
https://doi.org/10.1177/17455057221087865

Women’s Health
Volume 18: 1 –29
© The Author(s) 2022
Article reuse guidelines:  
sagepub.com/journals-permissions
DOI: 10.1177/17455057221087865
journals.sagepub.com/home/whe

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons 
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, 

reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and 
Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Introduction

Despite the known benefits of breastfeeding for both 
infant and mother,1 interventions for clinical problems, 
such as breast inflammation and pain remain a research 
frontier.2,3 Overuse of pharmaceutical and surgical inter-
ventions is an increasingly serious international problem 
in health care.4,5 Both patients and clinicians typically 
overestimate the benefits of medical interventions and 
underestimate potential harms.6–8 It is not surprising then, 
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given the relative lack of research into clinical breast-
feeding support, that overmedicalization and overtreat-
ment is widespread in the care of breastfeeding women 
and their babies when inflammation, pain, and visible 
damage of the nipple–areolar complex emerge.9–16

This is the third of three articles which consider aetiol-
ogy, classification, and management of benign lactation-
related inflammatory conditions of the breast. The first 
article focuses on breast alveoli, ducts, and stroma to pro-
pose a new mechanobiological model, in which excessive 
intra-luminal pressures trigger inter-lactocyte tight junc-
tion disruption and basement membrane rupture, which 
trigger inflammatory cascades and alveolar apoptosis.17 
The second article builds on this mechanobiological model 
to re-think classification, prevention, and management of 
the range of breast inflammations commonly known as 
engorgement, blocked ducts, phlegmon, subacute mastitis, 
mastitis, and abscess.18

This third article addresses the common lactation-
related problem of pain of the nipple–areolar complex, 
including of the nipple stroma (i.e. structural connective 
tissue of the mammary papilla in which vasculature, ducts, 
and nerve fibres are embedded). It does not aim to address 
all nipple–areolar complex pathology that may present 
during lactation. Clinicians should maintain a high index 
of suspicion for viral infection (in particular, herpes sim-
plex and also herpes zoster viruses) in breastfeeding 
women with nipple pain (Box 1).

The evolutionary and complex systems approach to 
lactation-related breast inflammation detailed in this 
three-part series forms part of the foundational breast-
feeding domain of the programmes known as 
Neuroprotective Developmental Care (NDC or ‘the 
Possums programs’).25 The NDC breastfeeding domain 
also includes the gestalt biomechanical model of infant 
suck and its clinical translation into the gestalt method of 
fit and hold (also referred to as ‘latch and position-
ing’).9,26,27 NDC has been developed and delivered in 
Australia since 2011. NDC synthesizes the latest evi-
dence concerning early life care across the interrelated 

and interacting domains of breastfeeding, cry-fuss prob-
lems, infant sleep, and parental mood applying evolu-
tionary and complex systems frames, and translates this 
synthesis into clinical practice. The breastfeeding domain 
is foundational, influencing each other domain.13,28–35

Prevalence of lactation-related nipple pain and 
damage

Nipple pain is one of the most common reasons for intro-
ducing formula or ceasing breastfeeding.36,37 In Li et al.’s38 
study of 1323 mothers in the United States, more than a 
quarter stopped breastfeeding in the first month postpar-
tum; 29.3% cited pain and 36.8% cited sore, cracked, or 
bleeding nipples as an important reason.

Nipple pain, with or without visible damage, occurs 
most often in the first-week post-birth. In 2014, Buck 
et al.39 found that 79% of 317 first-time breastfeeding 
Australian mothers experienced nipple pain by the time 
they were discharged home after birth of their baby, despite 
being motivated to breastfeed, well-educated, and in a 
‘Baby Friendly’ accredited institution with extensive post-
natal support. A 2021 study of 58 Spanish women found 
that 97% experienced nipple soreness at 48 h postpartum, 
and a higher pain score was associated with skin-to-skin 
contact lasting more than two uninterrupted hours in the 
immediate postpartum.40 A 2014 Cochrane review con-
cluded that nipple pain reduced to mild levels 7–10 days 
after birth for a majority of breastfeeding women, regard-
less of treatment used.41

Unfortunately, it is not possible to know which women 
will go on to develop persistent nipple pain and damage. In 
a 2020 online survey of 1084 women in the United 
Kingdom who had finished breastfeeding in the past 2  
years, 76% reported having experienced latch-related nip-
ple pain at some time.42

Over half of women with nipple pain develop visible 
damage or wounds. Visible signs include blisters, bruises, 
erythema, oedema, cracks or fissures, ulcers, and exudate. 
These visible signs of damage are associated with increased 

Box 1. Viral infection of the nipple–areolar complex in the lactating breast: a rare but important condition. 

Herpes simplex virus (HSV) on the nipple or breast may present as a small or imperceptible vesicle on an erythematous base which 
ulcerates, associated with axillary lymph node enlargement. HSV may also present as a cluster of vesicles or ulcers on the nipple 
or breast, particularly during a primary outbreak.19–21 The  lesions shed virus, and any contact with HSV during the first weeks 
and months of life may implicate the infant’s central nervous system, and prove fatal.22 Clinicians should maintain a high index of 
suspicion for HSV in breastfeeding women with nipple pain.
If a lactating woman or her family members have had a herpes outbreak, whether type 1 or 2, and she presents with unilateral 
nipple pain, a polymerase chain reaction (PCR) viral swab should be analysed, and the breast should be covered and kept away from 
the baby. Acyclovir or valacyclovir is prescribed, which is safe to use while breastfeeding, hastening resolution and decreasing viral 
shedding. Pumped milk should be discarded from that breast, and good hand-washing and pump-cleansing hygiene practised.23,24

Varicella zoster may present as a cluster of painful vesicles across the chest and breast. Herpes zoster infection can be fatal in a 
newborn. If lesions are not on the breast, breastfeeding should continue with lesions covered. If the lesions are on the breast, the 
infant should not be fed from that side and pumped milk discarded. If a mother experiences a herpes zoster outbreak within 48 h 
after birth, the infant should not breastfeed. Although antibodies pass through the milk, the infant also requires zoster immune 
globulin treatment. Antivirals are prescribed, as for HSV infection.
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pain.43 Using the Numeric Rating Scale of 0–10, women 
with nipple damage reported a mean score of 6.2 in the 
first week and 5.8 after that period; women without visible 
damage reported a mean of 2.7.44

Even at 8 weeks post-birth in Buck et al.’s39 study, 20% 
of 340 respondents reported current nipple pain and 8% 
current nipple damage; 58% reported experiencing nipple 
pain at some time post-birth. In 2015, an audit of the 
Western Australia Breastfeeding Centre found that 36% of 
1177 consultations by International Board Certified 
Lactation Consultants (IBCLCs) were for nipple pain.45

Large studies suggest that nipple pain occurs more 
commonly in Australia, the United States, and the United 
Kingdom than in other parts of the world, such as Brazil, 
Denmark, South Africa, or Peru, emphasizing the impor-
tance of environmental factors.45–50 To give an example of 
possible environmental variables, a popularly taught fit 
and hold strategy (shaping the breast with cross-cradle 
hold) is associated with a fourfold increase in nipple pain.51 
Method of fit and hold intervention remains an omitted 
variable bias in most nipple pain studies, typically alluded 
to without clarification under a statement that the partici-
pant received IBCLC support.

Lactation-related nipple pain predisposes to 
other conditions

Nipple pain is a distressing sensory and emotional experi-
ence which interferes with maternal mood, activity, and 
sleep, whether or not there is visible damage. Not surpris-
ingly, it also predisposes to postnatal depression.43,52,53

Nipple pain is linked with an increased risk of breast 
inflammation (e.g. engorgement and mastitis).54 Building 
on the mechanobiological model of breast inflammation 
detailed in the first article of this series,17 this article 
hypothesizes that the conflicting intra-oral vectors of force 
which result in nipple pain and inflammation also com-
press lactiferous ducts, resulting in elevated intra-luminal 
backpressures and increased risk of breast inflammation. 
That is, the link between nipple pain and breast inflamma-
tion is associative, not causative.

Even without visible trauma, nipple pain is associated 
with low supply.45,55 Some hypothesize that this is because 
nipple pain disrupts sensory nerve signals from the nipple 
to the hypothalamus, impairing oxytocin release, and milk 
ejection.56 However, there is no evidence that pain is caus-
ally linked to decreased oxytocin levels or less effective 
and less frequent milk ejections.

Instead, this article hypothesizes that two factors 
explain the association between low milk production and 
nipple pain. First, women experiencing pain with breast-
feeds are more likely to restrict breastfeeding frequency, 
which downregulates milk production. Second, the same 
conflicting intra-oral vectors of force, which result in 
nipple inflammation and pain also compress lactiferous 

ducts and impair milk transfer, downregulating milk pro-
duction.9,17,18,26,27 This is corroborated by the finding that 
infants whose mothers have nipple pain may transfer less 
milk (Box 2).57,58

The lactating nipple–areolar complex is 
characterized by unique protective factors 
and unique exposure to risks relative to other 
human skin sites

The following key protective systems interact in the skin 
of the lactating nipple–areolar complex to maintain health 
and homeostasis (Appendix 1):

1. Host immune system.
2. Skin and milk microbiomes.
3. Adaptation to repeated mechanical loads (Box 3).
4. Wound-healing inflammation (Appendix 3).

The lactating nipple–areolar complex is characterized by 
unique protective factors and also exposed to unique risks, 
relative to other parts of human skin (Table 1). Applying this 
series’ mechanobiological model, prevention of and inter-
vention for nipple pain and damage demand that innate pro-
tective factors are optimized, and risk factors minimized.

Aetiology: the mechanobiological 
model of lactation-related nipple pain 
and damage

Nipple pain in the absence of visible damage 
is caused by excessively high intra-oral 
mechanical loads

This article proposes a new mechanobiological model of 
lactation-related nipple pain and damage.

During suckling, the nipple epidermis, dermis, stro-
mal core, and other intra-oral breast tissues stretch in 
response to the mechanical force of vacuum (Box 3). 
Vacuum is generated as the infant’s mandible drops in the 
context of the seal against the breast and the seal closing 
off the nasopharangeal space.9,26,27 Elasticity of breast tis-
sue and nipple–areolar complex skin varies widely 
between women. But epithelium begins to tighten at high 
stretch loads, known as the ‘yield point’, as the desmo-
some locking mechanism is triggered (Figure 1).61,63

This model proposes two mechanical causes of nipple 
pain which result from suckling and also from mechanical 
milk removal. First, nipple pain results when stretching 
forces are not evenly distributed over a large surface area of 
nipple, areolar and breast skin, so that desmosomes in the 
nipple epithelium are subject to repetitive and excessively 
high mechanical loads (Box 3). This causes the release of 
cytokines and histamines, triggering inflammatory cascades 
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Table 1. The lactating nipple–areolar complex is characterized by unique protective factors and unique exposure to risks relative 
to other human skin sites.

Unique nipple–areolar complex risk Unique nipple–areolar complex protective factor

Areolar sweat and mammary glands secrete more 
moisture than many other skin sites.

 

Female nipple dermis has dense concentration of 
nociceptors (Appendix 1).

Female nipple dermis has dense concentration of nociceptors (Appendix 1).

Exposure to repetitive and frequent mechanical 
load from the negative pressure of suckling, applied 
perhaps 2–4 h in total during a 24-h period.

The nipple face has deep epithelial crevices and ridges, which enhance 
epithelial elasticity and distribute mechanical loads. Keratinocytes adapt to 
repetitive mechanical loads by:
 1. Elongation
 2.  Changing orientation to align with direction of mechanical forces, and 
 3. Proliferation64 (Box 3).

Exposure to excessively high stretching and 
deforming forces caused by conflicting intra-oral 
vectors of force during suckling or mechanical 
milk removal may result in epithelial and stromal 
inflammation, epithelial damage, and nociceptor 
stimulation.9,26,27

Nipples are richly vascularized, resulting in unusually rapid transport of 
immune and wound-healing factors. A normal layer of nipple epidermis (not 
exposed to repeated micro-trauma and environmental humidity) may recover 
from damage in around 3 days, depending on depth of injury, compared to 
7–10 days for damaged epidermis elsewhere on the skin. When there is 
exudate and necrotic eschar, cyclic mechanical stress under negative pressure 
exposes a nipple wound to repetitive debridement.

Lack of a subcutaneous layer exposes nipple 
stroma to the shearing and stretching effects of 
excessively high mechanical forces during suckling or 
mechanical milk removal, resulting in microvascular 
haemorrhages, an inflammatory cascade, and pain.

This article proposes that lack of subcutaneous layer has three evolutionary 
advantages:
 1.  Vacuum acts directly upon superficial lactiferous ducts without an added 

cushioning layer
 2.  Ductal dilation is optimized without the added intra-oral volume of 

subcutaneous tissue
 3.  The nipple achieves a firm and prominent shape with smooth muscle 

contraction.
Epithelial breaks due to exposure to excessively 
high mechanical forces are vulnerable to microbial 
overgrowth due to loss of the protective epithelial 
barrier.

Nipples are frequently bathed in human milk which contains myriad interacting 
immunoprotective factors, including the microbiome, metabolome, immune 
cells, and exosomes. Saliva, the infant oral microbiome, nipple skin, and 
breastmilk, including the milk microbiome interact to form the infant’s oral 
mucosal immune system (Box 4).17 Infant saliva contains multiple interacting 
bactericidal, fungicidal, and immunoprotective factors. Bactericidal properities 
of infant saliva include pattern-recognition molecules that act as functional 
predecessors of antibodies, recruiting immune cells to defend against mucosal 
pathogens; antibacterial lysozyme; and histatins and polypeptide molecules that 
stimulate cell growth and kill bacteria and fungi, in particular Candida albicans. 
Histatins also stimulate keratinocyte and fibroblast migration, angiogenesis, and 
enhance the re-epithelialization of a wounded area.65–67 The growth of micro-
organisms is inhibited by breastmilk alone and more so when infant saliva is 
mixed with breast milk, with synergistic bactericidal effects.

