopharyngeal

muscle (CP-EMG) during 3 ml water swallowing. During rest, there is continuously high-frequency tonic EMG activity in the

CP muscle (third trace). During swallowing, SM-EMG activity began first and the tonic EMG activity of the CP muscle was

switched off (pause; first and second traces). Amplitude calibration: for SM-EMG 30 mV and for CP-EMG 30 and 50 mV,

respectively. Time calibration: 200 ms in all traces (Ertekin and Aydoğdu, 2002; by permission.)
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oropharynx (Jean et al., 1975). It has also been shown

that the recovery of dysphagia in a hemispheric stroke

can be facilitated by the afferent stimuli from the

oropharynx (Hamdy et al., 1998; Fraser et al., 2002).

28.3. Electrophysiological investigation of

swallowing

When the oropharyngeal phase of swallowing is

disturbed by diseases of the striated muscles,

peripheral nerves or central nervous system, neuro-

genic dysphagia may result leading to failure of bolus

transport and misdirection of the bolus into the larynx

and trachea. A number of diagnostic techniques have

been developed to assess structural and functional

aspects of swallowing disorders. Table 1 shows the

methods used to investigate dysphagic patients.

The approach to diagnosis of impaired swallowing

is twofold, requiring both etiological and physiologi-

cal considerations. The etiological approach depends

on differential diagnosis while the physiological

approach depends on analysis of the mechanism of

swallowing. Differentiation of functional disorders

among themselves and from structural ones may be

difficult on clinical grounds alone and laboratory

studies are often necessary. In either approach, the

first step is to identify and characterize the impair-

ment of swallowing.

28.3.1. Non-electrophysiological methods

28.3.1.1. Bedside examination

A careful history and physical examination are

essential in the evaluation of patients with dysphagia

(Ertekin, 1996). A high index of suspicion is

necessary because many patients are unaware of

their dysphagia. The physical examination of the

dysphagic patient requires a careful evaluation of the

oral cavity, larynx, pharynx and the cranial nerves V,

VII, IX, X and XII. Evaluation of speech and voice

are helpful for identifying motor abnormalities of

structures that are important for both speaking and

swallowing. Most importantly, the examination of the

dysphagic patient should always include trial swal-

lows. The examiner should ask the patient to swallow

several ounces of water. The normal response is a

prompt swallow with brisk laryngeal elevation.

Dysphagic patients may have delayed swallow, reflex

coughing or change in voice quality after swallowing.

Bedside examination and the clinical evaluation of

water swallowing tests have long been criticized for

lack of accuracy. Even the most experienced clinician

may fail to identify 40–60% of aspirating patients

during a bedside examination (Logemann, 1996).

28.3.1.2. Videofluorographic swallowing study

The videofluorographic swallowing study (VFS) is

considered one of the best studies for detecting and

characterizing oral and pharyngeal swallowing

(Logemann, 1996, 1998). During the VFS, the

patient eats and drinks a variety of foods combined

with barium while the entire process of mastication

and swallowing is imaged with fluoroscopy and

recorded on videotape. The procedure is well

tolerated and has minimal adverse effects. It reveals

misdirection of the bolus into the larynx, trachea or

nasopharynx as well as retention of food in the oral

cavity or pharynx after swallowing. When there is

aspiration, it demonstrates the response to aspiration,

such as immediate coughing or throat cleaning

(Ertekin and Palmer, 2000).

The VFS also provides information for treatment

planning in dysphagia (Logemann, 1998). Since it

Table 1

The methods for investigation of patients with dysphagia

(modified from Ertekin, 1996).

Bedside clinical examination

The tongue and other oral motor control examination

Oral/pharyngeal reflexes

Palatal reflex

Gag reflex

Swallow reflex(clinical)

Cough reflex

The sensorial examination of intraoral cavity

The functional examination of larynx by laryncoscopeM

(ENT-specialist)

Lung examination and X-ray of lung

The status of nutrition and hydration of the patients

“Water swallowing” tests

Videofluoroscopic studies and other radiological and

radioisotope approaches (scintigraphy)

Manometric studies and other pharyngoesophageal motility

tests and endoscopy

Ultrasound studies

Cervical auscultation (acoustic analysis)

Electroglottograph

Neurophysiological and neuroimaging studies

Others
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requires cooperation from the patient, VFS may not

be practical for the neurological patients who are

comatose or in patients with severe neurological

handicaps such as ALS or Alzheimer’s disease.

28.3.1.3. Endoscopic techniques

These are used for oral and pharyngeal swallow-

ing disorders. Laryngoscopy is useful for detecting

structural or functional abnormalities of the vocal

folds and larynx, and is indicated for any patient

with dysphagia and dysphonia. Fiberoptic endo-

scopic evaluation of swallowing (FEES) is a

modified form of laryngoscopy developed for

dysphagia evaluation. The larynx and pharynx are

examined before and after the patient eats and drinks

food combined with a brightly colored dye. FEES is

limited because it does not reveal the motions of

pharyngeal and laryngeal structures and the latter are

closed up during the pharyngeal stage of swallowing

(Ertekin and Palmer, 2000).

28.3.1.4. Manometric studies

Manometric studies measure pressure in the food

pathway before, during and after swallowing.

Manometry is especially helpful for evaluation of

motility disorders of the esophagus. Pharyngeal

manometry is technically difficult, because the

rapid motions of the pharynx and UES during

swallowing make it difficult to know the precise

physical location of the pressure sensor during the

recording. Sometimes it is combined with VFS so

the position of the sensor can be recorded during the

swallow (Ertekin and Palmer, 2000).

Methods other than the clinical, neurological and

neurophysiological techniques may be useful for

neurological patients with suspected dysphagia;

however, these methods mentioned above are basi-

cally important for the studies of the end-organ or the

peripheral apparatus of deglutition. Furthermore,

these methods are expensive and time consuming.

Moreover, care of the neurologically impaired

patients during examination is sometimes difficult.

They are usually conducted only in radiology,

gastroenterology, otorhinolaryngology clinics or

special centers. It has, therefore, always been

necessary to develop clinical and neurophysiological

tests to identify patients with suspected dysphagia

(Ertekin, 1996). There is also a need to consider new

techniques in order to understand the peripheral and

central nervous mechanisms for swallowing and its

abnormalities, such as neurophysiological and neuro-

imaging methods (Ertekin and Aydogdu, 2004).

