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Associations Between Variations in
Breast Anatomy and Early
Breastfeeding Challenges

Alison K. Ventura, PhD, CLEC' , Brittany Lore, BS', and Olga Mireles, RN, IBCLC?

Abstract

Background: Mothers with anatomic variability (e.g., shorter, wider nipples; denser areolas) may experience breastfeeding
challenges disproportionately.

Research aim: To examine whether variations in breast anatomy are associated with risk for early breastfeeding
challenges.

Methods: Participants included mothers < 6 weeks postpartum. Nipple base width, nipple length, and areolar density were
measured on the right and left breast separately. Experiences with early breastfeeding challenges were determined through
a combination of maternal report and clinical assessment.

Results: Participants (N = 119) had an average nipple diameter of 23.4 (SD = 3.0) mm for left nipples and 23.5 (SD = 3.0)
mm for right nipples (range = 10-34 mm). Average nipple length was 8.5 (SD = 3.2) mm for left breasts and 9.1 (SD = 3.2)
mm for right breasts (range = 5-20 mm); 35% of participants had dense areolas on the left breast and 36% had dense areolas
on the right breast. The combination of wider and longer nipples was associated with greater risk for difficulties with latch;
the combination of wider nipples and denser areolas was associated with greater risk for sore nipples. For participants with
more dense areolas, shorter and wider nipples were associated with greater risk for low milk supply and slow infant weight
gain. For participants with less dense areolas, longer and wider nipples were associated with greater risk for low milk supply
and slow infant weight gain.

Conclusion: Further research is needed to understand how measures of breast anatomy can be used to guide targeted
intervention efforts.
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Despite the unparalleled benefits of breastfeeding for
infants, mothers, and families, only 13% of the population
in the United States meets the American Academy of
Pediatrics breastfeeding recommendations (American
Academy of Pediatrics , 2012). Unsuccessful initiation of
breastfeeding is a primary barrier to continued breastfeed-
ing, and up to 40% of mothers experience early breastfeed-
ing challenges, including difficulty establishing an effective
latch and experiences with sore, wounded, and/or cracked
nipples (Feenstra et al., 2018). Understanding the reasons
for early breastfeeding challenges is important for high-
lighting targets for early prevention and intervention
efforts.

Through clinical observations, Wilson-Clay and Hoover
(2017) speculated that mothers with anatomic variability
(e.g., relatively larger breasts, shorter and wider nipples,
and denser areolas) disproportionately experienced early

breastfeeding challenges. Early breastfeeding challenges
may be due, in part, to disparities between mothers’ breast
anatomy and infant oral anatomy and sucking abilities.
Although it is likely that over time and as the infant
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Key Messages

® Few researchers have studied associations between
mothers’ anatomical breast variations and risk for
early breastfeeding challenges.

® Varying combinations of nipple width, nipple length,
and areolar density were associated with most of
the breastfeeding challenges examined.

® Mothers with variations in breast anatomy may
need anticipatory guidance and targeted interven-
tions to overcome early breastfeeding challenges.

matures, the infant’s oral cavity will eventually grow to
accommodate the size of the breast, nipples, and areolas, it
is possible that this initial disparity between maternal and
infant anatomy may cause early breastfeeding challenges
and impede the establishment of breastfeeding during
early infancy (Wilson-Clay & Hoover, 2017). Although
Wilson-Clay and Hoover (2017) posit larger breasts,
shorter and wider nipples, and denser areolas as a possible
source of early difficulties with infant latch and related
sequelae, few investigators have empirically assessed this
possibility. In one of the only available studies on this
topic, Vazirinejad et al. (2009) found that mothers’ ana-
tomic breast variations (defined as relatively large, flat, or
inverted nipples and/or relatively large breasts) were asso-
ciated with poorer weight gain for neonates. In two addi-
tional studies, nipple lengths of at least 7 mm were
associated with successful initiation of breastfeeding
(Puapornpong et al., 2013), whereas smaller breast size
and longer nipple lengths were associated with longer
breastfeeding durations (Mangel et al., 2019; Puapornpong
etal., 2013).

