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Abstract. When caring for the pediatric patient
with impaired or dysfunctional swallowing, the cli-
nician must consider clinical issues unique to this
age group. These include growth and development
of the swallowing apparatus, maturation of feeding
behavior, oral feeding and the development of par-
ent-child bonding, and adequate nutrition for
growth. This article will review these issues and
examine their impact on the evaluation and treat-
ment of the infant and child with dysfunctional
swallowing.
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A wide range of clinical issues must be considered
in the evaluation and treatment of the infant and
child with impaired or dysfunctional swallowing.
For example, growth and development of the swal-
lowing apparatus, maturation of feeding behavior,
the importance of oral feeding in the development
of parent-child bonding, and adequate nutrition
for growth represent clinical concerns unique to
this age group. In addition, many pediatric patients
with dysfunctional swallowing lack the cognitive
skills necessary to follow specific therapeutic rec-
ommendations (e.g., premature infants, children
with central nervous system disease), and therefore
patient management may be difficult. Clinical
issues in the pediatric patient with dysfunctional
swallowing are summarized in Table 1. This article
reviews these “unique” clinical concerns and dis-
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Table 1. Concerns unique to the pediatric patient with impaired
swallowing

Anatomical and functional growth of the swallowing apparatus

Maturation of feeding behavior
“Critical period” of learning
Nutritive and nonnutritive sucking

Oral feeding and the development of parent-child bonding
Nutritional adequacy for growth

Poor cognitive ability: (in certain high-risk groups)
Unable to follow therapeutic recommendations
Unable to report symptoms
Unable to adapt to and/or compensate for

oropharyngeal dysfunction

cusses their impact on the evaluation and manage-
ment of the pediatric patient with dysfunctional
swallowing.

Physiology of Swallowing: Developmental Aspects

In Utero

There is evidence that the human fetus swallows
in utero; the exact age when this occurs and the
stimulus for its development have not been deter-
mined [1]. Using radioisotopic methods, in utero
swallowing has been documented to occur as early
as 16-17 weeks of gestation [2]. Evidence of a phar-
yngeal swallow has been described in a delivered
fetus at a gestational age of 12.5 weeks [3]. It has
been estimated that the normal fetus at term swal-
lows approximately 450 ml amniotic fluid daily out
of a total amniotic fluid volume of 850 ml [2]. Fetal
swallowing plays a significant role in the regulation
of amniotic fluid volume in a normal pregnancy

[1].
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Structure. After birth, components of the oral and
pharyngeal cavities undergo dramatic changes in
size and relative location. Interpretation of pediat-
ric imaging studies of the oropharynx must take
into account the normal anatomic relationships
that evolve during development of the infant and
child. Structurally, the central mobile elements of
the oropharynx are large in comparison to their
containing chambers [4]. For example, the tongue
is large compared to the oral cavity. Similarly, the
arytenoid mass is nearly mature in size during in-
fancy, as opposed to the small sized vestibule and
ventricle of the larynx [4].

In the infant, the tongue lies entirely within
the oral cavity. The larynx is positioned high in
the neck, resulting in a small oropharynx [5]. Be-
tween 3 and 4 years of age, the tongue begins its
descent and by approximately 9 years of age its
posterior third is present in the neck [5]. Noback
[6] traced the descent of the larynx in the fetus,
infant, and child with autopsy studies. Comparing
the location of the cricoid cartilage to the level
of vertebral bodies, he found that in the prenatal
period the larynx descends from the third to the
fourth cervical body, an arrangement that persists
during infancy. During childhood the larynx de-
scends until it is opposite the sixth vertebra. The
larynx eventually reaches the seventh cervical ver-
tebra in adulthood. As maturation progresses, the
face elongates vertically and the chambers of the
oral cavity and oropharynx enlarge [7].

