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ABSTRACT
Like adults, infants and older children can present with swallowing 
and feeding difficulties. Unlike adults, children have rapidly 
developing body systems, and even short-term problems with 
swallowing and/or feeding can interrupt normal development and 
cause serious long-term sequelae. In order for a child to reach 
their physical and cognitive growth potential, sufficient energy 
and nutrients must be consumed. Feeding difficulties can have a 
detrimental effect on dietary intake and, hence, growth. This article 
aims to provide an overview of the typical development of feeding 
skills in children, as well as of interventions aimed at assisting 
children with feeding and swallowing difficulties. A review of the 
literature indicates that many intervention techniques utilized by 
clinicians have not been formally evaluated by high-quality research 
studies and, thus, further research in this area is needed to support 
and guide clinical practice.
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NORMAL FEEDING DEVELOPMENT DUR-
ING INFANCY
Feeding skills undergo a period of rapid development throughout 
the first year of life. During the first months after birth, an infant’s 
nutritional needs are met by a diet of breast milk or infant formula.  
Later on in infancy, solid foods are introduced to supplement milk 
feeds. The transition from a liquid-based diet to a diet consisting of 
solids and liquids is an important developmental process that allows 
infants to consume a larger volume and variety of nutrients, which 
is important in meeting their expanding dietary requirements as they 
grow[1-3]. From birth to 12 months of age, healthy infants generally 
experience a 50% increase in their length and a 200% increase in 
their weight[3]. Clinically, a child’s growth is used as a crude indicator 
of their nutritional intake and feeding skills, such that, if they are 
growing well, it would generally be assumed that their dietary intake 
must be sufficient to meet their nutritional requirements and, if fully 
orally fed, that their feeding skills are sufficient to allow them to 
consume the required nutrition[4,5].
    During infancy, a child progresses from being fully dependent on 
a feeder, through a period of semi-dependence, where they begin 
to take on some responsibility and make some choices related 
to feeding[6,7]. Later still, children learn to feed themselves with 
complete independence. Early neurological development allows the 
transition from brainstem-mediated suckling reflexes to voluntary 
oral movements during eating, which require higher cortical input[6-8]. 
Anatomical changes result in an enlarged oral cavity, allowing more 
space for food to be manipulated within the mouth[6,7]. In addition, 
developmental gains in the area of gross motor skills allow the infant 
to sit upright with decreasing amounts of support, and to commence 
self-feeding.  
    In order for an infant to feed competently during the suckling 
period, they need to display functional suckling and swallowing 
skills, as well as the ability to coordinate suckling, swallowing, and 
breathing. Later, during the transitional feeding period, infants also 
need to learn to competently chew and bite, so that they can safely 
consume solid foods of more challenging textures. Increasing levels 
of oral-motor skill are required to progress from breastfeeding/ bottle 
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feeding onto beginner (pureed) solid foods that are taken from a 
spoon, and then on to mashed and soft solid pieces that can be broken 
down with the tongue, and later soft- and hard-mechanical food 
textures that require chewing +/- biting (Table 1)[7,9]. Increasing oral-
motor skills are also required to move from drinking from the breast/ 
bottle onto drinking via a spout or straw cup and then an open cup[7].
    Infants generally begin weaning onto solid foods at the same time 
that they begin to be able to sit in an upright position and bring their 
hands to their mouth. Postural support is an important pre-requisite 
for the introduction of solids, as gross motor control of the trunk and 
neck is needed to support the fine motor skills involved in chewing 
