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       Safe and competent oral feeding requires the proper 
integration of physical and neurophysiologic functions that may 
       not necessarily be mature at the time oral feeding is introduced

 Key insights

A large proportion of infants are affected by oral feeding dif-
ficulties. Although the attainment of correct oral feeding is 
closely monitored in preterm infants during their hospital stay, 
feeding problems are often overlooked in term infants. The 
identification of oral feeding difficulties is hampered by a lack 
of diagnostic tools and a limited knowledge of the causes. A 
better understanding of the complex neurophysiologic and 
motor functions involved in oral feeding will enable more ac-
curate diagnoses and facilitate the development of optimal 
interventions.

 Current knowledge

In infants, safe and effective nutritive sucking requires the syn-
chronous activities of sucking, swallow processing, and breath-
ing. Altogether, these functions make up the ‘nutritive sucking 
pathway’ and are responsible for the swift and safe transport of 
a milk bolus from the oral cavity to the stomach. Difficulties in 
oral feeding arise because of the continuously maturing physi-
ologic functions in infants, including those related to sucking, 
swallow processing, and breathing. 

 Practical implications

The correct synchronization between respiration and swallow-
ing is critical for safe oral feeding. The oral feeding difficulties 
encountered in preterm infants result from the differing tem-
poral maturation of the muscles involved in sucking, swallow-
ing, and respiration. The lack of coordination between these 
functions may also be the result of immature neurophysiologic 

  Ann Nutr Metab 2015;66(suppl 5):7–14 

Development of Suck and Swallow Mechanisms in Infants 
   by Chantal Lau

Safe and effective nutritive sucking requires the coordinated interac-
tion between the neuromuscular elements involved in swallowing and 
breathing.
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mechanisms at the level of the central nervous system. Cur-
rently, there is very little knowledge on the neuromuscular de-
velopment and maturation of these different sites, and the cur-
rent care provided to infants with oral feeding difficulties lacks 
evidence-based support. 
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ration. Through research, a growing understanding of the 
development of nutritive sucking skills has emerged, shed-
ding light on how and why infants may encounter oral feed-
ing difficulties due to the immaturity of specific physiologic 
functions. Unfortunately, this knowledge has yet to be trans-
lated to the clinical practice to improve the diagnoses of oral 
feeding problems through the development of relevant as-
sessment tools and to enhance infants’ oral feeding skills 
through the development of efficacious preventive and 
therapeutic interventions. This review focuses on the matu-
ration of the various physiologic functions implicated in the 
transport of a bolus from the oral cavity to the stomach. Al-
though infants’ readiness for oral feeding is deemed at-
tained when suck, swallow, and respiration are coordinated, 
we do not have a clear definition of what coordination im-
plies. We have learned that each of these functions encom-
passes a number of elements that mature at different times 
and rates. Consequently, it would appear that the proper 
functioning of sucking, the swallow processing, and respira-
tion need to occur at two levels: first, the elements within 
each function must reach an appropriate functional matura-
tion that can work in synchrony with each other to generate 
an appropriate suck, swallow process, and respiration; and 
second, the elements of all these distinct functions, in turn, 
must be able to do the same at an integrative level to ensure 
the safe and efficient transport of a bolus from the mouth to 
the stomach.  © 2015 S. Karger AG, Basel 
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 Abstract 

 Preterm infants’ hospital discharge is often delayed due to 
their inability to feed by mouth safely and competently. No 
evidence-based supported guidelines are currently avail-
able for health-care professionals caring for these infants. 
Available interventions advocating benefits are not readily 
acknowledged for lack of rigorous documentation inasmuch 
as any improvements may ensue from infants’ normal matu-
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 Key Messages 

 • The management of infant oral feeding lacks 

evidence-based support. 

