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4 How Breastfeeding Works: Anatomy and 
Physiology of Human Lactation

Melinda Boss, MPS, B.Pharm, Senior Research Fellow; Peter E. Hartmann, E/Prof, PhD, BRurSc

Expected Key Learning Outcomes

4.1 Introduction
In 1840, Astley Cooper published a book titled “On the Anatomy of the Breast”. His anatomical 

dissections of the lactating breast are still used in textbooks to this day. This is in part due to the 

difficulty in obtaining specimens (lactating women rarely donate their bodies to science) and partly 

due to a lack of scientific interest in this fascinating organ. Thus, Cooper’s work stands out as the 

exception and his book provides a sound foundation for the understanding of mammary anatomy and 

physiology. He rightly deserves to have the ligaments of the breast, Cooper’s ligaments, named in his 

honour. This chapter addresses historical as well as current knowledge of lactation, including a 

detailed review of Cooper’s work and how this developed our current understanding. His dissections 

remain the seminal work on the gross anatomy of the human breast and many of his preparations 

have been reproduced here to illustrate the structure of its parenchyma, together with its innervation, 

blood,and lymphatic supply. In addition, the anatomy of the lactating breast forms the basis for a 

detailed consideration of the physiology of human lactation. The historical development of the current 

knowledge of the mechanisms involved in the synthesis and secretion of milk are considered in a 

functional context. The removal of milk from the mammary gland is also reviewed, including milk 

ejection and the infant suck-swallow-breathe reflex. This chapter covers changes occurring over the 

lactation cycle from conception, secretory differentiation during pregnancy, secretory activation after 

birth, the endocrine and autocrine regulation of lactation, and finally involution and the return of the 

mammary gland to its resting state.

The history of the understanding of the anatomy and physiology 

of lactation

The processes of lactation

The production and regulation of milk supply

How the complexity of lactation benefits both mother and baby
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4.2 Background
In 1758 Carolus Linnaeus, the “father of taxonomy”, grouped into one class both aquatic and land 

animals with the capacity to produce milk for their young: Mammalia. The selection of this term was 

unusual because it was only directly applicable to half the animals in this class, namely females. 

Indeed, he ignored other biological traits (such as hair, sweat glands, and three ear bones) that are 

specific to all mammals. Wet nursing, the practice of mothers breastfeeding another mother’s infant, 

was widely practiced at that time. Specifically, rich families paid poor mothers to breastfeed their 

babies. Diaries of rich mothers suggest that they reluctantly accepted this “cuckoo-like” behaviour 

because they had been convinced that it was best for their babies. Wet nursing was prevalent in the 

“better classes” in Sweden and other European countries. Linnaeus was strongly opposed to wet 

nursing. It is said that he chose the term, Mammalia, because he wanted to emphasize that young 

mammals should be suckled by their own mothers. Today, our current knowledge of the importance of 

breastfeeding to both the mother and her infant reinforces the wisdom of Linnaeus’ choice of the 

term, Mammalia.
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▶Fig. 4.1 

Changes in the proportion of infants who were breastfed in high-income countries from 

1938 to 1980. (Reproduced from Hartmann, P.E. et al. Human lactation: Back to nature. 

Physiological Strategies in Lactation. Symposia of the Zoological Society of London. 337–

368, 1984)
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The abandonment of breastfeeding in the 19th and 20th centuries seems to have been associated with 

the development of condensed cow’s milk in 1853 and evaporated cow’s milk in 1885. Pasteurisation 

and the home icebox also decreased the risk of contamination of infant formula with microbiological 

pathogens. By the 1920s and 1930s evaporated cow’s milk was widely available at affordable prices and 

several clinical studies suggested that infants fed evaporated cow’s milk formula thrived as well as 

those that had been breastfed. Importantly, these studies have not been supported by modern 

research. Indeed, Cowie, et al. concluded that ‘We may also surmise that had cow’s milk been tested by 

usual procedures that are now applied to new drugs it is unlikely, in view of its puzzling toxicity to 

infant rabbits, that it would have reached the stage of even a clinical trial in human infants!’[1]. 

The active marketing of “safe” infant formula under the erroneous belief that scientifically developed 

formula was either better or equivalent to breastmilk for the nourishment of babies, enabled the 

lower socioeconomic classes to use this “pocket wet nurse” and follow the example set by the richer 

classes. The decline in breastfeeding was arrested in 1972 in most high-income countries ▶Fig. 4.1 

when for the first time in Western history affluent mothers began to breastfeed their own babies ▶Fig. 

4.2. This example has filtered down all social classes and currently almost all mothers in some Western 

countries choose to breastfeed their newborn infants. The breast is unusual in that lactation is 

characterised by periods of high secretory activity followed by periods of quiescence. Indeed, lactation 

is the final phase of the reproductive cycle in mammals. In all of the 4000 plus species of mammal, 

maternal milk is essential for the survival of the young during early postnatal life. However, mammals 

are either hatched or born at very different stages of maturity. Species-specific lactation strategies and 

milk composition provide a unique environment for the maturation of each mammal’s young [2]. 

Therefore, it is not surprising that the milk of one species is not suitable for optimum physiological 

growth and development of the young of another. Human lactation is no exception; for example, 

human infants grow extremely slowly compared to most other mammals. The time to double birth-

weight extends many months for human infants but is only a few days in piglets. Indeed, human milk 

has a very low concentration of protein relative to its energy content and therefore cannot support 

rapid infant growth. The proportion of energy derived from protein is lower in infants than that 

recommended for adults. It follows that the proportion of essential amino acids in human milk must 

exactly match the infant’s requirements. This is very difficult achieve with infant formula. To obtain 

the required intake of all essential amino acid(s), extra protein has been added to infant formula. 

Unfortunately, this higher protein intake is associated with adverse outcomes in infants such as 

obesity and increased renal solute load.

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-41
https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-42
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▶Fig. 4.2 

The evolution of a large brain (i.e., one that requires ~25% of the mothers daily resting energy intake) 

has given humans a significant competitive intellectual advantage over all animals, including other 

mammals. Consequently, unlike other mammals, extensive brain growth in human infants occurs in 

the first one to two years after birth. This rapid postnatal growth is facilitated by many components 

present in breastmilk. Furthermore, the lactating breast is a very active metabolic organ (▶Fig. 4.3), 

with energy output in breastmilk representing ~30% of the daily resting energy requirements of the 

mother. It is also important to consider the duration of lactation. Other large primates breastfeed for 

years rather than months; for example, the orang-utan breastfeeds for 7 years. Therefore, it is also to 

be expected that women would breastfeed for a number of years and indeed rural Aboriginals in 

North Western Australia breastfed their babies into their 6th year of life. Modern traditional societies 

(i.e., those without access to manufactured contraceptives or prepared infant foods) usually wean 

Social rank of mothers and the proportion of mother’s breastfeeding in Australia from 6 

weeks to 12 months postpartum in 1983.

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-43
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between 2–3 years of age [3]. The World Health Organization recommends that all infants should 

receive breastmilk only (with no additional food, drink, or water) until 6 months after birth and then 

continue to be breastfed with the introduction of first foods up to 2 years of age and beyond [4]. 

Currently, most infants in developed countries are weaned before one year of age [5], [6], [7]. 

▶Fig. 4.3 

The promotion of breastfeeding by community groups and health professionals in countries like 

Australia has been excellent, and 96% of mothers now choose to breastfeed their babies compared to 

only 48% in 1972 [5], [8]. Indeed, facilitation of breastfeeding (e.g., in coffee shops) is now beginning to 

be seen as providing an economic dividend (▶Fig. 4.4). Unfortunately, there is a rapid decline in 

breastfeeding with time after birth, with less than 16% of infants exclusively breastfed to 5 months 

and only 60% receiving any breastmilk at this time[5].

The commitment of such a large proportion of maternal energy intake to lactation over a long period of 

time (years), and the conservation of genes associated with lactation and milk composition strongly 

suggests that mothers are “hard-wired” to breastfeed. This conclusion is reinforced by the observation 

that mothers will endure hardships suchasseverebreastand nipple pain and still continue to 

breastfeed their infants. This begs the question, ‘Why have women in high-income countries found it 

difficult to breastfeed?’ Two reasons may be postulated. First, perhaps subtle uncertainties 

accumulate and diminish the mother’s confidence in her ability to produce enough milk for her baby. 

Secondly, mothers experience unacceptably high incidences of conditions, such as breast 

engorgement, mastitis, and severe nipple pain, which challenge the resilience of even the most 

committed mothers (▶Fig. 4.5). 

Thermal images of the breasts of (a) non-lactating and (b) lactating women (red 38 °C, 

green 31 °C). (from Kent J.C., Hartmann, P.E. 1995 Unpublished data.)

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-44
https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-45


The Global Health Network Collections 4 How Breastfeeding Works: Anatomy and Physiology of Human Lactation

8

Since there is only limited basic research on human lactation, evidence-based medical diagnosis and 

treatment of lactation dysfunction is very limited. For example, unlike other metabolically equivalent 

organs in the body, there are no clinical tests to assess the normal function of the lactating breast and 

no reference ranges for either milk production or milk composition. Consequently, family doctors do 

not have objective tests to assist with the diagnosis and treatment of mothers who experience 

breastfeeding difficulties. There are no clinical tests to measure 24-hour milk production, yet 

perceived low milk supply is one of the major causes of mothers ceasing to breastfeed. 

Conventional medical care (that is, the availability of a lactology medical specialist to whom the family 

doctor can refer patients if necessary) does not exist and this is probably responsible for much of the 

current decline in breastfeeding with time after birth. This is appalling considering that the lactating 

breast requires a higher proportion of daily resting energy than the brain. Attention to this situation 

was succinctly stated in TIME magazine,
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▶Fig. 4.4 

A coffee shop advertisement in Perth, Western Australia featuring a mother breastfeeding 

her 6 month old baby and inviting other breastfeeding mothers to frequent the coffee shop 

in 2011. (STM 2011, Sunday Times Magazine, January 2016)
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‘... lactation is probably the only bodily function for which modern medicine has almost no training, 

protocol or knowledge. When women have trouble breast-feeding, they’re either prodded to try harder 

by well-meaning lactation consultants or told to give up by doctors. They’re almost never told, “Perhaps 

there’s an underlying medical problem — let’s do some tests”’[9].

▶Fig. 4.5 

Obviously a much deeper understanding of the anatomy and physiology of the human breast are 

required so that appropriate medical care can be provided for lactation.

4.3 Gross Anatomy

4.3.1 History
Any consideration of the anatomy of the non-lactating and lactating human breast is not complete 

without acknowledgment of the contribution of the brilliant Sir Astley Paston Cooper in 1840 [10] 

(▶Fig. 4.6). He was the greatest surgeon of his time and was much loved in the medical world [11]. His 

patients knew him for his sweetness of manner and courtesy. Against the practice of the time, Cooper 

always removed his top hat on entering the wards. He also took good care of his students; for example, 

he found accommodation for the poet Keats when he was a medical student. Cooper’s careful 

observations and meticulous dissections set the foundation for current knowledge of the gross 

anatomy of the lactating human breast. His findings have, in the main, stood the test of time.

‘My rule has been to publish that only which I could show to those who were sceptical, and were yet 

desirous of arriving at the truth.’

Lactating mothers with (a) breast abscess and (b) mastitis. Both mothers breastfed their 

babies during the breast trauma and for several months after recovery. (from Hartmann, 

P.E. 1985. Unpublished data.)

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-46
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Subsequently, few scientists have followed his example and investigated this extremely interesting 

organ, the human mammary gland. Very few papers investigating the anatomy of the lactating human 

breast were published for the remainder of the 19th century and the entire 20th century. Thus, 

anatomical diagrams and descriptions of the gross anatomy of the lactating breast have changed little 

over the past 165 years. 

Cooper obtained lactating breasts from the bodies of cadavers who were most likely provided by gangs 

of “resurrection men”. The bodies were from women in established lactation. The breasts from 

mothers who died soon after giving birth (presumably from puerperal fever) were decomposing from 

virulent septicaemia and unsuitable for his anatomical studies. Cooper studied the gross anatomy of 

the lactating breast including the ductal system, innervation, blood vessels, lymphatic system, fatty 

tissue, and the ligamenta suspensoria. These ligamenta suspensoria are now commonly referred to as 

“Cooper’s ligaments” in recognition of his contribution to the understanding of the anatomy of the 

lactating breast and in particular for being the first to provide a detailed description of these ligaments 

(▶Fig. 4.7). Cooper’s ligaments support the breast in its normal position.Cooper noted that without the 

internal support provided by these ligaments the breast tissue (which is heavier than the surrounding 

fat) would sag under its own weight, losing its normal shape and contour.

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-47


The Global Health Network Collections 4 How Breastfeeding Works: Anatomy and Physiology of Human Lactation

12

▶Fig. 4.6 

‘The uses of the ligamenta suspensoria are to connect the nipple to the breast, the breast to the skin and 

to fold up the gland to increase the secretory organ, without spreading it more widely over the surface 

of the chest. They also enclose the adipose matter of the breast.’

Errors in interpretation of Cooper’s work have persisted over time and this suggests that few authors 

actually quoted from his original work.

4.3.2 Foetal and Pubertal Development
The normal growth and functional development of the breast may be either reduced or even abolished 

by trauma such as from cosmetic surgery. Therefore, the anatomy and physiology of lactation is 

concerned not only with breastmilk and the function of the breast during lactation, but also with 

development. Development must encompass maturation of the breast from foetal stages to sexual 

maturity, together with development to a secretory state during pregnancy and after birth. 

Sir Astley Cooper, author of the seminal book “On the Anatomy of the Breast”, published in 

1840. (Cooper, AP 1840. On the Anatomy of the Breast, Longman.)
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The mammary ridge (milk line) appears as a raised portion of ectoderm on either side of the midline 

by the time the human embryo has attained a length of 4–6mm(4th week of gestation). Regression of 

the mammary ridge occurs except for the pectoral region (2nd to 6th rib), which forms the mammary 

buds that lead to the development of breasts. In 2–6% of women, mammary buds may develop 

anywhere along the mammary ridge and may either mature into accessary breasts (polymastia) or 

remain as accessory nipples (polythelia). 
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▶Fig. 4.7 

(a) Section of the mammary gland through the nipple, showing ducts over a bristle, 

unravelled, and proceeding to the posterior part of the gland. (b) A preparation made to 

show the ligamenta suspensoria supporting the folds of the breast to the inner side of the 

skin. (c) A view of the gland, dissected and unravelled, to show the ducts over bristles, 

lobuli, and glandules. (Cooper, AP 1840. On the Anatomy of the Breast, Longman. Plate IV 

fig 1.)
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By the end of gestation, epithelial cells in the mammary buds have elongated microvilli on the luminal 

surface, the cytoplasm is rich in organelles, and the rough endoplasmic reticulum has dilated cisternae 

containing fine granular material. The Golgi vesicles in these epithelial cells contain dense, dark 

granules and fat droplets that are discharged into the alveolar lumen. Therefore, by the end of 

gestation, the cells of the breast of the human foetus have reached a high degree ofdifferentiation and 

are secreting in response to the foetal hormonal milieu of late pregnancy.

The newborn breast consists only of rudimentary ducts that have small club-like ends, which regress 

soon after birth. Neonatal galactorrhoea, commonly referred to as witch’s milk, is a fluid secreted from 

the breasts of newborn infants. Indeed, witch’s milk is one of the few pre-scientific terms still in 

current medical usage. It was thought that the witches possessed infants that secreted such milk and 

these infants were not favoured. However, this physiological occurrence is found in 100% of term 

infants less than 3 weeks of age and is usually resolved before the infant reaches 4 months of age [6]. 

Witch’s milk is similar in composition to colostrum and when compared with extracellular fluid, the 

concentration of sodium is low. Thus, the ionic composition of the mammary secretion of the newborn 

infant can be used to distinguish between true neonatal galactorrhoea with low sodium and bacterial 

infection that has high sodium content. Bacterial infection increases the permeability of the breast 

epithelium and the ionic content of the secretion from the infant nipple under these circumstances 

tends to equilibrate with the higher sodium content of the extracellular fluid [12]. 

Throughout childhood only isometric growth of the breast occurs and the rudimentary breasts remain 

quiescent. Allometric growth of the human breast occurs at puberty and continues during the luteal 

phase of the menstrual cycle until maximum development is achieved between 20–30 years of age. 

During this period there is accelerated growth of the nipple and the development of sub-areolar 

tissue, leading to elevation of the areola and nipple. In the adult, the areola is a circular pigmented 

area of skin about 40mm in diameter, but the size of both the areola and nipple can vary greatly 

between women and with time (▶Fig. 4.8).

4.3.3 Non-Lactating Adult Breast
The non-lactating breast is composed of glandular and adipose tissue and is supported by a loose 

network of fibrous connective tissue (Cooper’s ligaments). Ultrasound imaging has identified an 

average of nine ductal openings (nipple pores) at the nipple. This is in close agreement with Cooper’s 

observations from his dissections of seven to ten functional ductal openings on the nipple. Larger 

numbers (15–20) are usually quoted in textbooks based on Cooper’s work. Careful reading of his work 

shows that he only observed a maximum of 12 functional ducts opening at the nipple. ‘The greatest 

number of lactiferous tubes I have been able to inject, has been twelve, and more frequently from 

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-48
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seven to ten.’ However he did note up to 22 openings on the nipple but concluded that a number of 

these were just follicles and not open ducts.
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▶Fig. 4.8 

Size of the breast from 11 months to 20 years of age. (a) 11 months, (b) 3yr, (c) 4yr, (d) 

6yr, (e) 9yr, (f) 11yr, (g) 12yr, (h) 13yr, (i) 14yr, (j) 16yr, and (k) 20yr. (Cooper, AP 1840. On 

the Anatomy of the Breast, Longman. Plate II.)
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Although prior to pregnancy the adult breast is in an inactive state, changes do occur in the breast 

during the menstrual cycle. In the proliferative phase of the menstrual cycle (when follicles are 

primed for ovulation) there is increased cell division. During the luteal phase (when follicles produce 

progesterone to prepare the uterus for the fertilised egg), the ducts become somewhat dilated and the 

alveolar cells contain some lipid droplets. From 3–4 days before the onset of menstruation, increased 

turgescence and tenderness are observed. Breast volume normally increases by 15–30mL but in some 

women this increase can be up to 300–400mL. Towards the end of menstruation the secretory tissue 

begins to regress and breast oedema decreases to reach a minimum breast volume by 5–7 days after 

menstruation.

During the non-lactating state the lobules consist of either tubules or ducts lined with epithelial cells 

and embedded in connective tissue. They are widely separated, with connective and adipose tissues 

predominating. At this stage of development there is only a small contribution from the glandular 

tissue. A few bud-like sacculations (terminal end buds) arise from the ducts, but the gland consists 

predominantly of interlobar and interlobular ducts. The few alveoli present consist of simple cuboidal 

epithelial cells without distinctive structural features. The milk ducts branch under the areola, are 

quite superficial, and are easily occluded with the application of light pressure. Differences in the 

morphology (external appearance) of the breast exist, even between different ethnic groups, but the 

internal structure of the glandular and supporting tissues is similar in practically all species of 

mammal [13].

The distribution of adipose tissue in the human breast is highly variable. It is situated beneath the skin 

(subcutaneous), between the glandular tissue (intra-glandular) and beneath the breast 

(retromammary fat pad). Unlike other mammals, women have significant amounts of intra-glandular 

adipose tissue. In other species studied, the mammary glands contain subcutaneous and 

retromammary adipose tissue but no intra-glandular adipose tissue. The variable amount of intra-

mammary adipose tissue may be, in part, the reason why breast size does not correlate with milk 

production.As Cooper observed,

‘The quantity of milk which a woman is capable of secreting, cannot be estimated by the size of her 

breast, as it often is large and hard rather than secretory, or it is loaded with adeps, and produces but 

little milk.’

Knowledge of the innervation of the breast is relatively limited compared to that of other major organs 

in the body. Investigation of the innervation and sensitivity of the breast has predominantly focused 

on women who have undergone breast surgery such as reduction mammoplasty. Cooper showed that 

the 2nd to 6th intercostal nerves supply the breast (▶Fig. 4.9). These nerves divide into two branches. 

The deep branch supplies the glandular tissue and the other branch takes a relatively superficial 

course within the gland, supplying the nipple and areola. The areola also contains a dense intradermal 

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-49
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nerve plexus supplying numerous sensory end organs, including Meissner’s corpuscles and Merkel’s 

discs (mechanoreceptors). This ensures it is receptive to mechanical stimuli, suchassuckling.

Innervation of the larger ducts has been observed but no nerves have been associated with the smaller 

ducts, and a lack of sensitivity of the epidermis of the nipple has been noted. Clinically, women 

recognise the overall fullness and distension of their breast as well as pain associated with some 

abnormalities, but are often unable to accurately localise either sensation.

4.3.4 Pregnancy
In some women, changes in the breast (e.g., tenderness related to growth) can provide the first 

indication of conception and the beginning of the lactation cycle with a progressive increase in breast 

volume (▶Fig. 4.10). The areola contains large sebaceous glands (Montgomery’s glands) 

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-410
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▶Fig. 4.9

Innervation of the breast. (a) The dorsal of posterior nerve going to the breast (white), (b) 

The 4th posterior nerve coming out of the chest below the fourth rib, and proceeding to the 

breast and the nipple. (Cooper, AP 1840. On the Anatomy of the Breast, Longman.)
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▶Fig. 4.10 
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that hypertrophy and form papillae during pregnancy, as well as sweat glands and some hairs. 

Secretions of the Montgomery glands lubricate and protect the nippleand areoladuring 

Increase in the volume of a breast from preconception to one-month postpartum. (Cox D.B. 

The morphological and functional development of the human breast during pregnancy and 

lactation. PhD Thesis: The University of Western Australia; 1996)
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lactation.Volatilisation ofcompounds in this secretion may also provide an olfactory stimulus for the 

infant. Ductal branching and lobular formation (alveolar development)exceeds the normal 

premenstrual growth by 3–4 weeks of gestation. A lactogenic complex of reproductive hormones 

(progesterone, oestrogen, and prolactin) and metabolic hormones (growth hormone, glucocorticoids, 

parathyroid hormone related protein, and insulin) influence alveolar development in women during 

pregnancy.

There is extensive lobular-alveolar growth during the first half of pregnancy. However, the glandular 

parenchyma of the breast does not respond to hormonal stimulation in a synchronous manner. 

Different areas in the same breast can develop to a greater or lesser degree at any particular time 

during pregnancy. In the latter stages of pregnancy there is a further increase in lobular size due to the 

hypertrophy of the cells and the accumulation of secretion in the lumen of the alveoli. The milk ducts 

have branched and form lobes and the lobes divide into lobules that consist of clusters of alveoli lined 

with lactocytes (mammary secretory epithelial cells) (▶Fig. 4.11).

The classic dissections of lactating cadavers by Cooper have also formed the basis for descriptions of 

the blood supply to the breast (▶Fig. 4.12). During pregnancy, blood flow to the breast doubles by 24 

weeks and then remains constant during lactation. Along with the increase in blood flow, the 

superficial veins of the breast become more prominent during pregnancy and lactation. The blood 

supply to the breast arises from the anterior and posterior medial branches of the internal mammary 

artery (60%) and the lateral mammary branch of the lateral thoracic artery (30%) [14].

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-411
https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-412
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▶Fig. 4.11

Milk ducts injected with different coloured waxes. (a) showing the radiated direction and 

inter-ramification of the milk ducts injected with red wax. (b) milk ducts injected with red, 

yellow, black, green and brown wax with the lobes spread out over a stone. (c) at the lower 

part of the preparation the separate ducts are seen passing above and beneath each other, 

to render the breast a cushion; whilst at the upper part the ducts are single, (d and e) 

alveoli six times magnified, (f and g) alveoli injected with mercury and four times 

magnified. (Cooper, AP 1840. On the Anatomy of the Breast, Longman. Plate VI and VII.)
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▶Fig. 4.12 

(a) Arteries (red) and veins (yellow) of the breast from their anterior and posterior sources, 

(b) veins around the nipple, (c) distribution of arteries upon the breast and around the 

nipple, (d) veins injected in the areola and nipple. (Cooper, AP 1840. On the Anatomy of the 

Breast, Longman. Plate X.)
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However, there is wide variation in the proportion of blood supplied by each artery between women. 

In women, as in lactating animals, the ratio of blood flow to milk production is approximately 500:1. 

No relationship was observed between blood flow and milk production.

4.3.5 Lactating Breast
Cooper concluded that the ligaments associated with the mammary fat pad also protected the lactating 

breast tissue. Indeed, throughout his book he makes numerous statements marvelling at how resilient 

the breast is to severe blows.

‘It is, then, a thick cushion of fat placed under the skin, which enables women of the lower class to bear 

the very severe blows which they often receive in their drunken pugilistic contests.’

In this connection, Cooper was first to report the vigorous sucking behaviour of the young of some 

mammals, noting that

‘… the lamb suckling for a short time to empty the large reservoir of the gland of accumulated milk, and 

then beating the udder of the ewe with its head as if to put it in mind of secreting more to supply its still 

pressing wants.’

It is of interest that fatty tissue is interspersed within the glandular tissue in women but not in other 

mammals. This suggests that the support from the ligaments may be more important than the pad of 

fatty tissue in protecting the breast against severe blows. On the other hand,
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▶Fig. 4.13

Anatomy of the human breast. (Ramsay DT, Kent JC, Hartmann RA, et al. Anatomy of the 

lactating human breast redefined with ultrasound imaging. J Anat 2005; 206(6): 525–534)
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‘Very thin women, whose breasts are unprotected by this mode of defence, sometimes show severe 

bruises; but these in a fortnight or three weeks disappear. Yet it is very certain that at distant periods 

women apply with tumours in their breasts, which they frequently impute toblows.’

In the literature up to 2005, Cooper’s description of the ductal system prevailed and was depicted as a 

cluster of alveoli joined to small ducts expanding to form larger ducts that drain the lobules. The larger 

ducts then merge into one milk duct for each lobe. These ducts then open through a pore to the surface 

of the nipple (▶Fig. 4.13). Cooper stated that the areola

‘form a surface which is embraced by the child, and received into its mouth, so that the large lactiferous 

tubes behind the areola (▶Fig. 4.14) are emptied by the pressure of the lips of the infant. The areola is, 

therefore, tobe considered as an extension of the nipple, the base of which latter is lost in the former: its 

structure is very similar to the nipple, or mammilla.’

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-413
https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-414
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▶Fig. 4.14 

Milk ducts injected from the nipple. (a) Six milk ducts, (b) reservoirs or dilatations of the 

ducts below the nipple, (c) a single lobe. (Cooper, AP 1840. On the Anatomy of the Breast, 

Longman. Plate VII.)
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▶Fig. 4.15

Recent detailed studies by Ramsay, et al. using ultrasound imaging have not identified large lactiferous 

tubes behind the areola” (▶Fig. 4.15) [15]. It is likely that the dilation of the “tubes” was an artefact 

resulting from the injection of hot wax through the pores of the nipple to enable the identification of 

the milk ducts. In contrast to Cooper’s observations, ultrasound imaging clearly shows that the area 

immediately under the areola is densely packed with lobules containing alveoli. Since it was assumed 

that the pressure of the lips of the infant emptied the non-existent “large lactiferous tubes”, the 

mechanism by which the infant removed milk from the breast had to be reassessed.

Ultrasound images of the milk ducts below the nipple. No reservoirs or dilatations of the 

ducts were detected and secretory tissue was present immediately below the nipple. 

(Ramsay, DT 2005 personal communication.)

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-415
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4.4 Physiology 

4.4.1 Origin of Milk
The genesis of milk has long intrigued scientists and theories have been recorded back to the time of 

the Ancient Greeks. Four observations were seminal in the formation of ideas on the origin of milk. 

Firstly, the absence of menstruation during pregnancy and early lactation; secondly, many women 

experienced peculiar sensations in the lower abdomen during breastfeeding; thirdly, milk was thought 

to be synthesised and actively secreted during milk ejection; and finally, lymphatic vessels draining the 

small intestine were thought to be the origin of milk because they contained a milky fluid. The first 

and second observations led to the uterine milk theory promoted by Galen, who claimed that the 

menstrual blood that nourished the foetus was diverted to the breast after birth in special vessels (vas 

menstrualis, ▶Fig. 4.16). This theory was rejected when it was found that no such vessels existed. 

Galen’s knowledge of the anatomy of the male body was probably more accurate than that of the 

female body because he was at one time a physician to the gladiators.

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-416
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▶Fig. 4.16

Drawing by Leonardo da Vinci influenced by Galen’s teachings showing a vessel from the 

uterus to the breast that in fact does not exist. (Calder, R. 1970 Leonardo & the Age of the 

Eye, Heinemann. p176.)
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The chyle theory of the origin of milk followed the observation that the lymphatic vessels draining the 

small intestine into the thoracic duct were white in appearance and, when pricked, a fluid resembling 

milk flowed out. This theory was soundly discredited by the experiments of Cooper who stated
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▶Fig. 4.17

Lymphatic vessels of the female breast, (a and b) lymphatics draining from the nipple to 

the clavicle. The constrictions in the vessel are the valves in the lymphatic vessels that 

ensures that the lymph flows away from the breast to the lymph nodes. (c) The dense 

network of lymphatic vessels in the breast. (Cooper, AP 1840. On the Anatomy of the 

Breast, Longman. Plate XI.)
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‘A most extraordinary opinion has been broached, that the absorbents (lymphatic vessels) carried chyle 

to the breast (▶Fig. 4.17) — an opinion at variance with the nature of the fluid, entirely inconsistent 

with every injection which I have made, and irreconcilable with the valvular structure of these vessels’ 

[10].

The idea that milk was rapidly synthesised in the breast during milk ejection was questioned in the 

early 20th century when a clear distinction was made between the continuous process of milk 

synthesis and the intermittent acute process of milk ejection. This provided the background for 

development of the current understanding of milk synthesis and secretion.

Human placental lactogen secreted from the placenta has an action similar to growth hormone. The 

increase in breast growth during pregnancy is closely related to the increase in this hormone (▶Fig. 

4.18), which disappears within a few hours postpartum. On the other hand, the increasing prolactin 

concentration in maternal blood during pregnancy is closely related to the increase in amount of 

lactose excreted in urine. The bloodmilk barrier is not fully formed during pregnancy, allowing 

lactosetodiffuse into the maternal blood. Lactose is not metabolised in the blood but excreted via the 

urine; this means that lactose excretion in urine over a 24-hour period can be used as a measure of 

lactose synthesis during pregnancy. It should be noted that this increase in urinary lactose excretion 

during pregnancy is also closely related to secretory differentiation (▶Fig. 4.19).

4.4.2 Secretory Differentiation
We now know that the initiation of lactation occurs in two stages. The first stage (secretory 

differentiation) commences during mid pregnancy when the breast develops the capacity to synthesise 

unique milk constituents, such as lactose and milk specific proteins. At this time the stem cells within 

the breast have developed into progenitor cells that in turn have differentiated into lactocytes.

This transition is termed secretory differentiation (previously termed lactogenesis I) [16]. Due to the 

high levels of progesterone in women, the milk secretion rate (colostrum) is low; on average about 

30mL per day. Secretory differentiation occurs at about 20–25 weeks of gestation and is very close to 

the time of viable preterm delivery. Thus, it is possible that incomplete maturation of secretory 

differentiation could be one of the factors limiting successful development of lactation in preterm 

mothers.

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-417
https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-418
https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-419
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▶Fig. 4.18

Breast volume (mL), a measure of breast growth, and the concentration of human placental 

lactogen

(mg/L) at three-weekly intervals from conception to birth. (Czank C, Henderson JJ, et al. 

Hormonal control of

the lactation cycle. In: Hale TW, Hartmann P. Textbook of human lactation, New York: 

Springer; 2007)
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▶Fig. 4.19

4.4.3 Secretory Activation
Secretory activation (previously termed lactogenesis II) is the second stage in the initiation of lactation 

and occurs during the first 3 days after birth [16]. Secretory activation is characterised by the initiation 

of copious milk production and is arguably the most important phase of the lactation cycle. Unlike 

secretory differentiation, secretory activation has to be tightly coupled to the time of birth, so that the 

newborn can make a seamless transition from the protective environment of the uterus and 

continuous nourishment from the umbilical vein to the intermittent provision of protection and 

nourishment from the mother’s milk. Appropriate management of secretory activation is crucial for 

Concentration of prolactin (μg/L) in blood and the excretion of lactose (mmol/24h) in urine 

at three weekly intervals from conception to birth. Secretory differentiation commences at 

approximately 18 weeks of pregnancy. (Czank C, Henderson JJ, et al. Hormonal control of 

the lactation cycle. In: Hale TW, Hartmann P. Textbook of human lactation, New York: 

Springer; 2007)
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the successful development of optimal milk production. Only one study has investigated the sensitivity 

of the breast during pregnancy and lactation. This study showed that areola and nipplesensitivity 

increasedmarkedly within 24 hours postpartum and then declined in the following days [17]. 

Presumably sensitivity of the nipple at this time provides a signal to the mother (pain) if her infant is 

not appropriately attached to her breast when feeding. 

▶Fig. 4.20

It is of concern that little medical follow-up of lactation occurs after administration of pain relief to the 

mother. Analgesia can prevent the mother sensing when her baby is incorrectly attached during a 

breastfeed and thus predisposeher to nippletrauma.

Oestrogen withdrawal was once favoured as the stimulus for secretory activation because 

pharmacological doses of estrogenic hormones inhibited milk synthesis. These findings encouraged 

Milk production (mL/24h) in a woman with placental retention from 20 to 44 days 

postpartum.

Dilatation and curettage was carried out at day 23 to remove placental fragments.
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Gunther to recommend graded doses of diethylstilbestrol as a method of suppressing postpartum 

breast engorgement [18]. This practice has since been abandoned due to long-term unfavourable 

outcomes. The classic findings of Kuhn in 1969 clearly demonstrated that progesterone withdrawal was 

the lactogenic trigger in rats, but progesterone withdrawal has since been shown to be the universal 

trigger for secretory activation in all Eutherian mammals including women [19]. Indeed, Neifert, et al. 

found that secretory activation was inhibited after birth in a woman with retained placental fragments 

[20]. Milk secretion (secretory activation) rapidly increased from about 10mL/24 h to about 350mL/24 

h on day 28 after curettage (▶Fig. 4.20) [20]. In this context it should be noted that progesterone 

synthesis occurs in the placenta in women but that oestrogen synthesis requires the presence of both 

placenta and foetus.

▶Fig. 4.21 

Concentration of progesterone (% of maximum values) in blood and lactose (% of 

maximum values) in mammary secretion from –6 days prepartum to 5 days postpartum in 

women and rats. (Reproduced from Hartmann, P.E. 1990. Unpublished data.)

