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ABSTRACT

The Nipple-Areolar Complex (NAC) is a highly specialized region of the anterior
chest wall and breast. Studying the nipple-areolar complex (NAC) in the cadaver
provides a multi-layered understanding from superficial skin morphology and
ductal anatomy to the intricate, life-preserving neurovascular pedicles all of which
reveal its fundamental and unique morphology. The complexity of the ductal
as well as muscular arrangements within the nipple-areolar complex makes it
a sensitive tissue superimposed with hormonal fluctuations. Hence this review
focuses on the structural and functional aspects of the human nipple-areolar
complex with a special emphasis on its surgical and anatomical significance.
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INTRODUCTION

The Nipple-Areolar Complex (NAC) is a
highly specialized and unique anatomical
structure of the human breast, serving crucial
physiological roles, primarily in lactation and
sensory function.! It is a major landmark of
the breast and exhibits complex composition
and structure, making it a subject of extensive
study in anatomy, physiology, and clinical

medicine. The nipple-areolar complex is far
more than a simple epidermal protrusion; it is
a meticulously engineered musculocutaneous
specialization.? Its composition, characterized
by specialized sebaceous glands
(Montgomery), an intricate network of
smooth muscle fibers, and the termination of
the mammary duct system, is intrinsically
linked to its fundamental physiological
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roles. A thorough understanding of its
normal anatomy and histology is essential
for evaluating both benign and malignant
pathological conditions that may affect this
critical region of the breast.”” The Nipple-
Areolar Complex (NAC) is an exceptionally
dynamic and diverse region of the human
body, exhibiting significant variability across
individuals. These variations are generally
congenital and benign, resulting from
differences in embryological development,
hormonal status, and genetic background.
Understanding the wide range of normal
morphology is essential for accurate clinical
evaluation and patient education.*?

REVIEW

Gross Anatomy and Segmentation of the
nipple-areolar complex (NAC)

The nipple-areolar complex (NAC) is
composed of two primary, continuous regions
namely the nipple and the surrounding
areola. The areola is the outer, peripheral,
roundish, pigmented area of skin surrounding
the nipple. Its diameter is highly variable,
ranging typically from 15 to 60 mm. The
skin is hyperpigmented compared to the
surrounding breast skin, and notably, it is
generally glabrous (hairless), although some
peripheral hair follicles may be present.'” The
surface is often studded with small, raised
areas known as Montgomery tubercles (or
Morgagni tubercles). Areolar color depends
heavily on genetics and hormonal history.
Pigmentation ranges from light pink/rose
to dark brown/black across different ethnic
and genetic backgrounds. Areolae generally
darken during puberty, pregnancy, and
when taking hormonal medications, which
is a normal, expected response to elevated
estrogen and progesterone. This darkening is
often permanent post-pregnancy.’?

Areolar size is widely variable, with studies
reporting average diameters ranging from 3.5
cm to 6 c¢cm, though individual dimensions
can fall well outside this range. Furthermore
a perfect bilateral symmetry is rare. Slight
differences in diameter and projection
between the left and right NAC are considered
normal.® The areola is highly sensitive to
hormonal fluctuations. The areola typically
enlarges during puberty, and often expands

significantly and darkens permanently during
pregnancy and lactation.>”

The nipple is the central, conical or
cylindrical protrusion emerging from the
areola (Figure 1). Its average dimensions are
approximately 10 to 12 mm in width and 9 to
10 mm in height, though size and projection
are highly individualistic. The tip of the nipple
contains numerous small openings, the orifices
of which receive the openings of the lactiferous
ducts.*®

Figure 1: A protruding nipple in a cadaver with dark
thick surrounding areola having areolar glands at
periphery

Nipple Projection defects:

Nipple projection is perhaps the most
commonly discussed variable and is generally
categorized based on its response to physical
or environmental stimuli (like cold or touch).>¢
The prevalence of non-protruding types is
estimated to be around 10% to 20% of the
general population.® Inverted nipples are sub-
classified based on the ease of eversion and
the extent of internal fibrosis, which impacts
breastfeeding capacity as follows: Grade 1
(“Shy Nipple”): Easily pulled out manually
or through stimulation (like cold or suction).
They maintain projection temporarily. Duct
involvement is minimal, and breastfeeding is
typically possible. Grade 2: Can be pulled out,
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but immediately retract back into the breast.
Moderate ductal retraction and some degree
of fibrosis are present. Breastfeeding may be
challenging but is often achievable. Grade 3:
Severely inverted and cannot be pulled out or
manually everted due to significant fibrosis
and shortening of the lactiferous ducts.
Breastfeeding is often impossible without
surgical correction.®’

Histological Composition of the NAC:

The specialized function of the NAC is
facilitated by a wunique combination of
epidermal, glandular, and muscular tissues.”
The epidermis of the skin covering the NAC
is a hyperpigmented squamous epithelium.
The dermis is rich in fibro-elastic connective
tissue, which provides structural support
and elasticity. The areola and subareolar
region host several unique glands and ducts
such as the lactiferous ducts and areolar
glands.”® Approximately 15 to 20 lactiferous
ducts converge radially from the lobes of the
mammary gland toward the nipple. In the
subareolar region, these ducts often expand
to form the lactiferous sinuses, which act as
reservoirs, before narrowing again as they
traverse the nipple to open at the orifices.®’
These ducts are lined with stratified
squamous epithelium near their openings.
Montgomery glands or areolar glands are
modified sebaceous glands that open onto
the Montgomery tubercles of the areola. They
secrete an oily, protective substance that
lubricates the areola and nipple, especially
important during lactation. This secretion
also known as lipoid fluid contains a volatile
scent that is believed to help guide an infant
to the breast.”!’ The number and prominence
of these glands vary widely. They typically
become more noticeable and numerous during
times of hormonal flux, such as menstruation,
pregnancy, and lactation. Their presence,
size, and number are normal physiological
variants. Apart from the areolar glands, the
NAC also contains standard sweat glands and
sebaceous glands though often less prominent
than the Montgomery glands.”

A defining feature of the NAC is its dense
network of smooth muscle fibers, intimately

intermingled with the fibro-elastic connective
tissue of the dermis. This muscular tissue is
continuous, extending throughout the areola
and into the nipple, effectively functioning as
a single unit. The smooth muscle of the NAC
is arranged predominantly in two layers viz,
circular and radial.»?*!° The circular (concentric)
fibers are concentrated around the base of the
nipple and areola (Sappey’s muscle). The radial
(longitudinal) fibers extend through the whole
length of the nipple and areola (Meyerholz’s
muscle), often surrounding the lactiferous
ducts.*"* The contraction of this smooth muscle
network, known as telotism, is responsible
for the erection or prominence of the nipple
in response to stimuli such as cold, tactile
friction, or sexual arousal. Physiologically, this
contraction also helps compress the lactiferous
sinuses, contributing to the milk ejection reflex
during nursing.*'’

The NAC is highly innervated, containing
an abundance of sensory nerve endings,
particularly in the nipple. This rich innervation
makes the area highly sensitive and an
important erogenous zone, in addition to its
role in initiating neuroendocrine reflexes (like
oxytocin release) essential for lactation. The
NAC complex is also highly vascularized,
supported by a dense subareolar network of
blood vessels.""

Anatomical, functional and

significance of NAC:

The unique structure of the NAC underpins
its critical functions. The nipple provides the
conduit for the infant to access milk via the
openings of the lactiferous ducts."'’ The areola
serves as the target for the infant’s latch, and
the Montgomery glands provide lubrication
and olfactory cues. The smooth muscle
facilitates the milk ejection reflex. The dense
sensory innervation contributes to the overall
sexual response. The hyperpigmented, rugged
skin and the secretions of the Montgomery
glands offer protection to the underlying
tissues, particularly during the stress of
breastfeeding. Congenital variations in the
number of nipples or mammary glands are a
recognized developmental phenomena that
occur along the embryonic milk line (which
extends from the axilla to the groin.>'® These
supernumerary structures are considered
normal developmental variations, though they
can be surgically removed for cosmetic reasons
or if they cause pain or discomfort.”” The NAC

surgical
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also serves as a water shed area separating
the lymphatic drainage of the breast into two
zones above and below, thereby preventing the
spread of infection from one zone to another.”

The Development of the nipple-areolar
complex

The nipple-areolar complex (NAC) represents
a specialized, central region of the human
breast, critical for infant suckling and lactation.
Its developmentis a precise, multistage process
originating in embryonic life and culminating
in mature morphology during puberty.
This ontogenetic journey involves complex
epithelial-mesenchymal interactions, cellular
differentiation, and hormonal signaling.'**°

The initial phase begins early in embryonic
development, around the 6th week of gestation,
with the formation of the mammary ridges, or
“milk lines.” These are paired, longitudinal
thickenings of the epidermis extending from
the axilla to the medial thigh on the ventral
surface of the embryo. Most of the mammary
ridge typically atrophies, leaving only a
segment in the pectoral region (around the
4th intercostal space) where the breast and
NAC will form.*" A failure of the remaining
ridge sections to fully regress can lead to
developmental variations like supernumerary
nipples (polythelia). In the pectoral region,
the epidermis begins to proliferate inward,
forming the primary mammary bud that grows
into the underlying mesenchymal tissue.'*%'

The formation of the distinct NAC structure
occurs in the mid-fetal period. By the 12th
to 16th week of gestation, mesenchymal
cells differentiate into the smooth muscle
components that will eventually provide the
NAC with its contractile, erectile properties.
Concurrently, the epidermis overlying the
developing gland becomes depressed, creating
the mammary pit. This pit is the future site of
the nipple, and the 15 to 20 solid epithelial cords
(the rudimentary milk ducts) that branch from
the primary bud converge and drain into this
depression.*® During this period, specialized
accessory glands the Montgomery glands
begin to develop, which are large sebaceous
glands capable of secreting lubricating and
antiseptic substances.”!’

