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Chapter 1

ANATOMY AND PHYSIOLOGY

Breast (Figures 1.1, 1.2)

The mammary gland is a distinguishing feature of mammals
and its primary role is to produce milk to nourish offspring.
In humans, the breast has a multitude of further roles
including being a major female sexual characteristic and a
key part of female body image.

The breast develops within the superficial fascia of the
anterior chest wall. Prior to puberty, both in men and
women, the breast consists only of a few ducts within a
connective tissue stroma. True breast development
(thelarche) begins in females at puberty around the age of
10 years under the influence of oestrogen and progesterone.
The breast is hemispherical in shape with an extension
towards the axilla and becomes more pendulous with age. It
extends from around the level of the second rib to seventh rib
in the midclavicular line and from the lateral edge of the
sternum to the midaxillary line. It overlies the pectoralis
major, serratus anterior, and rectus abdominis muscles.
Strands of fibrous connective tissue (Cooper’s ligaments) run
from the skin overlying the breast to the underlying chest
wall providing a supportive framework.

The breast contains 12–15 major breast ducts which drain
to the nipple, connected to a series of branching ducts
ending in the terminal duct lobular unit, the functional milk-
producing unit of the breast. Breast ducts are lined by a layer
of cuboidal cells surrounded by a network of myoepithelial
cells supported by connective tissue stroma, and are
embedded in a variable amount of fat. The major subareolar
breast ducts open on the surface of the nipple, which
protrudes from the breast surface. The nipple and
surrounding areola are variably pigmented and their skin is
rich in smooth muscle fibres.

1

Anatomy, Physiology,
Symptom Assessment,
and Epidemiology

Lobule

Terminal
duct

Lactiferous
sinus

Collecting
ducts

Terminal
duct
lobular
unit

1.1 Breast anatomy. 12–15 ducts open at the nipple from
the ductal system of the breast, which originates in the
milk-producing functional unit – the terminal duct lobular
unit.
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1.3 Lymphatic anatomy.
The vast majority of
lymph from the breast
drains to the axilla. The
axilla is divided into
three levels: 1: lateral
to pectoralis minor, 
2: deep to pectoralis
minor, and 3: medial to
pectoralis minor.

During pregnancy, the terminal duct lobular units
proliferate under the influence of increased levels of
oestrogen, progesterone, and prolactin. Milk is produced as
a result of secretion of prolactin and oxytocin from the
pituitary in response to suckling. 

1.2 Normal adult breast during reproductive years:
photomicrograph shows a complete terminal duct lobular
unit. A, terminal duct; B, lobules; C, surrounding
nonspecialized stroma.

C

A

B

Fluctuations in oestrogen and progesterone concen -
trations prior to and following the menopause result in
atrophic changes to the glandular and connective tissue
components of the breast.

The nerve supply of the breast is in a segmental pattern
from the intercostal nerves and the blood supply is derived
from branches of the internal mammary, lateral thoracic, and
pectoral vessels.

Lymphatics (Figure 1.3)

The lymphatic drainage of the breast is of great clinical
importance. About 5% of lymph from the breast drains
medially through the intercostal spaces to nodes alongside
the internal mammary vessels. The remaining 95% drains
towards the axilla in one or two larger channels. Only a small
amount of lymph drains through the pectoral and rectus
fascia or to the opposite breast. The 20–30 axillary lymph
nodes which receive the majority of lymph from the breast
are conveniently classified according to their relationship
with the pectoralis minor muscle into three levels: level 1
nodes lie lateral to the muscle, level 2 behind, and level 3
medial.