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-420
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While precipitous progesterone withdrawal occurs just before birth in most mammals, this abrupt 

withdrawal occurs after birth in women following placental delivery. As a result, secretory activation 

occurs 30–40 hours after birth (▶Fig. 4.21). This seems counterintuitive to the high-energy 

requirements of the newborn infant. However, unlike the newborn of most other mammals, the 

human newborn has high levels of body fat (10–15%) to draw on for its energy requirements. This 

feature has facilitated the survival of newborn infants for days without nourishment, such as after 

earthquakes. It is likely that the protective role of human milk (innate immunity) and, in particular 

colostrum, is as important as its nutritional role. Therefore, the small volume of colostrum secreted 

after birth (~30mL/24h) [21] with its high concentration of protective glycoproteins, oligosaccharides, 

and fatty acids facilitates protection of the surfaces of the respiratory and gastrointestinal tracts 

against pathogenic microorganisms.

The withdrawal of progesterone from the maternal blood is rapid, declining by more than 10 fold 

within 3 days postpartum, and the literature is quite consistent on the nature of this fall (▶Fig. 4.22). 

Due to this rapid decline, accurate timing between the delivery of the placenta and blood sampling 

would likely improve the precision of these values. In contrast to parturition, changes in the 

concentration of progesterone in maternal blood during established lactation do not appear 

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-421
https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-422
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▶Fig. 4.22 

to influence milk production, perhaps due to down-regulation of progesterone receptors in the breast. 

Once lactation is established, milk production is not coupled to progesterone levels during the 

menstrual cycle and progesterone-containing low dose contraceptives do not appear to inhibit 

lactation. Thus, the important role for progesterone centres on the early postpartum period. In view of 

the universality of the progesterone withdrawal mechanism, it is puzzling that more attention has not 

been given to the potential effects that subtle changes in progesterone withdrawal could have on the 

immediate and long-term synthesis of breastmilk, particularly as there are potential therapeutic 

options in relation to regulating progesterone receptors in the breast at this time.

The administration of Bromocriptine (to suppress prolactin secretion) inhibits secretory activation in 

women suggesting that prolactin is required for this stage of gland development [22]. Furthermore, a 

number of studies have concluded that milk production can be increased by the administration of 

galactogogues (e.g., domperidone and metoclopramide) that increase blood prolactin. Indeed, these 

Concentration of progesterone (μg/L) and prolactin (μg/L) in blood of women from birth to 8 

days postpartum. (Boss M, Gardner H and Hartmann P. Normal Human Lactation: closing 

the gap [version 1; referees: 4 approved]. F1000Research 2018, 7(F1000FacultyRev):801 

(doi: 10.12688/f1000research.114452.1))
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medications are often prescribed when women present with either low milk supply or perceived low 

milk supply. Unfortunately, measurements of blood prolactin and milk production are rarely made 

prior to medication administration to justify their use.

▶Fig. 4.23 

Circadian changes in the concentration of prolactin (μg/L) in the blood plasma of 8 normal 

women. (Reproduced from Yen, S., Jaffe, R. 1999. Prolactin in Human Reproduction. In: 

Reproductive Endocrinology. 4th ed. Philadelphia: WB Saunders Co.)
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▶Fig. 4.24

While the literature on progesterone withdrawal is quite consistent, the literature for prolactin is not 

(▶Fig. 4.23). Prolactin concentrations reported for mothers in the immediate postpartum period vary 

greatly and averages don’t make much sense. The reason for much of this variation is probably due to 

sample collection. It has been shown that the concentration of prolactin has a circadian rhythm, with 

the lowest concentrations during the day and high concentrations during sleep (▶Fig. 4.24). In 

addition, prolactin concentration increases at mealtimes and doubles when measured before a 

breastfeed to about 30–45 minutes after the commencement of the breastfeed. This response 

decreases from one to six months of lactation (▶Fig. 4.25). Much of the large variation between 

samples might be removed if care was taken to standardise blood-sampling procedures in relation to 

infant’s breastfeeds, time of day, and meal times. Obviously, with the wide use of domperidone and 

metoclopramide,it is very important to establish reference values for postpartum prolactin 

concentration in maternal blood. Although it is clear that prolactin is required for secretory activation, 

it probably does not playa rate-limiting role during normal secretory activation and in established 

lactation.

Concentration of prolactin (μg/L) in the blood plasma of breastfeeding women from 60 

minutes before to 180 minutes after the commencement of breastfeeds.

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-423
https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-424
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Glucocorticoid receptors are present in the cytosol of lactocytes. When bound with glucocorticoids, 

these receptors translocate to the nucleus and act synergistically with prolactin-activated transcription 

factors to enable the synthesis of milk proteins. While progesterone binds to the glucocorticoid 

receptor, it does not translocate to the nucleus and deactivate the milk synthesis genes.

▶Fig. 4.25

Despite the obvious association between pregnancy and secretory differentiation and activation, 

pregnancy is not an essential prerequisite for lactation. There are numerous reports of the induction 

Concentration of prolactin (μg/L) in the blood plasma of 11 lactating women at 1, 2, 4, and 

6 months of lactation. Blood samples were taken immediately before and 45 minutes after 

the commencement of the breastfeed. (Reproduced from Cox, D.B. 1996. The 

morphological and functional development of the human breast during pregnancy and 

lactation. PhD Thesis: The University of Western Australia; p3-6 3-7.)
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of mammary growth and lactation arising from repeated application of stimulation by either suckling 

or massage in non-pregnant women. Although responses are highly variable, there are reports of 

infertile women establishing exclusive breastfeeding by the application of suckling and massage for 

just a few weeks.

By definition, the ideal method for determining secretory activation is to measure milk production. 

However, this is quite difficult to do in the immediate postpartum period. Furthermore, milk synthesis 

at this time is greatly influenced by the ability of the infant to remove all of the available colostrum. In 

many women the onset of lactation is accompanied by a sudden feeling of breast fullness and leakage. 

If this is not managed properly it can lead to extremely engorged and painful breasts. Nevertheless, 

this is a subjective assessment of secretory activation. The metabolic changes that occur in the breast 

offer more precise objective assessments. The withdrawal of progesterone triggers the closure of tight 

junctions between lactocytes. Synthesis and secretion of lactose rapidly increases, drawing water with 

it to maintain osmotic equilibrium. As a result of these metabolic changes, the concentrations of 

sodium, chlorine, and total protein decrease. Conversely, lactose and citrate concentrations, and milk 

production increase as mammary secretion transitions from colostrum to milk over the first 5 days 

postpartum. Thus, analysis of mammary secretion for sodium, chloride, citrate, and total protein over 

this early postpartum period can be used to assess the progress of secretory activation (▶Fig. 4.26). 

Unfortunately, there is not sufficient appropriate research available to enable the establishment of 

reference values for these milk constituents during this crucial period in the lactation cycle.

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-426
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▶Fig. 4.26 

▶Tab. 4.1 Prevalence of exclusive breastfeeding 
postpartum (%).

The importance of secretory activation is clearly demonstrated from three recent rather subtle 

intervention studies that focused on the first 3 days postpartum. Yotebieng and colleagues randomly 

Milk production (mL/24h) and the concentrations of lactose (mM), total protein (g/L), citrate 

(mM) and sodium (mM) in mammary secretion from day 1 to day 5 of lactation, that is, 

during secretory activation.

6 weeks 14 weeks 6 months
Group 1: Standard care 51 34 14

Group 2: Steps 1–9 alone 90 76 45

Group 3: Steps 1–10 81 47 14
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assigned clinics to three groups to investigate optimisation of the Baby Friendly Hospital Initiative 

(BFHI) ten steps to successful breastfeeding [23]. Steps 1–9 focus on promotion and establishment of 

breastfeeding in the clinical setting after birth. Step 10 promotes the establishment of breastfeeding 

support groups and referral of mothers to these on discharge from either hospital or clinic. The 

primary outcomes were initiation of lactation (commencing breastfeeding within 1 hour of birth) and 

exclusive breastfeeding. Exclusive breastfeeding was higher in groups 2 and 3 at 14 weeks but 

surprisingly was only significantly higher in Group 2 at 6 months (▶Table 4.1). Leaving aside the 

unexpected finding that the results for the 1–9 steps group (Group 2) were significantly better than 

those for the controls and the 1–10 steps group (Group 3), these findings clearly show that 

interventions at birth can have very significant long-term effects presumably associated with a critical 

learning period.

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#tab-41-prevalence-of-exclusive-breastfeeding-postpartum
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▶Fig. 4.27 

Morton, et al. showed that combining hand massage techniques with electric pumping increased milk 

production in preterm mothers at 2 weeks and beyond [24]. The treatment was only applied in the 

immediate postpartum period and again emphasises the importance of the secretory activation period. 

Similarly, in another study of preterm mothers, Meier, et al. used an experimental suction pattern 

that was designed to resemble the suckling patterns of neonatal infants [25]. The pattern was applied 

until the onset of secretory activation (approximately for the first 80 hours postpartum). Mothers 

were then changed to the commercial pattern for the electric breast pump. Interestingly, this 

intervention in the first 80 hours after birth increased milk production significantly at 1 week 

postpartum and by 2 weeks postpartum. The experimental group were producing approximately 60% 

more milk than the standard electric breast pump group (▶Fig. 4.27).

Milk production (mL/ 24h) in three groups of mothers 33 to 38 preterm from birth to 14 

days postpartum. One group used an experimental suction pattern that was designed to 

simulate the baby sucking, another group received the experimental pattern until secretory 

activation (~80h postpartum) and then the standard pattern and the final group only 

received the standard pattern. (Reproduced from Meier, P. P., et al. 2012. Breast pump 

suction patterns that mimic the human infant during breastfeeding: Greater milk output in 

less time spent pumping for breast pump-dependent mothers with premature infants. J 

Perinatol, 32, 103–110.)

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-427
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Although there is compelling evidence that human lactation is “hard-wired” and essential for the 

healthy growth and development of infants, these studies show that even subtle intervention in the 

first 3 days after birth can have major influences on the success of lactation. It is likely that, as in other 

mammals,the period from just before parturition to the immediate postpartum period is vitally 

important for both birth and lactation. Perhaps Michel Odent’s non-intervention approach in relation 

to childbirth may also apply to successful secretory activation and the establishment of breastfeeding 

[26]. Nevertheless, it is indisputable that removal of colostrum and then mature milk from the breast 

is essential for the continuation of milk production. Thus, milk removal is essential for secretory 

activation as well as established lactation. Two physiological processes, maternal milk ejection and 

infant breastfeeding, are required for the removal of milk from the lactating breast and normal 

lactation.

4.4.4 Milk Ejection
The history of the understanding of the milk ejection reflex is important because it illustrates how a 

simple misunderstanding of a physiological process can impact on the understanding of a whole 

physiological process — in this case, the physiology of lactation. In the 19th century it was generally 

accepted that milk was synthesised in the breast from components carried to it in the blood. First, it 

was thought that blood components were filtered off to form milk. However, some milk components 

were found not to be present in blood and therefore it was concluded that active synthesis of some 

components occurred in the breast. Then a stalemate existed for more than a century in the 

understanding of milk synthesis and secretion. This arose because of the erroneous conclusion that 

milk ejection (milk let down) resulted from very active synthesis and secretion of milk (due to 

stimulation by the infant’s sucking) with either little or no synthesis of milk at all other times. Cooper 

was on the right track when he stated that

‘The secretion of milk may be said to be constant or occasional; by the first, the milk tubes and 

reservoirs are constantly supplied by means of a slow and continuous production of fluid, so that the 

milk is thus, in some degree, prepared for the child. By the occasional, is to be understood that secretion 

which is called by mothers and nurses, the draught of the breast, by which is meant a sudden rush of 

blood to the gland, during which the milk is so abundantly secreted, that if the nipplebe not 

immediatelycaught by the child, the milk escapes from it, and the child when it receives the nipple is 

almost choked by the rapid and abundant flow of fluid; if it lets go its hold, the milk spurts into the 

infant’s eyes.’ [26].

More than 100 years later it was still claimed that milk secretion was mostly confined to the periods of 

sucking. Finally, in 1941 Ely & Petersen carried out studies in cows and correctly concluded,
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The letting down of milk is a conditioned reflex operated by sensory stimuli associated with milking. 

Afferent impulses reach the central nervous system and release oxytocin from the posterior pituitary, 

which in timecauses arise in milk pressure probably because of the contraction of muscular tissue 

which is believed to surround the alveoli and small ducts’ [27].

It is now known that myoepithelial cell processors surround the alveoli (▶Fig. 4.28) and contract when 

stimulated by oxytocin, forcing the milk along the milk ducts towards the nipple.

▶Fig. 4.28

▶Fig. 4.29 

Myoepithelial cells surrounding contracted 

alveoli from the mammary gland of a 

lactating goat. (Cowie, A. T., Forsyth, I. A., 

Hart, I. C. 1980. Lactation. Hormonal control 

of lactation. Springer. p194.)

Ultrasound image of a milk duct (a) prior to milk ejection and, (b) one minute after milk 

ejection. White flecks in the ducts in the image (b) are fat globules.

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-428
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▶Fig. 4.30 

Milk ejection can be measured either by the increase in milk duct diameter viewed by ultrasound 

imaging (▶Fig. 4.29) or by the change in milk flow rate when milk is expressed using an electric breast 

pump. Mothers have several milk ejections during a breastfeed (▶Fig. 4.30). Each mother has a 

particular pattern of milk ejections during a breastfeed, and this pattern holds throughout the 

lactation and for subsequent lactations. Thus, the initial sucking of the infant is important in initiating 

the first milk ejection but subsequent milk ejections are intrinsic to the mother. Failure to release 

oxytocin is rare for breastfeeding mothers. Milk ejection may be identified by changes in the infant’s 

sucking pattern (from rapid initial sucking to a slower suck and swallowing pattern). Although 88% of 

mothers sense the first milk ejection, almost all mothers fail to sense subsequent milk ejections.

Maternal sensation of milk ejection varies. Mothers have reported sensations such as a pleasant 

tingling, pins and needles, sharp nipple pain, warmth, thirst, sleepiness, and mild nausea before milk 

flow increases. In addition, as noted by Cooper, milk can spurt from the breast for a distance of a 

meter or more in some women. These sensations are more common in early lactation. Milk ejection 

usually occurs within one minute of putting the baby to the breast but can occur at other times (for 

Rate of milk flow and accumulated weight of milk in left and right breasts during breast 

expression. The peaks in milk flow relate to the number of milk ejections that occurred 

during the expression period. (Reproduced from Prime, D. K., et al. Using milk flow rate to 

investigate milk ejection in the left and right breasts during simultaneous breast expression 

in women. Int Breastfeed J. 4, 10.)

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-429
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example when the mother thinks about her baby) because milk ejection is a conditioned reflex. Like 

other conditioned reflexes it can be inhibited by stress. However, women successfully breastfeed 

through severe stresses such as injury, wars, and famine. Stresses that inhibit milk synthesis are the 

less obvious stresses that undermine maternal confidence, such as either concerns about the adequacy 

of her milk supply or the quality of her milk. Again, Cooper commented on this anomaly:

‘A female of luxury and refinement is often in this respect a worse mother than the inhabitant of the 

meanest hovel, who nurses her children, and brings them up healthy under privations and bodily 

exertions to obtain subsistence, which might almost excuse her refusal.’ [10]

4.4.5 Infant Suck, Swallow, and Breathe
The finding that lactiferous sinuses were not present in the lactating human breast led to the 

reassessment of the suck-swallow-breathe reflex. When considering the nature of infant sucking, it is 

important to ensure that only breastfeeding infants are considered because the dynamics of suckling 

are different in bottle-fed infants. Breastfeeding is a very complicated process in that it requires the 

coordination of sucking, swallowing, and breathing. This is reflected by the attention that clinicians 

give to positioning and attachment of the baby at the breast. However, this intervention is very 

subjective, and advice has changed with time without support from evidence-based research. For the 

development of an evidence based assessment of breastfeeding, it was important to develop 

synchronized continuous measurements to describe this complex behaviour. Information was 

gathered from synchronised ultrasound imaging of tongue movement and milk flow, the intraoral 

vacuum generated by the downward movement of the tongue, and respiratory-inductive 

plethysmography to identify sucking,breathing,and swallowing (▶Fig. 4.31).

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-431
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▶Fig. 4.31 

Sagittal mid-line images of an infant’s oral cavity during breastfeeding showing stylised 

overlay of ultrasound images showing the soft palate, hard palate, nipple and tongue, (a) 

tongue up (baseline vacuum), (b) tongue down (peak vacuum). (Geddes, D., Sakalidis V. 

2015. Breastfeeding: How do they do it? Infant sucking, swallowing and breathing. Infant, 

11; 146–150.)
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First, it was important to define nutritive and non-nutritive sucking. Nutritive sucking showed milk 

flow coupled with frequent swallowing. In non-nutritive sucking, little milk was removed from the 

breast and swallowing occurred only occasionally due to the accumulation of saliva. Non-nutritive 

sucking bursts were shorter with a tendency to occur towards the end of a breastfeed compared with 

nutritive sucking.

Nutritive sucking is achieved by an intraoral vacuum(negative pressure),which is generated by the 

downward movement of the infant’s tongue during feeding and intermittent positive pressure 

generated within the milk ducts at milk ejection. Infants attach to the breast and generate a baseline 

vacuum that stretches the nipple to within 5– 7mm of the junction between the hard and soft palates. 

Under the influence of this vacuum, milk ducts in the nipple expand and milk flows into the oral cavity 

space bounded by the tip of the tongue, the hard-soft palate junction, and the oral epithelial lining of 

the cheeks. The vacuum is released as the tongue rises, and compression of the nipple allows the milk 

to be cleared from the oral space to the pharyngeal area at each suck. The milk bolus may remain in 

this area for a number of sucks before it is swallowed (▶Fig. 4.32).

▶Fig. 4.32

Sakalidis and Geddes found that infants were able to simultaneouslysuck and swallow, and suck and 

breathe, but not breathe and swallow [28]. Breastfeeding infants did not have a consistent suck-

Simultaneous recordings of infant intra-oral vacuum and respiration (respiratory inductive 

plethysmography, RIP) during a breastfeed. The intra-oral vacuum shows a variable 

baseline vacuum (latch vacuum) and a peak vacuum (sucking vacuum). The respiratory 

trace measures respiration as inspiration effort and expiration effort and absence of a 

signal indicates a swallow. The inspiratory phase of swallowing can be identified (E-S-I, 

expiration-suck-inspiration; I-S-I, inspiration-suck-inspiration).

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-432
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swallow-breathe pattern. Respective ratios can range from 1:1:1 to 12:1:4 during nutritive sucking to 

from 2:0:1 to 23:1:23 for non-nutritive sucking. This rangefor nutritivesuckingis not surprising as the 

rate of milk flow rapidly increases and decreases at each milk ejection, particularly during the first 

few minutes of a breastfeed. In addition, there is large variation in the pattern of release of oxytocin 

between mothers.

In summary, these studies clearly show that the application of vacuum by the infant is critical for 

successful milk removal. Sucking dynamics with good coordination of the suck-swallow-breathe reflex 

are evident in the early postnatal period for term babies. However, changes in oxygen saturation, 

heart rate, feed duration, and the applied vacuum change in relation to neurological maturation and 

conditioning as lactation proceeds.

4.4.6 Established Lactation
In the 1970’s, the slowing of infant growth at 2–3 months of age in low and middle-income countries 

was of great concern. Maternal diets in these countries were very poor compared to international 

recommendations. As such, it was concluded that poor infant growth was due to infants receiving 

insufficient breast milk from their mothers. This conclusion was consistent with research on dairy 

cows, dairy goats, and sows that showed that increased food intake was required to support milk 

production. The summation of these factors resulted in the slogan, ‘Feed the nursing mother and 

thereby feed the child’ [29]. This slogan was readily accepted at the time because it was logical and 

consistent with contemporary nutritional knowledge. Nevertheless, Ann Prentice and her colleagues 

studied poorly-nourished lactating women in The Gambia and well-nourished lactating women in the 

UK [30]. They concluded that

‘the processes controlling lactation performance are remarkably similar and that the same control 

mechanisms will be revealed in most other communities’.

They also concluded that

‘there is a strong drive towards milk production in lactating women, often to the detriment of maternal 

tissues, and that even low dietary intakes observed in most countries in the developing world do not fall 

below the threshold at which lactation performance is compromised’.

This was surely a seminal finding as it not only supported the concept that human lactation is “hard-

wired” but totally reversed the mindset of scientists investigating the control of the synthesis of 

human milk. The question then became “How does the mother regulate her milk synthesis to meet the 

unpredictable appetite of her baby?”
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Many studies have shown that the infant only consumes enough milk to satisfy its appetite and that 

variable milk volumes are taken at each breastfeed regardless of whether the feeds are unpaired or 

paired (▶Fig. 4.33). Studies in dairy animals have also found that goats milked three times per day 

produced more milk than if milked twice daily. Furthermore, if  half the udder was milked three times 

per day while the other half was milked twice per day, the udder-half milked three times per day 

consistently produced more milk. This effect was clearly shown in women by the finding that when the 

breast was drained of milk, the rate of milk synthesis was high and when the breast was filled with 

milk the rate of milk synthesis was low (▶Fig. 4.34). Conclusions drawn from these studies were that 

the regulation of milk synthesis was local within each breast (autocrine), and that the hour-to-hour 

regulation of milk synthesis was relatively independent of endocrine influences.

However, a compensatory response was also found in dairy animals. That being, if  the rate of milk 

removal was reduced in one udder-half, a compensatory increase in milk production occurred in the 

other udder-half without a change in the frequency of milk removal.These findings have important 

implications for human lactation. If a mother can store a lot of milk in her breasts then she could 

breastfeed at less frequent intervals. On the other hand, if  she has a small storage capacity the breast 

will fill with milk more quickly and down-regulate milk synthesis sooner. This means that more 

frequent breastfeeds are required to maintain milk production in mothers with low storage capacity. 

▶Fig. 4.33 

Volume of milk consumed at each breastfeed from left and right breasts over a period of 

24h, (30% of babies consistently fed from only one breast at each breastfeed and only 13% 

of babies fed from both breasts at each breastfeed; n=70).

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-433
https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-434
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▶Fig. 4.34 

▶Fig. 4.35 

It has been proposed that the down-regulation of milk synthesis is controlled by a feedback inhibitor 

of lactation [31]. However, identification of such a compound remains elusive. Alternatively, it is 

possible the down-regulation of milk synthesis is related to major morphologic changes in the 

(a) Changes in breast volume for each breast 

at each breastfeed over a 24h period. (b) The 

rate of milk synthesis between each 

breastfeed for each breast over a 24h period.

Part of a lobule from the left half of the mammary gland of a lactating goat fixed while 

distended with milk (a). The right half of the mammary gland of the same goat which was 

milked out as completely as possible before autopsy (b); note the contracted lobules with 

collapsed alveoli and ducts lined with a thick folded epithelium. (Folley, S. 1956. The 

Physiology and Biochemistry of Lactation, London, Oliver and Boyd. p90.)
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secretory parenchyma during transition from full to drained gland (▶Fig. 4.35). This change could 

expose or mask receptors in the lactocytes to either up regulation or down regulation depending on 

whether the alveoli were distended or drained of milk, thereby regulating the lactocytes’ response to 

lactocrine hormones.

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-435
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▶Fig. 4.36 

Death of babies in summer from diarrhoea 1895–1904. Deaths of babies in summer from 

diarrhoea and high incidence of tuberculosis in army recruits prompted the Government to 

establish Child Health Nurses who were trained by free immigrants who, in turn, learnt 

hygiene on sailing boats coming to Australia. (Muslett, P. 1903. Australian Medical Guide, 

Sydney, William Brooks and Co.)
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Healthy exclusively breastfed infants have a mean daily intake of 750–800mL/24 h from one to six 

months of lactation; however, the range is wide (from 500 to 1200mL/24 h) [32]. There is a relationship 

between infant growth and milk production but, unexpectedly, no relationship between infant growth 

and total energy, protein, fat, or lactose intake from breastmilk. The relatively constant milk 

production from one to six months of lactation is most likely explained by the relatively slow growth of 

the human infant. The energy saving from the decrease in the ratio of surface area to body mass is 

probably sufficient to sustain infant growth over the first six months of life.

Fluid intake during lactation is also important for both mother and her baby. Lactating women should 

maintain adequate fluid intake but be aware that fluid consumed in excess of natural thirst does not 

increase milk synthesis. Additionally, the infant has limited capacity to concentrate its urine, and 

therefore any increase in the osmotic load (for example, from the consumption of cows milk that has a 

much higher sodium content than human milk) will lead to an increase urine output. This explains 

why summer diarrhoea, resulting from dehydration in hot, dry climates, was a problem 100 years ago. 

For this reason, early last century, mothers in Australia were advised not to wean their babies in the 

summer months (▶Fig. 4.36).

4.4.7 Reference Ranges
The biochemical composition of human milk is spectacularly complex. It contains 900 proteins, 200 

oligosaccharides, 1,000s of triacylglycerols, ~100 metabolites, and many bioactive peptides, hormones, 

cytokines, and cells, together with a full complement of minerals and vitamins. Some of these 

components (e.g., milk fat) vary from beginning to end of both a breastfeed and breast expression 

(▶Fig. 4.37), over the day, with diet, and during the lactation period. Unfortunately, with the notable 

exception of breastfed infant growth (▶Fig. 4.38, ▶Fig. 4.39), there are no reference ranges for normal 

values (i.e.,predicted values that cover 95% of individuals) for milk production and milk composition. 

Thus, values currently given for milk production and concentrations of breast milk components are 

flawed.

Standardised experimental inclusion and exclusion criteria are required for development of protocols 

to define normal ranges carefully for human lactation in the mother and her infant. This is an 

important prerequisite for establishing an objective evidence-base for the diagnosis of problems 

associated with human lactation.

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-436
https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-437
https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-438
https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-439
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▶Fig. 4.37 

Serial samples of breastmilk collected during breast expression. The samples were 

centrifuged to separate the cream showing the increase in the fat content of breastmilk 

from a low concentration in milk from a full breast and a higher concentration of fat in milk 

from a drained breast. (from Hartmann, P.E. 1985. Unpublished data.)
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▶Fig. 4.38

Reference ranges for the growth of breastfed boys. (from WHO Multicentre Growth 

Reference Study Group. WHO Child Growth Standards based on length/height, weight and 

age.)
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▶Fig. 4.39

Measurement of 24-hour milk production provides an objective measure of breast function and has 

been shown to be useful to both mother [33] and clinician (Kent, personal communication 2016). 

Conversely, the measurement of milk intake at a single breastfeed is of less value because milk intake 

is controlled by the infant’s appetite and can vary greatly from one breastfeed to the next. The 

measurement of 24-hour milk production is useful in tracking changes within the mother-infant dyad 

but is not useful in determining whether the level of milk production is normal. More stringent 

assessment of the recruitment of mother-infant dyads would likely reduce the current wide range for 

normal milk production. Similar concerns are valid for maternal and infant endocrine and metabolic 

parameters. This highlights the urgent need to establish reference ranges for objective diagnosis and 

treatment of problems associated with human lactation.

Reference ranges for the growth of breastfed girls. (from WHO Multicentre Growth 

Reference Study Group. WHO Child Growth Standards based on length/height, weight and 

age. Acta Paediatr Suppl 2006; 450: 77–86.)
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4.5 Changes to Physiology in Mother and 
Infant
Physiologically, there are two very important aspects to human lactation. First, lactation is important 

for the mother and her baby and secondly, the importance of lactation in relation to breastfeeding 

behaviour and breastmilk composition must be considered. This is a very large topic and therefore 

only some pertinent points can be discussed here. Much of the importance of lactation has focused on 

the infant(Table 2a) but the importance to the mother (Table 2b) must also be considered.

Importance of lactation for the infant:

Immunological protection (both innate and acquired)

Optimal nutrition

Optimal metabolic development

Optimal neurological development

Prebiotic components that promote favorable microbiota in the 

infant

Probiotic transfer of a favourable microbiome to infant

Importance of lactation for the mother:

Recovery from childbirth

Cholesterol clearance

Suppression of maternal fertility

Glucose control in diabetic mothers

Improved bone mineralisation

Reduced obesity

Reduced risk of breast and ovarian cancer

Reduced risk of cardiovascular disease

Increased self esteem

Improved IQ
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A good illustration of the complexity of human lactation in relation to the mother can be illustrated by 

examining calcium metabolism during pregnancy and lactation. In the past, nutritionists were aware 

of the high levels of calcium in breastmilk and thus it was concluded that breastfeeding was an impost 

on calcium metabolism. To emphasise this, textbooks claimed “for every child a tooth” and high 

calcium diets were recommended for pregnant and lactating women. Research from Ann Prentice’s 

group challenged this orthodoxy by showing that increasing calcium supply to international 

recommendations in the diet of mothers in populations with low calcium intake was neither beneficial 

for mothers during pregnancy and lactation nor for their children [34]. She showed that intuitive 

thinking is not always supported by research. Thus, studies in The Gambia showed that breastfeeding 

Gambian mothers who received calcium supplements during pregnancy had accentuated bone 

mobilisation during lactation, and that their lower bone mineral density persisted long term. These 

unexpected findings raise mechanistic questions about the underlying physiology of calcium 

metabolism during pregnancy and lactation, and illustrate the importance of a complete basic 

understanding of calcium metabolism before clinical intervention. Presently, the nutritional advice 

offeredbyJames in 1912 seems appropriate.

‘There is no special food for the production of milk: That which is best for the general health of the 

mother is the best for the child.’ [35]

The importance of the intimate but fragile metabolic relationship between mother and infant is clearly 

illustrated in Hofer’s studies [36]. Breastfeeding is related to complex signals that pass from mother to 

infant and from infant to mother. There are significant subtle interchanges that occur during human 

lactation. Hofer determined that the mother-infant relationship is built on many layers of sensory 

complexity. What seems to be a single physical function, such as either grooming or nursing, is actually 

a kind of umbrella that covers stimuli of touch, balance, smell, hearing, and vision, each with specific 

effects on the infant. He identified a ‘private realm of sensory stimulation constructed by the mother 

and infant from numberless exchanges of subtle cues’. Hofer discovered that a mother precisely 

controls every element of her infant’s physiology, from heart rate to release of growth hormones, and 

from appetite to the intensity of activity. Hofer says:

‘The mere presence of the mother not only ensures the infant’s well being, but also creates a kind of 

invisible hot house in which the infant’s development can unfold. Mother and offspring live in a 

biological state that has much in common with addiction. When they are parted, the infant does not just 

miss its mother, it experiences a physical and psychological withdrawal from a host of her sensory 

stimuli, not unlike the plight of a heroin addict who goes cold turkey. For a baby, the environment is the 

mother,’

Furthermore, it was known that a mother must keep her infant warm for its body and brain to mature; 

however, Hofer discovered that thermal contact with the mother regulated the infant’s behaviour and 
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activity as well. Conversely, it has also been shown that the infant influences the mother’s metabolism 

and cycle of activity primarily through the act of breastfeeding. These findings provide a basis for 

understanding the beneficial effects of skin-to-skin contact. In addition, recent research has shown 

that breastfeeding and vaginal birth are physiologically important because they facilitate optimal 

passage (inoculation?) of maternal symbiotic microorganisms to the infant.

This is of particular importance when considering the composition of human milk and function of the 

components in the infant. Transfer of nutrient and bioactive components from mother to infant occurs 

though colostrum and milk after birth. The substitution of infant formula for human milk deprives the 

infant of the nutrients in human milk (e.g., essential amino acids and human casein) and of the many 

bioactive and immunoprotective factors (e.g., oligosaccharides, lactoferrin, and lysozyme) directed 

specifically against pathogens in the infant’s environment. Human milk components also compensate 

for the immature functioning of infant metabolism, in which endogenous digestive enzymes, secretory 

immunoglobulin A, taurine, choline, nucleotides, and long-chain polyunsaturated fatty acids are 

insufficient. The importance of these nutritive and bioactive components makes human milk superior 

to even the best infant formula.

4.5.1 Menstrual Cycle
Postpartum amenorrhoea lasts for approximately 55–60 days in non-breastfeeding women. However, 

this period is much more variable in breastfeeding women and can extend up to 2 years and beyond. 

The long period of lactation in traditional societies increases the duration of amenorrhoea and child 

spacing, with associated benefits to the mother and child. While lactational amenorrhoea is evident on 

a population basis, variation between mothers in the timing of the return of menstruation indicates 

that lactational amenorrhoea does not alone provide a reliable method of birth control.

4.5.2 Weaning and Involution
Weaning after six months of lactation is normally a gradual process, commencing with the baby having 

fewer breastfeeds while consuming additional foods. This is coupled with the gradual involution of the 

secretory and ductal tissue in the breast by apoptosis (programmed cell death), an increase in 

prominence of fatty tissue, and mammary parenchyma slowly returning to ducts and terminal end 

buds containing a colostrum-like fluid with very high concentrations of innate protective compounds. 

Once milk removal has completely stopped, mammary secretion takes more than 4 weeks to stabilise 

in women compared with about a week in most other mammals(▶Fig. 4.40).

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-440
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▶Fig. 4.40

In some mothers, breastfeeding may continue into the next pregnancy and even to the next lactation 

(tandem feeding). It is unlikely that breastfeeding into a new pregnancy has any undesirable effect on 

either the infant or the mother, as two thirds of all cows milk that we drink is from pregnant cows.

Complete weaning of the infant marks the end of the lactation cycle and the breast returns to its non-

lactating (resting) state. Studies have monitored the changes in breast volume over the entire lactation 

cycle(▶Fig. 4.41). The first significant reduction in breast volume occurs after six months of lactation 

and precedes the first significant decrease in milk production. After milk production has ceased, there 

is no significant difference between breast volume prior to conception and that measured after 

complete weaning.

Concentration of lactose (% of day zero value) in the mammary secretion of (a) women, (b) 

cow, (c) sows, and (d) rats from 0 to 30 days after removal of milk had ceased. (By 

permission of Oxford University Press. Reproduced from Hartmann, PE et al. 1985. Variation 

in the yield and composition of human milk. Oxford Reviews Reproductive Biology, 7, 118–

167.)

https://tghncollections.pubpub.org/pub/4-how-breastfeeding-works/#fig-441
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▶Fig. 4.41 

4.6 Conclusion
Finally, it is appropriate to conclude this chapter with another quote from Cooper:

“If a woman be healthy and she has milk in her breasts, there can be no question of the propriety of her 

giving suck. If such a question be put, the answer should be, that all animals, even those of the most 

ferocious character, show affection to their young, do not forsake them, but yield them their milk, do not 

neglect, but nurse and watch over them; and shall woman, the loveliest of nature’s creatures, possessed 

of reason as well as instinct, refuse that nourishment toher offspring which no other animal withholds, 

and hesitate to perform that duty which all animals of the Mammalia class invariably discharge? 

