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Introduction

Previously, Innovating Practice essays have explored a variety of topics related to the benefi ts of 
breastfeeding, with particular focus on the ability of human milk to reduce the risks of a wide range of infant 
morbidities as well as mortality. Topics for discussion this year will concentrate on infant feeding issues 
encountered in the care of mothers and infants. At the heart of all discussions is the question, ”What is new 
in human milk and lactation research and how can this information improve feeding outcomes?”

At fi rst glance, the act of breastfeeding between a healthy mother and her infant would seem to be a 
non-issue: women have breastfed successfully enough over time, so what can be new about the act of 
breastfeeding? Therefore, this discussion will examine research that brings to light new ideas about the roles 
of mothers and infants in the act of breastfeeding. These discoveries can inform strategies for more effective 
clinical support of breastfeeding dyads.

New technology allows us to call into question what we thought we knew about normal infant sucking. 
Previous models of infant sucking have been based on studies using a variety of methods – radiographic, 
pressure gauges, and early model ultrasound techniques. These studies evaluated tongue movement 
and sucking dynamics primarily with bottle nipples or teats designed to improve the research process.1-5 
However, assumptions that the mechanics of sucking are the same for breast and bottle are dangerous and 
can lead to mistaken conclusions. New high-end ultrasound technology has allowed the investigation of 
the baby at breast and this work is explored in order to better understand the actual sucking dynamics of 
breastfeeding.

Lastly, national and international research suggests breastfeeding plays a signifi cant role in reducing the risk 
of obesity in infancy and childhood, and perhaps, into adulthood.6-12 The last section of this essay examines 
2012 research investigating the relationship between breastfeeding in infancy and the risk of obesity in later 
life. 

The discussion is organized around three research publications related to breastfeeding.

 • The fi rst article by Suzanne D. Colson, Judith H. Meek and Jane M. Hawdon examines primitive 
neonatal refl exes exhibited in various breastfeeding positions. This work, originating in Colson’s 
doctoral dissertation, identifi es and categorizes seemingly unconnected infant behaviors into a theory 
of human newborns as very active participants in the act of breastfeeding.

 •  The second article uses ultrasound imaging to describe infant sucking dynamics in the early days 
and later months of breastfeeding. After a summary of the research, commentary will relate fi ndings 
to Colson’s view of the infant as an active player in the feeding process and the concept of infant 
feeding self-regulation.

 •  The third article reports research regarding infant feeding and obesity later in life. Discussion in 
the research summary and commentary will address theoretical explanations about the role of 
breastfeeding and human milk feeding in reducing obesity risks. 
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Key Points

Like many mammals, human infants are capable of breastfeeding in a prone position. When infants are 
placed prone on top of their semi-reclined mothers, gravitational forces aid in the release of neonatal refl exes 
that facilitate successful breastfeeding.13-17

Term healthy infants are born with at least 20 unconditioned refl ex responses, spontaneous behaviors 
and reactions to stimuli. Positioning techniques that maximize these refl exes are components of Colson’s 
approach to breastfeeding initiation called ”Biological Nurturing.”13,17

Many traditional positions such as cradle, clutch or side lying may hamper initiation of breastfeeding because 
expression of infant refl exes are either inhibited or are counter-productive.13 

Ultrasound research demonstrates sucking dynamics seen with 2-4 day old term infants are similar to those 
of more mature infants.18

Milk removal from the breast coincides with lowering of the infant’s tongue and the creation of suction within 
the oral cavity rather than peristaltic movement of the tongue.18

Research suggests breastfeeding reduces the risk of obesity in school age children in a dose-response 
manner. However, controlling for critical variables that impact obesity is challenging. 

In a 2012 study of over 7000 children in which researchers controlled for 14 confounding variables including 
parental body mass index (BMI), results supported the benefi cial effects of breastfeeding on weight status.6  

Possible mechanisms of action for these results include nutritional aspects of human milk as well as maternal 
and infant behavioral characteristics of breastfeeding.6-11 These explanations are complementary rather than 
mutually exclusive, illuminating the complexity of both obesity and human lactation.

Current research suggests term infants can be active participants in feeding, especially at breast. They are 
born with abilities to locate the nipple, latch unassisted, remove milk via suction and self-regulate feeding 
volumes. 