Axillary vein

Central (mid)
axillary nodes
(level 2)

Anterior axillary
nodes (level 1)

Interpectoral
nodes

Internal
mammary
nodes

Circumareolar
lymphatics
(plexus of
Sappey)

Abdominal
lymphatics
(diaphragm–
liver)

Apical (subclavicular)
nodes (level 3)

2 Anatomy, Physiology, Symptom Assessment, and Epidemiology

Breast Cancer Visual Guide v4.qxp:A4 Visual Guide  8/12/11  10:28  Page 2



Axilla (Figures 1.4, 1.5)

All patients with invasive breast cancer should undergo some
form of axillary surgery to assess whether there is lymph node
involvement. Knowledge of the anatomy of this area is
crucial. The axilla is a pyramidal compartment between the
arm and chest wall. The base is formed by axillary fascia and
skin. The apex runs into the posterior triangle of the neck
between the clavicle, first rib, and scapula. The pectoral

muscles form the anterior wall and the serratus anterior
muscle over the chest wall forms the medial wall. The
posterior wall is formed by the subscapularis, teres major, and
latissimus dorsi muscles and the lateral wall by the humerus.
The axillary vein marks the superior boundary of routine
axillary surgery with the axillary artery and brachial plexus
lying above this. Several unnamed vessels are encountered in

Second rib
Thoracodorsal
nerve

Thoracodorsal
artery

Thoracodorsal
vein

Long thoracic
nerve

Latissimus dorsi
muscle

1.4 Axillary anatomy. The medial wall of the axilla is formed by the ribs and chest wall muscles, notably serratus anterior
over which runs the long thoracic nerve. Posteriorly lie the subscapularis, teres major, and latissimus dorsi muscles over
which run the thoracodorsal pedicle. The pectoral muscles lie anteriorly.

Intercostobrachial
nerve

Thoracodorsal
pedicle

Pectoralis major
muscle

Pectoralis minor
muscle

Long thoracic
nerve

1.5 Intraoperative photograph following axillary clearance. The pectoralis major and minor muscles are retracted
upwards. The long thoracic nerve is seen running along the chest wall. The thoracodoral pedicle runs at the back of the
wound and an intercostobrachial nerve is seen running across the axillary space.

3Anatomy, Physiology, Symptom Assessment, and Epidemiology
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1 Normal (or inadequate cytology)

2 Benign (or normal cytology)

3 Suspicious but probably benign

4 Suspicious and probably malignant

5 Malignant

Table 1.1 Scoring system for triple assessment

Clinical Mammography Ultrasonography Fine needle Core biopsy* 
examination aspiration 

cytology*

Sensitivity 86% 86% 90% 95% 85–98%

for cancer

Sensitivity for 90% 90% 92% 95% 95%

benign disease

Positive predictive 95% 95% 95% 99.8% 100%

value for cancer

Sensitivity includes assessment as malignant and probably malignant

Accuracy of mammography varies with age

*Accuracy of biopsy techniques is improved by image guidance

Table 1.2 Accuracy of investigations in symptomatic breast clinic

the anterior part of the axilla. The thoracodorsal artery and
vein run from the subscapular vessels (from the third part of
the axillary vessels) and the thoracodorsal nerve (arising from
the posterior cord of the brachial plexus) emerges from below
the axillary vein to run with the vessels over the subscapularis
muscle towards the latissimus dorsi muscle. The long
thoracic nerve arises from the upper roots of the brachial
plexus to run down the chest wall over the serratus anterior
muscle which it supplies. Two or three intercostobrachial
nerves emerge from the chest wall and traverse the axilla to
provide sensory supply to the skin of the axilla and upper
inner arm.

ASSESSMENT OF THE BREAST

Triple assessment

Triple assessment is the combination of clinical, radiological,
and pathological evaluation of a breast lesion (Table 1.1).
Triple assessment should be used in all patients with a
suspected breast lump and may be relevant in those with
other symptoms. Imaging assessment consists of
mammography (in those aged 35 years or over), and ultra -
sonography is recommended for all palpable and significant
radiological abnormalities (at any age). Histological
assessment usually involves core biopsy and/or fine needle
aspiration (FNA) cytology. This combination of techniques
increases the reliability of determining the cause of a clinical
or image-detected abnormality (Tables 1.2, 1.3). It is

4 Anatomy, Physiology, Symptom Assessment, and Epidemiology

recommended that all elements of the assessment process are
reported on a scale of 1–5 with increasing concern of
malignancy. In a patient with a discrete breast mass or
abnormality seen on imaging, most centres offer immediate
reporting of imaging and cytology of fine needle aspirates or
touch preparation cytology from a core biopsy. ‘One stop’
clinics have advantages for women with benign lumps who
can be reassured and discharged after a single visit and can
allow rapid diagnosis in those with cancer.