Besides it may be truly said that nursing the infant is most beneficial both to the mother and the child, 

and that women who have been previously delicate, become strong and healthy whilst they suckle.” [10].

Relative change in breast volume (mL) from pre-conception (relative volume, zero), through 

pregnancy, lactation and weaning. (Reproduced from Czank C, Henderson JJ et al. Hormonal 

control of the lactation cycle. In: Hale TW, Hartmann P. Textbook of human lactation, New 

York: Springer; 2007)
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Key Points
Astley Cooper in 1840 was the first person to focus on the 

physiology of the lactating breast but it was not until a 150 years 

later that modern ultrasound technology provided a new insight 

into the workings of this amazing organ

Today it is understood that lactation occurs in several stages. 

Beginning with alveolar development and secretory 

differentiation during pregnancy, followed by secretory activation 

during the first 3 days after birth and ending with involution 

during weaning 

Lactation is intricately controlled by endocrine and autocrine 

processes requiring the removal of milk to sustain it 

Complex signals pass between mother and infant during 

breastfeeding which have subtle influences on the infants’ 

physiological well-being
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Case scenario 
Jillian has come in with her 6-week-old 
exclusively breastfed son Rory, to speak 
to the pharmacist. Rory is her first baby, 
and she is feeling anxious about whether 
she is producing enough milk. Although 
Rory has periods of contentment, he has 
been becoming increasingly unsettled, 
particularly towards the evening. Her 
breasts feel softer than they did in the 
first weeks after Rory’s birth and she is 
worried that this means she is running 
out of milk towards the end of the 
day. She is thinking she should buy 
some infant formula to supplement her 
breastfeeds in the evenings, and would 
like your advice. 
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BREASTFEEDING 
A N D T H E R OL E OF T HE P H A R M A C I S T 

BY MELINDA BOSS MPS 
 

The importance of breastfeeding 
The health benefits of breastfeeding for 
both the mother and baby are significant, 
which is why breast milk is considered 
the best form of nutrition for babies. 
Acknowledging the many reasons why a 
woman may not or cannot breastfeed, this 
article presents an overview of the normal 
physiological process of lactation and the 
health benefits of breastfeeding. 

Lactation completes the reproductive 
cycle. It is associated with beneficial health 
outcomes for both mother and infant; 
many of which extend across each of their 
lifespans (see Table 1). 

Australia has a high breastfeeding 
initiation rate (96%), however this 
rate declines rapidly after birth with 
approximately only 15% of infants 
exclusively breastfed at five months of age.1 

The benefits of lactation are significant, and 

many of them are dose-related. It is likely 
that the longer breastfeeding continues, 
the more optimal health outcomes will be 
achieved. As pharmacists are accessible health 
professionals, they can support mothers 
and infants faced with the challenges of 
breastfeeding. 

 
How long should breastfeeding 
continue? 
The National Health and Medical Research 
Council (NHMRC) recommends exclusive 
breastfeeding* for around the first 6 
months of life. This is followed by the 
addition of nutritionally adequate and safe 
complementary foods while continuing 
breastfeeding for up to at least 1 year of age.24 

With only approximately 15% of infants 
exclusively breastfed at 5 months of age, 
Australia (like most Western countries) is 
falling far short of these recommendations.1 

 

TABLE 1. BENEFITS OF LACTATION FOR MOTHERS AND INFANTS 
 

MOTHER INFANTS 
 
 
 

LEARNING OBJECTIVES  
AFTER READING THIS ARTICLE, PHARMACISTS 
SHOULD BE ABLE TO: 

• Describe the normal lactation process 
• Discuss the bene ts of breastfeeding 
• Describe the role of the pharmacist in 

supporting women with breastfeeding. 
 

Competencies (2016) addressed: 1.1.2, 1.3.2, 
1.5.1, 2.1.2, 3.1.1, 3.1.2, 3.2.5, 3.6.1, 3.6.2, 3.6.3. 

 
Competencies (2010) addressed: 1.1.2, 1.2.1, 1.3.1, 
1.5.1, 2.3.3, 4.2.1, 4.2.2, 4.3.3, 6.1.1, 6.1.2, 6.2.2, 
6.3.1, 6.3.2, 6.3.3. 

 
Accreditation code: CAP1808A 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Exclusive breastfeeding means the infant receives no fluids or foods other than breast milk. Vitamins, 
minerals and medicines are allowed. 

 
Nutritionally complete food, suited to the 

human infant15 

Calming effects3 

Immunological, anti-infective and anti-in ammatory 
properties protecting against disease and 
infections, including: 

. promotion of normal gut ora, which protects 
against gastroenteritis and necrotising entercolitis16 

. protection against urinary tract, repiractory tract 
and ear infections due to antibody content17-19 

. maternal past exposure to disease produces 
antibodies which are passed into breast milk.20 

Improved cognitive development compared to 
infants fed with infant formula 21 

Reduced incidence of Sudden Infant Death 
Syndrome (SIDS)22 

Reduced chronic illness later in life 
e.g. diabetes, obesity23 

 
Hormonal changes cause: 

. uterine contraction; aiding recovery 
from childbirth 2 

. calming e ects3 

. suppression of fertility4 

. conservation of blood loss2,5 

. reduced risk of ovarian and 
breast cancers6,7 

Weight gain from pregnancy could 
be eliminated by breastfeeding for 
six months postpartum8,9 

Increased sleep duration compared to 
bottle-feeding10 

Positive impact on maternal metabolism 
resulting in reduced incidence of heart 
disease and type-2 diabetes9,11-14 
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Defining normal lactation 
Research continues to extend our knowledge 
of lactation; however it is difficult to define 
normal lactation because of the variability and 
expected changes in breastfeeding patterns 
for each infant. ‘Normality’ could be considered 
in the biological sense; that is normal function 
occurs naturally, not as a result of any disease 
or treatment. In keeping with this, a definition 
to include the following features of normal 
lactation is proposed. 

Normal lactation: 
• is comfortable for mother and infant 
• provides adequate milk for 

the infant’s optimal growth 
and development 

• requires coordinated maternal and infant 
adaptation that is facilitated by good 
maternal and infant health. 

 
Using this description, four key questions can 
be asked to identify normal lactation: 
• Is breastfeeding comfortable for mother 

and infant? 
• Is milk transfer from mother to infant 

compatible with optimal infant growth 
and development? 

• Is the mother free from any diagnosed 
medical conditions? 

• Is the infant free from any diagnosed 
medical conditions? 

 
Answering yes to all of these questions 
indicates biological normality. Answering no 
to one or more of these questions indicates a 
mother-infant dyad (dyad = two individuals 
regarded as a pair) that may require support to 
achieve successful lactation. It is important to 
consider all aspects of biological normality that 
encompasses the mother-infant dyad. 
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For the mother 
Breast sensation 
Breastfeeding is generally a nurturing and 
comfortable experience, but as is common 
with other developmental processes (e.g. 
breast development during puberty), there 
can be some transient discomfort during 
initiation. Initiation of breastfeeding is 
often associated with nipple tenderness 
during the first few days postpartum.25 

Nipple and areola sensitivity 
increases markedly at parturition, peaking 
at day 3.26 This is likely to be hormonally 
induced, and may be physiologically 
significant in controlling the early 
maternal behavioural adaptation to 
infant attachment.26 The onset of copious 
milk production (secretory activation) 

 
 
 

Milk production 
The maternal mammary gland 
undergoes complete remodelling 
during the pregnancy-lactation cycle, 
culminating in an organ capable of 
copious milk synthesis. Colostrum is 
synthesised from around 20 weeks’ 
gestation and is available in small 
quantities (~30mL/24hr) for around the 
first 60 hours after birth.35 

Delivery of the placenta causes a 
sharp fall of progesterone in maternal 
blood serum, triggering secretory 
activation and the transition to mature 
milk synthesis. Breast milk is considered 
transitional until about two to three 
weeks postpartum. After secretory 

is associated with some degree of 
physiological engorgement of the breast in 
the postpartum period in most women. 

Physiological engorgement (milk 
‘coming in’) is described as a sudden 
sensation of breast fullness occurring 
between 50 and 60 hours after birth,27, 28 

and is considered normal.29 

By one month postpartum, maternal 
milk synthesis has usually adjusted to the 
infant’s requirements. This may result in 
a reduced feeling of breast fullness, and 
mothers should be reassured that this 
sensation alone is not an indication of 
reduced milk synthesis.30 

Milk ejection 
Milk ejection is provoked by the reflex 
release of oxytocin when the infant 
stimulates the breast.31 The sensation of 
milk ejection varies significantly between 
women, from reports of strong pain to 
no sensation at all. Other sensations 
described include tingling, a drawing or 
rushing-down feeling, pins and needles, 
warmth, nausea and thirst. 

Milk may also be observed to either 
leak or spray from the nipple pores. 
Failure to either sense or observe milk 
ejection does not mean that it has not 
occurred.32 Milk ejection can also be 
triggered by a conditioned reflex, and 
thus can be experienced by mothers 
following other stimuli such as sight, 
thought, sound and smell of their infant. 

Milk ejection in the immediate 
postpartum period lowers the risk 
of blood loss by inducing uterine 
contractions.33 These contractions can 
be associated with deep lower back pain 
and/or abdominal cramping in some 
women.34 The intensity of the pain varies, 
increases with parity and usually resolves 
within the first two weeks postpartum.34 

activation, maternal milk synthesis 
is triggered by milk removal (by 
breastfeeding or expression). 

During one to six months 
postpartum, the daily quantity 
of milk consumed by the infant 
remains relatively constant. Breast 
milk quantity and composition then 
changes during gradual weaning, in 
response to decreased infant need.35 

Breast size does not predict 
potential milk production.36 

Nevertheless, women with smaller 
breasts may need to breastfeed more 
frequently because they do not have a 
large capacity to store milk.35 
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For the infant 

 
 

Outputs 
Breastfeeding patterns 
A breastfeed is defined as the infant removing 
milk from one breast. Observation of a 
breastfeed by either a trained professional 
or the mother does not result in an accurate 
estimation of milk intake.37 Infants exhibit a 
wide range of breastfeeding behaviour, as 
summarised in Table 2. 

 
Growth 
Infant weight gains and output are useful 
screening tools for the assessment of normal 
milk intake.40 Growth patterns for healthy 
term breastfed infants differ from those who 
are formula fed. World Health Organization 
growth curves provide the standards for 
breastfed infants, and are used to monitor 
height and weight for age up to 24 months.41 

From day 14 after birth, growth is 
expected to follow a trend, tracking a curve 
roughly parallel to the median with no major 
deviations across percentiles.42 However 
growth patterns vary widely between 
individuals and can occur in discontinuous, 
periodic spurts.43 

As 75% of 
human brain 

growth occurs 
postnatally, infants are 
particularly vulnerable 
and dependent. 

 
 

Normal urine output after secretory 
activation has occurred is usually 
expressed as 5 or more heavily wet 
disposable nappies (or 6–8 cloth) per 
24 hours.44 Urine output can be a useful 
screening tool for adequacy of milk intake 
in exclusively breastfed infants from one 
to six months of age. 

Normal infant bowel output shows 
wide variation, and should not be used as 
a stand-alone indicator of milk intake.44 

The number of stools passed per day 
is significantly higher and softer in 
consistency in breastfed infants compared 
to those who are formula fed.45 

The mean number of stools >2.5 cm 
diameter passed from the second month 
of life decreases to approximately 1 per day 
and remains fairly constant to 24 months of 
age. This varies widely between individuals, 
from 8 per day to 1 every 4 days. Stool 
colour also varies with age, with yellow 
most common during the first month, 
green at six months and brown most 
common at 24 months. 

The frequency of formed stools 
increases with age, except for 

TABLE 2. Summary of average and range of feeding patterns (n = 71) 
for healthy, exclusively breastfed, full-term infants 
from 1–6 months of age.35, 38 

 

 
 

 
Number of breastfeeds per 24 hours* 

 
11 

 
6–18 

 
Quantity/breastfeed (g) 

 
76 

 
0–240 

Quantity/breastfeeding session** (g) 101.4 0–350 

Breast storage capacity (g) 179 74–382 

Available milk removed (%) 67 43–92 

Milk produced/24hr (g) 798 478–1,356 

 
*In traditional societies, more frequent breastfeeding has been observed.39 

**A breastfeeding session can comprise of a breastfeed, a paired breastfeed or a cluster breastfeed.38 

exclusively breastfed infants – in whom 
approximately only 1% are reported to 
have discrete and formed stools.45 
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Crying and sleep 
Infant crying is a normal feature of human 
development, and follows a typical pattern. 
This pattern is characterised by an increase 
in crying until around six weeks of age, 
followed by a gradual decrease until about 
three to four months of age, after which 
it remains fairly stable. Crying also 
exhibits a circadian rhythm, with episodes 
clustering in the late afternoon or early 
evening hours.46 

Mothers have been reported to 
wrongly interpret this normal unsettled 
behaviour pattern as an indication of 
not producing enough milk.47 A normal, 
healthy infant is also expected to have 
periods of contentment. 

As 75% of human brain growth 
occurs postnatally, infants are particularly 

vulnerable and dependent. From an 
evolutionary perspective, maternal 
proximity and contact is likely to have 
optimised infant safety, nutrition and 
immunological protection.48 

Compared to the milk of other 
mammals with young who are left 
unattended for extended periods, human 
milk is high in carbohydrates and low in 
protein and fat. This results in shorter 
periods of infant satiety and the need for 
more frequent feeding. 

This is reflected in normal 
breastfeeding patterns, which show that 
most infants feed between one and three 
times at night until at least six months 
of age. They consume 20% of their daily 
intake during this time.38 Thus, it is normal 
for breastfed infants to wake at night. 

 
Case study 
Pharmacist 
Advice to 
Jillian 

Jillian has expressed concern about 
adequacy of her milk supply. After 
asking her the four key questions 
as previously described, Jillian 
reports that after some initial 
nipple tenderness, breastfeeding is 
comfortable. Neither Rory nor Jillian 
has any medical conditions. 

Jillian should be reassured that 
the changes in her breasts she is 
experiencing are normal. Advise her 
it is common for mothers to produce 
more milk than their infants require 
initially. About a month after birth, milk 
synthesis is likely to have adjusted to 
Rory’s needs. This often results in breasts 
that feel softer. 

Discuss with Jillian that infant crying 
is one of the limited ways an infant can 
communicate. It can be a normal feature 
of infant development, or an indication 
of pain or illness. Crying patterns 
can vary between infants, and in the 
same infant from day to day. Jillian 
has described normal crying patterns 
(i.e. peaking at around 6 weeks of age 
and clustering in the late afternoon 
to evening, with some periods of 
contentment). Jillian can be reassured 
that crying alone is not an indication 
that Rory is hungry or unwell. 

 
FURTHER PSA RESOURCES: 

• PSA’s Self Care Fact Card 
Medicines and breastfeeding 
• Online module – Medicines use in Lactation. 

Visit psa.org.au/online-cpd/medicines- 
use-in-lactation 
• Recorded lecture – Medication safety 

in pregnancy and breastfeeding. Visit 
psa.org.au/public-cpd/medication- 
safety-in-pregnancy-and- 
breastfeeding 
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Each question has only one correct answer.    
Group 2 

 
 
 
 
 

For how long does Australia’s NHMRC 
recommend that breastfeeding should 

continue? 
A) At least 1 month. 
B) Around 6 months. 
C) At least 1 year. 
D) 2 years of age or beyond. 

 

Which of the following statements 
is CORRECT? 

A) Breast size predicts the maternal potential for milk synthesis. 
B) It is unusual for breastfed infants under six months of age to 

wake at night. 
C) Formed stools are common in exclusively breastfed infants. 
D) The daily quantity of breast milk consumed by an exclusively 

breastfed infant from one to six months of age is relatively constant. 
 

Which statement(s) indicates a mother-infant 
dyad that may require support to achieve 

successful lactation? 
A) A mother who experiences pain in her nipples while 

breastfeeding her 4-week-old infant. 
B) An exclusively breastfed 3-month-old infant who still wakes 

twice a night. 
C) An exclusively breastfed 4-month-old infant who passes six to 

eight heavily wet disposable nappies over 24 hours. 
D) An exclusively breastfed 4-month-old infant who appears content 

during the day but usually cries in the early evening. 
 

When a pharmacist is counselling a 
new mother, which of these positive 

health outcomes should they associate with 
breastfeeding? 
A) The mother’s reduced risk of heart disease and type 2 diabetes 

later in life. 
B) The infant’s reduced risk of gastroenteritis, otitis media and 

respiratory infections. 
C) The infant’s reduced risk of diabetes and obesity later in life. 
D) All of the above. 
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optimises health outcomes for both mother 
and infant. 

for normal lactation are: 
Is breastfeeding comfortable for mother and infant? 
Is milk transfer from mother to infant compatible 
with optimal infant growth and development? 
Is the mother free from any diagnosed medical 
conditions? 
Is the infant free from any diagnosed medical 
conditions? 

A negative answer to one or more of these 

need lactation support. 

flags for referral. 
Infant growth and urine output are useful 
screening tools to assess for adequacy of milk 

six months of age. 

exhibit a wide range of breastfeeding behaviour. 

MELINDA BOSS is a pharmacist and PhD candidate in the School 

investigator for the LactaMap and LactaPedia projects providing 
guidelines and online lactation care support through general practice. 
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23.1

Preface

Throughout this book you may have noticed that
different terminologies have been used. Conflict-
ing advice is one of the most common factors that
impact on a mother’s confidence in her ability to
breastfeed and sustain lactation. Consistent termi-
nology is the most basic requirement for the pre-
vention of conflicting advice. Even such basic
terms as lactation and breastfeed have either vary-
ing or no definition in the scientific literature. For
example, does lactation encompass both the
mother and the child? Does a breastfeed refer to
the infant removing milk from one breast or does
it refer to the infant removing milk during a ses-
sion, which may include more than one breast?
These questions can be answered by a glossary
that defines a common language. This glossary
was developed in parallel with the content of this
book and was not available to authors at the time
of writing. The use of varying terminologies in
preceding chapters serves to further highlight the
need for such standardisation. This is an essential
starting point towards a common medical and sci-
entific understanding of human lactation.

Terms are included if they have a clear link to
the medical or scientific understanding of hu-
man lactation.
● Preference is given to objective terms that are

quantifiable (e.g. “slow weight gain”, rather than
“failure to thrive”).

Terms that are NOT included:
● Medical diagnoses that are well defined else-

where and require no additional modification of
definition when occurring concomitantly with
human lactation

● Organisations, groups, associations
● Acronyms (e.g. L.A.T.C.H.)
● Medications
● Qualifications, e.g., degrees, credentialing, certif-

ications, etc.
● Layman’s terms are avoided where possible.
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23.1.1 Alphabetical List of Terms

24-h milk intake The volume of breastmilk, expressed
breastmilk and infant formula consumed by the infant over
a period of 24 hours. The volume of breastmilk consumed
at the breast is calculated by recording a breastmilk trans-
fer measurement after each feed from each breast for at
least 24 hours. The volume of breastmilk consumed by the
infant is calculated as the sum of all feeds over a 24-hour
period. This ensures that a breastfeeding session (some-
times referred to as a “meal”) is not counted twice in a 24-
hour period. For example, if the first feed occurred at 7 am
on the first day with the next feed at 9 am, and the first
feed on the second day occurred at 6.30 am with the next
feed at 8.30 am, the 6.30 am feed would not be included
in the 24-hour calculation.
See also 24-h milk production (p.366), 24-h milk profile
(p.366), Breastmilk transfer measurement (p.369)

24-h milk production The volume of milk produced by
the mother over a period of 24 hours. This can be calcu-
lated in several ways:
1) A breastmilk transfer measurement is recorded after
each feed from each breast for at least 24 hours. The total
milk production normalised to 24 hours is calculated using:
MP = SUM*(24/TIME)*[(n-1)/n]
Where MP is the 24-h milk production, SUM is the total of
all breastmilk transfer measurements, TIME is elapsed time
from beginning of the first feed to beginning of the last
feed and n is the total number of feeds. This ensures that
milk produced beyond the 24-hour period is not included,
but milk produced by the mother after the last feed before
24 hours, but within the 24-hour period, is included.
Breastmilk expressed over the same 24-hour period is also
weighed, summed and added to this total.
2) Maternal milk is expressed from both breasts simultane-
ously in a relaxed, monitored environment for 10minutes
each hour. This is repeated every hour for 3 consecutive
hours. The volume of milk expressed at the fourth expres-
sion multiplied by 24 provides an estimate of 24-h milk
production.
3) Deuterium oxide-to-the-mother technique measures
milk intake over a period of 5–14 days by measuring the
changes in deuterium in mother and infant after a maternal
dose. Deuterium oxide is uniformly distributed in total
body water. Milk intake can be calculated from measuring
the decrease in concentration of deuterium in maternal sal-
iva together with the change in deuterium concentration in
the infant’s urine over 5–14 days. This method only works
when milk production is stable. It cannot be used to study
changing production, such as that which occurs during se-
cretory activation.
See also 24-h milk profile (p.366), 24-h milk intake
(p.366), Breastmilk transfer measurement (p.369).

24-h milk profile A summary of individual infant milk in-
take (at the breast, expressed breastmilk and/or infant for-
mula) and maternal milk production. A 24-h milk profile is
carried out over a continuous 24-hour period and includes
consecutive breastmilk transfer measurements, number of
breastfeeds, amount and duration of breastfeeds, breast-

milk expressions and infant intake of previously expressed
breastmilk and/or infant formula.
See also 24-h milk intake (p.366), 24-h milk production
(p.366), Breastmilk transfer measurement (p.369)

α-lactalbumin A major nutritional protein present in the
whey fraction of human milk. It constitutes about 10–20%
of the total protein content of human milk. Metabolically it
forms part of the lactose synthase complex.

Abscess (Breast) See Breast abscess (p.368)

Accessory nipple See Polythelia (p.382)

Accessory breast tissue See Polymastia (p.382)

Acini See Alveoli (p.366)

Acquired immune system (also adaptive immune sys-
tem) Refers to cells of the immune system which are
characterised by their high antigen specificity and their ca-
pacity to differentiate into memory cells upon subsequent
encounters with the same antigen. The presence of memo-
ry cells allows accelerated and enhanced immune re-
sponse.
See also Entero-mammary pathway (p.372)

Acute weaning The abrupt termination of breastfeeding.
See also Weaning (p.386)

Adaptive immune system See Acquired immune system
(p.368)

Adenohypophysis pituitary gland (also Anterior pitui-
tary gland) See Pituitary gland (p.382)

Adenoma, lactational or lactating See Lactating adeno-
ma (p.375)

After Pains (also after birth pains) Breastfeeding in the
immediate postpartum period lowers the risk of blood loss
by inducing uterine contractions. These contractions can
be associated with deep lower back and abdominal cramp-
ing pain in some women. The intensity of the pain varies,
increases with parity and usually spontaneously resolves
within the first two weeks postpartum.

Allergy An inappropriate inflammatory response of the
immune system towards innocuous molecules present in
the air such as pollens, house dust mite or in food such as
milk, egg, fish, peanut. Symptoms include red eyes, itchi-
ness, runny nose, eczema, hives or asthma attack.
See also Cow’s milk protein allergy (p.371), Hen’s egg al-
lergy (p.373), Food allergy (p.373)

Alveoli (also acini) The terminal ends of the milk ducts.
Formed by a single spheroid layer of lactocytes arrayed
around a central cavity (lumen), surrounded by blood capil-
laries and a web of stellate myoepithelial cells. Milk is se-
creted into the lumens of these structures.

Alveolar development (formerly mammogenesis) Pro-
liferative activity in the mammary gland during pregnancy
that leads first to stem cell division from the terminal end
buds of the rudimentary ducts and then to active prolifera-
tion of the resulting cells to form the alveolar structures re-
sponsible for milk production.



23.1 Preface

Th
e
W
ay

Fo
rw

ar
d

367

Amastia Complete absence of breast tissue, nipple and
areola.

Amazia Absence of breast tissue in the presence of the
nipple and areola.

Amenorrhoea (Lactational) See Lactational amenor-
rhoea (p.376)

Ankyloglossia (also Tongue-tie) Classic ankyloglossia is
considered to be an obvious short or inelastic lingual frenu-
lum, or one attached close to the tip of the tongue that
may or may not cause a change in shape (heart shape).
Other classifications include those that are thicker, fibrous
and are located further towards the posterior tongue. Both
types may limit tongue function, however there is no reli-
ably validated tool available to assess tongue function for
tongue-tie. Ankyloglossia may or may not inhibit effective
breastfeeding with symptoms ranging from nipple pain,
difficulty attaching to the breast and/or poor milk transfer.

Antenatal Before birth, during or relating to pregnancy.

Anterior pituitary gland See Pituitary gland (p.382)

Apoptosis A form of cell death without inflammation
that occurs as a normal and controlled part of an organ-
ism’s growth or development. Programmed cell death.
See also Mammary involution (p.377)

Areola The pigmented area surrounding the nipple. Its
surface is dotted with small projections due to the pres-
ence of Montgomery’s glands.

Areolar glands See Montgomery’s glands (p.379)

Artificial feeding Infant is fed only on a breastmilk sub-
stitute, that is, any food being either marketed or other-
wise represented as a partial or total replacement for
breastmilk.

Artificial formula See Infant formula (p.374)

Artificial nipple See Artificial teat (p.367)

Artificial teat (also artificial nipple) An artificial device
that is often shaped to resemble a maternal nipple. This is
attached to a bottle and used to provide the infant with ex-
pressed breastmilk or infant formula.

At-breast supplementer (also Supplemental nursing sys-
tem, Supply line) A feeding tube device consisting of a
fine tube leading from a reservoir of breastmilk and posi-
tioned just past the tip of the nipple so that as the infant
suckles at the breast, milk can be sucked through the tube
to nourish the infant.

Attachment See Bonding (p.368) and Positioning and
latch (p.382)

Attachment Parenting A parenting philosophy based on
the dynamic interpersonal relationship between parents
and their children.

Aurora kinase A A cell cycle-regulated kinase that may
be involved in microtubule formation and/or stabilisation
at the spindle pole during chromosome segregation –

thought to have a key role in secretory activation by stimu-
lating the formation of bi-nucleated lactocytes.

Available milk The volume of milk available to either the
sucking infant or for expression by either hand or a breast
pump. It is calculated as the storage capacity of the breast
multiplied by the degree of fullness.

Axillary mammary tissue (also axillary mammary tail)
Glandular tissue that extends from the breast towards the
axilla partly under the lateral border of the pectoralis major
muscle.

β-lactoglobulin A whey protein present in cow’s milk but
not found in human milk.

Baby blues See Postnatal blues (p.382)

Baby-led attachment A pattern of instinctive move-
ments of the infant occurring when placed on the maternal
chest in a prone position. These movements enable the in-
fant to locate the areolar area of the breast and latch on to
the nipple largely unassisted.

Bifidobacteria Gram-positive anaerobic bacteria in
breastmilk and common in the gut of breastfed infants that
ferment sugars (particularly human milk oligosaccharides)
and produce short chain fatty acids such as acetate, propi-
onate and butyrate which play an important role in im-
mune homeostasis.

Bile salt-stimulated lipase (BSSL) Present in low concen-
trations in the whey fraction. Upon activation by bile salts
in the duodenum it hydrolyses a range of lipid substrates
(short and long chain mono-, di- and triacylglycerides, cho-
lesterol esters, retinol esters and p-nitrophenyl esters).

Bilirubin A yellow compound that occurs in the normal
catabolic pathway that breaks down haeme.

Bioactive component Non-nutritive components of food
(e.g., human milk) that have an impact on health via a reg-
ulatory effect on biological processes.

Birth weight The body weight of an infant at its birth.

Bleb See Blocked nipple pore (p.367)

Blocked milk duct (also plugged duct, clogged duct,
caked breast, caked duct, focal engorgement) A tender
lump in the breast ranging from the size of a pea to a large
wedge-shaped area. Not associated with either systemic ill-
ness or inflammation.
Note: It can be difficult to differentiate between engorge-
ment, blocked milk duct, mastitis and breast abscess be-
cause they are a continuum without distinct boundaries.
Each includes some element of milk stasis or impaired
drainage.
See also Breast abscess (p.368), Pathological engorgement
(p.381), Mastitis (p.377)

Blocked nipple pore (also bleb, nipple white spot) A
milk-filled blister on the nipple, thought to be caused by ei-
ther the closure of a fine layer of skin growing over a duct
opening or by thickened milk.
Presents on the nipple and/or areola as a white, clear or yel-
low dot. May sometimes stand out as a large blister.
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Blood-milk barrier The barriers to the passage of blood
constituents into milk directly from the extracellular space
as well as direct passage of milk constituents from the al-
veolar lumen to the interstitium. In full lactation this pas-
sage is closed by tight junctions. This barrier is open in
pregnancy, possibly in mastitis and during late involution.

Bonding (also attachment) A strong and affectionate
connection between mother and infant, influenced posi-
tively by the hormone oxytocin.

Bottle-fed See Bottle-feeding (p.368)

Bottle-feeding The act of feeding an infant from a
bottle.

Bovine serum albumin A species-specific protein that is
present in cow’s milk, but only in low concentrations in the
milk of women who consume cow’s milk.

Breast (this term is interchangeable with Mammary
gland) A female secretory and secondary sex organ. The
breast remains in a quiescent state until conception trig-
gers a process of complete remodelling that results in the
synthesis and secretion of breastmilk. Functional maturity
is only reached during lactation. The breast then returns to
a quiescent state after involution, caused by gradual wean-
ing of the infant.
See also Mammary gland (p.377)

Breast abscess Characterised by a fluctuant, palpable
mass that is usually tender and often associated with a lo-
calised, painful inflammation of the breast. Fever and ma-
laise are often, but not always present.

It can be difficult to differentiate between engorgement,
blocked milk duct, mastitis and breast abscess because
they are a continuum without distinct boundaries. Each in-
cludes some element of milk stasis or impaired drainage.
See also Pathological engorgement (p.381), Blocked milk
duct (p.367) and Mastitis (p.377)

Breast and nipple herpes See Herpes of the nipple and
breast (p.373)

Breast and nipple thrush See Candidiasis of the nipple
and breast (p.370)

Breast augmentation See Mammary augmentation
(p.377)

Breast cancer (also mammary carcinoma) Malignant
neoplasm in the parenchyma of the breast.

Breast compression See Breast massage (p.368)

Breast cup See Breast shell (p.368)

Breast cyst A benign fluid-filled lump. The mass is char-
acteristically firm, smooth, lobulated and freely moveable.
Differs from a galactocoele in that it is not filled with milk.
See Galactocoele (p.373) and Breast lumps in lactation
(p.368)

Breast expression See Breastmilk expression (p.369)

Breast feed See Breastfeed (p.369)

Breast lumps in lactation A palpable mass detected in
the breast during lactation. Most lumps detected during
lactation are related to the breastfeeding process, such as
blocked milk ducts, mastitis and galactocoeles. Some may
result from causes other than pregnancy and lactation,
such as prior surgery, breast cysts, benign tumours and
breast cancer.
See Blocked milk duct (p.367), Mastitis (p.377), Galacto-
coele (p.373), Breast cyst (p.368), Lactating adenoma
(p.375), Fibroadenoma of the mammary gland (p.372)
and Breast cancer (p.368)

Breast massage Gentle manipulation of the mammary
gland by rubbing or kneading. Methods used show inter-
cultural variations. There are also substantial differences in
the intricacy and duration of the massage techniques. Uses
vary from relieving blocked ducts, assistance with secretory
activation, to comfort.

Breast milk See Breastmilk (p.369)

Breast pad (also nursing pads) A single use or washable
absorbent pad worn against the breast to prevent breast-
milk leakage onto clothing between breastfeeds.

Breast pump A manual or electric device for withdrawing
milk from a woman’s breast(s) by suction.
See also Manual breast pump (p.377), Electric breast pump
(p.372) and Hospital-grade breast pump (p.374)

Breast pumping See Breastmilk expression (p.369)

Breast reduction See Mammary reduction (p.377)

Breast refusal (also breast aversion, breast rejection)
Feeding behaviour where an infant is reluctant to attach
after having previously breastfed well. When brought to
the breast to feed the infant typically turns its head slowly
from side to side, crying desperately, arching its back,
pushing its head away from the breast and punching with
its fists. This action is extremely distressing to the mother.
See also Neonatal breast refusal (p.379)

Breast shell (also milk cup, breast cup, Meredith shield)
A hard plastic dome worn inside the bra. Consists of an in-
ner and outer section that snap together. The inner section
surrounds the nipple and the outer section separates the
nipple from the bra and clothing. Marketed as an aid in the
management of inverted and/or damaged nipples.
See also Nipple shield (p.380)

Breast shield The part of a breast pump that consists of
a plastic conical device designed to cover the areolar area
and then forms a tunnel that encompasses the nipple and
allows the milk to flow into a collection bottle.



Breast storage capacity (also storage capacity) The
amount of milk available to the infant when the breast is
full. It is calculated from the cream content of milk samples
collected before and after each feed from each breast, and
the volume of milk consumed during each feed from each
breast for a 24-hour period of breastfeeding.
See also Potential storage capacity (p.382), Degree of full-
ness of the mammary gland (p.371)

Breastfed Past tense of breastfeed.
See also Ever breastfed (p.372)

Breastfeed (also breast feed, breast-feed) Removal of
milk from one breast by the infant, usually of 8–15minutes
duration.
See also Paired breastfeed (p.381), Cluster breastfeed
(p.370) and Breastfeeding session (p.369)

Breastfeeding (also nursing) The act of the infant re-
moving milk from the mammary gland.
See also Breastfeeding session (p.369), Nutritive sucking
(p.380) and Non-nutritive sucking (p.380)

Breastfeeding cues (also feeding cues, hunger cues)
Infant behaviours that indicate a readiness to breastfeed.
The infant is awake in the quiet, alert stage and may also
suckle its hands. These behaviours occur prior to infant cry-
ing, which is considered to be a late cue. Usually more pro-
nounced in the early postnatal period.

Breastfeeding indicator A measurable variable used to
assess breastfeeding practices and defined by the World
Health Organization. Key breastfeeding indicators include
exclusive breastfeeding rate, predominant breastfeeding
prevalence, timely complementary breastfeeding preva-
lence, continued breastfeeding prevalence and bottle-feed-
ing prevalence.