Nutritive versus Nonnutritive Sucking. Sucking
movements made by infants may be classified as
either nutritive or nonnutritive. Nonnutritive suck-
ing is defined as rhythmic mouthing movements
made on a nonfeeding (blind) nipple. Wolfe [8]
analyzed patterns of sucking in normal term in-
fants by using a modified nipple attached to a pres-
sure transducer and polygraph recorder. He found
that nonnutritive sucking was characterized by a
pattern of swallowing bursts alternating with peri-
ods of rest, whereas the pattern of nutritive sucking
occurred continuously and at a slower rate.

In the absence of oral feeding, continuation of
nonnutritive sucking may favorably influence the
development of normal sucking behavior and
growth. Bernbaum et al. [9] studied the effects of
nonnutritive sucking in a group of low-birthweight
infants receiving feeding by gavage. They found
that, compared to a control group, infants receiv-
ing nonnutritive sucking on a blind pacifier had
accelerated maturation of oral motor function and
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earlier transition to oral feedings. In addition, the
infants who received nonnutritive sucking gained
weight more rapidly than the control group despite
equivalent energy intakes. Although the mecha-
nism for this difference in weight gain is not clear,
it may be secondary to stimulation of additional
digestive enzymes such as lingual lipase in the non-
nutritive sucking group, thereby enhancing ab-
sorption of fat.

Suckle Feeding. The oral phase of swallowing in
the normal infant is characterized by a pattern
known as suckle feeding [10, 11]. Suckle feeding,
or suckling, refers to motion of the lower jaw and
tongue compressing the upper jaw and palate. Dur-
ing suckling, the tongue, lip, and mandible move
synchronously. The movements of this unit are in
two general directions: inferior-anterior and supe-
rior-posterior. This motion results in the creation
of negative intraoral pressure alternating with
compression, an action that promotes fluid deliv-
ery from a nipple. Suckle feeding is followed by
the development of transitional feeding, which oc-
curs at the age of 6-36 months [10]. As discussed
by Bosma [10], graduation from suckle to transi-
tional feeding occurs mainly as a result of central
nervous system maturation and is not secondary
to changes in the physical characteristics of end-
organs (e.g., development of teeth in the oral cavi-
ty). Feeding behavior matures as motor activity
is directed by higher centers such as the thalamus
and the cerebral cortex. The transitional phase of
feeding develops into mature feeding, character-
ized by biting and chewing.

Swallowing Function in Preterm Infants

Premature infants are able to suckle feed at a gesta-
tional age of approximately 34 weeks. However,
successful oral feeding in the preterm infant re-
quires coordination of swallowing and breathing.
Respiratory difficulties such as aspiration may re-
sult if these actions are not well integrated. There
is controversy regarding the ability of infants to
swallow and breathe simultaneously. Negus [12],
a proponent of this view, suggested that separate
air and food pathways are possible as a result of
movement of the epiglottis into the nasal airway,
allowing liquid to flow along the lateral pharyngeal
channels while the airway remains open. However,
other investigators do not support this concept [13,
14}. Shivpuri et al. [15] evaluated breathing pat-
terns and pulmonary function in preterm infants
during nipple feeding. Airflow was measured by
nasal mask pneumotachometer and blood gases
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were monitored by transcutaneous electrodes.
They found that during continuous nutritive suck-
ing there was a significant decrease in minute venti-
lation as a result of decreases in respiratory fre-
quency and tidal volume. These changes were asso-
ciated with a fall in transcutaneous pO2, with dif-
ferences ranging from 104-2 to 13+4 mmHg de-
pending on gestational age. Wilson et al. [16] eval-
uated the coordination of breathing and swallow-
ing in preterm infants. These investigators mea-
sured airflow with a nasal flowmeter, respiratory
effort with an esophageal balloon, pharyngeal
pressures with a saline-filled catheter, and electro-
myographic activity of submental and neck mus-
cles using surface electrodes. Onset of a swallow
was identified by a peak in pharyngeal pressure
or an electromyographic burst associated with in-
terruption of nasal airflow. They found that swal-
lows were initiated during all phases of the respira-
tory cycle. During the oral and pharyngeal phases
of swallowing, respiratory movements were sus-
pended and the respiratory cycie in which a swal-
fow occurred was prolonged. In addition, they not-
ed the existence of a ‘‘swallow-breath,” defined
as a brief inspiratory effort that occurred at ap-
proximately 0.12 s following the onset of the swal-
low. As described by the authors, the swallow-
breath was identified as a fall in pharyngeal pres-
sure associated with brief outward movement of
the abdomen probably secondary to contraction
of the diaphragm.