Clinical history
A history is taken from the patient of the duration and nature
of presenting symptoms. Further specific details of individual
symptoms are of value and are outlined below. Past personal
or familial breast problems should be elucidated. General
factors such as past medical history, drugs, and allergies
should be recorded. Hormonal risk factors for cancer such as
age of menarche and menopause, parity, age of first birth,
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5Anatomy, Physiology, Symptom Assessment, and Epidemiology

% of referrals % with cancer % of cancers

Lump 63.8 16.6 80.5

Pain 17.1 4.2 5.1

Nipple discharge 4.4 5.4 1.7

Change in shape 2.5 38.1 6.8

Table 1.3 Symptoms and cancer risk in those attending a symptomatic clinic

also be inspected both with arms raised and with the chest
wall muscles tensed and changes in the dynamic setting noted.

Palpation of the breasts is best performed in the supine
position with the head supported and the arms above the
head. Putting the hands above the head spreads the breast
out over the chest wall and reduces the depth of breast tissue
between the examiner’s hands and the chest wall, and makes
abnormal areas much easier to detect and define. All the
breast tissue is examined using the most sensitive part of the
hand, the fingertips. If an abnormality is identified, then it
should be assessed for contour, texture, and any deep
fixation by tensing the pectoralis major. All palpable lesions
should be measured with callipers.

If there is a history of nipple discharge, the nipple should
be gently squeezed to determine whether a pathological
discharge is present. Careful note should be taken of whether
discharge is emerging from single or multiple ducts and
whether blood is present either frankly or on dipstick testing. 

All women complaining of breast pain or tenderness
should be examined for tenderness of the chest wall. With
the patient in the sitting position, the hand may be pushed

breast feeding, oral contraceptive or hormone replacement
therapy use are traditionally documented, although they are
of no value in achieving a diagnosis in an individual case.
The history and examination findings should be recorded
legibly and contemporaneously in the medical records, often
on a standard form.

Clinical examination (Figures 1.6–1.9)
Breast examination should be conducted in a good light with
the patient stripped to the waist in the presence of a
chaperone. Initial examination is by inspection with the
patient in the sitting position with hands by her side, paying
particular attention to symmetry, nipple inversion, skin
changes, and alterations in breast contour. The breast should

Inspection

Palpation

1.6 The breasts are inspected with the patient seated and
the arms raised and lowered and with the pectoral
muscles tensed. The breasts are palpated in a systematic
manner using the fingertips with the patient supine and
with the head supported.

1.7 The axilla is examined with the patient sitting and their
arm supported. The supraclavicular fossa is best
examined from behind.

Breast Cancer Visual Guide v4.qxp:A4 Visual Guide  8/12/11  10:28  Page 5



1.10 Patient undergoing mammography. The process can
be uncomfortable.

up behind the breast from below with pressure on the chest
wall. The patient may also be rolled onto their side, allowing
the breast to fall medially, exposing the edge of the pectoral
muscle to palpation. The patient should be asked to indicate
if there is any localized tenderness on palpation of the chest
wall, and whether any discomfort evident during
examination is similar to the pain they normally experience.
Allowing the woman herself to confirm that the site of
maximal tenderness is in the underlying chest wall rather
than the breast is effective in reassuring patients that there is
no significant breast problem.

Anatomy, Physiology, Symptom Assessment, and Epidemiology6

1.9 Subtle skin dimpling in the upper outer quadrant
due to underlying breast cancer. Such dimpling is not
due to direct skin involvement but to tethering of the
connective tissue framework of the breast.

1.8 Inflammatory left breast cancer with swelling, oedema
(peau d’orange), erythema, and nipple inversion. The
lump of the underlying breast cancer can be difficult to
feel in such circumstances.

The axilla is best examined with the patient sitting. The
examiner’s ipsilateral arm supports the patient’s arm while
the examiner’s contralateral hand is placed high in the axilla
on the chest wall and run carefully downwards. The
supraclavicular fossa is examined from behind with the
patient in a sitting position. A general examination of the
cardiovascular and respiratory systems is useful in those in
whom surgery is contemplated. If metastatic disease is
suspected, then examination for bony tenderness,
hepatomegaly, and pleural effusion may be valuable.