 • Understanding the development of infant nutritive 

sucking skills, i.e. sucking, swallow processing, and 

respiration, will: improve the diagnoses of oral 

feeding difficulties; assist in the development of 

evidence-based assessment tools; assist in the 

development of preventive and therapeutic 

interventions to enhance infant skills, safety, and 

efficiency during oral feeding; and assist in 

developing evidence-based supported guidelines. 
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 Introduction 

 The ability of infants to breast- or bottle-feed safely 
and competently is not routinely a concern for the major-
ity of mothers. Unfortunately, 25–45% of normally devel-
oping infants/children and up to 80% of developmentally 
delayed infants/children, e.g. those born prematurely, do 
experience oral feeding difficulties  [1] . Safe and compe-
tent oral feeding requires the proper integration of phys-
ical and neurophysiologic functions that may not neces-
sarily be mature at the time oral feeding is introduced  [2] . 
For preterm infants, such issues are generally identified 
during their hospitalization in neonatal intensive care 
units as attainment of independent oral feeding is a major 
criterion for hospital discharge  [3] . For term and late pre-
term infants, this may not be recognized until they are 
home due to their short hospital stay or small initial vol-
umes of feeding. At present, the determination of wheth-
er poor oral feeding may be due to immature oral feeding 
skills or other medical concerns has been challenged by 
the lack of appropriate tools for the objective assessment(s) 
of such skills. Additionally, the limited understanding of 
the causes leading to an inadequate oral feeding perfor-
mance has hampered the development of evidence-based 
efficacious interventions to assist these infants  [4] .

  Infant oral feeding research is a relatively young field. 
Recognition of the health impact resulting from oral feed-
ing difficulties essentially arose over the last two decades 
following the increased survival of preterm infants, many 
of whom encounter difficulty transitioning from tube to 
oral feeding and experience delayed hospital discharge 
and reunification with their mother  [5, 6] . With the grow-
ing population of preterm infants, researchers have been 
offered the unique opportunity to study the development 
of oral feeding skills and gain a better understanding of 
the causes of the varied problems preterm infants en-
counter as they are weaned from tube to oral feeding. For 
the majority of term infants, oral feeding is not an issue; 
their ability to safely and competently feed by mouth is 
often accepted as a given. Unfortunately, as mentioned 
earlier, a substantial number of these infants do encoun-
ter similar problems  [1] . Sadly, these infants are underdi-

agnosed as they are not patients per se, unless they are 
brought to the attention of health-care providers. There-
fore, if we understand the continued development of all 
the complex neurophysiologic and motor functions im-
plicated in oral feeding as infants mature, we will allow 
for more accurate diagnoses while facilitating the devel-
opment of optimal tools and interventions for infants’ 
proper growth and development.

  It is recognized that safe and efficient nutritive sucking 
does not relate solely to sucking, but rather to the syn-
chronous activities of sucking, swallowing, breathing, 
and esophageal function. Together, all these functions 
within what may be called the ‘nutritive sucking pathway’ 
are responsible for the swift and safe transport of a milk 
bolus from the oral cavity to the stomach  [4] . Difficulty 
in oral feeding is not so much an illness as the result of 
infants’ continuously maturing physiologic functions  [2, 
7–9] . With so ‘many moving parts in flux’, it is difficult at 
any one time to pinpoint the specific cause(s) preventing 
an infant’s safe and efficient oral feeding experience. To 
better understand the complex interactions of all the 
above constituents, a ‘nutritive sucking pathway’   is pro-
posed that encompasses two closely intertwined conduits 
with suck/pharyngeal swallow/respiration pertaining to 
safety and suck/pharyngeal swallow/esophageal activity 
pertaining to efficiency. The differentiation made be-
tween ‘swallow’ and ‘pharyngeal swallow’ in this context 
emphasizes the importance of the different phases of the 
swallowing process discussed below that are not routine-
ly taken into consideration in clinical practice. 