Bras and breast pads form an occlusive dressing 
(i.e. do not act as semi-permeable membranes). 
Occlusive dressings result in increased temperature, 
increased carbon dioxide and decreased oxygen 
levels, increased humidity, and increased acidity. 
These changes predispose to nipple epithelial 
overhydration and moisture-associated skin damage, 
which increases risk of epithelial fracture. Breast 
pads also absorb moisture (milk and sweat). This 
further predisposes to nipple epithelial overhydration 
and moisture-associated skin damage, which 
increases risk of epithelial fracture (Appendix 2).

 

in the absence of visible tissue damage. If very high stretch-
ing or deformational forces are applied, a shearing load may 
also arise between the epidermis and dermis and the more 
stable interior collagen structure of the nipple, also causing 

release of cytokines and histamines and further inflamma-
tory cascades.

Second, stromal micro-haemorrhage results from vascu-
lar micro-trauma when the nipple is exposed to repetitive 
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Box 2. Analysis of ultrasound and vacuum studies corroborates the mechanobiological model of nipple pain in breastfeeding.

In 2008, Geddes et al. investigated 24 Australian infants diagnosed with ankyloglossia in the presence of breastfeeding problems, 
though definitions and assessment criteria for ankyloglossia were not stipulated. Some of their mothers were found by ultrasound 
to have a narrowing at the base of the intra-oral nipple and breast tissue during suckling; others to have narrowing of the tip of 
the nipple. These changes were not associated with difference in reports of maternal pain and resolved overall in both groups 
immediately post-scissors frenotomy, also associated with immediate decrease in self-reports of maternal pain. When interpreted 
through the lens of the mechanobiological model of nipple pain in breastfeeding, this study shows that infants with breastfeeding 
problems resulting in maternal nipple pain had difficulty achieving adequate intra-oral breast tissue volumes due to conflicting intra-
oral vectors of force (or breast tissue drag) and positional instability. From the perspective of the mechanobiological model, the 
variable pattern of nipple and breast tissue expansion or narrowing is more likely to reflect differences in nipple and breast tissue 
elasticity as the intra-oral breast tissue responds to excessively high stretching mechanical loads, rather than differences in tongue 
movement. Pain scores may decrease immediately after scissors frenotomy due to the infant’s sympathetic nervous system reaction 
and the change in fit and hold which result when a mother and baby are exposed to an environmental stressor (e.g. frenotomy), 
though these factors remain an omitted variable bias in existing research.59

In 2008, McClellan et al. compared intra-oral vacuums in the babies of 30 Australian women breastfeeding successfully without 
nipple pain, with 30 who had pain despite having received unspecified IBCLC interventions. Infants in the pain group applied 
significantly higher baseline and peak vacuums, and transferred less milk despite similar sucking times. Pausing at the breast occurred 
for about a quarter of the feed in both groups, but infants in the pain group applied significantly higher vacuums when pausing.57

McClellan et al. (2015) compared 25 Australian breastfeeding women who had received IBCLC interventions without resolution 
of their persistent nipple pain, with 25 breastfeeding successfully without pain.58 Infants with ankyloglossia were excluded, without 
clarification of assessment criteria. Baseline vacuums were almost twice as high in the pain group, with significantly higher peak 
vacuums. These findings corroborated the lead author’s 2008 study, above. The vacuum in the pain group was stronger than the 
maximum comfortable pumping vacuum measured for women who were successfully breastfeeding with no pain.60 The study also 
found a (statistically insignificant) trend to slower milk transfer in the pain group, consistent with the decreased milk transfer identified 
in women with nipple pain in 2008. The authors conclude that higher vacuums are not associated with increased milk transfer. This 
is consistent with the mechanobiological hypothesis that conflicting intra-oral vectors of force cause nipple pain, excessively high 
vacuums, and ductal compression.58

Pain group infants showed less expansion of the middle section of the intra-oral nipple and breast tissue, and no expansion at the 
base, consistent with increased mechanical stretching caused by an conflicting intra-oral vector of force which conflicts with the 
direction of vacuum application. The finding of decreased depth of intra-oral space when the mandible and tongue are down in the 
pain group is also consistent with increased stretching of intra-oral breast tissue resulting from conflicting intra-oral vectors of force 
(or breast tissue drag), and with decreased intra-oral breast tissue volume.58 The average distance between the nipple tip and the 
junction of the hard and soft palate (NHSPJ) was about the same between the pain and control groups. A 2021 review proposed 
that this finding suggests increased breast tissue in the infant’s mouth may not be of benefit for breastfeeding-related pain.55 
However, because the NHSPJ is just one indicator of decreased intra-oral breast tissue surface area and volume; other indicators 
are the decreased diameter of the intra-oral nipple and breast tissue, and decreased depth of intra-oral space. In addition to the 
fundamental and dynamic impact of fit and hold on intra-oral biomechanics, factors such as nipple and breast tissue elasticity are 
likely to play a role in the infant’s capacity to optimize intra-oral breast tissue volume.
Interpreted from the perspective of the mechanobiological model, these ultrasound and vacuum studies of breastfeeding pairs 
demonstrate the effect of conflicting intra-oral vectors of force as infants reflexly attempt to optimize intra-oral breast tissue 
volume. Infants generate higher baseline and peak vacuums to hold breast tissue in their mouths when the force of gravity drags the 
breast in a different direction, resulting in nipple pain and damage.57

IBCLC: International Board Certified Lactation Consultant; NHSPJ: distance from the nipple tip to the junction of the hard and soft palate.

stretching, bending, or deformational forces. Micro-
haemorrhages trigger signalling pathways and an inflam-
matory cascade. Resultant increased stromal tension or 
swelling further perpetuates cascades of inflammatory 
responses. The collagen-rich, highly vascular core of the 
nipple is threaded through with nerve bundles, which may 
also be  vulnerable to the effects of high stretching or defor-
mational mechanical loads and the effects of local inflam-
mation (Appendix 1).

Desmosome strain and inflammation in the nipple skin 
stimulate dermal nociceptors, triggering maternal nocicep-
tion and perception of pain. Stromal microvascular  haemor-
rhage and perhaps also neural irritation trigger stromal 
inflammation, maternal nociception and perception of pain. 
Persistent nipple pain results from persistent repetitive 

mechanical micro-trauma in the epithelium, dermis or 
stroma, which causes persistent inflammation. Inflammatory 
responses and associated nociceptor stimulation do not 
cease when an episode of suckling or mechanical milk 
removal ceases. Before the inflammation has had time to 
resolve the nipple is again exposed to the mechanical load of 
milk removal.

Nipple pain with visible damage results when 
excessively high intra-oral mechanical loads 
fracture the epithelium

If epithelium can no longer adapt to the mechanical strain 
of stretching, bending, and shearing forces (Box 3), and 
desmosomes have locked but the stretching force 
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continues to increase, epithelium ruptures at the ‘fracture 
point’.61 In the mechanobiological model of lactation-
related nipple pain, the weakest part of the nipple–areolar 
complex epithelium, or the part placed under the most con-
stant and severe elastic tension in the baby’s mouth, breaks 
apart (Figure 1). This results in visible trauma, including 
cracks, grazes, and ulcers, with associated pain and inflam-
mation. Blisters result when horizontal shearing forces 
cause partial fracture and inflammatory serum collects in a 
pocket of fluid between layers of skin. Bruising results 
from vascular damage and haemorrhage.

Cracks are often located at the base of the nipple or in 
the epithelial crevices on the nipple face. Skin cracks 
nucleate (i.e. commence) in the stratum corneum along the 
plane of maximum shear stress, as desmosomes rupture. 
Fracture of the cells themselves is uncommon. Cracks then 

propagate along the topographical canyon features of the 
epithelium.68

It may be on occasions possible to determine the direc-
tion of the intra-oral conflicting force from the location 
of a crack. For instance, if the crack is at 6 o’clock at the 
base of the nipple adjacent to the areola, the infant may 
be suckling from the breast at a height above the natural 
gravity-induced breast fall, causing the mechanical strain 
of upwards tension on the intra-oral nipple and breast 
tissue.9,26,27

The hypothesis that nipple pain and damage 
is caused by tongue friction or the tongue 
pinching or compressing the nipple against the 
palate or upper alveolar ridge is not supported 
by evidence

The hypothesis that maternal nipple pain and damage 
results from abnormal tongue movement which pinches or 
rubs the nipple against the palate or upper alveolar ridge 
has resulted in widespread overtreatment of breastfeeding 
infants with frenotomy and bodywork exercises.11,12,14–16,69 
This hypothesis is not supported by ultrasound or mag-
netic resonance imaging of the biomechanics of infant 
suckling, nor anatomic dissection of the infant floor of 
mouth fascia.70–72 Studies of breastfeeding women with 
nipple pain have been interpreted as showing that nipple 
pain is due to either particular tongue contour and move-
ment attributed to infant oral connective tissue tightness, 
or innately high vacuum generation.57,59 However, the 
gestalt biomechanical model, described elsewhere, pro-
poses that these findings are more accurately interpreted as 
tongue contour changes in response to variable intra-oral 
breast tissue volumes, aligned with this article’s mechano-
biological model (Box 2).9,26,27

Box 3. Skin adapts to protect against mechanical forces.

Skin deforms elastically in response to force or mechanical load, which occurs constantly in daily life, to protect against mechanical injury. 
Most human skin can be stretched to several times its initial size and yet return to its original genetically determined size and shape.61

The weakest component of skin is the keratinocyte cell (Appendix 1). If there is a low level of mechanical stress, structures within 
the keratinocytes absorb the load, Desmosomes, which are the structural junctions linking keratinocytes, protect the integrity 
of keratinocytes by locking after a certain point of epithelial stretching, known as the ‘yield point’. That is, at the yield point, 
actomyosin contracts, activating catch bonds which help avoid epithelial fracture (Figure 1).63 Skin has properties of plasticity which 
allow for progressive and permanent adaptation to mechanical forces applied over time. At first, mechanical stretching causes 
elongation of the skin in the direction of the acting forces, so that it thins. Then keratinocytes become more elongated and change 
their orientation to align along the direction of the load if it is applied repetitively, dissipating the load.62

Skin has properties of plasticity which allow for progressive and permanent adaptation to mechanical forces applied over time. 
Mechanosensory processes respond to repeated or sustained external stress by strengthening desmosomes with more adhesion 
molecules. Mechanical stress also activates signal pathways which modulate gene expression, protein synthesis, and cellular growth. 
The skin develops a thickened epidermal layer as keratinocytes continue to elongate, divide, and proliferate in the direction of the 
force to alleviate stress within each cell, and stem cells migrate in, resulting in production of expanded skin tissue. More collagen is 
laid down in the dermal layer. When the surface area of skin increases, mechanical load is dissipated, strain applied at any one point 
decreases, and the risk of epithelial fracture is mitigated. Increased dermal collagen also protects against skin fracture.61,62,64

The inherent adaptivity of nipple–areolar complex skin in response to repetitive high mechanical loads may explain why women are 
particularly vulnerable to nipple pain and damage in the first week of breastfeeding, as their skin adapts. It also explains why women 
may report that their nipples visibly change over the course of lactation.

↑ mechanical load 
(generated by negave pressure of infant suck)

muilehtipe
elppin

ot
deilppasserts

↑

Yield point

Ulmate tensile strength

Fracture point

Figure 1. The mechanobiological model of nipple epithelium 
yield and fracture.
Graph adapted from Pawlaczyk et al.61
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Similarly, clinicians and researchers have hypothesized 
that pacifiers and bottle teats alter neural pathways coordi-
nating tongue movement and sucking patterns, resulting in 
nipple pain. But this theory is based on misconceptions 
about the role of tongue in milk transfer. A 2015 systematic 
review of 14 articles found little evidence of a causal rela-
tionship between pacifier and bottle teat use, and nipple 
confusion.37,58,73

The tongue is a muscular hydrostat, which changes shape 
and contour without alteration in volume.74 Applying the 
gestalt biomechanical model, the infant tongue is a supple 
adaptive organ, which does not compress the nipple and 
breast tissue to extract milk or drive milk transfer. 
Mandibular excursion generates peak intra-oral vacuum, as 
the anterior and mid-tongue track down en bloc with the 
mandible. Tongue shape and contour dynamically conform 
to available intra-oral breast tissue volume. The volume of 
nipple and breast able to be drawn up into the suckling 
infant’s mouth decreases in the presence of conflicting intra-
oral vectors of force, also known as breast tissue drag.9,26,27

Clinicians and researchers have hypothesized that 
abnormal infant tongue contour and movement in breast-
feeding due to restricted infant oral connective tissues 
causes a friction burn or graze of the nipple. But a burn or 
graze caused by friction would be expected to present dif-
ferently to the cracks and ulcers which characterize lacta-
tion-related nipple damage (Box 4). A friction burn or 
graze is likely to cause a broad area of epithelial damage, 
on the aspect of the nipple which rests against the dorsum 
of the tongue during breastfeeding. But nipple cracks and 
ulcers are commonly located at the base of the nipple and 
on the nipple face, consistent with epithelial rupture due to 
tensile mechanical forces. Moreover, if the protective 
mucosal saliva and mucin layer were to disappear, the 
hypothesized friction burns would be as likely to occur on 
the surface of the infant tongue as on the maternal nipple–
areolar complex, but maternal nipple damage in breast-
feeding does not coincide with infant tongue mucosal 
damage (Box 4).

Classification: signs and symptoms 
of excessively high stretching or 
deformational mechanical loads 
during milk removal

Lactation-related nipple pain, persistent nipple 
pain, and wounds of the nipple

Women describe symptoms of nipple and breast pain and 
discomfort along a spectrum of intensity with highly vari-
able descriptors, including terms such as cutting, throbbing, 
pinching, burning, radiating, and stabbing.43 Erythema and 
swelling are signs of nipple–areolar complex skin and nip-
ple stromal inflammation. A fine white scale may result 
from a hyperkeratotic response of the stratum corneum, 

which occurs in the context of repetitive micro-trauma or 
moisture-associated skin damage (MSAD) (Appendix 2). 
Itchiness is hypothesized to result from histamine release, 
which stimulates nerve cells during the proliferative phase 
of wound healing (Appendix 3).74

In a separate review of the research literature, this 
author has demonstrated that the symptoms of burning, 
radiating, stabbing, or itching pain which occur between 
breastfeeds, and which may be associated with signs of a 
shiny pink nipple and fine white skin flakes, are not indica-
tive of mammary candidiasis.13 These symptoms and signs 
are, however, consistent with inflammation, which results 
from excessively high stretching or deformational mechan-
ical loads applied during suckling or mechanical milk 
removal. Effects of the inflammatory response continue 
between feeds.