Breastfeeding patterns Summary of population data for
healthy, term, exclusively breastfeeding dyads between 1
and 6 months of age. Includes breastfeeding frequency,
breastfeed duration, average quantity of breastmilk in-
gested, percentage of available milk removed, 24-hour
milk production etc.

Breastfeeding positions (also feeding positions) The
positions in which the mother holds her infant while breast-
feeding, e.g., cradle, transition, straddle, football hold.
See also Positioning and latch (p.382)

Breastfeeding session Breastfeeding session can com-
prise of a breastfeed, a paired breastfeed or a cluster
breastfeed. To be included in a breastfeeding session, the
beginning of each breastfeed must occur within 30minutes
of cessation of feeding from the previous breast.

Breastfeeding to need (also feeding to need, demand
breastfeeding, demand feeding) Maternal response to
the infant’s hunger cues and breastfeeding accordingly.
The frequency and milk intake can vary considerably from
feed to feed but 24-h intakes remain relatively stable as the
infant’s appetite regulates milk intake according to need.

Breastmilk (also human milk) The secretion produced
by the lactocytes of the human maternal mammary gland
from approximately 5 days after birth. Breastmilk contains
a complex array of proteins, carbohydrates, lipids, micronu-
trients, vitamins and biologically active compounds in-
volved in the growth, development and immune protection
of the infant. Includes both transitional and mature breast-
milk.
See also Colostrum (p.370), Transitional breastmilk
(p.386), Mature breastmilk (p.378)

Breastmilk appearance See Breastmilk colour (p.369)

Breastmilk colour (also breastmilk appearance) Hu-
man milk is low in casein, therefore the colour is deter-
mined by the fat content, which varies depending upon the
fullness of the maternal breast. If the breast is full of milk,
the first milk expressed is usually pale blue in colour be-
cause of the low-fat content. If the breast is drained of milk
the expressed milk is dense white in colour due the high fat
content of the residual milk. In contrast, cow’s milk is white
in colour due in large part to the high content of casein,
which remains relatively constant as the gland is emptied.
See also Milk fat (p.378)

Breastmilk expression (also breast pumping, milk ex-
pression) Removal of breastmilk by either hand, manual
breast pump or electric breast pump.

Breastmilk feeding When the infant is fed with ex-
pressed human milk.

Breastmilk jaundice A prolongation of physiological
jaundice. Breastmilk jaundice occurs more than 24 hours
after birth. It is a long-term jaundice in an otherwise
healthy, breastfed infant and extends up to 8–12 weeks of
life. Breastmilk jaundice tends to run in families, occurs
equally often in males and females and affects 0.5% to
2.4% of all newborns.
See also Jaundice (p.375), Pathological jaundice (p.381)
and Physiological jaundice (p.381)

Breastmilk substitute Any food being marketed or oth-
erwise presented as a partial or total replacement for
breastmilk, whether or not it is suitable for that purpose (as
defined by the World Health Organisation).
See also Infant formula (p.374)

Breastmilk transfer The amount of breastmilk trans-
ferred to an infant over the course of a breastfeed.
See also Breastmilk transfer measurement

Breastmilk transfer measurement (also test-weigh) A
measurement to determine the amount of milk transferred
to the infant during a breastfeed. The fully clothed infant is
weighed immediately pre and postbreastfeeding using
digital scales (accurate to < 2.0g). The difference in the
weights is equivalent to the amount of milk transferred to
the infant. For improved accuracy, a correction should be
made for insensible water loss from the infant during the
feed.
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Caesarean Section The use of surgery to deliver one or
more infants.

Caked breast See Blocked milk duct (p.367)

Caked duct See Blocked milk duct (p.367)

Candida A genus of yeasts that is a common cause of
fungal infections.
See also Candidiasis of the nipple and breast (p.370)

Candidiasis of the nipple and breast (also thrush in lac-
tation, candida mastitis) A condition characterised by
nipple pain + /– breast pain throughout and after breast-
feeds together with extreme nipple sensitivity. The syn-
drome is usually diagnosed clinically and whether Candida
(usually Candida albicans) is the causative organism is yet
to be conclusively supported by laboratory tests. Usually
secondary to factors reducing natural immunity and/or skin
trauma.

Casein/casein micelle A family of related phospho-pro-
teins that form a micellar structure (casein micelles with α-
s1, β and λ caseins subunits). It is a major protein in most
mammals but only constitutes 10% of the total protein in
human colostrum and 40% in mature human milk. The ca-
sein micelles and the phosphorylation of the casein mole-
cules contribute to the high availability of calcium in hu-
man milk by enabling calcium to remain soluble at high
concentrations. λ Casein is hydrolysed in the infant’s stom-
ach and the remaining proteins coagulate to form a soft ca-
sein curd.
In contrast, the high concentration of casein in cow’s milk
forms a very firm curd when ingested.

Cells in human milk See Human milk cells (p.374)

Cellulitis Inflammation of subcutaneous connective tis-
sue caused by a bacterial infection of the skin and its
underlying dermis and subcutaneous fat. Symptoms in-
clude a painful area of redness that increases in size over
several days. Must be differentiated from mastitis if it oc-
curs on the breast during lactation.

Cephalohaematoma A collection of blood under the
scalp of a newborn infant. The blood is located between
the bones of the skull and the lining over the bones and is
usually due to injury during the birthing process.

Choanal atresia Congenital obstruction of the nasal pas-
sage, usually by membranous or bony tissue.

Cleft lip and palate Relatively common birth defect re-
sulting from incomplete merging or fusion of embryonic
processes normally uniting in the formation of the face.
Clefts range from a slight notch in the upper lip to a full
opening of the lip into the floor of the nasal cavity (hard
palate and soft palate). May be unilateral or bilateral.

Clogged milk duct See Blocked milk duct (p.367)

Cluster breastfeed A series of breastfeeds occurring
within a period of 30minutes or less

Colic See Infantile colic (p.375)

Colostrum The usually yellowish viscous secretion of the
breast produced during the first two to four days postpar-
tum. It is synthesised by the lactocytes of the maternal
mammary gland in small volumes (about 30mL in the first
24 h after birth). Compared to mature milk, colostrum has
high concentrations of sodium, chloride, protein (particu-
larly sIgA), and low concentrations of lactose and citrate.
See also Pre-colostrum (p.383)

Coloured breastmilk Breastmilk that varies in appear-
ance from the common breastmilk colour. May be pink,
red, pink-orange, green or brown. Known causes include
drugs, diet, bacterial infection and haemorrhage. Often be-
nign.
See also Breastmilk colour (p.369)

Complementary feeding Nutrient-containing first foods
given during the transition from exclusive breastfeeding to
family foods while breastfeeding is maintained.
Complementary breastfeeding commences during wean-
ing, that is from around six months postpartum.
See also Exclusive breastfeeding (p.372), Non-exclusive
breastfeeding (p.380), Predominant breastfeeding
(p.383), Supplementary feeding (p.385), Substitute feed-
ing (p.385) and Weaning (p.386)

Conditioned milk ejection reflex The ejection of milk in
the absence of stimulation of the nipple to activate the
neuro-hormonal reflex, i.e. in response to thinking about
the infant, hearing an infant’s cry.
See also Milk ejection reflex (p.378)

Congenital A condition existing at birth which may be ei-
ther hereditary or due to an influence on gene expression
occurring up to the moment of birth.

Congenital lactose intolerance A very rare autosomal
recessive disorder that is characterised by the complete ab-
sence of the enzyme lactase.
See also Lactose intolerance (p.376), Developmental lac-
tose intolerance (p.371), Primary lactose intolerance
(p.383), Secondary lactose intolerance (p.384)

Constipation A delay or difficulty in passing bowel mo-
tions. Rarely occurs in exclusively breastfed infants. Some-
times a breastfed infant may not pass a stool for 7 to 10
days and in the absence of symptoms this is not regarded
as problematic.
See also Infant dyschezia (p.374)

Contralateral Pertaining to the opposite side of the
body.

Cooper’s ligaments (also ligamenta suspensoria) Fi-
brous ligaments that provide a framework for breast tissue
to maintain its structural integrity. They travel from the
underlying pectoral fascia terminating at the skin.

Core biopsy (breast) A procedure involving insertion of a
hollow needle into the breast to remove a small sample of
tissue from an area of concern for laboratory testing.
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Corpus luteum A hormone-secreting structure that de-
velops in an ovary after ovulation. It degenerates after a
few days unless conception has occurred.

Costal Relating to the ribs (for example costal cartilage).

Costochondritis Inflammation of the cartilage that con-
nects a rib to the sternum. May be an extra-mammary
musculoskeletal cause of breast pain.

Co-sleeping (also rooming in) Mother and infant sleep-
ing in proximity (within arm’s reach) of one another. This
permits the mutual monitoring and exchange of caregiver–
infant sensory signals and cues.

Cow’s milk protein allergy (CMPA) A food allergy
caused by cow’s milk proteins. Intact cow’s milk proteins
have been identified in human milk. Rarely, cow’s milk pro-
tein allergy can occur during exclusive breastfeeding.
See also Allergy (p.366), Hen’s egg allergy (p.373), Food
allergy (p.373)

Cream The milk fat fraction that rises to the top of the
container when milk either stands for a time or is centri-
fuged.
See also Milk fat (p.378)

Creamatocrit A measure of the proportion of cream in a
milk sample, determined by centrifuging the sample and
measuring the depth of the cream layer as a proportion of
the depth of the milk sample.

Crying See Normal infant crying (p.380)

Cup feeding Placing breastmilk in a small cup and hold-
ing it to the infant’s lips so that a small amount of milk can
flow into the infant’s mouth.
See also Paladai (p.381)

Daily breastmilk intake The sum of breastmilk con-
sumed by an infant over a 24-hour period.
See also 24h milk production (p.366)

Dancer hand position A breastfeeding position whereby
the mother uses her hand to stabilise her infant’s jaw and
facilitate breastfeeding when muscular weakness is
present.

Degree of fullness of the mammary gland Measured
using the computerised breast measurement system, the
degree of fullness of the mammary gland is a proportion of
the amount of milk present in the mammary gland com-
pared to the breast storage capacity at any particular time
during the day. The degree of fullness ranges from 1.0 for a
full breast to 0.0 for a drained breast.
See also Breast storage capacity (p.369), Potential storage
capacity (p.382)

Delayed secretory activation Secretory activation that
occurs more than 72hr after birth. The mother still has the
ability to achieve full milk synthesis unless primary lactation
failure is present.
Also see Primary lactation failure (p.383), Secretory activa-
tion (p.384)

Demand breastfeeding See Breastfeeding to need
(p.369)

Dermatitis See Nipple and areolar dermatitis (p.379)

Developmental lactose intolerance Occurs in preterm
babies of less than 34 weeks gestation and is a conse-
quence of prematurity. Preterm infants should continue to
receive breastmilk in all cases if available.
See also Congenital lactose intolerance (p.370), Lactose in-
tolerance (p.376), Primary lactose intolerance (p.383),
Secondary lactose intolerance (p.384)

Deviated nasal septum Deformity of the nasal septum
often caused by pressure on the foetus during pregnancy
or parturition.

Diabetes Impaired ability to produce or respond to insu-
lin.
See also Gestational diabetes mellitus (p.373), Type 1 dia-
betes mellitus (p.386), Type 2 diabetes mellitus (p.386)

Diabetes insipidis Caused by a low or absent secretion
of the water-balance hormone vasopressin from the pitui-
tary gland or poor renal response to vasopressin.

Diagnostic ultrasound An ultrasound-based imaging
technique used for visualising internal body structures for
possible anomalies or pathology.
See also Therapeutic ultrasound (p.385)

Donor human milk Excess human milk voluntarily con-
tributed to a milk bank by lactating women. Usually the do-
nor mothers are screened (similar to blood donor screen-
ing) and the milk is pasteurised before being given to the
recipient infant.

Donor human milk bank An organisation that may re-
cruit and screen breastmilk donors, then collects, proc-
esses, stores and dispenses the donated milk. There is no
payment to the donor or cost to the recipient.
See also Human milk bank (p.374), Milk sharing (p.379)

Double pumping See Simultaneous pumping (p.384)

Doula A companion who provides non-medical support
and assistance to the new mother throughout the perinatal
period.

Draught See Milk ejection (p.378)

Duct See Milk duct (p.378)

Ductal papilloma See Intraductal papilloma (p.375)

Ductal obstruction Scarring or other trauma that results
in complete or partial blockage of milk ducts.

Dummy (also pacifier) A rubber, plastic or silicon nipple
designed to be given to an infant to suckle. In its standard
appearance it has a teat, mouth shield and handle. The
mouth shield and the handle are large enough to avoid the
danger of the child either choking or swallowing it.

Duration of lactation See Lactation duration (p.375)
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Dyad (breastfeeding) The interactional relationship be-
tween a breastfeeding mother and her infant.

Dysphagia Difficulty swallowing

Dysphoric milk ejection reflex (D-MER) A sudden onset
of negative emotions, which occur just prior to stimulation
of the milk ejection reflex. Symptoms may continue for up
to several minutes. Mother’s describe themselves as happy
between milk ejection reflex episodes.
See also Milk ejection (p.378)

Echogenicity The ability to bounce an echo, for example,
to return the signal in ultrasound examinations. Echogenic-
ity is higher when the surface bouncing the sound echo re-
flects increased sound waves.

Eczema (Atopic dermatitis) See Nipple and areolar der-
matitis (p.379)

Egg Allergy See Hen’s egg allergy (p.373)

Electric breast pump A breast pump for personal use
that requires a power source, either a power outlet or bat-
tery. May be either single or double (able to express milk
from both breasts simultaneously).
See also Hospital-grade breast pump (p.374)

Endocrine Glands that secrete hormones directly into the
circulatory system to be carried towards distant target or-
gans

Engorgement See Physiological engorgement (p.381),
Pathological engorgement (p.381)

Entero-broncho-mammary pathway See Entero-mam-
mary pathway (p.372)

Entero-mammary link See Entero-mammary pathway
(p.372)

Entero-mammary pathway (also entero-mammary link,
entero-broncho-mammary pathway) The pathway to-
wards the end of pregnancy whereby lactogenic hormones
influence the migration of lymphocytes from aggregates in
the gut to the mammary glands. This results in secretory
IgA antibodies in breastmilk that are protective against mi-
crobes from the mother’s gut and her upper respiratory
tract secretions. It follows that breastfeeding should be ini-
tiated directly after birth to provide protection from expo-
sure to microbes from birth onwards.

Established lactation Lactation from the time that
breastmilk becomes mature until weaning commences.
Breastmilk is currently considered to be mature after about
2–3 weeks postpartum, however more research is needed
to accurately determine the markers of established lacta-
tion.
See also Mature breastmilk (p.378), Transitional breastmilk
(p.386), Weaning (p.386)

Estrogen See Oestrogen (p.380)

Ever breastfed Infants who have been put to the breast,
even if only once.

Eutherian A subclass of mammals having a placenta
through which the foetus is nourished

Exclusive breastfeeding The infant receives only breast-
milk (includes milk received via breastfeeding, expressed
mothers own milk, milk from a donor and milk from a wet
nurse). Allows the infant to receive drops, syrups (vitamins,
minerals, medicine). Does not allow the infant to receive
anything else including water (defined by the World Health
Organization).
See also Predominant breastfeeding (p.383), Complemen-
tary feeding (p.370), Supplementary feeding (p.385),
Non-exclusive breastfeeding (p.380) and Substitute feed-
ing (p.385)

Expressed breastmilk (EBM) Breastmilk that has been
removed by expression.

Expression of breastmilk See Breastmilk expression
(p.369)

Failure to thrive See Slow weight gain (p.384)

Familial puerperal alactogenesis An isolated prolactin
deficiency, which causes primary lactation failure (p.383)

Feedback inhibitor of lactation (FIL) A local mechanism
that down-regulates milk synthesis as milk accumulates in
the alveoli. Although there is considerable experimental
support for such a mechanism, the exact mechanistic path-
way remains elusive.

Feeding cues See Breastfeeding cues (p.369)

Feeding positions See Breastfeeding positions (p.369)

Feeding to need See Breastfeeding to need (p.369)

Fertility and breastfeeding See Lactational amenor-
rhoea (p.376)

Fibroadenoma of the mammary gland A benign, solid,
mobile tumour of epithelial tissue with a conspicuous pro-
liferation of fibroblasts. Often palpable. Tumour cells can
form gland-like structures in the stroma. Most common in
women aged 15–35 years.

Fine needle aspiration (FNA) A diagnostic procedure us-
ing a fine needle to obtain fluid or cells from breast lesions
or cysts.

Flat nipple A nipple that is level with the areola, or only
protrudes slightly from the breast.
See also Inverted nipple (p.375)

Focal engorgement See Blocked milk duct (p.367)
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Follicle stimulating hormone (FSH) A hormone secreted
by the anterior pituitary gland that promotes the formation
of ova or sperm.

Food allergy An inflammatory immune response to diet-
ary proteins. Can occur during exclusive breastfeeding but
usually occurs after the introduction of solids to the infant’s
diet, e.g., hen’s egg allergy.
See also Allergy (p.366), Cow’s milk protein allergy
(p.371), Hen’s egg allergy (p.373)

Forceful milk ejection See Strong milk ejection (p.385)

Fore milk See Pre-feed breastmilk (p.383)

Frenulum A fold of mucous membrane, midline on the
underside of the tongue that helps to anchor the tongue to
the floor of the mouth.

Frenulotomy (also frenectomy, frenotomy, frenulec-
tomy) A surgical procedure for excising a frenulum.

Fresh milk Milk that has been expressed from the breast
and not exposed to any processes such as pasteurisation,
freezing or thawing.
See also Raw milk (p.383)

Gagging Involuntary gastric and oesophageal move-
ments of vomiting without expulsion of vomitus.

Galactocoele A benign breast lesion characterised by a
milk filled cyst thought to develop from an unrelieved
blocked duct or defect in the duct wall during pregnancy,
lactation or weaning.
See also Breast cyst (p.368)

Galactogogue (also lactogogue) Any food or medica-
tion that is shown to improve milk synthesis.

Galactopoiesis Maintenance of established milk synthe-
sis by the autocrine system balancing supply to demand.

Galactorrhoea See Neonatal galactorrhoea (p.379)
N.B. maternal galactorrhoea is outside the scope of this
glossary.

Galactosaemia A rare condition resulting in the inability
to metabolise galactose due to deficiency of either galac-
tose-1-phosphate uridyl-transferase (most common and
most severe form), galactokinase or galactose-6-phosphate
epimerase. Breastfeeding is contraindicated for infants with
this disorder.

Gastro-oesophageal reflux (GOR) See Infant regurgita-
tion (p.375)

Gastro-oesophageal reflux disease (GORD) (also gastro-
esphageal reflux disease (GERD)) A condition associated
with complications of infant regurgitation.
See also Infant regurgitation (p.375)

Gestational age Age of the foetus measured from the
first day of a mother’s last menstrual cycle to the current
date. A normal pregnancy can range from 38 to 42 weeks.

Gestational diabetes mellitus (also gestational diabetes)
(GDM) A condition in which a woman without previously
diagnosed diabetes exhibits high blood glucose (blood sug-
ar) levels during pregnancy (especially during the third tri-
mester). The cause is usually an improper response to insu-
lin.
See Diabetes (p.371), Type 1 diabetes mellitus (p.386),
Type 2 diabetes mellitus (p.386)

Ghrelin A peptide produced by ghrelinergic cells in the
gastrointestinal tract, which functions as a neuropeptide in
the central nervous system and is involved in the regulation
of appetite.

Gigantomastia (also pregnancy related gigantomastia,
gravid or gestational gigantomastia) Rapid and mas-
sive hypertrophy of the breast during pregnancy with
grossly dilated nipples and areola and prominent dilated
superficial veins.

Glands of Montgomery See Montgomery’s glands
(p.379)

Glandular parenchyma (also glandular tissue) Secre-
tory tissue in the mammary gland that secretes milk.

Gonadotrophin Any of a group of hormones secreted by
the pituitary gland that stimulate the activity of the go-
nads.

Gonadotrophin releasing hormone (GnRH) A hormone
produced in the hypothalamus and transported to the pi-
tuitary gland through the blood stream. It controls the se-
cretion of follicle stimulating hormone (FSH) and luteinis-
ing hormone (LH).

Graves disease See Hyperthyroidism

Haemorrhage Copious discharge of blood from vessels.
See also Postpartum haemorrhage (p.382)

Hard palate The anterior bony subsection of the palate
(roof of the mouth).
See also Palate (p.381), Soft palate (p.384)

Hen’s egg allergy An exaggerated immune response
that may be related to dietary exposure to eggs. May also
occur after weaning.
See also Allergy (p.366), Cow’s milk protein allergy
(p.371), Food allergy (p.373)

Herpes See Herpes of the nipple and breast (p.373)

Herpes of the nipple and breast (also herpes simplex
mastitis) Associated with severe pain combined with a
unilateral or bilateral acute erosive dermatosis caused by
Herpes simplex virus (HSV) infection. Presents similarly to
HSV infections elsewhere on the body.
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Herpes simplex mastitis See Herpes of the nipple and
breast (p.373)

Hind milk See Post-feed breastmilk (p.382)

Hirschsprung’s disease Congenital disorder of the colon
caused by the failure of ganglion cells to migrate cephalo-
caudally through the neural crest during the early gesta-
tional period. Missing nerve cells in the lower portion of
the colon prevent contractions of the affected portion of
the intestine. Lack of contractions result in a reduction of
the passage of contents, which may result in a blockage of
the colon.

Hospital-grade breast pump A robust electric breast
pump recommended for prolonged, frequent and regular
use. May be used by multiple users.
See also Manual breast pump (p.377), Electric breast pump
(p.372)

Human chorionic gonadotropin (hCG) A hormone pro-
duced by the placenta after implantation. The presence of
hCG is used in some tests to detect pregnancy.

Human lactology The study of, or specialty in, the scien-
tific or medical field of human lactation.

Human microbiome The catalogue of symbiotic mi-
crobes and their genes that are harboured by a human, pri-
marily in the gut. The human milk microbiome and its ef-
fects on the infant microbiome are yet to be fully under-
stood.

Human milk See Breastmilk (p.369)

Human milk bank A store of human milk for later use
when required.
See also Milk sharing (p.379), Donor human milk bank
(p.371)

Human milk cells May be breast-derived or blood-de-
rived. Breast-derived human milk cells include lactocytes,
myoepithelial cells, progenitor cells and stem cells. Blood
derived cells include immune cells, haematopoietic stem
cells, haematopoietic progenitors and possibly other blood-
derived cells.

Human milk fortifier Predominantly protein and mineral
supplementation added to human milk so that it meets the
nutrients required for the rapid growth rate and bone min-
eralisation of the preterm infant. May be derived from hu-
man breastmilk or bovine milk.

Human milk metabolomics The scientific study of the
metabolites involved in the metabolic pathways associated
with the synthesis of human milk.

Human milk microbiome See Human microbiome
(p.374)

Hydatiform mole A rare mass that forms from the pla-
centa at the beginning of pregnancy

Hyperbilirubinaemia An abnormally large amount of bi-
lirubin in the circulating blood

Hyperreactio luteinalis See Theca lutein cyst (p.385)

Hypoplastic breasts (also breast hypoplasia, mammary
hypoplasia, insufficient glandular tissue) Underdevel-
opment of the mammary glands. Clinically this may result
in insufficient milk synthesis to exclusively breastfeed the
infant. It is difficult to predict the effect of hypoplasia on
milk synthesis.

Hypothalamus A portion of the brain that has a wide va-
riety of functions – importantly it links the nervous system
to the endocrine system via the pituitary gland.

IgE (Immunoglobulin E) A class of antibody that has
been found only in mammals. It has an essential role in
type-1 (acute onset) hypersensitivity reactions that mani-
fest in various allergic diseases.

Induced lactation The establishment of lactation for an
infant by a non-biological mother.
See also Relactation (p.383)

Infant A child from birth to 12 months of age.

Infant dyschezia A benign, transient condition that
causes constipation-like symptoms. It results from a devel-
opmental lack of coordination of the relaxation of the pel-
vic floor and the intra-abdominal pressure increase preced-
ing defaecation.
See also Constipation (p.370)

Infant formula (also artificial formula, artificial milk) A
food manufactured according to compositional standards
prescribed in the European Directive or Codex Alimentarius
that is suitable as a complete or partial substitute for
breastmilk. It is designed to meet the nutritional needs of
an infant under one year of age and is usually derived from
modified cow’s milk but can also be manufactured from ei-
ther goat’s milk or plant sources such as soy.
See also Breastmilk substitute (p.369)

Infant growth after 14 days of age World Health Organ-
ization growth curves are a normative model for breastfed
infants and are used to monitor height and weight for age.
Growth is expected to follow a trend, tracking a curve
roughly parallel to the median.
Growth curves for breastfed babies are different from those
that are formula-fed.

Infant-led weaning A method of introducing comple-
mentary foods whereby the infant controls their intake.
Foods of a suitable texture are presented in their whole
form and the infant is allowed to self-feed by selecting and
grasping items. This encourages self-regulation with little
parental control over intake. Small, hard foods should be
avoided due to increased choking risk.
See also Mother-led weaning (p.379)

Infant output Number of wet and soiled nappies (dia-
pers) per 24 hours
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Infant regurgitation (also reflux, posset, gastro-oeso-
phageal reflux (GOR), gastroesophageal reflux (GER) A
normal physiologic process defined as the involuntary pas-
sage of gastric contents into the oesophagus. Episodes usu-
ally last < 3minutes and occur after meals. The condition is
self limiting and benign.
See also Gastro-oesophageal reflux disease (p.373)

Infantile colic A benign and self-resolving behavioural
syndrome characterised by recurrent or prolonged periods
of crying, fussing or irritability that start and stop without
obvious cause and cannot be prevented or resolved by
caregivers, in an otherwise healthy infant under 5 months
of age. Exact aetiology is unknown.

Infective mastitis See Mastitis (p.377)

Initiation (of lactation) See Lactation initiation (p.375)

Innate immune system Cells of the immune system that
are activated by molecules found in pathogens (pathogen
associated molecular pattern, PAMP) or liberated upon tis-
sue lesion (danger associated molecular pattern, DAMP).
The innate immune system provides an immediate, non-
antigen specific immune response.
See also Acquired immune system (p.368)

International code of marketing of breastmilk substi-
tutes (also WHO code) A set of resolutions that regulate
the marketing and distribution of any fluid intended to re-
place breastmilk, certain devices used to feed these fluids,
and the role of health-care workers who advise on infant
feeding. It is intended as a voluntary model that could be
incorporated into the legal code of individual nations in or-
der to enhance national efforts to promote breastfeeding
and to regulate the composition of foods that can replace
breastmilk, when it is not available.

Intraductal papilloma A benign breast tumour that can
grow to 1 to 2 cm in size inside the milk ducts of the breast,
often near the nipple. Sometimes these bodies can bleed
or seep fluid, causing a serous or bloody discharge from
the nipple.

Intraglandular fat Fat dispersed within the mammary
parenchymal tissue.

Intramammary distance The minimum distance be-
tween the right and left sternal lines.

Intraoral vacuum Vacuum generated during a breast-
feed when the infant’s mouth is attached to the maternal
breast. Intraoral vacuum peaks at –145 ± 58mmHg and co-
incides with milk flow into the infant’s oral cavity.
See also Strong sucking vacuum (infant) (p.385)

Intrapartum Occurring during labour and delivery or
childbirth.

Inverted nipple Failure of the nipple to evert caused by
poor proliferation of the mesenchyme underlying the
mammary primordium. Can present either bilaterally or
unilaterally and may pose mechanical problems with
breastfeeding.

Involution See Mammary involution (p.377)

Jaundice A yellowish pigmentation of the skin, the con-
junctival membranes over the sclera (whites of the eyes)
and other mucous membranes caused by hyper-bilirubi-
naemia (too much bilirubin in the blood).
See also Pathological jaundice (p.381), Physiological jaun-
dice (p.381) and Breastmilk jaundice (p.369)

Kangaroo mother care (also Kangaroo care) A method
of preterm and low birth weight infant care defined by the
World Health Organisation. It involves carrying the infant
chest to chest, usually by the mother, with skin-to-skin con-
tact and breastfeeding. Kangaroo mother care has been as-
sociated with early discharge.
See also Skin-to-skin care (p.384)

Lactase The enzyme lactase (EC 3.2.1.108) is a β-galacto-
sidase produced in the small intestine that is essential for
the hydrolysis of milk lactose to glucose and galactose. It is
present in all normal infants and some adult ethnic groups
that depend on cow’s milk for nutrition as adults.

Lactating adenoma A solid mass in the breast, which on-
ly occurs during pregnancy and lactation, typically arising
in the third trimester and involutes after delivery.

Lactation A period of sustained milk synthesis, which re-
quires frequent and effective milk removal as well as appro-
priate hormonal stimulation.
See also Normal human lactation (p.380)

Lactation cycle The progressive changes that occur in
the mammary gland from conception, through pregnancy,
birth, lactation, weaning and the return to the quiescent
state (i.e. non-pregnant non-lactating state).

Lactation duration The time of lactation from birth until
complete weaning.
See also Lactation duration, recommended (p.375)

Lactation duration, recommended The World Health
Organization recommends exclusive breastfeeding for the
first 6 months of life then addition of nutritionally adequate
and safe complementary foods while breastfeeding contin-
ues for up to 2 years of age or beyond.

Lactation failure The maternal inability to produce ad-
equate milk for her infant’s optimal growth, development
and immune protection. Lactation failure may be primary
or secondary.
See also Primary lactation failure (p.383), Secondary lacta-
tion failure (p.384)

Lactation initiation A cascade of events resulting in the
synthesis and secretion of milk constituents from lacto-
cytes in the mammary gland. Includes alveolar develop-
ment, secretory differentiation and secretory activation.
See also Alveolar development (p.366), Secretory differen-
tiation (p.384), Secretory activation (p.384)



Lactation risk categories Risk categories defined by Dr
Thomas Hale to describe the level of risk a medication
poses towards the infant or maternal lactation.

Lactation risk factors Factors that are known to cause
some degree of lactation failure. Includes factors that re-
sult in delayed secretory activation, primary lactation fail-
ure or secondary lactation failure.
See also Delayed secretory activation (p.371), Lactation
failure (p.378), Primary lactation failure (p.383) and Secon-
dary lactation failure (p.384)

Lactation stages (also stages of lactation) Include al-
veolar development, secretory differentiation, secretory ac-
tivation, established lactation, weaning.

Lactational amenorrheoa Physiological cessation of
menses during lactation. The duration of lactational ame-
norrhoea varies between individuals within societies and al-
so between societies, being as short as 2–3 months in
Western societies and as long as 3 years in some Western
women and traditional societies.

Lactational amenorrhoea method (LAM) Method of
contraception for exclusively breastfeeding mothers. No
more than four hours between breastfeeds during the day
and six hours at night. Supplementary foods should com-
prise no more than 5–10% of the breastfed infant’s energy
intake.

Lactiferous duct See Milk duct (p.378)

Lactiferous sinus Expanded ductal structures that have
failed to be confirmed by recent studies. Previously it was
thought that the milk ducts dilated towards the nipple and
formed lactiferous sinuses, somewhat analogous to the
milk cisterns in ruminants.

Lactobacilli Bacteria in the gut of breastfed infants that
ferment sugars and produce acetic acid.

Lactobiome The collective genomes of the microorgan-
isms found in the mammary secretion at any stage of the
lactation cycle.
See also Human (p.376) Microbiome

Lactocrine Hormones that influence mammary gland
function.
See also Lactogenic complex (p.376)

Lactocyte The mammary secretory epithelial cell that is
capable of synthesising and secreting milk constituents
such as lactose, casein, α-lactalbumin, lactoferrin etc.
See also Human milk cells (p.374)

Lactoferrin An iron-binding whey protein with anti-mi-
crobial properties and ATPase activity. It is one of the most
abundant proteins in human milk, but occurs in much low-
er concentrations in cow’s milk.

Lactogenic complex The reproductive (human placental
lactogen, progesterone, oestrogen and prolactin) and met-
abolic (growth hormone, glucocorticoids, parathyroid hor-
mone related protein and insulin) hormones involved in se-
cretory differentiation, secretory activation and galacto-
poeisis.
See also Lactocrine (p.376)

Lactogenesis I See Secretory differentiation (p.384)

Lactogenesis II See Secretory activation (p.384)

Lactology See Human lactology (p.374)

Lactobiome The collective set of genes that contribute
to the production of milk.

Lactobiome datasets The genomic data set derived from
analysis of multiple inbred mouse strains and many other
species. The data includes links to electronic databases that
provide detailed annotation for each element. The lacto-
biomes are available for many other species including cows
and goats.

Lactogenome The collective set of genes that contribute
to the production of milk.

Lactose The principal disaccharide in human milk. It is hy-
drolysed to glucose and galactose in the small intestine
and by bacteria in the large intestine.

Lactose intolerance A clinical syndrome consisting of
one or more of the following: abdominal pain, diarrhoea
with bulky, frothy watery stools, nausea, flatulence and
bloating after the ingestion of lactose-containing food sub-
stances. It is caused by lactase deficiency and can be con-
genital, developmental, secondary and primary.
See also Congenital lactose intolerance (p.370), Develop-
mental lactose intolerance (p.371), Primary lactose intoler-
ance (p.383), Secondary lactose intolerance (p.384)

Lactose overload Lactose overload has been described in
theory and is yet to be supported by scientific evidence.
It has been proposed that the infant rapidly ingests large
volumes of milk, resulting in faster gastric emptying that
presents large quantities of lactose to the small intestine
for digestion. As a result, the efficiency of lactose hydrolysis
in the small intestine is decreased and an excessive amount
of lactose is presented to the large intestine. Thus, there is
excess lactose fermentation by the bacteria in the large in-
testine, generating an osmotic load that draws fluid and
electrolytes into the intestinal lumen leading to loose
stools. This process is proposed to result in symptoms that
mimic secondary lactose intolerance.

Latch See Positioning and latch (p.382)

Leptin A peptide secreted by adipose tissue that inhibits
neuropeptide Y in the brain. It is thought to be an appetite
suppressant.

Let-down (also milk let-down) See Milk ejection
(p.378)
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Lipase An enzyme that hydrolyses triacylglycerols, fats
and oils.

Lobe A collection of lobules that drain into a single milk
duct, allowing milk to exit through a nipple pore. Each lobe
is separated by connective tissue septa in the human
breast.

Lobule Lobes divide into lobules that consist of clusters
of alveoli lined with lactocytes.

Lobulo-alveolar system Secretory elements of the mam-
mary parenchyma (excludes the ductal system).

Low breastfeeding confidence (also perceived insuffi-
cient milk supply (PIM), perception of insufficient milk)
The perception of the mother that her milk supply is not
sufficient to meet her infant’s requirement, whereas clinical
assessment shows that her milk supply is adequate.