Swallowing: Critical Period of Learning

There are a number of clinical settings in which
an infant may be unable to receive oral nutrition
for a prolonged period of time. For example, in-
fants with severe gastrointestinal disease, central
nervous system dysfunction, or prematurity may
be given nutritional support using total parenteral
nutrition administered by central vein or enteral
feeding by tube. Infants deprived of oral stimula-
tion during a critical stage of maturation may have
difficulty reinitiating oral feeding. Illingworth and
Lister [17] have reviewed the concept of a “criti-
cal” or sensitive period in the development of a
particular action or behavior. A critical period
refers to a segment of time during maturation dur-
ing which a specific stimulus must be applied to
produce a particular action. It has been suggested
that inadequate oral stimulation during a critical
period may result in problems related to oral feed-
ing. Geertsma et al. [18] have reported the case
of an infant who received long-term total parenter-
al nutrition and subsequently developed resistance
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to oral feeding. The reintroduction of oral feeding
was accomplished using behaviorally based inter-
vention. Blackman and Nelson [19] described diffi-
culties in reinstituting oral feeding in a group of
children who had previously been fed using a gas-
trostomy tube. They evaluated 17 children under
4 years of age for possible oral feeding. Ten candi-
dates for an oral feeding program were selected
using the criteria of (1) a stable medical condition,
(2) a developmental level greater than 6 months,
and (3) no clinical evidence of impaired swallow-
ing. Using behavioral techniques, 9 of 10 patients
considered candidates for oral feeding were suc-
cessfully weaned off gastrostomy feedings. In gen-
eral, outpatient management required months to
years for a successful outcome, whereas inpatient
therapy required 2 or 3 weeks. These authors stress
that a team composed of a physician, social
worker, physical therapist, speech-language pa-
thologist, psychologist, occupational therapist, and
dietitian is required to manage these patients.

Psychosocial Concerns
and Pediatric Swallowing Disorders

Infants and children with dysfunctional swallow-
ing receiving nutrition by the oral route usually
tolerate only small boluses of food per swallow
and, as a result, require long periods of time for
feeding. This problem may interfere with normal
daily activities and have a detrimental effect on
family schedules. In addition, feeding difficulties
may compromise the eligibility of a handicapped
child for institutional care when staffing is limited.

Because of the hazards and difficulties asso-
ciated with oral feeding, alternative routes of pro-
viding nutrition, such as feeding by gastrostomy
tube, are frequently used. Yet continuation of at
least some oral feeding in the pediatric patient is
important for several reasons. First, feeding by
gastrostomy is not easily accepted by families be-
cause of unfamiliarity and fear associated with
tube feeding. Second, feeding an infant by the oral
route has strong psychosocial significance in terms
of developing and maintaining parent-child bond-
ing and a strong sense of nurturing [38]. Third,
continuation of oral feeding allows the therapist
to use and train oropharyngeal muscles for rehabil-
itation, although oral muscles can be trained with-
out the use of food.

“ At Risk” Pediatric Populations and
Clinical Consequences of Dysfunctional Swallowing

Articles reviewing the spectrum of pediatric swal-
lowing disorders have been published elsewhere
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Fig. 1. Clinical sequelae of dysfunctional swallowing.

[10, 20, 21]. In clinical practice, most infants and
children with impaired swallowing have disorders
of the central nervous system such as cerebral pa-
lys, mental retardation, and brain injury secondary
to infection or trauma. Premature infants with
poor coordination of breathing and swallowing,
infants with long-term deprivation of oral feeding,

and infants with chronic pulmonary disease repre-

sent additional ““at risk’” groups.