28.3.2. Diagnosis and characterization of

neurogenic dysphagia by electrophysiological

techniques

One can investigate patients with neurogenic

dysphagia with the following electrophysiological

approaches:

(1) needle EMG to lower cranial muscles;

(2) transcranial magnetic stimulation to swallowing

muscles;

(3) single bolus analysis;

(4) piecemeal deglutition/dysphagia limit;

(5) neuroimaging techniques.

28.3.2.1. Needle EMG

The needle and surface EMG recording of muscles

involved in swallowing have been used either as part

of routine EMG studies or for research purposes.

Standard needle EMG is sometimes performed for

muscles innervated by the lower cranial nerves, such

as tongue, larynx, pharynx, masseter and facial

muscles. These studies are obviously useful for the

differential diagnosis of neuromuscular disorders

causing dysphagia and dysphonia. One of the most

important applications of this kind of conventional

needle EMG is to show the subclinical bulbar

involvement of ALS patients. Indeed, it has been

shown that the EMG signs of lower motor neuron

involvement is quite frequent in ALS patients. The

tongue muscles are especially involved in two-thirds

of ALS patients without clinical bulbar signs

(Finsterer et al., 1997, 1998; Preston et al., 1997).

These kinds of EMG findings are very important to

support the diagnosis of involvement of bulbar

muscles, but they do not clearly indicate lower

motor neuron pathology as the cause of dysphagia,

because UMN involvement can also produce swal-

lowing problems in ALS (Ertekin et al., 2000b).

Primary muscle disease or cranial neuropathies

causing dysphagia are also readily studied by routine

needle EMG of swallowing muscles. Some muscle

disorders such as myasthenia gravis, polymyositis and

myotonic dystrophy may have considerably severe

dysphagia. In myotonic dystrophy and partly in

polymyositis/dermatomyositis, the pharyngeal
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muscles especially the cricopharyngeal sphincter

muscle are involved by the disease process. In such

cases both the involved muscles and swallowing

mechanisms should be investigated. An approach to

investigate the UES and CP will be described later. In

less than 40% of patients with myotonic dystrophy,

CP muscle shows various EMG abnormalities in the

form of myotonic discharges during swallowing in

addition to hyperreflexic sphincter features. In

patients with polymyositis/dermatomyositis, some

myopathic motor unit potentials (MUP) can be

recorded from the CP-sphincter with some weakness

or spasm in the UES (Ertekin et al., 1998).

Involvement of the CP-sphincter is reported more

commonly in Inclusion Body Myositis (Sonies,

1997). In all these patients, the dynamic EMG

features of CP-sphincter during swallowing were

found to be more important than the changes in the

MUP of the CP-sphincter muscle, in causing

dysphagia.

28.3.2.2. Transcranial magnetic stimulation to

swallowing muscles

TMS can be an important tool in evaluating the

descending corticobulbar motor fibers to lower

cranial muscles associated with swallowing. Motor-

evoked potentials (MEPs) have been elicited from the

pharyngeal and esophageal striated muscles by means

of an intraluminar pharyngo-esophageal catheter

inserted transorally (Aziz et al., 1996; Hamdy et al.,

1996). In these studies the esophageal electrodes were

positioned 3 cm above and below the UES lower

margin. These authors reported that the muscles

involved in human swallowing function are rep-

resented bilaterally on the motor cortex, and volun-

tary swallowing produces a facilitation of the MEPs

of the pharyngeal and esophageal muscles. Another

feature of the TMS to pharyngo-esophageal muscles

is that it never induces a complete swallowing

movement. Dysphagic patients with stroke have

been investigated by TMS, and it was found that in

these patients the return to normal swallowing is

associated with increased pharyngeal representation

in the unaffected hemisphere (Hamdy et al., 1998).

The linkage between the CP-sphincter muscle and

motor cortex is also investigated by recording the

activity of the CP-sphincter muscle (Ertekin et al.,

2001a). MEPs can be elicited from the CP muscle by

both TMS and vagus nerve magnetic stimulation

proximally at the suboccipital level (Fig. 4). Central

motor delay suggests an oligosynaptic corticobulbar

pathway to the motoneurons of the CP muscles. The

topography of the cortical stimulation suggests that

the CP muscle is also bilaterally represented in the

motor cortex. When the corticobulbar pathway is

affected by pathology such as ALS, the cortical MEP

of the CP muscle disappears due to degeneration of

the corticobulbar pathway. This subject is discussed

later.

ALS involves both upper and lower motor neurons

(UMN and LMN). Generalized LMN involvement in

ALS can be reliably confirmed using multiple EMG

recordings (Daube, 2000). An UMN lesion is more

difficult to identify because clinical signs may be

discrete or masked by severe simultaneous LMN

involvement. It is suggested that bulbar symptoms

often include combined UMN and LMN involvement

(Urban et al., 1998) corresponding to the diffuse and

asymmetric loss of corticobulbar and corticospinal

fibers observed histopathologically (Swash et al.,

1988). Therefore, TMS to the orofacial muscles,

tongue and pharyngolaryngeal muscles may contrib-

ute to the detection of early and subclinical UMN

involvement enabling diagnosis of corticobulbar

ALS (Urban et al., 1998). Despite this, neither

Fig. 4. CP-sphincter muscle motor evoked potentials

(MEPs) obtained from a normal subject. (A) Magnetic

stimulation was applied over the vertex around the Cz

electrode position (cortical stimulation); (B) the parieto-

occipital skull region ipsilateral to the recording site was

stimulated (peripheral stimulation). Note the different time

base for (A) and (B). In each trace two responses were

superimposed. Amplitude calibration: 100 mV for upper

trace, 1 mV for lower trace. Time calibration: 5 and 2 ms,

respectively (Ertekin et al., 2001a; by permission.)

ELECTROPHYSIOLOGICAL EVALUATION OF OROPHARYNGEAL DYSPHAGIA IN ALS 495

ARTICLE IN PRESS

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450



conventional needle EMG nor TMS to bulbar muscles

can easily solve the pathophysiological mechanisms

of oropharyngeal dysphagia in ALS; therefore, other

electrophysiological methods are necessary.

28.3.2.3. Single bolus analysis

The electrophysiological methods for the evalu-

ation of deglutition are derived from the known

physiological events of oropharyngeal swallowing

which are amenable to clinical EMG techniques

(Fig. 5) (Ertekin et al., 1995; Ertekin, 1996).

