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INTRODUCTION

An appreciation of the anatomy and physiology of normal feeding is helpful in consider-
ing feeding and swallowing difficulties which may arise in children with neurodisability. 
This chapter provides an overview of the normal anatomy, physiology and neuronal 
control of feeding, before considering the development of normal feeding in infancy 
and early childhood.

ANATOMY

Structural integrity of the mouth and pharynx are necessary for the development of 
normal eating and swallowing functions.

The pharynx is made up of three compartments: the nasopharynx, oropharynx and 
hypopharynx (Fig. 1.1). The nasopharynx is a muscular cavity whose anterior border is 
formed by the posterior nasal cavity at the level of the choana. The superior border is 
formed by the sphenoid sinus; the posterosuperior border by the clivus, upper cervical 
spine, and prevertebral muscles; and the inferior border by the soft palate. The naso-
pharynx contains the adenoids and communicates directly with the middle ear cavity 
via the eustachian tubes, sited in the lateral pharyngeal walls.
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The anterior border of the oropharynx is created by the circumvallate papillae of the 
tongue and the anterior tonsillar pillars, which separate the oropharynx from the oral 
cavity. Posteriorly the oropharynx is bound by the pharyngeal constrictor muscles and 
superiorly by the soft palate. Inferiorly it is separated from the larynx by the epiglot-
tis and glossoepiglottic fold, and from the hypopharynx by the pharyngoepiglottic 
fold. It contains the tongue base, palatine tonsils, soft palate, and oropharyngeal 
mucosa and constrictor muscles from the level of the palate to the hyoid bone. The 
hypopharynx runs from the hyoid bone superiorly to the cricoid cartilage inferi-
orly. The hypopharynx begins at the inferior border of the oropharynx and connects 
with the cervical oesophagus at the cricopharyngeal muscle, which forms the upper 
oesophageal sphincter.

These three anatomic compartments have dual roles in the ingestion of liquids and 
foods and respiration. In order for feeding to proceed safely, careful coordination of 
these functions are required. Any disruption to the neural control of these mechanisms, 
for example following brain injury, may lead to aspiration of food or drink into the 
respiratory tract, with subsequent respiratory morbidity.

PHYSIOLOGY

Swallowing comprises of four phases: the oral preparatory, oral, pharyngeal and oesoph-
ageal phase. The first two phases are under voluntary control, with the pharyngeal phase 
being partly voluntary, but mostly involuntary, and the oesophageal phase entirely invol-
untary. For liquids, the oral preparatory phase requires containment and positioning of 
fluid within the oral cavity. The preparation of solids is more complex and involves the 
processing of food by the lips, teeth, cheeks and tongue to form a bolus. Food must be 
transported around the mouth to the teeth to be broken down into a more liquid state 

Figure 1.1 Anatomy of the oral cavity and pharynx. (Reprinted from Matsuo & Palmer 2008 with 
permission from Elsevier.)
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with the aid of saliva. Good lip seal, a coordinated range of tongue and jaw movements 
and normal oral sensation are all prerequisites for this phase to proceed effectively.

In the oral phase the food bolus is propelled backwards by elevation of the tongue 
with sequential contact between the hard and soft palates. When the bolus reaches the 
posterior oral cavity (e.g. soft palate and faucial pillars) the swallow reflex is initiated. 
This sensory stimulus on the posterior oral structures ends the voluntary oral phase and 
triggers the involuntary pharyngeal phase of the swallow.

During the pharyngeal phase, the velum elevates, closing off the nasopharynx, and 
the pharyngeal constrictors propel the bolus through the faucial pillars to the upper 
oesophageal sphincter (e.g. cricopharyngeus) in a peristaltic wave. At the same time, 
the larynx closes, elevates, and is pulled forward by the laryngeal strap muscles. The 
epiglottis and the aryepiglottic folds, the false vocal folds, and the true vocal folds form 
three separate levels of laryngeal closure, protecting the airway from penetration with 
food or liquid. Respiration stops briefly to allow the bolus to move to the relaxed upper 
oesophageal sphincter. The cricopharyngeus muscle functions as the valve at the top 
of the oesophagus. It remains in a fixed state of contraction and only relaxes to allow 
food or liquid to pass during a swallow.

The oesophageal phase then begins, continuing peristaltic transport of the bolus to the 
stomach.

The anatomy and physiology of swallowing is further reviewed by Sasegbon and Hamdy 
(2017).

NEURAL CONTROL OF EATING AND SWALLOWING

The neuroanatomy of swallowing is complex, but can be simplified into three catego-
ries: afferent neurons, interneurons and efferent neurons. Although individual cranial 
nerves may have a predominantly afferent or efferent role, most have both sensory and 
motor components.

