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Abstract 

Nipple pain and insufficient milk supply are the most common reasons reported 

by mothers for premature weaning. Previous research into nipple pain has 

mainly focused on infant attachment to the breast and nipple infection. Further, 

breastfeeding assessments are experience-based, as evidence-based assessments 

of breastfeeding behaviours are limited and conflicting. As breastfeeding pain is 

a leading cause of early weaning, the first aim of the study was to determine 

whether infants of mothers experiencing persistent nipple pain exert stronger 

intraoral vacuums during breastfeeding. The second aim was to use objective 

measures to investigate and compare the pain experienced by breastfeeding 

mothers with persistent pain to mothers with visible trauma. Third, we aimed to 

determine if feeding characteristics or milk production were different between 

mothers with and without persistent nipple pain. Last, we aimed to develop and 

validate a method to measure and analyse ultrasound images of the infant’s oral 

cavity during breastfeeding to provide an evidence base for the assessment of 

infant sucking behaviour. 

 

Sucking and milk production in healthy infants and mothers without nipple pain 

(control) were compared to mothers with pain that had been referred by their 

IBCLC after unsuccessful treatment for nipple pain (pain). Infant suck 

characteristics were monitored for one breastfeed using ultrasound, pressure 

transducers and the infant test-weigh method. All mothers were asked to test-

weigh for a 24-hour period in their home. A third group of mothers with pain 

and visible trauma were recruited to compare their pain characteristics to 

persistent nipple pain. Maternal pain characteristics were measured using the 

Visual Analogue Scale (VAS), McGill Pain Questionnaire (MPQ) and Brief Pain 

Inventory (BPI). To analyse ultrasound images of infant sucking an extensive 

measurement protocol was developed and assessed for reliability. Two raters 

measured midline submental ultrasound scans of term breastfeeding infants by 

taking six measurements on two extreme frames; tongue-up and tongue-down. 

Nipple diameter (ND) was measured 2, 5, 10 and 15mm (base) from the nipple 
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tip, and placement of the nipple was measured as the nipple-hard soft palate 

junction (HSPJ) distance, and tongue depth was measured as the tongue-HSPJ 

distance. 

 

Persistent nipple pain (n=30) was associated with significantly stronger baseline 

(-90.8±54.5 vs. –56.4±31.4 mmHg, P=0.004), peak (-214.3±60.5 vs. 163.2 ±62.4 

mmHg, P=0.002) and pause vacuums (-104.8 ±67.9 vs. -45.8±30.3 mmHg, 

P<0.001) compared to control (n=30). Despite similar active sucking times 

(377.5 ±175.2 vs. 349.4±184.0 s, P=0.554) the mean milk intake was significantly 

lower for infants of mothers with nipple pain (41.6±31.3 vs. 70.7±30.7 g, 

P=0.001). 

 

Compared to persistent pain (n=29), mothers with visible nipple trauma (n=18) 

reported significantly higher pain intensity (p<0.001), breastfeeding 

interference (p=0.006) and nipple shield use (p<0.001). Persistent pain was 

more likely to be described as radiating, however, there was no difference in 

pain type (MPQ, p>0.25 for all). Higher VAS was related to higher BPI (p<0.02 for 

all). After accounting for VAS, duration of pain increased interference with 

general activity (p=0.003), mood (p=0.023) and sleep (p=0.002).  

 

From the sucking study nine control mothers and 12 mothers with pain 

measured milk production, and an additional 12 control and nine pain mothers 

were recruited. The monitored feed transfer tended to be lower in mothers from 

the control group who measured their milk production level (55.1 ±25.6g, n=9) 

than those who didn’t (78 ± 30.7g, n=21 [p=0.085]). Whereas, mothers with pain 

were more likely to measure their milk production if VAS was lower (22/100 

[14,44] vs. 50/100 [36,62], p=0.01) and monitored feed transfer was higher 

(measured 52.8 ±37.5g, n=12; not measured 34.0 ± 24.6g, n=18 [p=0.021]). No 

effect of pain was detected in feeding amounts, frequency or duration (p<0.44 

for all). Four mothers from the pain group had milk production levels below 

500mL (Control range 510 – 1324 mL). Significant univariate predictors of low 

milk production were meal durations longer than 33 minutes in the pain group 

(p=0.017) and use of a nipple shield (p=0.028). 
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No evidence of ultrasound measurement bias was found between raters and 

inter-rater agreement and consistency scores were high. At TU the nipple 

increasedin diameter for the first 10 mm (p<0.001 for all) and then was similar 

to the base (p=0.344). When the tongue dropped 6.9±0.6 mm from the HSPJ, the 

nipple moved closer from 8.2 ± 2.2mm to 4.7 ± 2.2 mm from the HSPJ, and milk 

flow was observed. Diameter along the nipple increased similarly (2.1 to 

2.8mm), except the base, which increased less (1.2mm, p<0.001).  

 

Persistent nipple pain is likely to be related to the application of strong intra-oral 

vacuum by some infants. Whilst persistent nipple pain was not as severe as 

nipple trauma, the similar interference with general activity, mood and sleep 

confirms previous findings of weaning and depression in women with nipple 

pain.  The majority of mothers with pain achieved adequate milk production; 

however, confirmation in mothers with high pain intensity is required. As 

mothers using nipple shields to reduce pain had lower milk production, 

measurements of milk transfer and infant sucking dynamics as described in this 

study may be useful to determine the effectiveness of nipple shields as an 

intervention. Measurements of nipple diameter and depth provide an objective 

reliable method to analyse tongue movement during breastfeeding; and may be 

useful investigating infant sucking development, co-ordination and 

abnormalities. The increase in nipple diameter when the tongue drops from the 

HSPJ and milk flows is consistent with the vacuum theory of milk removal. This 

method has great potential in determining the cause of strong suction in 

breastfeeding mothers with persistent nipple pain. 

 

Clinically, measurements of milk transfer, pain and infant sucking, as in this 

study, provide extensive information regarding the mother-infant dyad that 

would otherwise be unavailable. These techniques have enormous potential as 

both research tools for further study of women with nipple pain, particularly 

early postpartum, and to provide evidence upon which clinicians can structure 

and monitor management of breastfeeding difficulties with the intention of 

improving outcomes. 
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Chapter 1 Nipple pain during breastfeeding 

Introduction 

Breastfeeding provides the infant a species and stage specific bioactive fluid, 

immune protection and nutrition for optimal infant growth and development 

(McClellan et al., 2008b). Nipple pain during breastfeeding is a common reason for 

women weaning their infant to artificial formula second only to perceived 

insufficient milk supply. The functional components of breast milk that provide 

immunity and biological signals; such as up to 200 unique oligosaccharides, cannot 

be replicated in infant formula (Picciano, 2001, Hamosh, 2001, Bode, 2012). 

Further, the close contact during breastfeeding soothes the infant, promotes 

bonding, energy conservation, infant acid-base balance and temperature 

regulation (Christensson et al., 1995, Christensson et al., 1992, Winberg, 2005). 

 

Evidence of breastfeeding benefits demonstrate many dose responses 

relationships between breastfeeding and reductions in: infant infection (Wang and 

Wu, 1996), allergy and asthma (Ip et al., 2009, Lopez-Alarcon et al., 1997, Oddy et 

al., 1999) SIDS  (Hauck et al., 2011), obesity (Harder et al., 2005, Owen et al., 

2005a, Owen et al., 2005b) and diabetes (Ip et al., 2009, Mayer et al., 1988, Mayer-

Davis et al., 2008). Consequently, it is estimated that breastfeeding has the 

potential to prevent more deaths in children under 5 than any other preventive 

intervention (Jones et al., 2003). Many studies have attempted to estimate the 

costs of illnesses due to formula feeding. It has been estimated that the United 

States could save $13 billion per year in treating paediatric diseases if 90% of 

infants were exclusively breastfed for six months (Bartick and Reinhold, 2010). An 

Australian study estimated that the premature weaning of 30% of Australian 

infants by three months of age would cost around $290 million a year, based upon 

only five infant illnesses (Smith, 2002). 

 

Breastfeeding also provides maternal protection and benefits. Women who 

breastfeed longer are found to have lower rates of cardiovascular risk factors 

(Natland et al., 2012), breast cancer (Shinde et al., 2010) and ovarian cancer 

(Danforth et al., 2007). The hormones released during breastfeeding, prolactin and 
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oxytocin, promote mothering behaviours and bonding (Uvnas-Moberg, 1998). 

Breastfeeding also decreases blood pressure (Jonas et al., 2008), pain perception 

(Petersson et al., 2005) and levels of the stress hormones cortisol and 

adrenocorticotropic hormone (Handlin et al., 2009).   

 

The World Health Organisation (WHO) recommends that infants shall be 

exclusively breastfed for the first six months of life, with continued breastfeeding 2 

years and beyond  (Kramer and Kakuma, 2004). In an effort to increase the success 

and duration of breastfeeding, UNICEF and WHO, launched the "baby-friendly 

hospital initiative" guidelines, ten steps for the establishment of successful 

breastfeeding, for facilities providing maternity services and newborn care (The 

World Health Organisation, 1990).  

 

Success of the WHO initiative is demonstrated by high breastfeeding initiation 

rates of 96% in Australia (Australian Institute of Health and Welfare, 2010). 

However, 40% of infants receive supplementation within 1 month, 30% are 

weaned by 4 months and only 15% are exclusively breastfed until 5 months 

(Australian Institute of Health and Welfare, 2010). These figures are well below 

the national goal of 80% of infants being exclusively breastfed until 6 months of 

age (National Health and Medical Research Council, 2003). The risk of early 

weaning is increased by breastfeeding difficulties; with nipple pain one of the most 

common reasons for weaning in the first 6 weeks postpartum (Schwartz et al., 

2002, Scott et al., 2006, Ahluwalia et al., 2005, Hauck et al., 2010). The WHO 

guidelines cover hospital care and are based upon interventions that increase 

breastfeeding duration by preventing difficulties. However, most women leave 

hospital before lactation is fully established, before the severity of breastfeeding 

difficulties may be evident. Follow up care may be delayed, exacerbating problems 

and result in weaning. 

 

Nipple pain early postpartum is extremely common and expected to resolve after 

the onset of copious milk production during the first week postpartum (Ziemer et 

al., 1990, Cooper, 1840, Wilson-Clay and Hoover, 2002a).  An Australian 

longitudinal study found two thirds of women reported experiencing pain during 

the first two weeks, that halved by six weeks and 10% of women were still 
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experiencing sore nipples at three months (Cooke et al., 2003). Nipple pain is 

considered to be resolved with postpartum support from midwives and lactation 

consultants, with an emphasis on positioning and attachment (International 

Lactation Consultants Association, 2007, National Health and Medical Research 

Council, 2011). Postpartum support interventions are shown to increase exclusive 

breastfeeding rates, however very few studies have measured maternal 

satisfaction of support (Britton et al., 2007). Apart from comparison of 

breastfeeding duration, specific interventions have not validated for their effect on 

breastfeeding. Recent reviews of postpartum practices have identified sub-optimal 

care and lack of evidence-based practices to resolve breastfeeding difficulties and 

identify infant anomalies (Sellwood and Huertas-Ceballos, 2008, National Health 

and Medical Research Council, 2011). Subsequently, both the Australian and US 

governments have agreed to increase support for breastfeeding mothers 

(Australian Government, 2008, US Department of Health and Human Services, 

2011).  

 

To facilitate a successful lactation it is necessary to understand not only the 

process of milk synthesis and secretion but the feeding mechanisms of the infant 

as well. While there is a vast body of research into milk synthesis and composition 

in contrast there has been little objective investigation into the mechanics of infant 

feeding particularly breastfeeding (Geddes and McClellan, 2009). Thus 

experienced-based rather than evidence based treatments have been developed 

for breastfeeding difficulties. Considering that milk production is under local 

autocrine control by the frequency and efficacy of milk removal by the infant 

(Kent, 2007), greater understanding of infant sucking dynamics are required. Pain 

may not have received a lot of attention as an infant feeding problem because it is 

assumed that after ruling infection out, resolution occurs by altering positioning 

and attachment of the infant (Wilson-Clay and Hoover, 2002a). However, assessing 

the positioning and attachment of the infant is based upon experience and many 

women continue to experience pain after treatment. The large number of women 

experiencing pain and subsequently weaning are a strong indication that current 

treatment practices are inadequate.  

 

Often, confirmation of the cause of nipple pain is not possible as several treatments 

3 



 

are implemented at once. The lack of research and conflicting evidence 

documenting the variation in normal breastfeeding physiology has hampered the 

development of quantitative diagnostic criteria. It should not be overlooked that 

lactation is unique compared to other medical fields in that breastfeeding is a 

coupled system involving both the mother and child. Therefore, when considering 

a breastfeeding problem the dyad needs to be objectively assessed together, when 

feeding, as well as individuals. Difficulties in measuring the oral motor function in 

situ have delayed development of quantitative measurement tools. Therefore, 

uniform evidence-based diagnostic criteria and subsequent interventions will only 

be possible with increased knowledge of lactation physiology. 

 

In 1945 infant sucking pressure recordings of three infants were found to be 

strong enough to damage skin tissue during breastfeeding (Gunther, 1945). 

However, Gunther presumed that these high vacuums were due to incorrect 

positioning and attachment and unfortunately did not investigate this 

phenomenon further. As assessment is qualitative, apart from maternal perception 

of pain there is no way of determining whether or not the cause of pain remains 

after treatment, particularly if tissue damage is present. Knowledge of the normal 

and abnormal variations in infant breastfeeding behaviour and factors that affect 

development is scant as the sucking mechanism of the infant is often assumed to 

be intact in term infants (Smith, 2007). Further, theories on the basic dynamics of 

infant feeding are mainly based on bottle-feeding (Wolf and Glass, 1992, Rogers 

and Arvedson, 2005).  

 

The sucking mechanism of the infant during breastfeeding is based on knowledge 

of the anatomy of the lactating breast and a small number of imaging studies of 

breastfeeding infants. However, recent research highlighted inconsistencies in 

duct size and arrangement providing the impetus for reconsideration (Ramsay et 

al., 2005a). Injection of wax into nipple ducts of lactating cadavers by Sir Astley 

Cooper led to the description of lactiferous sinuses as ducts entered the breast 

from the nipple (Cooper, 1840). Recently an ultrasound study of the lactating 

breast found that the milk ducts beneath the nipple are small and do not store 

large volumes of milk (Ramsay et al., 2005a). These findings raise questions 

regarding the role of the peristaltic tongue action described in textbooks to strip 

4 



 

milk from the nipple. Indeed new findings show minimal peristalsis of the infant 

tongue and milk flow from the nipple into the infant’s oral cavity as the tongue 

lowers and vacuum is applied (Geddes et al., 2008a). These findings suggest that 

vacuum plays a more prominent role in milk removal during breastfeeding than 

previously thought. 

 

High-resolution ultrasound and pressure transducers used in investigating the 

normal sucking action of breastfeeding infants can be applied to those 

experiencing breastfeeding difficulties. While improvement in breastfeeding 

technique can resolve a large proportion of nipple pain a group of mothers and 

infants obviously do not respond. Infant oral anomalies such as cleft lip/palate and 

ankyloglossia are known to contribute to breastfeeding difficulties such as pain 

and insufficient milk due to altered sucking dynamics (Geddes et al., 2008b, 

Geddes and McClellan, 2009). It is therefore logical to expect that aberrant infant 

sucking may contribute to a proportion of the nipple pain experienced by 

breastfeeding women. To be able to recognise abnormal sucking, a fundamental 

knowledge of the lactation physiology and maternal and infant anatomy is 

required. Therefore it is important to understand the physiology of breastfeeding 

and the sucking mechanisms of the breastfed infant and how this relates to nipple 

pain during breastfeeding. 

 

Lactation physiology 

Lactating breast anatomy and histology 
Few investigations of the breast anatomy in lactating women have been performed 

since Cooper dissected of the breasts of lactating cadavers in 1840. This is largely 

due to the limitations of breast imaging techniques such as mammography, 

galactography, CT and MRI in investigating lactating women and the scarcity of 

lactating cadavers.  Mammography assesses the pattern of breast tissues and 

requires substantial compression of the breast. Furthermore the images are 

difficult to interpret due to the increased radio-density of glandular tissue during 

lactation. The milk ducts can be imaged by mammography after the injection of 

radio-opaque contrast media into the duct orifice through the nipple 

(galactography) however this technique is limited to one duct and therefore one 

lobe, is invasive and carries the risk of infection. CT and MRI are both expensive 
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and require optimisation for imaging the lactating breast (Geddes, 2007). Typical 

descriptions of the lactating breast anatomy are based upon the work performed 

by Cooper, who injected the breasts of lactating cadavers with hot wax or glue (Fig 

1A). From this work, the breast was described as containing a number of separate 

lobes supported by Cooper’s ligaments, where the lobes emptied into ducts that 

increased in diameter, forming lactiferous sinuses below the areola before exiting 

the nipple face (Cooper, 1840).  

 

The breast contains glandular, adipose tissue supported by fibrous connective 

tissue, Cooper’s ligaments, and increases in size during pregnancy (Cox et al., 

1999). Interestingly, the increase in breast size, whilst related to plasma 

concentrations of human placental lactogen, was not related to milk production 

one month postpartum. Improved ultrasound technology has enabled non-invasive 

investigation of the anatomy of the lactating breast. Semi-quantitative ultrasound 

used by Geddes (nee Ramsay) and co-workers showed that the majority of tissue 

within 30 mm of the nipple is glandular, and approximately half of the intra-

glandular fat is located within this region (Ramsay et al., 2005a). The glandular 

tissue is arranged into lobes that are composed of lobules, which each contain 

clusters of alveoli that are lined by lactocyctes that synthesise breast milk. Alveoli 

are surrounded by myoepithelial cells which aid in milk removal, by contracting in 

response to oxytocin, forcing milk into the milk ducts (Linzell, 1952). Each alveolus 

drains into a very small duct, and within each lobule these ducts join to form larger 

ducts. Dye injection into ducts of mastectomy sections demonstrated that while the 

ducts are intertwined each lobe is drained separately and there is no inter-ductal 

communication (Love and Barsky, 2004). The ducts from each lobule join forming 

larger collecting ducts that narrow (1/100 to 1/1000) as they exit through the 

nipple. 

 

Milk ducts narrow entering the nipple and again as they terminate as nipple pores 

either on the face or side of the nipple (Rusby et al., 2007). The nipple is located in 

the centre of the areola and is comprised of smooth musculature, epithelial tissues, 

sebaceous and apocrine sweat glands (Vorherr, 1974). Milk ducts beneath the 

nipple have an average diameter approximately 2mm and branch within 10mm of 

the nipple, suggesting that little milk is stored in the ducts and they do not function 
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as large milk reservoirs as previously thought (Ramsay et al., 2005a). Three-

dimensional reconstruction of microscopic examination of the ducts showed a 

median of 23 ducts (IQR 19 – 28), arranged centrally in a bundle within the nipple. 

The ducts within the nipple do not always connect to large amounts of glandular 

tissue, with many short ducts originating within glandular tissue close to the 

nipple (Love and Barsky, 2004, Ramsay et al., 2005a, Rusby et al., 2007). 

Observations of the number of pores secreting milk from the nipple showed 

central clustering, a mean number of 5 ducts and a range of 1 to 17 between 

women (Ramsay et al., 2005a). Similarly ultrasound imaging of lactating breasts 

found a large range of functioning milk ducts between women (4 – 18) and an 

average of nine (Ramsay et al., 2005a). Milk ducts exiting the nipple are not readily 

visible as the circular smooth muscle fibres assist in closing the milk ducts 

preventing milk leakage (Vorherr, 1974). 

Figure 1.1 Anatomy of the breast A) Based upon injection of the ducts of lactating cadavers 

with hot wax followed by dissection, Cooper 1840. B) Revised ductal anatomy of the breast based 

upon ultrasound, Ramsay et al 2005 (Reproduced with permission © Medela AG) 

 

During pregnancy nipples increase in size in relation to plasma prolactin 

concentration (Cox et al., 1999). A large variation in nipple diameter is observed 

ranging from small, less than 12mm, to extra large, greater than 23 mm (Wilson-

Clay and Hoover, 2002b). Flat or inverted nipples have been associated with 

reduced breastfeeding duration (Vogel et al., 1999), suboptimal infant 

breastfeeding behaviour and delayed onset of lactation (Dewey et al, 2003). Infants 
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of mothers with breast or nipple variations, such as flat nipples, were lower than 

birth weight 7 days postpartum compared to infants of mothers without breast 

variations who had gained weight (Vazirinejad et al., 2009, Vogel et al., 1999).A 

descriptive study of 20 women observed nipple damage limited to the face of the 

nipple in 65% of mothers in the first week postpartum and attributed this to 

normal infant sucking (Ziemer and Pigeon, 1993). As almost the entire cohort 

reported nipple pain it is not known if without nipple pain also experience similar 

nipple changes. Variations in breast and nipple morphology may explain why 

variations in positioning and attachment exist, although how they interact has not 

been studied. 

 

Milk production 
The initiation of lactation is a cascade of events, beginning with the proliferation of 

mammary epithelial cells (MEC) during pregnancy in preparation for milk 

secretion. Later in pregnancy, the MEC differentiate into functioning lactocytes 

capable of secreting milk components (Secretory differentiation). Delivery of the 

placenta results in the withdrawal of progesterone and triggers secretory 

activation.  During this time pre-colostrum is secreted in small volumes. Colostrum 

is secreted from birth until one to two days after birth when secretory activation 

results in the initiation of copious milk secretion. Milk volume continues to 

increase during the next 5 to 10 days reaching relatively stable levels by one 

month postpartum (Cox et al., 1996, Kent et al., 2006). The first week postpartum 

represents a critical period as volume on day 6 is predictive of volumes at 6 weeks 

(Hill et al., 2005). Thus ineffective milk removal as milk production is being 

established, may result in an insufficient milk supply.  There is considerable 

evidence that exclusively breastfed babies have effective control over their 

appetite (Daly and Hartmann, 1995, Dewey and Lonnerdal, 1986). Thus milk 

synthesis by the mother has to respond to a variable demand from her infant. This 

appears to be achieved by an inhibitory mechanism that decreases milk synthesis 

as the breast fills with milk (Daly et al., 1996a, Wilde et al., 1998). This mechanism 

is moderated by the ability of the mother to store milk in her breasts.  Mothers 

with small storage capacity must feed more frequently during the day whereas 

those with larger storage capacity can breastfeed less frequently and still maintain 

their milk supply (Kent, 2007).  
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As with most aspects of human lactation there is a wide variation in milk 

production between mothers (Dewey and Lonnerdal, 1983, Kent et al., 2006). A 

group of exclusively breastfeeding mothers of infants 1 to 6 months old, showed 

three-fold variation in the volume of milk produced, with no relationship to infant 

age (Kent et al., 2006). Clinically, infant satiety and growth rate are used to 

determine if milk supply is sufficient, even in cases of perceived insufficient milk 

supply (Gatti, 2008). This may delay identification of insufficient milk supply for 

sometime before the infant manifests poor growth, thus delaying treatment as well 

as growth and development of the infant. 