(a) The onset and duration of pharyngeal swallow-

ing can be recorded from submental suprahyoid

muscles (submental EMG or SM-EMG) such as the

mylohyoid–geniohyoid-anterior digastric complex.

Submental surface EMG is recorded by bipolar silver

chloride EEG electrodes taped under the chin over the

submental muscle complex. The electrodes are

usually placed at the midline bilaterally under the

chin. Signals are filtered (bandpass 100 Hz–10 kHz),

amplified, rectified and integrated. Since the sub-

mental muscle complex fires concurrently to initiate a

swallow and functions as laryngeal elevators, pulling

the larynx upwards (Miller, 1982; Gay et al., 1994;

Ertekin et al., 1995). SM-EMG gives a considerable

amount of information about the onset and duration of

Fig. 5. EMG methods are schematically shown for the evaluation of swallowing (Ertekin and Palmer, 2000; by permission).
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the oropharyngeal swallowing. Movements that occur

from the beginning of SM-muscle contraction to the

elevation of the larynx are important for safe

passage of the bolus to the pharyngoesophageal

segment without escaping into the other cavities.

The contraction of SM-muscles continues until the

completion of the oropharyngeal swallowing

process (Gay et al., 1994; Ertekin et al., 1995, 1998;

Ertekin, 1996).

(b) The movement of the larynx can be monitored

using a simple piezoelectric wafer sensor, with a

4 £ 2.5 mm rubber bung fixed to its center and placed

between the thyroid and cricoid cartilages. The sensor

gives data about the timing of laryngeal elevation

during pharyngeal phase of swallowing and measures

the mechanical upward and downward laryngeal

movements. The rubber bung is placed on the

coniotomy region, located by palpation, between

the cricoid and thyroid cartilages at the midline. The

sensor is taped onto the neck and its output signal is

filtered (bandpass 0.01–20 Hz) and fed into one of

the channels of the EMG apparatus. The laryngeal

sensor output shows two deflections during swallow-

ing. The first deflection represents the upward move-

ment of the larynx and the second deflection its

downward movement (Fig. 6). The upward and

downward deflections of the laryngeal sensor are

sometimes diphasic or triphasic for technical reasons.

The deflection with the shortest delay and high

amplitude at the beginning from the baseline is

accepted as the point of onset. The midregion of the

first deflection is stabilized on the oscilloscopic

screen by using the delay line technique, so that

throughout successive recordings the deflections

appear at the same location on each sweep

(,800 ms after the onset of the sweep). In this way,

all electromechanical events are displayed synchro-

nously. The onset of the two deflections in the

laryngeal sensor signal recordings are denoted as “0”

and “2”. The interval between the onsets of two

deflections (0–2 interval) is thought to reflect the time

necessary for the elevation, closure and upward

relocation of the larynx (Ertekin et al., 1995, 1997;

Ertekin, 1996), i.e. a physiological event that is one of

the components of the pharyngeal phase of swallow-

ing (Dodds et al., 1990; Logemann, 1998). The time

for single bolus analysis is adjusted to between 2 and

5 s and at least five successive sensor and SM-EMG

traces should be recorded. The individual traces are

examined, superimposed and then averaged. As

shown in Fig. 6 when the first deflection is stabilized

on the EMG screen, the onset of the second deflection

shows variability for the same subject for boluses of

the same volume. This variability of the laryngeal

downward movement is measured at the peaks of the

second deflections. The interval between the earliest

second deflection peak to the latest peak of the

superimposed traces is termed the “swallowing jitter”

and is a measure of the variation in the swallowing

response from one swallow to another for boluses of

the same volume (Ertekin et al., 1997). The standard

water volume is important because the time of

pharyngeal swallowing (0 – 2 interval) and the

swallowing jitter are increased as the bolus volume

increases. Therefore, swallowing signals should be

recorded following delivery of 1 or 3 ml of liquid

(water) through a graduated syringe for the single

bolus analysis. Swallowing jitter can be important

in demonstrating the safety of the swallowing

process when swallowing various volumes. If dry

swallowing data are excluded, increase in bolus

volume appears to determine swallowing jitter.

Swallowing jitter can be related to both sensory

Fig. 6. Superimposed laryngeal sensor signals during dry

and 3-, 10- and 20-ml water swallowing. Note the

increase in swallowing jitter and the pharyngeal phase of

swallowing as the bolus volume increases except in dry

swallows (Ertekin et al., 1997; by permission). Time

calibration: 200 ms in all traces.
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inputs and voluntary cortical drive (Ertekin, 1996;

Ertekin et al., 1997).

It is also possible to use laryngeal sensor and SM-

traces simultaneously to measure the triggering of the

reflex swallow determined by the time interval

between the onset of the SM-EMG and the first

deflection of the laryngeal sensor signal. This reflects

the upward movement of the larynx, which is one of

the first events of the pharyngeal phase of swallowing

(Miller, 1982; Dodds et al., 1990; Logemann, 1998;

Ertekin et al., 2001b) (Fig. 7). This interval is termed

the “A–0 interval” (oblique arrow in Fig. 7A) can

provide information about the temporal relationship

between the instant of the voluntary activation of the

submental muscle complex and the instant of reflex

triggering of the swallowing response (Ertekin, 1996;

Ertekin et al., 1998, 2001b). When a swallow is

initiated voluntarily, the contraction of the SM-

muscles should be controlled by at least two routes.

During the initial part or “A–0”, SM-muscles should

be activated by the cortical drive either directly or via

the CPG. The latter part of SM-muscle activation,

especially the period immediately after the onset of

laryngeal upward movement should, however, be

controlled by the CPG of the brainstem networks.

When the “A–0” intervals during voluntarily induced

and reflexive swallows are compared, those of

voluntary swallows are longer than 100 ms

(200–400 ms), whereas they are shorter than 100 ms

during reflex swallowing (0 – 100 ms) (Fig. 8).

In many dysphagic patients the onset of SM-EMG

(A–0) is extremely prolonged, which indicates the

difficulties of the cortically induced triggering

mechanism due to involvement of the corticobulbar

fibers (Ertekin et al., 1998, 2000a,b, 2001b). Some

extrapyramidal descending influence may also con-

tribute to this interval (Ertekin et al., 1998).