and biting[6,7]. As infants mature, their trunk control, neck control, and 
jaw control all mature in a sequential process[6,7]. Supportive seating, 
as well as manipulation of the size and firmness of food pieces 
offered by the caregiver, assists to maximise the child’s ability to eat 
efficiently and safely[9]. 
    Newborns require full postural support during feeds. From birth 
to 4 months of age, infants diet consists entirely of fluid, taken in the 
form of breastfeeds or bottle feeds[1,2]. Young infants rely on adaptive 
oral reflexes (i.e. rooting and suckling) to locate and ingest feeds, and 
display a forward-backward tongue pattern while feeding[6,7]. Young 
infants are unable to consume or effectively digest any solid foods[1,2], 
and display protective oral reflexes (e.g. tongue protrusion, phasic 
bite, and strong gag reflexes) to protect the airway[6,7]. 
    At 4 months of age, most infants are still only consuming fluids 
(as either breastfeeds or bottle feeds). However, from 4-6 months 
infants begin to display separation of tongue and jaw movements, 
and transition from a reflexive suckle (forward-backwards) to a suck 
(up-down) tongue pattern while feeding[6,7]. During this time, infants 
begin to be able to sit more upright, but still require full postural 
support (e.g. seated in a baby chair with straps, or on the feeder’s lap 
with the feeder’s arm supporting the head and trunk)[7]. Most infants 
will begin to bring their hands to their mouth at this stage for oral 
self-exploration. This helps to desensitise some of the protective 
reflexes (e.g. tongue protrusion) and, toward the end of this period, 
many infants will begin to consume beginner (i.e. pureed) solids from 
a spoon (Table 1).  
    At 7-9 months of age, the infant diet still consists mostly of fluids, 
but infants are able to consume a greater volume and variety of solid 
foods[1,2]. Infants continue to consume fluids from the breast or bottle, 
but many begin to be able to drink from a cup[6,7]. As infants develop 
the core stability to sit up with less external support, and as many 
of the protective oral reflexes diminish and/or are integrated into 
more sophisticated, voluntary oral skills (e.g. phasic bite transitions 
to chewing)[7], infants can begin to consume mashed solids and 
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small pieces of soft foods (Table 1). As hand-to-mouth coordination 
improves, most infants begin some (messy) self-feeding[7], however, 
much assistance from caregivers is still required during mealtimes at 
this age.
    At 9-12 months of age, infants are generally consuming a mixed 
diet of fluids and solids. During the day, an increasing proportion 
of fluids may be taken from a cup, though infants still require 
breastfeeds or bottle feeds to meet their nutritional requirements[1,2]. 
Most infants can sit without support at this age, and most are 
beginning to stand and walk. However, the majotiry of infants 
continue to be fed in a baby chair or on a caregiver’s lap, in order 
to provide postural support while they continue to develop their 
fine motor skills[7]. Self-feeding is more common at this age, and 
improved jaw stability and tongue lateralisation skills allow infants to 
bite and chew soft-mechanical foods (Table 1)[7,9].   
    From 12-24 months of age, toddlers’ oral feeding skills continue 
to improve and become more refined and coordinated, which results 
in improved efficiency of mealtimes and a greater variety of foods 
consumed. Children gradually learn to bite through hard-mechanical 
foods (Table 1)[9] during this period. Toddlers also become more 
competent at using utensils to assist with eating. This process occurs 
in parallel with improvements in general motor development and 
sensory integration (the neurological process that organises sensations 
from the environment and one’s own body, such as sight, smell, 
touch, taste, and proprioception, to allow a functional response), as 
well as with maturation of cognitive processes[6,7]. Toddlers continue 
to require assistance from their caregivers in offering appropriate 
foods in manageable size portions, and should be supervised while 
eating any foods that pose a choking risk[9].