 

Milk composition 
Breast milk is the only single food that meets the entire nutritional requirements 

for human life. Milk components provide the classical macronutrients (protein, fat 

and carbohydrate) in a highly digestible form together with the micronutrients 

(minerals, trace elements and vitamins) required for the growth and development 

of the young of each species. Breast milk also contains an essential array of factors 

evolved from the innate immune system (Vorbach et al., 2006) that facilitates the 

neonate’s transition from the relatively pathogen free environment of the mother’s 

uterus to a postnatal environment containing a multitude of microbes including 

life-threatening pathogens. In addition, breast milk is a functional food providing 

many growth factors, hormones and compounds that act as metabolic signals to 

the infant (Lonnerdal, 2000) as well as enzymes and cofactors of a similar 

complexity to those in the cytosol of the lactocyte (Arthur et al., 1991). 

 

Protein 
Most of the protein in mature breast milk is synthesised in the lactocytes (80 – 90 

%) on the rough endoplasmic reticulum, transferred to the Golgi apparatus, 

packaged into secretory vesicles and secreted into the alveolar lumen by 

exocytosis (Lonnerdal et al., 1987). Other proteins such as albumin, secretory IgA 

(sIgA), IgG and insulin are taken up from the blood by endocytosis at the 

basolateral membrane and transported through the cytosol to the apical 

membrane of the lactocyte and either released directly into the alveolar lumen or 

secreted with the milk- specific proteins. The protein in milk is subdivided into two 
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fractions, the caseins and whey proteins The caseins are defined as the proteins 

that can be precipitated from milk at pH 4·6, while the whey proteins remain in 

solution. Whereas 80 % of the protein in cows’ milk is casein, human milk contains 

the lowest casein concentration (only 17% of the total protein) of all species 

(Lonnerdal et al., 1987). The caseins occur as α-, β- and κ-casein. κ-Casein is 

related structurally to γ-fibrinogen rather than the other caseins, and the absence 

of κ-casein results in lactation failure due to blockage of the alveolar lumen and 

milk ducts with protein aggregates (Shekar et al., 2006). κ-Casein has an essential 

role in stabilising the other insoluble α- and β-caseinates into colloidal suspension 

forming casein micelles. The casein micelles contain high concentrations of 

calcium phosphate and due to the high proline content and lack of disulfide bonds 

of the caseins, the micelles do not have secondary and tertiary structure but rather 

exist as a tangled web (Holt and Horne, 1996). The micelles form porous structures 

(1·0 g casein occupies 4·0 ml) that aggregate on dehydration.   

 

A number of whey proteins are unique to the mammary gland, including α-

lactalbuminand whey acidic protein while others, such as serum albumin, insulin, 

and many enzymes and hormonesare not. α-Lactalbumin is a mammary-specific 

protein that evolved from lysozyme (Hayssen and Blackburn, 1985).  

 

Carbohydrates 
The dominant carbohydrate in breast milk is lactose, which is synthesised in the 

Golgi vesicles and regulates the aqueous phase by its osmotic influence. The 

initiation of lactation (secretory activation) is associated with a surge of lactose 

synthesis that results in an increase in its concentration and a concomitant 

increase in milk volume.  

 

Oligosaccharides contain two to ten monosaccharide units, combining to form 

different molecules and 200 unique oligosaccharides have been identified in 

human milk (Ninonuevo et al., 2006). In nutritional terms oligosaccharides are the 

third most abundant component (5-15g/L) (Ninonuevo et al., 2006), yet are 

classed as ‘soluble fibre’ as they are not readily digested. Instead, oligosaccharides 

may exist to enrich “healthy” microbiota (Zivkovic et al., 2011) and act as decoy 

receptors to prevent viral and bacterial adhesion to the infant’s intestinal 
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epithelium  (Bode, 2012, Newburg et al., 2005, Jantscher-Krenn et al., 2012). 

 

Lipids 
Almost all the fat (98 %) in milk is present in the milk fat globule as TAG, 

consisting of three fatty acids bound to a glycerol backbone. Human milk contains 

over 200 different fatty acids, but only seven of these fatty acids are present in 

amounts in excess of 1 % of the total fatty acids. The conservation of the positional 

distribution of certain fatty acids on the glycerol backbone has been well 

documented and is unique to the milk fat of most mammals (Breckenridge et al., 

1969, Martin et al., 1993), with oleate and linoleate at the sn-1 or sn-3 positions 

(Jensen, 1995). The positional preference of fatty acids on the TAG molecule is 

highly conserved across mammals. In human milk, palmitic acid is preferentially 

esterified to the sn-2 position. Since pancreatic lipase hydrolyses ester bonds at 

the sn-1 and sn-3 positions, palmitic acids remains as a monoacylglycerol and is 

absorbed from the small intestine more efficiently than if it were present as the 

free acid (Innis et al., 1993). 

 

Milk fat globules vary in size, from less than 1 mm up to 12 mm in humans and the 

smaller milk fat globules increase the rate of gastric emptying as well as the rate of 

fat absorption (Michalski et al., 2005). The milk fat globule membrane contains a 

number of proteins including xanthine oxido-reductase (XOR) and butyrophilin 

(only expressed in the mammary gland), lactadherin and α-lactalbumin. In 

addition, the milk fat globule membrane contains sphingomyelins, neutral 

glycosylceramides and gangliosides that are synthesized in the lactocytes, make up 

1 % of the milk fat, and are involved in central nervous system myelination and 

development of the retina(Czank et al., 2007b).  
 

Protective components 
The initial deficiencies of the neonate’s immune system are compensated for by 

the transfer of maternal antibodies to the fetus and/or newborn through either the 

placenta and/or colostrum, respectively(Brambell, 1970). Some preparation for 

this transition occurs late in pregnancy via transfer of passive immunity from the 

mother to the fetus by the selective transport of IgG across the placenta. The 

dominant immunoglobulin in human colostrum and milk is sIgA, primarily 
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providing initial protection by coating mucosal surfaces and binding to pathogens 

thus preventing them from attaching (Brambell, 1970). The high concentration of 

sIgA and low volume of colostrum for up to 2 days after birth may permit this 

glycoprotein to more effectively coat the lining of the infant’s respiratory and 

gastrointestinal tracts and thus provide a high level of protection against 

environmental pathogens. 

 

In addition to maternal antibodies, milk contains many components that provide 

protection to the neonate. These components include lactoferrin, lysozyme, 

lactoperoxidase, XOR, oligosaccharides, glycoprotein, glycolipids, cytokines, 

growth factors, fatty acids, defensins, cathelicidins, lactadherin, antisecretory 

factor and leukocytes (neutrophils, macrophages and lymphocytes). Protection 

against pathogenic micro-organisms occurs from these components either binding 

the microbes and preventing entry of the underlying tissues, engulfing and killing 

micro-organisms by phagocytosis or depriving microbes of essential nutrients or 

neutralizing viruses and toxins. In addition some components function as anti-

inflammatory factors (antioxidants, epithelial growth factors, cellular protective 

agents and enzymes that degrade mediators of inflammation), immunomodulators 

(nucleotides, cytokines and anti-idiotypic antibodies) (Goldman et al., 1998) and as 

prebiotics for symbiotic bacteria (Newburg and Neubauer, 1995). 

 

In contrast to the macronutrients in milk, most of the components that protect the 

neonate against pathogenic microorganisms are not unique to the mammary gland 

but rather ‘ply their trade’ in many other parts of the body. Nevertheless milk 

provides a very potent and targeted defence against pathogenic microorganisms. 

This defence system protects both the mammary gland and the vulnerable neonate 

against a wide range of pathogenic micro-organisms. The degree of concentration 

of this protection into the lactating mammary gland can be appreciated from the 

observation that sIgA makes up the largest proportion of the total antibodies in 

human adults (Hanson, 2004). Furthermore colostrum contains up to 12g sIgA/L 

decreasing in mature milk to 0·5 – 1·0 gsIgA/L (Hanson, 2007). In other words, a 

4-month-old exclusively breast-fed baby wouldconsumeapproximately75 

mgsIgA/kgper24 h compared with the production of 40 mg sIgA/kg per d for the 

non-lactating adult (Hanson, 2004). Thus the exclusively breast- feeding mother 
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provides almost twice the adult levels of sIgA to protect her baby’s mucosal 

surfaces lining the respiratory, reproductive and gastrointestinal tracts. More 

specifically, in The Gambia weight loss associated with Helicobacter pylori was only 

in babies whose mothers did not have vacuolating cytotoxin A IgA antibodies in 

their milk (Campbell et al., 2006). 

 

The role of these protective components in colostrum and breast milk has not been 

investigated in mothers who develop nipple pain. Nevertheless it is possible that 

mothers with lower levels of some of the protective components could be more 

susceptible to experiencing nipple infection and/or nipple pain. 

 

Metabolic components 
Breast milk contains many factors that facilitate the metabolism of the suckling 

offspring. The symbiotic relationship between maternal milk components and the 

metabolism of the infant is extremely complex. The breast-fed infant benefits from 

a number of digestive enzymes for example, bile salt-stimulated lipase that have 

been found in human milk (Freed et al., 1989) and is well adapted to lactose as a 

source of dietary carbohydrate. Intestinal β-galactosidase hydrolyses lactose to 

galactose and glucose, and while the uptake of glucose by the liver from the portal 

blood is limited because of the low activity of glucokinase, the high activity of 

galactokinase rapidly removes galactose ensuring adequate hexose for neonatal 

liver metabolism (Czank et al., 2007a). Milk contains many hormones and tissue 

growth factors including erythropoietin, prolactin, insulin, growth hormone, 

oestrogens, prostaglandins and epidermal growth factor, and some of these 

compounds such as oestrogens, prostaglandins (Peaker, 1991)and growth 

hormone (Selman, 1995)are synthesised in the mammary gland. The advantages 

afforded by the presence of the hormones and growth factors in milk only have to 

provide a marginal biological advantage for positive natural selection (Pearlman, 

1991) and therefore detection of all the evolutionary beneficial components in 

milk would be very difficult indeed. 

 

Multifunctional components 
The multifunctional capacity of the components in milk is an amazing feature of 

lactation. The proteins, carbohydrates and fats in milk not only provide the 
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suckling mammal with a complete and balanced diet but also double as functional 

foods (Lonnerdal, 2000) and provide protection against infections (Hanson, 2007). 

Human casein is thought to be digested easily, providing amino acids, calcium and 

phosphate for the baby. However, proteolytic hydrolysis of human β-casein results 

in the formation of N-terminal peptides containing phosphorylated amino acid 

residues (casein phosphopeptides) that appear to keep Ca in a soluble form and 

thereby facilitate Ca absorption (Lonnerdal and Atkinson, 1995). The hydrolysis of 

β-casein releases peptides that have been shown to have both opioid (β-

casomorphins) and anti-opioid activity. However, more studies are required to 

evaluate the physiological significance of these peptides (Lonnerdal and Atkinson, 

1995). In addition, components of casein seem to prevent cellular adhesion of 

Actinomyces and streptococci, and κ-casein blocks H.pylori (Hanson, 2004). 

Gastrointestinal digestion of casein also releases bioactive peptides that may lower 

the incidence of CVD, type 1 diabetes, autism, schizophrenia (Bell et al., 2006) and 

dental caries (Ferrazzano et al., 2007). α-Lactalbumin binds to β-1,4-galactosyl 

transferase to form lactose synthase. The formation of lactose from glucose and 

UDP-galactose in the Golgi vesicles is catalysed by lactose synthase (Brew and Hill, 

1975). However, the concentration of α-lactalbumin in milk is much higher than 

that of β-1,4-galactosyl transferase. Therefore, in addition to its enzymatic role, α-

lactalbumin is present in nutritionally significant amounts and has a very high 

biological value as a dietary protein for infants.  

 

As the name implies, lactoferrin has two high-affinity binding sites for iron (Fe) 

and may facilitate the absorption of Fe from the infant’s intestines. Since only a 

small fraction of the Fe-binding capacity of human lactoferrin (3–5%) is utilised, it 

has been proposed from in vitro studies that it may have a bacteriostatic effect by 

depriving bacteria of Fe (Bullen et al., 1972). Many functions have been put 

forward for lactoferrin including the release of a bactericidal peptide 

(lactoferricin), a growth factor and an immunomodulatory factor although these 

need further study (Lonnerdal and Atkinson, 1995). 

 

Lactose promotes the absorption of calcium in the small intestine of young 

mammals. Furthermore, a significant proportion of dietary lactose escapes 

hydrolysis in the small intestine and, together with the oligosaccharides, facilitates 
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the growth of the favourable bifidobacteria and lactobacilli flora in the large 

intestine. These bacteria provide ‘colonisation resistance’ against potential 

pathogens (Hanson, 2007). In addition, oligosaccharides are an important source 

of the sialic acid that is required for brain development (McVeagh and Miller, 

1997). 

 

Studies have observed an improved immune function in breast-fed infants 

compared with infants fed artificial formula (Lopez-Alarcon et al., 1997, Oddy et 

al., 1999). Certain fatty acids (8 : 0 to 12 : 0 and 18:2n-6) and their 

monoacylglycerols released from the hydrolysis of milk TAG in the gastrointestinal 

tract are antibacterial and can disrupt the envelope of viruses (Isaacs et al., 

1986)and kill parasitic protozoa in vitro(Reiner et al., 1986). Furthermore, the fat 

globule membrane in human milk contains mucin that binds certain bacteria as 

well as sIgA antibodies that may provide antimicrobial activity during intestinal 

passage (Hanson, 2007). In addition, it has been speculated that butyrophilin may 

function as a component of the immune system either in the lactating mother or in 

the suckling neonate (Mather and Jack, 1993). 

 

Milk removal 

Milk Ejection Reflex 
 

Very little milk can be obtained from the breast prior to activation of the milk 

ejection reflex (Ramsay et al., 2004, Kent et al., 2003). The milk ejection reflex 

(MER) is a neuro-hormonal reflex primarily triggered by stimulation of the nipple 

that activates a neural pathway, bringing about the systemic release of oxytocin 

from the posterior pituitary gland. Mothers can become conditioned to particular 

stimuli such that a crying infant will trigger an MER without stimulation of the 

nipple (McNeilly et al., 1983). Oxytocin binds to receptors on the myoepithelial 

cells surrounding the alveoli, causing them to contract and force milk towards the 

nipple. As a result intra-duct pressure and diameter increase (Cobo, 1967) 

expanding approximately 50% (Ramsay et al., 2004). During a breastfeed multiple 

milk ejections normally occur, although the mother often only senses the first 

(Ramsay et al., 2004). Measurement of milk flow rate during expressing with a 

breast pump has demonstrated that mothers have distinct repeatable patterns of 
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milk ejection (Prime et al., 2009). Whether or not a mother’s repeatable pattern 

observed during pumping is similar during infant feeding is yet to be confirmed. 
 

Pain and MER 
As milk ejection is a neurohormonal reflex certain stimuli can inhibit and reduce 

the effectiveness of MER. Milk ejection was shown in one mother to be inhibited 

through the body’s responses to pain and stress resulting in decreased milk 

transfer(Newton and Newton, 1948). It is likely that this effect is mediated via the 

effects of norepinephrine which is released from the adrenal gland in response to 

stressful stimuli subsequently reducing mammary blood flow, thus decreasing the 

amount of oxytocin reaching myoepithelial cells (Ueda et al., 1994). However, in 

the study by Newton and Newton, the effects of certain stressors became 

ineffective as the mother became conditioned to those stimuli (Newton and 

Newton, 1948). In this context, it is unknown whether this response occurs in 

mothers who experience nipple pain during feeding and whether or not milk 

production is compromised.  

 

Milk removal by the infant 

Infant oral anatomy 
The infants’ mouth is shorter in the vertical plane with a wider flatter hard palate 

compared to the adult and the tongue fills most of the oral cavity (Fig 1.2). The 

tongue has been described as a muscular hydrostat as it is incompressible and 

movement does not result in volume changes. The tongue contains extrinsic 

muscles that perform the bulk of movements and smaller intrinsic muscles that 

enable more precise control. The extrinsic muscles anchor the tongue to the lower 

jaw, hyoid and cranial base. Thus movements of the jaw and hyoid affect 

movement of the tongue, although independent tongue movements within a range 

of motion are possible (Hiiemae and Palmer, 2003). Compared to the adult the 

infants’ mandible is proportionally smaller and receding and the hyoid bone is 

situated behind rather than below the tongue. The infants’ epiglottis and soft-

palate are in close proximity and this anatomical variation is thought to protect the 

airway during swallowing allowing safe feeding. The evolution of a secondary soft-

palate allowed separation of the oral and nasal cavities and simultaneous sucking 

and breathing. The larynx is located high in the neck and is elevated by the hyoid 
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bone during swallowing both facilitating movement of fluid into the pharynx and 

protecting the airway (Figure 1.2). The buccal fat pads of the cheeks facilitate 

sucking by stabilizing the lateral walls of the oral cavity.  

Figure 1.2 Infant oral anatomy demonstrating the hard (HP) and soft palate (SP), tongue 

(T), hyoid (H), Trachea (Tr), oesophagus (O) and nasal cavity (NC). 

Infant sucking 
When the newborn infant is placed on the mother’s stomach it is able to move to 

the breast, attach to the nipple and suckle unaided (Widstrom et al., 1987)and 

facilitation of this behaviour results in a more successful lactation (Pereira, 

2006).Suckling is a requirement for the survival of the neonatal mammal and 

involves co-ordination with swallowing and breathing so that the efficient intake 

of milk is achieved while maintaining blood oxygen saturation levels and 

preventing food aspiration (Wolf and Glass, 1992). Suckling has been studied in 

many species using various methods (German and Crompton, 2000); however, 

controversy exists as to the roles of suction and compression in the removal of 

milk from the breast.  

 

Most of the studies of infant oral motor function have been performed on either 

standardised teats or bottles (Geddes and McClellan, 2009). Studies of infant 

sucking during breastfeeding have resulted in two conflicting theories of milk 
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removal. The first is that milk is stripped from the nipple using a peristaltic tongue 

action, with intra-oral vacuum presumed to refill sinuses in the nipple (Bosma et 

al., 1990, Smith et al., 1988, Smith et al., 1985, Ardran and Kemp, 1959, Ardran et 

al., 1958b, Weber et al., 1986, Woolridge and Baum, 1987, Eishima, 1991). The 

second theory describes the tongue acting as a piston to create cyclic vacuum 

removing milk from the breast with compression assisting in milk removal from 

the oral cavity (Colley and Creamer, 1958, Nowak et al., 1995, Geddes et al., 

2008a). The difficulty in imaging the intra-oral cavity during breastfeeding may 

explain the conflicting theories and lack of investigation to confirm oral motor 

function during breastfeeding. It is also likely that the assumption that the sucking 

mechanism is similar during breastfeeding and bottle-feeding has prevented 

further investigation and contributed to conflicting theories developing. 

 

Ardran et al. used cineradiography to investigate sucking in infants, kid goats and 

lambs (Ardran and Kemp, 1959, Ardran et al., 1958b, Ardran et al., 1958a). They 

described a peristaltic stripping motion of the tongue that resulted in teat 

distortion and expression of milk. Imaging breastfeeding was noted to be much 

more difficult than bottle feeding due to the lack of contrast between soft-tissue 

structures and to enhance the image the mother’s nipple was coated in a mixture 

of lanolin and barium. The tongue action during breastfeeding was concluded to 

probably be similar to bottle-feeding and that the function of the observed 

negative intra-oral pressure was to refill the teat. However, they also showed that 

the response of the young was affected by the shape and texture of the teat used, as 

teat rigidity and flow resistance influenced the positive (compression) and 

negative (vacuum) pressures applied by the young (Ardran et al., 1958b, Ardran et 

al., 1958a). In addition the imaging techniques could only obtain short image 

sequences, required unnatural positioning, and could not distinguish milk from 

soft tissues and as milk transfer by test-weight was not confirmed it is not known if 

infants removed milk during the imaged period. This raises the questions as to 

whether Ardran observed nutritive or non-nutritive sucking during breastfeeding. 

  

Investigations showing that the lactiferous ducts beneath the nipple are small in 

diameter and do not display typical sinuses, led Geddes and co-workers to 

investigate infant sucking during breast-feeding by simultaneously recording 
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ultrasound images of the intra-oral cavity and measuring intra-oral vacuum 

(Geddes et al., 2008a). Improvements in ultrasound technology have allowed for 

better imaging of oral structures, ducts in the nipple and milk flow, without 

compromising positioning and attachment of the infant. Thus the movement of the 

tongue and the changes in intra-oral vacuum could be related to the periods of 

milk flow (i.e. MER). They observed that when the infant attached to the breast a 

seal was maintained during both sucking bursts (baseline vacuum, mean 64 (SD 

45) mmHg) and pause periods. Baseline vacuum appears to be a general feature in 

mammals as there are many observations of the suckling young remaining 

attached to the teat when either the mother moves or the mother is lifted up. 

During a breastfeed the end of the nipple was positioned in the baby’s mouth at a 

distance of 6·9 (SD1·3) mm from the junction of the hard and soft palate and there 

was a rhythmic up and down movement of the tongue during sucking bursts. The 

milk ducts and milk flow were only visible as the tongue moved down, that is, at 

the time of increased vacuum (peak vacuum, 214 (SD 58) mmHg). At this time the 

nipple moved slightly towards the junction of the hard and soft palate and the 

lowering of the tongue created a space into which the milk flowed. This space was 

bounded ventrally by the top of the tongue, proximally by the end of the nipple, 

dorsally by the hard palate, and distally by a downward extension of the soft 

palate. As the tongue was raised the bolus of milk moved under the soft palate and 

was cleared to the back of the pharynx. When the tongue moved up the nipple 

became slightly compressed and milk flow ceased. A peristaltic stripping motion of 

the tongue was not observed and thus they concluded that vacuum was likely to 

play the major role in milk removal. 

 

Bottle-feeding 
The BFHI recommends avoiding bottles, however, women with breastfeeding 

difficulties are recommended to express breast milk to maintain an adequate milk 

supply (Academy of Breastfeeding Medicine, 2008). Bottle feeding is different to 

breastfeeding, where milk flow from the breast is variable (Prime et al., 2009) and 

the bottle teat contains significantly more milk, can flow due to gravity alone. The 

positive and negative pressure applied by the infant has been shown to adapt to 

flow rate (Sameroff, 1968, Wolff, 1968) and thus it may be possible for early 

bottle-feeding to result in adaptation of an ineffective sucking mechanism during 
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breastfeeding. Indeed, masseter muscle activity is significantly reduced in bottle-

fed infants compared to the breastfed infant (Inoue et al., 1995). Furthermore 

there is evidence of differences in perioral muscle function between breastfed and 

bottle-fed infants that persist into the second and third year of life (Jacinto-

Goncalves et al., 2004). Artificial teats are not as pliable as the nipple, do not 

elongate, and greater compression is observed in comparison to breastfeeding 

(Nowak et al., 1995). Thus it appears that milk removal is easier from a bottle, and 

may explain why the infant appears to compress the teat to remove milk. These 

differences may also explain why bottle use during hospital has been associated 

with development of nipple pain (Centuori et al., 1999). The specific effect of 

bottle-feeding on infant sucking development and breastfeeding difficulties has not 

been studied. 