The aim of the present study was to address this research
gap by examining whether variations in breast anatomy are
associated with risk for early breastfeeding challenges,
including poor latch, sore and cracked nipples, low milk
supply, and/or slow infant weight gain. The ultimate goal
of this study was to provide health professionals with
empirical data to support evidence-based, targeted inter-
ventions. It was hypothesized that women assessed to have
variations in breast anatomy characterized by shorter and
wider nipples and denser areolas would be at a higher risk
for difficulties with latch, sore and cracked nipples, masti-
tis, low milk supply, and/or slow infant weight gain.

Methods
Design

This was a cross-sectional, observational study (Bordens
& Abbot, 2018). This research design was appropriate
given that the aim of this study was to examine

associations between exposures (variations in nipple anat-
omy) and multiple outcomes (breastfeeding challenges)
measured simultaneously (Tabachnick & Fidell, 2019).
The California Polytechnic State University Institutional
Review Board and the Dignity Health Northridge
Institutional Review Board approved all study
procedures.

Setting

All assessments were conducted within a private exam
room at The Breastfeeding Center at the French Hospital
Medical Center (FHMC) in San Luis Obispo, CA. FHMC
serves San Luis Obispo County, which is located on the
Central Coast of California. At the time of the present
study, the population of San Luis Obispo County was
~284,000. The racial and ethnic composition of residents
was:  69% non-Hispanic/Latino/Latinx  white; 23%
Hispanic/Latino/Latinx; 3% Asian; 2% black; and 1%
American Indian or Alaska Native. Median household
income was ~$71,000. FHMC was designated a Baby-
Friendly Hospital by Baby-Friendly USA and had a 99%
in-hospital breastfeeding rate. Per hospital policy at the
time of the present study, all mothers who gave birth at
FHMC were provided with access to the lactation support
providers in the FHMC Breastfeeding Center and were
seen for both preventive counseling and help with breast-
feeding challenges.

Sample

The study’s target population was mothers with infants 6
weeks of age or younger who visited the FHMC
Breastfeeding Center for any reason (e.g., preventive
counseling, lactation support). Mothers were eligible if
they were: (1) 18 years of age or older; (2) had a singleton
infant born full-term (> 37 weeks’ gestation) who was
between birth and 6 weeks of age at the time of the consul-
tation; and (3) spoke either English or Spanish. Mothers
were ineligible if they: (1) did not meet that aforemen-
tioned inclusion criteria; (2) had a medical history of breast
surgery (e.g., augmentation, reduction, biopsy); (3) had an
infant with a medical condition that interfered with feed-
ing; or (4) had an infant taking a medication of any type.
A convenience sampling method was used; all mothers
who visited the FHMC Breastfeeding Center and who met
the eligibility criteria were invited to participate in the
study. A total of 119 participants provided full data on the
exposures (i.e., variation in nipple anatomy) and outcomes
(i.e., breastfeeding challenges) of interest. The analytic
sample for all inferential analyses was n = 115 because
four participants were missing data for included covari-
ates: three participants did not report infant birth weight
(thus, infant weight-for-age z-score at birth could not be
calculated) and one participant did not report her height



(thus, pre-pregnancy body mass index [BMI] could not be
calculated). Given the lack of previous data on this topic,
we aimed to recruit a sample size of at least 100 based on
guidelines from simulation studies (Bujang et al., 2018;
Nemes et al., 2009) and the sample sizes of the few pub-
lished studies available (Mangel et al., 2019; Puapornpong
etal., 2013; Vazirinejad et al., 2009). The final sample size
was small (Bujang et al., 2018; Nemes et al., 2009), but
allowed for preliminary descriptive analyses that can serve
as a foundation for future research.

Measurement

Variability in Breast Anatomy.  Nipple and breast parameters
ofiinterestincluded nipple base width, nipple length, and are-
olar density assessed on the right and left breast separately
(Figure 1). Measures of variability in breast anatomy were
adapted from Wilson-Clay and Hoover’s (2017) descrip-
tions. All measurements were conducted by an International
Board Certified Lactation Consultant (IBCLC) in a
temperature-controlled room. Measurements were taken
prior to nursing and pumping. Intra-rater reliability for
nipple base width, nipple length, and areola density mea-
sures was established prior to data collection and was high
(p > .90) for all measures.