The clinical sequelae of dysfunctional swallow-
ing include repeated episodes of aspiration, recur-
rent pulmonary infections, and possible develop-
ment of chronic lung disease. As a consequence
of this and poor oral intake, protein-energy malnu-
trition may result. Protein-energy malnutrition
may impair the immunologic response to infection
and adversely affect growth of the central nervous
system in the developing infant [22, 23] (see Fig. 1).

Dysfunctional Swallowing
and Associated Motor Disorders of the
Gastrointestinal Tract in the Pediatric Patient

In addition to dysfunctional swallowing, neurolog-
ically impaired children frequently have an asso-
ciated dysfunction involving the gastroesophageal
junction, a condition known as gastroesophageal
reflux (GER); the incidence of GER has been re-
ported to be as high as 75% in children with central
nervous system disease [24, 25]. Although the
mechanism for the association of GER and central
nervous system dysfunction is unknown, several
factors may be involved including diaphragmatic
distortion secondary to kyphosis and scoliosis, ha-
bitual aerophagia, and frequent recumbent posi-
tioning. Diaphragmatic contraction has been dem-
onstrated in animal studies to be an important
component in maintaining gastroesophageal com-
petence [26].

The child with impaired swallowing frequently
has poor protection of the airway so that reflux
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of acid may result in pulmonary symptoms. The
pulmonary response to acid reflux may depend on
the region of the tracheobronchial tree or gastroin-
testinal tract that receives stimulation by the re-
fluxed material [27]. For example, direct tracheal
aspiration of acid may result in reactive airway
disease (i.e., wheezing) or aspiration pneumonia.
Acid stimulation of the larynx may give rise to
apnea, especially in infants. Finally, exposure of
the esophagus to acid may stimulate acid receptors
in the esophageal mucosa and result in broncho-
spasm [28].

Previously unsuspected GER may occur fol-
lowing placement of a gastrostomy tube in the neu-
rologically impaired child. Mollitt et al. [29] report
that 25% of their patients, diagnosed as reflux-free
prior to surgical gastrostomy, developed vomiting
following the procedure and eventually required
an antireflux operation. As a result, some authors
recommend that children with central nervous dis-
ease and dysfunctional swallowing be evaluated for
GER prior to gastrostomy tube insertion, even if
obvious clinical symptoms of reflux are lacking
[30]. In the event that GER is diagnosed, surgical
placement of the gastrostomy tube is combined
with an antireflux operation. If there is no suspi-
cion or documentation of GER, a gastrostomy,
placed endoscopically, may be sufficient [31]. The
validity of this approach requires further investiga-
tion and confirmation.

Treatment of the Pediatric Patient
with Dysfunctional Swallowing

Extensive reviews regarding the management of
the patient with impaired swallowing have been
published [32-37]. A discussion of the various ther-

Table 2. Dysfunctional swallowing: therapy

Dietary manipulation of feeding?
Volume and consistency

Positioning of head and neck during deglutition®
Intraoral bolus placement®
Thermal sensitization/stimulation

Exercises
Tongue resistance/range of motion
Laryngeal adduction

Supraglottic swallow procedure
Cricopharyngeal myotomy

Suckle feeding®
Valved feeding bottle

2 This form of therapy has been used frequently in pediatric
patients.
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apeutic modalities available to the clinician is
beyond the scope of this article. However, Table 2
lists available therapies, including special reference
to those used in pediatric patients. Unfortunately,
there are few well-controlled clinical trials estab-
lishing the efficacy for any specific form of treat-
ment in children.

Treatment of the infant and child with im-
paired swallowing presents a special set of prob-
lems for the swallowing therapist. First, children
with mental retardation have limited cognitive
skills and therefore may be unable to follow thera-
peutic instructions. Second, the child with cerebral
palsy or other neuromuscular disorders with poor
motor control of the head and neck may lack the
ability to position the oropharynx properly during
a swallow.