Lactation-related vasospasm of the nipple

Breastfeeding women may describe shooting, stabbing, 
radiating, or burning nipple and breast pain at the same 
time as they notice visible blanching of the nipple face, 
referred to as vasospasm (Box 5). In 2014, Buck et al.39 
found that almost a quarter of 323 Australian breastfeed-
ing women reported nipple vasospasm in the first 
8 weeks after birth. Although these women had higher 
pain scores overall than women without nipple vasos-
pasm, a majority also reported that their vasospasm was 
not problematic.

All nipple pain guidelines acknowledge that mechani-
cal breastfeeding trauma is a likely cause of vasos-
pasm.76,77 Paradoxically, painful nipple vasospasm is 
nevertheless confused with the diagnosis of Raynaud’s 
syndrome and treated as a primary phenomenon which 
lacks a known underlying cause, requiring pharmaceuti-
cal intervention (Box 5).

In 2004, Anderson et al. studied 12 women who suf-
fered from extremely painful breastfeeding. These women 
also experienced blanching of the nipple followed by cya-
nosis and/or erythema, precipitated by cold temperatures. 
Because 10 of these mothers were evaluated by IBCLCs 
who reported confidence that breastfeeding technique did 
not contribute, the authors concluded that poor positioning 
and poor attachment or latch were not responsible. Half of 
the women in this small case series were then diagnosed 
with Raynaud’s disease and prescribed nifedipine. All six 
reported prompt relief of pain. But this small methodologi-
cally weak study lacks a control for the placebo effect, and 
fit and hold remains an omitted variable bias.78

The mechanobiological model proposes that nipple 
vasospasm in breastfeeding women results from repetitive 
mechanical micro-trauma, which causes inflammation. This 
inflammation impacts on the autonomic nervous system, 
destabilizing the homeostatic smooth muscle mechanisms in 
the walls of the rich vascular bed of the nipple stroma and 
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Box 4. Infant saliva protects oral mucosa from friction burn.

The mucosa of the infant’s tongue slides with minimal friction against mucosa lining other parts of the oral cavity because of the 
lubricating effects of saliva, saliva mucin, and breast milk. The infant’s parotid, submandibular, and sublingual salivary glands secrete 
saliva from birth, and as do the minor salivary glands which are widely distributed throughout the submucosa of the oral cavity, 
except on the gingiva and the anterior palate. All salivary glands secrete mucin, the predominant constituent of the oral mucous layer. 
Saliva mucin protects oral epithelial cells from dryness and contains synergistic proteins and peptides which promote cell mitosis 
and migration. Saliva mucin entraps microparticles, including micro-organisms, so that, they are suspended and unable to settle 
into biofilms, and some mucins interact with bacteria, dispersing, and selectively destroying them. Ultrasound and MRI confirm that 
there is no air in the oral cavity to exert a drying effect during suckling, even when the mother has nipple pain.70 Tongue movement 
continuously redistributes saliva and saliva mucin over the surface of the nipple–areolar complex and intra-oral breast tissue

MRI: magnetic resonance imaging.

Box 5. What is vasospasm?

Vasospasm is a spasmodic contraction of the smooth muscle which lines the walls of the small arteries and arterioles, limiting 
blood flow. Vasospasm is the underlying mechanism which may lead to clinically evident blanching. After blanching, the colour 
of the skin may sometimes but not always change to purple, due to ischaemic deoxygenation, followed by a red flush once the 
arterioles relax again. White and then purple colouration are due to vasospasm; a red flush is due to subsequent hyperaemia. 
These colour changes are typically diagnosed as signs of primary Raynaud’s syndrome (also known as Raynaud’s disease or 
Raynaud’s phenomenon), of unknown cause. Primary Raynaud’s syndrome typically occurs between the ages of 15 and 30 years, 
most commonly in females, affecting the fingers, toes, or ears. A 1978 Scandinavian study found that Raynaud’s disease of the 
hands affects up to 20% of women of childbearing age.75

Secondary Raynaud’s syndrome, that is, Raynaud’s with a known cause, can occur due to a connective tissue disorder (e.g. 
scleroderma, systemic lupus erythematosus, or rheumatoid arthritis), exposure to injury or prolonged vibration, cigarette smoking, 
thyroid dysfunction, and the oral contraceptive pill. There is no clear evidence linking caffeine intake to secondary Raynaud’s 
syndrome. Both primary and secondary Raynaud’s syndromes are more common in cold climates.
The mechanisms of vasospasm remain poorly understood. In general, chronic hyperactivation of the sympathetic nervous system 
causes unstable vasoconstriction. This explains why chronic elevation of sympathetic nervous system activity (e.g. stress) is 
associated with high blood pressure and increased contraction or resistance of peripheral blood vessels. Inflammatory factors are 
known to destabilize the homeostasis of smooth muscle contraction and relaxation in arterioles, triggering contraction.

dermis (Box 5). The subsequent tendency to vasospasm may 
occur either during breastfeeding or between feeds. That is, 
the distinction made between nipple vasospasm episodes 
which occur during or immediately after a feed, and nipple 
vasospasm episodes which occur between feeds, is not diag-
nostically helpful or relevant.

A history of autoimmune disease or diagnosis of 
Raynaud’s syndrome prior to lactation increases the likeli-
hood of a vasospasm response to the inflammation of nipple 
dermis or stroma which results from excessive mechanical 
loads during breastfeeding or mechanical milk removal. 
Similarly, environmental factors, such as cold or touch are 
more likely to trigger a vasospasm response in nipple dermis 
or stroma which is inflamed due to intermittent experience of 
excessive mechanical loads during breastfeeding or pump-
ing. Lactation-related nipple vasospasm is more accurately 
conceptualized as a secondary Raynaud’s syndrome, which 
occurs in response to inflammation from repetitive exposure 
to excessively high mechanical loads.

Lactation-related white spots

From the perspective of this article’s mechanobiological 
model of nipple pain and damage, there are three kinds of 
white spots. The first two are conceptualized as signs of 
localized epithelial inflammation.

Mitchell et al. hypothesize that white spots result from 
subacute mastitis and mammary dysbiosis, in which ductal 
biofilm formation extends to the nipple epithelium (Box 6).79,80  
Their hypothesis builds on the 2017 Rodriguez and 
Fernandez hypothesis that breast inflammation results 
from biofilm blockages within lactiferous ducts.81

The first two articles of this series on lactation-
related breast inflammation argue that diagnoses of 
mammary dysbiosis and subacute or subclinical mastitis 
are not supported by the evidence, and that the hypoth-
esis that breast inflammation is caused by intra-ductal 
biofilm is unconvincing. Pathogenic biofilm formation 
may be an occasional late stage development in a cas-
cade of severe breast inflammation, not causative. 
Similarly, there is no convincing evidence-based ration-
ale to suggest that white spots are an extension of intra-
ductal biofilm to the face of the nipple (Box 6). These 
pathogenic bacterial models result in widespread pre-
scription of short or prolonged courses of antibiotics for 
lactating women, with little evidence of benefit relative 
to the passage of time, and contribute to the global prob-
lem of antimicrobial resistance.17,18

Milk blister. A milk blister is an exquisitely painful white 
spot or lesion on the nipple face, usually with a clearly 
demarcated border. It is sometimes associated with a lump 
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or cord-like area extending from the nipple blister into the 
breast.

This article proposes that microscopic epithelial 
inflammation in the region of a duct orifice, most likely 
due to mechanical trauma, may heal so that the stratified 
squamous epithelium which extends 2 mm inside the ori-
fice fuses during the inflammatory process of wound 
healing (Appendix 1). There may be a build-up of milk 
in the main duct behind the resultant milk blister, result-
ing in elevated intra-luminal pressure in the glandular 
tissue drained by branches of that duct. The latter trig-
gers inflammation and high white cell counts,82 explain-
ing the inspissated milk that is sometimes released or 
expressed when a milk blister is released.

Hyperkeratosis. This article hypothesizes that a hyperkera-
totic spot of the nipple is an area of stratum corneum which 
has thickened in response to a focus of repetitive and 
excessively high mechanical trauma during breastfeeding 
or mechanical milk removal. A hyperkeratotic spot is often 

exquisitely painful in response to even mild pressure, per-
haps because the thickened plaque of stratum corneum 
places pressure on the dermis, which is highly vascular 
and dense with sensory nerve endings.

A hyperkeratotic spot may appear pale white, cream, or 
yellowish, though colour alters during milk removal due to 
the effects of moisture and epithelial hydration. A hyper-
keratotic spot may be larger with more diffuse borders than 
a milk blister. Multiple, irregular sized hyperkeratotic 
spots may form on the face of a nipple which is subject to 
repetitive micro-trauma. Attempts to unroof a hyperkera-
totic spot, mistaking it for a milk blister, will worsen 
hyperkeratosis.

In 2012, a US medical practitioner Dr O’Hara pub-
lished an abstract (only), which reported histological anal-
ysis of punch biopsies of painful white spots from five 
breastfeeding women. The tissue was characterized as rub-
bery and scar-like. Analysis found no bacteria or fungi, but 
leukocytes and fibrin were identified, signalling inflam-
mation. The women reported that their symptoms resolved 

Box 6. The hypothesis that white spots are caused by mammary dysbiosis is not supported by evidence.

In 2020, Mitchell et al. published a single case study of a 35-year-old lactating woman in the United States. In this analysis, the 
authors hypothesized that milk blebs are a surface extension of intra-ductal mammary dysbiosis and plugging caused by biofilm 
formation.79 Mitchell et al. propose that dysbiosis extends superficially to dissect the duct at the nipple orifice, resulting in growth 
of epidermal tissue over the orifice. (See the second article in this series for a critique of the diagnosis of mammary dysbiosis.18) 
The patient had successfully breastfed two older children but her third infant received expressed breast milk exclusively from birth, 
due to persistent inability to latch, attributed to extremely large nipple size relative to the baby’s mouth. By the time this mother 
presented 6 months postpartum to a breast surgery clinic, she had received antibiotics for three previous episodes of mastitis, with 
the last episode occurring 2 weeks prior. She presented with persistent left breast pain, scattered areas of ‘plugging’ of her left 
breast and extensive left nipple blebs believed to be occluding multiple nipple orifices, with no erythema. Her milk grew multi-drug–
resistant Staphylococcus aureus. The patient was treated with intravenous antibiotic therapy (daptomycin and dalbavancin). Two 
weeks later, her symptoms had improved but not resolved, and she received further intravenous dalbavancin. Eight weeks later, 
both bleb and pain were completely resolved.79

This study does not report if the woman had been:
 1.  Self-treating her blocked ducts and mastitis with massage prior to presentation, which is commonly advised and likely to 

worsen breast inflammation;17,18

 2.  Applying breast compressions during mechanical milk removal, which is commonly advised but predisposes to breast 
inflammation; or

 3.  Attempting to ‘unroof’ or rub away the white spots, which is commonly advised but is likely to worsen pain and 
hyperkeratosis.

Because this woman had successfully breastfed two infants prior, one for 10 and one for 16 months, it is unlikely that an abnormally 
large nipple relative to the infant’s mouth explains why she had been unable to latch this third infant over the previous 6 months. 
Unidentified and unmanaged problems of fit and hold are a more likely explanation. The report of early latch difficulty and brief 
nipple shield use for the second infant indicate previous emergence of fit and hold challenges. Applying a mechanobiological model, 
epithelial trauma from excessively high mechanical loads is the most likely cause of both breast inflammations and hyperkeratotic 
white spots on the nipple in this case. The authors assume that the white spots occluded nipple orifices but the case is more 
consistent with hyperkeratotic white spots rather than milk blisters.79

In 2020, Mitchell and Johnson found that nipple ‘blebs’ represented 17% of all referrals to a US breastfeeding medicine practice. Thirty-
four women were treated for blebs, at the same time as the clinicians addressed milk supply that was in excess of the infant’s needs, 
as deemed relevant. Patients were advised to apply mid-potency topic steroid cream ‘to thin the inflamed, fibrinous tissue obstructing 
the nipple orifice and to reduce pain with latch’ several times a day after breastfeeding, and prescribed 5–10 g organic powdered lecithin 
sunflower lecithin orally each day. Forty-four per cent were prescribed antibiotics for concurrent acute or subacute mastitis. Two 
blebs causing acute obstruction were unroofed with a sterile needle. One patient presented with an uncomplicated bleb at five months 
postpartum, was not compliant with lecithin or topical triamcinolone therapy, repeatedly unroofed her bleb at home, then re-presented 
months later with a hypertrophic, painful bleb. Triamcinolone injection was unsuccessful. Excision and pathology showed squamous 
hyperplasia, consistent with hyperkeratosis. Unfortunately, this methodologically weak retrospective audit does not corroborate 
mammary dysbiosis as an explanatory model for white spots of the nipple, nor demonstrate treatment efficacy.80
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shortly after biopsy removal. These histological analyses 
are consistent with the diagnosis of hyperkeratosis.83

O’Hara reported that patients with white spots who sub-
sequently presented to that clinic (number not stated) were 
effectively treated with a short daily course of mid-potency 
steroid under occlusion. A moist wound dressing (plastic 
wrap) was applied to enhance penetration of steroid into 
inflamed and fibrotic tissue. The author concluded that 
‘nipple blebs are an inflammatory response to nipple 
trauma. . . . Clinicians should check for and treat any 
underlying causes of the recurrent trauma’.83

Milium. A milium is a painless, small white dermal cyst of 
keratin, lined by a layer of stratified squamous epithelium, 
which may appear in the crevices of the nipple face. A 
milium cyst may appear prominent and very white after a 
breastfeed or mechanical milk removal. It usually disap-
pears in time, and no treatment is required.