Encouraging infants to actively participate by breastfeeding can infl uence health outcomes for years to come.
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Colson SD, Meek JH, Hawdon JM. Optimal Positions for the Release of Primitive Neonatal Refl exes 
Stimulating Breastfeeding. Early Human Development. Jul 2008;84(7):441-449.

Background 

Neurologically intact term infants are born with a variety of primitive neonatal refl exes (PNRs) that include 
refl ex responses, spontaneous behaviors and reactions to stimuli. Rooting, sucking and swallowing refl exes 
are the most common PNRs associated with infant feeding. 

Colson coined the term “Biological Nurturing” after recognizing the role of innate neonatal refl exes, maternal 
spontaneous responses and learned behaviors by infants and mothers observed during the fi rst days of the 
breastfeeding relationship. Colson describes biological nurturing (BN) as a mother-centered approach to 
breastfeeding initiation that supports the expression of infant refl exes, which, in turn support attachment and 
successful breastfeeding.17 

Purpose of this study was to describe and compare primitive neonatal refl exes expressed when mothers 
breastfeed their term infants in different positions. Biological nurturing positions are defi ned as mother semi-
reclining with a prone infant facing, touching and closely applied to mother’s body. Partial BN positioning is 
defi ned as mother fl at or side lying with a gap or angle between the bodies of mother and child; in non-BN 
positions, mother is upright and the primary contact between their bodies is mother’s breast and infant’s 
mouth.

Methods

Colson et al describe this study as “a descriptive comparative study nested within a qualitative design.”  The 
authors used an event sampling technique with continuous real time measurement in which breastfeeding 
sessions were observed, video taped, then analyzed using qualitative methods. During taping, mothers were 
instructed to breastfeed as they normally would. Some mothers experienced diffi culties during the feedings, 
thus there were a varying number of breastfeeding episodes for each mother and infant pair. All mothers 
achieved successful breastfeeding during taping. The researchers gave positional suggestions only if the 
mothers had diffi culty breastfeeding.

For data analysis the authors selected the ‘best” feeding episode for each mother/infant pair. For each 
“best” feeding video, maternal postures were categorized as full, partial or non-biological nurturing postures. 
Videotapes were analyzed for numbers of primitive neonatal refl exes observed before and during feedings. 

Mothers viewed the videos later and discussed their experiences. 

Forty healthy mothers-baby pairs from England and France participated in the study during the fi rst post-
natal month. 
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Results

The researchers observed and mapped 20 primitive neonatal refl exes based on their perceived functions -- to 
fi nd the breast and latch, or to ingest milk.  Refl exes were also identifi ed by type:

•  Endogenous refl exes: hand to mouth, fi nger fl ex/extend, mouth gape, tongue dart or lick, arm cycle, 
leg cycle, foot/hand fl ex and rooting

•  Motor refl exes: rooting, placing, palmar grasp, plantar grasp, Babinski toe fan, step, crawl, 
•  Anti-gravity refl exes: head lift, head right, head bob or nod
•  Rhythmic refl exes: suck, jaw jerk, swallow

Twenty-one mothers were upright (non- BN posture), two were in partial BN postures and 17 were in full BN 
semi-reclined postures for their “best” breastfeeding episodes.

When mothers were in full BN posture, a signifi cantly greater number of primitive neonatal refl exes (15.9 mean) 
were observed than when mothers were in partial or non-BN postures (11.6). Crawling, stepping and Babinski 
refl exes – stimulated by pressure on or brushing of the feet – propelled infant upwards toward the breast. Other 
stimulation responses observed included: stimulation of infant’s feet elicited mouth opening; head bobbing, 
nodding, lifting and righting helped infant fi nd the nipple; and chin tapping against the breast stimulated deep 
suckling. Mothers displayed sequential instinctual (e.g., they were not taught) behavior patterns – waiting, 
orienting infants on their bodies, and foot touching – that seemed to correspond to infant’s needs and help 
infant attach to the breast.

When non-BN or partial BN positions were used, some PNRs inhibited successful breastfeeding. For example, 
an infant attempting to latch in the cradle position may arm cycle (arm fl ailing), head bob and place hand to 
mouth with increasing intensity rather than latch to nipple. 