Conclusion

The clinician caring for the pediatric patient with
dysfunctional swallowing must deal with a set of
clinical problems unique to this age group. Recog-
nition of age-specific issues related to oromotor
structure and function, growth and development,
nutritional status, and family concerns regarding
infant feeding is necessary to allow the clinician
to provide optimal management for these compli-
cated patients. A pediatric dysphagia team, similar
in concept to the interdisciplinary group of clini-
cians recommended for adult patients, can provide
the necessary expertise needed to care for the child
with impaired swallowing [37]. The pediatric team
may consist of specialists in any or all the following
disciplines: medicine (including general pediatri-
cians and pediatricians with specialties in develop-
mental disorders, rehabilitation, gastroenterology,
neurology, otolaryngology, and radiology), nurs-
ing, speech-language pathology, occupational ther-
apy, nutrition, behavioral pediatrics, and social
work. Given the complexity of clinical problems
in the field of pediatric swallowing disorders, colla-
borative efforts are needed to develop and expand
the diagnostic and therapeutic alternatives avail-
able to the swallowing-impaired infant and child.

Acknowledgment. The author gratefully acknowledges the sup-
port and many hours of discussion with members of the
“Gulp” Group of the Johns Hopkins Swallowing Center.

References

1. Grand RJ, Watkins JB, Torti FM: Development of the
human gastrointestinal tract. A review. Gastroenterology
7.:796-810, 1976

2. Pritchard JA: Fetal swallowing and amniotic fluid volume.
Obstet Gynecol 28 :606-610, 1966

10.
11.
12.
13.
14,

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

207

. Humphrey T: Reflex activity in the oral and facial area

of the human fetus. In Bosma JF (ed): Second Symposium
on Oral Sensation and Perception. Springfield: Charles C.
Thomas, 1967, pp 195-233

. Bosma JF: Postnatal ontogeny of performances of the phar-

ynx, larynx, and mouth. Am Rev Respir Dis 131:510-S15,
1985

. Laitman JT, Crelin ES: Postnatal development of the basi-

cranium and vocal tract region in man, In Bosma JF (ed):
Symposium on Development of the Basicranium. Washing-
ton: U.S. Govt. Print. Off, pp 206-219, 1976

. Noback GJ: The developmental topography of the larynx,

trachea and lungs in the fetus, new-born, infant and child.
Am J Dis Child 26:515-533, 1923

. Bosma JF: Oral-pharyngeal interactions in feedings. Pre-

sented at Symposium on Dysphagia, Johns Hopkins Uni-
versity, February, 1986

. Wolfe PH: The serial organization of sucking in the young

infant. Pediatrics 42:943-956, 1968

. Bernbaum JC, Pereira GR, Watkins JB, Peckham GJ: Non-

nutritive sucking during gavage feeding enhances growth
and maturation in premature infants. Pediatrics 71:41-45,
1983

Bosma JF: Development of feeding. Clin Nutr 5:210-218,
1986

Kramer SS: Special swallowing problems in children. Gas-
trointest Radiol 10:241-250, 1985

Negus VE: The mechanism of swallowing. Proc R Soc Med
36:85-92, 1942

Ardran GM, Kemp FH, Lind J: A cineradiographic view
of bottle feeding. Br J Radiol 31:11-22, 1958

Ardran GM, Kemp FH, Lind J: A cineradiographic view
of breastfeeding. Br J Radiol 31:156-162, 1958

Shivpuri CR, Martin RJ, Carlo WA, Fanaroff AA: De-
creased ventilation in preterm infants during oral feeding.
J Pediatr 103 :285-289, 1983

Wilson SL, Thach BT, Brouillette RT, Abu-Osba YK:
Coordination of breathing and swallowing in human in-
fants. J Appl Physiol 50 (4):851-858, 1981

Illingworth RS, Lister J: The critical or sensitive period,
with special reference to certain feeding problems in infants
and children. J Pediatr 65:839-848, 1964