 

Pacifier use 
The BFHI recommends the avoidance of pacifiers, however, widespread use 

occurs. In a local prospective study of Perth mothers, pacifier use before 10 weeks 

was associated with shorter exclusive and partial breastfeeding duration (Scott et 

al., 2006). Similarly, a meta-analysis found that pacifier use in the first four weeks 

reduced the duration of exclusive and any breastfeeding (Karabulut et al., 2009). 

One study of 52 breastfeeding dyads found that those with breastfeeding 

difficulties were more likely to be using pacifiers (Righard, 1998).  

Therefore, whilst it is possible that pacifiers effect development of sucking 

behaviours the affects have not been studied. 

 

Breastfeeding difficulties 
There are a number of breastfeeding difficulties, such as mastitis (Fetherston, 

2001), engorgement (Livingstone, 1996), perceived insufficient milk supply (Hill 

and Humenick, 1989), blocked ducts (Fetherston, 1998) and nipple pain, that 

increase the risk of premature weaning (Scott et al., 2006). 

 

Many studies have shown common socio-demographic factors related to 

breastfeeding duration, with women of lower age, with less education less likely to 

continue breastfeeding (Cooper et al., 1993, Hauck et al., 2010). It is interesting to 

note that in a primitive, traditional society such as rural Senegal, less than 1% of 
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children are weaned before 15 months of age (Mane et al., 2006). Only one mother 

reported a breastfeeding problem (insufficient milk) as a reason for early weaning. 

The most common reason for weaning before 15 months was maternal death, 

followed by maternal illness. Whether or not these women experience 

breastfeeding problems is not known.  

 

Pain during breastfeeding 
One of the most common reasons cited for premature weaning is nipple pain 

(Ahluwalia et al., 2005, Schwartz et al., 2002). The incidence of nipple pain during 

breastfeeding ranges from 34 to 96% of mothers (Morland-Schultz and Hill, 2005, 

Ziemer et al., 1990). Many cases resolve within the first week however some 

women beyond one month postpartum (Ziemer et al., 1990). Next to inadequate 

milk supply, breast and nipple pain is the most common cause of weaning in the 

first 3 weeks of breastfeeding (Schwartz et al., 2002). In addition to the increased 

risk of early weaning, nipple pain may impede milk ejection, and increases the risk 

of both mastitis and depression (Amir et al., 1996a, Pugh et al., 1996).  

 

Various topical agents such as lanolin, compresses and expressed breast milk are 

often used to try to alleviate nipple pain; however, expressed breast milk (EBM) 

shows similar effectiveness to these treatments (Pugh et al., 1996). A newer 

treatment is All Purpose Nipple Ointment which combines antibiotic, antifungal 

and corticosteroids, however no difference in pain resolution was observed in 

comparison to lanolin (Dennis et al., 2012). 

 

In 1945 Gunther showed that infants were able to apply very strong vacuums to 

the breast (-200mmHg for 2 minutes). However, neither average pressure values 

for the entire feed nor values for infants not causing pain were documented 

(Gunther, 1945). It was presumed that strong suction was a result of poor 

positioning and attachment, however, follow up sucking pressures were not 

reported. Studies of healthy breastfeeding dyads have shown that sucking 

pressures are usually lower than this; with Prieto et al reporting mean vacuum of -

50 ±5.7 mmHg and peak vacuums -197 ±10 mmHg, and Geddes et al reporting 

mean vacuum of -64 ±45 mmHg and peak vacuums -114 ±50 mmHg (Geddes et al., 

2008a, Prieto et al., 1996). 
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Infection 
It has been proposed that damage to the nipple from infant sucking allows normal 

skin flora to invade and colonise the skin. Infection of the nipple is often diagnosed 

clinically without microbiological testing (Morrill et al., 2005, Brent, 2001). The 

most common pathogens associated with nipple pain are Staphylococcus aureus 

and Candida albicans, however, women have also tested positive for these 

pathogens without showing symptoms (Thomassen et al., 1998, Livingstone, 

1996). The reported rates of infection in women with sore nipples varies from 0-

20% for C.albicans and up to 57% for S. aureus (Morrill et al., 2005, Graves et al., 

2003).  

 

Rates of positive bacterial growth are higher in women with severe nipple trauma, 

such as cracks and fissures (Eglash et al., 2006, Livingstone et al., 1996). Mothers 

given oral dual antibiotics have shown greater rates of resolution compared to 

topical treatments as well as single antibiotics (Livingstone and Stringer, 1999, 

Livingstone, 1996).However, in a cohort of mothers with nipple pain where 74% 

had lesions, an average of six weeks treatment was required to achieve pain 

resolution when most were given a single antibiotic (Eglash et al., 2006). Faster 

resolution was seen in a study where a dual antibiotic was prescribed, with 79% of 

mothers improving within 10 days in (Livingstone and Stringer, 1999). Mothers 

treated with topical agents were also more likely to develop mastitis within 7 days 

of treatment (Livingstone and Stringer, 1999). Thus microbiological sensitivity 

testing may be necessary to ensure that a suitable antibiotic is prescribed and 

topical agents do not seem effective in treating nipple infections. 

 

Nipple infection with C.albicans is often referred to as mammary candidiasis and is 

usually differentiated from other infections clinically by pain descriptors (Tanguay 

et al., 1994).Thrush is described as intense burning nipple pain, shooting radiating 

breast pain also occurring between feeding. Some clinicians treat persistent nipple 

pain as a potential thrush infection (Heinig et al., 1999). Two case control studies 

compared those with candidiasis symptoms to; breastfeeding mothers without 

difficulties in one study and with difficulties in the other; and identified 

predisposing factors as nipple damage, previous antibiotic use and previous 
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vaginal yeast infection (Amir, 1991). Amir (1991) also highlighted that infant oral 

thrush was more common in women diagnosed with nipple thrush and may be a 

predisposing factor. However, there is conflicting evidence to the existence of 

C.albicans within the breast. 

 

The presence of lactoferrin in milk was shown to inhibit C.albicans growth and 

thus may explain why microbiological cultures are not performed in diagnoses 

(Wiener, 2006). A recent study using a new method to test for the presence of 

C.albicans by measuring a component of the yeast cell wall, (1,3)-β-D-glucan (Hale 

et al., 2009) did not detect higher rates of C.albicans in mothers with typical thrush 

symptoms. This method is limited as fibres from clothing can result in false 

positives, and thus in order to collect a “clean catch” breasts were cleaned and 

pumped for 12 minutes to flush any contaminants. Thus it is possible that this 

prevented detection of nipple colonization. A recent treatment study of mothers 

with signs typically described as candidiasis, in particular breast pain, found that 

multiple courses of fluconazole were required to achieve pain resolution 

(Moorhead et al., 2011). Given the difficulty in confirming C.albicans infection, it is 

suspected that medications used to treat C.albicans may be effective due to their 

antibacterial activity (Schaller, 1982, Sud and Feingold, 1982). 

 

Ankyloglossia (Tongue Tie) 
Ankyloglossia or tongue-tie is defined as a short lingual frenulum restricts tongue 

movement particularly forward protrusion and/or lateral movement of the tongue 

and is associated with difficulty feeding, swallowing, kissing and speaking (Lalakea 

and Messner, 2003a, Lalakea and Messner, 2003b, Messner et al., 2000). The 

reported incidence of ankyloglossia varies between 3.2 % to 10.7% and is more 

common in males(Hogan et al., 2005, Messner et al., 2000, Ballard et al., 2002). In 

particular, between 12.8 and 44% of infants with ankyloglossia are reported to 

experience breastfeeding problems such as nipple pain, insufficient milk supply 

and latch difficulties(Messner et al., 2000, Ballard et al., 2002, Geddes et al., 

2008b).  

 

Treatment of ankyloglossia by frenulutomy involves clipping and releasing the 

lingual frenulum and rarely involves complications (Ballard et al., 2002). In severe 
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cases more complicated surgery such as 4-flap Z-frenuloplasty may be required 

(Heller et al., 2005). Controversy exists as to whether or not cases of ankyloglossia 

require treatment and assessment tools have been designed to identify cases 

requiring frenulotomy. The Hazelbaker Assessment Tool for Lingual Frenulum 

Function (HATLFF) showed moderate reliability for scoring frenulum appearance 

but low reliability in scoring sucking function (Amir et al., 2006). Thus the inability 

to measure infant sucking may be impeding treatment of ankyloglossia. 

 

Maternal nipple pain is a common symptom of ankyloglossia that can be relieved 

by frenulotomy (Ballard et al., 2002, Geddes et al., 2008b, Khoo et al., 2009). 

Ineffective sucking resulting in reduced milk transfer during breast feeding may 

result in poor infant weight gain (Miranda and Milroy). In a recent study pre-

frenulotomy 24-hr milk production were below the normal range in 6 of 8 women 

(normal range 478 to 1356 g; (Kent et al., 2006)) and one woman’s milk 

production was at the lower end of normal (513 g) (Geddes et al., 2008b). The 

number of subjects in this study was small due to the reluctance of mothers to 

delay frenulotomy to perform 24 hr milk productions. However these results lend 

weight to the clinical observations of poor weight gain due to assumed decreased 

milk supply or milk transfer. 

 

Two different infant feeding behaviours have been identified with, but are not 

exclusive to, ankyloglossia. The infant may either have difficulty creating and 

maintaining a seal to the breast so continually ‘slips off’ or they grasp and ‘bite’ the 

breast firmly (Marmet et al., 1990). Indeed a recent study using ultrasound 

imaging to visualize infant tongue movement has identified two different suck 

mechanisms during breastfeeding. On ultrasound the infant is seen to either pinch 

the base of the nipple or place the nipple at a greater distance from the hard-soft 

palate junction and pinch the tip of the nipple. Post frenulotomy the pinching of the 

nipple lessened along with improved milk transfer and maternal pain (Geddes et 

al., 2008b). 

 

Torticollis  
Torticollis literally means twisted neck and is often overlooked as a contributor to 

nipple pain. Torticollis is characterised by an infant’s preference for holding their 
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head to one side and the incidence is estimated to be 10% (Stellwagen et al., 2004). 

Causes of torticollis are attributed to the position of the foetus during pregnancy 

and birth difficulties. Breastfeeding difficulties may result from mandibular 

asymmetry impairing sucking and when the infant feeds on the breast that 

requires turning to the less favoured side (Wall and Glass, 2006). The specific 

effects of torticollis on infant sucking and milk removal have not been studied. 

 

Nipple vasospasm 
Raynaud’s phenomenom is a circulatory disorder that is associated with painful 

spasm of the arterioles and tissue cyanosis. Although typically thought to occur in 

the extremities, nipple, coronary, gastrointestinal, and placental blood vessels may 

be affected. Raynaud’s phenomenon of the nipple during breastfeeding is well 

recognised clinically by a tri-phasic colour change beginning with a whitish 

blanching of the nipple (ischemia), progressing to a bluish shade (cyanosis) and 

finally red (vasodilatation). Affected women may have nipple and/or breast pain 

that is exacerbated by cool temperatures. Furthermore adequate positioning and 

attachment of the infant to the breast often does not solve the problem (Anderson 

et al., 2004). Effective management of Raynaud’s phenomenon of the nipple has 

included the application of warmth or avoidance of cold particularly during 

breastfeeding as well as the avoidance of drugs that cause vasoconstriction such as 

nicotine and caffeine (Anderson et al., 2004). In severe cases Nifedipine has been 

used successfully to promote vasodilation in the nipple by blocking calcium uptake 

by the smooth muscles of arterioles thus relieving symptoms (Anderson et al., 

2004).  

 

Positioning and attachment 
Poor positioning and attachment of the infant to the breast is believed to be the 

major cause of nipple pain as it is presumed that the infant will apply strong 

suction to keep the nipple in their mouth (Gunther, 1945, Woolridge, 1986a). 

Several studies have investigated the relationship between nipple pain and 

positioning and attachment (Blair et al., 2003, Cadwell et al., 2004, Henderson et 

al., 2001). Counseling on positioning and attachment and subsequent assessment 

of breastfeeding has been shown to decrease nipple pain in 38 % of first-time 

mothers at day 3 postpartum. Furthermore breastfeeding assessment using the 
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LAT, which involves corrective interventions, was shown to reduce the intensity of 

nipple pain (Cadwell et al., 2004). These studies highlight that education alone 

does not ensure complete resolution of nipple pain (Henderson et al., 2001). 

 

Advice for optimal positioning and attachment of the infant during breastfeeding 

has changed considerably over time. Mulford describes good technique as the 

mother supporting the infant’s head and shoulders within latch-on range of nipple, 

with the infant’s body slightly flexed and the entire ventral surface facing mother’s 

body (Mulford, 1992). Cadwell prescribes a minimum gape angle of 160°, with the 

nose and chin close to the breast, lips everted, starting with the nose opposite the 

nipple and the baby horizontal across the mother’s chest (Cadwell et al., 2004). 

However, 10% of women treated with this method showed no improvement in 

nipple pain (Cadwell et al., 2004). A newer recommendation is to allow the baby to 

self attach, with infants displaying more primitive reflexes considered stimulating 

to breastfeeding when mothers were reclined rather than sitting upright (Colson et 

al., 2008). Many positions are used to hold the infant, from the cradle hold to the 

football hold. As emphasis is placed on the gape and head angle and position 

relative to the breast it is important to confirm how these affect infant sucking. 

Further, if tissue damage is present the mother may not immediately detect 

optimal positioning of the infant. 

Clinical assessment and treatment of nipple pain 
Midwives and Lactation Consultants use various assessment tools to monitor a 

breastfeeding session and score the breastfeeding dyad (Jensen et al., 1994, 

Mulford, 1992, Marmet et al., 2000). The LATCH assessment scores breastfeeding 

success based on; infant latch, audible swallowing, nipple type and mothers 

comfort (Jensen et al., 1994). Whilst this may identify areas that require 

intervention they provide limited information. For example, causes of nipple pain 

may not be identified if the infant appeared to latch and swallow correctly. 

Compared to infants with slow, deep sucks, nipple pain has been associated with 

incorrect technique defined as superficial sucking at the nipple (Righard and 

Alade, 1992). A more comprehensive assessment performed by some Lactation 

Consultants explores both maternal and infant causes of problems, which include 

allergies, infant oral anatomy, as well as breast and nipple variations (Marmet et 

al., 2000). 

26 



 

 

Conclusion 
Infant sucking is critical in milk removal from the breast and thus sustaining 

adequate milk production and hence successful lactation. It is considered that 

correcting positioning and attachment of the infant will resolve abnormal sucking. 

Most clinical tools aim to identify whether or not the infant is sucking effectively 

without quantitative measurements. Given that many women experience nipple 

pain and other breastfeeding difficulties and wean prematurely as a result, more 

accurate assessment is required. In order to do this evidence-based quantitative 

methods for assessing infant sucking effectiveness are required.  

 

Research aims 
The aim of this study was to perform a quantitative analysis of women with 

persistent nipple pain during breastfeeding that have not responded to current 

professional standards of care, and develop a reliable and reproducible method to 

measure and analyse ultrasound images of infant sucking. 

 

Aim 1: I hypothesize that the intra-oral vacuum applied by infants of 

mothers with nipple pain will be significantly stronger than those of infants 

of mothers not experiencing pain. 

 

Aim 2: I hypothesize that persistent nipple pain in breastfeeding 

mothers is less intense than that experienced by mothers with clinical signs 

of trauma and/or infection. 

 

Aim 3: I hypothesize that milk production and feeding patterns of 

mothers experiencing nipple pain will be significantly different to those not 

experiencing pain. 

 

Aim 4: To develop and validate a measurement technique to analyse 

ultrasound images of sucking to enable subsequent analysis of sucking 

dynamics of infants of mothers experiencing nipple pain. 
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Abstract 

Aim: The objective of this study was to determine whether infant’s of mothers 

experiencing persistent nipple pain exerted very strong intra-oral vacuums during 

a breastfeed. Methods: Thirty mothers experiencing persistent pain during 

breastfeeding (Pain group; infants aged 49.4 ±35.5 days) were compared to thirty 

successfully breastfeeding mothers (Control group; infants aged 55.0 ±22.7 days). 

Infant intra-oral vacuums were measured via a small milk–filled tube taped 

alongside the nipple and connected to a pressure transducer. Milk intake was 

measured using the test weigh method. Results: Infants in the Pain group applied 

significantly stronger baseline (-90.8±54.5 vs. –56.4±31.4 mmHg, P=0.004), peak (-

214.3±60.5 vs. 163.2 ±62.4 mmHg, P=0.002) and pause vacuums (-104.8 ±67.9 vs. -

45.8±30.3 mmHg, P<0.001). Despite similar active sucking times (377.5 ±175.2 vs. 

349.4±184.0 s, P=0.554) the mean milk intake was significantly lower for infants of 

mothers with nipple pain (41.6±31.3 vs. 70.7±30.7 g, P=0.001). Conclusion: 

Infants of breastfeeding mothers experiencing persistent nipple pain applied 

significantly higher vacuum to the breast during breastfeeding despite assistance 

with positioning and attachment from a Lactation Consultant. Further 

investigation into the cause of the abnormally high vacuums is essential to develop 

successful interventions for these mother-infant dyads. 

 

Introduction 
It is obvious that mothers recognize the benefits of breastfeeding because 

breastfeeding initiation rates now exceed 93% in Western Australia (Win et al., 

2006). However, duration of breastfeeding, in particular the rates of exclusive 

breastfeeding quickly decline (ABS 2001, Win et al., 2006). Nipple pain during 
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breastfeeding is a significant problem that is one of the most commonly stated 

reasons for early weaning (Schwartz et al., 2002).  Previous research into the 

causes of nipple pain has focused on either attachment of the infant to the breast 

(Blair et al., 2003, Gunther, 1945) or nipple infection (Eglash et al., 2006, Graves et 

al., 2003, Livingstone et al., 1996, Thomassen et al., 1998). Despite numerous 

investigations, the causes of persistent nipple pain still remain unclear. 

Breastfeeding assessment tools currently used to identify areas of intervention are 

based on experienced observation and causes of nipple pain may not be identified 

if the infant appears to latch and swallow correctly. Therefore, further objective 

investigation of persistent nipple pain is essential to detect the cause of pain.  

 

Nipple pain caused by incorrect positioning and attachment of the infant at the 

breast is speculated to be a result of increased suction pressures applied by the 

infant (Gunther, 1945, Woolridge, 1986a). Incorrect positioning and attachment 

has been implicated as the major cause of nipple pain and several studies have 

investigated this relationship (Blair et al., 2003, Cadwell et al., 2004, Henderson et 

al., 2001). Counselling on positioning and attachment and subsequent assessment 

of breastfeeding has been shown to decrease the proportion of nipple pain in first-

time mothers at day 3 postpartum (51% vs. 68%), however, half of the mothers 

still experienced nipple pain, highlighting that education alone does not prevent all 

nipple pain (Henderson et al., 2001). Similarly, in a recent study that assessed and 

corrected positioning and attachment in mothers experiencing nipple pain 10% of 

the mothers recruited showed no improvement in nipple condition (Cadwell et al., 

2004). Therefore it is reasonable to assume that standard clinical intervention may 

not be successful in all women experiencing persistent nipple pain. 

 

The only objective information regarding sucking pressures and nipple pain is that 

of Gunther from over 60 years ago (Gunther, 1945). She reported that infant 

sucking pressures could be strong enough to produce petechiae on skin. The 

vacuum applied by three breastfeeding infants for whom the mothers reported 

nipple pain was measured. A two day old baby was observed to apply vacuums of -

200 mmHg for two minutes, however, neither average values of vacuum strength 

nor controls were investigated or documented. Thus, this study was designed to 

determine if infants of mothers experiencing persistent nipple pain exerted very 
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strong intra-oral vacuums during a breastfeed compared to infants of mothers not 

experiencing nipple pain.  

 

Methods 

Participants 
Mothers of full-term healthy infants, who were content with their breastfeeding 

relationship and not experiencing any pain were recruited from the West 

Australian Branch of the Australian Breastfeeding Association and Child Health 

Nurses during routine examinations into the Control group. Mothers who were not 

predominantly breastfeeding were excluded from the Control group. 

 

Mothers of full-term healthy infants who were experiencing persistent nipple pain 

despite ongoing lactation advice were recruited via International Board Certified 

Lactation Consultants (IBCLC). These mothers had been counselled on positioning 

and attachment, management of pain and maintaining milk production before the 

study.  Mothers with a known clinical diagnosis for the cause of their pain that was 

either maternal (e.g. bacterial or fungal infection, nipple vasospasm, dermatitis) or 

infant related (tongue-tie, torticollis) were excluded from this study. Mothers with 

tissue breakdown (abrasions, cracks, fissures or erosion) were referred to a 

medical practitioner for microbiological testing and treatment and excluded from 

the study. 

 

Participants supplied written, informed consent to participate in the study, which 

was approved by the Human Research Ethics Committee of The University of 

Western Australia.  

 

Determination of Milk Intake 
Infants were weighed both immediately before and after breastfeeding using an 

electronic balance (Medela BabyWeigh Scales, Medela AG, Baar, Switzerland). Milk 

intake (g) was calculated by subtracting the initial weight from the final weight.  

No correction for infant insensible water loss was made; therefore milk intake may 

be underestimated by 10 ±12 % (Arthur et al., 1987). 
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Intra-oral vacuum 
Infant intra-oral pressures were measured as previously described (Geddes et al., 

2008a) via a small Silastic tube (diameter 0.8mm) taped alongside the nipple and 

attached by Luer lock connection to a disposable pressure transducer (Cobe 

Laboratories, Frenchs Forest, NSW 2086, Australia). The transducer was then 

connected via an interconnect cable (Cobe Laboratories) to the amp bridge 

(ADInstruments, Castle Hill, NSW 2154, Australia) and the output was recorded 

(sensitivity 20mV). Measurements were recorded using MacLab (ADInstruments) 

and software package Chart v5.0.2 (ADInstruments) on a laptop computer (Mac OS 

X v10.3.8). Infant intra-oral pressures were recorded for the duration of the entire 

breastfeed. 

 

Statistical Analysis 
For all infants, descriptive statistics of the breastfeed were calculated, including; 

duration of the breastfeed, proportion of the breastfeed spent actively sucking and 

mean sucking rate. Measured negative intra-oral pressure corresponds to vacuum 

applied to breast. Active sucking and pausing were analysed separately using the 

Chart v5.0.2 analysis software. Active sucking bursts were selected and analysed 

by generating the following statistics for each burst; mean pressure, mean 

minimum pressure (peak vacuum), mean maximum pressure (baseline vacuum), 

rate of sucking, number of suck cycles and duration. Pausing segments were 

analysed for mean pressure (pause vacuum) and burst duration. For each infant, 

mean values were then calculated for sucking pressures, rates and burst duration.  

 

Independent sample t-tests were used to compare the breastfeed statistics 

between the Control and Pain groups. A two sided P-value < 0.05 was regarded as 

statistically significant. All values are stated as mean ± standard deviation (SD) 

unless otherwise stated. 

 

Results 

Participants 
Thirty women content with their breastfeeding were recruited in the Control 

group (mean age 32.3 ±4.5 years). All infants (mean age 55.0 ±22.7 days) were full-
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term (gestational age at delivery 39.2 ±1.4 weeks) and predominately breastfed 

(80% exclusively breastfed). Bottles were used by some women to feed expressed 

breastmilk (13/30) or artificial formula (6/30) either daily (8/30), weekly (8/30) 

or other (1/30).  