Conclusions

Findings suggest semi-reclined maternal postures with infants in a prone position can facilitate the expression of 
multiple primitive neonatal refl exes that infl uence the success of breastfeeding. A higher number of PNRs were 
seen when mothers were in biological nurturing postures than when they used other breastfeeding positions.

Newborns, like many mammals, have the capacity to be “abdominal feeders”; innate “anti-gravity refl exes” seem 
to aid in latch when infant is in a prone position. The authors reported primitive neonatal refl exes facilitated infant 
latch and helped sustain feeding when mothers were in full BN positions.

Expression of some of these same refl exes in non-BN positions – dorsal feeding positions with infant on his or 
her back -- can inhibit breastfeeding. 

Commentary

This article by Colson and associates, along with other publications by Colson,6,14-17,19,20 proposes an insightful 
theory of maternal and infant roles during the breastfeeding process. At the heart of Colson’s work is the idea 
that infants and mothers are born to breastfeed. Beyond the ability to root and latch, human infants are innately 
programmed at birth to actively seek out the breast, move towards it, lift their heads and latch with minimal 
assistance. The theory of primitive neonatal refl exes elegantly explains why infants have certain refl exes at birth 
that were, heretofore, interesting but not purposeful. By putting the Babinski and step refl exes within the
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context of moving infant towards the breast, Colson and colleagues change our perceptions of the ability of 
the newborn as an active participant in breastfeeding. 

Mothers in biological nurturing postures also seem to behave instinctively. For example, Colson and 
associates report mothers stroked their infants’ backs rather than holding them in their arms, which would 
have restricted infant movement. Mothers also stroked their infants’ feet, triggering Babinski and toe grasping 
refl exes as well as mouthing refl exes that aid in latch.13 

This article suggests semi-reclined maternal postures with infants positioned prone on top of their mothers 
release neonatal refl exes conducive to infant breastfeeding. Several forces are at play with BN positioning: 
mother’s body is open to form a protective area surrounding the baby with maximal access to breasts; 
gravity helps infants maintain close contact as they are bobbing and moving towards the breast; and infant 
positioning maximizes expression of productive feeding refl exes.13,17 When infants seem to instinctively  
know how to breastfeed and take more active roles in breastfeeding initiation, mothers may become more 
confi dent and less frustrated. Colson suggests mothers may feel less overwhelmed by breastfeeding when 
they perceive their babies to be resourceful rather than passive or uncooperative.13 

The purpose of this research was to describe and compare primitive neonatal refl exes expressed when 
mothers breastfeed in different positions. Breastfeeding sessions were recorded as they naturally occurred 
with mothers determining positions they would use. In this study, 21 of the 40 mother-infant pairs breastfed 
using non-biological nurturing positions.

Deviating from naturalistic inquiry methods, the authors suggested positioning recommendations when 
infants experienced feeding problems. Colson et al reported when mothers changed to full biological 
nurturing postures, infants became more active in the feeding process with implied improved breastfeeding. 
Altering the course of a descriptive study by interjecting an intervention can potentially infl uence study 
outcomes; therefore, additional studies would be helpful to solidify the author’s results.

Colson maintains non-biological nurturing positions can be counterproductive to successful breastfeeding 
initiation; there is less full body contact, gravitational forces draw infant away from breast, and fewer 
primitive refl exes are elicited. These positions can prevent full infant participation in breastfeeding with 
infant’s frustrations undermining mother’s confi dence in her ability to breastfeed.13,17 Colson’s work suggests 
conventional strategies to facilitate breastfeeding in the early days postpartum may hinder breastfeeding 
success. When infants are held in non-biological nurturing positions, they may struggle to integrate their 
innate refl exes successfully. For example, an infant held in the cradle position might arm cycle and head 
bob and pull away from the breast rather than draw towards the nipple and latch. Mothers and clinicians 
often misinterpret such behaviors as an infant not wanting to breastfeed or as infant’s rejection of mother.13,14 
This is not to say infants can’t learn to breastfeed in non-biological positions. Colson‘s work acknowledges 
infants’ abilities to learn and adapt to new situations or other positions. 