INTERRUPTIONS TO EARLY FEEDING 
DEVELOPMENT
Given the inter-relationship between anatomical and neurological 
maturation in early development, as well as between sensory, motor, 
and cognitive development, there is a potential for difficulties to 
occur if any or all of these processes are interrupted during the 
developmental process[6,7].
    By virtue of their premature delivery, early development is 
interrupted in preterm infants. Premature exposure to the ex-utero 
environment forces preterm infants to breathe and feed for themselves 
at a time when oxygen and nutrients would have been provided to 
them by the placenta had they remained in utero. In addition, preterm 
infants are forced to support their body against the effects of gravity, 
rather than have the support of amniotic fluid and the uterine wall 

Table 1 Transitional food textures.
Texture

Fluids (e.g. breast milk, formula, water)

Pureed food (e.g. rice cereal, yoghurt, pureed fruit, 
vegetables, and meats)
Mashed food (e.g. mashed potato, pumpkin, banana, 
and avocado)
Soft pieces (e.g. pieces of banana and avocado, cooked 
pieces of potato and pumpkin)
Soft mechanicals (e.g. cooked chicken, pasta, and 
vegetables, meatballs, cheese)

Hard mechanicals (e.g. beef steak, raw apple, raw carrot)

Mixed textures (e.g. baked beans in sauce, pieces of 
cooked chicken and pasta in with mashed vegetables) 

Oral movements required to consume texture
Bolus suckled from the breast or bottle; tongue moves in a forward-backward plane of 
movement when drawing fluid into the mouth
Bolus taken from a spoon; tongue moves in a forward-backward plane of movement 
during mastication
Bolus taken from a spoon, fork, or fingers; food is masticated by the tongue; tongue moves 
in a forward-backward plane of movement during mastication
Bolus taken from a fingers, spoon, fork, or chopsticks; food is masticated by the tongue; 
tongue moves in a forward-backward plane of movement during mastication
Bolus is cut up or broken then taken from a fork, chopsticks, or fingers; food is masticated 
by the teeth; tongue lateralization is required to move food onto the chewing surfaces
Bolus is cut up or a bite is taken; the bolus is usually taken from fingers or possibly a fork; 
food is masticated by the teeth; tongue lateralization is required to move food onto the 
chewing surfaces
Bolus is usually taken from a spoon; components of food are fluid or pureed, and tongue 
moves in a forward-backward plane of movement; other components of food need to 
be masticated by the teeth, and tongue lateralization is required to move food onto the 
chewing surfaces.  
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around them. Further, either as a direct result of their premature birth 
or as a coinciding event, many preterm infants present with severe 
co-morbidities[10,12]. Both the impairments themselves, as well as 
the interventions required to treat them, have the potential to further 
interrupt feeding development in these infants[10,11,12]. In addition, 
prolonged hospitalisation (and the resulting frequent exposure to 
hospital lights, alarms, and painful procedures) can interfere with the 
infant’s sensory development, and can affect the family’s ability to 
interact and bond with their child[10,11]. 
    A summary of some of the possible interruptions to early oral 
feeding development commonly cited as being associated with illness 
and medical treatment is included in table 2[6,7].  
    Table 3 contains a list of conditions that are commonly associated 
with feeding difficulties[7,8,12]. It should be noted that some of these 
conditions have the potential to impact on oral feeding directly (i.e. 
they may affect sucking strength, suck-swallow-breath coordination, 
or the ability to bite and chew effectively), and others impact on oral 
feeding indirectly (i.e. they may not directly impact on the oral or 
pharyngeal phases of swallowing, but may cause pain, discomfort, 
or fatigue with feeds, or limit the volume the child can consume by 
mouth). However, during the period of time when young children 
are developing their oral feeding skills, any feeding disturbances can 
potentially impact on later feeding skills through interruption of the 
normal developmental process[6,7]. 
    Often, prematurity and/or chronic, ongoing illness can result in 
periods of time where infants cannot feed by mouth. Then, even once 
an infant is well enough and mature enough to attempt oral feeds, it 
may be some time before their feeding skills have developed enough 
to support independent oral feeding[6,7,11,12]. During the period of time 

when medically complex infants are unable to feed exclusively by 
mouth, they will require some form of artificial tube feeding to meet 
their energy, nutrition, and fluid requirements[4,5].
    As discussed in table 2, in the short term, tube feeding (as well as 
other invasive procedures that occur in and around the mouth, such 
as suctioning and intubation) may cause obstruction and/or irritation 
of the structures involved in feeding[13-41]. In the longer term, the 
iatrogenic effects of medical interventions affecting the mouth and 
associated structures, as well as a lack of oral feeding practice, may 
contribute to the development of altered oral sensitivity and/or oral 
aversion, as well as inefficient feeding patterns[27-35,38-40]. In addition, 
any coinciding developmental delays in motor skills or alterations to 
muscle tone may result in poor postural support and reduced control 
of the muscles of the mouth involved in oral feeding[7,11]. Further, due 
to the effects of prematurity and/or illness, many medically complex 
infants will display poor nutritional and energy reserves, which may 
result in low endurance levels for the work of feeding[11].  