Nipple base width was assessed via a nipple ruler that
was specifically designed for this study. The ruler con-
sisted of circular cut-outs that fit around the base of the
nipple and assessed nipple base diameter in 1 mm incre-
ments; circular cut-outs ranged from 7 mm to 40 mm
(Stark, 1994; Wilson-Clay & Hoover, 2017; Ziemer &
Pigeon, 1993; Ziemer et al., 1995). The nipple base diam-
eter was determined by placing the ruler at the base of the
nipple, at the point where the base of the nipple met the
areola. The recorded nipple base diameter was the cut-out
that allowed the ruler to be placed without rubbing against
the sides of the nipple.

Nipple length was assessed with a standard ruler. The
end of the ruler was placed at the base of the nipple and the
length of the ruler was aligned with the length of the nipple
(Wilson-Clay & Hoover, 2017). Nipple length was then
measured in | mm increments. Per the measurement proto-
col developed by the investigators, inverted nipples would
have been measured without any manipulation of the nip-
ple; however, no inverted nipples were encountered.

Areolar density was assessed via manual assessment of
areola compressibility at the base of the nipple. To do this,
the IBCLC placed her index finger on the top and her
thumb on the bottom of the base of the nipple-areolar area
and compressed. A scoring system developed for this study
was then used to describe the level of compressibility the
IBCLC observed. The areolar density was given a score of
1 if there was no pliability when the base of the nipple-
areolar area was compressed with the forefinger and
thumb. A score of 2 indicated that the breast possessed

Nipple Base Width Assessment

Nipple Length Assessment

Areolar Density Assessment

Figure 1. Measurement of Variability in Breast Anatomy.

some pliability when the base of the nipple-areolar area
was compressed with the forefinger and thumb. A score of
3 was given when there was complete pliability (taking
into consideration breast tissue) when the base of the
nipple-areolar area was compressed with the forefinger
and thumb.

Early Breastfeeding Challenges. The IBCLC assessed
whether the participant was currently, or had previously,
experienced breastfeeding challenges through a combi-
nation of maternal report and clinical assessment. The
measures used to assess early breastfeeding challenges
were based on standard clinical practices and bench-
marks (Flaherman et al., 2015; Huggins, 2020; Kellams
et al., 2017; Lauwers & Swisher, 2016). Each participant



self-reported her experiences of sore nipples, cracked nip-
ples, or mastitis, and, if currently experienced, the IBCLC
confirmed the report.

The participants also self-reported any difficulties with
latch, low milk supply, and slow infant weight gain; how-
ever, these were only documented when the IBCLC con-
firmed the information through clinical assessment and
based on standard clinical benchmarks (Flaherman et al.,
2015; Huggins, 2020; Kellams et al., 2017; Lauwers &
Swisher, 2016). To assess difficulty with latch, the IBCLC
first assessed the participant while breastfeeding, includ-
ing whether the latch appeared ineffective and whether the
participant experienced discomfort when the infant was
nursing. The IBCLC assessed difficulties with latch, sore
nipples, cracked nipples, and mastitis on the left and right
breast separately. If the IBCLC assessed the latch to be
ineffective or uncomfortable for the participant, the IBCLC
then assessed the quality of the infant’s positioning and
suck, specifically assessing whether the infant was able to
achieve suction, deep and rhythmic sucking (versus shal-
low and fluttering sucking), and audible swallowing.

To assess low milk supply, the IBCLC measured total
intake by weighing the infant before and after a complete
nursing. The IBCLC measured the residual breastmilk by
having the participant apply nipple cream to the base of
each nipple and then pumping the milk using a hospital-
grade, bilateral breast pump kit for 10—12 min. The IBCLC
then assessed the combined adequacy of the volume of
infant intake and residual milk volume within the context
of when the participant reported the infant last nursed.
This information was then compared to clinical standards
for age-specific expected volumes (Huggins, 2020). A par-
ticipant was classified as having low milk supply if pro-
ducing below the clinical standards (Huggins, 2020).