(c) EMG activity of the cricopharyngeal muscle in

the UES can be recorded with a concentric needle

electrode inserted percutaneously and directed pos-

teromedially in the neck (CP-EMG). CP muscle is a

striated muscle sphincter situated at the pharyngo-

esophageal junction. It is one of the important

muscles for the evaluation of neurogenic dysphagia

(Ertekin et al., 1995, 1998). EMG of the CP-

sphincter muscle has been studied in a variety of

subhuman species to understand deglutition since

Doty and Bosma (1956). However, this has seldom

been reported in healthy human subjects and patients

(Ertekin and Aydogdu, 2002).

There are two main approaches to recording the

CP muscle activity: the percutaneous and intralum-

inal approaches. In the percutaneous approach, a

concentric needle electrode is passed through the

skin in a posterior and medial direction at the level

of and just lateral to the cricoid cartilage (Ertekin

et al., 1995, 1998; Ertekin and Aydogdu, 2002). A

hook fire electrode can also be used (Perlman et al.,

1989; Perlman, 1993) for this purpose. An intralum-

inal approach to the CP muscle has been mostly used

in the past. The wire electrodes are introduced by an

endoscopic procedure under general anesthesia or

during oropharyngeal operations (Mu and Sanders,

1998; Brook et al., 1999; Sasaki et al., 1999). CP

muscle has also been investigated with bipolar

suction electrodes under pharyngeal topical anesthe-

sia (Palmer et al., 1989). The CP-sphincter muscle is

tonically active during rest and this continuous

activity ceases during swallow in human subjects

(see Fig. 3). During wet or dry swallowing two

bursts of increased EMG activity are clearly

observed just before and after the CP-EMG pause

(Fig. 7B). The foreburst may be a kind of protective

reflex strictly related to oropharyngeal function and

does not necessarily take part in the sequential

muscle activity of deglutition. On the other hand,

rebound activity is an electrical event that is strictly

bounded by the CPG.

Two groups of motor units exist in the human

CP muscle. Small motor units are continuously

discharging during rest and larger motor units are

recruited just before and after the CP-EMG pause

during swallowing (Fig. 9). These EMG findings

are consistent with the histopathological findings in

CP muscle of two groups of muscle fibers, i.e.

type I oxidative fibers (the majority) and type II

glycolytic muscle fibers (Bonington et al., 1988;

Brownlow et al., 1989). Such histochemical and

morphometric characteristics of the human CP

muscles are clearly adaptable to the physiological

features of the two types of motor units, i.e. small

motor units continuously discharging during rest

and larger motor units discharging transiently just

before and after deglutition. Although both tonic

and phasic motor units are under the control of the

CPG, both are also influenced by sensory and

cortical inputs. The corticobulbar system probably

acts as a tonic inhibitor of the CP-sphincter

motoneurons, as the CP-EMG pause is shortened

(,300 ms), has an unexpected burst of motor
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Fig. 7. Laryngeal sensor signals (upper traces in superimposed and averaged recordings in (A) and (B)) and integrated

SM-EMG activity (lower traces in superimposed and averaged recordings in (A) and integrated CP-EMG activity (lower traces

in superimposed and averaged recordings in (B)). 3 ml water is swallowed in all traces in two normal subjects (in (A) and in (B),

respectively). 0 and 2 denote the upward and downward laryngeal movement deflections and A and C denote the onset and end

of SM-EMG activity (horizontal arrows). The oblique arrow from A to 0 (A–0 interval) denotes the interval from the onset of

voluntarily triggered swallowing (A point) to the onset of reflex swallowing as demonstrated by the onset of upward movement

of the larynx (0 point). The asterisk indicates the swallowing jitter which shows the variability of the oropharyngeal

swallows when all conditions are kept constant. Amplitude calibration: 100, 70 mV in (A) and 100, 50 mV in (B), respectively,

for SM-EMG traces. Time calibration: 200 ms in all traces (Ertekin and Palmer, 2000; by permission).
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units and ends prematurely in some disorders with

corticobulbar involvement such as ALS, suprabulbar

palsy with multiple lacunar infarcts and cranio-

cervical dystonia (Ertekin et al., 1998, 2000a,b)

(Fig. 10). The motor neurons and the motor units

of the CP muscle seem to be normal in most

neuromuscular disorders. The rarity of lower motor

neuron involvement of the CP muscle may be

speculatively attributed to multiple innervations or

it may be related to other, as yet unknown factors.

CP muscle indeed has a dual innervation by the

pharyngeal plexus of the vagus nerve and the

recurrent laryngeal nerve (Mu and Sanders, 1998;

Brook et al., 1999; Sasaki et al., 1999).

(d) Other muscles for the study of oropharyngeal

swallowing: There are several groups of muscles of

deglutition that were studied quite extensively. These

are the jaw and perioral muscles, tongue muscles,

other pharyngeal and laryngeal muscles. The oral

phase of swallowing recruits the jaw closing muscles

of the mandible (i.e. temporalis, masseter and medial

pterygoid) to stabilize the mandible. The masseter

muscle can be superficially recorded together with the

SM-muscle group and their relationship is in

sequence (Miller, 1982, 1999; Thexton, 1992).

Similarly the perioral facial muscles are the first

recruits during the oral phase of swallowing to

provide an anterior seal of the lips (Logemann,

1998; Miller, 1999). In normal human subjects,

Fig. 8. Comparison of A–0 intervals during voluntarily

induced (VIS) and reflexive swallows (RS) obtained from

16 normal subjects. The individual A–0 interval values of

all reflexive swallows (squares) are ,100 ms and mostly

accumulate around 50 ms. In contrast, voluntarily induced

swallows (triangles) never commence within 100 ms before

the initiation of the reflex phase of swallowing. SM-EMG is

submental EMG, 0–2 interval is the laryngeal relocation

time, A–C interval is the duration of submental EMG

activity (Ertekin et al., 2001b; by permission).

Fig. 9. The motor unit potentials of the CP-sphincter

muscle during resting tonic activity (A), fore-burst activity

(B) and rebound burst activity (C). Note the increase in

duration, amplitude and frequency of the motor units during

foreburst and rebound burst before and after the CP-EMG

pause recorded from a window as demonstrated in the

uppermost trace (Ertekin and Aydoğdu, 2002; by per-

mission). Amplitude calibration: 200 mV. Time calibration:

200 ms for top trace, 8 ms for other traces.
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orbicularis oris and buccinator muscles firmly close

the mouth to prevent food from escaping, flatten the

cheeks and hold the food in contact with the teeth

(Cooper and Perlman, 1997). It has been observed

that the perioral muscle activity ends just before the

pharyngeal phase of swallowing while the masseter

activity can continue or reappear during this phase

(Fig. 11).