The beauty of Colson’s theory and research is that it challenges traditional assumptions about infants’ 
abilities at the time of birth, changing our perspectives of effective lactation education, assistance, and 
policies. We are also reminded infants and mothers are physiologically programmed to breastfeed at their 
fi rst breastfeeding encounter. 
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Sakalidis VS, Williams TM, Garbin CP, et al. Ultrasound Imaging of Infant Sucking Dynamics during 
the Establishment of Lactation. Journal of Human Lactation. 2013. 29 (2): 205-213.

Background

During the fi rst days after delivery, dramatic changes in the maternal breast lead to increased milk production 
and higher rates of milk fl ow. Infants are born with sucking refl exes, which when accompanied by swallowing 
of expressed milk, lead to nutritive sucking (NS). When sucking occurs without milk transfer, sucking is 
considered non-nutritive (NNS).

Nutritive sucking mechanics obtained from radiographic and ultrasound studies of bottle-feeding describe 
milk being stripped from the nipple by peristaltic tongue movement.1-5 These sucking dynamics during bottle-
feeding indicate teat compression and stripping are key to milk removal. 

However, recent ultrasound studies of infants breastfeeding suggest the creation of suction in the infant’s 
mouth is the primary mechanism for milk removal from the breast. Studies by Geddes and others describe 
ultrasound breastfeeding imaging in which the tongue moves downward, creating a vacuum, resulting in milk 
fl ow into the oral cavity.21-23 Then the tongue moves up and the infant swallows.

Infant sucking dynamics during the initiation of breastfeeding are poorly understood, especially tongue 
movement. How does the infant ‘s sucking adapt to changes in milk fl ow and volume?

The purpose of this study was to describe and compare breastfeeding term infant sucking patterns obtained 
by ultrasound studies in the beginning of maternal milk production to later patterns to determine whether 
sucking patterns change over time.  

Methods

The authors evaluated breastfeeding sucking patterns and milk intake in 15 healthy term infants on day 3 
after delivery, and after breastfeeding was more established, 11-23 days postpartum. 

Ultrasound studies determined maternal nipple diameter and position as well as infant tongue movement and 
suck rate during nutritive sucking and non-nutritive sucking. 
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Results

A suck cycle begins with the mid-tongue up and in close contact with the palate, compressing the nipple 
from tip to base. The tongue then moves downward, with the anterior portion of the tongue lowering to a 
lesser degree than the mid-portion. The mid-tongue reaches its lowest point allowing the nipple to evenly 
expand in size, moving closer to the junction of the hard and soft palates. Milk ducts dilate in response to 
milk ejection refl ex and milk fl ows into the intra-oral cavity. The tongue then rises until it is back in contact 
with the palate again. Milk remains in the intra-oral space until the mid-tongue returns to the palate: then 
infant swallows.

Differences between nutritive and non-nutritive sucking were observed. 

•  Compared to non-nutritive sucking, nutritive sucking dynamics included slower sucking rates, 
greater mid-tongue movements and milk fl ow. Lowering of the tongue serves to create an intra-oral 
vacuum as well as space for the milk bolus in infant’s mouth. 

•  NS was observed throughout feed but was most apparent at the beginning and middle phases of 
nursing.

•  Milk fl ow and milk duct dilation were not observed during imaging with non nutritive sucking. 

•  NNS was also observed throughout but most common at the end of feeds.

As infants grew and mothers transitioned from the secretory activation phase (also called lactogenesis II) to 
established lactation, the authors observed the mid-tongue lowered further, suck rates became faster and 
milk intake increased, but the overall sucking dynamics remained the same.