  Development of the Sucking Function 

 Irrespective of whether sucking is nutritive or nonnu-
tritive, i.e. involving milk transport or not, mature suck-
ing comprises two components, suction and expression 
 [10, 11] . Suction corresponds to the negative intraoral 
pressure generated with closure of the nasal passages by 
the soft palate, lips tightening around breast or bottle nip-
ple, and the lowering of the lower jaw  [12] . With no air 
penetration into an increased volume of the oral cavity, 
milk is drawn into the mouth, an action similar to that of 
drinking from a straw. Expression corresponds to the 
compression or stripping of the breast or bottle nipple by 
the tongue against the hard palate to eject milk into the 
mouth, an action similar to milking a cow by hand  [13] . 

  With the unique opportunity to monitor over time the 
maturational stages of nutritive sucking patterns in pre-
term infants and using the nutritive sucking pattern of 
term infants as the ‘gold standard’, i.e. representative of a 

25–45% of normally developing 
infants/children and up to 80% of 
developmentally delayed infants/

children, e.g. those born prematurely, 
do experience oral feeding difficulties.
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mature pattern, we developed a descriptive scale of the 
maturation of the suction and expression component of 
nutritive sucking ( fig. 1 )  [14] . In brief, 5 levels of matu-
rity were defined as infants matured; namely, in a sequen-
tial manner, the appearance of the expression component 
followed by that of suction, their respective rhythmicity 
followed by the mature pattern of alternating rhythmic 
suction/expression characteristic of term infants. Matu-
ration of the suction component is delayed in relation to 
that of expression ( fig. 2 ). Recently, we developed an ob-
jective oral feeding skill (OFS) scale that allows a differ-
entiation between infants’ oral feeding skills and endur-
ance  [15] . As this scale does not require any special equip-
ment, it can be readily used by any caregiver. Four OFS 
levels are defined based on an infant’s rate of milk transfer 
over an entire feeding (ml/min) and their ‘proficiency’ 
defined as the percent volume taken during the first 5 min 

of a feeding/total volume to be taken. The rate of transfer 
is used as an indirect marker of fatigue or endurance as it 
reflects an infant’s overall performance as fatigue increas-
es. Proficiency, on the other hand, is used as a direct 
marker for the ‘true’ skills of infants when fatigue is 
deemed minimal. It is of interest to note that within in-
fants of similar gestational age (GA), a broad variation in 
oral feeding skill levels can be observed ( fig. 3 ). 

  Nutritive sucking implies the ingestion of liquid and 
in a mature term infant occurs at a frequency of 1 cycle or 
suck per second. Nonnutritive sucking with no liquid in-
gestion, e.g. sucking on a pacifier, occurs at 2 cycles or 
sucks per second  [11] . Such differing sucking rates likely 
result from the fact that during nutritive sucking, as the 
passage of the milk bolus and air follow a common pha-
ryngeal path, the proper synchrony of suck/swallow and 
swallow/respiration is critical for safety in order to pre-

1A

1B

5 s

5 s

2A

2B

3A

3B

5 s

5 s4

5 5 s

Stage Description

No suction

No suction

Rhythmic expression

Arrhythmic expression

Arrhythmic alternation of
suction/expression

Arrhythmic alternation of:
- Suction/expression
- Presence of sucking bursts

Rhythmic suction/expression
- Suction amplitude increases
- Wide amplitude range
- Prolonged sucking bursts

Rhythmic suction/expression
- Suction well defined
- Decreased amplitude range

Rhythmic/well-defined
suction/expression
- Suction amplitude increases
- Sucking pattern similar to that
 of full-term infants

Sample tracings

Suction

Expression

Suction

Expression

Suction

Expression

Suction

Expression

Suction

Expression

Suction
Expression

Suction

Expression

Suction

Expression

No suction

Rhythmic expression

  Fig. 1.  A 5-stage descriptive scale of the de-
velopment of very-low-birth-weight in-
fants’ nutritive sucking defined by the se-
quential presence/absence of the suction 
and expression components of sucking and 
their respective rhythmicity. At the earlier 
stages (1–3), infants readily shift from us-
ing either pattern A or B. 
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vent concurrent milk entry into the trachea and esopha-
gus  [7]  ( fig. 4 a). As swallows are minimally involved dur-
ing nonnutritive sucking, the pharyngeal phase of swal-
lowing is not activated, allowing sucking and respiration 
to essentially function independently from one another at 
a more rapid pace ( fig. 4 b).