 

Thirty women experiencing pain during breastfeeding that had not resolved after 

assessment and counselling by a Lactation Consultant (IBCLC) were recruited in 

the Pain group (mean age 31.8 ±5.1 years). All infants (mean age 49.4 ±35.5 days) 

were full term (gestational age at delivery 39.4 ±1.2 weeks) and predominantly 

breastfed (76.7% exclusively breastfed). Bottles were used by some women to feed 

expressed breastmilk (14/30) or artificial formula (3/30) either daily (6/30), 

weekly (8/30) or other (3/30). There were no significant differences in participant 

characteristics between groups (Table 2.1). 

 

Two-thirds of the women in the Pain group (n=19) reported the timing of their 

pain. Half the women reported experiencing pain for the entire feed (9/19), whilst 

others reported pain at the start of the feed (7/19) or after a few minutes (1/19). 

The pain was not limited to feeding and was experienced by some mothers after 

feeding (6/19), when the nipple was touched (5/19) or when expressing (7/19). 
 

Breastfeed characteristics 
The mean milk intake for the observed breastfeed was significantly lower for 

infants of mothers with pain compared to the Control group (Pain: 41.6 ±31.3g vs. 

Control: 70.7 ±30.7g, P =0.001). Infants in both the Pain and Control groups spent 

similar amounts of time attached to the breast (Pain: 528.9 ±257.1s vs. Control: 

508.8 ±316.2s, P=0.788), and both groups spent a similar proportion of this time 

actively sucking (Pain: 74.25 ±18.1% vs. Control: 73.3 ±17.7%, P=0.871).  
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Table 2.1Maternal and infant characteristics for two groups of breastfeeding mothers; 

those with persistent pain (pain) and those not experiencing pain (control). * P values < 0.05 

considered significant 

Characteristic Pain (n=30) Control (n=30) P 
value  Mean ±SD n Mean ±SD n 

Maternal age 

(years) 
31.8 ±5.1  32.3 ±4.5  0.802 

Parity       

Primiparous  17  18  

Multiparous  8  8  

Missing  5  4  

Infant age (days) 49.4 ±35.5  55.0 ±22.7  0.416 

Gestational age at 
birth (weeks) 

39.4 ±1.2 
 
 
 

39.2 ±1.4  0.456 

Birth weight (kg) 3.55 ±0.39 
 

 
3.48 ±0.51  0.625 

Ceasarian birth  10  6  

Time before first 

breastfeed 

(hours) 

1.47 ±1.55  1.75 ±2.38  0.476 

Bottle use Daily Weekly Other Daily Weekly Other  

EBM only 3 4 3 5 5 1  

Formula only 1 2  3 1   

EBM + Formula 2 2   2   

Never  7  8  

Missing  5  4  

Age bottle 

introduced (days) 
16.3 ±21.4  20.7 ±17.1  0.435 

Pacifier use      

Yes  17  12  

Never  8  10  

Missing  5  8  

Age pacifier 

introduced (days) 
10.7 ±9.8  13.0 ±11.9  0.578 
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Typical sucking patterns demonstrating baseline, peak and pause vacuums are 

shown for both the Control and Pain groups (Figure 2.1) and are summarised in 

Table 2.2. 

 

During active sucking, infants in the Pain group applied a significantly stronger 

mean vacuum than the Control group (Pain: -152.2 ±43.8 mmHg vs. Control: -97.22 

±37.0 mmHg, P = 0.001). In addition, infants in the Pain group applied significantly 

stronger baseline (Pain -90.8 ±54.5 vs. Control: -56.4 ±31.4) and peak vacuums 

(Pain -214.3 ±60.5 vs. Control: -163.2 ±62.4). Infants in the Pain group applied a 

similar number of total suck cycles (Pain 582.6 ±355.3 vs. Control: 471.9 ±319.8 

cycles, P=0.225) but were sucking at a significantly faster rate than infants in the 

Control group (Pain 92.7 ±18.7 cycles/min vs. Control: 81.8 ±16.0 cycles/min).  

 

Figure 2.1 Short (5s, A and B) and long (30s, C and D) segments of intra-
oral vacuum recordings plotted against the time in relation to the start of 
the breastfeed. Typical vacuums applied by an infant from the Pain group are 

shown (A and C). In this example, the baseline vacuum of the infant from the 

Pain group is stronger than the mean peak vacuum measured for the Control 

group. An example trace showing the intra-oral vacuum applied by an infant 
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Infants spent approximately a quarter of the feed pausing (Pain: 25.7 ±18.1 vs. 

Control: 25.0 ±16.5, P =0.871) and infants of mothers with pain applied a stronger 

mean vacuum during this period (Pain -104.8 ±67.9 vs. Control: -45.8 ±30.3 

mmHg).  

 
Table 2.2 Sucking characteristics for breastfeeding infants of mothers with persistent pain 

(pain) and those not experiencing pain (control). * P values < 0.05 considered significant 
  

Characteristic 

Pain 

mean ±SD 

Control 

mean ±SD 

Pain/ 

Control 

P- 

value 

Sucking Total duration (s) 378 ±175 349 ±184 1.1 0.554 

 Baseline vacuum 

(mmHg) 
-90.8 ±54.5 -56.4 ±31.4 1.6 0.004* 

 Peak vacuum 

(mmHg) 
-214.3 ±60.5 -163.2 ±62.4 1.3 0.002* 

 Sucking rate 

(cycles/min) 
92.7 ±18.7 81.7 ±15.6 1.1 0.018* 

 Burst duration (s) 12.5 ±8.0 12.2 ±4.8 1.0 0.851 

Pausing Total duration(s) 144 ±132 125 ±111 1.2 0.660 

 Pressure  

(mmHg) 
-104.8 ±67.9 -45.8 ±30.3 2.3 <0.001* 

 Mean duration (s) 5.9 ±8.7 4.4 ±2.6 1.3 0.362 

 

Discussion 
Despite help with positioning and attachment by a Lactation Consultant (IBCLC) 

the infants of mothers with persistent nipple pain applied significantly stronger 

vacuums and transferred less milk than infants not causing pain.  Indeed, this is the 

first study to show that infants causing pain exert vacuums that are over 50% 

stronger during active sucking and more than double during pausing when 

compared to infants not causing pain (Table 2.2). Furthermore all components of 

the suck cycle are stronger, with the baseline vacuum or seal to the breast being 

61% stronger and the peak vacuum being 31% stronger in infants causing pain. 

These results confirm the earlier observation of high vacuum (-200 mmHg for 2 

minutes) during pauses made by Gunther (1945) and demonstrate that although 

the infant may appear to be relaxed during pauses at the breast, strong vacuums 
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can be applied at pressures that are capable of inducing petechiae. Furthermore, 

the mean peak vacuum applied by infants of mothers with pain was stronger than 

the maximum comfort vacuum values (-190.7 ±8.0 mmHg) measured during 

expressions with an electric breast pump (Kent et al., 2008). 

 

The Control group observed in this study applied similar vacuum strengths to 

those previously reported (Geddes et al., 2008a, Prieto et al., 1999, Prieto et al., 

1996, Mizuno and Ueda, 2006) and are therefore considered to be within a normal 

range. Measurement of intra-oral vacuum is a relatively simple technique and has 

been used in numerous other infant feeding studies. Positioning of the tube a few 

millimetres past the end of the nipple and placement in the corner of the infant’s 

mouth, however, is necessary to attain good vacuum measurements and prevent 

tube occlusion by the infant. The results of this study show that this technique has 

the ability to provide valuable information for infants experiencing breastfeeding 

difficulties and for monitoring infant and maternal progress with breastfeeding 

intervention.  

 

It is of interest that the milk intake from one breastfeed for the Pain group was 

42% lower than that of the Control group despite similar sucking duration. As milk 

intake was monitored for a single breastfeed only, it is possible that either appetite 

or the experimental set-up may have resulted in the reduced volume. However, 

infants in the Control group obtained similar milk intakes to the mean volume of 

breastfeeding infants observed over a 24-hour period (67.6 vs. 76.0 g) (Kent et al., 

2006), reducing the likelihood of study interference. Maternal pain has been 

shown to reduce the breastfeeding infant’s milk intake due to disruption of the 

milk ejection reflex, although the mechanism is not well understood (Newton and 

Newton, 1948). Moreover effective removal of milk from the breast is essential to 

ensure milk synthesis and subsequently a successful lactation (Wilde et al., 1998). 

Advice given by Lactation Consultants to the mothers in the study who were 

experiencing nipple pain ensured that they were able to maintain supply through 

interventions such as expressing breast milk and all infants’ growth rates were 

considered satisfactory.  
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Conclusion 
This study has shown that some infants exert high vacuums during breastfeeding 

despite help with positioning and attachment by a Lactation Consultant (IBCLC). 

Objectively assessing the vacuum applied during breastfeeding would enable the 

development and monitoring of interventions in mothers experiencing nipple pain. 

Further investigation is essential to elucidate the cause of high intra-oral vacuums 

and ensure adequate milk intake and thus growth and weight gain of the infant. 
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Chapter 3 Nipple pain during breastfeeding with or without 

visible trauma 
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1School of Chemistry and Biochemistry, The University of Western Australia, 35 
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Abstract 
Background: Nipple pain is a major cause of early weaning. The causes of nipple 

pain are diverse, and most treatments involve experience-based assessment. There 

is little knowledge or understanding of the variation in pain experienced by 

breastfeeding women. Given the high breastfeeding initiation rates, it is important 

to evaluate pain experienced by lactating women in detail. Methods: The type, 

effect (interference) and severity of pain, were measured using the McGill Pain 

Questionnaire (MPQ), Brief Pain Inventory (BPI) and Visual Analogue Scale (VAS), 

respectively for two groups of breastfeeding women. One group of women were 

experiencing persistent nipple pain despite treatment and the other group had 

obvious signs of nipple trauma. Results: Pain intensity and interference scores 

were highly variable for both groups. Mothers with visible nipple trauma reported 

significantly higher mean pain intensity and breastfeeding interference. Higher 

pain intensity scores (VAS) were significantly related to higher interference scores. 

After accounting for pain intensity, higher interference with general activity, mood 

and sleep was related to longer duration of pain. There was no difference in the 

MPQ class scores. Discussion: The ramifications of nipple pain extend far beyond 

the act of breastfeeding, particularly for women whose pain lasts several months. 

Given the lack of evidence-based treatments it is not surprising that pain is a major 

contributor to premature weaning. Further research into the causes of nipple pain 

is necessary to enable the implementation of effective interventions thus reducing 

further complications such as early weaning and post-natal depression. Detailed 

pain analysis may assist in assessing the success of these interventions. 

 

Introduction 
Nipple pain is a well known cause of early cessation of breastfeeding (Schwartz et 
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al., 2002), however, it is also implicated in depression (Amir et al., 1996a) and 

mastitis (Amir et al., 2007, Foxman et al., 2002) with depression also being a 

known risk factor for reduced duration of breastfeeding. Pain in the early 

postpartum period is extremely common and most breastfeeding mothers will 

experience transient nipple pain that is expected to resolve within the first 10 days 

(Smith and Riordan, 2005). Clinically, it is believed that most cases of persistent 

nipple pain with minimal trauma can be resolved by altering the positioning and 

attachment of the infant to the breast, whereas those with visible nipple trauma 

are associated with higher rates of S. aureus colonisation (Livingstone et al., 1996) 

and are often treated for infection without microbiological testing (Smith and 

Riordan, 2005). Two studies of women with persistent nipple pain found that the 

pain persisted in 8 % of women treated with antifungals and diet restrictions 

(Amir et al., 1996a), and in 10% of women treated with correction of positioning 

and attachment (Cadwell et al., 2004). 

 

Pain is both a physiological and psychological stressor, that when chronic is highly 

associated with depression (Bair et al., 2003). Amir found that nipple pain is 

associated with increased depression scores, and these decreased when the pain 

resolved (Amir et al., 1996a). Pain and depression share common 

neurotransmitter pathways and there is evidence linking inflammation with 

depression (Maes et al., 2009). Kendall-Tackett highlighted that common 

postpartum experiences such as pain, stress and sleep disturbance are risk factors 

as they all cause pro-inflammatory cytokine release (Kendall-Tackett, 2007). 

Following trauma, the immune response is triggered by pain, damaged cells and 

microbial products to promote wound healing and prevent infection (Nathan, 

2002). Newton and Newton showed that pain also interferes with breastfeeding by 

disrupting the milk ejection reflex, leading to a reduction in the volume of milk 

transferred to the infant (Newton and Newton, 1948). Despite documentation of 

the many detrimental outcomes associated with nipple pain, there is very little 

information describing the characteristics and effect of pain experienced by 

breastfeeding mothers. 

 

Clinically persistent nipple pain is often diagnosed as a C.albicans infection despite 

other species being involved in vaginal and infant oral colonisation.  Symptoms of 
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C.albicans are sharp, shooting or stabbing nipple or breast pain and antifungal 

medications are often prescribed without microbiologic confirmation (Smith and 

Riordan, 2005). Literature documenting the incidence of C.albicans in the nipple 

and breast is limited. In one study 19% of women who had typical symptoms of 

C.albicans had positive cultures and 42% had S.aureus isolated from the nipple 

and/or milk (Amir et al., 1996b) which is consistent with a smaller study where 

25% of women diagnosed as having nipple/breast C.albicans clinically tested 

positive (Thomassen et al., 1998). More recently Hale and co-workers did not find 

C.albicans in milk of mothers with severe nipple and deep breast pain (Hale et al., 

2009). Despite this, some women improve with antifungal treatment.  

 

The lack of research describing the pain severity and characteristics for 

breastfeeding women may lead some clinicians to question the pain threshold of 

women experiencing persistent pain. We recently studied a cohort of women 

experiencing persistent pain with minimal to no visible trauma where alteration of 

positioning and attachment of the infant to the breast had not resolved their pain. 

These infants applied much stronger vacuums to the nipple/breast compared to 

infants of mothers not experiencing pain (McClellan et al., 2008a). Furthermore, 

the vacuum in the pain group was stronger than the maximum comfortable 

pumping vacuum measured for a group of women that were successfully 

breastfeeding with no pain (Kent et al., 2008). These results suggest that the 

increased vacuum applied by the infant may be a legitimate cause of pain rather 

than increased maternal sensitivity. It is not possible to diagnose strong vacuum as 

a cause of nipple pain without measurement and this is not currently available 

clinically, further compounding the plight of lactating women experiencing pain. 

 

There are several validated pain assessment tools available to measure pain 

intensity and the sensory, emotional and affective aspects of pain. The Visual 

Analogue Scale (VAS) provides a simple, consistent and reliable measure of pain 

intensity (Huskisson, 1974). The McGill Pain Questionnaire (MPQ) in full helps 

patients describe the type of pain experienced by providing a set of pain 

descriptors, which are grouped to assess the sensory, affective and evaluative 

qualities of pain (Melzack, 1975). The Brief Pain Inventory (BPI) provides 

measures of the reactive dimension of pain by assessing the degree that pain 
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interferes with function (Cleeland and Ryan, 1994). Administration of all three 

tools should give a comprehensive description of the maternal pain that is 

experienced by some women during breastfeeding. 

 

This study aimed to employ objective measures to investigate and compare the 

pain experienced by two groups of breastfeeding women, one group with 

persistent pain and no visible trauma and the other with visible nipple trauma and 

a clinical diagnosis of nipple infection. 

 

Methods 

Participants 
Two different groups of women with nipple pain were recruited according to the 

degree of nipple trauma; minimal versus severe. Women with persistent pain (PG) 

were recruited from a study investigating the sucking characteristics of the 

breastfeeding infant (McClellan et al., 2008a) as well as recommendation by an 

International Board Certified Lactation Consultant (IBCLC) if assessment and 

counselling did not result in resolution of the pain (PG, n=29).  Women were 

excluded from this group if the cause of their pain was diagnosed by their IBCLC 

(e.g. tongue tie, nipple vasospasm).  

 

Women with pain and visible trauma (TG) were recruited during 2007 and 2008 

from a study investigating the incidence of S.aureus infection in breastfeeding 

women with nipple pain (Rowan et al., 2008). The Breastfeeding Centre at King 

Edward Memorial Hospital, IBCLC, general practitioners identified and recruited 

women with pain and obvious nipple trauma accompanied by symptoms typical of 

infection such as redness, swelling, exudate and slough (TG, n=18). Women were 

excluded if either their infant or they had taken antibiotics in the previous 4 weeks. 

Questionnaires 

Participant demographic, feeding and medical history were collected by a short 

questionnaire and included infant birth weight, gestational age, maternal age, 

pregnancy and postpartum complications, nipple shield use, and frequency of 

feeding expressed breastmilk (EBM) and formula. Women were asked to complete 

a pain questionnaire after feeding from the more painful breast. The pain 
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questionnaire contained selected questions from the MPQ, VAS and BPI 

respectively (details below). Brief questions on the timing of pain were also 

included.  

McGill Pain Questionnaire (MPQ) – Pain Type 
The MPQ consists of 78 adjectives in 20 groups and 4 classes that describe pain 

(see Table 3.1). Within each group, the words increase in intensity and were given 

a numerical rank depending on their order (i.e. Group 1: flickering = 1, quivering = 

2, … pounding = 6). The women were instructed to choose the most appropriate 

word from each group and only chose a word if it described their pain during 

breastfeeding. The ranks of the words chosen were totalled to calculate PRI (R) 

total (Pain rating index) and for each class (PRI (R) sensory: groups 1-10, PRI (R) 

affective: groups 11-15, PRI (R) evaluative: group 16, PRI (R) miscellaneous: 

groups 17-20). The MPQ has both good repeatability (Graham et al., 1980) and 

high discriminant validity (Dubuisson and Melzack, 1976) for measuring type of 

pain. 

Visual Analogue Scale (VAS) - Pain Intensity 
The VAS is a 100 mm long line, with the ends labelled “no pain” and “worst pain 

imaginable” and participants were instructed to mark the line to indicate pain 

severity during feeding. The VAS has been shown to have high sensitivity and 

repeatability for measuring pain intensity (Bijur et al., 2001). Using data from 

Heads and Higgins (1995), a Monte Carlo simulation found that with groups of 

these sizes, the desired power of the study reach 0.8 when the true difference in 

the means of the VAS of the two groups was 18 points. 

Brief Pain Inventory (BPI) - Interference scores 
The BPI Interference items ask participants to rate the degree to which pain 

interfered with each measure on the scale of 0 (doesn’t interfere) to 10 

(completely interferes) for the week prior to assessment. The standard BPI 

contains eight interference measures, and to minimise completion time, the 

number of interference items was reduced to four items: general activity, mood, 

sleep and breastfeeding. Interference with breastfeeding is not a standard item on 

the BPI and was added specifically for this study. A sum of all interference 

measures was calculated to provide a total interference score. Criterion validity of 

the standard BPI interference scores showed significant and high correlations to 
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corresponding measures of similar structure (Zelman et al., 2005). 

Ethics Approval 
The Human Research Ethics Committee of The University of Western Australia 

granted ethics approval for the study and all participants supplied written, 

informed consent to participate in the study.  

Statistical analysis 

All analyses were performed using R 2.9.0 for Mac OSX (The R Core Team 2008) 

and packages nlme (Pinheiro et al., 2008), multcomp (Hothorn et al., 2008) and 

lattice(Sarkar, 2008). P-values <0.05 were considered significant. 

 

Internal validity of measurement scales was assessed with Cronbach’s alpha (0.7-

0.8 satisfactory; 0.8-1 good).  

 

Groups were compared on demographic, pain and interference variables using 

independent samples Student’s t-test and Fisher’s Exact Test and Kruskal-Wallis 

non- parametric t-test as appropriate. T-test corrections for unequal variances 

were used when Bartlett’s test for homogeneity of variances indicated the 

necessity. Linear regression models with infant age and group as predictors were 

used to test for group differences accounting for infant age. Group differences in 

frequency of word choice in the 20 MPQ word groups was tested using Fisher’s 

exact test, with non-selection of a word included as a possible category. Normally 

distributed variables are presented as mean ±SD, and skewed data are presented 

as median (LQ, UQ). 

 

Group differences in the association between pain measures were tested using 

logistic regression models with group membership as the response. Model 

selection started from the full model and used backwards selection to reach a final 

model. Model fit was assessed with normal Q-Q plots and residual plots, and Cook’s 

distance was used to screen for influential individuals, with values <1.0 considered 

acceptable (Tabachnick and Fidell, 1989). 

 

Questions addressed in this way were 1) whether the four pain summary scores 

(VAS, PPI, total interference and total PRI) were different between the groups; 2) 
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whether the four interference subscales were different between the groups; and 3) 

whether the four MPQ subscales were different between the groups. Significant 

predictors from each of these models were included in a final model in order to 

determine which set of variables best-predicted group membership. 

 

To test whether pain interfered with breastfeeding differently to other aspects of 

the mother’s life (general activity, mood, sleep), interference scores were analysed 

using linear mixed models. Post-hoc tests to determine whether there were 

differences in interference level were run using Tukey’s multiple comparisons of 

means test. 

 

Group differences on the interference subscales, accounting for the pain level 

(VAS), were investigated using regression models with group and VAS as the 

predictors. Where group was significant, a group*VAS interaction term was 

included in the model to determine if there were different effects of pain levels on 

the interference scores for the two groups. Explanatory models for each 

interference score were then developed using stepwise regression. Variables 

included were group (regardless of significance), infant age, nipple shield use, VAS, 

and either the MPQ overall score or one or more of the sensory, evaluative, 

affective and miscellaneous subscales. Variables were retained in the final models 

if the P value was <0.1 to allow for identification of near significant trends. 

 

Results 

Participants 

Maternal and infant characteristics are presented in Table 3.2. Women in the PG 

were more likely to report low milk supply (p=0.044), and their infants were more 

likely to be male (p=0.036) and older (p<0.001). Women in the TG were more 

likely to be pumping (p=0.029), feeding EBM (p=0.034) or using a nipple shield 

(p<0.001). 

 

Pain characteristics 
Women in the PG had been experiencing pain for significantly longer than women 

in the TG (median days PG: 43 days (30, 64), TG: 8 days (6,25), P<0.001). Pain 
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started in the first week postpartum for both groups (PG: 4 days (1,7), TG: 2 days 

(1,4.5), p=0.743). The majority of women reported pain in both nipples (PG: 92%, 

TG 89%) that was consistently worse in one nipple (PG 79%, TG 78%), and 

persisted for the entire feed (PG 50%, TG 76%). Women with visible trauma were 

more likely to report the nipple being touched as painful (p=0.032) and no other 

differences in the timing of pain were found (Table 3.3). 

 
Table 3.1 –McGill Pain Questionnaire word choice proportions, and intra-McGill group 

comparisons using Fisher’s Exact Tests for 2 groups of breastfeeding mothers, those experiencing 

persistent pain during feeding (PG; n=29) and those with obvious nipple trauma (TG; n=26). Results 

reported as percentage, *P<0.05 considered significant. 