Intrinsic factors of the tongue muscles are very

difficult to investigate by surface EMG electrodes.

Some EMG studies for swallowing have been

performed by using wire electrodes (Cooper and

Perlman, 1997).

EMG of the other pharyngeal and laryngeal

muscles is not frequently investigated for deglutition.

One reason is the difficulty in approaching these

muscles non-invasively. Therefore, it is generally

preferred to insert a needle electrode with the help of

a laryngologist. Some laryngeal and pharyngeal

muscles can be reached by percutaneous needle

Fig. 10. Laryngeal sensor signal and CP-EMGs recorded from an ALS patient with dysphagia during swallowing. The duration

of the CP-EMG pause is shorter and it ends prematurely before the larynx descends from its superior position (oblique arrow in

A). The unexpected burst of motor unit action potentials (MUAP) during the swallowing pause of cricopharyngeal muscle is

clearly seen (arrow in B). (Averaged EMG trace is rectified and integrated in A. EMG trace is obtained from conventional EMG

recordings in B). First, laryngeal sensor signal denotes upward and later downward deflexions of the larynx (Ertekin and

Aydoğdu, 2002; by permission). Amplitude calibration: 30 and 50 mV, respectively, for CP EMG traces. Time calibration:

200 ms in all traces.

Fig. 11. The sequential EMG activation of the orbicularis

oris (Orb Oris), Masseter and SM-muscles (SM-EMG)

during 3-ml water swallowing. The averaged responses

were rectified and integrated. Amplitude calibration: 50 mV

for all EMG traces. Time calibration: 200 ms in all traces.
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insertion or wire electrodes (Perlman et al., 1989,

1999; Spiro et al., 1994; McCulloch et al., 1996;

Ertekin et al., 2000c). When the larynx is pulled up

anterosuperiorly by the SM-muscles during the

pharyngeal phase of swallowing, the laryngeal

adductor muscles are activated for the closure of the

vocal cords. By these mechanisms, the larynx

and lower airways are thought to be protected

from the aspiration of the bolus that is passing

through the pharynx. Laryngeal adductor muscles

including the thyroarytenoid muscle are mainly

activated for the protection of the larynx during

swallowing. The protective activity of the laryngeal

adductors usually begins after the contraction of

the SM-muscles in both voluntarily initiated and

spontaneous/reflex swallows. Thus, the activities of

both groups of muscles are interrelated through

the CPG of the swallowing program (Fig. 12). As

a pharyngeal muscle, the superior pharyngeal con-

strictor muscles are investigated by using bipolar

hooked wire electrodes (Perlman et al., 1989).

Swallowing produces significantly dense EMG

activity which last about 800 ms that is almost equal

to that of the SM-EMG (Perlman et al., 1989).

In single bolus analysis the most useful and

practical aspects of the recordings are the laryngeal

sensor deflection and the time locked SM-EMG for

routine purposes. Based on the specific oropharyngeal

swallowing problem being investigated, other muscle

recordings can be added, mostly CP-EMG recordings,

especially for patients with neurogenic dysphagia.

Deviation of the single bolus analysis parameters

from control values is important for the evaluation of

the oropharyngeal swallowing. The main practical

aspect of the electrophysiology of the single bolus

analysis is to understand the pathophysiology of the

impaired swallow. Therefore, there is a need for more

practical electrophysiological methods to diagnose

objectively the existence of dysphagia in suspected

patients. This may be possible by the dysphagia limit

described in the next section.

28.3.2.4. Dysphagia limit

Using the same electrophysiological methods as

mentioned previously, it is possible to investigate

“piecemeal deglutition” and “dysphagia limit”

(Ertekin et al., 1996, 1998). They are sensitive and

specific screening tests for the detection of neuro-

genic dysphagia and may be useful to follow the

course of dysphagia objectively. Piecemeal degluti-

tion and dysphagia limit are based on the detection of

a physiological phenomenon that occurs when an oral

bolus of large liquid volume is divided into two or

more parts, which are then swallowed successively.

Normal individuals can swallow boluses of 20 ml of

water in a single swallow. Individuals with impaired

swallowing may be unable to do so and will need two

or more swallows for a bolus less than 20 ml. This is

called piecemeal deglutition. The volume at which a

second swallow becomes necessary is known as the

dysphagia limit. These phenomena can be recorded

electrophysiologically and used to identify impair-

ments of swallowing with various etiologies. To

investigate this phenomenon the same recording

system is used with the sweep duration set at 10 s

and the delay line starting at 2 s. After a certain

amount of water is ingested the effects of the bolus is

followed for 8 s. The patients are given 1, 3, 5, 10, 15

and 20 ml of water and oscilloscopic traces are

initiated at the examiner’s order to swallow. The

laryngeal sensor signals and the integrated activity of

the SM-EMG are recorded from the beginning of

these long sweeps. It is requested that the patient

swallow all the liquid in a single effort. As each

volume of liquid is swallowed, single sensor and SM-

EMG signals are usually observed at the beginning of

the recording. Any recurrence of the two signals

Fig. 12. The relationship between SM, thyro-arytenoid

(TA), and CP-sphincter muscles during 3 ml water

swallowing. Arrows indicate the onsets (1–3) and termina-

tions of EMG activities. Note the “pause” of tonic activity

of the CP-sphincter and the high activity of TA-EMG

during swallowing. Five traces were averaged. (Ertekin

et al., 2000c; by permission). Amplitude calibration:

100 mV for all EMG traces. Time calibration: 200 ms in

all traces.
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within the eight second period of the recording is

accepted as piecemeal deglutition or as a sign of

dysphagia limit (Fig. 13).

Dysphagia limit has been found to be a very useful

electrodiagnostic test for the objective diagnosis of

neurogenic dysphagia (Ertekin et al., 1996, 1998).

The diagnostic value and sensitivity of dysphagia

limit is determined to be about 90% in the dysphagic

patients investigated. Dysphagia limit seems to be

more specific in demonstrating the oropharyngeal

swallowing disorders in the clinically apparent

dysphagic patients rather than those with subclinical

dysphagia, with the exception of cranio-cervical

dystonia and Parkinson’s disease, where subclinical

dysphagia can also be diagnosed with this method

(Ertekin et al., 1998).