Afferent Neurons

The afferent fibres of the trigeminal nerve (Cranial Nerve [CN] V) input sensory infor-
mation from the mouth, whilst sensory information from the pharynx is provided by 
the facial (CN VII), glossopharyngeal (CN IX) and vagus (CN X) nerves. The superior 
laryngeal nerve is a branch of the vagus nerve and is formed from the inferior ganglion 
of the vagus nerve at the level of the second cervical vertebrae. It forms an external and 
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internal branch at the level of the third cervical vertabrae. The external branch is predom-
inantly a motor nerve and supplies the cricothyroid muscle, whilst the internal branch 
of the laryngeal nerve is largely sensory and supplies the pharynx and superior larynx. 
The facial nerve also supplies taste fibres to the anterior two thirds of the tongue and 
the glossopharyngeus nerve supplies taste fibres to the posterior third of the tongue.

These afferent neurons input to the nucleus tractus solitarius, a relay station in the 
medulla. The nucleus tractus solitarius communicates with swallowing neurons in 
the region of the nucleus ambiguous, which then drives the motor neurons and 
coordinates the complex sequence of muscle contraction required for effective oro-
pharyngeal swallowing to occur. The network of coordinating neurons within the 
medulla oblongata is called the central pattern generator (CPG). Two CPGs exist, 
one on either side of the medulla oblongata; functionally they can be considered as 
a single unit. Each CPG is supplied by afferent nerve fibres from the ipsilateral side 
of the mouth and pharynx.

Interneurons

Interneurons synchronise communication between the two halves of the CPG. The CPG 
coordinates swallowing, but is mediated by subcortical and cortical inputs.

Efferent Neurons

The motor coordination of swallowing is controlled by the trigeminal (CN V), facial 
(CN VII), glossopharyngeal (CN IX), vagus (CN X), accessory (CN XI) and hypoglossal 
(CN XII) nerves. The trigeminal and hypoglossal nerves innervate most of the muscles 
of the oral cavity. The trigeminal nerve also innervates the muscles of mastication. The 
hypoglossal nerve innervates the intrinsic muscles of the tongue, whilst the extrinsic 
muscles, except for the palatoglossus (CN X) are innervated by the ansa cervicalis (C1–
C2). The muscles of the palate, pharynx and larynx are predominantly innervated by the 
vagus nerve (CN X), with the exception of the tensor veli palatine in the soft palate, which 
is supplied by a subdivision of the mandibular branch of the trigeminal nerve (CN V).

Innervation of the Salivary Glands

There are three pairs of salivary glands: the parotid, submandibular and sublingual 
glands. These receive parasympathetic and sympathetic innervation. Parasympathetic drive 
increases salivary production, whilst sympathetic input makes saliva more viscous. The 
parotid salivary glands receive parasympathetic innervation from the glossopharyngeal 
nerve; the submandibular and sublingual glands receive parasympathetic innervation 
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from the trigeminal nerve. Sympathetic fibres from the superior cervical ganglion inner-
vate all three pairs of salivary glands.

For further information on the neural control of eating and swallowing, the reader is 
directed to Stevenson and Allaire (1996) and Sasegbon and Hamdy (2017).

THE NORMAL DEVELOPMENT OF EATING AND DRINKING SKILLS

It is helpful to consider feeding skills within a developmental context; as with all domains 
of childhood development, there is sequential progression of skills through infancy and 
early childhood in order to achieve competent and safe feeding. The development of 
normal feeding is a complex process and requires the integration of gross motor, fine 
motor, oral, communication and visual skills. Disruption to these processes may impact 
on the development of feeding and drinking skills; for example, failure to develop head 
control, sitting and truncal alignment is likely to compromise feeding position and swal-
lowing safety unless external postural support is provided. Cognitive and behavioural 
development also impacts on the acquisition of feeding skills, as does the social and 
cultural context in which feeding is learnt.

In the newborn infant, rooting, latching, sucking and swallowing are entirely reflexive 
and are facilitated by the brainstem. Over the first 6 months of life the oral phase grad-
ually moves from being under reflexive to volitional control, so that by the end of the 
first year feeding has changed from being a reflexive to a voluntary process (Stevenson & 
Allaire 1996). As with any developmental skill, refinement occurs through continual 
practice. In children with neurodisability, brainstem reflexes may persist leading to 
exaggerated or persistent primitive reflexes (e.g. tonic bite and gagging) which interfere 
with efficient feeding and drinking.

FEEDING DIFFICULTIES IN CHILDREN WITH NEURODISABILITY

Feeding difficulties are common in children with neurodisability, and are multifactorial. 
The causes of feeding difficulties in children with neurodisability are considered in detail 
in Chapter 2. Whilst this chapter has necessarily focused on body structure and function 
in the development of feeding skills, the following chapter considers feeding difficul-
ties within the broader framework of The International Classification of Functioning, 
Disability and Health (WHO-ICF) (World Health Organization 2001). WHO-ICF is a 
classification of health and health-related domains linking body structures and func-
tions, activity and participation, alongside health condition (disorder or disease) and 
contextual factors (personal and environmental). The ICF is WHO’s framework for 
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health and disability; it is the conceptual basis for the definition, measurement and 
policy for health and disability. As well as being important as a planning and policy 
tool for decision makers, it provides clinicians and researchers with a holistic approach 
to health and disability, and disability research.
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