  Maturity of nonnutritive sucking has been and still is 
used as a marker of readiness to oral feed  [12, 16] . This 
remains debatable as we have shown that mature non-
nutritive sucking appears earlier than mature nutritive 
sucking [ 17 ; fig. 5]. Consequently, one may advance that 
nonnutritive sucking is a good marker for sucking per se 
but cannot be predictive of the coordination between 

Stages Expression Suction

1 - Appears/arrhythmic
- Varied amplitude

- Absent/minimal

2 When alone
- Rhythmic 
- Consistent amplitude 

With suction
- Arrhythmic, varied amplitude

- Appears/arrhythmic
- Varied amplitude

3 When alone
- Rhythmic 
- Consistent amplitude

With suction
- Rhythmic, varied amplitude

- Rhythmic
- Varied amplitude

4–5 - Rhythmic
- Consistent amplitude - Rhythmic

- Consistent amplitude

  Fig. 2.  Temporal appearance of characteristics of the expression 
and suction components of nutritive sucking as per stages de-
scribed in figure 1. 
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  Fig. 3.  Percent distribution of the 4 OFS levels at introduction of 
oral feeding by GA strata: OFS 1, the most immature, defines poor 
skills/poor endurance; OFS 2 defines poor skills/good endurance; 
OFS 3 defines good skills/poor endurance; and OFS 4, the most 
mature, good skills/good endurance (reproduced with permission 
of Karger Publishers). 
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  Fig. 4.  Schematic of sucking, pharyngeal 
swallow, and respiratory airflow during 
nutritive ( a ) and nonnutritive ( b ) sucking.  
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suck, pharyngeal swallow, breathe, and esophageal func-
tion.

  Our work has shown that mature nutritive sucking de-
fined by the rhythmic alternation of suction/expression is 
not necessary for bottle feeding. Indeed, infants using ex-
pression only can complete a bottle feeding safely, albeit 
not as efficiently as counterparts using a rhythmic alterna-
tion of suction/expression  [13] . However, it is uncertain 
whether an infant using only the expression component 
can successfully breastfeed inasmuch as the maternal nip-
ple is not as firm as a bottle nipple. It has been speculated 
that the presence of the suction component would be nec-
essary for infants to latch onto and retain the maternal 
nipple during breastfeeding. This is indirectly supported 
by the advantage offered by the use of the nipple shield 
that has a firm nipple when breastfeeding is introduced. 

  Development of the Swallowing Process  

 The normal swallowing process is commonly divided 
into an oral phase, beginning pharyngeal phase, pharyn-
geal phase, beginning esophageal phase, and esophageal 
phase  [18] . Based on knowledge acquired from the devel-
opment of oral feeding skills in preterm infants, we have 
learned that the components implicated within each of 
these phases may mature at different times and/or rates as 
described below. If we consider that nutritive sucking oc-
curs at 1 suck per second, it is expected that there will be 
a bolus every second that will need to be sequentially 
cleared from the oral cavity, pharynx, and esophagus be-
fore the next bolus arrives. To emphasize the importance 
of how a delayed action at any or more of these steps may 
lead to oral feeding disruption, sites at which bolus trans-
port may be challenged due to immature neurophysiolog-
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  Fig. 5.  Tracings of nonnutritive and nutritive sucking monitored 3 min apart during the same feeding sessions 
of an infant born at 33 1/7  weeks GA, introduced to oral feeding at 34 2/7  weeks PMA, and attaining 8 oral feedings 
per day at 36 1/7  weeks PMA. 
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ic and motor functions are: (1) the oral phase implicated 
in bolus formation  [7, 19, 20] ; (2) the beginning pharyn-
geal phase essential for the onset of the swallow reflex  [21] ; 
(3) the pharyngeal phase implicated in the swift and safe 
aboral peristaltic transport of the bolus towards the esoph-
agus  [18, 22, 23] ; (4) the beginning of the esophageal phase 
essential for timely entry of the bolus through the upper 
esophageal sphincter (UES) into the esophageal body  [24] ; 
(5) the esophageal phase implicated in the swift aboral 
transport of the bolus towards the stomach  [25–31] , and 
(6) the entry of the bolus through the lower esophageal 
sphincter into the stomach  [29, 32, 33] . Additional discus-
sion of normal and abnormal swallowing function can be 
found in a subsequent chapter by Dodrill and Gosa  [34] .