To assess slow infant weight gain, the IBCLC weighed
the infant using a standard infant scale that had a resolu-
tion of 2 g and an accuracy of +0.034% (Medela Baby
Weigh™ I, Medela, LLC, McHenry, IL USA). Participants
reported their infants’ birth weight, and, when possible, the
IBCLC confirmed this from the infant’s medical chart.
Weight change from birth was calculated and compared to
clinical standards (Kellams et al., 2017). An infant was
classified as having slow infant weight gain if he/she had
not returned to his/her weight by 10—14 days after birth or
if the infant was not gaining ~1 oz per day after Day 5
(Flaherman et al., 2015).

Covariates. The researchers developed a demographics
questionnaire that provided the following demographic
characteristics: participant age, parity, marital status,
education level, family income level, race/ethnicity, and
participation in federal assistance programs (e.g., Special
Supplemental Nutrition Program for Women, Infants, and
Children [WIC], and infant sex, age, and feeding history.
With respect to infant feeding history, participants were

also asked to report whether they had ever given their
infant formula and, if so, their infant’s age at the time of
complementation. Participants also reported whether or
not they were currently pumping.

Participants self-reported their pre-pregnancy weight
and height. Weight and height were used to calculate par-
ticipants’ pre-pregnancy Body Mass Index (BMI = weight
[kg]/height [m?]). Participants with a BMI < 25 kg/m2
were classified as normal weight and participants with a
BMI > 25 kg/m* were classified as overweight or obese.
Participants also reported their infants’ birth weight and
length. One participant did not report her infant’s birth
weight or length, two participants did not report their
infants’ birth weight, and five participants did not report
their infants’ birth length. Thus, birth weight was available
for 116 infants and birth length was reported for 113
infants. Given more data were available for birth weight
than length, birth weight was normalized to z-scores for
weight-for-age (WAZ) using the World Health Organization
Growth Standards (WHO Multicentre Growth Reference
Study Group, 2006). Birth WAZ was used in subsequent
descriptive and inferential analyses.

Participants were given the option to complete ques-
tionnaires assessing family demographics and their infants’
feeding history in the exam room or at home. Participants
who opted to complete the questionnaires at home were
also given a self-addressed stamped envelope with which
to mail the questionnaire packets back. Given that all par-
ticipants attended the clinic visit with their infants, the
majority of participants opted to complete the question-
naires at home at a time when their infant was asleep or
with another caregiver. Some participants (n = 23) did not
complete or return the questionnaires despite repeated
contact attempts to request questionnaire completion. To
maximize available data, participants who failed to com-
plete the questionnaires or failed to answer select ques-
tions on the questionnaires were kept in the sample and
were categorized as “Not Reported” for missing demo-
graphic and infant feeding characteristics. A copy of all
data collection tools and questionnaires used in this study
are available in Appendix 1, available online.

Data Collection

We conducted this study between April 2018 and April
2019. All mothers who visited the FHMC Breastfeeding
Center and who met the eligibility criteria were invited to
participate in the study. During this invitation, the study
purpose was explained, the voluntary nature of participa-
tion was emphasized, and assurance that refusal to partici-
pate would not affect the health services they received was
provided. Mothers who agreed to participate provided
written and oral consent for participation.

One of the study investigators (OM), a bilingual
Registered Nurse and IBCLC, completed all of the



assessments. Assessments were conducted during a single
visit and within a private exam room at the Breastfeeding
Center to protect participants’ confidentiality. Personally
identifiable information was not recorded on any study
documents and all data collected was stored securely
within study offices and accessed only by study
personnel.

Data Analysis

Data were cleaned and checked for normality prior to data
analysis. Descriptive statistics were calculated to summa-
rize: (1) sample characteristics; (2) variations in breast
anatomy (i.e., range of nipple base widths, nipple lengths,
and areolar density scores); and (3) prevalence of early
breastfeeding challenges for the study sample. Logistic
regression with estimation via Generalized Estimating
Equations was used to determine whether variations in
breast anatomy predicted the probability of early breast-
feeding challenges (i.e., latch problems, sore nipples,
cracked nipples, mastitis, low milk supply, slow infant
weight gain). A strength of this analytical approach is that
it can account for correlations among predictor variables
(Orelien, n.d.; SAS Institute Inc., 2015). Thus, this
approach allows for the inclusion of right and left breast
measurements within a single model without the need to
collapse right and left breast measurements into a single
variable, which could increase risk of information loss.