The hypothesis that persistent nipple pain 
during lactation is nociplastic (due to central 
sensitization) conflicts with international criteria 
for nociplastic pain

Persistent nipple pain has been defined in the 2016 
Academy of Breastfeeding Medicine Clinical Protocol 
#26: Persistent Pain with Breastfeeding as pain that per-
sists for more than 2 weeks in a breastfeeding woman, and 
which has not responded to (undefined) interventions by 
IBCLCs. Clinical protocols for persistent lactation-related 
nipple pain list allodynia and hyperalgesia as differential 
diagnoses, requiring referral for psychological or pain 
clinic support, or medications, such as propranolol or 
selective serotonin reuptake inhibitors.76,84,85

The International Association for the Study of Pain defines noci-
plastic pain. The biomedical model conceptualizes pain as 
a direct consequence of tissue damage: the more severe an 
injury, with its associated inflammation, the more severe 
the pain. As tissue damage resolves, pain resolves. But this 
reductionist conception of pain is outdated.

An individual’s perception of pain emerges out of inter-
actions between multiple factors.86 During acute tissue 
damage, pain perception is predominantly affected by the 
extent and nature of the injury. Relatively unspecialized 
nerve cell endings known as nociceptors send a threat sig-
nal to the brain. The brain evaluates the extent of threat by 
drawing on information from current and past experiences, 
and this perception is moderated by the psychological state 
of the brain. Even in the case of acute injury, psychosocial 
and genetic factors, psychological state, and past experi-
ences of pain interact to modulate pain perception. The 
International Association for the Study of Pain (IASP) 
states that pain is an experience of sensations and emotions 
and is always subjective. No pain, even acute pain in 

response to obvious tissue trauma, can be conceptualized 
as purely nociceptive.

The IASP defines chronic pain as pain which is present 
for at least 3 months and/or beyond normal healing time.87 
The experience of chronic pain emerges from:

1. Nociceptive stimulation (inflammation and tissue 
damage which stimulate nociceptors and initiate 
perception of pain),

2. Neuropathic stimulation (damage to peripheral 
nerves which initiates perception of pain), and

3. Nociplastic influences (central nervous system 
processing alteration or dysfunction, resulting in 
central sensitization or disruption of perception of 
pain signals).88

The IASP defines nociplastic pain as ‘pain that arises from 
altered nociception despite no clear evidence of actual or 
threatened tissue damage causing the activation of periph-
eral nociceptors or evidence for disease or lesion of the 
somatosensory system causing the pain’.89 When pain is 
chronic, it no longer reflects the state of the tissues since 
most injuries heal within a few months. Central sensitiza-
tion or nociplastic pain has been studied with cancer pain, 
rheumatoid arthritis, fibromyalgia, low back, and muscu-
loskeletal pain, and increasingly with long COVID. 
Multifaceted care is required because social, psychologi-
cal, and physical domains interact in pain perception. 
Pharmaceutical and non-pharmacological techniques 
including psychological support are required.88,90

Lactation-related nipple pain is acute even when persis-
tent. This article argues that it is inappropriate to extrapo-
late management of functional chronic pain syndromes to 
the care of breastfeeding women with persistent nipple 
pain. Instead, this article proposes that the perception of 
nipple pain is triggered by acute tissue damage and inflam-
mation, even when modulated by genetically moderated 
pain sensitivity, psychological state, and the impact of psy-
chosocial factors.91 It is important to note that although 
anxiety and depression modulate pain thresholds, anxiety 
and depression also result from the experience of pain with 
breastfeeding.53

The nipple dermis is dense with nociceptors; nipple stroma 
is richly vascularized and threaded with nerve fibres 
(Appendix 1); both are vulnerable to inflammation caused by 
mechanical stretching and deformational forces. Inflammation 
caused by repetitive application of excessively high mechani-
cal loads on the nipple skin or by stromal micro-haemor-
rhages, and perhaps also the effects of stretching 
deformational mechanical loads on stromal nerve fibres, 
send powerful nociceptive signals to the brain and should not 
be mistaken for nociplastic pain. Lactation-related nipple 
pain remains an acute pain according to the IASP definitions, 
even when nipple pain is persistent. The physical and 
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psychological stress of breastfeeding in the presence of pain 
may exert effect by causing unconscious muscle tension, 
which results in elevation of shoulders and arms or difficulty 
making adjustments to fit and hold (micro-movements), 
worsening conflicting intra-oral vectors of force.9,26,27

In 2012, McClellan et al. noted that ‘lack of research 
describing the pain severity and characteristics for breast-
feeding women may lead some clinicians to question the 
pain threshold of women experiencing persistent pain’, 
but suggested that the effects of excessively high intra-
oral vacuums measured in women with nipple pain may 
be the predominant reason for ongoing pain perception, 
rather than central sensitization.43 But ultrasound and vac-
uum studies of women experiencing nipple pain corrobo-
rate the mechanobiological model of lactation-related 
nipple pain (Box 2).

When application of mechanical forces cease alto-
gether, in the absence of ongoing sucking or mechanical 
milk removal, inflammation of the nipple skin and stroma 
rapidly resolves and the experience of pain ceases. This 
explains why women with persistent nipple pain are more 
likely to prematurely cease lactation.36

In a 2018 US case series of three lactating women with 
nipple and/or breast pain, Mudunna et al. assessed pain 
using a cotton-bud and pin-prick touch, which the authors 
proposed were non-painful stimuli, moving from the lat-
eral edge of each breast quadrant in towards the nipple. 
The women demonstrated heightened breast skin sensitiv-
ity to the stimuli, and the authors stated that their pain 
resolved with oral antihistamines and beta-blockers. 
Mudunna et al. wrote:

Allodynia is perceiving a non-painful stimulus as painful. 
Other [breastfeeding] individuals experience increased pain 
from a normally painful stimulus (hyperalgesia). For a 
lactating woman with allodynia, an anatomically normal latch 
may be perceived as painful. Similarly, a woman with 
hyperalgesia may experience slight nipple compression 
during let down as excruciating.85

But Mudunna et al. also hypothesize that persistent local 
inflammation due to repetitive exposure to micro-trauma 
is likely to sensitize the nociceptors and mechanoreceptors 
of nipple skin due to release of histamines and cytokines. 
Similarly, increased interstitial tension associated with the 
vasodilation and hypervascularity of breast inflammation 
triggers release of histamines and cytokines, sensitizing 
surrounding tissues. Mechanical pressure by a cotton bud 
or pin prick in the context of acute nipple or breast inflam-
mation is likely to trigger nociceptive pain perception. 
This article argues that the local sensitivity effects of nip-
ple and breast inflammation should not be confused with 
central sensitization.

Diagnoses of nociplastic pain, central sensitization, 
allodynia, and hyperalgesia may harm a lactating woman 

with nipple pain and damage. This is because these diag-
noses may:

•• Invalidate her lived experience, which is that suck-
ling or mechanical milk removal causes her pain 
and that if she were to cease this altogether, her pain 
would rapidly resolve;

•• Disempower her, since she is not helped to resolve 
the pain herself (as is the case, for example, with the 
gestalt method of fit and hold) but is advised that 
she requires pharmaceutical intervention and multi-
disciplinary teams;

•• Re-traumatize her if she is a sexual abuse survivor 
by taking a sexual trauma history in a breastfeeding 
consultation, then proposing that persistent nipple 
pain is linked to sexual trauma and associated noci-
plastic effects;

•• Invite her to shift attention away from her experience 
of nipple pain. She may also feel pressured to divert 
her attention away from her nipple pain, so that she is 
not perceived as ‘exaggerating’ the pain in her brain. 
Not paying attention to nipple sensations and pain 
typically worsens conflicting intra-oral vectors of 
force during milk removal. From the perspective of 
the gestalt method, increased attention to nipple and 
breast sensation is required, drawing on psychologi-
cal strategies which support contact with the present 
moment, as she applies micro-movements to elimi-
nate breast tissue drag and resolve tissue damage and 
inflammation; 9,26,27

•• Place her at risk of side-effects of pharmaceutical 
interventions without evidence of benefit; and

•• Result in financial burden of treatments without 
evidence of benefit.

Prevention and management of 
lactation-related nipple pain

Evidence-based prevention and management of lactation-
related nipple pain and persistent pain is detailed in Table 2. 
The mechanobiological approach to nipple pain translates 
into two key preventive or treatment strategies:

1. Elimination of repetitive mechanical micro-trauma 
due to excessively high stretching or bending 
mechanical loads during milk removal and

2. Avoidance of epithelial overhydration and MASD.

Key strategy 1: eliminate repetitive mechanical 
micro-trauma

A. Optimize fit and hold to eliminate conflicting intra-oral 
vectors of force during breastfeeding. Studies examining 
the causes of lactation-related nipple pain and clinical 
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 m

ot
he

rs
 w

ith
 n

ip
pl

e 
pa

in
 a

nd
 2

8 
w

ith
ou

t 
br

ea
st

fe
ed

in
g 

pr
ob

le
m

s,
 n

ip
pl

e 
sh

ie
ld

s 
im

pr
ov

ed
 m

at
er

na
l c

om
fo

rt
 a

nd
 d

id
 n

ot
 im

pa
ct

 m
ilk

 r
em

ov
al

 o
r 

su
ck

in
g 

st
re

ng
th

 in
 t

he
 

pa
in

 g
ro

up
.93

 N
ip

pl
e 

sh
ie

ld
s 

m
ay

 h
av

e 
a 

ro
le

 a
t 

th
e 

sa
m

e 
tim

e 
as

 p
ri

m
ar

y 
in

te
rv

en
tio

ns
 

ar
e 

ap
pl

ie
d 

in
 t

he
 fo

llo
w

in
g 

th
re

e 
pr

es
en

ta
tio

ns
:

 
1.

  S
ev

er
e 

pa
in

 a
nd

/o
r 

da
m

ag
e

 
2.

  C
on

di
tio

ne
d 

sy
m

pa
th

et
ic

 n
er

vo
us

 s
ys

te
m

 h
yp

er
ar

ou
sa

l a
t 

th
e 

br
ea

st
 in

 a
ss

oc
ia

tio
n 

w
ith

 n
ip

pl
e 

pa
in

, c
om

m
on

ly
 d

ue
 t

o 
un

id
en

tif
ie

d 
po

si
tio

na
l i

ns
ta

bi
lit

y
 

3.
  V

er
y 

lo
w

-h
ei

gh
t 

ni
pp

le
, c

on
tr

ib
ut

in
g 

to
 d

iff
ic

ul
tie

s 
br

in
gi

ng
 t

he
 b

ab
y 

on
 t

o 
th

e 
br

ea
st

 d
es

pi
te

 o
ng

oi
ng

 in
te

rv
en

tio
n 

to
 e

lim
in

at
e 

co
nf

lic
tin

g 
in

tr
a-

or
al

 v
ec

to
rs

 o
f 

fo
rc

e
 

A
vo

id
 u

nn
ec

es
sa

ry
 a

nd
 in

ef
fe

ct
iv

e 
to

pi
ca

l a
pp

lic
at

io
ns

 
(T

ab
le

 3
). 

O
pt

im
iz

e 
tim

e 
w

ith
ou

t 
br

a,
 w

ea
ri

ng
 s

of
t 

ga
rm

en
t. 

N
oc

tu
rn

al
 s

le
ep

 is
 a

n 
im

po
rt

an
t 

op
po

rt
un

ity
 

to
 a

llo
w

 a
ir

 t
o 

ci
rc

ul
at

e 
ar

ou
nd

 t
he

 b
re

as
t, 

ev
en

 in
 t

he
 

co
nt

ex
t 

of
 m

ilk
 le

ak
ag

e.
 A

 t
ow

el
 o

n 
or

 u
nd

er
 t

he
 s

he
et

s 
m

ay
 b

e 
us

ed
 fo

r 
m

ilk
 c

on
ta

in
m

en
t.

A
vo

id
 e

pi
th

el
ia

l o
ve

rh
yd

ra
tio

n 
an

d 
m

oi
st

ur
e-

as
so

ci
at

ed
 s

ki
n 

da
m

ag
e.

 T
hi

s 
is

 n
ec

es
sa

ry
 t

o 
pr

ev
en

t 
w

or
se

ne
d 

pa
in

 a
nd

  
da

m
ag

e,
 a

nd
 t

o 
su

pp
or

t 
w

ou
nd

 h
ea

lin
g.

In
te

rm
itt

en
t 

m
at

er
na

l i
bu

pr
of

en
 u

se
 b

et
w

ee
n 

fe
ed

s.
 A

na
lg

es
ic

 u
se

 w
he

n 
di

re
ct

ly
 

br
ea

st
fe

ed
in

g 
m

ay
 in

te
rf

er
e 

w
ith

 a
 w

om
an

’s
 c

ap
ac

ity
 t

o 
at

te
nd

 t
o 

ni
pp

le
 s

en
sa

tio
n 

an
d 

el
im

in
at

e 
re

pe
tit

iv
e 

m
ec

ha
ni

ca
l m

ic
ro

-t
ra

um
a.

 If
 p

ai
n 

is
 s

o 
si

gn
ifi

ca
nt

 t
ha

t 
a 

w
om

an
 

ca
nn

ot
 im

ag
in

e 
br

ea
st

fe
ed

in
g 

w
ith

ou
t 

an
al

ge
si

a,
 h

er
 n

ip
pl

es
 n

ee
d 

to
 r

es
t 

fr
om

 d
ir

ec
t 

br
ea

st
fe

ed
in

g.

V
as

os
pa

sm
T

he
 g

es
ta

lt 
m

et
ho

d 
is

 c
ur

re
nt

ly
 t

he
 o

nl
y 

fit
 a

nd
 h

ol
d 

in
te

rv
en

tio
n 

th
at

 o
ffe

rs
 a

n 
ev

id
en

ce
-b

as
ed

 m
od

el
 fo

r 
el

im
in

at
in

g 
co

nf
lic

tin
g 

in
tr

a-
or

al
 v

ec
to

rs
 o

f f
or

ce
 d

ur
in

g 
m

ilk
 r

em
ov

al
.9,
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D
is

tr
ib

ut
e 

m
ec

ha
ni

ca
l l

oa
d 

ov
er

 a
 la

rg
er

 a
re

a 
of

 n
ip

pl
e 

an
d 

ar
eo

la
 s

ur
fa

ce
, b

y 
el

im
in

at
in

g 
co

nf
lic

tin
g 

in
tr

a-
or

al
 v

ec
to

rs
 o

f 
fo

rc
e 

du
ri

ng
 s

uc
kl

in
g 

or
 m

ec
ha

ni
ca

l m
ilk

 r
em

ov
al

. T
hi

s 
 

el
im

in
at

es
 r

ep
et

iti
ve

 m
ec

ha
ni

ca
l m

ic
ro

-t
ra

um
a.