Conclusions

The authors concluded, “Differences in tongue movement between NS and NNS suggest that there is an 
altered sucking action when milk fl ow is absent. Similar sucking patterns at day 3 and during established 
lactation imply that infants have a mature sucking pattern in the early postpartum period.” (Abstract)

This study confi rmed fi ndings from previous studies reporting milk removal at breast occurs with downward 
movement of the tongue. This action indicates suction is important for milk removal during breastfeeding.
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Commentary

Sakalidis and associates’ conclusions suggest infants are born with a specifi c pattern of sucking mechanics 
to remove milk from the breast. These sucking actions are inherently different from earlier reports, probably 
due to the fact that prior studies were performed with bottle-feeding infants. In addition, this study supports 
the idea that breastfeeding infants remove milk primarily by the downward movement of the tongue and 
creating an intra-oral vacuum, which draws milk from the nipple into the mouth. In contrast, when infants are 
bottle-fed with conventional teats, milk fl ow can occur with little or no intra-oral suction, thus necessitating 
the infant to learn an alternative tongue action to control the fl ow of milk.24 Therefore, it is clear that 
mechanisms of milk removal differ by feeding type. 

Data from this research, and other studies from the University of Western Australia,21,23,25-27 enhance our 
understanding of the complementary physiology of breastfeeding between mother and infant. Rhythmic 
movements of infant tongue and mouth coordinate with creation of an intra-oral vacuum, ductal opening in 
the nipple, milk fl ow and infant swallowing. These results demonstrate breastfeeding sucking dynamics at 
breast remain consistent over time while accommodating changes in milk volume and fl ow with established 
lactation. As such, infants are more interactive in breastfeeding, using different sucking patterns in response 
to milk fl ow. Additionally, Sakalidis et al report milk ducts are compressed obstructing fl ow when infant’s 
tongue is up and in close contact with the palate. These sucking dynamics are consistent with Colson’s 
conception of newborns’ innate interactive abilities.   

Infant sucking dynamics also relate to our next topic of obesity reduction and breastfeeding. One of the fi rst 
theories to explain differences in obesity rates between breast and bottle-fed infants was infant self-regulation 
at breast. In the next section we will examine a 2012 article on obesity and infant feeding, then review several 
explanations related to feeding behaviors and human milk components. 
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McCrory C and R Layte. Breastfeeding and Risk of Overweight and Obesity at Nine-Years of Age. 
Social Science & Medicine. 2012. 75(2): 323-330.

Background
Rising rates of obesity are national and international trends associated with a wide variety of behavioral, 
genetic, physical, psychosocial and cultural factors.  

Consequences of obesity include increased risks of mortality and morbidity due to cardiovascular, metabolic, 
endocrine, pulmonary, reproductive, and musculoskeletal diseases as well as cancer.28 

Multiple studies and systematic literature reviews indicate breastfeeding and human milk feeding reduce the 
risk of childhood obesity.29-31 

Parental body-mass index (BMI) has been shown to be one of the strongest determinants of childhood 
obesity as it refl ects both the shared home environment as well as genetic predispositions. Research studies 
controlling for parental BMI report less consistent results regarding the protective effects of breastfeeding.

Therefore, the purpose of this large study of school-age children was to examine the relationship between 
breastfeeding and obesity, by controlling for parental BMI as well as multiple other confounding factors.      

Methods

The study was conducted in Ireland using a nationally representative sample of 8568 nine-year-old children 
participating in the Growing Up in Ireland study. 

Measures of breastfeeding were based on maternal recall of whether children were breastfed and for how 
many weeks. Duration of breastfeeding was then divided into six levels:
 •  ≤ 4 weeks
 •  5-8 weeks
 •  9-12 weeks
 •  13-25 weeks
 •  ≥ 26 weeks. 

Children and their primary and secondary caregivers were measured and weighed to determine BMI scores.

The authors controlled for covariate factors associated with obesity. Those related to the children were:
 •  Gender 
 •  Birth weight 
 •  Gestational age at birth 
 •  Television time
 •  Physical activity 
 •  Recent dietary intake

Covariate factors related to the parents were: 
 •  BMI
 •  Maternal smoking in pregnancy
 •  Socio-economic characteristics
 •  Social class determined by Irish Central Statistics Offi ce’s schemata, primary caregiver’s education 

and household income
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Results

The mean BMI for the sample of 7798 children was 17.97 (considered within normal limits).

After calculating BMI scores, children were categorized as non-overweight 74.3%, overweight 19% and 
obese 6.6%. Combining the last two categories, 25% of children were at least overweight.

Data analysis, controlling for all covariates including parental BMI, suggested breastfeeding was associated 
with a reduction of obesity in school age children. Specifi cally, breastfeeding for at least 13 weeks was 
associated with signifi cantly reduced risk of being obese.