What is the mechanism for piecemeal deglutition

and dysphagia limit? Patients with impaired but

compensated oropharyngeal swallowing could

change their eating habits by frequently eating small

meals and reducing their bolus size. Swallowing for a

second time with each bolus helps to clear retained

material from the oropharynx (Bucholz et al., 1985).

Besides the voluntary compensations for impaired

swallowing of which the patient may be aware, there

is also involuntary compensation through adjustment

in the swallowing apparatus itself (Bucholz et al.,

1985). Patients with a subclinical swallowing impair-

ment may subconsciously alter the consistency of

ingested food and the speed of eating and drinking,

thus masking any overt symptoms of dysphagia

(Jones et al., 1985). Thus, piecemeal deglutition is a

compensatory mechanism of the CNS against an

acute unexpected big volume of bolus in the mouth,

as in the case of normal subjects who cannot tolerate

more than 20 ml of water and swallow the bolus in

multiple pieces. It can also be a chronic compensatory

mechanism when the oropharyngeal swallowing

dysfunction is imminent (Schultz et al., 1994; Jones Q1

et al., 1985; Ertekin et al., 1996, 1998). Although

intact sensation in the oropharyngeal cavity could be

important for eliciting piecemeal deglutition, dyspha-

gia limit may occur during drinking less than 20 ml of

liquid in many patients without apparent sensory loss

in their oropharynx (Ertekin et al., 1996, 1998,

2000b). The swallowing behavior of patients with

neurogenic dysphagia has two major characteristics.

One is the occurrence of two successive swallows

within about 2–3 s during the swallowing of less than

20 ml of water in some patients. This is also seen in

normal subjects while swallowing more than 20 ml of

water (Ertekin et al., 1996). The second characteristic

is the incidence of successively occurring swallows

for one bolus at intervals of longer than 3 s (Fig. 13).

It is possible that successive swallows within a short

period are due to a real compensatory mechanism

against weak control of bolus by a paretic tongue in

patients with neurogenic dysphagia. On the other

Fig. 13. Dysphagia limits obtained from a patient with suprabulbar palsy (SBP) (left) and from a control subject (right).

Arrows indicate the second and following swallows. For this patient the dysphagia limit was 10 ml of water (Ertekin et al.,

2000a; by permission) Amplitude calibration: 50 mV for all SM-EMG traces. Time calibration: 1000 ms in all traces.
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hand the more frequent abnormality of

piecemeal deglutition with longer intervals of suc-

cessive swallows should involve another mechanism.

In this reaction, a portion of the bolus may be retained

in the mouth cavity and is swallowed within several

seconds after the swallowing of the first portion.

Alternatively, part of bolus may unexpectedly drop

into the pharynx separately before, during or after the

first part of swallowing and produce a reflex swallow

following the voluntary-induced swallowing. Indeed,

it is possible to produce purely reflex swallows by

dropping water into the hypopharyngeal space

through a nasopharyngeal cannula. This generates a

swallow through a possibly nociceptive reflex to

prevent aspiration of bolus into the airways (Ertekin

et al., 2000c, 2001b).

28.3.2.5. Neuroimaging techniques

These methods are helpful in understanding the

control mechanisms of the deglutition, but are not

presently sufficiently worked out to be of common

practical value and will not be discussed further.

28.4. Neurophysiological findings of

oropharyngeal dysphagia in ALS

28.4.1. Dysphagia limit

The dysphagia limit in all ALS patients with

oropharyngeal dysphagia is definitely pathologic and

less than 20 ml of water. If the patient does not suffer

or display any kind of bulbar involvement of UMN or

LMN types, the dysphagia limit may be normal and

above the 20 ml of water swallow (Fig. 14). The

clinical severity of dysphagia correlates significantly

with the dysphagia limit in ALS. The dysphagia limit

ranges between 1 and 3 ml of water in severely

dysphagic patients who require non-oral feeding,

whereas in patients with mild dysphagia it ranges

between 10 and 15 ml of water swallows (Ertekin

et al., 2000b). Compared to the videofluoroscopic,

manometric and endoscopic methods which are costly

and not easily tolerated by patients with advanced

disease, the dysphagia limit can be used in monitoring

progression of dysphagia in ALS patients (Miller and

Groher, 1997). Over the course of ALS a dysphagia

limit of about 15 ml water swallowing may fall to

5–10 ml and eventually to 3–5 ml; therefore, caution

is required to prevent aspiration. Nutritional

deficiency and dehydration occur when the dysphagia

limit is about 10–15 ml of water.

28.4.2. Abnormalities in the initiation of pharyngeal

swallowing

The interval between the onset of SM-EMG

(voluntary onset) and the first deflection of the

Fig. 14. Laryngeal sensor signals (top traces in each pair)

and integrated submental EMG activities (lower traces in

each pair) obtained from two ALS patients during

swallowing different amounts of water, increasing in

quantity from 3 to 20 ml. Note that the volume swallowed

in a single attempt can go up to 20 ml in the non-dysphagic

patient, while in the ALS patient with dysphagia, the bolus

is divided into two or more separate swallows during 5 and

10 ml of water swallowing, respectively. Arrows denote the

second and following swallows. For this patient the

dysphagia limit is 5 ml of water (Ertekin et al., 2000b; by

permission). Amplitude calibration: 100 mV for SM-EMG

traces. Time calibration: 1000 ms in all traces.
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laryngeal movement signal (pharyngeal onset)

called the “A–0 interval”, is prolonged during

attempts to swallow in ALS patients (Fig. 15).

This is probably caused by the delay in the triggering

of the swallowing reflex, also seen with videofluoro-

scopy (Robbins, 1987; Briani et al., 1998; Logemann,

Q1 1998; Nigo et al., 2002). Delayed triggering in ALS

may be the result of poor tongue and submental

muscle control from either LMN or UMN involve-

ment. As a result of difficulties in the triggering

of voluntary swallows, the bolus in the mouth

will escape into the airway before the swallowing

reflex takes over, resulting in subglottal aspiration

(Logemann, 1998).

Fig. 15. Laryngeal sensor signals and integrated submental EMG obtained from a normal subject (A) and two dysphagic

patients with ALS ((B) and (C)) during water swallowing. Extreme prolongation of the A–0 interval (oblique arrow) or delay in

triggering of swallowing was observed in the ALS patient with moderate dysphagia (B). Furthermore, there was an increase in

the total duration of SM-EMG (A–C interval). The laryngeal relocation time (0–2 interval) is not significantly different

between the normal subject and this ALS patient (upper horizontal line on the laryngeal sensor signals). For the ALS patient

with severe dysphagia (C), the A–0 interval is very short and the triggering of swallowing occurs only by the reflex mechanism.