K
ee

p 
ni

pp
le

s 
w

ar
m

 in
 b

et
w

ee
n 

fe
ed

s.
 A

vo
id

 t
ri

gg
er

s,
 fo

r 
ex

am
pl

e,
 c

ol
d.

 A
vo

id
 

st
im

ul
an

ts
, b

et
a-

bl
oc

ke
r,

 o
r 

va
so

co
ns

tr
ic

to
r 

m
ed

ic
at

io
ns

 (
e.

g.
 p

ro
pr

an
ol

ol
, 

ps
eu

do
ep

he
dr

in
e)

.

H
yp

er
ke

ra
to

ti
c 

sp
ot

 o
f n

ip
pl

e
T

he
 g

es
ta

lt 
m

et
ho

d 
is

 c
ur

re
nt

ly
 t

he
 o

nl
y 

fit
 a

nd
 h

ol
d 

in
te

rv
en

tio
n 

w
hi

ch
 o

ffe
rs

 a
n 

ev
id

en
ce

-b
as

ed
 m

od
el

 fo
r 

el
im

in
at

in
g 

co
nf

lic
tin

g 
in

tr
a-

or
al

 v
ec

to
rs

 o
f f

or
ce

 d
ur

in
g 

m
ilk

 r
em

ov
al

.9,
26

,2
7

D
is

tr
ib

ut
e 

m
ec

ha
ni

ca
l l

oa
d 

ov
er

 a
 la

rg
er

 a
re

a 
of

 n
ip

pl
e 

an
d 

ar
eo

la
 s

ur
fa

ce
, b

y 
el

im
in

at
in

g 
co

nf
lic

tin
g 

in
tr

a-
or

al
 v

ec
to

rs
 o

f 
fo

rc
e 

du
ri

ng
 s

uc
kl

in
g 

or
 m

ec
ha

ni
ca

l m
ilk

 r
em

ov
al

. T
hi

s 
 

el
im

in
at

es
 r

ep
et

iti
ve

 m
ec

ha
ni

ca
l m

ic
ro

-t
ra

um
a.

A
pp

lic
at

io
n 

of
 s

te
ro

id
 c

re
am

 (
e.

g.
 m

om
et

as
on

e 
tw

ic
e 

da
ily

 fo
r 

th
e 

fir
st

 d
ay

, t
he

n 
da

ily
 

fo
r 

a 
w

ee
k)

 m
ay

 h
av

e 
a 

te
m

po
ra

ry
 r

ol
e 

in
 s

up
pr

es
si

ng
 t

he
 in

fla
m

m
at

io
n,

 a
t 

th
e 

sa
m

e 
tim

e 
as

 r
ep

et
iti

ve
 m

ic
ro

-t
ra

um
a 

of
 b

re
as

t 
tis

su
e 

dr
ag

 is
 a

dd
re

ss
ed

. O
cc

lu
si

ve
 d

re
ss

in
g 

or
 o

in
tm

en
t 

sh
ou

ld
 b

e 
av

oi
de

d,
 a

s 
m

oi
st

ur
e-

as
so

ci
at

ed
 s

ki
n 

da
m

ag
e 

in
cr

ea
se

s 
th

e 
vu

ln
er

ab
ili

ty
 o

f t
he

 n
ip

pl
e 

ep
ith

el
iu

m
 t

o 
m

ic
ro

-t
ra

um
a.

M
ilk

 b
lis

te
r

A
 b

ev
el

le
d 

ne
ed

le
 m

ay
 b

e 
us

ed
 t

o 
lif

t 
th

e 
ep

ith
el

ia
l r

oo
f. 

O
ft

en
, t

he
re

 is
 im

m
ed

ia
te

 le
ak

ag
e 

of
 m

ilk
 o

nc
e 

th
e 

bl
is

te
r 

is
 u

nr
oo

fe
d.

 F
ee

d 
th

e 
in

fa
nt

 a
s 

fr
eq

ue
nt

ly
 a

s 
po

ss
ib

le
 fr

om
 

th
at

 b
re

as
t 

fo
r 

th
e 

ne
xt

 fe
w

 d
ay

s.

Sh
or

t 
fr

eq
ue

nt
 e

pi
so

de
s 

of
 m

ilk
 fl

ow
 t

hr
ou

gh
 t

he
 o

ri
fic

e,
 o

nc
e 

br
ea

st
 t

is
su

e 
dr

ag
 is

 e
lim

in
at

ed
, m

ay
 p

re
ve

nt
 t

he
 e

pi
th

el
ia

l r
oo

f 
re

-s
ea

lin
g 

ov
er

 t
he

 d
uc

t 
or

ifi
ce

.

A
dv

is
e 

w
om

en
 n

ot
 t

o 
ru

b 
th

e 
ni

pp
le

 w
ith

 a
 c

lo
th

 o
r 

fin
ge

rn
ai

l o
r 

at
te

m
pt

 t
o 

de
ro

of
 

th
e 

bl
is

te
r 

th
em

se
lv

es
, a

s 
hy

pe
rk

er
at

os
is

 c
an

 r
es

ul
t 

fr
om

 s
el

f-
tr

ea
tm

en
t. 

If 
a 

m
ilk

 
bl

is
te

r 
pe

rs
is

ts
, a

 s
te

ro
id

 c
re

am
 m

ay
 s

up
pr

es
s 

th
e 

in
fla

m
m

at
or

y 
re

sp
on

se
 w

hi
ch

 c
au

se
s 

th
e 

ro
of

 t
o 

fo
rm

. L
as

er
 is

 s
uc

ce
ss

fu
lly

 u
se

d 
fo

r 
tr

ea
tm

en
t 

of
 s

ub
lin

gu
al

 s
al

iv
ar

y 
gl

an
d 

m
uc

oc
el

es
, w

hi
ch

 a
re

 r
et

en
tio

n 
cy

st
s 

si
m

ila
rl

y 
ca

us
ed

 b
y 

an
 e

pi
th

el
ia

l r
oo

f a
t 

th
e 

du
ct

 
or

ifi
ce

. R
es

ea
rc

h 
is

 r
eq

ui
re

d 
to

 in
ve

st
ig

at
e 

w
he

th
er

 la
se

r 
ha

s 
a 

ro
le

 in
 t

he
 c

as
e 

of
 

re
cu

rr
en

t 
m

ilk
 b

lis
te

rs
.

C
la

ss
ic

 t
on

gu
e-

tie
Si

m
pl

e 
sc

is
so

rs
 fr

en
ot

om
y.

 L
as

er
 fr

en
ot

om
y 

is
 o

nl
y 

in
di

ca
te

d 
fo

r 
an

ky
lo

gl
os

si
a 

as
so

ci
at

ed
 w

ith
 c

om
pl

ex
 

co
ng

en
ita

l s
yn

dr
om

es
.94

–9
6

N
o 

re
qu

ir
em

en
t 

fo
r 

w
ou

nd
 s

tr
et

ch
in

g 
or

 b
od

yw
or

k 
ex

er
ci

se
s 

po
st

-f
re

no
to

m
y,

 w
hi

ch
 

ar
e 

no
t 

su
pp

or
te

d 
by

 t
he

 e
vi

de
nc

e.
69

,9
7,

98

N
ip

pl
e–

ar
eo

la
r 

co
m

pl
ex

 w
ou

nd
s

T
he

 g
es

ta
lt 

m
et

ho
d 

is
 c

ur
re

nt
ly

 t
he

 o
nl

y 
fit

 a
nd

 h
ol

d 
in

te
rv

en
tio

n 
w

hi
ch

 o
ffe

rs
 a

n 
ev

id
en

ce
-b

as
ed

 m
od

el
 fo

r 
el

im
in

at
in

g 
co

nf
lic

tin
g 

in
tr

a-
or

al
 v

ec
to

rs
 o

f f
or

ce
 d

ur
in

g 
m

ilk
 r

em
ov

al
.9,

26
,2

7

D
is

tr
ib

ut
e 

m
ec

ha
ni

ca
l l

oa
d 

ov
er

 a
 la

rg
er

 a
re

a 
of

 n
ip

pl
e 

an
d 

ar
eo

la
 s

ur
fa

ce
, b

y 
el

im
in

at
in

g 
co

nf
lic

tin
g 

in
tr

a-
or

al
 v

ec
to

rs
 o

f 
fo

rc
e 

du
ri

ng
 s

uc
kl

in
g 

or
 m

ec
ha

ni
ca

l m
ilk

 r
em

ov
al

. T
hi

s 
el

im
in

at
es

 
re

pe
tit

iv
e 

m
ec

ha
ni

ca
l m

ic
ro

-t
ra

um
a.

A
dj

un
ct

 in
te

rv
en

tio
ns

 a
s 

fo
r 

ni
pp

le
 p

ai
n 

an
d 

pe
rs

is
te

nt
 p

ai
n,

 a
bo

ve
.
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Pr
im

ar
y 

in
te

rv
en

tio
n:

 c
lin

ic
al

 t
ra

ns
la

tio
n 

of
 

m
ec

ha
no

bi
ol

og
ic

al
 m

od
el

Pr
im

ar
y 

in
te

rv
en

tio
n:

 m
ec

ha
ni

sm
s

Se
co

nd
ar

y 
or

 a
dj

un
ct

 in
te

rv
en

tio
ns

 
C

le
an

se
 w

ou
nd

 e
xu

da
te

 g
en

tly
 w

ith
 c

le
an

 w
at

er
 in

 
sh

ow
er

 o
r 

co
tt

on
 w

oo
l s

oa
ke

d 
w

ith
 c

le
an

 w
at

er
. D

o 
no

t 
in

te
nt

io
na

lly
 r

em
ov

e 
th

e 
sc

ab
.

W
ou

nd
 e

xu
da

te
 is

 p
ro

te
ct

iv
e.

 S
ca

b 
fo

rm
at

io
n 

is
 p

ar
t 

of
 t

he
 

he
al

in
g 

pr
oc

es
s 

(A
pp

en
di

x 
3)

. T
he

 in
fa

nt
 m

ou
th

 is
 a

n 
id

ea
l 

cl
ea

ns
in

g 
an

d 
de

br
id

in
g 

ap
pl

ic
at

io
n 

du
e 

to
 a

nt
im

ic
ro

bi
al

 a
nd

 
im

m
un

op
ro

te
ct

iv
e 

ef
fe

ct
s 

of
 in

fa
nt

 s
al

iv
a,

 h
um

an
 m

ilk
, a

nd
 m

ilk
 

an
d 

or
al

 m
ic

ro
bi

om
es

.

D
o 

no
t 

at
te

m
pt

 t
o 

de
br

id
e 

an
d 

do
 n

ot
 r

ub
 t

he
 n

ip
pl

e.
 If

 t
he

re
 is

 e
xt

en
si

ve
 u

lc
er

at
io

n,
 

a 
sc

ab
 m

ay
 b

e 
to

o 
la

rg
e 

fo
r 

a 
w

om
an

 t
o 

fe
el

 c
om

fo
rt

ab
le

 a
llo

w
in

g 
he

r 
in

fa
nt

 o
nt

o 
th

e 
br

ea
st

, d
ue

 t
o 

co
nc

er
ns

 a
bo

ut
 s

w
al

lo
w

in
g 

th
e 

sc
ab

. I
n 

th
is

 c
as

e,
 if

 a
 n

ip
pl

e 
sh

ie
ld

 is
 

no
t 

ap
pr

op
ri

at
e,

 h
er

 n
ip

pl
e 

ne
ed

s 
to

 r
es

t 
fr

om
 d

ir
ec

t 
br

ea
st

fe
ed

in
g 

un
til

 t
he

 s
ca

b 
is

 
na

tu
ra

lly
 s

he
d.

 S
al

in
e 

w
at

er
 s

tin
gs

 a
nd

 is
 u

nn
ec

es
sa

ry
.

 
If 

ne
ce

ss
ar

y,
 c

ea
se

 d
ir

ec
t 

br
ea

st
fe

ed
in

g 
un

til
 n

ip
pl

e 
w

ou
nd

s 
ar

e 
w

el
l h

ea
le

d 
(a

bo
ut

 5
–7

 d
ay

s 
de

pe
nd

in
g 

on
 

ex
te

nt
 o

f w
ou

nd
).

W
he

n 
ad

eq
ua

te
ly

 h
ea

le
d,

 c
om

m
en

ce
 fi

t 
an

d 
ho

ld
 in

te
rv

en
tio

n 
 

to
 e

lim
in

at
e 

un
de

rl
yi

ng
 c

au
se

s.
H

an
d 

ex
pr

es
si

on
 is

 b
es

t 
pr

ot
ec

tio
n 

of
 n

ip
pl

e 
w

ou
nd

s.
 E

ns
ur

e 
no

 r
ub

bi
ng

 o
f n

ip
pl

e 
on

 fl
an

ge
 if

 r
em

ov
in

g 
m

ilk
 m

ec
ha

ni
ca

lly
 a

nd
 m

in
im

iz
e 

am
ou

nt
 o

f a
re

ol
a 

th
at

 is
 d

ra
w

n 
in

to
 t

un
ne

l. 
O

liv
e 

oi
l m

ay
 h

el
p 

el
im

in
at

e 
fr

ic
tio

n 
du

ri
ng

 m
ec

ha
ni

ca
l m

ilk
 r

em
ov

al
 

(la
no

lin
 m

ay
 b

ec
om

e 
ad

he
re

nt
). 