Geertsma MA, Hyams JS, Pelletier JM, Reiter S: Feeding
resistance after parenteral hyperalimentation. Am J Dis
Child 139:255-256, 1985

Blackman JA, Nelson CLA: Reinstituting oral feedings in
children fed by gastrostomy tube. Clin Pediatr 24 :434-438,
1985

Illingworth RS: Sucking and swallowing difficulties in in-
fancy: diagnostic problem of dysphagia. Arch Dis Child
44:655-665, 1969

Fisher SE, Painter M, Milmoe G: Swallowing disorders in
infancy. Pediatr Clin North Am 28:845-853, 1981

Chandra RK: Nutrition, immunity, and infection: present
knowledge and future directions. Lancet 1:668, 1983
MacLean WC, Graham G (eds): Protein-Energy Malnutri-
tion (PEM) in Pediatric Nutrition in Clinical Practice.
Menlo Park: Addison-Wesley, 1982, pp 197-213
Sondheimer JM, Morris BA: Gastroesophageal reflux
among severely retarded children. J Pediatr 94:710-714,
1979

Byrne WIJ, Euler AR, Ashcraft E, Nash DG, Siebert JJ,
Golladay ES: Gastroesophageal reflux in the severely re-
tarded who vomit: criteria for and the results of surgical
intervention in twenty-two patients. Surgery 91:95-98,
1982

Boyle JT, Altschuler SM, Nixon TE, Tuchman DN, Pack



208

27.

28.

29.

30.

31.

Al, Cohen S: Role of the diaphragm in the genesis of lower
esophaeal sphincter pressure in the cat. Am Rev Respir Dis
88:723-730, 1985

Boyle JT, Tuchman DN, Altschuler SM, Nixon TE, Pack
Al, Cohen S: Mechanisms for the association of gastro-
esophageal reflux and bronchospasm. 4m Rev Respir Dis
131.816-20, 1985

Tuchman DN, Boyle JT, Pack Al, Scwartz J, Kokonos M,
Spitzer AR, Cohen S: Comparison of airway responses fol-
lowing tracheal or esophageal acidification in the cat. Gas-
troenterology 87 :872-881, 1984

Mollitt DC, Golladay S, Siebert JJ: Symptomatic gastro-
esophageal reflux following gastrostomy in neurologically
impaired patients. Pediatrics 75:1124-1126, 1985

Wesley JR, Coran AG, Sarahan TM, Klein MD, White
SJ: The need for evaluation of gastroesophageal reflux in
brain-damaged children referred for feeding gastrostomy.
J Pediatr Surg 16 :866-870, 1981

Benkov KJ, Kazlow PG, Waye ID, Leleiko NS: Percutane-

32.

33.

34.

35.

36.

37.

38.

D.N. Tuchman: Dysfunctional Swallowing in Pediatric Patients

ous endoscopic gastrostomies in children. Pediatrics
77:248-250, 1986

Logemann JA: Evaluation and Treatment of Swallowing Dis-
orders. San Diego: College-Hill Press, 1983

Logemann JA: Treatment for aspiration related to dyspha-
gia. Dysphagia 1:34-38, 1986

Groher ME: Dysphagia: Diagnosis and Management. Stone-
ham: Butterworth, 1984

Helfrich-Miller KR, Rector KL, Straka JA: Dysphagia: its
treatment in the profoundly retarded patient with cerebral
palsy. Arch Phys Med Rehab 67 :520-525, 1986

de Lama Lazzara G, Lazarus C, Logemann JA: Impact
of thermal stimulation on the triggering of the swallowing
reflex. Dysphagia 1:73-77, 1986

Jones PL, Altschuler SL: Dysphagia teams: a specific ap-
proach to a non-specific prilbem. Dysphagia 1:200-205,
1987

Klaus MH, Kennell JH: Parent-child bonding. St. Louis:
CV Mosby, 1982, pp 71-85