FEEDING AND SWALLOWING DIFFICULTIES
During normal swallowing, the bolus is propelled from the oral 
cavity through the pharynx and down the oesophagus. At the same 
time, the vocal folds close and a brief deglutition apnoea occurs, 
along with superior and anterior laryngeal excursion[6,42]. This helps 
to ensure that the bolus ends up in the gut and not in the airway. 
Dysphagia occurs when there is a problem with bolus containment 
and/or propulsion, and may occur at the oral, pharyngeal, and/or 
oesophageal phases of swallowing[6,42]. A prolonged apnoea event 
occurs when the airway closes over and fails to re-open in time for 

Table 2 Possible interruptions to oral feeding development associated with illness and medical treatment.

Table 1 Possible interruptions to oral feeding development associated with illness and medical treatment.
PRIMARY CONDITION

PREMATURITY
Premature:
  1. Anatomical and physiological development 
(cardiac, respiratory, gastrointestinal systems)
  2. Neurological development (reflexes, tone, 
coordination)

MORBIDITY
Impairment of:
  1. Major body systems (neurological, cardiac, 
respiratory, gastrointestinal systems)
  2 . Swallowing mechanism (oral region, 
pharynx, larynx, oesophagus)

OTHER ISSUES
Physiological instability 
  1. Altered alertness/ state
  2. Poor endurance
  3. Altered appetite (medication, reduced gastric 
emptying, constipation)
Altered nutritional and energy requirements
  1. Increased energy requirements (morbidity, 
such as cardiac and respiratory disease) 
  2. Increased energy losses (poor absorption, 
gastro-oesophageal reflux) 
  3. Low nutritional stores

REASONS FOR COMMENCING INTERVENTION
  1. Risk of aspiration
  2. Risk of inadequate growth
  3. Delivery of medication (e.g. chemotherapy)

INTERVENTION
ARTIFICIAL FEEDING
Enteral nutrition (gavage feeds) 
  1. Nasogastric (NG)
  2. Orogastric (OG)
  3. Gastrostomy
  4. Transpyloric (TP)
  5. Jejunostomy
Parenteral nutrition

OTHER INTERVENTIONS
Intubation (and/or suctioning)
  1. Orotracheal
  2. Nasotracheal
  3. Via tracheostomy

VARIABLES
  1. Age when intervention started 
  2. Duration of intervention
  3. Frequency of intervention
 4. Total vs. supplemental tube 
feeding (i.e. opportunity for any oral 
experience)
  5. Route for tube feeding 
(via oral/ nasal cavity or directly into 
gut)
  6. Rate of tube feeding (bolus or 
continuous) 
  7. Type of feed offered
  8. Positioning during feeds

OUTCOMES

PRIMARY CONDITION PERSISTS TO SOME 
DEGREE
  1. Ongoing morbidity
  2. Energy imbalance

EFFECTS OF INTERVENTION
Immediate
  1. Local irritation of swallowing mechanism
  2. Obstruction of swallowing mechanism
  3. Injury to swallow mechanism
  4. Altered breathing
Long-term
  5. Disuse of muscles involved in swallowing
  6. Altered sensitivity in swallowing mechanism

INTERRUPTED DEVELOPMENT FOR INFANTS
  1. Delayed development of oral-motor skills
   2. Defensive oral behaviour/ food/ fluid aversion
  3. Reduced association between feeding and 
reduction of hunger
   4. Lack of mealtime routines 
  5. Limited exposure to tastes/ textures/ feeding 
utensils
   6. Altered bonding opportunities with parents
   7. Reduced parental confidence in feeding infant 
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regular breathing to continue after a swallow[43,44]. Airway penetration 
occurs when the bolus (liquid or solid) enters the laryngeal vestibule. 
Aspiration occurs when the bolus enters the airway below the level 
of the vocal folds[42]. Choking occurs when a solid bolus physically 
blocks the airway[6].  
    Mealtime behaviour disturbances or food/ fluid aversion commonly 
arise in association with dysphagia, aspiration, or a choking event[6,7]. 
At other times, there is no apparent physical reason for behavioural 
feeding issues, although aversive experiences in or around the mouth 
(e.g. tube feeding, suctioning), undetected pain (e.g. as associated 
with tonsillitis, pharyngitis, or teething), or sensory disturbances (e.g. 
oral hypersensitivity) are usually involved at some level[6,7].