For logistic regression models predicting risk for early
breastfeeding challenges, separate models were fit for each
breastfeeding challenge examined (six models total). The
following covariates were included in each model: infant
age and birth WAZ score, maternal age, pre-pregnancy
BMI, and parity. During model fitting for each breastfeed-
ing challenge, possible interactive effects of variations in
breast anatomy were considered by first fitting models that
included three-way interactions between nipple base
width, nipple length, and areolar density, as well as main
effects of nipple base width, nipple length, and areolar
density. If the three-way interaction was not significant,
then a model with two-way interactions was explored. If
no two-way interactions were significant, then a model
with only main effects was considered the best-fit model
for the outcome of interest. Continuous predictors (nipple
base width and nipple length) were centered around the
mean (cWidth, cLength) before computing interaction
terms.

Preliminary analyses revealed that incidence of mastitis
was very low (i.e., only two participants reported that they
experienced mastitis) and logistic regression models did
not converge given the large imbalance between outcome
groups. Thus, findings for models predicting probability of
mastitis were not considered reliable and were not reported.
A significance level of p < .05 was used to indicate

significant differences. All data analyses were conducted
using SAS v.9.4 (July 2013; SAS Institute Inc., NC, USA).

Results

Sample Characteristics and Variations in Breast
Anatomy

Sample characteristics are presented in Table 1. The mean
age of participants was 30.1 years (SD = 4.4). The mean
age of infants was 2.0 weeks (SD = 1.2). Infant age ranged
from 0.4 weeks to 5.4 weeks; 67% (n = 79) of infants were
<2 weeks of age at assessment. Average infant weight-for-
age z-score at birth was 0.29 (SD = 0.94).

Nipple base width and nipple length for the sample are
summarized in Table 2. The range of nipple base width
diameters was 15-34 mm. Left breast and right breast nip-
ple base widths did not significantly differ (p =.5879). The
range of nipple lengths was 5-20 mm. The length of right
breast nipples was significantly greater than the length of
left breast nipples (p = .0126). Approximately 35% (n =
42) of participants had dense areolas (compression score
of 1-2) on the left breast, and 36% (n = 43) of participants
had dense areolas on the right breast. The proportion of left
breasts with dense areolas did not differ significantly from
the proportion of right breasts with dense areolas (paired
f[118] = —-0.28, p = .7828).

Associations Between Variations in Breast Anatomy
and Early Breastfeeding Challenges

The percentages and numbers of participants who experi-
enced difficulties with latch, sore nipples, cracked nipples,
and/or mastitis on the left and right breasts are summarized
in Table 3. Low milk supply was diagnosed for 23% (n =
27) of participants. Slow infant weight gain was diagnosed
for 19% (n = 22) of participants.

For latch problems, the three-way interaction between
nipple base width, nipple length, and areolar density was
not significant (p = .8897), thus the final model only
included two-way interactions (Supplemental Table 1).
There was a significant interaction between width and
length (p = .0260). As illustrated in Figure 2, there was a
significant association between greater nipple base width
and probability of latch problems for participants with lon-
ger nipples (p = .0212). There was no association between
nipple base width and probability of latch problems for
participants with shorter nipples (p = .9989).

For sore nipples, the three-way interaction between nip-
ple base width, nipple length, and areolar density was not
significant (p = .4259), thus the final model only included
two-way interactions (Supplemental Table 2). There was a
significant interaction between nipple width and areolar
density (p = .0058). As illustrated in Figure 3, when



Table I. Descriptive Characteristics of Study Sample (n = | 19).