Luteinising hormone (LH) A hormone produced by go-
nadotropic cell in the anterior pituitary gland that triggers
ovulation and the development of the corpus luteum in
women.

Lumpectomy A common surgical procedure designed to
remove a discrete lump, usually a malignant tumour or
breast cancer from an affected woman’s breast.

Lysozyme A component of the innate immune system
with potent bacteriolytic activity.

Macronutrient An energy-providing nutrient required to
be consumed in large amounts by an organism. In humans,
the macronutrients required are carbohydrates, lipids and
proteins.

Mammaplasty See Mammoplasty (p.377)

Mammary augmentation (also breast augmentation)
Plastic surgery terms for breast implants and fat graft
mammoplasty approaches used to increase the size,
change shape, alter texture of the breasts of a woman.
See also Mammoplasty (p.377), Mammary reduction
(p.377), Mammary reconstruction (p.377)

Mammary axillary tail See Axillary mammary tissue
(p.367)

Mammary buds Ectodermal thickenings on the ventro-
lateral body wall of the foetus that are precursors to the de-
velopment of mature mammary glands.
See also Terminal end buds (p.385)

Mammary carcinoma See Breast cancer (p.368)

Mammary gland (this term is interchangeable with
Breast) A female secretory and secondary sex organ. The
mammary gland remains in a quiescent state until concep-
tion triggers a process of complete remodelling that results
in the synthesis and secretion of breastmilk. Functional ma-
turity is only reached during lactation. The mammary gland
then returns to a quiescent state after involution, caused
by gradual weaning of the infant.
See also Breast (p.368)

Mammary gland fibroadenoma See Fibroadenoma of
the mammary gland (p.372)

Mammary gland stroma Functionally supportive frame-
work of the mammary gland. Consists of skin, connective
tissue and adipose tissue.

Mammary involution (also regression of the mammary
gland) The return of a lactating mammary gland to a less
differentiated state at the cessation of lactation. Mammary
involution leads to the quiescent non-lactating state.

Mammary reconstruction (also breast reconstruction)
Plastic surgery of the mammary gland to recreate the
breast with respect to appearance, contour and volume.
Often performed after mastectomy. Normal function and
sensation are not retained.
See also Mammoplasty (p.377), Mammary reduction
(p.377), Mammary augmentation (p.377)

Mammary reduction (also breast reduction) Plastic sur-
gery of the mammary gland to reduce its size and (fre-
quently) to improve its shape and position.
See also Mammoplasty (p.377), Mammary augmentation
(p.377), Mammary reconstruction (p.377)

Mammary ridge See Milk line (p.379)

Mammoplasty (also mammaplasty) Plastic surgery of
the mammary gland to alter its size, shape and/or position.
There are three general categories: Mammary augmenta-
tion, Mammary reduction and Mammary reconstruction.
See also Mammary augmentation (p.377), Mammary re-
duction (p.377), Mammary reconstruction (p.377)

Mammogenesis See Alveolar development (p.366)

Mammogram A record of the breast produced by x-rays,
ultrasound, nuclear magnetic resonance etc. and used as a
diagnostic or screening tool usually for breast cancer.

Mammotrophs Pituitary cells that produce prolactin.

Manual breast pump A mechanical breast pump that
does not require an electrical power source.
See also Breast pump (p.368), Electric breast pump
(p.372), Hospital-grade breast pump (p.374)

Mastectomy The partial or complete surgical removal of
one or both breasts.

Mastitis (also lactational mastitis, puerperal mastitis)
A clinical and pathological term that describes a wide range
of inflammatory disorders of the breast – here refers to
mastitis associated with lactation. May be non-infective
(featuring pain, swelling, heat and redness at the site) or
infective (additionally including fever > 38 °C, chills and flu-
like body aches).
N.B. It can be difficult to differentiate between engorge-
ment, blocked milk duct, mastitis and breast abscess be-
cause they are a continuum with indistinct boundaries.
Each includes some element of milk stasis or impaired
drainage.
See also Blocked milk duct (p.367), Breast abscess (p.368),
Pathological engorgement (p.381)



Maternal diet A prescribed course of eating and drinking
for pregnant and/or lactating women. Dietary recommen-
dations for lactating women are the same as for any
healthy adult woman. The diet should consist of a variety
of foods from each food group and should be balanced.

Maternity Blues See Postnatal blues (p.382)

Maternity Bra (also nursing bra) A specialised, wire-free
brassiere that allows comfortable breastfeeding without
the need to remove the bra and provides additional sup-
port.

Mature breastmilk The secretion produced by the lacto-
cytes of the maternal mammary gland following secretory
activation. Breastmilk is currently considered to be mature
after about 2–3 weeks postpartum, however more re-
search is needed to accurately determine the true time
point and define its chemical composition.
See also Colostrum (p.370), Transitional breastmilk
(p.386), Breastmilk (p.369)

Meconium First stools passed by the infant prior to in-
gestion of substantial quantities of milk after secretory ac-
tivation. Appears as a sticky mass of mucous, uniformly bile
stained and dark green in colour.

Meredith shield See Breast shell (p.368)

Metabolomics See Human milk metabolomics (p.374)

Microbiome See Human microbiome (p.374)

Micrognathia A condition characterised by an undersized
jaw. Can cause feeding problems due to airway obstruc-
tion, difficulty in coordinating sucking, swallowing and
breathing and maternal nipple pain. May correct itself dur-
ing infant growth.
See also Retrognathia (p.384)

Micronutrients A nutrient required in small amounts for
the proper functioning of an organism including trace ele-
ments such as zinc, copper and iron as well as growth fac-
tors, oligosaccharides and other minor milk components,
which are presently being carefully evaluated in many labo-
ratories. There are significant knowledge gaps in the micro-
nutrient composition of human milk. Micronutrient studies
should measure maternal milk production in addition to
milk composition in order to accurately assess the intake of
micronutrients by the infant.

Milk See Breastmilk (p.369)

Milk Bank See Human milk bank (p.374)

Milk blister See Blocked nipple pore (p.367)

Milk colour See Breastmilk colour (p.369)

Milk “coming in” See Secretory activation (p.384)

Milk cup See Breast shell (p.368)

Milk duct (also lactiferous duct) Components of the
ductal system that connect the alveoli to the nipple pores

– A milk duct leaving individual alveoli fuses with others to
form milk ducts of progressively larger diameter as they
progress to the nipple pore. There are no lactiferous stor-
age ducts (lactiferous sinuses) beneath the nipple in wom-
en and, in contrast, to farm animals, the larger milk ducts
do not empty into milk storage sinuses.

Milk-blood ratio Concentration of a given drug or me-
tabolite in human milk in relation to its concentration in
maternal plasma or blood.

Milk ejection (also draught) The period of time during
which milk availability from the nipple is increased as a re-
sult of stimulation of the milk ejection reflex.
Milk ejection during a breastfeed in women is identified by
expansion of the milk ducts, an increase in intra-ductal
pressure in the unsuckled mammary gland as well as an
acute increase in milk flow during expression of breastmilk.
Milk ejection in women lasts for about two minutes. Multi-
ple milk ejections are common during a breastfeed but
usually the mother does not sense them.
See also Milk ejection reflex (p.378)

Milk ejection reflex (also milk let-down) A neuro-hor-
monal reflex elicited by infant suckling and the release of
oxytocin from the posterior pituitary gland. Oxytocin
causes the contraction of the myoepithelial cells surround-
ing the alveoli in the mammary gland, moving milk into the
collecting ducts and expanding these ducts as milk flows
towards the nipple. Milk ejection is a reflex that can be con-
ditioned (see conditioned milk ejection reflex). The sensa-
tion of milk ejection varies significantly between women,
from reports of initial strong pain, to no sensation at all.
See also Conditioned milk ejection reflex (p.370), Strong
milk ejection (p.385), Dysphoric milk ejection reflex
(p.372), Painful milk ejection reflex (p.381)

Milk ejection, strong See Strong milk ejection (p.385)

Milk ejection, dysphoric See Dysphoric milk ejection re-
flex (p.372)

Milk ejection, painful See Painful milk ejection reflex
(p.381)

Milk expression See Breastmilk expression (p.369)

Milk fat The lipid component of the milk of which 98% is
triacylglycerol (TAG).

Milk lipid secretion pathway A highly conserved path-
way in which cytoplasmic lipid droplets are synthesised at
the endoplasmic reticulum, pass to the apical membrane,
combine into larger droplets and are then secreted into the
alveolar lumen as milk fat globules.

Milk fistula An abnormal connection that forms between
the skin surface and a milk duct in the breast. Usually asso-
ciated with surgical intervention for either a breast abscess
or mass, resulting in milk drainage to the surface of the
breast.
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Milk let-down (also let-down) See Milk ejection reflex
(p.378)

Milk line (also mammary ridge) A raised portion of ec-
toderm on either side of the midline occurring by the time
the human embryo has attained a length of 4–6mm (4th

week of gestation).

Milk plasma See Whey (p.386)

Milk production See 24-h milk production (p.366)

Milk profile See 24-h milk profile (p.366)

Milk secretion The secretory process that results in the
synthesis of milk components and their transfer from the
lactocyte to the alveolar lumen.

Milk sharing The sharing of expressed breastmilk in the
community. This is generally a private arrangement be-
tween individuals, occurring outside of a clinical setting
and supervision.
See also Donor Human Milk Bank (p.371), Human Milk
Bank (p.374)

Milk synthesis Anabolic processes leading to the accu-
mulation of milk components in the lactocyte.

Mixed breastfeeding See Partial breastfeeding (p.381)

Mondor’s disease A rare condition that involves throm-
bophlebitis of the superficial veins of the breast and anteri-
or chest wall, often with sudden onset of superficial pain,
swelling and redness. Although a lump is usually present
the disease is self-limiting and generally benign.

Montgomery’s glands (also glands of Montgomery, are-
olar glands) Large sebaceous glands present in the areo-
la surrounding the nipple that produce oily secretions to
protect the nipple. Volatile compounds in these secretions
may serve as an olfactory stimulus for the newborn.

Mother-led weaning Weaning food is offered to the in-
fant on a spoon with a gradual transition from purees to
coarser textures, finger foods, and finally family foods. The
feeding style has a high level of maternal control.
See also Infant-led weaning (p.374)

Moro reflex An infantile reflex normally present in all in-
fants/newborns up to 3 or 4 months of age as a response
to a sudden loss of support, when the infant feels as if it is
falling. It involves three distinct components: Spreading
out the arms (abduction), unspreading of the arms (adduc-
tion) and usually crying.

Motilin A 22-amino acid peptide hormone occurring in
the duodenal mucosa that controls normal gastro-intestinal
motor activity by increasing motility and stimulating pepsin
secretion.

Mucosa The lining between the extracellular and intracel-
lular spaces in internal organs such as the gastrointestinal
tract, the bronchial tubes and the breast ducts.

Multiparous A woman who has given birth at least twice.

Multiple breast syndrome See Polymastia (p.382)

Myoepithelial cells Spindle-shaped contractile cells that
surround each alveolus, adjacent to the basal cell mem-
brane of the lactocytes. The myoepithelial cells contract in
response to oxytocin, forcing milk into the milk ducts.
See also Human milk cells (p.374)

Neonatal breast refusal Feeding behaviour where the
infant is unable to attach and breastfeed successfully from
birth.
See also Breast refusal (p.368)

Neonatal galactorrhoea (also Witch’s Milk, neonatal
milk) Colostrum-like secretion formed under the influ-
ence of the withdrawal of maternal hormones that can oc-
cur in the breasts of both female and male infants.

Neonatal hypoglycaemia Low blood glucose during the
neonatal period.

Neonatal intensive care unit (NICU) An intensive care
unit specialising in the care of ill or premature newborn in-
fants

Neonatal mastitis Breast inflammation usually associ-
ated with neonatal galactorrhoea.

Neonatal milk See Neonatal galactorrhoea (p.379)

Neuro-hormonal reflex A reflex that is initiated by stim-
ulation of sensory neurons that cause a release of a neuro-
hormone from the neurosecretory cells, e.g., milk ejection
reflex.
See Milk ejection reflex (p.378)

Nipple A cylindrical pigmented protuberance on the
mammary gland with an average of 9 milk duct openings.
The nipple is surrounded by the areola, a circular pig-
mented area.

Nipple, artificial See Artificial teat (p.367)

Nipple and areolar eczema See Nipple and areolar der-
matitis (p.379)

Nipple and areolar dermatitis Inflammation of the nip-
ple and/or areola. Presents as an itchy, weeping, burning,
painful nipple and/or areola.

Nipple and breast thrush See Candidiasis of the nipple
and breast (p.370)

Nipple erection Sympathetic mammary stimulation
brings about contraction of the smooth muscle of the are-
ola and nipple erection, which causes the nipple to become
smaller and firmer.

Nipple piercing Cosmetic surgery that has been prac-
ticed throughout history and involves perforation of the
nipple to enable the application of jewellery. Can result in
partial or complete ductal obstruction.
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Nipple pore A milk duct opening on the nipple that
serves as a discrete outlet for breastmilk from a lobe.

Nipple protector See Nipple shield (p.380)

Nipple psoriasis A chronic inflammatory skin condition
characterised by defined red, scaly plaques on the skin that
may itch, burn or bleed.

Nipple shield (also nipple protector) A soft silicone de-
vice designed to cover the areolar area and the nipple. It
has central holes to let the milk pass through. The infant
attaches and sucks on the shield and milk flows through
the holes.
See also Breast shell (p.368)

Nipple tenderness See Nipple sensitivity (p.380)

Nipple sensitivity Measured by two-point discrimination
test. Sensitivity increases markedly at parturition and peaks
at day 3.

Nipple white spot See Blocked nipple pore (p.367)

Nipple vasospasm (also Raynaud’s phenomenon of the
nipple) Intermittent ischaemia of the nipple associated
with exposure to cold. Features include triphase or biphase
nipple colour change (white, purple, red) and intense nip-
ple + /– breast pain throughout, after and between feeds.

Non-exclusive breastfeeding Provision of fluids or foods
other than breastmilk (excepting oral rehydration solution
and drops or syrups of vitamins, minerals or medicines) to
an infant under 6 months of age.
See also Exclusive breastfeeding (p.372), Partial breastfeed-
ing (p.381)

Non-infective mastitis See Mastitis (p.377)

Non-nutritive sucking (NNS) Infant sucking at the breast
without removing any breastmilk. Intermittent swallowing
can occur due to the accumulation of saliva.

Normal bowel output The range of stool output that
might be expected for a healthy, term, exclusively
breastfed infant.
Normal bowel output/movement shows wide variation and
should not be used as a stand-alone indicator of lactation
function.
See also Stools, frequency and appearance (p.384)

Normal function Biological function that does not re-
quire medical support or intervention.

Normal human lactation A period of sustained milk syn-
thesis that satisfies the following criteria:
Is comfortable for mother and infant; Provides adequate
milk for the infant’s optimal growth and development; Re-
quires coordinated maternal and infant adaptation that is
facilitated by good maternal and infant health.
See also Lactation (p.375)

Normal infant crying Crying is a normal feature of infant
development and follows a typical pattern characterised by

an increase in crying until about 6 weeks of age, followed
by a gradual decrease until 3–4 months when it remains
fairly stable. Crying exhibits a circadian rhythm with epi-
sodes clustering in the late afternoon and early evening
hours. A normal healthy infant is expected to have some
period of contentment.
See also Infantile colic (p.375)

Normal urine output (infant) After secretory activation
normal urine output for exclusively breastfed infants is usu-
ally expressed as 5 or more heavily wet disposable nappies/
diapers (6–8 cloth nappies/diapers) per 24 hours.

Normal weight loss after birth Weight loss up to 7% of
their birth weight. Birth weight should be regained by 14
days of age.

Nurse See Breastfeed (p.369)

Nursing bra See Maternity bra (p.378)

Nursing pad See Breast pad (p.368)

Nutritive sucking (NS) Infant sucking at the breast and
removing and swallowing breastmilk.
See also Non-nutritive sucking (p.380)

Oestrogen The primary female sex hormone. It is respon-
sible for the development and regulation of the female re-
productive system and secondary sex characteristics.

Oligosaccharide Carbohydrate comprised of a small
number of monosaccharides. They are the 3rd most abun-
dant component in human milk and are comprised of 150–
200 different molecules. They support the growth of fa-
vourable bacteria (e.g., Lactobacillus bifidus) and discour-
age the growth of intestinal pathogens.

Oogamous Reproduction by the union of mobile male
(sperm) and immobile female (ova) gametes.

Osmotic load Un-absorbable, water-soluble solutes in
the large intestine that retain water through osmosis
(water movement from low to high concentrations of sol-
ute).

Output – infant See Infant output (p.374)

Oversupply Maternal failure to down-regulate milk syn-
thesis to match the infant’s appetite. Possibly due to inef-
fective regulation of milk synthesis by autocrine inhibition.
It is distinct from engorgement, which occurs in the early
postpartum period.

Ovulation The development and release of the ovum
(egg) from a woman’s ovaries.

Ovum (ova) The female reproductive cell (gamete) in
oogamous organisms.

Oxytocin Oxytocin is a peptide containing 9 amino acids,
and is a hormone that is produced mainly in the posterior
pituitary gland. It is released either by suckling at the nip-
ple, triggering a neuro-hormonal reflex as a result of nipple
stimulation or by a conditioned response associated with
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the sight, sound or smell of the infant. Oxytocin stimulates
milk ejection as well as uterine contractions.
Overall, oxytocin is a calming and connecting hormone. It
ensures that breastfeeding is a pleasurable experience fo-
cusing on the infant.

Pacifier See Dummy (p.371)

Painful milk ejection reflex Pain associated with milk
ejection. This pain is relieved as soon as milk flow commen-
ces.

Paired breastfeed Two breastfeeds occurring when the
infant removes milk from the second breast within 30mi-
nutes after finishing the first.
See also Breastfeed (p.369), Cluster breastfeed (p.370),
Breastfeeding session (p.369)

Paget’s disease of the nipple A rare type of breast can-
cer that can manifest as a superficial red scaly lesion on the
nipple, resembling dermatitis. More advanced disease may
cause tingling, itching, sensitivity and burning pain.

Paladai A small, spouted cup used traditionally in India
for feeding milk to an infant.
See also Cup feeding (p.371)

Palate The roof of the mouth separating the oral cavity
from the nasal cavity.
See also Hard palate (p.373), Soft palate (p.384)

Parity The number of times a female is or has been preg-
nant and carried the pregnancy to a viable gestational age
(including live and stillbirths) a twin pregnancy carried to
viable gestational age is counted as 1.

Pars anterior pituitary gland (also Anterior pituitary
gland) See Pituitary gland (p.382)

Partial breastfeeding (also mixed breastfeeding) Infant
receives both breastmilk and any other food or liquid in-
cluding water, non-human milk and formula before six
months of age

Parous A woman that has given birth to one or more chil-
dren.

Pasteurisation A process that is intended to destroy or
inactivate microbes in food or drink. This process may be
used by donor human milk banks and is known to change
the bioactivity of donor human milk.

Parturition Childbirth. The process of delivering the baby
and placenta from the uterus.

Pathological engorgement Characterised by bilateral,
uniformly swollen, firm, distended, painful, shiny, warm
breasts and may be associated with a low-grade fever. It is
caused by vascular dilation associated with secretory acti-
vation. Oedema occurs secondary to swelling and obstruc-
tion of the lymphatic drainage. Onset is most commonly
from day 3–5, but can occur up to 14 days post partum.
The condition is mostly preventable by frequent, adequate
breast drainage.

N.B. It can be difficult to differentiate between pathological
engorgement, blocked milk duct, mastitis and breast ab-
scess because they are a continuum without distinct boun-
daries. Each includes some element of milk stasis or im-
paired drainage.
See also Physiological engorgement (p.381), Blocked milk
duct (p.367), Breast abscess (p.368), Mastitis (p.377)

Pathological jaundice Pathological jaundice is due to an
underlying cause such as haemolysis, hypothyroidism, in-
fection and/or starvation. Jaundice is always pathological if
it occurs within the first 24 hours of life.
See also Jaundice (p.375), Physiological jaundice (p.381),
Breastmilk jaundice (p.369)

PCR See Polymerase chain reaction (p.382)

Peer support Support that is provided by mothers who
are currently breastfeeding or who have done so in the past
and includes individual counselling and mother-to-mother
support groups. Women who provide peer support under-
go specific training and may work in an informal group or
one-to-one through telephone calls or visits in the home,
clinic, or hospital. Peer support includes psycho-emotional
support, encouragement, education about breastfeeding,
and help with solving problems. Peer support does not in-
clude medical advice.

Perceived insufficient milk supply (PIM) See Low
breastfeeding confidence (p.377)

Perception of insufficient milk (PIM) See Low breast-
feeding confidence (p.377)

Periareolar surgery An incision immediately below the
lower half of the areola.

Periareola fat Fat around the areola area.

Perinatal The period immediately before and after birth.

Perineum The area between the anus and the vulva.

Preterm Birth Birth occurring before 37 weeks of gesta-
tional age.

Pharynx The membrane-lined cavity behind the nose
and mouth, connecting them to the oesophagus.

Physiological engorgement A sudden sensation of
breast fullness usually associated with secretory activation
(milk coming in) 50–60 hours after giving birth. This is con-
sidered normal.
See also Pathological engorgement (p.381)

Physiological jaundice The normal pattern of raised se-
rum unconjugated bilirubin in the neonatal period, which
gradually decreases to adult levels. Bilirubin levels usually
peak by the 3rd day of life, and slowly return to normal lev-
els by day 10.
See also Jaundice (p.375), Pathological jaundice (p.381),
Breastmilk jaundice (p.369), Bilirubin (p.367).
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Pituitary gland This pea-sized gland at the base of the
brain is a major endocrine organ. It has an anterior lobe, an
intermediate and a posterior lobe. Relevant to lactation
prolactin is secreted from the anterior pituitary gland and
oxytocin from the posterior pituitary gland.

Placenta A flattened circular organ in the uterus of preg-
nant eutherian mammals, nourishing and maintaining the
foetus through the umbilical cord.

Placental retention See Retained placenta (p.383)

Placental lactogen (hPL) A polypeptide hormone se-
creted by the syncytiotrophoblast (the epithelial covering
of the highly vascular embryonic placental villi) during
pregnancy. Its structure and function are similar to human
growth hormone. Placental lactogen can replace prolactin
in human in pregnancy.

Plugged milk duct See Blocked milk duct (p.367)

Poland syndrome A rare form of severe chest wall and
breast hypoplasia. The syndrome includes absence of pec-
toralis major and minor muscles, breast hypoplasia and
syndactyly of the ipsilateral hand.

Polycystic ovarian syndrome (PCOS) One of the most
common endocrine disorders among women of child-bear-
ing age. Characterised by anovulation, excess androgenic
(male) hormones, insulin resistance and ovulation related
infertility.

Polymastia (also accessory breasts, supernumerary
breasts, multiple breast syndrome) Breast tissue found
anywhere along the milk line from the base of the axilla
(most common) to the vulva region (second most com-
mon). The mass of tissue may be with or without an acces-
sory nipple and is separate from the breasts.

Polymerase chain reaction (PCR) A biochemical techni-
que used to amplify a single or a few copies of a piece of
DNA, generating thousands to millions of copies of a par-
ticular DNA sequence. Can be used to analyse extremely
small quantities of sample.

Polythelia (also accessory nipples, supernumerary nip-
ples) The presence of nipples in addition to those nor-
mally existing on the breast.
Usually occur along the embryonic milk line.

Positioning and latch A subjective assessment of the po-
sitioning of the infant at the breast and its attachment to
the nipple and areolar area during a breastfeed.
Effective positioning and latch to the nipple and areola al-
lows adequate milk transfer during the breastfeeding peri-
od, without causing either maternal or infant pain. This re-
quires coordinated maternal and infant adaptation, which
is instinctive for the infant and largely learned by the moth-
er. There are few objective assessments for effective and
comfortable positioning and latch of the infant to the ma-
ternal nipple and areolar area during breastfeeding.

Positioning See Positioning and latch (p.382), Breast-
feeding positions (p.369)

Posset See Infant regurgitation (p.375)

Posterior pituitary gland See Pituitary gland (p.382)

Post-feed breastmilk (also hind milk) Milk removed
from the mammary gland at the completion of a breast-
feed or breast expression.

Postnatal/Postpartum Occurring after child birth.

Postnatal blues (also postpartum blues, maternity
blues, baby blues) Abrupt changes in mood and emo-
tion, which usually peak between days 3 and 6 postpartum.
Symptoms are self-resolving.

Postnatal depression (PND) (also Postpartum depres-
sion) A more severe depression or prolonged symptoms
of depression (clinical depression) that lasts more than a
week or two and interferes with normal routines including
caring for an infant. PND is different from baby blues that
are common during the first week after childbirth.

Postnatal psychosis A mental disorder that causes gross
distortion or disorganisation of a mother’s mental capacity
in the postnatal period.

Postpartum/Postnatal Occurring after child birth.

Postpartum haemorrhage (PPH) A condition generally
described as blood loss of > 500mL after delivery
(> 1000mL if severe). It is classified as primary if occurring
within 12 hours of delivery or secondary if between 24
hours and 6 weeks postpartum.

Postpartum thyroiditis (also postpartum thyroid dys-
function (PPTD)) Thyroid dysfunction occurring after
pregnancy. May involve hyperthyroidism, hypothyroidism
or both sequentially. Hypothyroidism persists in 20% of
cases.

Postpartum thyroid dysfunction (PPTD) See Postpar-
tum thyroiditis (p.382)

Potential storage capacity The amount of milk available
when the breast is full, calculated from the cream content
of milk samples collected before and after each feed or ex-
pression from each breast, and the volume of milk con-
sumed during each feed, or expressed from each breast for
a 24-hour period of breastfeeding and expressing. Includes
both milk consumed during breastfeeding and milk ex-
pressed.
See also Degree of fullness of the mammary gland (p.371),
Breast storage capacity (p.369)
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Prebiotic Substances that induce the growth or activity
of microorganisms and contribute to the well-being of their
host.

Pre-colostrum A mammary secretion that is produced
from as early as 20 weeks gestation in some women and
continues up to parturition. It is usually viscous and can
range from a light straw to thick yellowish secretion. The
composition of pre-colostrum is similar to colostrum.
See also Colostrum (p.370)

Predominant breastfeeding (also full breastfeeding,
fully breastfeeding) Defined by the World Health Organ-
ization as the infant receiving breastmilk (including milk ex-
pressed by the mother or from a wet nurse) as the predom-
inant source of nourishment.
Allows the infant to receive liquids (water and water-based
drinks, fruit juice, oral rehydration solution), ritual fluids
and drops or syrups (vitamins, minerals, medicines).
Does not allow the infant to receive anything else (in par-
ticular non-human milk, food-based fluids).
See also Exclusive breastfeeding (p.372), Complementary
feeding (p.370), Supplementary feeding (p.385), Substi-
tute feeding (p.385)

Pre-feed breastmilk (also fore milk) Milk removed from
the mammary gland just before the commencement of a
breastfeed or breast expression.

Primary lactation failure Occurs rarely and may involve
complete absence of secretory activation (e.g., Sheehan’s
syndrome). Those mothers that experience secretory acti-
vation still experience profound low supply.
See also Lactation failure (p.378), Secondary lactation fail-
ure (p.384)

Primary lactose intolerance The normal gradual reduc-
tion seen in lactase production during the progression to
adulthood for about 70% of the world’s population. Its
presence depends on ethnicity, and is rare in populations
with predominance of dairy foods in the diet (e.g., North-
ern Europeans). Reduced lactase production usually occurs
from 2 years onwards and breastfed children should contin-
ue to receive breastmilk in all cases.
See also Congenital lactose intolerance (p.370), Develop-
mental lactose intolerance (p.371), Lactose intolerance
(p.376), Secondary lactose intolerance (p.384)

Primiparous A woman who has given birth to only one
child.

Primordium An aggregation of cells in the embryo indi-
cating the first trace of an organ or structure.

Probiotic Beneficial bacteria that colonise the human
body.

Progesterone (P4) A major member of the group of
hormones called progestogens, progesterone plays a cru-
cial role in regulating the monthly menstrual cycle, prepar-
ing the body for conception, maintaining pregnancy and
triggering secretory activation.

Prolactin (hPRL) A protein hormone from the anterior pi-
tuitary gland that is required for breast growth and the syn-
thesis of milk in women.

Prone Lying flat, with the front (ventral) facing surface
downward.
See also Supine (p.385)

Psoriasis of the nipple See Nipple psoriasis (p.380)

Puerperium/puerperal The period between childbirth
and the return of the mother’s uterus to its normal non-
pregnant size (about 6 weeks).

Pump shield See Breast shield (p.368)

Pylorus The opening from the stomach into the duode-
num.

Raw milk See Fresh milk (p.373)

Raynaud’s phenomenon of the nipple See Nipple vaso-
spasm (p.380)

Recommendation for the duration of lactation The
World Health Organisation recommends exclusive breast-
feeding for the first 6 months of life then addition of nutri-
tionally adequate and safe complementary foods while
breastfeeding continues for up to 2 years of age or beyond.
See also Lactation duration (p.375)

Reduction mammoplasty See Mammary reduction
(p.377)

Reflux See Infant regurgitation (p.375)

Reference range (reference values) The prediction in-
terval between which 95% of the values of a reference
group fall into, in such a way that 2.5% of the time a sample
will be less than the lower limit of this interval, and 2.5% of
the time it will be larger than the upper limit of this inter-
val, whatever the distribution of these values.
A standard reference range generally denotes the range for
healthy individuals.

Regression of the mammary gland See Mammary invo-
lution (p.377)

Relactation Re-establishment of lactation beyond the
immediate postpartum period.
See also Induced lactation (p.374)

Relative Infant Dose A method of estimating the risk to
the infant of maternal medication use. Calculated by divid-
ing the infant’s dose via breastmilk (mg/kg/day) by the ma-
ternal dose (mg/kg/day).

Resting breast A non-lactating, non-pregnant breast
post lactation.
See also Mammary involution (p.378)

Retained placenta Placenta not expelled within 30mi-
nutes of the infant’s birth. Partial separation of the placen-
ta leads to continued bleeding and either full or partial sup-
pression of secretory activation.
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Retrognathia A condition where either one or both jaws
recede with respect to the frontal plane of the forehead.
Refers to position of jaw, rather than size.
See also Micrognathia (p.378)

Retro-mammary fat pad The fat pad positioned be-
tween the mammary gland and the pectoralis major
muscle on the chest.

Rooming in A hospital arrangement whereby a newborn
infant is kept in the mother’s hospital room instead of a
nursery.

Rooting reflex Reflex that assists with breastfeeding,
whereby the infant turns its head towards anything that
strokes its cheek or mouth, searching for the object by
moving in a decreasing arc until it is found. Present at birth
and generally disappears about four months of age.
See also Sucking reflex (p.385)

Secondary lactation failure The most common cause of
inadequate milk supply. It is generally due to ineffective or
infrequent milk removal resulting in down-regulation of
maternal milk synthesis.
See also Delayed secretory activation (p.371), Lactation
failure (p.375), Primary lactation failure (p.383)

Secondary lactose intolerance A condition secondary
to any form of gastrointestinal mucosal injury. Breastfed in-
fants should continue to receive breastmilk in all cases.
See also Congenital lactose intolerance (p.370), Develop-
mental lactose intolerance (p.371), Lactose intolerance
(p.376), Primary lactose intolerance (p.383)

Secretory activation (previously lactogenesis II) (also
milk coming-in) The process by which milk synthesis in-
creases after parturition. It is triggered by a fall in serum
progesterone during the first two days postpartum. It may
be sensed by the mother as an increase in fullness of the
breast near the end of the process. Secretory activation is
facilitated by breastfeeding as soon as possible after birth.

Secretory differentiation (previously lactogenesis I)
Secretory differentiation (previously known as lactogenesis
I) is the process of differentiation of the mammary epithe-
lial cells to form lactocytes capable of synthesising compo-
nents unique to breastmilk (lactose, casein, α-lactalbumin,
lactoferrin, etc.). In most mammals it occurs in the second
half of gestation.

Secretory immunoglobulin A (sIgA) Secretory IgA are
found in breastmilk and are specific for microbes present in
the environment of the mother. The transfer of sIgA
through breastmilk to the upper respiratory and gut muco-
sa of the infant provides mucosal immunity in the infant
period when its own immune system is immature. Trans-
placental transfer of IgG covers systemic immunity during
this period.

Sequential pumping (also single pumping) Mother ex-
presses milk from one breast at a time.

Sexuality and lactation difficulty An association of the
breast with beauty and sexuality throughout literature and

art cannot be denied and in this sense the aesthetic appre-
ciation of the breast can sometimes negatively influence
the mothers desire to breastfeed.

Sheehan’s syndrome Sheehan’s syndrome describes
postpartum ischaemia and necrosis of the anterior pituitary
gland resulting in a deficiency of prolactin. The effect on
lactation is unpredictable, although most women can be
expected to have a profoundly low milk supply.

Shield See Breast shield (p.368)

Short, frequent breastfeeds Breastfeeds of less than
8minutes in duration with breastfeeding sessions occurring
11 times or more in 24 hours.
N.B. In traditional societies, short frequent feeds are the
norm.

Simultaneous pumping (also double pumping) Mother
expresses milk from both breasts at the same time. Re-
moves both a greater volume of milk and a higher percent-
age of available milk than sequential pumping.

Single pumping See Sequential pumping (p.384)

Skim breastmilk The milk fraction remaining after re-
moval of the fat layer by centrifugation of breastmilk.

Skin-to-skin care (also STS, SSC) The practice of holding
an infant in contact with an adult caregiver, usually its
mother, with the ventral surface of both individuals touch-
ing. Typically, the skin is uncovered, allowing direct con-
tact.
See also Kangaroo mother care (p.375)

Sleep patterns Normal breastfeeding sleep patterns
show that most infants feed between 1 and 3 times at
night until 6 months of age and consume 20% of their daily
intake during this time. Thus, it is normal for breastfed in-
fants to wake at night under the influence of the 90-mi-
nute sleep cycle.

Slow weight gain (also failure to thrive, weight falter-
ing) A pattern of weight measurements that descend to
cross 2 or more major centiles or that is below the 5th per-
centile on the WHO infant growth charts. Slow weight gain
includes infants ranging from those with a normal variant
of growth to those with serious problems.

Soft palate The posterior soft, flexible subsection of the
palate (roof of the mouth).
See also Hard palate (p.373), Palate (p.381)

Sonography See Ultrasonography (p.386)

Soother See Dummy (p.371)

Stages of mammary development Include ductile de-
velopment at puberty, alveolar development and prolifera-
tion in early pregnancy, secretory differentiation after mid
pregnancy, secretory activation after parturition, estab-
lished lactation, weaning.