M
in

im
iz

e 
pu

m
pi

ng
 if

 it
 s

ee
m

s 
to

 p
er

pe
tu

at
e 

da
m

ag
e 

an
d 

us
e 

st
or

ed
 e

xp
re

ss
ed

 b
re

as
t 

m
ilk

, d
on

or
 m

ilk
, o

r 
fo

rm
ul

a 
as

 t
em

po
ra

ry
 m

ea
su

re
; 

ha
nd

 e
xp

re
ss

 fo
r 

co
m

fo
rt

 a
nd

 t
o 

av
oi

d 
br

ea
st

 in
fla

m
m

at
io

n.
 If

 t
he

 b
ab

y 
is

 o
ld

er
 a

nd
 

su
pp

ly
 is

 e
st

ab
lis

he
d,

 p
ro

du
ct

io
n 

w
ill

 q
ui

ck
ly

 b
ui

ld
 a

ga
in

 if
 a

 w
om

an
 n

ee
ds

 t
o 

m
in

im
iz

e 
m

ec
ha

ni
ca

l m
ilk
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management and clinical protocols universally agree 
that poor infant positioning or latch is the most common 
cause of nipple pain. Guidelines advise that suboptimal 
fit and hold should be addressed before any other treat-
ment is instituted.37,41,45,48,76,77

Yet the way an infant fits into the maternal breast and 
body, which has direct impact upon the biomechanics of 
suckling, remains an omitted variable bias in almost all 
nipple pain research. Commonly taught approaches to fit 
and hold when problems emerge rely upon outdated bio-
mechanical models of infant suck (Box 8).107 Much of 
what is offered women with breastfeeding difficulty, 

including interventions for fit and hold, is based upon 
experience or opinion (Box 8).2,108–111 In 2016, Thompson 
et al. demonstrated in a retrospective analysis of the medi-
cal records of 635 mother–baby pairs that symmetrical 
apposition of the infant’s chin, cheeks and nose against 
the breast decreased nipple pain fourfold, compared with 
cross-cradle hold in which the mother used one hand to 
shape her breast as she brought the baby on. Although this 
study elucidated one aspect of fit and hold required to 
optimize intra-oral breast tissue volume, it does not offer 
explanatory biomechanical models or develop an evi-
dence-base for a fit and hold intervention.51

Box 7. Does photobiomodulation therapy help resolve breastfeeding-related nipple pain and damage?

Photobiomodulation therapy has been utilized to accelerate wound healing since its introduction in the 1960s. Laser application 
activates cellular photoreceptors, which modulate molecular, cellular, and tissue process, increasing protein synthesis and cell 
proliferation and modulating inflammatory mediators, cytokine production and growth factors, to reduce pain and swelling, and 
promote wound healing.
In 2000, Pietschnig et al. first evaluated the effects of light therapy for the management of nipple pain in a small study, demonstrating 
a reduction in nipple pain. However, as participants also used lanolin cream concurrently, and as there was no control, the effect 
could not be attributed to light therapy.100 In 2007, Posso et al. compared one application of light therapy to placebo in 40 postnatal 
women. The results demonstrated a significant reduction in nipple pain at 1 and 10 min after light therapy.101 Further pilot and case 
studies have since been conducted, offering preliminary evidence that light therapy reduces nipple pain.102–104 In 2016, Coca et al. 
conducted a triple-blinded RCT of 59 participants randomized to receive either placebo or light therapy for three sessions at 0, 
24, and 48 h after group allocation, in addition to standard care. Results demonstrated a significant reduction in nipple pain for the 
light therapy group after the first and second applications. The third application was not analysed due to a significant drop out rate 
as participants were discharged from hospital.105 A follow-up study in 2019 by Camargo et al. performed just one session of light 
therapy compared to placebo using higher energy settings than in their previous study and showed no changes in reported nipple 
pain. The authors reflected that more applications of light therapy with lower energy settings may have been more effective and 
emphasized the need for further studies investigating different parameters, particularly low-fluence settings.106

In 2016, Buck, Eckereder & Amir published an Australian case study of two postnatal women with nipple pain who were provided 
with a novel application of three sessions of light therapy within a 24-h period, providing early findings of a significant reduction in 
nipple pain and improved healing.103

RCT: randomized controlled trial.

Box 8. Commonly applied fit and hold strategies lack an evidence base.

A popularly applied fit and hold technique teaches women to shape their breast with their hand and apply a cross-cradle hold 
as they bring the infant on. In 2002, a prospective cohort study of 1171 new mothers in Bristol, UK, found that when hospital 
midwives were taught and applied this technique, the rate of breastfeeding increased at 6 weeks post-birth.112 But a 2016 Australian 
study of 653 pairs showed that this same technique worsened the incidence of nipple pain fourfold.51

A 2003 Latvian study of 95 breastfeeding women found no difference between a mother’s level of reported pain and infant head or 
body position, or breastfeeding dynamic attributes of the baby. But clinical indicators used to signify optimal breastfeeding were not 
based on a model of suckling biomechanics.113

A 2004 observational study in the US, which lacked a control group, found that damaged nipples healed after helping the mother 
attach her baby with visible and everted lips.114 Similarly, a 2017 Brazilian systematic review of factors associated with nipple trauma 
in lactation concluded that incorrect handling during breastfeeds contributed.37 This latter study used the UNICEF Baby-Friendly 
Hospital breastfeeding management strategies of visible, everted lips and more areola visible above the baby’s mouth than below as 
‘gold standard’ for fit and hold. Most guidelines on nipple pain advise the clinician to look for wide-open mouth with lips turned out, 
assuming this helps the baby take a wide mouthful of breast and rest close to the mother’s body without biting or clenching the jaw 
at the breast.76,115

But in 2020 Mills et al. conducted magnetic resonance imaging analysis of eight successfully breastfeeding babies, whose mothers 
were pain free. Their findings corroborated the gestalt biomechanical model, showing that infant lips are usually neutral successful 
during breastfeeding, not everted or in a ‘special k’ shape.70 In the gestalt model, women experiencing pain apply strategies 
developed to address the mechanical effects of conflicting intra-oral vectors of force, so that the infant’s lips are no longer visible. 
More breast tissue is then drawn up into the baby’s mouth to distribute the mechanical load and protect the nipple epithelium and 
stroma from high stretching forces.9,26,51

UNICEF: United Nations Children’s Fund.
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The failure of current approaches to fit and hold to 
effectively resolve repetitive biomechanical micro-trauma 
during breastfeeding leads to widespread overmedicaliza-
tion and overtreatment of both breastfeeding women and 
their babies, risking unintended outcomes. Examples 
include inappropriate diagnosis of mammary candidiasis 
resulting in unnecessary treatment with anti-fungals; 
overtreatment with infant frenotomy for inappropriate 
diagnoses of oral connective tissue restrictions; inappro-
priate diagnoses of cranial nerve dysfunctions and pathol-
ogizing of palate shape, tongue length, and shape of 
mandible resulting in unnecessary treatment with body-
work exercises;69,97,98 diagnoses of idiopathic vasospasm 
or Raynaud’s syndrome resulting in overtreatment with 
calcium channel blockers; inappropriate diagnoses of nip-
ple white spots as subacute mastitis or mammary candidi-
asis resulting in unnecessary treatment with antibiotics and 
anti-fungals; and inappropriate diagnoses of functional 
pain or central sensitization, resulting in use of medica-
tions without evidence of efficacy.11–13,14,16

In 2015, Kent et al. reported that 42% of cases pre-
senting to the Breastfeeding Centre of Western Australia 
showed lack of improvement with fit and hold and other 
interventions offered by IBCLCs, noting that though 
some studies claim to show that certain fit and hold 
interventions improved nipple pain outcomes,114,116,117 
other studies could not replicate these findings.118–120 They 
observed: ‘Nipple pain is often attributed to suboptimal 
positioning and attachment of the infant although conclu-
sive evidence is yet to be provided regarding which 
aspect(s) of positioning may be most important’. The 
IBCLCs went on to diagnose ankyloglossia and palatal 
anomaly in 36% of the infants of women presenting with 
nipple pain.45

Given the international evidence demonstrating overdi-
agnosis of ankyloglossia, and the normality of a wide vari-
ety of palatal contours, this article proposes another 
explanation: that scientific investigation of the elements of 
fit and hold which impact on maternal pain remains a 
research frontier.

The foundational importance of laid-back or baby-led 
breastfeeding. The physiologic or mammalian approach 
to breastfeeding initiation, including skin-to-skin contact 
postpartum, has been a major advance in the field of clini-
cal breastfeeding support over the past two decades, with 
positive impacts on breastfeeding outcomes.121–124

A 2020 systematic review of 11 Chinese randomized 
controlled trials (RCTs) and one Italian RCT investigat-
ing ‘biological nurturing’ or ‘laid-back breastfeeding’ 
approaches found that when women are taught baby-led 
or laid-back breastfeeding in hospital immediately after 
the birth, the incidence of nipple pain and damage 
decreases for up to 8 weeks.125 The Italian RCT rand-
omized 180 women to either biological nurturing at birth 

or a control group, and showed decreased nipple pain and 
damage, engorgement, and mastitis during the hospital 
stay, and 58% decrease in cracked nipples at discharge in 
the intervention group. But biological nurturing made no 
difference to the rates of nipple shield use, breast problems 
at 30 days post-birth, or to rates of exclusive breastfeeding 
at 4 months.126

A 2021 Chinese RCT of 504 pairs demonstrated that 
implementing baby-led self-attachment from birth results 
in a 12% increase in exclusive breastfeeding at day 3, and 
an 8% and 5% decrease in the number who reported nipple 
pain at 3 days and 3 months postpartum, respectively.127

While biological nurturing or baby-led approaches are 
demonstrated in these studies to be foundationally impor-
tant for prevention of breastfeeding difficulties from birth, 
baby-led approaches have not been demonstrated to be 
effective therapeutic interventions for emergent breast-
feeding problems. A 2013 Swedish RCT of 103 mothers 
with infants up to 16 weeks of age with severe latch-on 
difficulties found that a baby-led or skin-to-skin interven-
tion did not increase the likelihood that the infant would 
latch on.128

Applying the mechanobiological model, this article 
proposes that although laid-back or baby-led breastfeeding 
methods are essential from birth, they do not integrate new 
knowledge about the biomechanics of infant suck to 
address the mechanical forces that cause nipple pain and 
damage. That is, the biological nurturing approaches are 
not enough to prevent breastfeeding problems including 
nipple pain and damage for many women.

The gestalt method is the only available clinical 
approach to fit and hold which integrates the principles of 
laid-back or baby-led breastfeeding with an evidence-
based model of the biomechanics of infant suckling, 
translated into a reproducible, flexibly applied clinical 
intervention.9,26,27

Normal maternal and infant anatomies are highly varia-
ble. Human anatomy, including infant tongue length, man-
dibular shape, and palate contour and height, and maternal 
breast, nipple, areola, upper and forearm length, and 
abdominal contour are highly variable. Labelling, that is, 
medicalizing or pathologizing, the wide range of normal 
maternal and infant anatomy disempowers and discour-
ages breastfeeding women, and unnecessarily exacerbates 
parental anxiety. In the gestalt model, it is understood that 
certain normal anatomic variations may increase vulner-
ability to the emergence of problems in the complex adap-
tive system of the breastfeeding mother–baby pair. This 
emphasizes the importance of preventive and management 
approaches to fit and hold which optimize intra-oral breast 
tissue volume and eliminate breast tissue drag.9,26,27

Infant oral connective tissues, including the lingual and 
labial frenula, also display wide anatomic variability which 
are currently pathologized and inappropriately treated with 
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either surgery or courses of bodywork therapy. The normal 
spectrum of labial frenula anatomy is not linked with 
breastfeeding problems, and should not be pathologized as 
restricted or ‘tied’.129–131 There is no anatomic or functional 
basis for the diagnosis of posterior tongue-tie.72,94,95,132 The 
latter two diagnoses are examples of overmedicalization of 
breastfeeding problems, resulting in exponential increase 
in unnecessary infant oral surgery and bodywork exer-
cises.11,12,14–16,97,98,133 Studies that claim to show benefits of 
frenotomy for diagnoses of posterior or upper lip-ties are 
methodologically flawed, demonstrating bias.134,135 
Unintended consequences of frenotomy include infant 
pain, haemorrhage, worsened feeding, oral aversion, dam-
age to lingual nerve branches altering tongue sensation, 
sublingual mucocele, and weight loss.72,136–139 The gestalt 
model proposes that behaviours during breastfeeding of 
fussing, back-arching, pulling off the breast, and ‘shallow 
latch’ are all signs of suboptimal fit and hold and are not 
attributable to infant oral connective tissue restrictions, 
neurological weakness or motor dyscoordination.9,25–27

Certain poorly defined anatomic variations have been 
shown in preliminary studies to have links with breastfeed-
ing problems, including nipple pain. A 2009 Iranian study 
showed that 50 newborns of mothers with flat nipple, 
inverted nipple, large breasts and/or large nipples had a 
mean decrease in weight by day 7 compared to 50 new-
borns whose mothers did not have these breast variations.140 
A 2013 Thai study of 449 women showed that nipple 
lengths of less than 7 mm were associated with less success 
in bringing baby to the breast and initiating breastfeeding in 
the first 24 h, but no conclusions about breastfeeding suc-
cess or capacity to latch after the first day could be drawn.46 
In 2020, Ventura et al.141 studied 119 women in a US breast-
feeding centre, showing that various combinations of wider, 
longer nipples and denser areolas were associated with dif-
ficulty latching, sore nipples, low milk supply, and slow 
infant weight gain. But there is no reliably established link 
between nipple shape and breastfeeding failure.

This article proposes that multiple morphological fac-
tors interact with multiple modifiable biomechanical fac-
tors to determine an infant’s capacity to transfer milk 
efficiently from his or her mother’s breast, without causing 
her pain. The gestalt model applies a complexity science 
perspective to clinical breastfeeding support, which aims 
to optimize intra-oral breast tissue volume across the wide 
diversity of maternal and infant anatomies. In this way, 
anatomic and other vulnerabilities within the complex 
adaptive system of the mother–baby pair are compensated 
for, because the protective effect of multiple other factors 
is optimized.9,25–27

Impact of anatomic abnormality. Ankyloglossia is 
a congenital abnormality of the lingual frenulum, 
which significantly restricts movement of the infant’s 
tongue and has been linked with maternal nipple pain. 