Class McGill  PG (%) TG (%)  
 Group Word   P-value 
Sensory 1 Flickering 10.7 0.0 0.170 

  Quivering 0.0 0.0  

  Pulsing 14.3 0.0  

  Throbbing 17.9 0.0  

  Beating 0.0 31.3  

  Pounding 0.0 6.3  

 2 Jumping 0.0 0.0 0.677 

  Flashing 14.3 6.3  

  Shooting 50.0 43.8  

 3 Pricking 21.4 6.3 0.440 

  Boring 0.0 0.0  

  Drilling 3.6 0.0  

  Stabbing 25.0 50.0  

  Lancinating 10.7 6.3  

 4 Sharp 53.6 50.0 0.082 

  Cutting 0.0 18.8  

  Lacerating 14.3 6.3  

 5 Pinching 57.1 37.5 0.235 

  Pressing 0.0 12.5  

  Gnawing 7.1 6.3  

  Cramping 3.6 6.3  

  Crushing 0.0 6.3  
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Class McGill  PG (%) TG (%)  
 Group Word   P-value 
 6 Tugging 17.9 31.3 0.621 

  Pulling 14.3 12.5  

  Wrenching 7.1 12.5  

 7 Hot 14.3 12.5 0.477 

  Burning 21.4 37.5  

  Scalding 0.0 6.3  

  Searing 14.3 12.5  

 8 Tingling 0.0 12.5 0.238 

  Itchy 10.7 0.0  

  Smarting 7.1 0.0  

  Stinging 50.0 50.0  

 9 Dull 3.6 6.3 0.545 

  Sore 21.4 25.0  

  Hurting 21.4 12.5  

  Aching 17.9 18.8  

  Heavy 0.0 12.5  

 10 Tender 35.7 50.0 0.256 

  Taut 0.0 0.0  

  Rasping 10.7 0.0  

  Splitting 10.7 25.0  

Affective 11 Tiring 14.3 0.0 0.190 

  Exhausting 14.3 31.3  

 12 Sickening 10.7 6.3 1 

  Suffocating 3.6 6.3  

 13 Fearful 17.9 18.8 0.037* 

  Frightful 3.6 12.5  

  Terrifying 0.0 18.8  

 14 Punishing 3.6 6.3 0.858 

  Grueling 10.7 6.3  

  Cruel 3.6 6.3  

  Vicious 0.0 6.3  

  Killing 7.1 6.3  

 15 Wretched 7.1 6.3 0.547 
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Class McGill  PG (%) TG (%)  
 Group Word   P-value 
  Blinding 3.6 12.5  

Evaluative 16 Annoying 17.9 6.3 0.294 

  Troublesome 7.1 12.5  

  Miserable 0.0 12.5  

  Intense 39.3 31.3  

  Unbearable 7.1 18.8  

Miscellaneous 17 Spreading 0.0 0.0 0.016* 

  Radiating 35.7 0.0  

  Penetrating 7.1 12.5  

  Piercing 25.0 56.3  

 18 Tight 0.0 18.8 0.011* 

  Numb 0.0 0.0  

  Drawing 14.3 6.3  

  Squeezing 14.3 6.3  

  Tearing 0.0 18.8  

 19 Cool 0.0 0.0 0.600 

  Cold 3.6 0.0  

  Freezing 0.0 6.3  

 20 Nagging 14.3 0.0 0.293 

  Nauseating 7.1 0.0  

  Agonizing 10.7 25.0  

  Dreadful 7.1 12.5  

  Torturing 7.1 18.8  

 

Table 3.2 Infant and maternal characteristics for two groups of breastfeeding mothers; 

those experiencing persistent pain (PG; n=29) and those with obvious nipple trauma (TG; n=18). 

Characteristic PG TG P-value 

Infant Age (days) 44 (31, 70) 11 (9, 28.5) <0.001* 

 Gestational age 

(weeks) 

39.1 (38.2, 40.1) 40  

(39.0, 40.5) 

0.070 

 Birth weight (kg) 3.43 (3.16, 3.85) 3.46 (3.28, 3.56) 0.669 

 Birth length 

(cm) 

51 (49, 52) 50 (49, 52) 0.381 
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Characteristic PG TG P-value 

 Apgar score 9 (8, 9) 9 (9, 9) 0.497 

 Time to first bf 

(hours) 

0.5 

(0.2, 1) 

0.7 

(0.3, 1) 

0.915 

Sex Female 10/29 12/18 0.036* 

Birth Vaginal 17/23 13/17 0.120 

EBM Daily 7/23 11/18 0.034* 

 Weekly 2/23 1/18  

 Occasionally 4/23 3/18  

 Never 11/23 3/18  

Formula Daily 6/23 3/18 0.080 

 Weekly 1/23 0/18  

 Occasionally 0/23 0/18  

 Never 17/23 15/18  

Pacifier Yes 15/24 11/17 0.259 

Maternal Age (years) 33 (29, 34) 32 (30, 36) 0.168 

Parity Primiparous 12/25 13/18 0.278 

Marital status Married/de facto 23/25 18/18 0.501 

Education  High school 2/23 2/18 0.379 

 Trade/ 

apprenticeship 

1/23 4/18  

 College diploma 6/23 4/18  

 University 14/23 8/18  

Low milk 

supply 

Yes 10/24 5/18 0.044* 

Engorgement Yes 9/24 3/18 0.058 

Mastitis Yes 6/24 3/18 0.202 

Pumping  Frequency/day 0 (0, 3) 4 (2, 7) 0.029* 

Nipple shield Yes 6/29 12/18 <0.001* 

Engorgement and mastitis refer to previous episodes prior to assessment. Results 

reported as either frequency or median (LQ, UQ). Totals not commensurate with 

group numbers indicate missing data.  *P<0.05 was considered significant. 
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Pain measures 

Validity of subscales 
Good internal validity was shown for total interference (α=0.839) and total PRI 

scores (α=0.863) whilst PRI sensory (α=0.749) scores were satisfactory. Lower 

validity was found for PRI affective (α=0.685) and PRI miscellaneous scores 

(α=0.659). The PRI evaluative subscale consists of a single question and therefore 

internal validity could not be tested. 

 

Pain intensity 
VAS scores were highly variable in both groups, significantly higher in TG 

(p<0.001, Table 3.4) and decreased with infant age (p=0.001). After accounting for 

infant age, VAS was on average 16 points higher in the TG than the PG group.  

 

McGill Pain Questionnaire 
The proportion of participants that chose each of the MPQ words is shown in Table 

3.1. Whilst differences in the pattern of responses between the two groups were 

found for one affective and two miscellaneous word groups, no significant 

differences were detected between either the mean PRI total or PRI subclass 

scores (Table 3.4). TG women were more likely to choose the affective words; 

‘frightful’ and ‘terrifying’ and the miscellaneous words; ‘piercing’, ‘tight’, and 

‘tearing’. PG women were more likely to choose ‘radiating’ (Table 3.4). Over a 

quarter of participants from both groups chose the words ‘shooting’, ‘stabbing’, 

‘sharp’, ‘pinching’, ‘stinging’, ‘tender’, ‘intense’ and ‘piercing’.  

 

Brief Pain Inventory – Interference 
Visually, the major difference between the two groups is the level of interference 

with breastfeeding (p= 0.001), with almost the entire TG having very high 

interference levels and a 20% higher median than the PG (Fig 1). For both activity 

and mood, the interference levels vary across the whole scale for both groups, and 

for sleep there was nearly the same distribution for the two groups (Table 3.4). 

Higher interferences scores were associated with higher VAS and MPQ scores in 

the univariate analysis, however, most of these relationships were not seen when 

VAS was taken into account (Tables 3.5 to 3.8). Between the interference items, 
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pain interfered most with breastfeeding (compared to general activity, p<0.001; 

mood, p=0.004; sleep, p<0.001), followed by mood (compared to sleep, p=0.002; 

general activity, p=0.015), and sleep (compared to general activity, p=0.926). 

There were no significant effects of group detected in any of the final models to 

explain variation in each individual interference measure. Higher breastfeeding 

interference scores were associated with higher VAS (p<0.001) and higher PRI 

evaluative scores (p=0.011), and there was a significant inverse relationship 

between VAS and PRI evaluative scores (p=0.049) resulting in larger effects of 

either VAS or evaluative scores when the other was smaller. Mood interference 

scores increased significantly with higher VAS (p=0.001), PRI evaluative (p=0.008) 

and infant age (p=0.007). Increased sleep interference was significantly related to 

higher VAS (p<0.001), PRI affective (p= 0.008) and infant age (p<0.001). General 

activity interference was best predicted by VAS (p<0.001) and infant age 

(p=0.001), with increases in both of these variables related to higher interference 

scores. Similar relationships to explain mood, sleep and general activity 

interference scores were seen if days of pain were included rather than infant age. 

 
Table 3.3 Maternal pain characteristics for two groups of breastfeeding mothers; those experiencing 

persistent pain during feeding (PG; n=26) and those with obvious nipple trauma (TG; n=17).  

Pain presence PG (%)  TG (%)  P-value 

Entire feed 50 76 0.239 

Start feed 44 24 0.865 

Middle feed 12 6 1 

End feed 31 6 0.432 

Nipple touched 25 65 0.032* 

Cold  19 35 0.254 

Expressing 56 18 0.266 

Results are reported as a percentage,*P<0.05 considered significant. 

 

Predicting group membership 
Of the summary scores (total interference, PRI total, VAS) only VAS was predictive 

of group, with higher VAS scores predictive of trauma (p=0.003). When all 

subscales were considered, VAS (p=0.020), breastfeeding interference (p=0.098) 

and general activity interference (p=0.025) were predictive of group, with higher 
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VAS, lower general activity interference and higher breastfeeding interference 

predictive of trauma.  

Fig 3.1 Boxplot of interference scores for the Persistent (P, light) and Trauma (T, dark) 

groups. *Group differences were significant for breastfeeding 

 

Table 3.4 Effect of selected predictors on breastfeeding interference subscales before and 

after accounting for pain intensity (VAS) for breastfeeding mothers experiencing either persistent 

pain (PG) or obvious nipple trauma (TG) 

 Univariate Accounting for VAS 

Variable Coeff. ±SE P-value Coeff. ±SE P-value 

Group (TG) 2.22+ 0.7 0.002** NS 0.188 

Infant age -0.03 + 0.01 0.016* NS 0.453 

Days of pain -0.04 + 0.01 0.003 NS 0.310 

Nipple shield use NS 0.305 NS 0.486 

VAS (%) 0.07 + 0.01 <0.001*** NA NA 

PRI-total 0.06 +0.02 0.019* NS 0.730 

PRI-sensory NS 0.101 NS 0.993 

PRI-affective 0.25 +0.12 0.038* NS 0.810 

PRI-evaluative 0.62 + 0.19 0.002** NS 0.082 

PRI-miscellaneous 0.23 +0.08 0.004** NS 0.331 

Coefficient of effect size (Coeff.) and standard error (SE) predicted using linear 
regression. NS – not significant, NA – Not applicable, VAS – Visual Analogue Scale. 
PRI – Pain rating index. *P<0.05, **P<0.01, ***P<0.001 
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Table 3.5 Effect of selected predictors on mood interference subscales before and after 

accounting for pain intensity (VAS) for breastfeeding mothers either experiencing persistent pain 

during feeding (PG) or with obvious nipple trauma (TG) 

 Univariate  Accounting for VAS 

Variable Coeff. ±SE P-value Coeff. ±SE P-value 

Group NS 0.133 NS 0.842 

Infant age NS 0.686 0.03 + 0.01 0.019* 

Days of pain NS 0.986 0.04 + 0.02 0.023* 

Nipple shield use NS 0.465 NS 0.561 

VAS 0.07 + 0.02 <0.001*** NA NA 

PRI-total 0.09 + 0.03 0.002** 0.05 + 0.03 0.075 

PRI-sensory 0.15 + 0.05 0.009** NS 0.105 

PRI-affective 0.41 + 0.15 0.009** NS 0.161 

PRI-evaluative 0.89 + 0.24 <0.001*** 0.62 + 0.24  0.015* 

PRI-miscellaneous 0.31 + 0.1 0.004** NS 0.125 

Coefficient of effect size (Coeff.), standard error (SE) predicted using linear 
regression. NS – not significant, NA – Not applicable, VAS – Visual Analogue 
Scale. PRI – Pain rating index. *P<0.05, **P<0.01, ***P<0.001 
 

Table 3.6 Effect of selected predictors on sleep interference subscales before and after 

accounting for pain intensity (VAS) for breastfeeding mothers either experiencing persistent pain 

during feeding (PG) and with obvious nipple trauma (TG) 

 Univariate  Accounting for VAS 

Variable Coeff. ±SE P-value Coeff. ±SE P-value 

Group NS 0.116 NS 0.856 

Infant age NS 0.564 0.04 + 0.01 0.003** 

Days of pain NS 0.948 0.05 + 0.02 0.002** 

Nipple shield use NS 0.800 NS 0.814 

VAS 0.08 + 0.02 <0.001*** NA NA 

PRI-total 0.09 + 0.03 0.006** NS 0.218 

PRI-sensory 0.14 + 0.06 0.021* NS 0.255 

PRI-affective 0.54 + 0.14 <0.001*** 0.35 + 0.14 0.019* 

PRI-evaluative 0.68 + 0.26 0.014* NS 0.232 

PRI-miscellaneous 0.29 + 0.11 0.010* NS 0.326 

Coefficient of effect size (Coeff.) and standard error (SE) predicted using linear 
regression. NS – not significant, NA – Not applicable, VAS – Visual Analogue 
Scale. PRI – Pain rating index. *P<0.05, **P<0.01, ***P<0.001 
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Table 3.7 Effect of selected predictors on general activity interference subscales before and 

after accounting for pain intensity (VAS) for breastfeeding mothers either experiencing persistent 

pain during feeding (PG) and with obvious nipple trauma (TG) 

 Univariate  Accounting for VAS 

Variable Coeff. ±SE P-value Coeff. ±SE P-value 

Group NS 0.656 -2.02 ± 1.08 0.070 

Infant age NS 0.051 0.05 ± 0.01 <0.001*** 

Days of pain NS 0.299 0.06 ± 0.02 0.003** 

Nipple shield use NS 0.920 NS 0.832 

VAS 0.04 ± 0.02 0.018* NA NA 

PRI-total NS 0.110 NS 0.556 

PRI-sensory NS 0.169 NS 0.255 

PRI-affective NS 0.075 NS 0.368 

PRI-evaluative 0.64 ± 0.28 0.025* NS 0.141 

PRI-miscellaneous NS 0.270 NS 0.983 

Coefficient of effect size (Coeff.) and standard error (SE) predicted using 
linear regression. NS – not significant, NA – Not applicable, VAS – Visual 
Analogue Scale. PRI – Pain rating index. *P<0.05, **P<0.01, ***P<0.001 

 

Discussion 
These results provide the first comprehensive analysis of breastfeeding nipple 

pain and its impact on the mother. Pain is an unpleasant sensory and emotional 

experience that when experienced during breastfeeding leads many women to 

wean prematurely (Schwartz et al., 2002). Nipple pain without visible trauma, that 

remains persistent despite professional counselling, was significantly lower in 

intensity than pain associated with visible trauma (Table 3.5), which accounted for 

lower breastfeeding interference (Table 3.6) but had similar sensory, affective and 

evaluative properties (Table 3.3). Despite the lower average pain intensity, 

persistent nipple pain not only interfered with breastfeeding, but with mood, 

general activity and sleep similarly to nipple trauma. 

 

While there were no differences in either the demographics or maternal and infant 

characteristics for PG or TG, nearly all experienced pain that began in both nipples 

during the first week postpartum that was worse in one nipple during feeding. 

Women with high intensity pain in the TG were pumping and using nipple shield 
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more frequently than the PG, however, some women with persistent pain were 

also using nipple shields. The higher rate of perceived insufficient milk supply 

within the PG could be related to the abnormally strong vacuums measured in 

infants of mothers with persistent pain or due to the difference in age between 

cohorts, where milk supply issues may become more apparent over time. As milk 

production is largely related to the frequency and efficacy of milk removal, further 

investigation of feeding behaviours and milk removal is required to assess milk 

production rates and determine if feeding frequency and duration are independent 

risk factors for persistent pain during breastfeeding. Thus feeding behaviours, milk 

production and nipple shields require further research to confirm breastfeeding 

effectiveness in women with pain. 

 

The higher intensity pain associated with visible trauma (TG) is not unexpected 

and confirms the previous relationship found (Heads and Higgins, 1995). 

Interestingly, the VAS scores of the PG (41.5, IQR 18.2 to 61.2) were similar to the 

initial and continuing pain measured during the first week postpartum by Heads 

and Higgins (VAS initial 42.8, SD = 24.6 vs VAS continuing 41.2, SD = 20.4). The 

high variation in pain intensity reported by both groups also demonstrates that 

tissue damage is not the only predictor of pain intensity. Both groups used a large 

number of similar pain descriptors, suggesting the possibility of a common cause. 

Recently two thirds of women with persistent pain were shown to have infants 

that applied strong vacuums while feeding (McClellan et al., 2008a), whilst S. 

aureus colonization of the nipple was confirmed in one third of women in a similar 

cohort (Rowan et al., 2008), confirming earlier microbiological studies of nipple 

pain (Amir et al., 1996b, Graves et al., 2003, Livingstone et al., 1996).Therefore it is 

conceivable that both types of nipple pain investigated are associated with 

multiple causes such as strong infant vacuums, and infection with S.aureus or other 

pathogens.  

 

Pain descriptors are commonly used when diagnosing nipple pain, for example, 

sudden onset of extremely sore nipples with a burning sensations with or without 

shooting pain deep within the breast is typically treated as C.albicans infection 

(Smith and Riordan, 2005) despite little evidence of its existence (Hale et al., 

2009). In this connection it is suspected that medications used to treat C.albicans 
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may be effective due to their antibacterial activity (Schaller, 1982, Sud and 

Feingold, 1982), as several studies have indicated a high prevalence of S. aureus in 

women with painful nipples (Livingstone et al., 1996, Graves et al., 2003, Rowan et 

al., 2008). As a result, women with visible trauma are often treated with antibiotics 

without microbiological investigation. Minimal differences were detected in the 

sensory perception of the pain between groups, and many used pain descriptors 

associated with C.albicans (Francis-Morrill et al., 2004). 

 

Half of the women in both the TG and PG reported shooting pain, whilst burning 

was chosen by 20% and 37.5% of women in the PG and TG respectively, which is 

similar that reported in the first week postpartum (45% shooting, 36% 

hot/burning (Heads and Higgins, 1995)). In contrast, few participants reported 

that the pain was itchy (PG 10.7%, TG 0.0%). Mothers with persistent pain were 

more likely to report pain of a radiating nature which may be due to strong intra-

oral vacuum applied during breastfeeding (McClellan et al., 2008a). Whereas 

women with visible trauma were more likely to describe their pain as 

frightful/terrifying, piercing, tight, and tearing, which may be related to the higher 

pain intensity and tissue damage observed in this group. Many pain descriptors 

were chosen in similar proportions to those found in an investigation of nipple 

pain using the Short-form MPQ, for example shooting, sharp, stabbing, 

hot/burning, tender and fearful (Heads and Higgins, 1995). However, full 

comparison is difficult as the short-form MPQ contains less pain descriptors than 

included in this study (e.g. radiating, itchy, pinching). Further,these results are also 

indicative of the heterogeneity of nipple pain. Given that pain can not be absolutely 

objectively assessed, measurements of breastfeeding in women in relation to 

microbiological cultures and infant vacuum strength may be useful in diagnosing 

and monitoring interventions to treat nipple pain.  

 

The impact of nipple pain upon breastfeeding mothers was measured using the 

BPI Interference items. Despite the differences in pain intensity between groups, 

no differences were detected in the reported levels of interference with mood, 

general activity and sleep (Table 3.3). After accounting for pain, these interference 

scores were significantly related to the number of days that a woman had 

experienced pain (Tables 3.5 – 3.7), indicating that chronic effects of persistent 
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pain are cumulative. These results highlight that the ramifications of persistent 

nipple pain extend well beyond breastfeeding and support the previous finding 

that depression scores are significantly higher in these women (Amir et al., 1996a). 

Evidence that depression is related to inflammation is mounting (Maes et al., 2009) 

and Kendall-Tackett recently proposed that external stressors such as pain, 

reduced sleep quality and psychological trauma are risk factors for depression as 

they increase the production of pro-inflammatory cytokines (Kendall-Tackett, 

2007). Post-partum depression carries serious consequences for the mother and 

her infant. Previous studies have found that postpartum depression decreases 

breastfeeding duration (Henderson et al., 2001) and therefore affects infant health 

and nutrition. Depression also impacts maternal-infant interaction (Beck, 1995), 

and is associated with poorer cognitive and behavioural outcomes in the infant 

(Murray, 1992). This study did not investigate depression scores or their 

relationship with pain and interference scores. Further studies are required to 

determine factors associated with developing depression.  

 

The far-reaching impact of pain upon the breastfeeding mothers suggests that 

women who continue feeding despite this are highly motivated. For this cohort 

most women were older than 30 years (PG: 32 years, TG: 33 years), highly 

educated (90% had completed post-high school qualification) and in married or de 

facto relationships (96%), all of which are factors that have been associated with 

increased breastfeeding duration (Scott et al., 1999, Ford and Labbok, 1990, Nolan 

and Goel, 1995, Quarles et al., 1994). Given the homogeneous and somewhat 

limited demographics of this cohort it would be of interest to compare the effects 

of pain on both early weaning and depression in women from other 

sociodemographic and cultural backgrounds, particularly those who are already at 

risk to wean prematurely such as younger and less educated mothers.  

 

Conclusion 

The intensity and duration of maternal nipple pain during breastfeeding were 

significantly related to greater interference with breastfeeding, mood, sleep and 

general activity, for both women with persistent pain and those with visible 

trauma. Furthermore, the strength of pain and length of duration was positively 

associated with interference in the woman’s general life. These results highlight 
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that pain has far-reaching effects beyond breastfeeding and that these mothers 

require extra support. Whilst a relatively small number of women were included in 

this study the effects of pain during breastfeeding observed indicate that more 

effort should be made to identify the cause and effective treatments for persistent 

pain. Indeed investigation to confirm these findings and further sequelae of nipple 

pain is integral to implementation of interventions intended to resolve the pain. 

The pain measures presented in this study may be clinically useful in monitoring 

the treatment of breastfeeding women with nipple pain. 
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Abstract 
Introduction: Nipple pain and insufficient milk supply are major causes of early 

weaning. We have found that persistent nipple pain was associated with strong 

infant sucking vacuums during breastfeeding. Several studies indicate that nipple 

pain and abnormal infant sucking have the potential to reduce milk transfer. We 

aimed to determine whether women with persistent nipple pain had low milk 

supply. Methods: The 24-hour milk production and feeding characteristics of 

mothers with persistent nipple pain (n=21) were compared with those mothers 

without nipple pain (n=21). Milk productions were measured by test-weighing the 

infant before and after every feed from each breast over a 24–26-hour period. 

Comparisons were made using Student’s t tests and linear mixed models as 

appropriate. Results: Lower milk productions were associated with longer meal 

durations for mothers with pain. There were no significant differences in the 

average 24-hour milk production or any feeding characteristics between the 

groups. However, four women with persistent nipple pain had milk production 

levels below 500 mL/day. Discussion: The majority of breastfeeding women 

experiencing persistent nipple pain were able to achieve normal milk production 

levels. Feeding duration and frequency were similar to those of women not 

experiencing pain. However, longer meal durations in the pain group were 

associated with lower levels of milk production. Further investigation is necessary 

to identify mothers most affected by maternal nipple pain. 