Stools, frequency and appearance Normal bowel output
shows wide variation. Prior to secretory activation the in-
fant passes meconium. The stools transition from meco-



nium to loose, yellow curds by day 5 after birth. Only 1.1%
of exclusively breastfed infants have discrete, formed
stools.

Stool frequency The number of stools, greater than
2.5 cm in diameter, passed over a period of 24 hours.

Storage capacity of the mammary gland See Breast-
feeding storage capacity (p.369), potential storage ca-
pacity (p.382)

Strong sucking vacuum Minimum average peak sucking
vacuums of less than –200mmHg. Can result in maternal
nipple pain.
See also Intraoral vacuum (p.375)

Strong milk ejection (also forceful milk ejection)
Forceful milk ejection associated with adverse infant feed-
ing behaviours, e.g., gagging, coughing, clamping down
on the nipple, refusing to breastfeed etc.

Subcutaneous fat Fat beneath the skin separating the
glandular tissue from the dermis.

Sublingual frenulum See Frenulum (p.373)

Substitute feeding Where breastfeeding is contraindi-
cated and must be substituted with infant formula.
See also Exclusive breastfeeding (p.372), Predominant
breastfeeding (p.383), Complementary feeding (p.370),
Supplementary feeding (p.385), Infant formula (p.374)
and Weaning (p.386)

Suck cycle Describes milk removal from the breast into
the infant’s oral cavity followed by removal of milk from
the oral cavity into the pharynx.

Suck-swallow-breathe reflex (SSwB) The reflex that co-
ordinates sucking, swallowing and breathing during breast-
feeding. Infants are able to suck and swallow, suck and
breathe, but are unable to breathe and swallow simultane-
ously.

Sucking, Nutritive See Nutritive sucking (p.380)

Sucking, Non-nutritive See Non-nutritive sucking
(p.380)

Sucking reflex The instinctive sucking on anything that
touches the hard palate of the infant. It is linked to the
rooting reflex.

Supernumerary nipple See Polythelia (p.382)

Supernumerary breast See Polymastia (p.382)

Supine Lying with the back (dorsal) surface downward.
See also Prone (p.383)

Supplementary feeding Nutrient-containing fluid feed
(including expressed breastmilk, donor human milk or in-
fant formula) given in addition to breastfeeds.
See also Exclusive breastfeeding (p.372), Predominant
breastfeeding (p.383), Complementary feeding (p.370),
Substitute feeding (p.385), Weaning (p.386)

Supplemental nursing system (SNS) See At-breast sup-
plementer (p.367)

Supply line See At-breast supplementer (p.367)

Swaddling An age-old practice of wrapping infants in
blankets or similar cloth so that movement of the limbs is
tightly restricted.

TAG See Triacylglycerols (p.386)

Tandem breastfeeding Breastfeeding a child through
pregnancy and then, after birth, breastfeeding both the
new infant and the older child.

Tail of Spence See Axillary mammary tissue (p.367)

Teat See Artificial teat (p.367)

Teething ring A ring for the infant to bite onto.

Terminal end buds Sacculations, containing mammary
epithelial and stem cells, found at the growing terminus of
mammary ducts prior to functional maturation and after
involution of the mammary gland.
See also Mammary buds (p.377)

Test-weigh See Breastmilk transfer measurement
(p.369)

Theca lutein cyst A rare type of functional ovarian cyst
associated with testosterone levels 10–150 times higher
than normal. If unresolved at birth, delayed secretory acti-
vation occurs until testosterone levels decrease to normal
(over 5–31 days). Full milk synthesis is possible if well man-
aged.

Therapeutic ultrasound Application of ultrasound to
bring heat or agitation into the body. It requires much
higher energies and generally a different range of sound
wave frequencies than is used for diagnostic ultrasound.
See also Diagnostic ultrasound (p.371)

Third day blues See Postnatal blues (p.382)

Thrush See Candidiasis of the nipple and breast (p.370)

Thyroid-stimulating hormone (TSH) A pituitary hor-
mone that stimulates the thyroid gland to produce thyro-
xine and then triiodothyronine that stimulates the metabo-
lism of almost every tissue in the body. Measurement of se-
rum TSH is the most common method of evaluating thy-
roid function.

Tight junctions The junctions that join the apical bor-
ders of adjacent secretory cells in the lactating mammary
gland. They are responsible for the lack of exchange of milk
and serum components between the interstitial space and
the milk space.

Tongue protrusion reflex (also tongue thrust reflex,
tongue extrusion reflex) A normal response in infants to
force the tongue outward when it is touched or depressed.
The reflex begins to disappear by about 3–4 months of
age.
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Tongue thrust reflex See Tongue protrusion reflex
(p.385)

Tongue extrusion reflex See Tongue protrusion reflex
(p.385)

Tongue-tie See Ankyloglossia (p.367)

Torticollis (also Wry neck) Shortening of the sternoclei-
domastoid muscle, resulting in an ipsilateral head tilt and
contralateral rotation of the face and chin.

Transitional breastmilk A description of breastmilk as it
transitions from colostrum to mature breastmilk after se-
cretory activation. It is yet to be defined objectively, but is
generally considered to extend from about 40 hours after
birth to 2 to 3 weeks postpartum.
See also Colostrum (p.370), Mature breastmilk (p.378),
Breastmilk (p.369)

Triacylglycerides See Triacylglycerols (p.386)

Triacylglycerols (TAG) (also triacylglycerides, triglycer-
ides) Consist of three long chain fatty acids coupled to
glycerol by ester linkages.

Triglycerides See Triacylglycerols (p.386)

Twenty-four-hour milk production See 24h milk pro-
duction (p.366)

Twenty-four-hour milk profile See 24h milk profile
(p.366)

Type 1 diabetes mellitus A chronic condition in which
the pancreas produces little or no insulin (the hormone
needed to allow glucose to enter cells to produce energy
and synthesise fat and lactose).
See also Diabetes (p.371), Gestational diabetes mellitus
(p.373), Type 2 diabetes mellitus (p.386)

Type 2 diabetes mellitus A chronic metabolic disorder
that is characterised by high blood glucose, insulin resist-
ance and relative lack of insulin.
See Diabetes (p.371), Gestational diabetes mellitus
(p.373), Type 1 diabetes mellitus (p.386)

Ultrasonography (sonography) Ultrasound-based imag-
ing technique, which may be either therapeutic or diagnos-
tic.
See also Diagnostic ultrasound (p.371), Therapeutic ultra-
sound (p.385)

Ultrasound, diagnostic See Diagnostic ultrasound
(p.371)

Ultrasound, therapeutic See Therapeutic ultrasound
(p.385)

Urine output (infant) See Normal urine output (infant)
(p.380)

Uterine pains See After pains (p.366)

Vasospasm See Nipple vasospasm (p.380)

Vegan A diet that does not contain any animal products.
Lactating women following a vegan diet should ensure that
they have adequate intakes of Vitamin D, ω-3 fatty acids,
Vitamin B12 and high-quality protein.

Vegetarianism Abstaining from the consumption of
meat and may include abstention from by-products of ani-
mal slaughter. A vegetarian diet that contains some ani-
mal-derived food, such as milk, milk derivatives, or eggs, is
usually complete for lactating mothers.

White nipple spot See Blocked nipple pore (p.367)

Weaned The complete cessation of breastfeeding.

Weaning The process of gradually reducing breastfeed-
ing. It begins at the time (about 6 months of age) when
foods other than breastmilk are introduced to the infant
and ends when breastfeeding has completely ceased.
See also Infant-led weaning (p.374), Mother-led weaning
(p.379), Acute weaning (p.366)

Weight faltering See Slow weight gain (p.384)

Weight gain, slow See Slow weight gain (p.384)

Weight loss after birth See Normal weight loss after
birth (p.380)

Wet nurse A woman who breastfeeds the infant of an-
other mother, without identifying as that infant’s mother.

Whey (also milk plasma) Proteins that remain in solu-
tion after the precipitation of casein micelles with either
chymosin or acid to form a curd. Whey is an extremely
complex protein fraction made up of a large number (hun-
dreds in low abundance) of proteins.

Witch’s milk See Neonatal Galactorrhoea (p.379)

Wry neck See Torticollis (p.386)
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About the Handbook 
LactaPedia is an online lactation glossary for science and 
medicine accessible at www.lactapedia.com

The purpose of this guide is to provide transparent information 
regarding the processes used for the development and update 
of LactaPedia. 

The current version of the Handbook is version 1, compiled and 
published in September 2019. This handbook is updated at the 
discretion of the LactaPedia working group. 

LactaPedia is an initiative of the LactaResearch Group in the 
School of Allied Health at The University of Western Australia 
(UWA). The website content is edited by the LactaResearch Group. 
All copyright and intellectual property rights in and on LactaPedia 
content belong to the Family Larsson Rosenquist Foundation 
(FLRF), Frauenfeld, Switzerland.

The support of the Family Larsson-Rosenquist Foundation is 
gratefully acknowledged. 

Copyright © 2019 FLRF. Content developed by UWA. All rights 
reserved.

Disclaimer
 LactaPedia is not intended for use as a medical advice. 
The general public in need of assistance with lactation should 
contact an appropriate healthcare professional. The information 
on LactaPedia and associated documents/links are intended 
to generate consensus on terms used in human lactation and 
should never be relied on as a substitute for proper assessment 
with respect to the particular circumstances of each case and the 
needs of each patient.

 Whilst all reasonable care is taken to ensure the information 
contained within LactaPedia is accurate at the time of 
publication, none of the LactaResearch Group or UWA and/or 
FLRF take any responsibility for matters arising from changed 
circumstances or information or material that may have become 
available after the issued or reviewed date, and make no warranty 
as to the accuracy, completeness or reliability of its contents or 
accept any liability for loss, damage or injury that may arise upon 
use of any information provided. 

Viewing and reading the LactaPedia website does not constitute a 
contract for LactaPedia services between the user and FLRF. All 
content made available on the LactaPedia website is designed to 
be used exclusively for information purposes and cannot be 
deemed to constitute a service. FLRF is entitled at any time, 
without prior notice, to make alterations, extensions to, or delete, 
information and content on this website and this disclaimer or 
else take it offline temporarily or permanently.

Every effort is made to ensure safe operation of the LactaPedia 
website. However, defects such as loss or corruption of data, 
viruses, site inaccessibility, etc. cannot be excluded. FLRF cannot 
be held liable for loss of profit, loss of data or other direct or 
indirect losses resulting from such failings.
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1. About LactaPedia
LactaPedia is a research-based online glossary 
of human lactation for science and medicine. 
It aims to be a globally collaborative initiative 
towards the standardisation of terminology for 
human lactation.

Conflicting advice is one of the most common 
factors that impact on a mother’s confidence 
in her ability to breastfeed and sustain 
lactation. Consistent terminology is the 
most basic requirement for the prevention of 
conflicting advice.

Even such common terms as ‘lactation’ and 
‘breastfeed’ have either varying or no definition 
in the scientific literature. For example, does 
lactation encompass both the mother and 
the child? Does a breastfeed refer to the infant 
removing milk from one breast or does it refer to 
the infant removing milk during a sitting, which 
may include both breasts? These questions can be 
answered by a glossary that defines language. 

The inaugural version of LactaPedia was compiled 
by researchers at The University of Western 
Australia and reviewed by five international 
experts in the field of human lactation. From this 
starting point, the intention is for LactaPedia 
to stimulate discussion towards a common 
international standard of lactation terms via input 
from users. Anyone can register and join the online 
forums to comment, critique terms or suggest new 
terms. Framework to handle user input is outlined 
in this handbook, and is reviewed periodically. 
Annual updates of terminology are planned and 
will be published on the LactaPedia website 
(www.lactapedia.com).

2. Acknowledgements
2.1 LactaPedia working 
group (a subgroup of the 
LactaResearch Group)
Project lead 
Melinda Boss BPharm PhD candidate 
Pharmacist, Senior Research Fellow 
Faculty of Health and Medical Sciences 
The University of Western Australia

Expert consultant 
Peter E Hartmann BRurSc PhD 
Emeritus Professor 
Faculty of Science 
The University of Western Australia

Content development lead 
Jennifer Turner BPharm CertIV Breastfeeding Ed 
(Counselling) 
Pharmacist, Research Assistant 
Faculty of Health and Medical Sciences 
The University of Western Australia

2.2 Sponsor
All work produced is editorially independent from 
its funding agencies.

The support of the Family Larsson-Rosenquist 
Foundation is gratefully acknowledged.
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3. The development of LactaPedia
3.1 Expert editorial reviewers
Rafael Pérez-Escamilla, PhD, Dr Honoris Causa
Professor of Epidemiology and Public Health
Director, Office of Public Health Practice
Director, Global Health Concentration
Yale School of Public Health
New Haven, CT 06510, USA 

Margaret Neville, PhD
Emeritus Professor of Physiology and Biophysics
Emeritus Professor of Obstetrics and Gynecology
University of Colorado
Aurora, CO 80045, USA

Valerie Verhasselt, MD PhD
Professor of Human Lactology
School of Molecular Sciences
Faculty of Science
The University of Western Australia, 
Perth, Western Australia 6009, Australia

Bo Lonnerdal, PhD
Distinguished Professor of Nutrition & Internal 
Medicine
Department of Nutrition
University of California 
Davis, CA 95616, USA

Donna Geddes, PhD
Senior Research Fellow
Chief Investigator, Hartmann Human Lactation 
Research Group.
School of Molecular Sciences
Faculty of Science
The University of Western Australia, 
Perth, Western Australia 6009, Australia

LactaPedia was created during the development 
of LactaMap, an online lactation care support 
system for medical practitioners (www.lactamap.
com). Literature searches completed during the 
compilation of such a large body of lactation 
information highlighted the existence of varying 
terminology and definitions. 

The first draft of LactaPedia was compiled by 
Ms Melinda Boss, the chief investigator of the 
LactaResearch Group, and Emeritus Professor 
Peter Hartmann, founder of the Hartmann 
Human Lactation Research Group, both from The 
University of Western Australia.

International experts in the field of human 
lactation were then invited to review the initial 
manuscript. Input from the expert editorial 
reviewers was incorporated into the initial 
manuscript and this became the first edition 
of LactaPedia.

LactaPedia was first published in print form in 
Breastfeeding and Breast Milk: From biochemistry 
to impact (Family Larsson-Rosenquist Foundation, 
editor. Breastfeeding and Breast Milk: From 
biochemistry to impact. Stuttgart: Georg Thieme 
Varlag; 2018).

A website was created to house the glossary and 
to provide a collaborative space inviting comment 
through a general forum as well as forums 
attached to each individual term. The website 
(www.lactapedia.com) was launched during World 
Breastfeeding Week, August 2018.
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4. LactaPedia scope 
Terms that are NOT included:

• Medical diagnoses that are well defined 
elsewhere and require no additional modification 
of definition when occurring concomitantly with 
human lactation.

• Organisations, groups, associations.

• Acronyms (e.g. LATCH)

• Medications

• Qualifications e.g. degrees, credentialing, 
certifications etc.

• Layman’s terms are avoided where possible.

The scope may be subject to change. Any changes 
to the LactaPedia scope will be published on this 
website and readily accessible to users.

*Normal function is defined as a well integrated 
biologic process, occurring naturally, that doesn’t 
require medical support or intervention.

This scope determines what terminology is and 
isn’t included. The LactaPedia scope is as follows:

Terms are included if they have a clear link 
to the medical or scientific understanding of 
human lactation. 

• Preference is given to objective terms that are 
quantifiable (e.g. “slow weight gain”, rather than 
“failure to thrive”).

• Where applicable, terms are defined from the 
perspective of normal function* of mother 
and infant.



8 | LactaPedia 

5. Style Guide
Preferred term
This is the term that is deemed to be the most 
appropriate way of expressing a concept. The 
preferred term always includes a definition.

Definition
The definition defines, represents or describes the 
term. Where appropriate, the definition:

• Includes synonyms preceded by “also” (Fig 1)

• Links to related terms preceded by “see also” 
(Fig 2)

Term
This is the name or phrase that names a concept. 

• When a phrase is used, it should be:

•  Written in direct order i.e. Exclusive 
breastfeeding rather than Breastfeeding, 
exclusive. 

•  First word in the phrase capitalised, but not 
subsequent words.

• When a hyphen is used, the term following the 
hyphen should not be capitalised i.e Pre-feed 
rather than Pre-Feed. 

• Language is British English.

• Terms may be a preferred term or a synonym.

Fig 1 Synonyms included in preferred term definition

Fig 2 Related terms in preferred term definition
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Synonym
This is a term that means the same or nearly the 
same as another term. A synonym: 

• Does not include a definition. 

• Links to the preferred term (which includes a 
definition) using the phrase, “see: x”. Where x is 
the preferred term. (Fig 3)

Fig 3 Synonym as a Term
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6. Collaborative input
LactaPedia contains two types of forum; a general 
forum, and discussion threads linked to each 
term. To participate in these forums, users must 
first register with the website. Anyone can register 
and registration is free of charge. Forum users are 
encouraged to suggest additions, deletions and 
critique of existing terms. 

These suggestions will then be evaluated annually 
through the content review process described in 
this handbook.  

LactaPedia aims to become an internationally 
recognised standard of terminology for human 
lactation. The LactaResearch Group acknowledges 
that this goal requires the collaborative effort 
of many people to provide an understanding of 
current usage and potential for future usage. 

Contributions are invited from anyone through 
engagement on the website forums. 
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7. Content review process 
also be acknowledged and published. This 
process will be updated at the discretion of the 
LactaResearch Group.

Each stage of assessment will be comprehensively 
documented in the LactaPedia review process 
spreadsheet (see 7.3) to track progression of 
the review.

LactaPedia updates will occur annually. At a 
predetermined date, all suggestions made up to, 
but not including that date will be collated and 
the content review process will begin. A detailed 
annual report will be published on completion of 
the content review process.

The LactaPedia working group has responsibility 
for managing the LactaPedia scope, online forums 
and content. Contributions that are submitted 
through the forums and via other forms of 
communication need to be assessed and reviewed 
prior to any change to the glossary. 

Methodology for this content review process is 
under continual review and will be influenced by 
user engagement.

Changes to the framework for this process 
will be published as it is further refined. The 
intention is that this process will be transparent 
and include expert editorial review that will 

7.1 Flowchart of review process

Stage 1 
Suggestion received

Stage 2 
Assessment by LactaPaedia 

content development lead (LCDL)

Stage 3 
Information gathering

Stage 4 
LactaResearch Group review

Stage 5 
Expert editorial review

Stage 6 
Final review

Stage 7 
Publish in LactaPedia

Error identified

Correction published

Reject

Publish in annual report

Rejection recommended 
by LCDL
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If the suggestion is clearly understandable, has not 
already been addressed previously and is within 
the scope of LactaPedia, it will progress to stage 3.

Stage 3. Information gathering 

The LactaPedia content development lead will 
undertake appropriate investigation relating to the 
suggestion with regards to the extent of current 
usage in research and medicine, synonyms, 
related terms etc. 

Considerations for information gathering may vary 
depending on the suggestion under deliberation.

Following information gathering, the LactaPedia 
content development lead will create a draft 
proposal of amendments to the glossary. 

The draft proposal and associated gathered 
information will then progress to stage 4.

Stage 4. LactaResearch Group review

The draft proposal and associated gathered 
information will be presented to the 
LactaResearch Group who will then convene to 
discuss and reach consensus on the progression 
of the suggestions. If the LactaResearch Group is 
unable to reach a consensus, further opinion will 
be sought from an external expert to mediate. 

Suggestions accepted by the LactaResearch Group 
will progress to Stage 5.

Suggestions rejected will be published in the 
annual report on the LactaPedia website together 
with the reason for rejection.

If the suggestion relates to an error, the 
LactaResearch Group will review to reach 
consensus for immediate, appropriate correction. 
Errors may be identified and corrected at any 
time, independent of the review process timeline. 
If the LactaResearch Group is unable to reach a 
consensus, further opinion will be sought from an 
external expert to mediate. This information will 
also be recorded in the annual report.

7.2 The 7 stages of the review process

Stage 1. Suggestion received

LactaPedia review begins with a new 
communication which may include, but is not 
limited to, emails, personal communication, 
forum comments from the LactaPedia website or 
suggestions from the LactaResearch Group. The 
communication may consist of:

• a suggested modification to a current term or 
definition 

• a proposed new term 

• a proposed new definition requiring a term 

• a correction  

Henceforth the communication shall be referred to 
as ‘the suggestion’.

Suggestions are entered into the LactaPedia 
review process spreadsheet (see 7.3),  and 
progressed to stage 2.

Stage 2. Assessment by LactaPedia content 
development lead

The LactaPedia content development lead will 
assess the suggestion with respect to the following 
considerations:

• The need for clarification and possible 
requirement of further information regarding the 
intent of the contributor of the suggestion. This 
may be achieved by contacting the contributor 
and requesting further information. 

• Whether the suggestion has already been 
appropriately addressed in a previous review or is 
already present within LactaPedia.

• Whether the suggestion falls within the scope of 
LactaPedia (see section 4).

Outcome:
If the suggestion is determined to be unclear, it has 
already been previously addressed satisfactorily 
or does not fall within the scope of LactaPedia, 
the LactaPedia content development lead will 
recommend rejection of the suggestion and it will 
progress to Stage 4.   
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Stage 5. Expert editorial review  

A minimum of three experts will be identified by 
the LactaResearch Group and invited to form an 
expert editorial review panel.  The remit of the 
expert editorial review panel will be to review 
all suggestions accepted by the LactaResearch 
Group in stage 4 together with their associated 
information, and provide recommendations to the 
LactaResearch Group. 

The contribution of expert reviewers is greatly 
appreciated and will be acknowledged and 
credited through publication in the annual report 
with reviewer permission.

Stage 6. Final review

The LactaResearch Group will review the 
recommendations of the expert editorial review 
panel to reach a consensus on one of the following 
outcomes for each suggestion: 

• Accept without modification: suggestion is 
accepted without modification and will be 
considered ready for inclusion and publication in 
LactaPedia. 

• Accept with modification: suggestion is 
accepted with modification based on evidential 
justification and will be considered ready for 
inclusion and publication in LactaPedia. 

• Reject: suggestion is rejected based on evidential 
justification for the decision. 

The outcomes for all included suggestions will be 
recorded and progress to stage 7.

Stage 7. Publish results 

Suggestions that have been accepted will be 
updated or added to LactaPedia by the LactaPedia 
content development lead. 

All suggestions considered during the process 
will be collated in an annual report that will be 
published on the LactaPedia website. 
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7.3 LactaPedia review process spreadsheet

7.4 Parties involved in the review process
LactaPedia contributors: any person who submits a 
suggestion via any communication method

LactaResearch Group: as named on LactaPedia website

LactaPedia Working Group: a subgroup of the LactaResearch 
Group, responsible for managing LactaPedia

LactaPedia content development lead: as named on 
LactaPedia website

Registered LactaPedia forum members: any person who has 
successfully completed registration to the LactaPedia website

Expert editorial review panel: a group of a minimum of 3 
invited expert reviewers who review suggestions and provide 
recommendations to the LactaResearch Group 

Expert reviewer: a member of the expert editorial review panel

Stage 1: Suggestion recieved Stage 2: Assessment by LactaPedia content 
development lead

Stage 3: 
Information 
gathering 

Stage 4: 
LactaResearch 
Group review

Stage 5: Expert editorial review Stage 6: Final review Stage 7: Publish results

Sheet number Suggestion Source
Clarification 

received (yes 
or n/a)

Previously 
addressed 

(yes/no)

Within scope 
(yes/no) Date complete

Outcome 
(accept, reject 

or error)

Outcome (accepted without modification, 
accepted with modification, reject) Outcome (accepted 

without modification, 
accepted with 

modification, reject)

Change 
actioned on 
LactaPedia 

website

Included in 
annual report

Reviewer 1 Reviewer 2 Reviewer 3
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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8. Guidelines for expert 
reviewers
We ask reviewers to consider each terminology 
suggestion and choose an outcome. This will 
inform and guide the final decision of the 
LactaResearch Group. 

The possible outcomes to choose from are:

• Accepted without modification: The 
suggestion is acceptable.

• Accepted with modification: The suggestion 
requires further consideration or amendment. 
May include expert reviewer’s suggestions on 
improvement.

• Rejected: The suggestion is unacceptable.

Explanation will be required to justify the 
categorisation of “accepted with modification” 
or “rejected” based upon the reviewer’s 
expert opinion as well as any available related 
information.

9. Annual report
The annual report will be produced by the 
LactaPedia content development lead after all 
recorded suggestions have completed the 7 stage 
content review process. This will be published 
annually on the LactaPedia website to provide 
transparency regarding the review process of the 
LactaPedia content. 

The annual report will include information 
on the process and outcomes of the annual 
review process.
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10. LactaPedia suggested citation
LactaResearch Group. LactaPedia [Internet]. Boss M, Hartmann P, 
editors. Frauenfeld (CH): Family Larsson-Rosenquist Foundation; 2018 
[cited yyyy mm dd]. Available from: https://www.lactapedia.com/

Guide for users of other referencing styles
Author: LactaResearch Group
Title of work: LactaPedia [Internet]
Editors: Melinda Boss and Peter Hartmann
Year of publication: 2018 [or date cited yyyy mm dd]
Publisher: Family Larsson-Rosenquist Foundation
Place of publication: Frauenfeld, Switzerland.
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LactaMap
LactaMap is an online lactation care support system 
providing evidence-based information for doctors to 
support their care of women and infants experiencing 
difficulty with breastfeeding.

The LactaMap clinical practice guidelines are presented 
in a decision tree to facilitate use during a medical 
consultation. LactaMap also incorporates comprehensive, 
integrated supporting documents, patient information 
documents, information relating to normal function and 
the LactaPedia glossary.

The LactaMap content has been developed by a 
multidisciplinary group of health professionals based at 
The University of Western Australia and can be found at 
www.LactaMap.com

LactaResearch Group
LactaPedia and LactaMap are projects of the LactaResearch 
Group lead by chief investigator, Melinda Boss.

The LactaResearch Group aims to support effective lactation 
through the translation of research to practice.

For more information see:
www.uwa.edu.au/research/lactaresearch-group 

You can also find us on Facebook: @LactaResearchGroup
and Twitter: @LactaResearch

Contact: Chief Investigator, Melinda Boss
(melinda.boss@uwa.edu.au)

An online lactation care support system
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LactaMap  
Handbook 
 Version 2, July 2018

Developed by the LactaResearch group, The University of Western Australia | Find us on Facebook

An online lactation care support system



About the Handbook 
The LactaMap Handbook provides detailed information about the 
development and ongoing update and review of the LactaMap online 
lactation care support system.

The purpose of this guide is to provide transparent information regarding 
the processes used in the making of LactaMap. 

The intended audience for this guide is the LactaMap working group and 
as such contains detailed information regarding operating procedures. 
It has also been made accessible to the wider community in order to 
provide transparency regarding those procedures used. 

The current version of the Hanbook is version 2, compiled and published 
in July 2018. This handbook is updated at the discretion of the LactaMap 
working group. 

Disclaimer
LactaMap is intended to provide general advice and should never be relied 
on as a substitute for proper assessment with respect to the particular 
circumstances of each case and the needs of each patient. It is not intended 
to serve as an exclusive course of treatment or standard of medical care.

LactaMap has been prepared using an interdisciplinary approach, based 
on current research and expert consensus opinion.

Whilst all reasonable care is taken to ensure the information contained 
within LactaMap is accurate at the time of preparation, the LactaMap 
working group takes no responsibility for matters arising from changed 
circumstances or information or material that may have become available 
after the issued or reviewed date, and makes no warranty as to the 
accuracy, completeness or reliability of its contents. 

The LactaMap working group does not accept any liability for loss, damage 
or injury that may arise upon use of any information provided.

Suggested citation
LactaResearch Group. LactaMap [Internet]. Boss M, Hartmann P, editors. 
Zug (CH): Family Larsson-Rosenquist Foundation; 2018 [cited yyyy mm dd]. 
Available from: https://www.lactamap.com/



LactaMap | 3



4 | LactaMap 

Table of contents
1. About LactaMap 5

1.1 Preface 5

1.2 Acknowledgements 5

1.2 i) LactaMap working group 5

1.2 ii) Sponsors 5

1.3 Purpose and scope 5

1.4 Methodology 6

1.4 i) Development 6

1.4 ii) Types of content 7

1.4 iii) AGREE II assessment 9

1.4 iv) Living content, the dynamic  
update and review process 9

1.4 v) Editorial independence 11

1.5 Editions and updates 11

1.6 Implementation 11

1.6 i) Economic Impact 11

1.6 ii) Implementation studies 11

1.6 iii) Future directions 11

1.7 Disclaimer 11

2. LactaMap care pathway 12
2.1 The four domains of the lactation  
care pathway 12

2.2 Pain 14

2.3 Milk transfer 15

2.4 Infant health 16

2.5 Maternal health 17

3. LactaMap style guide 18
3.1 Working document 18

3.2 Patient Information 18

3.3 Basic principles for content 19

3.4 Media 19

4. Literature search protocol 20
4.1 Summary 20

4.2 Clinical question 20

4.3 Scoping search 20

4.4 Search strategy 20

4.4 i) Search terms 21

4.5 Evidence gathering 22

4.5 i) Database search 22

4.5 ii) Inclusion and exclusion criteria 22

4.6 Evidence appraisal 22

4.7 Document update 22

5. Data entry instructions 23
5.1 Entering new CPG titles 23

5.2 Enter content 23

5.3 Entering references 24

5.4 Populating content into CPG 24

5.5 Normal document and  
supporting information 24

5.6 Entering information into the  
lactation care pathway 24

5.7 Uploading and populating PDFs  
and images 24

5.8 Uploading and populating videos 25

5.9 LactaPedia 25

5.10 Checking procedure 25

6. Appendices 26
6 a) Literature review –  
supplementary information 26

6 b) Table to record review process 32

6 c) Level of evidence assessment 33

6 d) Table to appraise literature 33



LactaMap | 5

1. About LactaMap
An online lactation care support system.

1.1 Preface
Advocacy and peer support groups have assisted 
in reversing the abandonment of breastfeeding 
after its nadir in the early 1970’s. Strategies used 
have focused on breastfeeding advocacy and 
the education of mothers. Lactation initiation 
rates in most developed countries are now very 
good, however breastfeeding rates decline rapidly 
after birth. The impact of lactation on optimal 
maternal and infant health outcomes in both the 
short and long-term is dose related. Thus, support 
of lactation duration is important. Appropriate 
medical care, with the doctor as the focal point, 
is critically important. Historically, lactation has 
struggled to be competitive in the allocation of 
resources in most medical curricula. To address 
this, an evidence-informed online application has 
been developed to assist doctors with lactation 
related decision making. 

1.2 Acknowledgements
1.2 i) LactaMap working group

Project lead
Melinda Boss BPharm MPS 
Pharmacist, Senior Research Fellow
Faculty of Health and Medical Sciences
The University of Western Australia

Content review
Peter E Hartmann BRurSc PhD
Emeritus Professor
Faculty of Science
The University of Western Australia

Dr Douglas Pritchard BPsych (Hons) MBBS DA 
DipObs RACOG FRACGP PHD
General Practitioner
Lockridge Medical Centre Lockridge WA
Clinical Associate Professor
School of Primary Aboriginal and Rural Health Care
The University of Western Australia 

Content development
Jennifer Turner BPharm CertIV Breastfeeding Ed 
(Counselling)
Pharmacist, Research Assistant
Faculty of Health and Medical Sciences
The University of Western Australia

Kerry Whitelaw BPharm
Pharmacist, Research Assistant
Faculty of Health and Medical Sciences
The University of Western Australia

1.2 ii) Sponsors

Major sponsor
The support of the Family Larsson-Rosenquist 
Foundation is gratefully acknowledged. 

Sponsor
Previous unrestricted funding has also been 
gratefully received from The Rotary Club of 
Southern Districts.

All work produced is editorially independent 
from its funding agencies. The views or interests 
of the funding body have not influenced the final 
recommendations. 

1.3 Purpose and scope
The aim of LactaMap is to deliver an evidence-
informed online lactation care support tool 
that will result in improved shared decision-
making between doctors and breastfeeding 
mothers and infants. The measurable outcomes 
will be improved management and resolution 
of conditions associated with lactation with 
the potential for subsequent improvement of 
lactation durations. 

Patient population: Mothers, and their term 
infants from birth to 2 years of age.

Clinical condition: Lactation. Interventions are 
aimed at initiating and maintaining maternal milk 
synthesis as well as transfer of milk to the infant. 
N.B. Where information is provided under the 
heading of particular disease states, care options 
will be aimed at supporting lactation in the 
presence of that disease state, rather than treating 
the disease state itself.
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Context: The medical point of care (i.e. during the 
doctor’s consult). This requires rapid information 
transfer during the limited time frame of a doctor’s 
consult and considers the expectation that the 
patient may also view content.

Target user: Family doctors, obstetricians and 
paediatricians.

Format: A web-based application. This allows 
rapid, intuitive access of content and dynamic 
review and update of content.

1.4 Methodology
1.4 i) Development

Phase One: Conceptualisation and initial 
content development
The development of the online lactation care 
support tool required three essential components:

• A glossary to define the language of lactation and 
provide consistency in terminology. 

• An evidence-informed template that describes 
normal biologic function (function that occurs 
naturally, without any medical intervention or 
support).

• A lactation care pathway using a decision tree 
framework to direct the user to appropriate 
clinical practice guidelines (care pathway 
endpoint).

A multidisciplinary group (Table 1) was assembled 
to minimise bias during the development process. 
The group was required to achieve consensus 
for the overall care pathway, as well as each 
medical condition endpoint. A focus group format 
was used to develop the content. Focus group 
numbers varied from 5 to 8 and met weekly. 
Meetings were moderated by the project lead. 

Recommendations were formed based on 
evidence-base and consensus agreement 
between the project team member and consultant 
experts.  Evidence was gathered by undertaking 
a literature search using relevant search terms 
and applying the exclusion and inclusion criteria. 
The researcher presented the conclusions for 
review and approval by the senior researcher 
knowledgeable in the field of lactation, a medical 
practitioner and finally the project lead (Figure 
1). If consensus could not be reached, further 
expert opinion was requested to mediate. This 
process is recorded with the developer’s draft of 
the guideline.