INTERVENTIONS FOR FEEDING AND 
SWALLOWING DIFFICULTIES
Interventions for feeding and/or swallowing difficulties need to be 
targeted at the cause/s of the problem in order to be effective. For this 
reason, a thorough assessment is required to guide any intervention 
offered. Paediatric feeding assessments generally involve assessment 
across a number of different developmental areas that have the 
potential to impact of feeding[6,7], and these are detailed in table 4. 
Once the nature and any possible factors contributing to the feeding/ 
swallowing difficulty have been established, the treatment plan can 
be developed.   
    It is widely accepted that interdisciplinary team management 

Table 3 Disorders commonly affecting feeding and swallowing in infants 
and children.
Prematurity
  Low gestational age at birth
  Low birth weight
  Comorbidities associated with prematurity
Respiratory and cardiac disorders that can impact on feeding and 
swallowing
  Apnoea of the newborn
  Bronchopulmonary dysplasia/ chronic lung disease
  Laryngo/trachea/bronchomalacia
  Patent ductus arterious
  Cyanotic heart defects
Gastrointestinal disorders that can impact on feeding and swallowing
  Nectrotising enterocolotis
  Gastroschesis
  Hirshprung’s disease
  Tracheo-oesophageal fistula and oesophageal atresia
  Gastro-oesophageal reflux
  Food allergies and intolerances
Neurological disorders that can impact on feeding and swallowing
  Intra-ventricular haemorrhage
  Periventricular leukomalacia
  Hydrocephalus 
  Seizures
  Microcephaly
  Birth asphyxia and cerebral palsy
  Acquired brain injuries
Congenital abnormalities that can impact on feeding and swallowing
  Cleft lip/palate
  Moebius syndrome
  Downs syndrome
Iatrogenic complications that can impact on feeding and swallowing
  Tube feeding
  Respiratory support
  Tracheostomy
  Medication 
Ingestional injuries (e.g. detergents, battery)
Tonsillitis and tongue tie
Autism spectrum disorders, sensory processing disorders
Behavioural/ learned feeding difficulties 

Table 4 Areas commonly assessed during a paediatric feeding assessment.
Medical history
Diet
Growth
General development 
Cognitive skills
Oral anatomy
Oral-motor skills
Sensory processing
Positioning for feeding
Self-feeding skills
Feeding skills during mealtimes
Swallowing safety
Trials of different feeding utensils 
Trials of different feeding strategies
Behaviour during mealtimes
Parent-child interaction
Parent stress associated with mealtimes