Introduction 
Although many cases of nipple pain can be resolved with early treatment, pain and 

insufficient milk supply are still common causes of early weaning (Schwartz et al., 

2002). Beyond the experience-based advice of different positioning and 
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attachment techniques, few interventions exist for the treatment of persistent 

nipple pain. In a recent study where women with persistent pain were instructed 

on correct positioning and attachment, their infants were found to apply stronger 

vacuums and transfer less milk during a breastfeed feed compared to infants with 

no pain (McClellan et al., 2008a). Furthermore the time taken for the infant to feed 

from one breast was similar for women experiencing pain and those who were not. 

 

Breastfeeding is a complex physiological process, and full milk production is 

reliant upon adequate milk synthesis, secretion, ejection and removal from the 

breast (Kent, 2007). During established breastfeeding, milk synthesis rates are 

largely under autocrine control, in that synthesis slows as breast fullness increases 

(Daly et al., 1996b). Thus, ineffective milk removal will result in incomplete breast 

drainage and down regulation of milk synthesis, which if prolonged may result in 

inadequate milk production. Newton and Newton demonstrated the potential for 

pain to interfere with breastfeeding; they found that breastfeed volumes were 

significantly reduced by painful distractions(Newton and Newton, 1948). This 

reduction was attributed to inhibition of the milk ejection reflex, as the injection of 

oxytocin during the distractions increased milk transfer to normal volumes 

(Newton and Newton, 1948). It is possible that the inhibition of milk ejection and 

strong sucking vacuums may have contributed to the lower feed volumes 

previously observed (McClellan et al., 2008a). 

 

Because milk transfer may be lower in mothers with pain it is important to 

determine whether or not milk production is consequently compromised. There is 

a large variation in milk transfer between breastfeeds both within and between 

mother-infant pairs, and the average volume of milk transferred during one 

breastfeed is inversely related to the number of breastfeeds over a 24-h 

period(Kent et al., 2006). Therefore, to accurately estimate milk production it is 

imperative to measure milk transfer over a 24-hour period to take into account the 

variations in feed volume and frequency. 

 

This study aimed to investigate whether or not mothers with persistent nipple 

pain had reduced 24-h milk production levels or altered feeding characteristics 

compared to mothers without pain.  
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Methods 

Participants 
All mothers were recruited from an ongoing study investigating infant sucking 

dynamics during breastfeeding. Upon recruitment, mothers were invited to 

measure their milk production levels at home. Nine of the 30 mothers in the 

control group and 12 of the 30 mothers with persistent pain agreed to measure 

milk production (McClellan et al., 2008a). An additional 12 control and nine pain 

mothers recruited were included in this study. 

 

The pain group consisted of mothers of healthy term infants who were 

experiencing persistent nipple pain during breastfeeding that had not resolved 

after assessment and counselling by a Lactation Consultant (n=21). Mothers were 

excluded from the study if a known clinical diagnosis for the cause of their pain 

had been made including either bacterial or fungal nipple infection, nipple 

vasospasm, dermatitis, ankyloglossia or torticollis. Women prescribed and taking 

either antibiotics and/or steroids were excluded from the study. The control group 

consisted of mothers breastfeeding healthy term infants, who were content with 

their breastfeeding relationship and not experiencing any pain during feeding 

(n=21).  

 

Ethics approval for the study was granted by the Human Research Ethics 

Committee of The University of Western Australia and all participants supplied 

written, informed consent to participate in the study. 

Participant characteristics 
Participant demographic and pain characteristics were collected via a 

questionnaire. Variables recorded included infant birth weight, gestational age and 

maternal age; pregnancy and postpartum complications; nipple pain; nipple shield 

use; frequency of feeding expressed breastmilk and artificial formula. Maternal 

pain intensity was assessed immediately after the monitored breastfeed of the 

breast with the worst pain using the Visual Analogue Scale (Huskisson, 1974). The 

duration of pain was calculated by subtracting the reported day that pain was 

initially experienced from the infant’s age. 

Measurement of milk production 
Each mother measured the volume of each feed from each breast over a 24 – 26 
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hour period using the infant-test weight method(Arthur et al., 1987). Mothers 

recorded the start and finish time of the feed, and their infant’s weight before and 

after every breastfeed for 24-26 hours on a Medela electronic BabyWeigh Scale 

(Medela AG, Baar, Switzerland). Feed volumes were calculated by subtracting the 

pre-feed weight from the post-feed weight. Expression volumes were calculated by 

weighing the collection bottle before and after expressing. 

 

Feeds were defined as a breastfeed from one breast. Feed durations were 

calculated by subtracting the reported start time from the reported end time. If a 

second feed started within 30 minutes of the previous feed ending, then the two 

feeds were classed as paired. If a third feed started within 30 minutes of the 

second feed ending the three feeds were classed as clustered. A meal was defined 

either as an unpaired breastfeed, two paired breastfeeds or three clustered feeds 

(Kent et al., 2006). Meal durations were calculated by summing the duration of all 

contributing feeds, excluding between feed intervals. 

Measurement of sucking vacuum 
Intra-oral vacuum was measured for an entire breastfeed via a small SilasticTM 

(Dow Corning) tube attached to a pressure transducer (Cobe Laboratories, Frenchs 

Forest, Australia) taped alongside the nipple as previously described (McClellan et 

al., 2008a, Geddes et al., 2008a). The pressure transducer was then connected via 

an interconnect cable (Cobe Laboratories) to the bridge amp (ADInstruments, 

Castle Hill, Australia) that was connected to a Power Lab (ADInstruments, Castle 

Hill, Australia) and data were analysed using the software package Chart v5.0.2 

(ADInstruments, Castle Hill, Australia). Average baseline and peak vacuums for the 

entire feed were calculated for each infant.  

Statistical analysis 
Based on milk production data from Kent et al. (2006) it was determined that this 

study had a power of 0.8 to detect a true difference in milk productions of 130 g. 

 

All analyses were performed using R 2.9.0 for Mac OSX (The R Core Team, 2008). 

Additional packages nlme (Pinheiro et al., 2008) and lattice (Sarkar, 2008) were 

used for linear mixed modelling and lattice plots respectively. Data are presented 

as mean±SD values except where the data was not normally distributed, in which 

case the median (first quartile, third quartile) is presented. Values of P<0.05 were 
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considered significant. 

 

Total milk production was defined as the sum of the amount of milk removed from 

both breasts, through breastfeeding and breast expression, over the entire period, 

normalised to 24-hours (Kent et al., 2006). Breastfeeding variables defined for 

each breast and normalised to a 24-hour period included milk production, total 

feed duration, number of feeds, mean feed duration and mean feed volume.  

 

Groups were compared on continuous variables using Student's t-test, with the 

Welch modification for unequal variances used when Bartlett's test of equality of 

variance indicated heteroscedasticity. Distributions of milk production levels in 

the two groups were compared with the two-sample Kolmogorov-Smirnov test. 

Categorical variables were assessed for group differences using Fisher's exact test. 

Univariate associations between measured variables and 24-hour milk production 

have been assessed using either t-tests or linear regression as appropriate.  

 

Relationships among 24-hour milk production, group, and feeding characteristics 

were tested using regression models, with milk production as the response and 

measured variables and group as predictors. All variables with a significant or near 

significant (P<0.1) univariate relationship to milk production were included as 

predictors in the full regression model, with the exception of confounding 

variables. Step-wise selection was used, removing the least significant variable 

until all included variables had a P value of<0.1.  

 

Results 

Demographics 
No systematic differences were detected between the two groups for any of the 

participant characteristics tested (Table 4.3.1).  

 

Pain characteristics 
Women with persistent pain reported experiencing bilateral pain for a median 

length of 66 days (43, 89). The pain intensities were lower for women who 

measured their 24-hour milk production compared to those that did not: 

measured: 22/100 (14, 44); not measured: 50/100 (36.5, 62.5) (p=0.011). 
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Breastfeeding alternatives 
Women in the pain group were significantly more likely to feed expressed breast 

milk (P=0.017, Table 4.1), although reported daily pumping frequencies were not 

significantly different (P=0.296). A low number of women expressed during the 

monitored period (control n=2, pain n=4), and thus the effect of expressing on milk 

production was not assessed.  

 

Nipple shields 

Nipple shield use was only reported in the pain group, with five women regularly 

using a nipple shield. When low supply was defined as 24-hour milk production < 

500 g, there was a higher rate of low supply in those using nipple shields 

(P=0.028) within the pain group. 

 
Table 4.1 Infant and maternal characteristics  

Characteristic  Pain Control P- value 

Infant Age (d) 75 (43, 96) 62 (43,90) 0.547 

 Gestational age (d) 39.0  

(38, 39.4) 

38.7  

(38, 40.1) 

0.466 

 Birth weight (kg) 3.25  

(2.99, 3.85) 

3.59   

(3.1, 3.9) 

0.375 

 Birth length (cm) 51.0  

(48.5, 52) 

51  

(49,53) 

0.895 

 Apgar score 9 (9,9) 9 (9,9) 0.808 

 Time to first 

breastfeed (hr) 

1 (0.25, 1.5) 0.6 (0.5, 2) 0.971 

Sex Female 10/21 11/21 1 

Birth mode  Vaginal 10/18 10/18 1 

 Cesararian  8/18 8/18  

EBM Daily 5/18 3/18 0.017* 

 Weekly 2/18 3/18  

 Occasionally 6/18 0/18  

 Never 5/18 12/18  

Formula Daily 4/18 1/18 0.113 

 Weekly 0/18 3/18  
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Characteristic  Pain Control P- value 

 Occasionally 0/18 0/18  

 Never 14/18 14/18  

Dummy Mostly 2/18 4/18 0.656 

 Sometimes 10/18 10/18  

 Never 6/18 3/18  

Maternal Age (yr) 32 (28.5, 34) 33 (29.5,38) 0.143 

Marital status Married /de facto 19/21 18/19 0.490 

Parity Primiparous 13/18 12/18 0.822 

Education  High school 2/19 0/18 0.250 

 Trade certificate/ 

apprenticeship 

1/19 0/18  

 College diploma 4/19 2/18  

 University degree 12/19 16/18  

Cracked 

nipples  

Yes 13/19 5/19 0.063 

Low supply  Yes 7/19 2/19 0.128 

Engorgement  Yes 13/19 7/19 0.179 

Mastitis  Yes 6/19 15/19 0.228 

Data presented as median (LQ, UQ) or proportions, *Significantly different, p<0.05 
 

Feeding characteristics 
Feeding volume, frequency and duration were similar for the persistent pain and 

control groups, when either feeds or meals were considered (Table 4.2, P>0.4 for 

all). In a 24-hour period, the infants had an average of six meals of approximately 

110g, and feeding patterns for both groups are shown in Figure 4.1. 

 

Sucking vacuum 

There was a trend for mothers in the control group to measure milk production if 

their infant transferred less milk during intra-oral vacuum measurement 

(measured 55.1 ±25.6g, n=9; not measured 78 ± 30.7g, n=21 [p=0.085]). 

Conversely mothers in the pain group with higher milk transfer during intra-oral 

vacuum measurement were more likely to measure milk production (measured 

52.8 ±37.5g, n=12; not measured 34.0 ± 24.6g, n=18 [p=0.021]). Infants in the pain 
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subgroup (n=21) of this study applied higher baseline (pain -91.5 ±57.2mmHg, 

control  -38.4 ±25.4mmHg, p=0.003) and peak vacuums (pain: -204.9 ±61.8mmHg, 

control: 151.7±45.7mmHg, p=0.004) during the feed monitored at the Breast 

Feeding Centre, compared to the control group (n=21). In the women who 

measured 24-hour milk production, no difference in milk intakes was seen for the 

monitored feed: pain 70 (38, 88) g; control 68 (38, 80) g (p=0.916).  

 
Table 4.2 Daily feed volume and characteristics 

Characteristic Pain Control P-value 

Feeds    

Number  12 (10, 12) 10 (10,12) 0.694 

Mean duration (mins) 18.7 (12.0, 24.7) 16 (13.0, 23.6) 0.441 

Mean volume (g) 61 (48, 75) 61 (52, 77) 0.568 

% Feeds paired 100 (57.1, 100) 93.3 (54.5, 100) 0.874 

Meals    

Number  6 (6, 7) 6 (6, 7) 0.641 

Mean duration(mins) 32.2 (22.9, 39.0) 31.3 (23.6, 40) 0.760 

Mean amount (g) 108 (81, 138) 117 (94, 135) 0.654 

Daily    

Feed duration (min) 214 (143, 262) 188 (151, 249) 0.935 

Total milk production (g) 738 (612, 905) 704 (615, 826) 0.957 

Left breast(g) 363 (228, 413) 372 (281, 433) 0.518 

Right breast(g) 350 (312, 518) 355 (269, 472) 0.614 

Data presented as median (LQ, UQ), *Significantly different, p<0.05 

Milk production 

Although the range of 24-hour milk production measured in the pain group (276 

mL to 1136 mL) was lower than that observed for the control group (510 mL to 

1324 mL), there were no significant differences in either the distribution 

(p=0.603) or the mean milk production (p=0.957) between groups. Characteristics 

for the four women in the pain group with 24-hour milk production levels below 

the range seen in the control group (<500 mL) are shown in Table 4.3.  

 

Significant univariate predictors of higher 24-hour milk productions were higher 

average feed (p<0.001) and meal volumes (p<0.001) and shorter average meal 
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duration (p=0.008). Trends to higher milk production were demonstrated with 

increased infant age (p=0.066), vaginal delivery (p=0.078) and shorter average 

feed durations (p=0.054). There was no association between 24-hour milk 

production and baseline (p=0.589), peak vacuum (p=0.443) or infant sex 

(p=0.449). No significant univariate associations were detected between any of the 

remaining variables and 24-hour milk production. 

 

 

There were different relationships seen between meal duration and 24-hour milk 

production for the two groups (Fig 3.2). Whilst there was no relationship between 

meal duration and milk production for the control group (p=0.801), in the pain 

group, an increase of 1 minute in meal duration was associated with a decrease of 

around 9mL in milk production (p=0.017). Thus, in the pain group, short meal 

durations had higher milk productions than those with similar meal durations in 

the control group, those with meal durations of approximately 33 minutes had 

Figure 4.1 Milk intake patterns by breast for two control (A and B) and two pain (C and 

C) infants. Feed volume transferred from the left (LB) and right breasts (RB) over a 24-hour 

period was measured using the infant test- weigh method and plotted against the feed time and 

duration (rectangles). (A) and (C) demonstrates both paired and unpaired feedings, whereas 

consistent paired feeds are shown for (B) and (D). 
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similar productions, and those with long meal durations had lower milk 

productions than the control group. 

 

When all measured variables were considered, the best linear regression model 

took into account meal duration and volume and mode of delivery, with shorter 

meal durations (p=0.011), greater meal volumes (p<0.001), and vaginal delivery 

(p=0.048) significant predictors of higher 24-hour milk production.   

 
Table 4.3 Milk production and feeding characteristics of four mothers with pain and low milk 

production 

Characteristic  Mother 

 1 2 3 4 

Milk production (g) 275 434 437 486 

Feeds/day 10 16 11 7 

Mean feed amount (g) 16.4 27.2 59.4 69.5 

Mean feed duration (min) 29.1 25.6 23.6 24.5 

Meals/day 5 8 7 5 

Mean meal amount (g) 36 59.4 59.7 99.7 

Mean meal duration (min) 77.3 56.9 38.1 38 

Vacuum (mmHg)     

      Baseline  -251.0  -57.3  -49.8  -93.4  

      Peak  -318.1 -218.4 -161.0 -142.1 

Expression frequency 5/breast/d <1/day 3/breast/d <1/day 

Formula Yes No Yes Yes 

Use of nipple shield Yes Yes Yes No 

 

Discussion 
This study has shown that despite experiencing pain during breastfeeding, 

mothers with persistent nipple pain are able to achieve a full milk production. 

Furthermore, these women fed with similar duration and frequency as women not 

experiencing pain. The feed characteristics and milk productions of these mothers 

are similar to other cohorts of breastfeeding women not experiencing pain (Cregan 

et al., 2002, Kent et al., 2006). The similar feeding characteristics suggest that pain 
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does not result in lower 24-hour milk production as a consequence of fewer or 

shorter feeds, and does not require more frequent or longer feeds. It is possible 

that the professional assistance received by mothers with pain may have 

contributed to this outcome. Also the mothers recruited for this study had a high 

socio-demographic status that is associated with longer breastfeeding durations 

(Scott et al., 1999, Ford and Labbok, 1990, Nolan and Goel, 1995, Quarles et al., 

1994). Thus, women were likely to be highly motivated to breastfeed despite 

experiencing pain.  

 
Figure 4.2 Relationship between 24-hour milk production and average meal duration for 

the pain and control groups. Regression lines for the relationship between meal duration and 24- 

hour milk production are shown for each group (pain = triangles, control = circles). The trend for 

infants in the pain group represents higher volumes at low meal durations and lower volumes at 

higher meal durations (p=0.017). The regression lines of the two groups intersect at approximately 

33 minutes, indicating average meal durations longer than 33 minutes were associated with lower 

24-hour milk production levels in the pain group. 
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As the volume of milk transferred during a 24-hour period was similar for both 

groups, it is unlikely that the pain experienced during breastfeeding adversely 

affected the milk ejection reflex. Presumably, if the milk ejection reflex were 

impaired, milk transfer rates during feeding would have been lower for these 

women. In the study by Newton and Newton (1948), painful distractions resulted 

in decreased milk transfer for one feed, and the volume of milk received by the 

infant could be increased by the injection of oxytocin, the hormone that stimulates 

milk ejection. It is interesting that distractions that reduce milk transfer have been 

found to have less impact over time, as the mother becomes conditioned to the 

stimuli (Newton and Newton, 1948). Therefore, it is conceivable that the women in 

this study may have become conditioned to experiencing pain over time. 

 

Previously, we found that feed volumes were reduced in infants with strong 

sucking and mothers with persistent pain (McClellan et al., 2008a). In this study, 

neither the mean baseline nor peak vacuum levels were related to milk production. 

Similarly, no relationships were detected between feed/meal durations and 

baseline/peak vacuums. This suggests that although strong sucking vacuums are 

applied neither milk synthesis nor removal rates are affected.   

 

In the final regression model to predict 24-hour milk production volume, larger 

mean meal volume, shorter mean meal duration and vaginal delivery were 

significantly associated with higher milk production. Thus it may be worthy to 

investigate the affect of mode of birth on established milk production levels in a 

larger cohort. Mode of birth has been recently shown to be associated with delayed 

onset of lactation (Dewey et al., 2003 ) and reduced breast milk transfer from days 

two to five postpartum(Evans et al., 2003) compared to vaginal deliveries. Thus 

caesarean section may be a barrier to breastfeeding success and worthy of further 

consideration. 

 

Clinically, the only predictor of lower milk production was meal durations lasting 

longer than 33 minutes in the women with persistent nipple pain and longer meal 

durations were not associated with lower milk productions in the control group. 

Reasons for long meal durations could be due to either maternal opinion of 

minimum feeding durations or that the infant may not appear to be settled and 
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satiated at the end of the feed.  Thus, it may be useful to monitor milk transfer in 

women who report long meal durations. It is interesting that in this study we did 

not find a relationship between infant sex and milk production, which differs with 

the findings of significantly higher milk productions (P = 0.036) between mothers 

of boys (831 ±187 g) and those of girls (755 ±151 g)(Kent et al., 2006). 

 

Caution is required when applying these results to all mothers with persistent 

pain, as recruited mothers who measured their milk production differed from 

those that did not in two respects. First, those women who measured their milk 

production reported lower pain intensities than those that did not. The task may 

have been too onerous for those with higher intensity pain. Breastfeeding 

characteristics, such as feeding duration or expression frequency, may be different 

in women with high pain intensity as interference levels are likely to be higher 

(Chapter 3). Also, it is unknown whether higher pain intensities affect oxytocin 

release, and subsequently milk transfer volume. Second, unlike our previous study 

of infant sucking vacuum (McClellan et al., 2008a) milk transfers for the monitored 

feed were not different between the two groups (p=0.916). Women in the control 

group tended to measure their milk production if milk transfer during the 

monitored feed was lower, possibly for reassurance, whereas, women in the pain 

group with higher milk transfer during the monitored feed were more likely to 

measure milk production. These tendencies may explain the more homogenous 

spread of monitored milk intakes between groups in this study. Therefore further 

investigation of a larger cohort of women with pain, especially those with high 

intensity pain and low feed transfer, is necessary to determine which 

breastfeeding dyads may experience low milk production.  

 

In this study, breastfeeding mothers with pain were more likely to use nipple 

shields (n=5) and EBM than breastfeeding mothers without pain. Nipple shields 

and expressing were both reported to reduce the level of pain. Three of the five 

women experiencing pain and using nipple shields had low milk production 

(<500mL). Nipple shields are not generally recommended as an intervention for 

nipple pain unless monitored by a knowledgeable health professional. Studies of 

the effect of nipple shields on milk transfer are conflicting. Early studies have 

associated nipple shields with reduced milk transfer(Amatayakul et al., 1987, 
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Woolridge et al., 1980), whereas more recent research in preterm andterm infants 

suggests that ultrathin nipple shields do not affect milk transfer (Chertok, 2009, 

Chertok et al., 2006, Meier et al., 2000). Because it is not known whether the low 

milk production measured in mothers who were using nipple shields in this study 

was due to the shield itself or other factors that might potentially influence supply 

such as pain or low prolactin levels, monitoring of mothers using shields is 

strongly supported. Because of the small numbers of mothers using shields in this 

study, further research is required into the effect of nipple shields on milk transfer 

in term infants whose mothers experience pain. 

Conclusions 
It is possible that with professional support, breastfeeding women experiencing 

low-intensity persistent nipple pain can achieve a full milk production despite 

their infants applying strong vacuums. Those women who had difficulty reaching 

full milk production were not breastfeeding less frequently and were more likely 

to have long breastfeeding meal durations. Further research is required to 

determine if mothers with high- intensity nipple pain have compromised milk 

production. 
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Chapter 5 Validation of nipple diameter and tongue 

movement measurements with B-mode ultrasound during 

breastfeeding 

McClellan HL1, Sakalidis, VS1, Hepworth AR1, Hartmann PE1, Geddes DT1. 
1School of Chemistry and Biochemistry, The University of Western Australia, 35 

Stirling Highway, Crawley WA 6009, Australia. 

 

Abstract 
Introduction: Infant feeding problems are extremely common during 

breastfeeding establishment. In order to objectively assess infant sucking, 

consistent methods to analyse ultrasound images of the infant’s oral cavity are 

required. Methods: We developed and assessed the reliability of an extensive 

ultrasound measurement protocol by measuring nipple diameter, and 

placement. Midline submental ultrasound scans of thirty term breastfed infants 

were analysed by two raters. Nipple diameter, nipple-hard soft palate junction 

distance, and tongue- hard/soft-palate junction distance were measured on two 

frames; tongue-up and tongue-down. Results: No evidence of measurement 

bias was found between raters and inter-rater agreement and consistency 

scores were high. The changes in nipple diameter and placement were 

consistent with previous descriptions; however, the diameter of the nipple was 

not consistent in either position. Discussion: This method provides objective 

measurements representative of tongue movement and further investigation is 

required to ensure usefulness when examining sucking difficulties.  