  Briefly, with poor bolus formation, liquid draining into 
the pharynx may not trigger the swallow reflex. This, in 
turn, may lead to improper 
timing of the laryngeal eleva-
tion and epiglottic closure. To-
gether with the potential of re-
sidual liquid lingering around 
the valleculae and pyriform si-
nuses, risks of penetration 
and/or aspiration into the larynx are increased if respira-
tion is maintained  [7] . UES maturation in preterm infants 
is characterized by an age-related increase in peak pharyn-
geal pressure just above the UES prior to a decrease in the 
time needed by the UES to fully relax to a nadir pressure. 
This suggests that in more premature infants, the UES is 
not fully relaxed when the propulsive forces of the bolus in 
the pharynx are at their peak  [24] . Esophageal motility 
comprises peristaltic and nonperistaltic waveforms. With 
maturation, an increased occurrence of propagating/ab-
oral peristalsis is observed  [35] .

  Development of the Respiratory Function 

 The proper integration of the respiratory function is 
germane to safe oral feeding. In general, as infants ma-
ture, so will their respiratory function. Infants early on 
breathe at a rate of 40–60 breaths per minute or 1.5–1 
breaths per second. Taking into account that the imma-
ture pharyngeal swallow may last from 0.35 to 0.75 s  [36] , 
the time left for safe air exchange may be threatened. In 
addition, during feeding, minute ventilation is decreased, 
exhalation is prolonged, and inhalation is shortened  [37–
39] . Altogether, these events further underscore the im-
portance of the swift passage of a bolus through the com-
mon pharyngeal pathway for the sake of safety and prop-
er oxygen/carbon dioxide exchange.

  Coordination of Suck, Pharyngeal Swallow, 

Respiratory, and Esophageal Functions 

 Although proper maturation of the above functions 
would enhance oral feeding performance, it is their coor-
dinated activities that ultimately will lead to a safe and 
efficient feeding and ultimately define the term ‘readiness 
to oral feed’. In an earlier study, we speculated that the 
oral feeding difficulties encountered by preterm infants 
resulted from the different temporal development of the 
musculatures implicated in sucking, swallowing, and res-
piration and their coordinated activities  [2] . Coordina-
tion between any of these motor functions, e.g. sucking/
swallowing or swallowing/respiration, may result not 
only from the peripheral immaturity of the respective 
musculatures implicated in these functions, but also, just 
as importantly, from the incoordination between their

respective neurophysiologic 
counterparts at the level of
the central nervous system. At 
present, although little is 
known regarding the matura-
tion of the neurological sites, 
it is well acknowledged that 

these motor functions being rhythmic in nature, e.g. nu-
tritive and nonnutritive sucking averaging 1 and 2 sucks/s, 
respectively, are controlled and regulated by central pat-
tern generators. 