Prevalence estimates vary between 3% and 10%, in the 
absence of agreed definitions and demonstrated over-
diagnosis.96 Although many infants have a prominent 
and membranous frenulum, which may attach anywhere 
along the ventral surface of the tongue, a tongue-tie is a 
variation of frenulum which may attach close to the tip of 
tongue, often to the alveolar ridge instead of the floor of 
the mouth, and is assessed clinically as impacting on the 
infant’s capacity to suckle without causing maternal nip-
ple pain. Lack of consensus definition of ankyloglossia is 
a methodological flaw in all investigations into this con-
dition, and there are no studies comparing the effects of 
optimal fit and hold intervention with frenotomy. A small 
case series of breastfeeding pairs showed that the effects 
of a brief gestalt intervention on tongue contour, meas-
ured by ultrasound imaging, was the same as had been 
measured elsewhere post-frenotomy.27 A classic tongue-
tie typically requires a simple scissors frenotomy.94,142

B. Eliminate conflicting vectors of force during mechanical milk 
removal. Conflicting vectors of force (breast tissue drag) 
applied to the nipple during pumping may cause persistent 
nipple pain and damage. Hands-free mechanical milk 
removal, with pump flanges supported in an elastic band, 
may increase the risk of breast tissue drag and epithelial 
damage. Mechanical milk removal may also result in an 
erythematous, slightly swollen ring rash on the areola, a 
sign that the areola is repetitively drawn into the flange 
and exposed to friction. Pain-free, thickened discoloration, 
and hyperkeratosis of the nipple face, caused by repetitive 
ischaemia, may result from exclusive pumping.

The following strategies aim to minimize damage to 
nipple–areolar complex skin and nipple stroma during 
mechanical milk removal.

•• Ensure nipple moves freely without rubbing on 
inside of the flange tunnel, and that minimal areola 
is drawn up into the tunnel;

•• Invite a woman to experiment between different 
sized flanges;

•• Invite her to experiment with different flange 
options, for example, Pumpin’ Pals or Milkdrop 
cushions;

•• Hand expression of one breast while pumping the 
other, then swap the next time;

•• Pump on lowest effective vacuum setting and for 
short periods of time, for example, 10 min, because 
frequent short pumping is more effective in milk 
removal and milk generation than less often, longer 
periods;18

•• Do not use hands-free pumping (because hands-free 
pumping ,curtails a woman’s capacity to eliminate 
breast tissue drag which conflicts with the direction 
of the vacuum;

•• Consider applying olive oil as lubricant.
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Key strategy 2: avoid epithelial overhydration 
and moisture associated skin damage

Topical applications to nipples during lactation, includ-
ing anti-fungal treatments, mupirocin antibiotic cream, 
hydrogel discs, lanolin, vitamins A and E, Vaseline, sun-
dry emollients, and ‘All Purpose Nipple Ointment’ have 
been shown to be ineffective for nipple pain and damage, 
and risk epithelial overhydration and MASD (Table 3; 
Appendix 2). MASD results in an erythematous rash 
with clearly defined edges visible on the areola, corre-
sponding with topical application. Overhydration and 
MASD may be confused with an irritant contact derma-
titis or an allergic contact dermatitis.22 Overhydration 
and MASD place the nipple–areolar complex at risk of 
damage or delayed healing (Appendix 2).

Environmental humidity from occlusion, including 
from a bra and breastpad, alters skin pH and microbiome, 
and hydrates the epithelium. This interferes with the cohe-
sive strength of the desmosomes, resulting in worsened 
epithelial deformation in response to mechanical load, 
increased length of crack propagation pathways, second-
ary crack formation, and oblique crack interfaces in the 
stratum corneum (Appendix 2). A study of skin (from a 
woman’s breast but not during lactation) found that at 7% 
relative humidity, the sheer crack plane was aligned with 
the direction of the stress, but with 100% relative humid-
ity, the cracks were longer, with increased area of crack 
interface, and an increased energy cost of tissue rupture.68

Prevention and management of 
lactation-related nipple–areolar 
complex wounds

The two key strategies of (1) elimination of repetitive 
mechanical micro-trauma and (2) avoidance of epithelial 
overhydration and MASD, above, are fundamental to both 
the prevention and management of nipple–areolar com-
plex wounds.

There is currently no international consensus on opti-
mal skin wound care even after common skin procedures 
and excision, with patients receiving a wide variety of rec-
ommendations.149 It is not surprising, then, given the fron-
tier status of clinical breastfeeding support, that there is 
little research elucidating breastfeeding-related nipple 
wound healing.

The NDC evolutionary and complex systems approach 
to prevention and management of inflammatory nipple 
pain and damage in breastfeeding mirrors a paradigm shift 
occurring in the treatment of skin wounds. In wound care, 
the pathogenic micro-organism model which results in 
antibiotic treatment is increasingly replaced by multi-lat-
eral interventions which aim to optimize the healthy func-
tion of the interacting biological systems of host immunity, 
including the skin microbiome.

Current clinical protocols for the management of breast-
feeding-related nipple damage confuse the pathophysiology 
of acute wounds with that of chronic wounds. A chronic 
wound regardless of initial insult fails to heal due to endog-
enous dysregulation of the immune response.144 A chronic 
wound is characterized by excessive levels of pro-inflam-
matory macrophages and an overabundance of inflamma-
tory mediators, as the inflammatory phase of wound healing 
fails to resolve. This becomes difficult to control clinically 
due to formation of pathogenic bacterial biofilms, perpetu-
ated by a dysregulated immune environment. The chronic 
wounds of diabetic foot ulcers, vascular ulcers, and pressure 
ulcers feature pathogenic biofilm formation, chronic exuda-
tion, tissue necrosis, defective re-epithelization, and 
decreased angiogenesis.150 In contrast, acute wounds occur 
in response to external insult and undergo a series of molec-
ular events which result in restoration of structural integrity 
(Appendix 3). This article argues that although lactation-
related nipple pain and damage may be persistent, the injury 
remains acute. Once the source of repeated mechanical 
insult ceases, damaged epithelium heals rapidly due to the 
unique features of the nipple–areolar complex (Table 1).

Table 2 details evidence-based management of lacta-
tion-related nipple pain and nipple–areolar complex 
wounds. Table 3 lists commonly applied strategies which 
are not effective.

The role of antibiotics

The pathogenic model of wound management assumes 
that a reduction in microbial load reduces wound infection, 
and that more or longer antibiotic or anti-fungal treatment 
is necessary if a wound does not heal. But the pathogenic 
microbiota paradigm of skin wounds is vigorously con-
tested, including by this article, in the context of the global 
crisis of antimicrobial resistance and the urgent need for 
responsible antimicrobial use.151–154 As the Director 
General of the World Health Organization stated in 2020: 
‘Antimicrobial resistance is a slow tsunami that threatens 
to undo a century of medical progress’.151

Research elucidating biofilm development in chronic 
wounds (such as burns, diabetic, or vascular ulcers) has 
been erroneously extrapolated to inform clinical protocols 
for management of nipple skin showing signs of lactation-
related inflammation and damage.144,150 Clinical protocols 
advise that when a purulent exudate is visible on an area of 
nipple damage, bacterial infection is likely and topical 
mupirocin or oral antibiotics should be prescribed, citing 
research which shows that Staphylococcus aureus has 
been isolated from the nipple of about one-third of women 
with persistent nipple pain.41,115

But skin microbiomes commonly include S. aureus in the 
absence of pain or damage. Healthy skin biofilms are 
strong and dynamic ecological structures created by dense 
network associations of bacteria and fungi, and integral to 
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the host’s immune defence (Appendix 1).13 Antibiotics 
have been shown to destabilize the skin microbiome with-
out altering the diversity or relative abundance of specific 
targeted species. This may explain why antimicrobial 
approaches which have proven so effective for internal 
infections have minimal efficacy against skin wound 
infections. Several topical formulations of antibiotics have 
been shown to be ineffective in chronic skin wounds, yet 
risk bacterial resistance, contact dermatitis, and MASD.144 
A number of studies conclude that most existing approaches 
to skin wound care are ineffective, and some interfere with 
healing.155

Lactation-related nipple damage only rarely requires topi-
cal or oral antibiotic application. Wound exudate is mostly 
protective. A severely purulent exudate which is thick, grey 
green or yellow, and has a strongly unpleasant odour may 
warrant topical antibiotic treatment. Oral antibiotics may be 
required if cellulitis develops beyond the wound border, pre-
senting as erythematous, spreading peri-wound inflamma-
tion and swelling, or for impetiginous changes of the 
nipple–areolar complex with weeping, yellow crusting blis-
ters that do not respond to topical antibiotics.

Conclusion

Nipple pain and damage is common in breastfeeding 
women. It is associated with low supply and mood disrup-
tion and substantially increases the risk of premature ces-
sation of breastfeeding. Nipple pain and damage is a 
common reason for women to engage in mechanical milk 
removal rather than direct breastfeeding. However, 
mechanical milk removal to predominantly feed an infant 
with expressed breast milk is a work-intensive practice 
that increases occupational fatigue.

All current clinical protocols for lactation-related nip-
ple pain and damage emphasize the importance of fit and 
hold (‘latch and positioning’) problems as the primary 
cause of nipple pain and damage. But clinical breastfeed-
ing support remains a research frontier; commonly applied 
fit and hold interventions for nipple pain and damage are 
experience-based only. Fit and hold continues to be an 
omitted variable bias in clinical breastfeeding research. 
Given this context and the worldwide trend to overdiagno-
sis and overtreatment, it is not surprising that management 
of lactation-related nipple pain and damage is overmedi-
calized. A wide range of diagnoses and interventions are 
applied which have been demonstrated to be ineffective, 
lack an evidence base, and place mothers and babies at risk 
of unintended outcomes.

This article builds on two previous articles concern-
ing lactation-related breast inflammation, to propose a 
mechanobiological model of lactation-related nipple 
pain and wounds. New research concerning skin 
responses to mechanical stress and the impacts of MASD 
is translated into clinical approaches. Interventions 

which avoid inappropriate medicalization but address 
the underlying mechanical causes of nipple pain and 
damage in breastfeeding are explicated. These strategies 
have been delivered over the past decade in clinical con-
texts in Australia, as part of the foundational breastfeed-
ing domain of NDC (or ‘the Possums programs’).

Evaluation of the clinical implications of the mechano-
biological model of lactation-related nipple pain and dam-
age is urgently required, if breastfeeding rates are to increase.
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Appendix 1

Key aspects of functional anatomy of the 
nipple and areolar complex in lactation

Anatomic variability. Human nipple and areolar size, shape, 
and colour in lactation are remarkably diverse. In a group 
of 300 Japanese women, 60% had nipples that were cylin-
drical in shape. In 25%, the nipple was narrower at the 
base than at the tip. The other 15% were oval. Nipples 
measured between 6  and 23 mm wide at the nipple base, 
and could be level with the areola, measured at 0 mm or up 
to 20 mm high.156 In a study of 119 Californian women, 
who were 69% white and 23% Hispanic/Latino, nipple 
base width ranged between 15 and 34 mm, and height 
between 5 and 20 mm high (with right nipples significantly 
longer than left nipples).141

Nipple–areolar complex skin. Human skin is a layered and 
composite tissue which acts as a physical and chemical 
barrier to the external environment. The skin of the lactat-
ing nipple–areolar complex is characterized by both unique 
protective factors and unique exposure to risk (Table 1).

The top surface or face of a woman’s nipple is covered 
with convoluted epidermal ridges. This article proposes 
that from an evolutionary perspective, these corrugations 
have evolved to enhance epidermal elasticity and resilience 
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during breastfeeding. The epidermis of the nipple lacks 
sensory nerves or blood vessels.

At the base of the epidermis, in the stratum basale, 
keratinocytes differentiate from epidermal stem cells. 
These columnar epithelial keratinocytes rest on a base-
ment membrane and are structurally welded together by 
specialized junctions known as desmosomes. Desmosomes 
behave like a spring and transmit physical forces through-
out the cells. Keratinocytes then differentiate and migrate 
up through two other layers (the stratum spinosum and the 
stratum granulosum) towards the surface of the epidermis, 
producing pro- and anti-inflammatory cytokines. By the 
time keratinocytes reach the outermost layer, the stratum 
corneum, they have lost their nucleus and organelles. The 
stratum corneum comprised about 15 layers of flattened 
dead keratinocytes, referred to as corneocytes. Each cor-
neocyte is surrounded by a lipid rich matrix and contains a 
tough, complex network of keratin filaments. The stratum 
corneum constantly sheds corneocytes, and is impermea-
ble, preventing water loss.

The dermis lies underneath the epidermis, and is a thick 
fibrous elastic structure, dense in collagen, which gives 
skin its mechanical strength. The dermis is highly vascular 
and densely innervated with sensory nerve endings, includ-
ing nociceptors and mechanoreceptors.61

Subcutaneous tissue. Most human skin has a subcutaneous 
base under the dermis, a soft layer of loose connective tis-
sue and fat which contains larger blood vessels and nerves. 
This subcutaneous layer helps regulate body temperature 
and acts as a shock-absorber.63 However, the nipple–areo-
lar complex lacks subcutaneous tissue. Below the areolar 
muscle, there is just a thin layer of fat with blood vessels, 
which disappears as it approaches the nipple papilla.

This article proposes that the nipple–areolar complex lack 
of subcutaneous tissue has three evolutionary advantages.

1. The vacuum of milk removal acts directly upon 
superficial lactiferous ducts without the interfer-
ence of an added cushioning layer.