Characteristic n (%)

Mother Characteristics

Pre-pregnancy weight status®

Normal weight (BMI < 25 kg/m?) 73 (61.3)
Overweight (BMI 25-29.9 kg/m?) 24 (20.1)
Obese (BMI > 30 kg/m?) 21 (17.6)
Parityb
Primiparous 50 (42.0)
Multiparous 36 (30.3)
Married
Married 72 (60.5)
Not married 24 (20.2)
Education Level
Less than a high school degree 7 (5.9)
High School Degree 10 (8.4)
Some college 20 (16.8)
College graduate 57 (47.9)
Family Income Level®
Under $25,000 16 (13.5)
$25,000-$75,000 31 (26.1)
Over $75,000 49 (41.2)
Race/Ethnicity®
Non-Hispanic/Latino/Latinx 54 (45.4)
Hispanic/Latino/Latinx 33 (27.7)
Other 8 (6.7)
Federal Assistance®
Participating 22 (18.5)
Not participating 74 (62.8)
Infant Characteristics
Sex
Female 59 (49.6)
Male 60 (50.4)
Infant Feeding
Ever Complemented with Formula®
Yes 36 (39.1)
No 56 (47.1)
Infant age when complemented with formula®
| day or less 9 (9.8)
2-6 days 25 (27.2)
7-13 days 2 (2.1)
Currently Pumping'
Yes 70 (76.1)
No 22 (23.9)

Note. *Not reported by one participant. "Not reported by 33 participants.
“Not reported by 23 participants. “Not reported by 25 participants. °Not
reported by 24 participants. Not reported by 27 participants. & = 36.

participants had more dense areolas (compression score of
1 or 2), there was a positive association between nipple
width and probability of sore nipples (p = .0116). When
participants had less dense areolas (compression score of

3), there was no association between nipple base width and
probability of sore nipples (p = .3388).

For cracked nipples, none of the models were predic-
tive (Supplemental Table 3). The three-way interaction
between nipple base width, nipple length, and areolar
density was not significant (p = .7352). Non-significant
two-way interactions were noted between nipple base
width and nipple length (p = .3175), nipple length and
areolar density (p = .2772), and nipple base width and
areolar density (p = .2880). Nipple base width (p =
.4022), nipple length (p = .9499), and areolar density (p
= .2849) were not significant predictors of participants’
probability of experiencing cracked nipples.

For low milk supply, the three-way interaction
between nipple base width, nipple length, and areolar
density was not significant (p =.3309), thus the final
model only included two-way interactions (Supplemental
Table 4). There was a significant interaction between
nipple length and areolar density (p = .0345). As illus-
trated in Figure 4, when participants had more dense
areolas (compression score of 1 or 2), there was no asso-
ciation between nipple length and probability of low
milk supply (p = .2582). When participants had less
dense areolas (compression score of 3), there was a pos-
itive association between nipple length and probability
of low milk supply (p = .0474).

For slow infant weight gain, the three-way interaction
between width, length, and compression was significant
(p =.0006; Supplemental Table 5). As illustrated in Figure 5, at
higher areola densities (compression score of 1 or 2), the com-
bination of shorter and wider nipples was associated with
greater probability of slow infant weight gain (» < .0001;
Figure 5, Panel A). At lower areola density (compression score
of 3), the interaction between nipple base width and length
were not associated with probability of slow infant weight gain
(p > .05; Figure 5, Panel B).

Discussion

Clinical observations suggest variations in breast anat-
omy, defined as between-participant differences in the
width and length of nipples and the density of areolas,
may influence some mother—infant dyads’ abilities to
effectively establish breastfeeding during early postpar-
tum. However, to date, few studies have been available
to provide empirical evidence related to whether and
how variations in breast anatomy may relate to common
early breastfeeding challenges. The present study was a
first step toward addressing this research gap. A strength
of our approach is that we did not look at breast param-
eters individually; rather we adopted a holistic approach
wherein we considered the parameters together. This
approach allowed for identification of the combinations
of breast parameters that were predictive of early breast-
feeding challenges.



Table 2. Descriptive Statistics for Nipple Base Width and Nipple Length (n = 119).