  Development of the Coordination of Suck/Pharyngeal 
Swallow 
 In earlier studies, we examined the maturation of the 

interactions between suck/pharyngeal swallow and pha-
ryngeal swallow/respiration. When introduced to bottle 
feeding, very-low-birth-weight infants born between 26 
and 29 weeks GA already demonstrated a steady 1:   1 
suck:pharyngeal swallow ratio similar to that of their term 
counterparts during their first 3 weeks of life, albeit the 
number (mean ± SD) of sucks/swallows per minute was 
significantly lower, i.e. 48 ± 14:   45 ± 14 versus 59 ± 12:   55 
± 15, respectively (p < 0.001). This observation supports 
the notion that the interaction between sucking and pha-
ryngeal swallow were mature when oral feeding was in-
troduced  [7] . 

  Development of the Coordination of Pharyngeal 
Swallow/Respiration 
 When pharyngeal swallow/respiration was monitored, 

these preterm infants preferentially swallowed during de-
glutition apnea and inhalation, two unsafe respiratory 
phases that increased the risks of oxygen desaturation and 

The proper integration of the 
respiratory function is germane to safe 

oral feeding.
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penetration/aspiration into the lungs, respectively  [7, 40] . 
Term counterparts during their first 2 weeks of life dem-
onstrated a similar preference towards deglutition apnea 
only. However, from the third week on, they preferen-
tially swallowed at safer respiratory phases, i.e. before the 
start of inhalation or exhalation at a time when the risk of 
penetration/aspiration would be reduced as air in- and 
out-flow was minimal  [7] .

  Development of the Coordination of Pharyngeal 
Swallow/Esophageal Function 
 This area of research has not been as consistently stud-

ied in infants as the interactions of pharyngeal swallow and 
respiration. Studies conducted on esophageal maturation 
in infants have primarily monitored esophageal functions, 
i.e. UES, esophageal motility, and lower esophageal sphinc-
ter activities when infants were tube fed, immediately fol-
lowing a feeding, when small volumes were delivered in the 
pharynx to initiate a pharyngeal swallow, and/or at differ-
ent levels of the esophagus using micromanometric water 
perfusion techniques  [20, 26, 35] . Although swallow and 
esophageal activities may be well described, by the nature 
of the methodologies used, these studies do not take into 
account the role that sucking and respiration would nor-
mally play. To the author’s knowledge, no study has yet 
been conducted on pharyngeal swallowing, respiration, 
and esophageal function during oral feeding. 

  Summary/Conclusion 

 This article offers a summary of our current under-
standing of the development of infant oral feeding skills. 
The current care provided to infants with oral feeding dif-
ficulties, be they born prematurely or at term, lacks evi-
dence-based support. Any observed improvement can-
not rule out the prime effect of maturation alone. Gaining 
a better understanding of the development of infants’ oral 
feeding skills will not only assist in identifying the poten-
tial causes at play, but also facilitate the development of 
evidence-based tools and interventions that can enhance 
the development of these skills. 

  From the research presented, ‘readiness to oral feed’ 
may be better defined by the term ‘coordination of suck-

ing, swallow processing, and respiration’ than ‘coordina-
tion of suck, swallow, and respiration’, as caregivers will 
be reminded of the negative impact that immature esoph-
ageal function can have. Indeed, the swallowing process 
does not only encompass the pharyngeal phase of swal-
lowing, but also its oral and esophageal phases. As we now 
know that many components within each of these levels 
mature at different times and rates, unsafe and inefficient 
oral feeding may be caused at any or all levels of the nutri-
tive sucking pathway. Such occurrences may be a reason 
why infants of similar GA and at similar postmenstrual 
age (PMA) demonstrate such wide variance in the matu-
ration levels of their skills. 

  With a better understanding of the maturational pro-
cess of these physiologic functions, management of infant 
oral feeding issues can improve. Indeed, our expectations 
of what infants can achieve would be tailored around the 
functional maturity levels of our individual patients rath-
er than be based on their GA and/or PMA.
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The current care provided to infants 
with oral feeding difficulties, be they 

born prematurely or at term, lacks 
evidence-based support.
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