 

Introduction 
The majority of term infants have the ability to co-ordinate sucking, swallowing 

and breathing to feed within minutes of birth. Unfortunately, many 

breastfeeding dyads encounter sucking difficulties that increase their likelihood 

of either artificial supplementation or early weaning (Scott et al., 2006). 
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The assessment of breastfeeding infants with sucking difficulties is hampered 

due to the limited knowledge of infant sucking dynamics during breastfeeding. 

Breastfeeding problems are usually indicated by factors such as faltering infant 

weight gain, infant gagging, long feeding times, unsettled infant behaviour and 

maternal breast/nipple pain (Lawrence and Lawrence, 2005). Management of 

breastfeeding problems is mainly experience-based as evidence-based practice 

is not possible because there are no diagnostic tools available to the clinician for 

assessing breastfeeding. Thus causes of breastfeeding difficulties can only be 

speculated, based upon the visual assessment of the infant’s feeding behaviour 

and medical history. Visualisation of infant tongue movement may be helpful in 

clarifying whether the cause of a breastfeeding problem is related to infant 

sucking.  

 

Two theories developed to explain the mechanism of milk removal: the 

stripping theory and the intra-oral vacuum theory. The stripping theory is based 

largely upon the x-ray cineradiography studies performed by Ardran, with later 

descriptions based upon ultrasound imaging (Ardran et al., 1958b, Ardran et al., 

1958a, Smith et al., 1985, Weber et al., 1986, Smith et al., 1988). This theory 

proposed that it is compression of the lactiferous sinuses by the infant’s lower 

jaw, followed by a peristaltic tongue movement that squeezes milk from the 

nipple. However, ultrasound imaging of the lactating breast revised our 

understanding of the anatomy and function of the milk ducts. As the milk ducts 

were of smaller diameter than originally described (approximately 2mm) and 

branch close to the nipple, the ductal system is proposed to transport rather 

than store large amounts of milk (Ramsay et al., 2005a). The second milk 

removal theory proposes that milk is removed through a combination of the 

negative pressure created intra-orally by the infant’s tongue movement and 

positive pressure of milk ejection (Geddes et al., 2008a). Unlike the stripping 

theory, the intra-oral vacuum theory does not rely upon the presence of 

lactiferous sinuses within the breast. 

 

Advances in ultrasound imaging technology in the past 20 years produced 

images of much higher resolution, enabling better delineation of the nipple and 
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tongue during sucking as well as visualisation of milk flow. Geddes et al. (2008) 

found that as the tongue moved down, the mid-nipple diameter increased, the 

nipple moved closer to the hard-soft-palate junction, vacuum pressure 

increased and milk flowed from the nipple. A peristaltic tongue action was not 

observed (Geddes et al., 2008a). 

 

Clinically it is becoming increasingly apparent that a large proportion of 

breastfeeding problems are associated with infant sucking anomalies. For 

example, ultrasound imaging of infants with ankyloglossia (tongue-tie) showed 

altered tongue movement and nipple distortion (Geddes et al., 2008b). The 

mothers of these infants experienced low milk supply, long feeds and nipple 

pain during feeding pre-frenulotomy. In this context, a greater understanding of 

the variability and range of tongue movement is required to be able to interpret 

images of infants with sucking anomalies. Whilst previous ultrasound studies 

have provided us with a foundation of knowledge regarding normal infant 

sucking (Jacobs et al., 2007, Miller and Kang, 2007, Geddes et al., 2008a), a 

reliable method that provides detailed information of the changes across the 

length of the nipple is required. Further, accurate measurements of the nipple 

diameter, and how it changes along the nipple will allow indirect assessment of 

tongue movement to determine whether or not a peristaltic action occurs.  

 

Therefore, the aim of this study was three-fold. First, we aimed to develop a 

more extensive ultrasound measurement protocol to investigate infant sucking 

by measuring nipple diameter and placement within the infant oral cavity. 

Second, this study aimed to assess the intra- and inter-rater reliability of the 

ultrasound measurement protocol between two raters. Third, we used the data 

to further investigate the changes in nipple diameter with relation to infant 

tongue movement. 

 

Methods 

Participants 
Thirty mothers of full-term healthy infants under six months of age (mean 

infant age 56.3 days, SD 34.6 days, range 24 to 157 days) who were content with 
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their breastfeeding relationship and not experiencing any pain, were recruited 

by either Child and Adolescent Community Health Nurses in the Oceanic Health 

Region (Western Australia) or recommendation by other study participants. 

Mothers who were not mainly breastfeeding (i.e. >50% formula intake) were 

excluded.  

 

The Human Research Ethics Committee of The University of Western Australia 

gave approval for the study and all women gave written informed consent prior 

to the study.  

 

Ultrasound examination 
Submental scans of the midline of the infant’s oral cavity during breastfeeding 

were performed as described previously (Geddes et al., 2008a) with the 

mothers seated comfortably using the cradle hold. The infants were scanned 

using Toshiba SSA-770A/80, Aplio 80 (Tokyo, Japan) with the PVT-661VT 

transducer and Parker Ultrasonic Gel (Fairfield, New Jersey, USA). This 

transducer has a long handle that is both easier to manipulate and less invasive 

than bulkier transducers (Jacobs et al., 2007). It also provides a wide convex 

field of view that facilitates a 160° panoramic view of both the hard and soft 

palate.   

 

Briefly, the transducer was positioned along the midsagittal line of the infant’s 

head and light pressure was used to maintain contact with the infant’s chin. 

Images were oriented so that the nipple was always on the left side of the image. 

The transducer was rotated until the image of the nipple was both at its 

maximum length and widest diameter and a clear view of the hard-soft palate 

junction was achieved. The position of the transducer was altered in accordance 

with infant movement to maintain a midline sagittal view. Average setting 

values for the Toshiba, Aplio 80 were gain: 55db, dynamic range: 60db, 

frequency: 8.8MHz. Two focal zones were used to narrow the ultrasound beam 

and improve image resolution. One was placed at the hard palate and the other 

at the nipple–tongue border. To optimise the image during scanning further 

adjustments were made to the Gain, Dynamic Range and Time Gain 
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Compensation when required. In some cases lowering of the frequency of the 

probe from 8.8 MHz to 7.3MHz was necessary to improve imaging at depth in 

larger infants. All ultrasound scans began when the infant attached to the breast 

and ended when the infant finished feeding. The ultrasound output was 

recorded using the software package Chart v4.5 (AD Instruments) on a laptop 

computer (Mac OS X v10.3.8).  

 

Ultrasound image analysis 
For each infant, the first recorded cine clip that included at least one full suck 

cycle of optimal imaging when the infant was removing milk was isolated from 

Figure 5.1 (a) Typical submental midsagital ultrasound image of the infant oral 
cavity during breastfeeding at the start of the suck cycle, tongue-up (TU) (b) schematic 
diagram of landmarks such as, hard-palate (HP), soft-palate (SP), the hard/soft-palate 

junction (HSPJ), tongue and nipple (N). 

76 



 

Chart 4.5 and stored on a MacBook Pro (Max OSX, V 10.5.7). For each infant, two 

images were then selected, one when the posterior tongue was raised to its 

most superior point (Fig 5.1A, Fig 5.2A), referred to as tongue-up (TU), and the 

other frame was when the tongue was lowered to its most inferior level (Fig. 

2B), referred to as tongue-down (TD). During this study, the start and end of a 

suck cycle was defined as the TU position. 

 

Images were measured by an experienced rater (ER) with three years 

experience analysing ultrasound images of breastfeeding infants, and a novice 

rater (NR) with six months experience. To ensure that both raters measured the 

same cine frames for each infant, the ER selected and recorded the frames that 

met the criteria for TU and TD. A total of 60 frames were selected for 

measurement. For each frame, raters performed measurements at six sites in 

duplicate (see Measurement technique). Raters did not have access to previous 

measurements whilst performing measurements and frames were measured in 

random order. For each rater, if any of the measurements had a discrepancy 

>2mm between duplicates, it was considered an error, and a further set of 

measurements was completed for that frame, until two consecutive sets of 

replicate measurements were within 2mm. Discrepancies were calculated after 

measurements for all frames were complete and frames were remeasured in 

random order. The final measurement values were taken as the mean of the last 

two replicates completed by each rater. 

 

Measurement technique 
Measurements were made using Screen Calipers, V. 3.2 (Iconico Inc.) on a 

MacBook Pro (Mac OSX, V. 10.5.7). Screen Calipers provide several advantages 

over traditional on-screen calliper software such that the Screen Calipers; float 

on the screen, stay visible when changing frames, the rotation angle can be 

locked, and several callipers can be used simultaneously. 

 

Real-time examination of cine-clips was used to identify and confirm the 

location of the hard-soft palate junction (HSPJ). The soft palate was displayed as 

a mid-grey structure with an echogenic upper border. The bony hard palate 
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appeared as a very echogenic white line that compared to the soft palate 

showed minimal movement when viewed real-time during the suck cycle. Thus 

the HSPJ was identified as the edge of the echogenic hard palate (Fig. 1b).  

The six measurements taken were depth, nipple-HSPJ distance and nipple 

diameter at 2, 5, 10 and 15 mm intervals from the nipple tip. Depth was 

measured as the distance from the HSPJ to the surface of the posterior tongue 

(Fig 5.2f). For TU frames, nipple-HSPJ distance was the shortest distance from 

the tip of the nipple to the HSPJ (Fig 5.2c). For TD frames nipple-HSPJ was 

measured as the shortest distance from the nipple tip to the to the depth axis 

(Fig. 2d). All nipple diameter measurements were perpendicular to the central 

axis of the nipple. To ensure this, one calliper was locked parallel to the axis that 

runs from the middle of the nipple tip to the middle of the most proximal visible 

portion of the nipple (usually 15 to 20 mm from the nipple tip, Fig 5.2e). One 

calliper jaw was then aligned with the external edge of the mid nipple tip and 

the other jaw was set at 2, 5, 10 or 15mm from the first edge. Measurements of 

the nipple diameter were then taken using a calliper set perpendicular to this 

edge. Nipple diameter was measured as the internal distance from the 

nipple/hard-palate interface to the nipple/tongue interface (Fig 5.2e).  In some 

instances the nipple tongue interface was not well defined therefore 

measurements were made from the interior of the hard-palate interface to the 

middle of the nipple-tongue border. 

 

Statistical Analysis 
All analyses were performed using R 2.9.0 for Mac OSX (The R Core Team 2008). 

Additional packages, nlme (Pinheiro et al., 2008), irr (Gamer et al., 2007), 

multcomp (Hothorn et al., 2008) and lattice (Sarkar, 2008) were used for linear 

mixed modelling, intra-class correlations, multiple means comparisons and 

lattice plots respectively.  

 

Intra/Inter-rater reliability 
Comparison of rater responses was made graphically using the method of Bland 

and Altman (2002) and analytically using the intra-class correlation (ICC) 

approach of McGraw and Wong (1996). Choice of form for the ICC used was 
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based on Shrout and Fleiss (1979). The Bland-Altman plots were examined for 

any patterns in the disagreement between measurements that related to the 

magnitude of the measurement. 

 

Figure 5.2 Example ultrasound images of infant sucking demonstrating landmarks for 

measurement. A) Tongue-up (TU) occurs when the tongue is maximally raised; the tongue (T) is 

in apposition with the nipple, the hard (HP) and soft palates (SP) and their junction (J). B) 

Tongue-down (TD) is the frame in which the tongue is lowered to it’s most inferior level from the 

HSPJ. The tongue is in apposition with the nipple and soft-palate but not the hard-palate.  C) 

Magnification of TU nipple-HSPJ distance. D) Magnification of TD nipple-HSPJ distance. Note: 

The nipple tip was confirmed through frame-by-frame analysis. E) Two callipers are used to 

measure nipple diameter, the first (C1) is used to measure intervals along the nipple from the tip, 

in this case 10mm. The second calliper (C2) measures the external nipple diameter at each 

interval. F) Depth is measured as the internal distance from the HSPJ to the tongue. The 

callipers are measuring depth of the space that milk flows into.  
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The intra-rater reliability was calculated separately for each rater, using their 

first two sets of replicates completed. Measurement bias was assessed for each 

of the six measurements by calculating the mean and limits of agreement 

(1.96*SD) of the differences between replicates (rep2 – rep1). Bias was 

considered to exist if interval between the limits of agreement did not contain 

zero. Intra-class correlation coefficients (ICC) of agreement and consistency 

were also calculated. Agreement measures whether there is an absolute 

difference between replicates, whereas consistency measures whether there is a 

consistent pattern of differences between replicates. Consistency and 

agreement scores were considered to be significantly different between the two 

raters if the 95% confidence intervals did not overlap. An ICC > 0.7 was 

considered a measure of acceptable agreement/consistency based upon the 

Landis and Koch values (1977) as quoted in Bartko (1991). 

 

The inter-rater reliability was calculated using the mean of the final replicates 

completed by each rater. Measurement bias, ICCs for agreement and consistency 

and 95% confidence intervals were calculated as for intra-rater comparisons. In 

addition, TU and TD measurements were analysed separately using 95% 

confidence intervals as above to determine if there was any difference in 

reliability based on tongue position. 

 

Tongue movement and nipple diameter 
Relationships between tongue position, location along the nipple and nipple 

diameter were explored using nipple diameter measurements taken by the ER. 

TU and TD nipple diameters at each location were compared using paired t-

tests. To determine if there were differences in nipple diameters between the 

four locations, a linear mixed model with a fixed effect of location (as a factor) 

and a random effect of a different intercept for each infant was used. A multiple 

comparison of means (Tukey's all-pair comparisons) was used to compare each 

pair of locations (eg. are ND2 and ND10 significantly different). A similar model 

using the differences between the TU and TD measurements as the response 

was used to determine if the change in diameter at each location was 

significantly different from any of the other locations.   
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Results 

Inter-rater reliability 
There was high agreement between the final measurements performed by both 

raters and no measurement bias was detected. The most extreme mean 

difference between final measurements was -0.5 mm (TU, nipple-HSPJ, SD 

1.3mm, Table 5.1).  Means and standard deviations of the differences between 

the final measurements performed by each rater are presented in Table 5.1.  

All inter-rater ICC agreement and consistency scores were above the threshold 

of 0.7 (Table 5.2). The lowest agreement scores found for TU measurements 

were of depth (0.79) and ND 2 (0.82). The lowest consistency scores found for 

the TU measurements were ND 2 (0.81) and depth (0.86). There were no 

significant differences between the TU and TD measurements.  

Intra-rater reliability 
No measurement bias was detected between the first and second replicates for 

either rater (Table 5.3).  With the exception of NR measuring nipple-HSPJ, all 

measurements had good ICC agreement and consistency scores (> 0.7, Table 

5.4). Means and SD of the differences between initial replicates are presented in 

Table 5.3 and a boxplot of the differences is shown in Figure 5.3. Agreement and 

consistency scores for all measurement sites were significantly higher for ER 

than NR (Table 5.4). Variability at all measurement sites was greater for NR 

compared to ER. Of the measurement sites, nipple-HSPJ had the largest 

variability and lowest consistency for both raters (Table 5.3, Table 5.4).  

Discrepancies greater than 2mm were found between the first and second 

replicates for both raters. From Figure 5.3, it can be seen that the number of 

discrepancies that were found between the first two replicates was higher for 

the NR, who made more errors and completed a higher number of replicates to 

obtain a full set of duplicates with no discrepancies (Table 5.5). The highest 

number of errors was made measuring the nipple-HSPJ (21/66).Where large 

differences between replicates occurred, both raters viewed the images to 

determine possible sources of error. The most common sources of error were 

either misidentification of the nipple tip, HSPJ or proximal edge of the palate. 

For several infants the hard palate appeared to be artificially extended at the 

junction of the soft palate when the tongue was lowered about 10 mm, thus 
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making it difficult to identify (Fig 5.4). On occasions the hard palate was difficult 

to delineate in order to measure nipple diameters (not shown). On rare 

occasions, the nipple tip was difficult to define when the milk observed in the 

oral cavity was highly echogenic (Fig. 5).  

 

 
Figure 5.3 Box plot of the differences between the first and second replicates in mm, by rater for 

each measurement; A) nipple-HSPJ, B) depth, C) ND2, D) ND5, E) ND10, F) ND15. The dashed 

line indicates discrepancies greater than 2mm between replicates. Replicates outside of this 

range were repeated prior to inter-rater analysis. ER- experienced rater, NR – novice rater, 

HSPJ – hard/soft-palate junction, ND – nipple diameter. 
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Table 5.1 Mean, SD and limits of agreement of the differences between raters final measurements (mm) 

  Overall  

inter-rater differences 

TU  

inter-rater differences 

TD  

inter-rater differences 

 Location mean SD limits of 

agreement 

mean SD limits of 

agreement 

mean SD limits of agreement 

lower upper lower upper lower upper 

Nipple-HSPJ -0.2 1.4 -2.9 2.5 0.1 1.4 -2.6 2.8 -0.5 1.3 -3.1 2.0 

Depth -0.2 0.7 -1.7 1.2 -0.4 0.5 -1.4 0.6 -0.1 0.9 -1.8 1.7 

ND 2 mm 0.0 0.8 -1.5 1.5 -0.1 0.8 -1.7 1.5 0.1 0.7 -1.3 1.5 

ND 5 mm 0.3 0.8 -1.2 1.9 0.4 0.8 -1.2 2.0 0.2 0.8 -1.2 1.7 

ND 10mm 0.5 0.7 -0.9 1.9 0.5 0.8 -1.1 2.2 0.5 0.6 -0.7 1.6 

ND 15 mm 0.4 0.9 -1.5 2.2 0.3 0.9 -1.6 2.2 0.4 0.9 -1.4 2.2 
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Table 5.2 Inter-rater ICC agreement & consistency scores 
 Overall TU TD 

 ICC agreement 

(95% CI) 

ICC consistency 

(95% CI) 

ICC agreement 

(95% CI) 

ICC consistency 

(95% CI) 

ICC agreement 

(95% CI) 

ICC consistency 

(95% CI) 

Nipple-HSPJ 0.930 

0.882, 0.958 

0.930 

0.883, 0.958 

0.893 

0.776, 0.949 

0.89 

0.770, 0.948 

0.885 

0.741, 0.947 

0.897 

0.784, 0.951 

Depth 0.988 

0.979, 0.993 

0.990 

0.982, 0.994 

0.790 

0.25, 0.921 

0.859 

0.703, 0.933 

0.940 

0.874, 0.972 

0.939 

0.871, 0.971 

ND2 0.955 

0.925, 0.973 

0.955 

0.924, 0.973 

0.816 

0.614, 0.912 

0.813 

0.607, 0.911 

0.937 

0.868, 0.97 

0.936 

0.865, 0.969 

ND5 0.960 

0.923, 0.977 

0.964 

0.94, 0.978 

0.899 

0.762, 0.954 

0.912 

0.816, 0.958 

0.949 

0.89, 0.976 

0.952 

0.899, 0.977 

ND10 0.960 

0.856, 0.984 

0.974 

0.956, 0.984 

0.913 

0.714, 0.965 

0.936 

0.866, 0.970 

0.970 

0.843, 0.990 

0.982 

0.962, 0.991 

ND 15 0.946 

0.900, 0.969 

0.952 

0.919, 0.971 

0.930 

0.852, 0.967 

0.934 

0.861, 0.969 

0.951 

0.886, 0.978 

0.958 

0.912, 0.98 
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Table 5.3 Mean, SD and limits of agreement of the differences between initial replicates (Rep2 – 

Rep1) for experienced (ER) and novice (NR) raters (measurements in mm) 

 Location ER NR 

  

mean sd 

limits of 

agreement 

mean sd 

limits of 

agreement 

lower upper lower upper 

Nipple-HSPJ -0.1 1.0 -2.1 1.9 -0.2 2.0 -4.1 3.6 

Depth 0.1 0.5 -1.0 1.1 0.0 1.7 -3.4 3.3 

ND 2 mm -0.1 0.6 -1.3 1.1 -0.1 1.4 -2.8 2.6 

ND 5 mm -0.1 0.8 -1.6 1.5 -0.2 1.3 -2.8 2.4 

ND 10mm 0.0 0.6 -1.1 1.1 -0.3 1.5 -3.3 2.7 

ND 15 mm 0.1 0.8 -1.4 1.6 -0.4 1.5 -3.2 2.5 

 

 

Figure 5.4 A) Example with large depth and artefact. The echogenic line of the hard 

palate has been extended by artefact (arrow) B) correct nipple-hard/soft-palate junction (HSPJ) 

measurement is 4.0mm C) the frame prior to tongue-down, which was used to identify the 

location of the nipple tip, D) incorrect nipple-HSPJ measurement was 6.9mm. Note, movement 

of the soft palate during frame-by-frame movement can be used to confirm the HSPJ. 
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Table 5.4 Intra-rater ICC agreement and consistency scores for experienced (ER) and novice (NR) 

raters 

 Location ER NR 

  ICC agreement ICC consistency ICC agreement ICC 

consistency 

(95% CI) (95% CI) (95% CI) (95% CI) 

Nipple-

HSPJ 

0.931 0.931 0.626 0.626 

0.888, 0.958 0.887, 0.958 0.445, 0.758 0.443, 0.758 

Depth 0.989 0.989 0.847 0.845 

0.981, 0.993 0.981, 0.993 0.756, 0.906 0.753, 0.904 

ND2 0.945 0.945 0.725 0.723 

0.909, 0.967 0.91, 0.967 0.579, 0.826 0.575, 0.825 

ND5  0.928 0.928 0.797 0.798 

0.883, 0.957 0.882, 0.956 0.683, 0.874 0.684, 0.875 

ND10 0.966 0.966 0.755 0.76 

0.944,0.98 0.944, 0.98 0.622, 0.846 0.628, 0.849 

ND15 0.937 0.936 0.75 0.758 

0.897, 0.962 0.896, 0.962 0.613, 0.843 0.625, 0.848 

 

Table 5.5 Proportion of consecutive replicates with differences greater than 2mm for experienced 

(ER) and novice (NR) raters 

Consecutive Replicates ER  NR  

Rep. 2 – Rep. 1 7/60 (12%) 26/60 (43%) 

Rep. 3 – Rep. 2 1/7  (14%) 12/26 (46%) 

Rep. 4 – Rep. 3 0/1  (0%) 2/12 (17%) 

Rep. 5 – Rep. 4   0/2  (0%) 

 

Tongue movement and nipple diameter 
Individual plots demonstrating nipple diameters for both TU and TD are shown in 

Figure 5.6. Mean and SD of the measurements are shown in Table 5.6. In the TU 

position, a significant difference was found between the nipple diameters of all 

possible measurement pairs along the nipple (p<0.001 for all) except between 

ND10 and ND15 (p=0.344). In particular, ND2 is significantly smaller than any 

other location measured and ND10 and ND15 are significantly larger than the 

other locations (Table 5.6). In the TU position only three out of the 30 infants had a 
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tongue depth greater than zero. In these cases, the tongue did not return to the 

hard palate completely and milk was observed in the space bounded by the nipple, 

hard palate, tongue and soft palate at the end of the suck cycle.  