Left Breast

Right Breast

Measurement (in mm) M (SD) M (SD) t p
Nipple base width 23.4 (3.0 23.5 (3.1) -0.54 .5879
Nipple length 8.5 (3.2) 9.1 (3.2) -2.53 .0126

Note. Diameter assessed in | mm increments via a nipple ruler consisting of circular cut-outs, ranging from 7—40 mm, that fit around the base of the

nipple. Length assessed in | mm increments via a standard ruler.

There are several possible explanations, not mutually
exclusive, for why variations in the width and length of
nipples and density of areolas were associated with
challenges related to latch, nipple soreness, milk supply,
and/or infant weight gain. First, it is possible that a mis-
match between the large size of a mother’s nipple and
the small size of an infant’s oral cavity could interfere
with the infant’s ability to establish an appropriate latch
(Wilson-Clay & Hoover, 2017). The relative size of the
nipple and density of the areola may make it difficult for
the infant to take the right depth of breast tissue into his
or her oral cavity or may overwhelm the oral cavity, hin-
dering the coordinated movements of the jaw, tongue,
and soft palate (Douglas & Geddes, 2018; Geddes &
Sakalidis, 2016). In addition, wider nipples and denser
areolas may be more difficult for young infants to com-
press (Alatalo et al., 2019) or may make it more difficult
for the infant to latch onto the breast, leading to nipple
soreness (Puapornpong et al., 2017). Although these
issues would likely resolve as the infant grows and
matures, it is quite possible that an inappropriate latch
could cause the infant to develop ineffective sucking
habits or lead to poor milk transfer and other breastfeed-
ing challenges, resulting in breastfeeding cessation prior
to the point when a better match between maternal and
infant anatomy is achieved.

With respect to low milk supply and slow infant
weight gain, low tissue pliability combined with shorter,
wider nipples may make it difficult for young infants to
adequately latch onto the breast, negatively affecting the
first step in the cascade of events necessary for

Table 3. Prevalence of Early Breastfeeding Challenges (n = 119).

Left Breast Right Breast

Breastfeeding Challenge n (%) n (%)

Difficulties with latch 96 (80.7) 94 (79.0)
Sore nipple 97 (81.5) 95 (79.8)
Cracked nipple 47 (39.5) 46 (38.7)
Mastitis 2(1.7) | (0.84)

Note. Early breastfeeding challenges were assessed via a combination
of maternal report and clinical assessment by a trained investigator
who is a Registered Nurse and International Board Certified Lactation
Consultant (IBCLC).

successful transfer of milk (Douglas & Geddes, 2018).
In contrast, when breast tissue is more pliable, longer
and wider nipples may result in too much breast tissue
within the infants’ oral cavity, thus inhibiting the intra-
oral nipple placement, tongue movements, and nipple
elongation needed to elicit milk ejection (Sakalidis &
Geddes, 2016). Thus, it is possible both cases may lead
to low milk transfer resulting in both lower milk produc-
tion and slower infant weight gain. Future research
should employ longitudinal methods to better under-
stand the potential impact of variations in breast anat-
omy on breastfeeding experiences and outcomes and
how variations in breast anatomy change across the
postpartum period. It is also imperative that future
research better consider what the infant “brings to the
table” and whether factors (e.g., lower birth weight or
impaired suck) interact with variations in breast anat-
omy to heighten risk for early breastfeeding challenges.

Given the paucity of studies examining variations in
breast anatomy, the present report of the range of nipple
base widths, nipple lengths, and areolar densities pro-
vides valuable reference data for future research and
practice. The range and distribution of nipple base
widths noted is similar to the limited published data
available; however, the sample average within the pres-
ent study is somewhat higher (Stark, 1994; Wilson-Clay
& Hoover, 2017; Ziemer & Pigeon, 1993; Ziemer et al.,
1995). For example, Zeimer and colleagues reported
average nipple diameters ranging from 15 mm to 16 mm
(Ziemer & Pigeon, 1993; Ziemer et al., 1995). Wilson-
Clay and Hoover (2017) noted clinical observations of
nipple diameter in samples of 34 and 100 women who
sought assistance from IBCLCs for breastfeeding chal-
lenges. Within these samples, 70% and 58% of women,
respectively, had nipples diameters ranging from 16 mm
to 23 mm. In addition, in the sample of 100 women,
average nipple diameter was 17.5 mm (Wilson-Clay &
Hoover, 2017). Recently, Mangel et al. (2019) reported
average nipple diameters of 14.7 (SD = 4.4) mm, 16.3
(SD=3.7)ymm, 18.0 (SD =8.7) mm, and 15.7 (SD = 2.9)
mm in women assessed as underweight, normal weight,
overweight, and obese, respectively. However, it is
important to note that within all of these sources, precise
details about how nipple diameter was measured were
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Figure 2. Predicted Probability of Latch Problems: Interaction Between Nipple Base Width and Nipple Length (n = | 15).