The final structural and  aesthetic
differentiation takes place late in the third
trimester. Pigmentation of the areola, making
it a darker halo than the surrounding skin,

occurs between the 32nd and 40th week,
possibly to increase visibility for the newborn
infant. Soon after birth, the mammary pit
typically everts due to the proliferation of
underlying mesoderm, forming the raised
nipple structure.***® However, the full
maturation of the complex is not complete
until puberty. Under the influence of sex
hormones (primarily estrogen in females), the
areola enlarges and further differentiates, often
leading to temporary secondary mounding.
By the completion of maturation, the areola
subsides to the level of the surrounding breast
tissue, resulting in the final, single, mature
contour of the nipple-areolar complex.'’

The Importance of the Nipple-Areolar
Complex (NAC) in Cadaveric Dissections:

In the cadaver lab, its importance extends far
beyond surface anatomy; it acts as a critical
landmark for deep structures, a focus for
demonstrating tissue viability, and a basis for
numerous surgical measurement techniques
(Figure 2). The NAC is the focal point for
understanding the overall arrangement of the
mammary gland and its underlying structures.
The nipple marks the terminal convergence
point of the lactiferous ducts, which drain the 15
to 201lobes of the mammary gland.""’ Dissection
in this area demonstrates the radial orientation
of the glandular tissue leading towards
the nipple and the underlying lactiferous
sinuses (dilated ends of the ducts).*'*!"" In
standard anatomy (particularly in males or
prepubescent females, or in studies for chest
wall reconstruction), the nipple typically
correlates vertically with the 4th intercostal
space or the 4th rib near the midclavicular
line. This bony landmark serves as a reliable
reference point for localizing intercostal
nerves and vessels. Recent cadaveric studies,
particularly those focused on reconstructive
and gender-affirming surgery, emphasize the
NAC's position relative to the inferior and
lateral borders of the Pectoralis Major Muscle
(PMM), providing consistent deep-tissue
landmarks that are independent of Body Mass
Index (BMI). The integrity of the NAC’s blood
and nerve supply is a major focus during chest
and breast dissections, directly relating to
surgical outcomes. The sensation of the NAC
is primarily supplied by the Lateral Cutaneous

Indian Journal of Anatomy/Volume 14, Number 3 /September — December 2025



S. Surraj, K. Emmanuel. The Purpose and Utility of the Nipple-Areolar Complex of the Mammary Gland 105
with a Special Emphasis on its Anatomical Significance: A Review.

Branch of the 4th Intercostal Nerve (ICN),
often with contributions from the 3rd and 5th
lateral and anterior cutaneous branches.>!

Figure 2: A downwardly displaced nipple areolar
complex that served as a landmark to reposition the
flaps of pectoralis major during cadaveric dissection

Dissection is essential to trace these nerves,
noting thelateral cutaneous branch’s typically
deepcoursethroughthepectoralfascia,and the
anterior cutaneous branches” more superficial
course within the subcutaneous tissue.
Knowledge of this anatomical plane is crucial
for surgeons aiming for nerve preservation
during procedures like breast reduction or
mastectomy." The NAC receives its vascular
supply from a subdermal plexus, which is fed
primarily by the perforators of the Internal
Mammary Artery (IMA) (medially) and the
Lateral Thoracic Artery (LTA) (laterally).
Careful dissection of the subcutaneous tissue
and the underlying glandular tissue reveals
the delicate blood supply patterns, which
are highly variable. Preserving this supply
is critical in nipple-sparing mastectomy
(NSM) to prevent NAC necrosis. Cadavers
are frequently used to establish and validate
reproducible  anatomical = measurements
for surgical planning, especially in plastic
and reconstructive surgery. The NAC is
the central reference point for aesthetics.''

Cadaveric studies help establish precise
placement guidelines using bony landmarks
(sternal notch, clavicles) and muscular
borders (PMM) to determine the ideal
vertical and horizontal coordinates for breast
symmetry. Cadaveric dissections are vital in
defining the ideal masculine NAC position
and shape in relation to the PMM borders,
as aesthetic success heavily relies on correct
NAC placement. The cadaver allows for
standardized measurement across different

body types to create reliable surgical
algorithms.3'?
CONCLUSION
The Nipple-Areolar Complex exhibits
remarkable heterogeneity. Variations
in nipple projection (protruding, flat,

inverted), areola size, skin pigmentation,
and the presence of Montgomery tubercles
or supernumerary structures (polythelia)
are all common, non-pathological findings.
Clinical differentiation is only required
when a change is acquired, unilateral, or
associated with other concerning symptoms
(e.g., sudden discharge, skin dimpling, or a
palpable mass).
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