All traces are averages of the five responses (Ertekin et al., 2000b; by permission). Amplitude calibration: 30 mV for all EMG

traces; time calibration: 500 ms ((A) and (B)) and 200 ms (C).
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In order to keep the larynx in the upward-

suspended position, the laryngeal elevators including

the submental muscles need to overcome their

weakness during swallowing. The effect of weakness

of the tongue muscles and the muscles of the mouth

floor including the SM-muscles in ALS is similar

regardless of whether these muscles are mainly

affected by UMN or LMN disorders. It is proposed

that an UMN type of weakness of the muscles of

tongue and the mouth floor is more important in the

development of swallowing disorders in voluntarily

triggered deglutition. In this type of weakness, it is

more difficult to move these muscles voluntarily

while reflex or spontaneous movements can still

occur easily. In contrast, in patients with pure LMN

disorders, both voluntary and spontaneous move-

ments are expected to be similarly weak (Ertekin

et al., 2000b).

Dysphagic ALS patients with predominant supra-

bulbar/corticobulbar involvement show significant

prolongation of the A–0 interval (triggering time)

in comparison with dysphagic patients with pre-

dominantly bulbar LMN involvement. The laryngeal

relocation time (0–2 interval) of the swallowing

reflex does not differ between these two groups of

patients. Thus, the voluntarily activated submental

and tongue muscle fibers that control the first part of

the SM-EMG would be weaker and less responsive

to the volitional onset of swallowing because of a

lesser degree of corticobulbar excitatory drive. The

remaining intact excitatory corticobulbar fibers

would first try to compensate for the weakness in

the striated muscles by sending more descending

impulses, which would be dispersed throughout a

longer time period than normal. Therefore, the

voluntarily triggered pharyngeal phase of swallow-

ing would be delayed and the “A–0” interval

observed in the records would be longer than

normal. Once the swallowing reflex was triggered,

the laryngeal elevator muscles would have a reflex

contraction and the laryngeal relocation time (0–2

interval) would frequently be within normal limits

(Fig. 15C). The delay in triggering the pharyngeal

phase of swallowing (or swallowing reflex) can thus

be attributed to the progressive degeneration of

excitatory corticobulbar fibers. In the advanced

stages of ALS with severe dysphagia, it would be

expected that the “A – 0” interval should get

progressively shorter because of further degener-

ation of the corticobulbar fibers associated with

swallowing. When all corticobulbar control is lost,

all swallows would be spontaneous and controlled

by the pontobulbar CPG (Miller, 1982; Ertekin et al.,

1998, 2001b). In support of this conclusion, the

observation that dysphagia is more often present in

ALS patients with prominent suprabulbar palsy

has also been reported by other investigations

(Buchholz, 1994; Hughes and Wiles, 1996). In Q1

patients with suprabulbar palsy with lacunar states,

the triggering time of pharyngeal phase of swallow-

ing is also prolonged (Ertekin, 1996; Ertekin et al.,

1998, 2000a).

The presence of LMN involvement in bulbar ALS

does not exclude the possibility of dysphagia. It is

known that dysphagia is not rare in other disorders

with pure LMN involvement associated with bulbar

muscles such as acute poliomyelitis, postpolio

syndrome (Sonies and Dalakas, 1995) and X-linked

bulbospinal muscle atrophy (Sobue et al., 1989).

Despite this, dysphagia appears to be mild and the

incidence is lower in such anterior horn cell disorders.

Similarly, it has been shown that in dysphagic

patients with myasthenia gravis and polymyositis,

triggering of the pharyngeal phase of swallowing is

not very severely disturbed, or may even be normal as

judged from the electrophysiological results (Ertekin

et al., 1998). In these patients, the relocation time of

larynx is often prolonged. Thus, the major cause of

dysphagia in ALS is the degeneration of the

corticobulbar pathway.

28.4.3. Abnormalities in the CP-EMG during

swallowing

In ALS patients with dysphagia, the most striking

and common findings are obtained from the CP-

EMG, namely the late opening and premature closure

of the cricopharyngeal sphincter and unexpected

bursts during the EMG pause. The duration of the

CP-EMG pause is also shorter than that in normal

subjects, probably as a result of these abnormal

changes (Ertekin et al., 1998, 2000b) (Fig. 16). It is

obvious that opening and closing mechanisms are

remarkably disordered in ALS patients with dyspha-

gia as detected by the CP-EMG and the laryngeal

elevation parameters. The shortening of the CP-

sphincter pause and the late opening and premature

closure with unexpected EMG bursts during the CP-

EMG pause suggest that the CP-sphincter muscle is

hyperreflexic/hypertonic, probably because of the
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central disinhibition of this muscle. Similar abnor-

malities, known as “cricopharyngeal achalasia”, have

been described by means of radiological and

manometric studies in various non-neurological dis-

orders (Dantas et al., 1990). CP-achalasia is basicallyQ1

described as incomplete relaxation of the CP muscle.

Paradoxical contraction of fibers that shorten the CP

muscle may prevent full dilatation of the UES during

swallowing. By means of the same radiological

methods, achalasia-like phenomena have also been

reported in certain neurological disorders (Jones et al.,

1985; Dodds et al., 1990). The abnormalities of

Fig. 16. Laryngeal sensor signals (top traces in each pair) and CP-EMGs (lower traces in each pair) recorded from a normal

subject (A) and two ALS patients with dysphagia (B and C) during wet swallowing. The duration of the CP-EMG pause is

shorter in the patient with ALS (in B) compared with the normal subject (in A). In the ALS patient, CP-EMG pause ends

prematurely before the larynx descends from its superior position (oblique arrow in B). The unexpected burst of motor unit

action potentials (MUAPs) during the swallowing pause of cricopharyngeal muscle is clearly seen in the ALS patient (arrow in

C). (First two traces are averages of five responses, EMG traces are rectified and integrated; third trace is the superimposition of

three responses. EMG trace is obtained from conventional EMG recordings in C) (Ertekin et al., 2000b; by permission).

Amplitude calibration: 70, 50 and 50 mV, respectively, for CP-EMG traces. Time calibration: 200 ms in all traces.
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CP muscle encountered in ALS patients are probably

not only related to simple spasms of the sphincter

muscle but are also caused by lack of coordination and/

or disinhibition caused by a central disorder linked to

UMN disease.