Table 1: LactaMap multidisciplinary group

Name Discipline Role

Melinda Boss Pharmacist, researcher Project lead, content development  
and review

Cathy Garbin Child health nurse, lactation 
consultant, midwife Content development

Hazel Gardner Nutritionist, researcher Content development

Vanessa Sakalidis Physiologist, researcher Content development 

Jane Deacon Medical practitioner Content development and review

Marnie Rowan Medical practitioner Content development and review

Lynda Chadwick Paediatrician Content review

Douglas Pritchard Medical practitioner, 
researcher

Pilot testing, content development  
and review

Donna Geddes Senior research fellow Content review, expert senior researcher

Peter Hartmann Emeritus professor Content review, expert senior researcher
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Figure 1: Content development flowchart. 

External feedback
Informal feedback from potential end users 
was obtained after the content relating to pain 
was completed. The aim of this small-scale 
process was to identify problems or omissions 
during the development stages. This was 
conducted in Australia and America in 2012 and 
2013 respectively.

In Australia, general practitioners, including a general 
practitioner obstetrician, and a paediatrician 
were given access to the prototype. Feedback was 
obtained at 1 and 6 month time points. 

In America, informal feedback was conducted 
via an interview and survey after taking users 
through a case study using the prototype website. 
Feedback was obtained from family physicians, 
paediatricians and nurse practitioners. The 
majority of users felt the application would be 
a valuable tool for assessment, management, 
evidence-based treatment, and beneficial tool for 
parent literature.

Phase two: Application construction and 
ongoing content development 
Following the conceptualisation and initial content 
development phase, ongoing management of the 
project moved to the LactaMap working group (1.2 
i) LactaMap working group).  

The LactaMap application was constructed with 
a custom designed user interface and content 
management system. Content is uploaded 
into this application as described in 6. Data 
entry instructions. 

The LactaMap working group is now responsible 
for the ongoing development, review and 
update of the LactaMap living content and 
conducts research to evaluate and validate the 
LactaMap application.

1.4 ii) Types of content 

LactaMap contains six types of content:

• Normal human lactation information

• Clinical Practice Guidelines (CPG)

• Supporting information 

• Patient information 

• LactaPedia (glossary)

• Media 

Normal human lactation 
An evidence-informed description of normal 
lactation function is the essential starting point 
for assessment and possible identification of 
dysfunction. These documents provide further 
evidence-informed information defining 
normal lactation. They include photos or videos 

Draft (project team member)

Evidence review (senior researcher)

Clinical review (medical practitioner)

Final review (project lead)

Content live
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as appropriate and are developed with the 
expectation that they may be accessed outside 
of a medical consult and can therefore be more 
descriptive. An evidence-informed description 
of normal lactation function is the essential 
starting point for assessment and possible 
identification of dysfunction. These documents 
provide further evidence-informed information 
defining normal lactation. They include photos 
or videos as appropriate and are developed 
with the expectation that they may be accessed 
outside of a medical consult and can therefore be 
more descriptive.

Clinical Practice Guidelines
Each guideline is developed with the aim of being 
applicable for use during a medical consult. 
Effort is made to ensure content is both succinct 
and relevant. They are living documents subject 
to continual update and review. Guidelines are 
comprised of the following subheadings:

• Overview 
•  The overview provides a definition of 

the condition in a brief summation that 
can be easily scanned for confirmation 
of diagnosis. Clinical photos used are of 
conditions confirmed by objective testing 
where appropriate.  

• Care Options 
•  This section is a summary of options 

for assessment, diagnostic tests, 
treatment, management and follow-up.

•  Clinician information links within the text 
allow the application to expand to provide 
more information, depending on the 
knowledge and educational needs of the 
user.  The system encourages referral to other 
health professionals when appropriate, to 
facilitate coordinated care from an integrated 
healthcare team. The healthcare team may 
include general practitioners, specialist 
medical practitioners, lactation consultants, 
sonographers, dietitians and pharmacists.
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• Patient Information
•  Patient information is presented as a PDF 

that can be emailed directly to the patient or 
printed out and taken home.  Content aims 
to be easily understood with explanations 
of diagnosed conditions and treatment, as 
well as useful websites.  It includes space for 
clinician notes. Content is unreferenced in its 
final form, with referencing as per usual in the 
master copy and available on request.

• Media

• References

Supporting information 
These documents provide extra information for 
the clinician that may be useful to facilitate care. 
They are separated from the main topic for several 
reasons. It may be information that relates to 
several topics, and linking to a separate document 
prevents unnecessary repetition of content. Also, 
supporting information allow the linking of further 
information whilst allowing the main body of the 
topic to remain succinct.

Patient Information
As described under “Clinical Practice Guidelines”. 
These are also searchable as a separate page and 
collated in the LactaMap index under the heading 
“patient information”.

LactaPedia
While developing content for LactaMap, it 
became clear that many terms relating to 
lactation had differing definitions in the literaure. 
A glossary defining all lactation-related terms 
used in LactaMap was developed. This became 
LactaPedia. LactaPedia is presented as an 
alphabetical list of terms and their definitions 
and is also available as a standalone website that 
allows registered users to collaborate. Terms used 
in the documents of LactaMap must conform to 
this glossary. 

Media 
All images and videos used to illustrate a condition 
are supported by an objective test(s) for that 
condition, where available. Informed consent has 
been obtained for use of all material.

1.4 iii) AGREE II assessment

The Appraisal of Guidelines for Research and 
Evaluation (AGREE II) instrument was utilised to 
assess the LactaMap clinical practice guideline 
content, development process and inform 
ongoing methodology.

1.4 iv) Living content, the dynamic update  
and review process

The information and recommendations 
comprising the LactaMap application are based on 
the best available current evidence and consensus 
expert opinion.  As new research is continually 
published and validated, a dynamic process of 
assessment, review and update of the content was 
developed to ensure that it is relevant and current.

There are three events that will trigger review of a 
LactaMap document:

• The release of new evidence which could change 
practice. 

• Submitted comment from a user or reviewer.

• Scheduled document maintenance.

In the first two circumstances, consideration 
by the LactaMap working group of the new 
evidence or comment will determine whether the 
document needs to be reviewed, or if no change 
is required.  If the additional or new information is 
deemed to be significant, the document will then 
undergo the same procedure as for scheduled 
document maintenance.

The documents will be assessed on a cyclical 
ongoing basis, addressing the content within each 
category.  Ideally, no document will be older than 
three years.

Stages of document development/review 
• Topic is determined according to the trigger 

criteria: 

•  The release of new evidence which could alter 
the content. 

•  Submitted comment from a user or reviewer.

•  Scheduled document maintenance.

• A literature search is undertaken as per the 
literature search protocol (available upon 
request). To summarise; 
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• Evidence is gathered by: 

• defining the clinical question,

• performing a scoping search of key 
resources, 

• developing a search strategy, 

•  literature search in a minimum of three 
databases including MEDLINE and EMBASE, 
where relevant.

• Findings are critically appraised according 
to the year, study design, outcome, results 
and comments on the quality of evidence 
and applicability to the topic.

• Any valid, relevant, newly discovered 
information is incorporated into the 
guideline document. 

• Patient information and supporting 
information are also reviewed to ensure 
consistency within topics. 

•  Document changes are reviewed progressively 
by the senior researcher, medical practitioner 
and finally by the project lead (Figure 2). 

• Following approval at all stages, the 
document is updated within the LactaMap 
application.

• Major changes are highlighted as a 
notification on the website. 

Literature review processes are recorded for 
all documents. This information is available 
upon request by contacting the LactaMap 
working group.

Figure 2: Content review flowchart 

Topic for development/review 
New evidence available 

User/reviewer comments

Stage 1: Literature search 
Literature search  

(according to literature search protocol and style guide)

Stage 2: Evidence review
Document reviewed by a second researcher

Consultation process
Document updated 

Stage 3: Clinical review
Document reviewed by a medical practitioner

Comments provided

Stage 4: Final review
Project lead reviews document

Document updated 

Stage 5: Document release
LactaMap application updated 

(according to the data entry instructions)
Content direct updated
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1.4 v) Editorial independence

The authors declare no conflict of interest.

Strict editorial independence is maintained in the 
development of the guidelines by the LactaMap 
working group and all contributors. The views and 
interests of sponsors do not influence the content 
of the guidelines.

1.5 Editions and updates
Edition 1 2018

1.6 Implementation 
1.6 i) Economic Impact

Failure to breastfeed has been reported to be 
associated with economic losses of around 
US$302 billion annually (1). Higher exclusive 
breastfeeding rates have been extrapolated to 
result in savings of $60-120 million annually for the 
Australian hospital system.(2) The World Bank has 
designated a “breastfeeding strategy one of the 
best investments a country can make”.(3)

1.6 ii) Implementation studies

Implementation studies are currently underway. 

1.6 iii) Future directions

• A module for other health workers.

• A module for families.

• A module for preterm infants.

• It is expected that this tool will be used in non 
English-speaking countries. This will require 
translation and review specific to its use in other 
global locations.

1.7 Disclaimer 

LactaMap is intended to provide general advice 
and should never be relied on as a substitute for 
proper assessment with respect to the particular 
circumstances of each case and the needs of each 
patient. It is not intended to serve as an exclusive 
course of treatment or standard of medical care.

LactaMap has been prepared using an 
interdisciplinary approach, based on current 
research and expert consensus opinion.

Whilst all reasonable care is taken to ensure the 
information contained within LactaMap is accurate 
at the time of preparation, the LactaMap working 
group takes no responsibility for matters arising 
from changed circumstances or information or 
material that may have become available after the 
issued or reviewed date, and makes no warranty 
as to the accuracy, completeness or reliability of 
its contents. 

The LactaMap working group does not accept any 
liability for loss, damage or injury that may arise 
upon use of any information provided.

1. Rollins NC, Bhandari N, Hajeebhoy N, Horton S, Lutter CK, Martines JC, et al. Why invest, and what it will take to improve breastfeeding 
practices? Lancet. 2016;387(10017):491-504. Available from: https://www.ncbi.nlm.nih.gov/pubmed/26869576

2. Smith JP, Thompson JF, Ellwood DA. Hospital system costs of artificial infant feeding: estimates for the Australian Capital Territory.  
Aust N Z J Public Health. 2002;26(6):543-51.Available from: https://www.ncbi.nlm.nih.gov/pubmed/12530799 

3. Shekar M, Kakietek J, Dayton Eberwein J, Walters D. An Investment Framework for nutrition: Reaching the Global Targets for Shunting, 
Anemia, Breastfeeding, and Wasting. Directions in Development - Human Development. Washington, DC: World Bank. Available from:  
https://openknowledge.worldbank.org/handle/10986/26069
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2. LactaMap  
care pathway 
Aim: This document describes the LactaMap 
care pathway and provides a list of current 
clinical practice guidelines (CPG) in relation 
to its predominant domain (and subsequent 
classification). 

2.1 The four domains of the 
lactation care pathway
From the proposed definition of normal function, 
four domains were identified for consideration 
when assessing lactation: pain, milk transfer, infant 
health and maternal health. (see Figure 1) 

After entering the lactation care pathway, the user 
is provided with the following instruction:

Choose the statement that best suits:
(Problems in more than 1 area need to be 
addressed separately)

Pain
There is pain/discomfort (for mother/infant) 
during lactation.

Milk transfer 
There are concerns regarding milk synthesis  
and/or the infant’s ability to remove milk. 

Infant health 
The infant has a diagnosed medical condition 
and requires strategies to support breastfeeding. 

Maternal Health 
The mother has physical or psychological 
concerns and requires strategies to support 
lactation. 

See also: 
• Antenatal breastfeeding concerns

• Lactation risk factor overview 

In the LactaMap website, guidelines appear under 
the appropriate arm of the lactation care pathway. 
Guidelines may appear in more than one arm 
if appropriate.

(Note: For the purposes of cyclical review, clinical 
practice guidelines are grouped under only one of 
these domains in the LactaMap working group’s 
shared google drive). 
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Figure 1: Lactation care pathway flowchart 
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2.2 Pain
There is pain/discomfort (for mother/infant) during lactation.

Where is the pain worst?

Location of pain CPG Frequency 

Nipples Poor positioning and latch Very common

Nipple bacterial infection Common 

Strong infant sucking vacuum Common 

Ankyloglossia Common 

Nipple and areolar dermatitis Less common 

Blocked nipple pore Less common

Nipple vasospasm Less common

Herpes of the nipple and breast Rare 

Paget’s disease of the nipple Rare 

Hormonal changes Rare 

Psoriasis of the nipple Rare 

Candidiasis of the breast and nipple? Very rare 

Breast –  
part of the breast

Blocked milk duct Very common 

Mastitis Common

Breast abscess Less common

Galactocoele Less common

Mammary augmentation complications Less common 

Mammary reduction complications Less common

Axillary mammary tissue and polymastia Less common 

Breast cancer Less common 

Costochondritis Less common 

Breast cysts Less common 

Lactating adenomas Less common 

Fibroadenomas Less common 

Herpes of the nipple and breast Rare 

Monodor’s disease Rare 

Candidiasis of the breast and nipple? Very rare 

Breast –  
whole breast 

Engorgement Very common

Mastitis Very common

Nipple vasospasm Less common

Mammary augmentation complications Less common 

Mammary reduction complications Less common

Painful milk ejection reflex Less common

Breast cancer Less common

Gigantomastia Rare 

Candidiasis of the breast and nipple? Very rare 
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Maternal body 
– (other than 
nipples/breasts)

Poor positioning and latch Very common

After pain Common

Soft tissue/musculoskeletal pain and postpartum 
neuropathies 

Less common 

Infant body Infantile colic Very common 

Infant dyschezia Very common

Constipation in the non-exclusively breastfed infant Common

Gastrooesophageal reflux disease Less common

Secondary lactose intolerance Less common

Food allergy Less common

Birth trauma and musculoskeletal pain limiting movement Less common

Constipation in the exclusively breastfed baby Rare 

Congenital lactose intolerance Very rare 

2.3 Milk transfer 
There are concerns regarding milk synthesis &/or the infant’s ability to remove milk.

Are the concerns regarding?

Concern Time frame Condition CPG 

There is too  
MUCH milk 

Oversupply

Too LITTLE milk Birth to ~ 72hr Low supply (Birth-72hrs)

~ 72 hrs to 5 days Secretory activation  
has occurred 

Low supply after secretory 
activation

Secretory activation  
has NOT occured 

Delayed secretory 
activation 

~ 5 days Low supply after secretory 
activation

Breast refusal If infant has been unable 
to latch or breastfeed 
from birth

Neonatal breast refusal 

If infant is reluctant 
to latch or breastfeed 
after previously 
breastfeeding well

Breast refusal 
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2.4 Infant health 
The infant has a diagnosed medical 
condition and requires strategies to 
supportbreastfeeding. 

Breastfeeding indicated 
• Ankyloglossia 
• Birth trauma and skeletal conditions  

limiting movement
• Breast refusal 
• Cleft lip and palate
• Congenital heart disease 
• Congenital hip dysplasia
• Constipation in the exclusively breastfed infant
• Constipation in the non-exclusively 

breastfed infant
• Cow’s milk protein allergy 
• Cystic fibrosis
• Deviated nasal septum and choanal atresia
• Down syndrome
• Food allergy
• Gastro-oesophageal reflux disease 
• Hen’s egg allergy
• Hirschsprung’s disease
• Infant dyschezia

• Infantile colic
• Infantile hypertrophic pyloric stenosis
• Jaundice
• Laryngomalacia
• Micrognathia
• Neonatal breast refusal
• Neonatal galactorrhoea 
• Neonatal hypoglycaemia
• Neonatal mastitis
• Neurological impairment
• Otitis Media
• Physiological infant regurgitation 
• Respiratory infections
• Secondary lactose intolerance
• Sensory processing disorder
• Torticollis
• Tracheomalacia
• Urinary tract infection
• Viral gastroenteritis

Partial Breastfeeding indicated
• Phenylketonuria

Breastfeeding contraindicated
• Congenital lactose intolerance
• Galactosaemia
• Maple syrup urine disease
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2.5 Maternal Health 
The mother has physical or psychological 
concerns and requires strategies to 
support lactation. 

• After Pains 
• Antenatal breastfeeding concerns
• Axillary mammary tissue and polymastia
• Blocked milk duct 
• Blocked nipple pore 
• Breast abscess
• Breast and nipple scarring 
• Breast cancer
• Breast cysts
• Breast lumps in lactation
• Breastfeeding and bloodborne viruses
• Breastfeeding and maternal hospitalisation
• Breastfeeding and mental health
• Caesarean section (CS)
• Candidiasis of the breast and nipple?
• Coloured breastmilk
• Costochondritis 
• Dysphoric milk ejection reflex (D-MER)
• Engorgement
• Fibroadenomas
• Galactocoele
• Gigantomastia
• Herpes of the nipple and breast
• Hormonal changes
• Hypoplastic breasts
• Intraductal papilloma
• Lactating adenomas
• Low breastfeeding confidence 
• Low supply (birth to ~72 hrs)
• Low supply after secretory activation  

(~72 hrs onwards)
• Mammary augmentation complications 
• Mammary reduction complications
• Mastitis
• Maternal diabetes

• Maternal obesity
• Milk fistula
• Mondor’s disease
• Nipple and areolar dermatitis (also eczema)
• Nipple bacterial infection
• Nipple variations
• Nipple vasospasm 
• Oversupply 
• Paget’s disease of the nipple
• Painful milk ejection reflex
• Pituitary conditions
• Poland syndrome
• Polycystic ovarian syndrome (PCOS)
• Poor positioning and latch
• Postpartum haemorrhage
• Psoriasis of the nipple
• Relactation and induced lactation
• Retained placenta
• Sexual abuse survivors and breastfeeding
• Sheehan’s syndrome
• Soft tissue/musculoskeletal pain and 

postpartum neuropathies
• Strong sucking vacuum
• Theca lutein cyst 
• Thyroid conditions
• Vitamin B12 deficiency
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3. LactaMap style guide
Aim: This document provides an overview of the style for each master document. Types of documents 
include CPG, supporting information, normal human lactation information and patient information.

3.1 Working document 
• Use the shared google drive for document management. 
• The final master document should have no previous track changes.
• Text colours: 

•  Green: to designate link to CPG/supporting information/patient information
•  Blue underlined:link to external website/CPG/supporting information/patient information in final draft
•  Purple: author notes 

• Header (page 1 only) to indicate document information 

Document title After Pains

Document type CPG 

Document domain Pain domain / maternal health 

• Summary of review at the beginning of document content. 

Date Creation date: 
v1

Review 1: 
v1 - v2 

Review 2: 
v2 - v3

Researcher

Senior 
Researcher

Medical 
Practitioner

Working document labelling 

• In google drive go to Lactamap>Lactamap 
Content review
•  Change title of document accordingly 

eg Alcohol and brestfeeding_v1.e
•  As document moves through each stage 

of the process the document needs to be  
re-labelled accordingly. 

• Review 1 
•  Original _v1 then goes through review process 

1.a - 1.e
• Review 2 

•  Review 1 _v2 then when goes review process 
2.a - 2.e

3.2 Patient Information 
• Patient information has two documents:

•  Master document labelled ‘Document title_
MASTER PI_v1

•  This includes references.

• Formatted document labelled Document title_
PDF_v1
•  Does not include references.
•  This is then saved as a PDF to be uploaded  

to the tool (see data instructions).
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3.3 Basic principles for content 
Length: 

• Each section should comprise one page view 
to minimise scrolling.

Language:

• Clear and unambiguous British English 
appropriate for the target audience of medical 
practitioners. 

• Patient information should be written in simple 
sentences, easily understandable by a lay person. 

• All abbreviations should be defined the first time 
they are used.

• Use capitals in headings and to denote the start 
of sentences, also for abbreviations and names 
of organisations (e.g. ABA).

• Regarding definitions: there are two ways to 
proceed when using uncommonly used words, 
or concepts that require definition. 

•  If the term can be defined using a simple 
sentence, then place the definition in brackets 
next to the relevant word eg amazia (absence 
of breast tissue in the presence of the nipple 
and areola)

•  If the term requires a more elaborate 
explanation then provide a link to a popup 
with a definition of the meaning. eg short 
frequent breastfeed

Terminology:

• Consistent with LactaPedia. 

• Microbiology terms have the appropriate 
nomenclature

•  see https://wwwnc.cdc.gov/eid/page/
scientific-nomenclature

•  Medicines should be designated a Hale 
lactation risk category (see lactation risk 
category document) and linked accordingly. 

Referencing: 

• All statements should be referenced (or 
justification for not referencing recorded in the 
review notes) 

•  NB: each statement referenced is on one line. 
(umbraco formating) 

• Link to reference where relevant in the text by 
using Harvard format in brackets at the end of the 
referenced section e.g. (surname of lead author, 
year). If there is more than one reference by the 
same lead author in the same year, designate 
difference through use of a, b etc e.g. (Smith 
2001a, Smith 2001b) 

• List references in order at the end of the main text 
in Vancouver style with numerical annotation. 

• Attach PubMed link to study where available. 

•  For example:  
Dollberg S, Botzer E, Grunis E, Mimouni FB. 
Immediate nipple pain relief after frenotomy 
in breast-fed infants with ankyloglossia: a 
randomised, prospective study. Journal of 
Pediatric Surgery. 2006;41:1598-600.  
http://www.ncbi.nlm.nih.gov/
pubmed/16952598

Boxed statements: 

   Blue box: statements to be highlighted for 
increased attention

   Red box: statements to be highlighted where 
there may be potential for risk that should be 
monitored.

3.4 Media 
• When working on a document consider:

•  any relevant clinical images

•  any relevant videos

•  use of placeholder images 

• baby breastfeeding

• If breastfeeding isn’t indicated use images 
where baby is not breastfeeding eg 3,4,14 
or infant only ones eg 7 – 12

• infant health consider using infant only 
images where applicable eg 7 – 12.

NB: Images can be added direct from google drive 
using the insert function. 
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4. Literature  
search protocol 
Aim: This protocol describes the methodology 
for a literature search. Further information 
is located in 6 a) Literature review – 
supplementary information. 

4.1 Summary

The review process, including the literature 
search process, is to be documented at the end 
of the master document using 6 b) Table to record 
review process. 

4.2 Clinical question 
Define/review the clinical question and formulate 
concepts to be used in the search strategy. 

Frameworks for concepts that may be relevant 
include PICO (population, intervention (or 
exposure) ,comparator, outcome), SPICE (setting, 
perspective, intervention, evaluation). 

Determine the topic

Confirm the search strategy

Update the document

Perform the scoping search

Appraise the evidence

Define the clinical question

Gather the evidence

Develop a search strategy

Extract the relevant data

4.3 Scoping search 
Check articles of interest in the shared Endnote 
library to see if any literature has been flagged 
for potential inclusion. 

Perform an environmental scan of appropriate 
websites. These include finding protocols and 
guidelines already developed. 

Guidelines:

• Australian: NHMRC – Infant feeding guidelines 

• American: AAP policy on breastfeeding 

• UK: NICE guidelines 

• Cochrane database of systematic reviews. 

Protocols/point of care resources:

• ABM (protocols) – http://www.bfmed.org/

• UpToDate (via UWA) 

• BMJ Best Practice http://bestpractice.bmj.com/ 

• Therapeutic guidelines (eTG via UWA)

• The Joanna Briggs Institute (via UWA)

4.4 Search strategy 
For each concept the search strategy 
should consider:

• the overall scope of the tool, and 

• any relevant high quality reviews already 
available. 

A scoping search may be sufficient if there are 
a number of high quality guidelines available 
worldwide. Otherwise a database search of the 
literature will need to be performed. Search terms 
will need to be defined (see 5.4.1).

Supplementary search techniques that may be 
useful for key articles include citation chaining, 
cited article search (available in google scholar), 
and additional articles (related article option 
through PubMed.)

Confirm the search strategy with the LactaMap 
working group.
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4.4 i) Search terms 

Using the defined concepts, a preliminary search 
using Ovid MEDLINE to define subject headings 
(MeSH terms) and synonyms . 

• Use the table below as a guide. 
• Consider truncation 

Synonyms: 
• Lactation, breastfeeding, breast-feeding
• Medical, clinical 

Search term table 

Concepts Lactation

Subject headings/MeSH Lactation (MeSH)

Breastfeeding (MeSH) 

Text words lactation 

breastfeedings 

lactation 

breast-feeding 

breastfeed*

breastfed

breast feed*

• Therapy, treatment, intervention, strategy, 
management, care option 

• Initiation, commencement
• Maintenance, continuation, continuing, 

sustainment, sustain
• Support, management, wellness 
• Parturition, delivery, birth
• Mother, maternal
• Infant, baby, newborn, neonate, child
• Doctor, clinician, medical practitioner
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4.5 Evidence gathering 
Evidence is collated, according to the confirmed 
search strategy, into the shared Endnote library. 
NB: A personal working Endnote library may be 
useful for large searches. 

A title and abstract screen will determine relevant 
articles. The full text of the relevant articles should 
be saved in the shared Endnote library. 

NOTE: Any papers found to be relevant for another 
topic should be filed in the “Articles of interest 
“group in the shared Endnote library.

4.5 i) Database search 

Using the finalised search terms, literature 
searches are performed in a minimum of three 
different databases. Ovid MEDLINE (via UWA), Ovid 
Embase (via UWA) and either Ovid JBI, Cochrane 
Library, Web of knowledge, Google scholar, 
CIANHL, PsycNET and Scopus. Boolean operators 
are used to combine concept searches and used in 
conjunction with inclusion and exclusion criteria 
(see 4.5.ii).

Searches will be conducted from the last recorded 
search date. 

4.5 ii) Inclusion and exclusion criteria 

Consider the following criteria – 

Inclusion criteria
• Only studies published in English
• Humans 

Exclusion criteria/limits 
• Full text not available
• Studies not demonstrating a clear research 

methodology such as letters and editorials
• Conference proceedings

4.6 Evidence appraisal
Future plans for the appraisal of evidence include 
consideration of the GRADE system (adopted 
by the NHMRC, WHO). Currently due to the lack 
of available literature this process is evidence-
informed, rather than evidence-based. Further 
information on this decision is in the document 
6 c) Level of evidence assessment.

To assess the quality of the evidence, each relevant 
article is appraised using the document 6 d) Table 
to appraise the literature. This is documented in 
the master document.

It is important that the original article is cited 
rather than newer references citing the original 
article/research. 

General considerations when developing 
criteria for inclusion or exclusion include:
• Population 
• Interventions
• Comparators
• Outcomes
• Time frame for follow-up
• Setting in which the interventions are delivered
• Type of Study
• Study design
• Time Period
• Language (e.g only English)
• Publication Type
• Publication Status
• Geographic Considerations

NOTE: Where relevant new lactation terminology 
is identified a note is made in the “LactaPedia 
glossary additions” document in the shared 
google drive.

4.7 Document update 
The document is updated using the extracted data 
from relevant articles. The LactaMap style guide is 
to be used as a reference. 

Where relevant, associated patient information 
documents and supporting information are to be 
reviewed to ensure they are consistent and still 
relevant with the topic.

All references used in the document update should 
be available through the shared Endnote library 
and recorded at the end of the content text. 
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5. Data entry 
instructions
* Workplace Health and Safety issues:

• Continual uploading of content can result in 
repetitive strain. Plan for this by taking regular 
breaks.

5.1 Entering new CPG titles 
• Click on three dots after LactaMap under Clinical 

Practice Guidelines content folder.

• Choose ‘endpoint’.

• Type title into top title box, capitalising first letter 
of first word only.

• Copy and paste title into title box under general 
tab and patient info tab.

• Choose frequency under general tab 
(NB “common” was chosen as default where 
this isn’t applicable).

• Save and Publish

5.2 Enter content 
• Choose ‘content’ then ‘guidelines’ then open 

appropriate guideline title folder. If not already 
created, enter guideline title as folder by first 
clicking on three dots next to ‘guideline’ and 
entering as a Content Folder.

• Enter references in the reference list first 
(see below).

• Click on three dots next to guideline title 
and choose item to create:

•  Title= title

•  Subtitle= subtitle

•  Text= text

•  Bullet point= bullet point

•  Bullet list= use to collect together bullet points 
that are to be considered as a group

•  Paragraph= for text that is to be emphasised 
by surrounding it in a box. Or for separately 
referenced sentences that are to be presented 
as a paragraph. Choose colour of box (either 
red or blue) under style tab if it is to be 
highlighted, otherwise choose default.

• Enter content in top title box and then copy and 
paste into box on content tab.

• Link words or phrases to other guidelines etc by 
highlighting and then clicking on the link symbol. 
Enter appropriate document in popup on right of 
screen and click link to file.

• Add references under the reference tab.

• Click “save and publish” button

• NOTE: the content area is not the place to 
structure content, it is only a place for plain 
content so that the content can be reused in 
many different pages without having to type it in 
multiple times.

• NOTE: the top title box can only take a limited 
amount of text. If too much is entered, the item 
won’t save. Use the first sentence so that it is 
searchable later.

• NOTE: * frequently used bulletpoint lists: 

•  *Early signs of low milk intake

•  Optimising breastmilk drainage

•  *frequently used phrases:

• “Develop an individualised lactation 
management plan…”

• “Ensure breastfeeding support…”

• Most subtitles eg ‘Infant care options’



24 | LactaMap 

5.3 Entering references
•  Check if reference has already been entered.

•  If multiple different references by same author- 
collate into a cite folder

•  Group by organisation if appropriate (eg ABM)

•  Add references in alphabetical citations folder 
under appropriate letter (file by lead author 
surname).

•  Click three dots next to letter or cite folder, enter 
as “citation”.

•  Copy and paste full reference into “reference” box.

•  Enter pubmed URL in box.

•  Enter title as: lead author surname and initial, 
year, study title.

•  If reference is from an organisation eg ABM, AAP, 
enter under appropriate cite folder.

5.4 Populating content into CPG 
• Open guideline title, click on tab for entry 

eg overview.

• Click on add content.

• Search for content to add by typing in search 
bar in pop up window on the right of screen. 
Alternatively, choose appropriate folder under 
drop down menu.

• Drag and drop content into required position.

• Rearrange order if required by dragging and 
dropping statement.

• Indent content by highlighting content and 
clicking on arrow in direction required for indent.

• Remove content by highlighting content then 
clicking on rubbish bin and confirm.

• Add patient information by opening Patient Info 
tab, click +Add next to patient info pack, click on 
PDF or Links and choose required document. 
Click Submit.

5.5 Normal document and 
supporting information
• Enter title under appropriate folder in 

Lactation Library.

• Enter content under content folder as per 
guideline procedure.

• Populate content into titles as per 
guideline procedure.

Note:

• If the content shows as light grey, it has not been 
‘saved and published’, only ‘saved’. Re-save. 

5.6 Entering information into the 
lactation care pathway
• See ‘LactationAssessmentPathwayDoc’ PDF (on 

google drive under Lactamap operations folder) 
on where information in lactation pathway links 
up to wireframes.

• Link topics in final destination folder by clicking 
on ‘add topic’ and choosing appropriate one.

• Assign order of presentation by choosing 
frequency or alphabetical (N.B Currently, pain 
topics have frequency, milk supply are single 
endpoints so it is not applicable and infant/
maternal health have alphabetical. In the future, 
infant health will be broken into designations of 
breastfeeding indicated/contraindicated/partial).

• Frequency data can be entered in the 
relevant title .

5.7 Uploading and populating PDFs 
and Images
• When you log in click on the media icon in 

the navigation menu on the left hand side 
of the screen.

• You will see two folders – Secured media – 
PDFs and Images.

• Drag your PDF/Image into the relevant folder.

• You can confirm it’s been uploaded by clicking 
on the link.

• NB: The styled documents need to be 
downloaded as a PDF. To download open the 
document - File > download as> PDF. (If it comes 
out in bold print re download).
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• PDFs: To populate the lactamap tool, navigate 
back to the content section. Select patient 
information pack > PDFs then a PDF page. Click 
on the + sign and add the relevant content from 
the media file. Save and Publish

•   NB: the preview button is not functional so will 
come up as a server error if used.

•  Images: Switch to content icon, click on 
content folder then images folder. Click on 
three dots next to images, create picture, click 
on cross in box and select appropriate image. 
Add title. To check image, click on pencil 
icon when hovering cursor inside picture 
square (will take you to the folder in media) 
Once added here you can then populate the 
appropriate CPG etc. You have the option to 
add caption.

5.8 Uploading and 
populating videos
• Upload videos onto vimeo, not umbraco:  

https://vimeo.com

• The login details are: 

•  User Name: info@larsson-rosenquist.org     

•  Password: (available via the project lead)

• Click on upload and follow directions. 

• Rename video if necessary to describe content.

• Click on “Upload complete! Go to video” and 
record video id that is in hyperlink of webpage 
(ie https://vimeo.com/238026434 ←---- use the 
number only).

• In Umbraco, go to the appropriate topic under 
the Clinical Practice Guidelines.

• Open the Video tab, enter the video ID and enter 
the description in the caption box.

• Click on save and publish.

• nb- videos can only be added to CPG.

5.9 LactaPedia 
• Add content directly into the LactaPedia folder. 

• Sort manually for alphabetical order. Click on the 
three dots – Do something else – sort. 

5.10 Checking procedure 
• Compare information on google docs with 

information that has been populated into the 
‘clinical practice guidelines’ or lactation library 
sections (for normal and supporting information), 
as these are the final presentations of the 
information in the tool.

• Carefully work line by line to ensure that 
content has been uploaded accurately, and 
that formatting is correct (ie indenting, bullet 
points etc).

• Ensure referencing is correct by clicking on the 
dot to the right of each statement.

• Ensure linking is correct by clicking on 
statement to highlight it and then hover over 
underlined phrase.

• Ensure the correct patient information is linked. 

• Correct any errors in the content area and then 
recheck final form.

General notes on umbraco functionality 

• To sort content in a different order. Click on the 
three dots – Do something else – sort. 
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6. Appendices
6 a) Literature review – 
supplementary information
The Cochrane handbook provides a good 
description of how to conduct a literature review. 
http://handbook.cochrane.org

In essence a literature search needs to include:

• the search term used, 

• sources consulted, and 

• dates of the literature search, 

• study designs, 

• how studies were screened (e.g abstract 
screening and how many people did this). 

• full explanation/justification of methods for 
searching and managing steps.

Search terms 
Resource: http://flinders.libguides.com/
ld.php?content_id=9201258 

Example of search terms to use:
(lactation OR breastfeed* OR breast-feed* OR 
“breast feed*”) AND (medical OR clinical) AND 
(mother OR maternal) AND (infant OR baby OR 
neonate OR newborn OR child) AND (support 
OR management OR strategy OR therapy OR 
treatment OR intervention) AND (doctor OR 
clinician OR physician OR “medical practitioner”) 
NOT (preterm OR premature)

When designing a search strategy, in order to be 
as comprehensive as possible, it is necessary to 
include a wide range of free-text terms for each of 
the concepts selected. For example:

• synonyms: ‘pressure sore’ OR ‘decubitus 
ulcer’, etc;

• related terms: ‘brain’ OR ‘head’, etc; and

• variant spellings: ‘tumour’ OR ‘tumor’.