not provided (e.g., at the base of the nipple versus at the
tip) and measurement techniques varied (e.g., standard
rulers, calipers, engineers’ circle template). In addition,
our range of nipple base measurements align with the
width of available products (e.g., nipple shields and
flanges) that are fitted to the width of the nipple base
(e.g., Medela, n.d.). Thus, it is possible that these

discrepancies are due to inconsistency in the location
and method of the measurement across these studies and
clinical observations. With regard to nipple length, our
values are consistent with those of Wilson-Clay and
Hoover (2017), who reported an average nipple length
of 9.5 mm in a clinical sample of 100 women. Further
research within a larger, more representative sample of
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Figure 3. Predicted Probability of Sore Nipples: Interaction Between Nipple Base Width and Areolar Density (n = |15).



1.0 4

0.8+
>
i=
=
B
<
O 0.6+
]
=~
[a W e
3
T 044 —=
3 -
S -
[a B L~

0.2 -

0.0 4

T T T
5 0 5 10
cLength
Areolar Density Higher — —— Lower

Figure 4. Predicted Probability of Sore Nipples: Interaction Between Nipple Base Width and Areolar Density (n = | 15).

mothers and infants is warranted to better understand
differences between our data and previously published
measurements. This research could work to increase the
precision of the measures developed for the present
study and could also explore the relevance of additional
measures of breast anatomy, including the nipple tip
face, intermammary space, or asymmetry of the breasts.

Limitations

It is important to acknowledge that the present study
was cross-sectional and observational; thus, our inter-
pretations are only speculations about possible explana-
tions for why certain variations in breast anatomy were
associated with early breastfeeding challenges. We
focused on only three aspects of breast anatomy; thus,
our perspective may have been limited because we did
not measure other breast parameters. We also did not
consider how infant characteristics, including lower
birth weight or impaired suck, interacted with variations
in breast anatomy to heighten risk for early breastfeed-
ing challenges. Further, a minority of participants were
assessed between 2 and 6 weeks postpartum versus the
first 2 weeks postpartum. It is possible that nipple base
width and length and areolar density changed across the
first 6 weeks postpartum and that our measures may
have been biased based on when the participant was
assessed.

Our study sample included primarily non-Hispanic/
Latino/Latinx white (45%) and Hispanic/Latino/Latinx
(28%) participants, limiting the generalization of our

findings to the broader population. In addition, this
study was conducted in one breastfeeding clinic where
mothers self-selected whether or not to visit the clinic,
and one IBCLC assessed all participants. This limited
scope may have biased our sample and may limit the
generalizability of our findings. A superior approach
would be to have multiple IBCLCs assess participants
with demonstrated inter-rater reliability to improve
the wvalidity and reliability of our key study
assessments.

Conclusions

In conclusion, the benefits of breastfeeding are widely
known and appreciated, yet significant proportions of
the population still fail to meet breastfeeding recom-
mendations and goals. Much previous research has elu-
cidated psychological and sociocultural barriers to
breastfeeding, while relatively few investigators have
explored whether tailored support should be provided
to mothers based on their individual variations in breast
anatomy. Findings from the present study provide sup-
port for further research examining short- and long-
term outcomes. Findings also support further clinical
research exploring possible forms of counseling or
interventions that could be tailored to help mothers
understand their specific variations in breast anatomy
and how to maximize their potential for breastfeeding
success.
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