of feeding and swallowing difficulties is desirable, involving 
members from various medical specialties, nursing, dietetics, and 
developmental therapies (i.e. speech pathology, occupational therapy, 
physical therapy, and psychology), as appropriate, working together 
to manage the various components of the problem. In addition, it is 
also widely recognised that it is essential to have parent involvement 
in assessment, setting therapy goals, delivering therapy, and 
monitoring progress, to ensure that any intervention is meaningful for 
the child and family, and to assist with the generalization of therapy 
gains to the home environment.
    For children with oral phase swallowing problems, a review of 
the literature suggests that treatment generally involves working 
on improving the sensory and/or motor skills required for drinking 
and eating[6,7,45-47]. While commonly used in clinical practice, there 
are only a few small, randomised controlled trials evaluating 
these techniques in young preterm infants[45-47]. A recent Cochrane 
systematic review investigating the use of oral sensori-motor 
techniques in older children with dysphagia related to neurological 
problems[48] found that there is currently insufficient high-quality 
evidence from randomized controlled trials to provide conclusive 
results about the effectiveness of any particular type of therapy 
technique for children in this population and, thus, further research is 
required to evaluate these treatment strategies.
    For children with swallowing problems affecting the pharyngeal 
phase, a literature review suggests that treatment generally involves 
teaching the child to modify their swallowing strategy or for the 
feeder to modify the bolus[6,7,42,49,50]. A summary of interventions used 
with infants with poor suck-swallow-breath coordination and older 
children with poor swallowing and breathing coordination is detailed 
in table 5 and 6. A few small studies have reported these strategies 
to be effective in improving physiological stability during feeds 
and improving volume of intake in young in preterm infants[49,50], 
though no randomised controlled trials have been conducted. Further 
research is required to evaluate the effectiveness of treatment 
strategies in both infants and older children.
    For children with mealtime behaviour disturbances or food/ fluid 
aversion, therapy is usually either based on the principles of operant 
conditioning (clinician-driven, top-down, prompt-and-reward 
therapy) or systematic desensitization (child-driven, bottom-up, play-
based therapy). A few small studies have reported that behavioural 
treatment based on operant conditioning is effective in children with 
Autism Spectrum Disorder (ASD)[51,52,53], though no randomised 
controlled trials have been conducted to date. Further research is 
required to evaluate the effectiveness of behavioural treatments 
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Table 5 Summary of interventions reported to be used with infants with poor suck-swallow-breath coordination.
EVENT

EVENT DETAILS

POSSIBLE CONSEQUENCES

Child can’t control bolus

1. Aspiration
2. Prolonged apnoea

1. Lung damage
2. Hypoxia

Child actively controls bolus

1. Gag/ cough to clear bolus 
from airway
2. Slower sucking
3. Weaker sucking
4. Stop sucking

1. Child may not finish feed
2 . R e d u c e d r i s k o f l u n g 
damage or hypoxia

Feeder actively controls bolus
1. Mother expresses some breast milk to slow flow before 
offering breastfeed 
2. Slow flow teat is used on bottle
3. Milk is thickened to slow flow
4. The infants is positioned in a side-lying position or semi-
upright position to slow the flow of milk in the mouth
5. The feeder uses pacing, where they give the child 
intermittent breaks from sucking
1. Feeds may take longer
2. Greater input is required from the feeder
3. Reduced risk of lung damage or hypoxia

Table 6 Summary of interventions reported to be used with older children with poor swallowing and breathing coordination.
EVENT

EVENT DETAILS

POSSIBLE CONSEQUENCES

Child can’t control bolus

1. Aspiration 
2. Choke

1. Lung damage
2. Hypoxia

Child controls bolus
1. Gag/ cough to clear 
2. Increased chewing (oral-motor exercises 
may be used to increase chewing strength, 
chewing speed, chewing effort)
3. Improved sensory awareness (oral 
sensory exercises may be used to increase 
sensory awareness)
4. Protective swallowing manouvers 
(strategies such as chin tuck may be taught)
1. Child may not finish feed
2. Feeds may take longer
3. Reduced risk of lung damage or hypoxia

Feeder controls bolus

1. Feeder offers softer or more processed 
food
2. Feeder offers smaller pieces of food
3. Feeder assists child and offers food at 
slower pace

1. Feeds may take longer
2. Greater input is required from the feeder
3. Reduced risk of lung damage or hypoxia

for other groups of children with feeding difficulties, as well as to 
evaluate the relative effectiveness of different behavioural feeding 
approaches.

CONCLUSION
Feeding skills undergo a period of rapid development throughout 
early childhood, alongside general development and growth. Safe 
and efficient feeding and swallowing skills are important to allow 
children to meet their expanding dietary requirements as they grow. 
In a developing system, even short-term problems with swallowing 
and/or feeding can interrupt normal development and have serious 
long-term sequelae. This article provides an overview of normal 
feeding development in children, as well as of interventions aimed 
at assisting children with feeding and swallowing difficulties. 
The importance of a thorough assessment to guide intervention is 
highlighted. A review of the current evidence-base demonstrates that 
many intervention techniques utilized by clinicians have not been 
formally evaluated in the literature and, thus, further research is 
needed to support and guide clinical practice.
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