28.4.4. Lack of co-ordination between laryngeal

elevator and the cricopharyngeal sphincter muscles

The CP muscle in ALS is not significantly dif-

ferent from that in normal subjects with respect to

most histometric and histopathological parameters

(Kristmundsdottir et al., 1990). Kristmundsdottir

et al. (1990) concluded that dysphagia was

caused by interference from higher control centers

leading to poorly coordinated relaxation of the

pharyngo-esophageal sphincter in ALS. Therefore,

it is possible that different kinds of involvement of

the perioral, tongue and suprahyoid/submental

muscle groups on the one hand and of the CP

muscle of the UES on the other is one of the

mechanisms of dysphagia in ALS patients. The

former group of bulbar muscle is involved in

upper and/or lower motor dysfunction while the

CP-sphincter muscle is not affected by the lower

motor neuron involvement and is not paretic at all.

Nonetheless, coordination between those two

groups is disordered, probably because of UMN

involvement, especially in the suprabulbar descend-

ing motor fibers. In this context, the first group of

muscles is controlled densely by excitatory corti-

cobulbar fibers and become weak in the course of

ALS while the CP muscle of the UES is not under

strong voluntary control in normal condition

(Kahrilas et al., 1991; Ertekin et al., 2001b;

Ertekin and Aydogdu, 2002). Therefore, the CP

muscle of the UES becomes hyperreflexic and

hypertonic without any weakness during the

course of ALS. The hyperreflexic CP muscle of

the UES is very important for the development of

dysphagia. It is probable that the inhibitory effects

on the CP motor neurons and/or interneurons are

not in effect due to central pathologies of the

pseudobulbar syndrome of ALS. The hyperreflexic

nature of the CP-sphincter is not surprising, as it is

well known that the mandibular reflex is often

brisk, and it has been reported that other brainstem

reflexes such as palatal and gag reflexes are often
Q1 initiated more easily in ALS (Leighton et al., 1994;

Huges and Wiles, 1996). The loss of corticobulbar

pyramidal fibers may lead to brisker palatopha-

ryngeal reflex responses because of a reduction in

descending inhibition and therefore produces the

swallowing disorders in ALS (Hughes and Wiles,

1996).

In patients with ALS, UES abnormalities akin to

those found in electrophysiological recording have

been described by others using videofluoroscopic

methods (Bosma and Brodie, 1969; Leighton et al., Q1

1994; Briani et al., 1998). For a long time CP-

sphincter myotomy has been used for relieving

dysphagia in ALS and in a number of other

neurological disorders. The rationale behind this

operation has been to alleviate upper esophageal

spasm and hypertonus, although the place of CP-

myotomy in the treatment of dysphagia in ALS and in

other disorders has been debated and questioned

(Briani et al., 1998).

The relationship between the laryngeal relocation

time and the opening of the UES has been

demonstrated clearly with different bolus volumes

in normal subjects (Ertekin et al., 1997). The

correlation of the laryngeal elevation and relocation

time with the opening of the cricopahryngeal

sphincter of the UES is found to disappear in

ALS patients. This finding indicates that the

biological adaptation and coordination between

the submental muscles and the cricopharyngeal

striated sphincter disappear during voluntarily

triggered swallowing in ALS. As a result of the

premature closure of the CP-sphincter that occurs

before the larynx descends from its upward

position, the bolus will be retained in the

pharyngeal spaces. Subsequently, after the larynx

has descended from its upper location, the bolus

will escape into the airway and result in subglottal

aspiration.

The voluntarily triggered swallows are initiated

by cortical descending inputs to the swallowing

central pattern network while the spontaneous and

reflex swallows are initiated only by the CPG of

pontobulbar origin (Miller, 1982, 1999; Jean, 2001;

Ertekin et al., 2001b; Ertekin and Aydogdu, 2004).

Therefore, in ALS, voluntarily triggered swallows

would become difficult as a result of progressive

degeneration of the corticobulbar pyramidal

motor fibers. In the advanced stages of ALS,

voluntarily triggered swallows cannot be performed

because of excessive loss of corticobulbar fibers
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(Ertekin et al., 2000b), however, the purely reflex

or automatic mechanism would still be in operation

under the control of the pontobulbar CPG. There-

fore, the spontaneous and reflex swallows would be

intact and the patients would be able to swallow

their saliva as in normal human subjects. Cortico-

spinal and corticobulbar descending motor fibers

are involved early and frequently in ALS as

demonstrated by TMS (Urban et al., 1998). As a

result striated spinal and bulbar muscles can

become deficient both in their excitatory and

inhibitory corticospinal/corticobulbar drives (Urban

et al., 1998). The motor neurons of the CP-

sphincter muscle must be released from this

descending inhibitory control and consequently,

they become hyperreflexic, uncontrollable and

uncoordinated during swallowing in ALS patients.

The loss of cortical control on the CP-sphincter has

also been shown by the absence of cortically

induced MEPs in ALS patients with hyperreflexic

CP-sphincter (Ertekin et al., 2001a). All these

progressive processes may lead to dysphagia,

especially when accompanied by weakness in the

striated muscles of the oropharynx and larynx. In

other words, the CPG of the swallowing program

at the pontobulbar center becomes disturbed by the

removal of the excitatory and inhibitory cortico-

bulbar influences (Miller, 1982; Jean, 2001).

Swallowing is eventually restricted to the spon-

taneous/reflexive swallows; however, this kind of

swallowing can become risky for the patient

because of lack of coordination in the CP-sphincter

during the advanced stages of the disease (Hillel

and Miller, 1989; Strand et al., 1996).

In conclusion, two pathophysiological mechanisms

operate in the dysphagia of ALS patients:

(1) The triggering of the pharyngeal phase of

swallowing for the voluntarily initiated swallows

is delayed, disordered and eventually absent

while the spontaneous reflexive swallows are

present until the preterminal stage of ALS and

(2) The CP-sphincter muscle of the pharyngoesopha-

geal segment becomes hyperreflexive and hyper-

tonic. As result, the laryngeal protective system

and the bolus transport system of deglutition lose

their coordination during voluntarily initiated

oropharyngeal swallowing. Thus, it can be

proposed that these pathophysiological changes

in the dysphagia of ALS patients are primarily

associated with the progressive degeneration of

the excitatory and inhibitory corticobulbar pyra-

midal fibers.
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