Imaging

Mammography (Figures 1.10–1.13)
Mammography requires compression of the breast between
two plates and is uncomfortable. Two views (oblique and
craniocaudal) of each breast are taken. A dose of less than
1.5 mGy is standard. Mammography allows detection of
mass lesions, areas of parenchymal distortion, and
microcalcifications. Breasts are relatively radiodense in
younger women and thus mammography is not normally
performed in those aged under 35 years. All patients with a
breast cancer, regardless of age, should have mammography
prior to surgery as it is valuable in assessing extent of disease.
The introduction of digital technology offers opportunities in
image manipulation, storage, and transmission. It may
increase specificity in older women and increase sensitivity
in younger women, although cost and fragility of equipment
are concerns, particularly for mobile screening units.
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Anatomy, Physiology, Symptom Assessment, and Epidemiology 7

1.11A–D Normal arrangement of four mammograms viewed back to back. The pectoral muscle is seen in the upper
corner of the mediolateral oblique (MLO) view (A, B). The label on the craniocaudal (CC) views is lateral (C, D). The
mammograms show two small irregular opacities in the left breast due to multifocal breast cancer.

C DA B

1.12 Mammogram
showing a suspicious
localized area of very
heterogeneous
calcification due to
invasive breast cancer.

1.13 Mammogram
showing an opacity high
in the left axilla due to
metastatic involvement
of a lymph node from an
occult breast primary.

1.14 Ultrasound scan image of a breast cancer. An
irregular hypoechoic lesion typical of a cancer is visible.
Cancers also often demonstrate posterior shadowing.

Ultrasound (Figures 1.14, 1.15)
In ultrasound, high-frequency sound waves are passed
through the breast, and reflections are detected and
converted into images. Breast ultrasound is dependent on the
skill of the operator and the quality of the equipment but is
safe, painless, and suitable for use in all ages. It is an

extremely valuable method for investigation of specific areas
of the breast, although not an ideal tool for screening the
entire breast. It is recommended in all patients with a
palpable or mammographic abnormality. In those with
cancer, it is useful to guide core biopsy and assess size,
multifocality, and the presence of lymph node metastases.
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1.15 Ultrasound scan image showing a well-defined,
anechoic lesion with posterior enhancement characteristic of
a cyst but with a lesion visible on the back wall suspicious of
an intracystic neoplasm. Aspiration of the cyst yielded
bloodstained fluid and the lump did not disappear
completely, raising clinical suspicions. The cyst quickly
refilled. Histology revealed an encysted papillary carcinoma.
These lesions are generally noninvasive and so nodal
surgery is not required.

1.16 MRI scan of breasts with gadolinium enhancement, showing a small
enhancing lesion on the right side due to a clinically and mammographically
occult breast cancer in a woman who presented with axillary lymph node
metastases. Time curves of uptake of contrast can also be useful in
characterizing lesions.

• Screening in young, high-risk women (known or 

likely gene carriers)

• Investigation of suspicious areas in a previously

operated breast

• Determination of size of known malignant lesion

• Investigation of occult breast primary with axillary

metastasis

• Assessment of efficacy of neoadjuvant therapy

• Imaging of the breast in the presence of implants

Table 1.4 Potential indications for breast MRI

8 Anatomy, Physiology, Symptom Assessment, and Epidemiology

Magnetic resonance imaging (Figures 1.16, 1.17)
Magnetic resonance imaging (MRI) uses powerful magnets to
affect the behaviour of hydrogen atoms and imaging software
which allows the production of images. The equipment is
expensive and specialist apparatus is required for breast
imaging. The process can be noisy and claustrophobic for the
patient. Particular expertise is required in the interpretation of
images, and the exact role of MRI in breast investigation is still
not clear (Table 1.4). It appears to be a sensitive technique for
detecting invasive malignant breast lesions, but is not as
sensitive for noninvasive disease. Its specificity is poor and it
can result in an increase in potentially unnecessary further
investigation, biopsy, resectional surgery (including
mastectomy), and patient anxiety.
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