 •  Breastfeeding for 13-25 weeks was associated with a 38% reduction in the risk of obesity at nine 
years of age

 •  Breastfeeding for at least 26 weeks was associated with 51% reduction in the risk of obesity at nine 
years of age.

Data also showed a trend towards a dose-response reduction in obesity starting with 4 weeks of 
breastfeeding.

Conclusions

After controlling for parental BMI and many other co-factors associated with obesity, this study supports 
breastfeeding as an obesity prevention strategy.

Commentary

Parental BMI is an important variable in the problem of infant and childhood obesity because parents and 
children share both environmental infl uences and genetic makeup. Food availability, eating patterns, and 
activity levels in the home clearly infl uence children’s weight status, as do genetically programmed health 
conditions and body-mass variables. By controlling for parental BMI, this study reduced the infl uence of an 
important confounding variable, making the argument for breastfeeding more compelling.

After presenting study results, McCrory and Layte discuss many of the proposed explanations regarding 
breastfeeding and obesity reduction. Their discussion includes nutritional as well as behavioral explanations. 
Nutritional studies suggest human milk components provide protection against obesity by infl uencing infant 
growth patterns and regulating hunger. Several factors identifi ed in human milk, but not present in formula, 
may be involved including: leptin and ghrelin,32-34 counteracting hormonally active peptides involved in 
regulating energy intake and expenditure; satiety and hunger; somatostatin 35,36 which inhibits growth 
release of growth hormone; and motilin 37,38 which stimulates gastrointestinal tract motility. 

Lower protein content in human milk also seems to regulate early infant growth, protecting against early 
and long-term obesity. Conversely, higher protein densities in formula are associated with increased insulin 
release and increased rates of growth.7 Collectively, nutritional research suggests human milk composition 
reduces obesity risks while formula composition increases the risk. 

Most relevant to this discussion of term infant feeding are behavioral explanations for obesity risk reduction 
with breastfeeding. Behavioral theories are centered on the concept of infant self-regulation infl uencing 
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weight gain and life long feeding patterns. For example, breastfeeding infants’ energy expenditures will vary throughout 
the day and over time. By regulating milk intake at a given feeding and milk production in their mothers over time, 
infants assist in establishing feeding volumes consistent with their individual needs.8 Women who are exclusively 
breastfeeding must learn to trust infants’ abilities to consume appropriate amounts. On the other hand, bottle-feeding 
mothers are more likely to feed prescribed volumes for each feeding, a practice that can lead to overfeeding.8 All in 
all, the evidence suggests infant self-regulation at breast, which implies a synergistic interaction between mother and 
infant, may contribute to decreased risks or overweight and obesity later in life. 

Concluding Remarks

This essay has explored aspects of term infant feeding that support the notion human infants were born to breastfeed. 
New research challenges long-standing assumptions and can lead to changes in clinical practice. Research by Colson 
and associates revitalizes conceptions of breastfeeding dynamics between mother and infant, drawing attention to 
the power of simple positioning techniques to elicit infant refl exes and instinctive maternal responses conducive to 
breastfeeding initiation. 

Infant feeding at breast is clearly different from bottle-feeding. Research by Sakalidis et al describes in detail infant 
sucking dynamics consistent with the notion of infants as active feeders who regulate milk intake at breast by suction. 
Term infants’ regulate feeding volumes by creating an intra-oral vacuum and by changing sucking patterns during 
breastfeeding.

Beyond nutritional theories of obesity, behavioral explanations contribute to our understanding of obesity reduction 
and breastfeeding. First and foremost, breastfeeding infants self-regulate milk intake. Sucking dynamics described by 
Sakalidis and associates demonstrate milk is removed from the breast by intra-oral vacuum rather than compression. 
Infants may also regulate intake with non-nutritive sucking interspersed through breastfeeding sessions. This new 
information coupled with other aspects of breastfeeding -- infant removal of milk regulating maternal milk production 
and feeding frequency changing to adjust to infant nutritional needs – add to a more robust understanding of how 
breastfeeding reduces the risk of excessive weight gain and obesity. 
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