2. Ductal dilation is optimized without the added 
intra-oral volume of subcutaneous tissue.

3. The nipple is able to achieve a firm shape and defi-
nition, in the absence of softening subcutaneous 
tissue.

Nipple stroma. The nipple core is composed of irregular, 
very dense fibrous or collagen tissue, which supports the 
lactiferous ducts, and upon which the dermis rests. Cir-
cular and radial smooth muscle fibres run under the der-
mis of the nipple, and contract upon tactile, mechanical 
or temperature stimulation.157 Contractile radial and cir-
cular smooth muscle fibres are also found beneath the 
dermis of the areola, continuous with nipple smooth 
muscle fibres. Contraction of the nipple and areolar 

smooth muscle is moderated through the sympathetic 
adrenergic nerves, and occurs in tandem. Elevation of 
the nipple papilla has both a visual and tactile effect, 
orienting the infant for suckling. The nipple warms dur-
ing breastfeeding due to both vasodilation and the 
warmth of the infant’s mouth. Nipple duct diameters 
decrease with cold applications.158

The face of the lactating nipple has on average nine lac-
tiferous duct orifices (range 4–18).159 The circular and 
radial smooth muscle fibres form a mesh-like structure in 
the connective tissue around the ducts at the tip of the nip-
ple, with larger fibres found along the ducts as they extend 
into the nipple stroma. Nipple stroma is threaded through 
with densely interlaced ducts and ductules, small blood 
vessels, nerves that run to the sensory nerve endings of the 
dermis, and bundles of smooth muscle tissue. Lactiferous 
ducts are lined with cuboidal epithelium, but squamous 
epithelium lines the last one of 2 mm of the duct leading up 
to the orifice.

Nipple–areolar complex microbiome. The microbiome is 
part of the skin’s immunoregulatory mechanism and 
extends deep into the dermis. The host immune system 
controls the composition of skin microbiomes, although 
skin microbiomes are also shaped by age, diet, hormonal 
state, and geographic location.155 Surface lipids and anti-
microbial peptides of intact skin also help to prevent 
entry of potentially harmful environmental substances 
and micro-organisms.

The healthy NAC epidermis is therefore a structural 
scaffold for the NAC microbiome. Nipple microbiome 
includes biofilm, since microbes immobilize into biofilms 
when they attach to a surface. A biofilm may be just a few 
dozen bacteria, or hundreds of thousands of bacteria, and 
is necessary for skin health. For example, hidradenitis sup-
purativa is a chronic inflammatory skin disease in which 
patients have a low numbers of skin bacteria and lack 
biofilm.

Appendix 2

Moist wound healing worsens nipple pain and 
damage during lactation

Overhydration and moisture-associated skin damage predis-
pose to epithelial damage and delay healing of skin 
wounds. Water content is as high as 70% in a healthy epi-
dermis. Continuous exposure of human skin to water for 
72–144 h resulted in a mild, transient dermatitis or eczema 
in half of test sites.160

Extended hydration alters permeability and flexibility of 
the stratum corneum, weakens desmosomes, and changes 
electrical impedance properties. Corneocytes swell with pro-
longed exposure to water, though the network of keratin fila-
ments limits how much can be absorbed. Hyper-hydration 
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causes desmosome rupture, microstructural changes in lipid 
self-assembly, and penetration of biomacromolecules 
through the barrier of the stratum corneum. Extended hydra-
tion and swelling of the corneocytes results in increased epi-
dermal thickness, dilation of intracellular spaces, enhanced 
mitotic rate, and reduced cytokine levels. The temperature of 
wet skin is lower, and vascular perfusion is higher. Hyper-
hydration also penetrates into the dermis.

The term macerated has been used to describe the con-
dition of skin subject to extended hydration. The term 
maceration lacks a clear definition, though researchers 
agree that macerated skin is pale and soft, with connective 
tissue fibres that separate easily, causing skin breakdown. 
Macerated skin is more alkaline than healthy skin, and a 
macerated epidermis is more vulnerable to mechanical 
pressure. In chronic exudative wounds, high levels of peri-
wound maceration delay healing.160–162 Maceration is just 
one component of what is most recently referred to as 
moisture-associated skin damage (MASD), though there is 
also no agreed definition for MASD. MASD presents as 
erythema, maceration, or skin erosion caused by prolonged 
exposure to a source of moisture. Mechanical forces, such 
as shearing or stretching pressures, microbial or chemical 
irritants, wound exudate, or overhydration are required for 
MASD to occur.144

A bio-occlusive dressing or membrane allows oxygen 
in yet retains a moisture balance, so that, the wound is nei-
ther too dry nor too moist. In 1962, Dr George Winter 
found that the superficial skin wounds of young domestic 
pigs kept humid with vapour-permeable film dressing 
healed twice as quickly as wounds exposed to the porcine 
environment.163 Moist wound healing with bio-occlusive 
dressings quickly became the accepted practice for the 
treatment of acute wounds, and soon extended to chronic 
wounds. Moist wound healing has been extensively stud-
ied for burns and skin grafts, and for chronic wounds due 
to blood circulation insufficiencies, such as pressure sores 
or diabetic ulcers. Moist wound healing orthodoxy claims 
that a scab impairs wound healing because it impairs 
spread of keratinocytes through the exudative layer across 
the base of the wound. This hypothesis mentions little 
regarding the role of granulation in the management of 
exuding wounds.161

Moist wound healing has been shown to result in patient 
reports of increased skin pain or discomfort.160 Recently, 
researchers have begun to question the orthodoxy of moist 
wound healing, arguing that semi-permeable moist wound 
healing may be beneficial in certain contexts, such as 
chronic wounds, burns and grafts, but that this is not always 
the case. Scab formation is part of the normal healing of an 
acute wound, and results in healing without infection even 
though epithelialization may be slower relative to moist 
wound healing (Appendix 3). A 2016 study of 10 rabbits’ 
ears showed that desiccation of acutely generated wounds 
improved wound healing, with decreased bacterial burden 

in the wound bed, increased granulation tissue formation, 
and less upregulation of inflammatory markers compared 
to saline-treated wounds.164

The benefits of the hyperosmolar environment which 
develops during desiccation and scab formation are 
acknowledged to outweigh the benefits of rapid epitheli-
alization in certain settings. This article argues that this is 
the case in lactation-related nipple pain and damage, due 
to the high risk of overhydration and MASD of the lactat-
ing nipple–areolar complex.

The evidence does not support moist wound healing for nipple 
pain and damage. Hydrogel or glycerin dressings are com-
prised of cross-linked hydrophilic polymers and up to 96% 
water. As well as providing a moist wound healing envi-
ronment, they are thought to reduce pain by creating a cold 
surface on the wound. Lanolin for lactating nipples is 
treated with hydroxypropyl acrylate (HPA lanolin), which 
removes pesticide and detergent residues. From at least 
1997, clinical protocols have recommended hydrogel 
breast pads or highly purified lanolin for nipple damage 
during lactation.

In 1997, Cable et al. from the United States, proposed 
that moist wound healing in the form of hydrogel dress-
ings should be applied to all breastfeeding-damaged nip-
ples, stating (without data) that several hundred women 
with nipple damage in the authors’ practice reported pain 
relief with hydrogel sheets.165 In 1998, a small US trial in 
which 42 women with bleeding and cracked nipples were 
randomized for treatment either with lanolin and breast 
shells or hydrogel was discontinued early, because a third 
in the hydrogel group developed infection. Women in the 
lanolin group reported less pain.166

A 2003 US study randomized 106 mothers to hydrogel 
dressings or lanolin ointment between feeds with the aim 
of preventing nipple pain and damage from the first 24 h 
after birth. The study was funded by the manufacturer of 
the hydrogel dressings, and the researchers were not 
blinded. Women reported a lower pain score on days 10 
and 12 in the hydrogel group, and the lanolin group devel-
oped more breast infections. But there was no comparison 
of the amount of nipple damage women experienced, and 
no report on breastfeeding outcomes.167

A 2005 Iranian study randomized 63 women with nip-
ple fissures to either lanolin three times daily, breastmilk 
after each feed, or no treatment. There was no difference in 
healing time between the breast milk and no-treatment 
groups, and the nipples of women using lanolin took sig-
nificantly longer to heal.168

A 2014 systematic review by Dennis et al. investigating 
interventions for nipple pain concluded that use of hydrogel, 
lanolin, or all-purpose nipple ointment did not improve 
maternal perceptions of pain, and that application of expressed 
breast milk or no treatment may be equally or more beneficial 
than application of an ointment, such as lanolin.41
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In 2014, Sasaki et al. retrospectively analysed 131 
records from an IBCLC’s practice. Substantially more 
women in the group who used lanolin developed nipple 
and areolar erythema with severe pain (burning, stabbing, 
and between feedings), and/or severe breast pain with a 
fever and malaise.169 In 2017, Jackson et al. published a 
Canadian study that randomized 186 breastfeeding women 
with nipple pain to lanolin or usual care. Lanoline did not 
alter the levels of pain experienced by day 7 or breastfeed-
ing duration.170

In 2018, Neto et al. randomized 180 Brazilian women 
with pain associated with nipple trauma to use of either 
lanolin or expressed breast milk. Lanolin was associated 
with less nipple pain and damage at 49 h after treatment 
commenced, with the effect persisting for up to 7 days.171 
This corroborated the findings of a 2010 German RCT of 
84 lactating mothers with painful and damaged nipples, 
who had significantly reduced pain with breastfeeding and 
significantly higher healing rates of nipple trauma within 
3 days of commencing lanolin treatment, with effects still 
evident at 14 days.172

In 2020, 1084 women in the United Kingdom who had 
given birth to their youngest child within the last 24 months 
and had recently completed their breastfeeding journey 
were surveyed online by a manufacturer of purified lano-
lin. Seven hundred thirty-nine women (68%) reported that 
they had experienced physical problems relating to breast-
feeding. Of these, 554 (75%) experienced general nipple 
tenderness or soreness. One hundred seventy-one used 
lanolin as their primary intervention, and were able to 
breastfeed an additional 7.3 weeks on average compared to 
those who did not (33.5 weeks compared to 26.2 weeks). 
However, this study had multiple methodological weak-
nesses, including that factors other than lanolin may have 
increased the duration of breastfeeding.42

In summary, the research does not support manufactur-
er’s claims of healing benefits of lanolin or hydrogel sheets 
for nipple damage. There may be a role for judicious use of 
these applications when there is a risk that broken nipple 
epithelium will adhere to breast pads (Table 1).

The nipple–areolar complex in the lactating breast is at 
increased risk of delayed healing due tomoisture associated 
skin damage. This article proposes that moist wound 
healing does not help, and may worsen, nipple blisters, 
grazes, cracks, and ulcers, because the lactating nipple–
areolar complex (NAC) skin is uniquely at risk of MASD 
(Table 1).

Prevention of skin maceration and overhydration is 
vital for nipple protection during breastfeeding. Often 
women present with nipple and areola erythema after 
applying lanolin, hydrogel sheets, miconazole gel or 
other topical applications. This is commonly attributed to 
an allergic reaction, but is more likely to be MASD. Any 
topical application which hydrates the nipple epithelium 

risks MASD. The tissue disruption of overhydration 
makes nipple skin, which is repetitively exposed to vac-
uum pressure whether from suckling or pumping, more 
vulnerable to pain and damage, and should be avoided 
wherever possible. The occlusive conditions of bras and 
breast pads increase the risk of MASD, placing the dam-
aged nipple epithelium at risk of delayed healing.160

This article proposes that because of the unique con-
text of the painful or damaged lactating NAC (Table 1), 
prevention of overhydration and as much opportunity for 
dry wound healing as possible is necessary to optimize 
outcomes.

Appendix 3

Mechanisms of nipple–areolar complex wound 
healing during lactation

Acute wound healing is characterized by four overlapping 
phases: haemostasis, inflammation, proliferation, and 
remodelling.74

Haemeostasis. Once excessive stretching forces result in rup-
ture of nipple epithelial desmosomes, the dermis too may tear, 
accompanied by microscopic or visible bleeding. Epithelial 
rupture with or without dermal injury triggers a cascade of 
inflammatory signals, as an efficient and evolutionary process 
of wound healing begins. Platelets are carried by the blood 
stream to the site of damage, combining with blood cells and 
fibrin to create a clot, which provides a scaffold for incoming 
inflammatory cells. Neutrophils are immediately recruited as a 
first line of defence against unfriendly bacteria.

Inflammation. A cascade of signals from broken des-
mosomes, microvascular trauma, and platelets continue to 
trigger the inflammatory response, which dilates vascula-
ture and increases endothelial permeability, resulting in 
exudate. This thin, clear or cloudy moisture is remarkable 
for its healing properties.

Exudate contains proteins, such as fibrinogen and fibrin 
and is rich in electrolytes, leukocytes, and proteases, and 
also protective bioactive molecules, including various 
growth factors, cytokines, and hormones. Exudate pro-
motes keratinocyte proliferation and fibroblast growth. 
Exudate neutrophils and later, macrophages, clean the 
wound of dead or dying tissue. The moisture of the exu-
date allows cells in the wound area to communicate with 
each other, ensuring coordinated healing. (Acute wound 
exudate is very different to the exudate of chronic wounds 
like diabetic or vascular wounds, which are not equivalent 
to nipple damage, even when a nipple wound is persistent. 
Chronic wounds have high levels of proteases.)74

The moisture, warmth, and nutrients of the wound area 
alter the microbiome, creating opportunities for coloniza-
tion by new micro-organisms or for expansion of existing 
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micro-organisms. To heal, diverse populations of bacteria, 
fungi, and other micro-organisms dynamically interact, 
modulating each other’s growth, and regulated by the 
homeostatic control of the host’s immune system.144

As the clot hardens and dehydrates, an eschar scab forms. 
The scab may be yellowish, orange, or brown. It is dehy-
drated and composed of dead cells in a fibrin mesh which 
seals the breach in the epidermis and acts as a carapace. An 
epithelial blister similarly acts like bubble wrap, protecting 
the wound. Both keep micro-organisms out, and allow 
keratinocytes and broken blood vessels underneath to heal.

Proliferation. Synthesis of collagen by fibrocytes generates 
a new granulation tissue matrix. Angiogenesis (or blood 

vessel proliferation) facilitates rich vascularization of the 
granulation tissue and extracellular matrix deposition, and 
provides oxygen and nutrients necessary for tissue syn-
thesis. Oxygen also kills harmful anaerobic bacteria.

Remodelling. Stem cells continuously renew keratinocytes, 
which proliferate and migrate upwards from the basal layer 
to fill the wound defect. In all phases of wound healing, 
keratinocytes interact with fibroblasts, endothelial cells, 
immune cells, growth factors, and cytokines in a coordi-
nated manner. Epidermal cells from sweat glands and the 
wound periphery also migrate to re-epithelialize the wound. 
Tissue remodelling and re-epithelization of the wound leads 
to reconstitution of the physical barrier of the nipple skin.74