 

When the tongue moved from TU to TD, all ND and depth measurements 

significantly increased and nipple-HSPJ distance significantly decreased (p<0.001 

for all, Table 5.6). In the TD position, a significant difference was found between all 

possible ND measurement pairs along the nipple (p<0.001 for all) except between 

ND5 and ND15 (p=0.737). ND2 was significantly smaller than any other location 

measured and ND10 was significantly larger than any other location (p<0.001 for 

all). There was no significant difference found between the increase in diameters 

for ND2, ND5 and ND10. The increase in ND15 was significantly smaller than the 

increase for all other locations measured (p<0.001).  

 
Table 5.6 Mean ultrasound measurements in mm by tongue position 

 TU TD  

Location Mean  SD  Mean  SD P-value 

Nipple-HSPJ 8.2 2.2 4.7 2.2 p<0.001 

Depth 0.2 1.8 6.9 0.6 p<0.001 

ND2 5.1 1.3 7.9 1.0 p<0.001 

ND5 7.5 1.7 10.2 1.4 p<0.001 

ND10 9.0 2.2 11.1 1.8 p<0.001 

ND15 9.2 2.3 10.4 1.9 p<0.001 

 

Discussion 
In this study we tested rater reliability for a comprehensive method for the 

analysis of tongue movement during feeding. This study has shown that consistent, 

reliable measurements of nipple diameter, nipple-HSPJ distance and tongue depth 

can be made of submental ultrasound images of breastfeeding infants (Tables 5.1 

and 5.2). This study has also shown that both inter-rater and intra-rater reliability 

is well within acceptable limits (Tables 5.2 and 5.4).  

 

Interpretation of ultrasound images improves with experience yet despite large 

differences in familiarity with ultrasound between the two raters; no 
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measurement bias was detected between the final measurements of each rater. 

Furthermore, there was high ICC agreement and consistency between final 

measurements. The novice rater’s first and second replicates had significantly 

lower ICC agreement and consistency scores than that of the experienced operator. 

Interestingly, of all the measurements, nipple-HSPJ distance measurements were 

the most variable between replicates (Table 5.3) and between raters (Table 5.1).  

For each rater, however, there was no significant difference between either the 

agreement or consistency of any of the measurements. 

 
Figure 5.5 Example of artefact due to highly echogenic milk. A) Identification of the nipple tip is 

obscured by highly echogenic milk. B) Correct identification of nipple tip was achieved by frame-

by-frame analysis when measuring nipple- hard/soft-palate junction distance was 5.3mm C) 

Incorrect measurement of nipple- hard/soft-palate junction distance was 2.3mm. Note: incorrect 

identification of the tip of the nipple will also affect nipple diameter measurements, as the defined 

intervals will be incorrect. 

 

A high number of frames had large discrepancies between the first and second 

replicates, requiring a further measurement to be made. We propose that some of 
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these discrepancies were due to misidentification of landmarks due to imaging 

artefacts. Imaging artefacts are a common source of mismeasurement of 

ultrasound images and several were identified in this study. Measurement error 

associated with the nipple-HSPJ distance occurred occasionally when the proximal 

edge of the hard palate (highly echogenic) appeared artificially extended past the 

soft palate (mid level echoes). This is most likely due to either beamwidth artefact 

(Gent, 1997b) or slight rotation of the transducer causing misalignment of the 

scanning plane. Since the soft palate moves during the suck cycle, examination of 

the palate frame-by-frame aided the identification of the proximal edge of the hard 

palate, ensuring accurate measurement of the nipple-HSPJ distance. Thus, 

examination of the palate frame-by-frame will aid in identifying potential artefacts 

and other characteristics, such as soft-palate movement, to accurately locate the 

HSPJ. Difficulty delineating the proximal edge of the hard palate subsequently 

affected the point at which measurement of the nipple diameter was made and 

further emphasises the importance of recording the entire breastfeed so that high 

quality cine clips can be chosen for analysis.   

Difficulties with identification of the nipple tip occurred when there was milk with 

increased echogenicity in the oral cavity (Fig 5.5). The echogenicity of the fat 

globules in the milk is high, therefore, increased echogenicity of the milk is likely 

due to increased fat content (Ramsay et al., 2005b). As more milk is removed from 

the breast the fat content increases, therefore, this is most likely to occur towards 

the end of the feed. Again, as with other artefacts, analysis of consecutive frames 

will ensure correct identification of the nipple tip in these cases.  

 

The high number of discrepancies observed between the first and second 

replicates show that it is prudent to observe each landmark (palate, nipple and 

tongue) frame-by-frame during for at least a whole suck cycle to allow correct 

characterisation of shape and length of the palate and nipple. In this study imaging 

was optimised by employing the highest frequency transducer without 

compromising penetration of the sound beam to the hard palate to improve 

resolution. The transducer for the study was operated at 8.8 MHz which is higher 

than the 5 MHz transducers used in previous studies (Smith et al., 1985) providing 

much more detailed images and more accurate measurements than those quoted 

previously in the literature (Smith et al., 1988, Smith et al., 1985, Weber et al., 
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1986, Woolridge and Baum, 1987). Resolution was further improved by using two 

focal zones to narrow the beam. One focal zone was placed at the level of the hard 

palate and the other at the interface between the infants tongue and nipple (Gent, 

1997a). Some artefacts in ultrasound imaging assessment are inherent, and infant 

sucking constantly changes, therefore cine clips rather than single frames are 

required for accurate analysis.  

 

 
Figure 5.6 Individual plots of nipple diameter measurements by location for tongue-up ( ) and 

tongue-down ( ) positions. 

Nipple diameter and tongue movement 
Changes in the nipple diameter during the suck cycle provide an indirect method of 

determining the pattern of the tongue movement. The measurements made in this 

study are consistent with the findings of Geddes (2008) who showed that as the 

tongue dropped, intra-oral vacuum increased in strength, the nipple expanded and 

moved towards the HSPJ. We propose that the increase in ND15 was not as large as 

the other locations along the nipple because the anterior portion of the tongue had 
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already begun to move upwards in some cases. We speculate that this movement 

may serve to both maintain a seal to the breast and assist posterior clearance of 

the bolus with each suck cycle. Three infants did not return the tongue to the hard 

palate at the end of the suck cycle and milk remained within the space bordered by 

the nipple, palates and tongue. The remaining milk suggests that the bolus was 

either not fully cleared or that milk continued to flow from the nipple. It is not 

known if this is clinically significant and could conceivably be either a result of 

high milk flow (positive pressure of milk ejection) or imaging artefact (interface of 

the tongue and palate). 

 

This study has added to the knowledge of the sucking dynamics of the 

breastfeeding infant by showing that the nipple diameter does not remain 

consistent along the length of the nipple during sucking, and the changes in nipple 

diameter associated with tongue movement are also significantly different with 

location. All ND measurements significantly increased between TU and TD and this 

is not consistent with a peristaltic action as previously described (Ardran et al., 

1958b, Woolridge, 1986b). The stripping theory proposed that indentation of the 

nipple was accompanied by adjacent expansion on either side of the nipple 

(Woolridge, 1986b). ND15 significantly increased from TU to TD however, this 

change was significantly smaller compared to all other locations measured, 

however, the increase indicates that the base did expand. As discussed above the 

smaller increase could be indicative of the anterior tongue returning towards the 

palate, whilst the posterior tongue was dropped to its lowest point. Frame-by-

frame analysis is planned to provide a more complete analysis of tongue 

movement and confirm the mechanism of milk removal. 

 

Conclusion 
Ultrasound imaging and measurement has great potential to assess both normal 

and abnormal infant sucking. This study has provided a reliable and repeatable 

method to measure submental ultrasound images of the intra-oral cavity of 

breastfeeding infants. The measurements produced by both the experienced and 

novice raters were highly agreeable and consistent. Analysis of ND measurements 

found significant relationships ND, measurement location and tongue position. The 

results found were consistent with previous studies that concluded that vacuum 

91 



 

was the primary mechanism of milk removal in the breastfeeding infant and the 

relationships observed were not consistent with a peristaltic action. Further 

investigation is required to determine the usefulness of this technique when 

investigating infants with sucking difficulties. 
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Chapter 6 General discussion 

Breastfeeding represents the last phase in the reproductive cycle, and as such has 

the greatest potential to prevent infant illness and mortality. Furthermore the 

influence of nutrition during this critical window has shown long-term effects on 

adult onset diseases and yet there are no clinical tests available to quantitatively 

assess maternal and infant contributions to breastfeeding function. This is the first 

study to investigate the infant’s role in breastfeeding pain and demonstrates the 

potential for new methods to quantitatively assess breastfeeding dynamics by 

measuring infant sucking strength and milk transfer. Breastfeeding is 

physiologically complex, and its success relies upon the both the mother’s ability to 

produce adequate milk volumes and her infant’s ability to effectively remove milk. 

Exclusive breastfeeding for six months postpartum is less likely when 

breastfeeding difficulties are encountered (Schwartz et al., 2002, Scott et al., 2006), 

yet it is expected by health professionals and mothers that with adequate support 

almost all mothers should be able to breastfeed (Academy of Breastfeeding 

Medicine, 2008, National Health and Medical Research Council, 2011).  

 

The results of this study first, highlight that not all mothers receive adequate 

support to resolve nipple pain and second, reinforce previous findings that pain is 

a leading cause of weaning (Schwartz et al., 2002, Abou-Dakn et al., 2009). 

Breastfeeding success is usually measured by the duration of exclusive and partial 

breastfeeding. The mothers with nipple pain in this study were able to continue 

breastfeeding, however the pain experienced had a far reaching impact interfering 

with feeding as well as the mother’s mood, general activity and sleep (Table 3.4), 

confirming previous findings of stress and depression in women with pain (Abou-

Dakn et al., 2009, Amir et al., 1996a). Differences in the sucking dynamics of their 

infants also indicate that milk transfer (Chapter 2) and subsequently milk 

production may be compromised (Chapter 4), further indicating the need for extra 

support in the form of diagnosis, monitoring and coping skills to maintain 

breastfeeding when pain persists. Measurements of the intra-oral cavity (Chapter 

5) may be useful in determining the cause of strong suction observed in a large 

proportion in these infants (Chapter 2). The findings of these studies were based 

on a cohort of mothers that were mature, highly educated and in married or de 
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facto relationships, all of which have been associated with greater breastfeeding 

duration (Ford and Labbok, 1990, Nolan and Goel, 1995, Scott et al., 1999), 

therefore they do not accurately represent the whole population as thus they may 

have had greater motivation and access to support than mothers of other socio-

demographic backgrounds. 

 

The observation of strong infant sucking in infants aged 49 ±35 days in this study 

(Chapter 2) implicates strong sucking as a cause of pain. The high rates of weaning 

due to pain indicate that prevention and treatment strategies for nipple pain are 

not universally applicable to all mother-infant dyads and a proportion may be due 

to strong infant suction. The interventions employed to resolve breastfeeding 

difficulties are experienced-based, vary widely between practitioners and cannot 

confirm infant suction strength. After checking for clinical signs and symptoms 

associated with other potential causes of nipple pain, such as infection, vasospasm 

or infant ankyloglossia, the sole intervention in treatment of nipple pain is 

alteration of the positioning and attachment of the infant to the breast. Lactation 

assessments vary between practitioners as both assessment and treatment 

strategies are experience-based and have not been standardised or validated for 

treatment effectiveness. One study identified that superficial sucking, when the 

infant attaches to the nipple rather than the areola is significantly related to 

breastfeeding difficulties (Righard and Alade, 1992). In a study of women with 

nipple pain, optimal behaviours were observed in most dyads, apart from gape 

angle, however there was no control group and none of the assessed behaviours 

were significantly related to level of pain (Blair et al., 2003). Larger gape angles 

may be recommended to prevent superficial nipple sucking, which may impede 

breastfeeding as the milk ducts narrow slightly exiting the base of the nipple into 

the breast (Rusby et al., 2007), and thus may restrict milk flow if the infant does 

not use suction to expand them. Cadwell suggests a minimum gape angle of 140° 

and that women with nipple pain reattach their infant until a pain free position is 

achieved (Cadwell, 2007). Whereas, a newer recommendation is to let the baby 

self-attach when the mother is reclined as greater primitive neonatal reflexes are 

observed (Colson et al., 2008).However, in this study 50% of women with 

persistent nipple pain also experienced pain whilst expressing (Table 3.3), 

suggesting the presence of nipple trauma which could prevent achievement of a 
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pain-free position. Measurement of intra-oral vacuum, milk transfer and imaging 

of tongue motion, as in this study, could be used to determine how the alteration of 

positioning and attachment affects infant sucking dynamics. 

 

In order to better support women with pain, improved identification of the causes 

and effective treatments are needed. This is the first study to investigate for the 

infant’s role in persistent nipple pain, identifying significantly stronger vacuum 

applied to the breast (Table 2.2). The stronger suction indicates greater stress on 

nipple and Gunther showed that -100 mmHg is capable of producing petechiae on 

skin. Infants in the pain group applied significantly stronger baseline (-90.8 

±54.5mmHg vs. -56.4 ±31.4 mmHg, p=0.004) and peak vacuum (-214.3 ±60.5 

mmHg vs. -163.2 ±62.4 mmHg, p=0.002) to the breast. However, the vacuum 

distribution of each group show considerable overlap (Fig 6.1), indicating that 

strong vacuum may not cause all persistent pain as well as making it difficult to 

determine when suction is too strong. Measurement of mothers maximum 

comfortable vacuum during breast expression (-190.7 ±8.0 mmHg) suggests that 

peak vacuums of approximately -200 mmHg may induce injury. Compared to the 

women with visible trauma, persistent pain was more likely to be described as 

radiating rather than piercing pain (Table 3.1), thus radiating pain may be an 

indication of strong suction. Further characterisation of the infants sucking 

dynamics throughout the feed accounting for milk ejection and comparison to the 

mother’s maximum comfortable expressing vacuum may help clarify this.  

 

Positioning and latch attributes are likely to affect sucking as the morphological 

linkage of the tongue, jaw and hyoid bone mean that gape angle and head position 

influences tongue action and swallowing during feeding (Hiiemae and Palmer, 

2003). This may be affected by veterbral mobility, as a recent series of case studies 

indicated that infant feeding difficulties improve after chiropractic therapy (Miller 

et al., 2009).Feeding ability may also be affected by birth trauma (Smith, 2007), 

however as a US medical centre identified less than 1% of infants with birth 

trauma it is likely to be rare (Hughes et al., 1999). 

 

As studies have shown that infant sucking is stronger prior to milk ejection 

(Mizuno and Ueda, 2006) and on slower flow teats (Colley and Creamer, 1958, 

95 



 

Mathew, 1990), it is plausible that the infant adapts their sucking during 

breastfeeding depending on milk availability, which is controlled by the milk 

ejection reflex, and milk transfer is related to the number of milk ejections that 

occur during a feed  (Ramsay et al., 2004).Further investigation of this should 

entail multiple measurements of infants feeding from the breast at different 

degrees of breast fullness. This would increase the likelihood of higher and lower 

milk flow rates from the breast thereby allowing observation of possible adaption 

of vacuum strength to flow. However this interaction may also affected by infant 

satiety and fatigue, with breastfeeding infants shown to decrease vacuum in the 

second half of a feed, and transfer less milk feeding on the second breast despite 

using similar vacuum levels to the first feed (Prieto et al., 1996).Based on the 

suction theory of milk removal, higher milk flow rates would be expected when 

vacuum levels are higher. However, during the monitored feed infants of mothers 

experiencing pain that applied stronger vacuums transferred less milk (41.6 

±31.3g vs 70.7 ±30.7 g, p=0.001). The reduced milk transfer indicates that strong 

suction may be an adaptation to increase milk flow rate, or an indication that 

either milk ejection or milk production were inhibited. Flow rate down a pressure 

gradient is dependent on duct diameter to a much greater degree than the 

pressure gradient itself and thus the constriction of any part of the nipple when 

the tongue drops would restrict flow. Using the ultrasound measurement 

technique validated in this study, control infants were shown to expand the entire 

visible portion of the nipple when the tongue drops (Table 5.6), vacuum increases 

to peak levels and milk flow is observed (Geddes et al., 2008a). Indeed preliminary 

investigation identified distortion of the nipple by infants of mothers with pain 

(McClellan et al., 2006) and ongoing studies are planned to investigate this further 

using the method described in Chapter 5. Thus infants may be using strong suction 

to compensate for an ineffective sucking action. As there was a trend for more 

mothers with pain to have had cracked nipples early in lactation (68% vs 26%, vs, 

p=0.06,Table 4.1) there is also a possibility that consequential scar tissue could 

restrict milk flow by blocking milk ducts as seen in women following nipple 

piercing (Garbin et al., 2009). 

 

Mothers with pain did not feed their infants longer than mothers without pain, as 

average durations reported over a 24-hour period were similar  (pain: 19 [12, 25] 
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mins, control: 16 [13, 24], p=0.4). However, infants without feeding difficulty have 

been shown to remove most milk within the first four minutes of feeding (Lucas et 

al., 1979), and given that almost half of infants have been observed to finish 

feeding during milk ejection (Ramsay et al., 2004), infants may continue to suck for 

satiety or non-nutritive reasons, such as comfort. Similarly, during pumping 80% 

of milk is removed within 6 ±2.5 minutes, and slower flow rates are observed after 

8 minutes of pumping which may be due to milk depletion (Prime et al., 2011). 

Interestingly, during the monitored feed, the sum of the sucking and pausing was 

approximately 8 minutes (Table 2.2), and whilst this doesn’t include any periods 

off the breast, this is clearly much shorter than feeding durations reported during 

the 24-hour measured period. The monitored feed may have been shorter due to 

discussion of the infants’ behaviour in relation to ultrasound imaging of milk 

removal between mothers and research staff, and feed durations of 8 to 10 

minutes have been observed in other monitored feeds (Geddes et al., 2011, Geddes 

et al., 2008a, Mizuno and Ueda, 2006, Prieto et al., 1999). Conversely as the 24-hr 

milk productions were performed at home, they are likely to be less precise and 

may include time settling and weighing the infant. As the infant is likely to use 

stronger vacuum when less milk available in ducts beneath the areola, prior to or 

between milk ejections (Ramsay et al., 2004), limiting the feed duration may 

reduce exposure of the nipple to strong vacuum and thus reduce pain. As milk 

production is largely influenced by milk removal (Wilde et al., 1995), mothers may 

be able to maintain milk production with more frequent (de Carvalho et al., 1984) 

and shorter feeds, rather than longer feeding. In traditional cultures, women have 

been observed to feed once per hour for only a few minutes at a time (Hartmann, 

2007, Konner and Worthman, 1980), and thus are likely to have had only one milk 

ejection during feeding (Ramsay et al., 2004). 

 

Whilst there was no difference in 24-hour milk production or feeding patterns 

between women experiencing pain and those that were not, based on the milk 

transfer at the monitored feed, the mothers with pain were more likely to measure 

24-hour milk production if their pain intensity was lower (22/100 [14,44] vs. 

50/100 [36,62], p=0.01) and milk transfer during the monitored feed was higher 

(53 ±38 g vs. 34 ±25 g, p=0.02). As four pain mothers with milk production 

<500mL/day were identified further research into milk production of women 
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experiencing pain is essential, particularly in the early postpartum period when 

breastfeeding rates decline quickly. Three of the women with milk production 

<500mL were also feeding with nipple shields to reduce pain, it is possible that 

feeding with a shield rather than inhibition of milk ejection, decreases milk 

transfer thus inhibiting milk production. There is limited and conflicting evidence 

as to whether or not nipple shields reduce milk transfer. One study found nipple 

shields reduced milk transfer during breastfeeding by newborns (Woolridge et al., 

1980) whilst another showed increased milk transfer by preterm infants (Meier et 

al., 2000). Mothers with low milk production had longer meal durations, which 

could be a very useful sign of ineffective milk removal. Prospective studies of 

breastfeeding women with pain and using nipple shields may further elucidate 

effects on breastfeeding effectiveness. 

 

Given that strong vacuum was not observed in all persistent pain infants, and half 

of women experienced pain during expressing it is possible that other causes of 

pain, such as infection were present. Previous studies have shown that nipples 

with visible trauma are more likely to be infected (Eglash et al., 2006, Livingstone 

et al., 1996), and mothers with persistent nipple pain tended to have had cracked 

nipples early postpartum (Table 4.1), persistent nipple pain could be secondary to 

either infection or nipple damage during this early period. Further, almost a 

quarter of women reported pain when the nipple was touched, suggesting either 

inflammation or allodynia and the possibility that activation of pain transmitting 

neurons is pathological.  New research implicates activation of Toll-like receptors 

(TLR) in long-term inflammation and neuron excitability resulting in chronic pain 

(Watkins et al., 2007, Nicotra et al., 2012). TLR can be activated by pathogens 

(Medzhitov, 2001), necrotic cells (Beg, 2002), nerve damage (Kim et al., 2011) and 

Damage-associated Molecular Patterns (DAMPs). In cases of trauma, activation of 

immune cells results in the production of cytokines, chemokines and DAMPs, 

which can in turn reactivate the inflammatory response and increase tissue 

damage (Nathan, 2002). TLR are upregulated during mastitis and S.aureus 

infection in cattle (Goldammer et al., 2004). TLR activation results in NF-κB 

activation, which in mice has been shown to inhibit milk synthesis (Connelly et al., 

2009). As low milk production was observed in 4/21 pain mothers (Chapter 4) and 

nipple pain increases the risk of mastitis (Amir et al., 2007) further research is 
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warranted to determine if TLR are activated in mothers with persistent nipple 

pain, and whether this is via nerve damage or bacterial infection. It is of particular 

interest that more women develop chronic pain conditions than men, and one 

mechanism proposed for this is the strong association between TLR4 and 17β-

estradiol (Nicotra et al., 2012). Progesterone has anti-inflammatory properties, 

thus the drop in progesterone following delivery of the placenta may explain the 

pattern of nipple pain severity in new breastfeeding mothers (Ziemer et al., 1990).  

Conclusion 

Whilst nipple pain early postpartum is extremely common and thus 

somewhat expected, it is essential to determine why pain persists in some 

breastfeeding mothers if exclusive breastfeeding rates are to be increased. 

Substantial effects of chronic nipple pain during breastfeeding were observed, that 

extend far beyond breastfeeding. Thus further research to determine the 

differences between mothers who develop persistent pain and mothers that 

experience pain during breastfeeding initiation that resolves quicklyis critical to 

identify those at greater risk. Women experienced pain frequently when feeding 

during the day and night, impacting mood, sleep and general activity increasingly 

with intensity and duration of pain. Thus it is not surprising that pain increases the 

risk of early weaning and depression. This study implicates the infant as a cause of 

persistent nipple pain and further research is required to identify why strong 

suction develops and the most effective way to intervene in order to preserve 

maternal and infant health outcomes. Objective measurements of pain, sucking 

dynamics and milk production may be helpful in further investigating the causes of 

pain, assessing the success of interventions and identifying women who need 

greater support. 
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Figure 6.1 Kernel density plots demonstrating the relative distribution of average vacuum 

characteristics (baseline, mean and peak) for the pain (dashed line) and control (solid line). Raw 

data values are jitter plotted underneath the density function (pain: triangles, control: circles).   
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