• Service providers offer facilities to capture these 
variations through truncation and wildcards:

• truncation: random* (for random or randomised 
or randomized or randomly, etc); and

• wildcard: wom?n (for woman or women).
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Boolean operators

Boolean operators (AND, OR, NOT)  
(From the Cochrane protocol)

OR

A search strategy should build up the controlled 
vocabulary terms, text words, synonyms and 
related terms for each concept at a time, joining 
together each of the terms within each concept 
with the Boolean ‘OR’ operator. This means 
articles will be retrieved that contain at least one 
of these search terms.

AND

Sets of terms should usually be developed for 
the healthcare condition, intervention(s) and 
study design. These three sets of terms can then 
be joined together with the ‘AND’ operator. This 
final step of joining the three sets with the ‘AND’ 
operator limits the retrieved set to articles of the 
appropriate study design that address both the 
health condition of interest and the intervention(s) 
to be evaluated. A note of caution about this 
approach is warranted however: if an article does 
not contain at least one term from each of the 
three sets, it will not be identified. For example, if 
an index term has not been added to the record 
for the intervention and the intervention is not 
mentioned in the title and abstract, the article 
would be missed. A possible remedy is to omit one 
of the three sets of terms and decide which records 
to check on the basis of the number retrieved and 
the time available to check them.

NOT

The ‘NOT’ operator should be avoided where 
possible to avoid the danger of inadvertently 
removing from the search set records that are 
relevant. For example, when searching for records 
indexed as female, ‘NOT male’ would remove any 
record that was about both males and females.

Databases 

Search Medline as the first database as it will 
usually have the most relevant articles

1. Search concepts (MeSH/text words/synonyms) 
in Ovid medline 

(An example using the ankyloglossia topic, type 
into the search bar (ankyloglossia OR tongue tie* 
OR tongue-tie*) AND (Breastfeeding* OR Breast 
feeding* OR Breast-feeding* OR Lactation*)).

2. Import ALL references to a new working 
endnote library. 

3. Perform the search in a minimum of two more 
databases and import into the new library. 
Note that different databases will have different 
search strategies.

4. Remove duplicates.

5. Obtain the full text. If full text is unavailable then 
exclude the paper from the literature search. 

NB: Each database requires different search 
strategies/nuances 

Useful resource: Flinders guide for database syntax 
http://flinders.libguides.com/ld.php?content_
id=21811024 

Database tutorial:

https://library.medicine.yale.edu/tutorials/
subjects/systematic-searches 

Ovid help: https://library.medicine.yale.edu/
tutorials/subjects/ovid-help 

Common databases to search for literature 
include;

PubMed (free) 
Produced by the U.S. National Library of Medicine 
this is the original MEDLINE database, with a little 
additional material included. It covers biomedicine 
and health, broadly defined to encompass the 
needs of those working in the areas of public 
health, health policy development, or related 
educational activities. Use the Clinical Queries 
option to do a specialized search. It is intended for 
clinicians and has built-in search filters It aims to 
do a ‘quality search’ even when the searcher has 
used natural language to phrase the query.

https://www.ncbi.nlm.nih.gov/pubmed

MEDLINE (OVID via UWA) 
MEDLINE is the U.S. National Library of Medicine’s 
(NLM) premier bibliographic database covering 
the fields of medicine, nursing, dentistry, 
veterinary medicine, the health care system, 
and the preclinical sciences. MEDLINE contains 
bibliographic citations and author abstracts from 
more than 4,600 biomedical journals published in 
the United States and 70 other countries. The file 
contains over 15 million references dating back 
to 1950. 
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Cochrane Library (free) 
The Cochrane Library is the main output of the 
Cochrane Collaboration and aims to bring together 
in one place reliable information about the effects 
of health care treatments or interventions. It is a 
major international source for evidence-based 
health practice and consists of a number of 
databases including: 

•  Cochrane Database of Systematic Reviews The 
full text of the regularly updated systematic 
reviews of topics prepared by the Cochrane 
Collaboration. The reviews are presented 
as either complete reviews or protocols for 
reviews currently being prepared. 

•  DARE (Database of Abstracts of Reviews of 
Effects) DARE includes systematic reviews 
(other than Cochrane systematic reviews), 
identified by the NHS Centre for Reviews 
and Dissemination by searching key medical 
journals, bibliographic databases and by 
scanning grey literature. 

•  NHSEED (NHS Economic Evaluation Database) 
NHSEED contains abstracts of over 10,000 
published full economic evaluations from 
around the world (the majority of which have 
been quality assessed). These are studies in 
which a comparison of two or more treatments 
or care alternatives is undertaken and in 
which both the costs and outcomes of the 
alternatives are examined. Records include 
a structured summary outlining practical 
implications.

•  Methodology Register “The Cochrane 
Methodology Register (CMR) is a database of 
studies relevant to the methods of systematic 
reviews of healthcare and social interventions. 
The register includes journal articles, 
book chapters, conference proceedings, 
conference abstracts and reports of ongoing 
methodological 7 research. Relevant 
records are identified by the UK Cochrane 
Centre through hand searching and sources 
including MEDLINE.” 

•  Technology Assessments (Health Technology 
Assessment Database) HTA database contains 
over 2500 records of completed and ongoing 
assessments. Many organisations and 

government agencies around the world carry 
out health technology assessments looking 
at the medical, social, ethical & economic 
implications of health technologies (eg. 
pharmaceuticals, vaccines, medical and 
surgical procedures) with a view to informing 
policy decisions. 

http://www.thecochranelibrary.com/view/0/ 
index.html

Web of Knowledge
https://apps.webofknowledge.com 

Google Scholar
https://scholar.google.com.au

UptoDate – (via UWA) 

Therapeutic guidelines – (via UWA) 

Academy of Breastfeeding Medicine (free) 
http://www.bfmed.org

Global health  
searches for public health

SCOPUS (via UWA) 
Range of topics but also medicine. Scopus is 
the largest abstract and citation database of 
research literature and quality scientific web 
sources. It covers 29 million abstracts of over 
15,000 peer-reviewed titles from more than 4,000 
publishers, 265 million references and 265 million 
web pages. Updated daily, it covers subjects of 
the Life Sciences; Health Sciences (includes 100% 
coverage of Medline titles); Physical Sciences and 
Social Sciences.

Biomed central 
Clinical medicine and health

PROSPERO 
Systematic reviews  
https://www.crd.york.ac.uk/prospero/ 

ScienceDirect

Health & medical complete (ProQuest)

Onesearch
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Importing references into Endnote

NOTE: This process varies between Pubmed, 
Google Scholar, Web of Knowledge, The Cochrane 
Library and OVID

OVID
• Open library that you wish to use 

• In the Search Results window 

•  Click the references you want to export

•  Export 

•  Format: endnote (or RIS) / Fields: complete 
reference

•  Save

•  Text document should open and import 
directly into the chosen library. if not go to 
endnote and import file. 

• Upload into Endnote Library

• Go to Endnote Library

•  Click on File

•  From dropdown click on Import then File

•  In the import File Window

1. Select the text file and click Choose

2. For Import Options select PubMed (NLM) in the 
dropdown list

3. Click on Import

4. Click on Find Full Text in dropdown menu when 
click on article

5. Make sure Pubmed URL is displayed

Pubmed
• In the Search Results window 

• Click the references you want to export

• Click on Send To

• In the drop down window click on File

• Under Format choose MEDLINE

• Click Create File

• Click Save in the popup window

• Save the text file to a Literature search results 
folder

• Then Upload into Endnote Library

• Go to Endnote Library

•  Click on File

•  From dropdown click on Import then File

•  In the import File Window

1.  Select the text file and click Choose

2.  For Import Options select PubMed (NLM) in the 
dropdown list

3.  Click on Import

4.  Click on Find Full Text in dropdown menu when 
click on article

5.  Make sure Pubmed URL is displayed

Google Scholar
• First make sure Google Scholar preferences has 

been update to allow importing into Endnote.

•  Click on Preferences and click on the Show 
links to import citations into and choose 
Endnote in the drop down menu

•  Save preferences

• Download from Google Scholar then Upload into 
Endnote

•  Click on Import into Endnote link that appears 
underneath the article

• This will download a text file

•  Click on Open or Open with and choose 
Endnote and this will import the reference into 
Endnote

•  Click on Reference in Google Scholar to copy 
the URL into Endnote

•  Click on Find Full Text, if unavailable through 
Endnote try to find through Google Scholar
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Web of Knowledge
• In the Search Results window 

•  Click the references you want to export

•  Click on Save to EndNote desktop

• This will download a text file

•  Click on Open or Open with and choose 
Endnote and this will import the reference into 
Endnote

•  Click on Reference in Google Scholar to copy 
the URL into Endnote

•  Click on Find Full Text, if unavailable through 
Endnote try to find through Google Scholar

The Cochrane Library
• In the Search Results window 

•  Click the references you want to export

•  Click Export Selected

•  At the ‘Choose your export options’ window 
choose export type as PC or Mac, then File 
type as Citation and Abstract

•  Click on Export citation

• Then Upload into Endnote Library

• Go to Endnote Library

•  Click on File

•  From dropdown click on Import then File

– In the import File Window

1.  Select the text file and click Choose

2.  For Import Options select Cochrane Library 
(Wiley) in the dropdown list

3.  Click on Import

4.  Click on Find Full Text in dropdown menu when 
click on article

JBI (OVID)
• In the search window

• Click the references you want to export 

• Click export

• Select RIS for the format and complete reference

• Save file

• In endnote

• File > Import > file 

• Find saved file and choose import option RIS
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6 b) Table to record review process
REVIEW # 1 2 or 3 etc 
Draft: Version # b Record date
Researcher 

Clinical question Includes clinical question and concepts
Search title Record the concept heading here.

Note – if more than one search is required duplicate this part of the table. 
Scoping search Record what was accessed 
Search strategy 1. Scoping search

2. Search terms if used 
3. Database search - MEDLINE, EMBASE, X 

Search terms Refer to 4.4 i) Search terms for a sample table and include below this table. 
Confirmed search strategy Record verification of the search strategy with the LactaMap working group
Article critique Refer to 6d. Table to appraise the literature and include below this table. 
Search notes If required 
Notes If required 
Patient information/
supporting information 

Record on the relevant document the date and what topic it has been 
compared with. E.g Consistent with ‘topic x’ 10/16. The supporting 
information will need to go through its own review process.

Medicines Maternal medications need to be checked and rated with the Hale’s 
lactation risk category. (see Lactation risk categories folder in google drive). 
Update the LactaMap content directory where appropriate. 

Media Review relevancy of any media used
Guideline pathway Review the pathway relevancy 
Evidence review: Version 
# c

 Record date

Senior/second researcher 

Notes  If required 
Clinical review:
Version # d

 Record date

Medical practitioner 

Notes If required 
Final review: 
Version # e

 Record date

Project head 

Notes  If required 
Ready to go live:
Version # f

 Record date

Researcher

Notes If required

Checklist Update header for this document 
Remove any track changes 
Review reference list – vancouver style 
Update content directory 
Update tool using data entry instructions
Double check tool with master document 
Finalise content directory 
Re-label document and move to Live content in google drive 
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6 c) Level of evidence assessment 

The GRADE system is the most commonly applied method for evaluating levels of evidence and grading 
recommendations when developing guidelines. Due to ethical considerations, the majority of studies 
regarding breastfeeding are cohort studies, not randomised controlled trials. This means that most 
recommendations can be expected to rate on the lower end of the evidence quality scale. 

Based on the current resources available and the expectation of generalised lower evidence quality, the 
LactaMap working group currently provides no rating for the level of evidence behind each statement. 
The LactaMap working group’s appraisal of the literature for each document is available on request. 
This decision will be periodically reviewed.

6 d) Table to appraise literature 

Guideline

Source Record title of article, Author, Year

Research Q /  
Purpose of document

Subheading  Overview, Outcomes, Assessment, Diagnosis

Article appraisal 

Study design Primary research – Systematic review RCT/ RCT/ Controlled clinical trials, 
Observational studies (cohort and case control), Individual (case studies, 
anecdote, personal opinion)) 

Secondary research – Narrative review, Overview, Systematic review,  
meta-analysis, decision analysis, guideline development..)

Target population  

Methods  

Results

Conclusion

Authors comments If required for reviews

Quality of evidence Provide any comments on the quality of the evidence

Guideline content 

Overview, Care 
options, Patient 
information

Record the heading the information relates to; add more lines as required
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LactaPedia 
LactaPedia, a glossary of lactation for science and 
medicine, is now also available as a standalone website. 
The aim is for it to become a globally collaborative 
initiative towards the standardisation of terminology for 
human lactation. LactaPedia launched internationally 
during world breastfeeding week August 2018. 
Updates will be published annually.

Find LactaPedia at www.LactaPedia.com

The LactaResearch 
Group
LactaMap and LactaPedia are projects of the 
LactaResearch Group lead by chief investigator,  
Melinda Boss.

The LactaResearch group aims to support effective 
lactation through the translation of research to practice.

For more information see the links below: 
http://www.meddent.uwa.edu.au/research/
lactaresearch-group 
https://www.facebook.com/LactaResearchGroup/ 

Contact: Chief investigator, Melinda Boss  
(melinda.boss@uwa.edu.au) 

LactaPedia
A glossary of lactation for science and medicine



Developed by the LactaResearch group, The University of Western Australia | Find us on Facebook
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LactaMap, an online lactation care 
support system

Mothers commonly report inconsistent 
advice from health professionals as a factor 

contributing to early cessation of breastfeeding.1,2 
Incorporation of the knowledge gained from 
research (evidence) is recognised as the most 
effective way to promote consistency of 
treatment.3 Compared with other major organs 
such as the heart, brain, liver, lungs and kidneys, 
the lactating breast has been the subject of much 
less scientific investigation and there has been very 
little translation to medical care of the research 
that is available.4 Compounding this problem 
doctors, obstetricians, paediatricians and indeed 
most healthcare professionals are reporting that 
they are not receiving the lactation education for 
the knowledge and skills expected of them.5-7  

LactaMap 

To improve the consistency of advice received by 
breastfeeding mothers and their infants, the 

LactaResearch group from The University of 
Western Australia has developed LactaMap.8 
LactaMap is an online lactation care support 
system designed to provide doctors and other 
healthcare professionals with the evidence-base 
needed to care for women and infants 
experiencing difficulties with breastfeeding. It was 
developed for use during a medical consult, so the 
online content is simple to navigate and aims to 
support the clinician to reach a decision point 
within seven minutes. 

While LactaMap is simple to use, its strength is 
in its content. LactaMap is the result of 10 years of 
work from a multidisciplinary group that included 
doctors, a paediatrician, pharmacists, a child 
health nurse, lactation consultants, a midwife, a 
nutritionist and expert lactation researchers. It 
contains 112 clinical practice guidelines, as well as 
supporting information documents, patient 
information documents and normal function 
articles supported by more than 1,000 references.
Methodology behind content development is 
documented in the LactaMap handbook, which is 
available for download from the website. Users 
can either search required content directly or 
travel down a decision tree that ends in a list of 
relevant clinical practice guidelines. The decision 
tree 
(lactation care pathway) is navigated in a few 
clicks, starting with consideration of four key areas 
(FIGURE 1):  
■ pain
■ milk transfer
■ infant health
■ maternal health. 

Once the statement that best suits has been
selected, the clinician is prompted to consider a 
few simple questions in order to reach the relevant 
clinical practice guidelines for the presenting 
condition. In each guideline, content is referenced 
and linked to the PubMed citation wherever 
possible so users can access the original research if 
they want to. Photos of medical conditions are 
included if they have an objective test confirming 
the diagnosis. For example, a swab of the nipple 
shown in the guideline for nipple bacterial 
infection (FIGURE 2) yielded positive results for 
infection with Staphylococcus aureus and group B 
Streptococcus. Patient information documents for 
families are also included and can be emailed or 
printed out (FIGURE 3). 

Melinda Boss 
Senior Research Fellow 
LactaResearch Group 
Pharmacy Division,  

School of Allied Health, 
The University of Western 

Australia 

melinda.boss@uwa.edu.au 

FIGURE 2  The LactaMap nipple bacterial infection clinical practice guideline showing 
an image of an infected nipple.

FIGURE 1  The LactaMap lactation care pathway.
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LactaPedia 
During the development of such a large amount of content 
around lactation, it became clear that many terms had differing 
definitions in the scientific and medical literature. A common 
language is the most basic requirement for the prevention of 
inconsistent advice. Therefore a glossary was created to ensure 
consistency of terms in LactaMap. This glossary became 
LactaPedia (FIGURE 4).9 LactaPedia is available within LactaMap 
but is also a standalone website. It contains more than 560 terms 
and has been reviewed by five international experts in the field. 
The standalone website supports sharing, refinement and 
extension of the glossary via discussion forums allowing anyone to 
provide suggestions, comment or critique. This input is collated 
and assessed and the resulting updates to LactaPedia are planned 
to be published annually. The aim is that LactaPedia will become 
an international standard for lactation terminology.   

LactaMap – features and use 
An important feature of LactaMap is that not only is the content 
evidence-based, but LactaMap itself is research-based. Once the 
initial manuscripts for all clinical practice guidelines were 
completed, the AGREE II (Appraisal of Guidelines for Research 
and Evaluation) instrument was used to assess the methodology 
for their development and identify areas for improvement.10  
The results of this study were used to improve methodology for 
ongoing update and review of the online LactaMap content.  
This content update system allows the translation of new research 
to practice soon after publication, an improvement on the 

conventional process that has been widely quoted to take 17 years.11   
Other studies are also being conducted to gain insight from the 

intended end users of LactaMap – the doctors and mothers. A 
feasibility study was undertaken with doctors to investigate the 
usability and intuitiveness of the LactaMap user interface within 
the context of a medical consult. This research resulted in 
improvements in functionality, including the ability to close 
images as some of these were noted to have the potential to be 
unpleasant for mothers. Another study is currently in progress to 
gain input from mothers regarding the patient information 
documents. These results will then be used to improve the 
information delivered to families. 

LactaMap was globally launched on 26 March 2019 during a 
webinar for the Breastfeeding Innovations Team, hosted by Leith 
Greenslade (CEO JustActions, New York, USA). A LactaMap 
smartphone app is under development and will be available soon. 
Once downloaded, this will allow content to be accessible offline 
anywhere in the world.  

The important health outcomes associated with lactation for 
both mothers and infants are well documented.12 Many of these 
health outcomes are dose-related, meaning the longer lactation is 
sustained the greater the effect. Although most mothers initiate 
breastfeeding, many are unable to sustain lactation for the 
minimum durations recommended by the World Health 
Organization (exclusive breastfeeding for the first six months, then 
continued breastfeeding during the introduction of appropriate, 
nutritious first foods until two years of age and beyond). The 
prevalence of most breastfeeding indicators decreases with 
increasing national wealth. By the time they reach 12 months of 
age less than 20% of infants from high-income countries are 
breastfed.12 It is hoped that LactaMap, which facilitates the 
integration of available scientific evidence with education at the 
point of care, together with psychological and practical support 
will help to improve the outcomes of breastfeeding women and 
their infants. 

Acknowledgement 
The support of the Family Larsson-Rosenquist Foundation is 
gratefully acknowledged (major sponsor) as well as the Rotary 
Club of Southern Districts. 

FIGURE 4  The welcome screen of LactaPedia. 

FIGURE 3  An example of a LactaMap patient information document.
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LactaMap (www.lactamap.com) and LactaPedia 
(www.lactapedia.com) are both available free of charge.
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LactaMap flyers, “Introducing LactaMap” 

 

English version 

  



LactaMap is designed to provide 
evidence-based lactation 
information for doctors to use 
when caring for women and term 
infants experiencing difficulty 
with breastfeeding from birth to 
2 years of age.

LactaMap is the result of over 10 years 
of concept and content development 
by a team of researchers and health 
professionals including doctors, 
paediatricians, midwives, lactation 
consultants, and pharmacists based at 
The University of Western Australia.

LactaMap is a comprehensive resource 
that contains more than 100 clinical 
practice guidelines together with 
related patient information documents, 
supporting information documents, and 
articles describing normal function, all 
supported by more than 1000 references.

LactaMap is free to use and accessible to 
anyone who registers.

Find LactaMap at www.LactaMap.com

major sponsor:
The support of the Family Larsson-
Rosenquist Foundation is gratefully 
acknowledged.

Introducing LactaMap
an online lactation care support system

An online lactation care support system

sponsor:
Rotary Club of Southern Districts

An online lactation care support system

Rotary Club of Southern Districts

Photos by Rainer Wolfsberger, courtesy of 
Family Larsson-Rosenquist Foundation



Try using the following case scenario 
to explore LactaMap.
Case scenario:
Ingrid presents at 9am on Wednesday with her 3-week-old exclusively 
breastfed daughter Ava. She has a 5cm round area of erythema in the 
bottom left quadrant of her left breast over a painful lump that has been 
present since Tuesday morning. She has been feeling unwell since early 
Tuesday afternoon and has a fever of 38.5°C (101.3°F).

Additional information:
Ava slept for 5 hours for the first time Monday night and Ingrid woke 
at 4am Tuesday morning with a lumpy breast.  She has been feeding 
frequently for the last 29 hours and trying to massage the lump when 
breastfeeding.  Breasts soften after feeding but the lump remains.  
Nipples appear intact. Ava is well, has an estimated 6 heavily wet 
disposable nappies over 24 hours and around 4 mustard-yellow, soft 
stools per day.  

See also LactaPedia
LactaPedia aims to be a globally 
collaborative initiative towards the 
standarisation of lactation terminology 
for science and medicine.

Find LactaPedia at www.LactaPedia.com

The LactaResearch Group
LactaMap and LactaPedia are projects 
of the LactaResearch group, 
The University of Western Australia.

The LactaResearch group aims to 
support effective lactation through the 
translation of research to practice.

Contact: Chief Investigator, Melinda Boss 
(melinda.boss@uwa.edu.au)
Find us on Facebook and Instagram U
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LactaMap is designed to provide 
evidence-based lactation 
information for doctors to use 
when caring for women and term 
infants experiencing difficulty 
with breastfeeding from birth to 
2 years of age.

LactaMap is the result of over 10 years 
of concept and content development 
by a team of researchers and health 
professionals including doctors, 
paediatricians, midwives, lactation 
consultants, and pharmacists based at 
The University of Western Australia.

LactaMap is a comprehensive resource 
that contains more than 100 clinical 
practice guidelines together with 
related patient information documents, 
supporting information documents, and 
articles describing normal function, all 
supported by more than 1000 references.

LactaMap is free to use and accessible to 
anyone who registers.

Find LactaMap at www.LactaMap.com

major sponsor:
The support of the Family Larsson-
Rosenquist Foundation is gratefully 
acknowledged.

Introducing LactaMap
an online lactation care support system

An online lactation care support system

sponsor:
Rotary Club of Southern Districts

An online lactation care support system

Rotary Club of Southern Districts

Photos by Rainer Wolfsberger, courtesy of 
Family Larsson-Rosenquist Foundation



Try using the following case scenario 
to explore LactaMap.
Case scenario:
Jillian presents with her 6-week-old exclusively breastfed son, Rory. 
Rory is her first baby and she is feeling anxious about whether she is 
producing enough milk. Although Rory has periods of contentment he 
has been becoming increasingly unsettled, particularly towards the 
evening. Her breasts feel softer than they did in the first weeks after 
Rory’s birth and she is worried that this means she is running out of 
milk towards the end of the day.  She is considering purchasing some 
infant formula to supplement her breastfeeds in the evenings and 
would like your advice.  

Additional information:
In response to your queries, Jillian informs you that Rory was weighed 
recently by his local child health nurse and is growing well, tracking 
along the 75th percentile with no major deviations across percentiles. 
Jillian estimates that Rory produces around 6 heavily wet disposable 
nappies every 24 hours. He passes around 4 stools a day that are 
yellowish, soft and unformed with a non-offensive odour. Rory’s skin 
and muscle tone appear normal. Neither Rory nor Jillian have any 
other medical conditions. Jillian is breastfeeding Rory frequently 
(approximately every 2-4 hours) to need.

See also LactaPedia
LactaPedia aims to be a globally 
collaborative initiative towards the 
standarisation of lactation terminology 
for science and medicine.

Find LactaPedia at www.LactaPedia.com

The LactaResearch Group
LactaMap and LactaPedia are projects 
of the LactaResearch group, 
The University of Western Australia.

The LactaResearch group aims to 
support effective lactation through the 
translation of research to practice.

Contact: Chief Investigator, Melinda Boss 
(melinda.boss@uwa.edu.au)
Find us on Facebook and Instagram
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LactaMap flyer, “Introducing LactaMap” 

 

Japanese version 

  



LactaMapはエビデンスに基づく

ラクテーションに関する情報を 

提供するシステムです。

産後、2歳までの赤ちゃんを持ち、母乳
育児に困難を抱える母親とその赤ちゃん

 

LactaMapは、西オーストラリア大学を
拠点とする医師、小児科医、助産師、
ラクテーションコンサルタント、薬剤
師などの研究者と医療従事者のチーム
により、10年以上の歳月をかけて
開発されました。

LactaMapは、100件を超える診療ガイド
ラインと、関連する患者にお渡しが可能
な文書、裏付けとなる情報および論文を
含む包括的な情報提供プラットフォーム
であり、全ての情報は1000件を超える
参考文献によって裏付けられています。

LactaMap新規登録は、こちら。

※ユーザー登録は無料です。
www.LactaMap.com

メインスポンサー：

下記リストは、当システム開発、

資金面でご支援頂いている団体

様となります。

LactaMap（ラクタマップ）

オンライン
ラクテーション・サポート・システム

An online lactation care support system

その他スポンサー:

Rotary Club of Southern DistrictsAn online lactation care support system

Rotary Club of Southern Districts

をケアする際に、お医者様にご使用
いただくことができます。

※ご注意：Webサイトは英語です

これまで開発を支えてくださった
Family Larsson Rosenquist Foundation
に、心より感謝申し上げます。



ケーススタディーで 
LactaMapのポテンシャルを試してみましょう

ケーススタディー:
ジリアンは生後6週間の息子、ローリーと一緒に貴院に来院します。ローリーは
彼女の第一子であり完全母乳で育てられています。ジリアンは母乳が足りて
いるのか分からず、不安に思う事があるようです。ローリーはおっぱいを
飲んで満足する時期もありましたが、最近は特に夕方になってくると授乳しても
泣き止まない場合もあります。出産直後と比べて最近、ジリアンの乳房が柔らかく
なってきたようで、これは母乳が不足気味だからではないかと彼女は心配して
います。夕方の授乳を補うために人工乳の購入を検討していますが購入前に、

追加情報:
診察中、ジリアンに様々な質問をしたところ、ローリーは先日、地元の小児保健
看護師によって体重を確認されていたようです。確認の結果、体重の身体発育値に
大きな偏差がなくローリーは75パーセンタイルに沿って良好に成長していると
分かりました。またジリアンの推定によると、24時間ごとに約6回しっかりと
おしっこで濡れたおむつを取り替えており、4回は黄色がかった柔らかいうんちを
しているようです。ローリーの皮膚の状態や筋緊張は正常であり、母児とも他の
病態は特にみられていません。また直接母乳は頻回に行っており（約2～4時間の
間隔）、ローリーが欲しがるときに行っているようです。

LactaPedia　母乳育児の百科事典
LactaPediaは母乳育児支援に携わる医
療従事者のためにエビデンスに基づき制
作された母乳育児の百科事典です。母乳

る臨床根拠に基づく専門用語の標準化を
 分泌に関する生理や母乳育児支援におけ

LactaPediaをご使用になりたい場合は、
www.LactaPedia.com

The LactaResearch グループ
LactaMapとLactaPediaは西オーストラリア

です。LactaResearchグループは、研究を
 大学LactaResearch グループのプロジェクト 

プラクティスに転換することで、効果的な

目指す世界的な共同イニシアティブです。

母乳育児支援のサポートを目的として

チーフインベスティゲーター　　 Melinda Boss 
(melinda.boss@uwa.edu.au)

Follow us  U
ni

Pr
in

t 1
57

54
8_

B

LactaPedia
A glossary of lactation for science and medicine

一度医療従事者のアドバイスを受けたいと考え来院しました。

までアクセスを。

※ご注意：Webサイトは英語です

います。

プラットフォームに関するお問い合わせ先：

LactaResearchグループの
ソーシャルメディア公式アカウント

Facebook Instagram
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Appendix J 

Lactology course outline 
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LACTOLOGY COURSE OUTLINE 
 
The Postgraduate Certificate in Lactology and Postgraduate Diploma in Clinical 
Lactology will translate research to breastfeeding families by educating the health 
professionals supporting them. 
 
 

POSTGRADUATE CERTIFICATE IN HUMAN LACTATION (LACTOLOGY) 
100% online delivered as 8x3 micro-credential units 
Unit 
1 

Breastfeeding: A foundation for human health 

  Topic  
1 Intro/Orientation 
2 Importance of breastfeeding: Nutrition and protection  
3 Importance of breastfeeding: Economic and environmental importance  
4 Epidemiology: Breastfeeding in high income countries  
5 Epidemiology: Breastfeeding in low-middle income countries  
6 Lactation across time and species: Evolution 
7 Lactation across time and species: Anthropology 
8 Current perspectives and challenges: Breast as aesthetic/sexual organ vs 

functional  
9 Current perspectives and challenges: Terminology  
10 Comparative gaps in our understanding of human lactation: Comparison 

with other organs, lack of objective tests, translational research 
11 Comparative gaps in our understanding of human lactation: How to 

interpret and evaluate research, importance of research and what is good 
evidence 

12 Breastfeeding and ethics 
  
Unit 
2 

Anatomy and Physiology of the Breast (including endocrinology as a 
subset of physiology) 

  Topic  
1 Mammary development from fetus to puberty: Anatomy 
2 Mammary development from fetus to puberty: Physiology 
3 The lactation cycle: conception to weaning 
4 The lactation cycle: conception to weaning 
5 The lactation cycle: conception to weaning 
6 Milk synthesis during sustained lactation: mature milk synthesis and 

secretion 
7 Milk synthesis during sustained lactation: milk production measurement 
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8 Menopause and sensescence: anatomy and physiology 
9 Menopause and sensescence: involution as model for cancer resolution 
    
Unit 
3 

Lactation and the infant 

  Topic  
1 Breastmilk composition: Conception to secretory activation (includes 

transitional milk) 
2 Breastmilk composition: After secretory activation (macronutrient 

composition)  
3 Breastmilk composition: After secretory activation (HMOs)  
4 Breastmilk composition: After secretory activation (micronutrient 

composition)  
5 Breastmilk composition: After secretory activation (adipokines)  
6 Immunobiology of human milk: Short term effects (during lactation) 
7 Immunobiology of human milk: Long term effects (after lactation) 
8 Immunobiology of human milk: Immune factors in breastmilk (cells 

cytokines, bioactive molecules) 
9 Immunobiology of human milk: Milk microbiota (lactobiome) 
10 Milk removal: Autocrine, neonatal reflexes, milk ejection reflex 
11 Milk removal: sucking dynamics, breastfeeding patterns 
  
Unit 
4 

Mother-Infant behavioural adaptations/interplay 

  Topic  
1 Maternal diet and lifestyle: sensations of breastfeeding 
2 Maternal diet and lifestyle: diet, exercise and alcohol 
3 Maternal proximity and influences on infant 
4 Breastfed infant development: physiologic jaundice, regurgitation, 

galactorrhoea 
5 Breastfed infant development: growth, output, sleep, crying 
6 Weaning-infant perspectives including first foods 
7 Contemporary issues: IVF 
8 Contemporary issues: milk expression and pumping (in the context of 

normal function) 
9 Contemporary issues: Impact of maternal metabolism (obesity, metabolic 

syndrome) 
10 Maternal confidence and self-efficacy (including family/father support) 
11 Positioning and latch 
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POSTGRADUATE DIPLOMA IN CLINCIAL LACTOLOGY 
4 units delivered as mix of online and face-to-face case-based learning 
Unit 1 Introduction to lactation assessment, assessment and management of 

pain 
  Topic 
1 Social accountability (breastfeeding protection, the WHO code) 
2 Social accountability (epidemiology, the impact of disparity) 
3 Introduction to lactation assessment (care pathway)  
4 Assessment, causes and treatment of pain: Maternal (Antenatal, 

positioning and latch) 
5 Assessment, causes and treatment of pain: Maternal (Infection, 

engorgement, blocked duct, mastitis, abscess, breast cancer) 
6 Assessment, causes and treatment of pain: Infant (unsettled infant-

including colic, GORD, allergy and intolerance, constipation) 
7 Assessment, causes and treatment of pain: Infant (birth trauma, oral 

anatomical anomalies) 
 
Unit 2 Assessment and management of milk transfer 
  Topic 
1 Objective assessment of milk transfer (maternal and infant) 
2 Increasing milk synthesis 
3 Decreasing milk synthesis 
4 Breast refusal 
5 Breastfeeding aids 
6 Tests for function 
7 Maternal-Delayed secretory activation risks, primary lactation failure, 

secondary lactation failure , other (see Lactation risk factors) 
8 Maternal-Delayed secretory activation risks, primary lactation failure, 

secondary lactation failure, other (see Lactation risk factors) 
9 Infant-oral anomalies, ankyloglossia, cleft lip and palate, laryngomalacia, 

micrognathia 
 
Unit 3 Breastfeeding with diagnosed medical conditions: Maternal and Infant 

Health 
  Topic 
1 Maternal health (coloured breastmilk, breastfeeding and blood borne 

viruses) 
2 Maternal Health (disorders effecting endocrine control) 
3 Maternal Health (maternal mental health-PND, dysphoric MER, Sexual 

abuse survivors and BF) 
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4 Weaning for medical reasons 
5 Infant health (indications for partical BF, and contraindications) 
6 Alternative feeding options 
7 Congential heart disease, congenital hip dysplasia, cystic fibrosis, Deviated 

septum and choanal atresia 
8 Down syndrome, Hirschsprung’s disease, Infantile hypertrophic pyloric 

stenosis, Neurological impairment, Sensory processing disorder, Torticollis 
9 Neonatal mastitis 
10 Infant infections (BF and COVID-19, respiratory tract infection, viral 

gastroenteritis, UTI, Otitis media) 
 
Unit 4 Special circumstances 
  Topic 
1 Adoptive and relactation, transgender situations 
2 Human milk banking and use of donor human milk 
3 Breastfeeding and prematurity (brief overview and outline of challenges) 
4 Breastfeeding and quality use of medicines 
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