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Head and Neck

1 Topographic Surface Anatomy

STUDY AIMS
At the end of your study, you should be able to:

Identify the key landmarks in the midline of the neck and their significance

State the structures that are situated at the level of C6

CQutline the boundaries of the triangles of the neck

Describe the landmarks for palpation of the main arteries, which can be palpated in the face and neck
Identify prominent features of the face
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GUIDE

Head and Neck: Topographic Anatomy
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[Plate 1, Head and Neck]

Key Landmarks Midline of Neck

There are a number of landmarks visible on the body's surface that correspond to deeper structures.

o Hyoid bone

o

o
o
o

Lies atlevel of C3 vertebra
U-shaped bone
Does not articulate with any other bone
Is suspended by muscles from
s Mandible
s Styloid processes of temporal bones
s Thyroid cartilage
s Manubrium of sternum
s Scapulae

o Thyroid cartilage

o
o

Formed from anterior, midline fusion of two laminar plates = laryngeal prominence (Adam's apple)
Laminae diverge superiorly

s Form \tshaped thyroid notch

s Lie atthe level of C4 vertebra

o C4 \ertebral level

o

Bifurcation of common carotid arteryinto external and internal carotid arteries

o Site of carotid sinus (baroreceptor) and carotid body (chemoreceptor)
o Carotid pulse can be palpated at anterior border sternocleidomastoid (level of C5 vertebra)
o Cricoid cartilage

o Onlycomplete ring cartilage in respiratory tract

o Shaped like signet ring with band anteriorly

o

Lower border corresponds to level of C6 vertebra

3/425



o C6 vertebral level

o Junction of larynxand trachea

o Junction of pharynxand esophagus

o Lewel at which inferior and middle thyroid arteries enter the thyroid gland

o \krtebral artery (first branch subclavian artery) enters foramen transversarium of C6 transverse process to ascend to brain through

successively higher foramina

o Superior belly of omohyoid muscle crosses carotid sheath

o Level of middle cenical sympathetic ganglion

o Carotid artery can be compressed and palpated against transverse process C6
o Isthmus of thyroid gland overlies second and third tracheal cartilages
o Jugular (suprasternal) notch

o Concawe center of superior border of manubrium

o Between medial ends of clavicles

Other Landmarks in the Neck

e Platysma
o Thin, broad sheet of muscle within superficial fascia of the neck
o Amuscle of facial expression, tensing the skin
o Draws corners of mouth down, as in a grimace, and depresses mandible
o BExternal jugular vein
o Deep to platysma, descends from angle to mandible to midpoint of clavicle
o Useful for assessment of venous filling with patient sitting at 45 degrees
o Sternocleidomastoid (SCM)
o Keylandmark of neck
o Divides neck into anterior and posterior triangles (Section 1-4: Head and Neck - Neck)
o Sternal head attaches to manubrium of sternum
o Clavicular head attaches to superior middle third of clavicle
o Can be seen and palpated when acting unilaterally to flexand rotate head and neck to one side, so that ear approaches shoulder
and chin turns in the opposite direction

Landmarks of the Face

o Glabella

o Smooth midline prominence on the frontal bone

o Located above the root of the nose, between supraorbital margins
e Zygomatic arch

o Forms prominence of cheek

o Can palpate superficial temporal artery at lateral end

o Prone to fractures in facial trauma
o Mastoid process

o Bony prominence behind external acoustic meatus

o Site of proximal attachment sternocleidomastoid muscle
¢ Inion-prominent point of external occipital protuberance at back of head
o Auricle-part of external ear

o Skin-covered cartilage, except for lobule

o Features include: pinna; tragus; antitragus and helix
e BExternal nose

o Skeleton mainly cartilaginous

o Dorsum extends from root to apex

o Inferior surface has two openings or nares (nostrils)

s Bounded laterally by alae of nose
s Separated by skin over nasal septum

o Philtrum-midline infranasal depression of upper lip
o Masseter muscle

o Feltover ramus of mandible when teeth are clenched

o Parotid duct can be palpated at medial border (duct opens over second molar inside cheek)
o Temporalis muscle can be felt above zygomatic arch when teeth clenched
o Facial artery can be palpated over lower margin body of mandible in line with a point one fingerbreadth lateral to the angle of the mouth
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FACTS & HINTS

High-Yield Facts
Clinical Points

Tracheostomy

Transverse incision through skin of neck and anterior wall of trachea

Method for achieving a definitive airway

Transverse incision made through skin, at midpoint between suprasternal notch and thyroid cartilage
Platysma and pretracheal fascia divided

Strap muscles retracted

Thyroid isthmus divided or retracted

Opening made between first and second tracheal rings or through second through fourth tracheal rings
Tracheostomytube inserted

Clinical Points

Needle Cricothyrotomy
o Done in exreme emergency
o Performed if proximal airway is obstructed, to temporarily oxygenate the patient
o Large-bore needle inserted into the cricothyroid membrane and connected to an oxygen supply

Clinical Points

Central venous line

Large wveins such as the subclavian have relatively constant relationships to easilyidentifiable anatomic landmarks

Placement of large-bore venous catheter in an emergent situation to deliver high flow of fluid or blood products

Used for administration of chemotherapeutic agents, hyperalimentation fluids, and so on

Used for assessing right heart (venous) pressures

\kin located in an area bounded by the sternal and clavicular attachments of sternocleidomastoid and the clavicle-just deep to middle third
of clavicle

¢ Subclavian vein is inferior and anterior to subclavian artery and separated from it by anterior scalene muscle
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2 Bones and Ligaments

STUDY AIMS
At the end of your study, you should be able to:

Describe the anatomic division of the head into a neuro- and viscerocranium

Describe the function of the neuro- and viscerocranium

Outline the bones that form the neurocranium

Know the major sutures of the skull

Describe the division of the base of skull into anterior, middle, and posterior cranial fossae and the contents of each
List the foramina and key structures that pass through them

Identify the prominent features of the mandible

Describe the structure of the temporomandibular joint and the ligaments that stabilize it
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GUIDE
Head and Neck: Bones and Ligaments

Bones of head and neck

o Skull
o Mandible
o Cenical vertebrae

Skull

The skull is divided into the neurocranium or calvaria (contains the brain and its meningeal coverings) and the viscerocranium (facial skeleton).
The skull is composed of 22 bones (excluding the middle ear ossicles), with 8 forming the cranium and 14 forming the face. The orbits (eye
sockets) lie between the calvaria (skull cap) and the facial skeleton and are formed by contributions from 7 different bones.

Frontal sinuses

Lesser wings of sphenoid

Crista galli
Greater wings of sphenoid

Fthmaoidal air cells (sinuses)

Maxillary sinuses

Rami of mandible

Angle of mandible

Ethmoid 1 Zygomatic 2
Frontal 1 \bmer 1
Occipital 1 Inferior nasal concha 2
Sphenoid 1 Maxilla 2
Parietal 2 Nasal 2
Temporal 2 Palatine 2
Lacrimal 2
(Mandible) 1
N=22 8 + 14
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o Function of skull
o Encloses, supports and protects brain and meninges
o Contains foramina for the transmission of nerves and vessels
o Forms foundation for the face
o Contains specialized cavities and openings for sense organs (e.g., nasal, oral)
o Neurocranium
o Cranial vault and base of skull
Encloses and protects brain
Composed of 8 bones
Bones united byinterlocking sutures
Can be divided
s Calvaria-dome-like roof
s Cranial base
o Calvaria composed of 4 bones
s Frontal bone anteriorly
s QOccipital bone posteriorly
= Two parietal bones laterally
o Cranial base formed from
s Ethmoid bone
s Parts of occipital and temporal bones
o \iscerocranium
o =facial skeleton
o Composed of 14 bones
o Encloses orbits, nose, paranasal sinuses, mouth, and pharynx
o Maxillae and mandible form upper and lower jaw, respectively, and house the teeth
o There are also three auditory ossicles
o Malleus, incus, and stapes
o Found spanning tympanic cavity
o Firstbones to be completely ossified during development

o
o
o
o

Major sutures of the skull
Most bones of the skull are bound by sutures, a type of fibrous joint that fuses with age and becomes immobile.

Coronal suture separates frontal and parietal bones

Sagittal suture separates two parietal bones

Lambdoid suture separates parietal and temporal bones from occipital bones

Squamous suture separates squamous part of temporal bone from parietal bone

Sphenosquamous suture separates squamous part of temporal bone from greater wing of the sphenoid
Metopic suture between two frontal bones is largely obliterated with fusion of frontal bones
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[Plate 6, Skull: Lateral View]
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[Plate 7, Skull: Lateral Radiograph]

Internal Features of Base of Skull

¢ Divided into anterior, middle, and posterior cranial fossae
e Anterior cranial fossa
o Contains frontal lobe of brain
o Formed byfrontal bone anteriorly, ethmoid bone medially, and lesser wing of sphenoid posteriorly
o Features
= Frontal crest-midline bony extension of frontal bone
s Foramen cecum-foramen at base of frontal crest
= Crista galli-Mdline ridge of bone from ethmoid posterior to foramen cecum
s Cribriform plate-Thin, sieve-like plate of bone on either side of crista galli, which transmits olfactory nerves from nasal cavity
to olfactory bulbs
o Mddle cranial fossa
o Contains temporal lobe, hypothalamus, and pituitary gland
o Formed by greater wing and body of sphenoid, petrous temporal bone, lesser wing sphenoid
o Features
s Sella turcica-central depression in body of sphenoid for pituitary gland
Tuberculum sellae-Swelling anterior to sella turcica
Dorsum sellae-crest on body of sphenoid posterior to sella turcica
Anterior clinoid processes-medial projections of lesser wings of sphenoid bones
Posterior clinoid processes-swelling at either end of dorsum sellae
s Foramen lacerum (one on each side)-jagged opening closed by plate of cartilage in life, transmits nothing
o Contains four foramina in a crescent on either side in the body of the sphenoid
s Superior orbital fissure
s Foramen rotundum
s Foramen ovale
s Foramen spinosum
o Posterior cranial fossa:
o Contains cerebellum, pons, and medulla oblongata
o Composed largely of occipital bone, body of sphenoid, petrous, and mastoid parts of temporal bone
o Features
s Foramen magnum-transmits spinal cord
s Internal occipital crest-divides posterior fossa into two lateral cerebellar fossae
s Groowes for transverse and sigmoid dural venous sinuses
= Jugular foramen-transmits sigmoid sinus (internal jugular vein) and several cranial nenes
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s |nternal acoustic meatus-anterior and superior to jugular foramen, transmits facial and vestibulocochlear nerves (CN Ml and

CN VIl
s Hypoglossal canal-anterolateral and superior to foramen magnum, transmits hypoglossal nerve (CN XI)

Foramina of Skull

Numerous holes appear in the cranial floor and they are called foramina. Important structures, especially cranial nerves arising from the brain,

pass through the foramen to access the exterior.
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[Plate 10, Cranial Base: Inferior View]
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Frontal bone
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[Plate 11, Cranial Base: Superior View]
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Optic canal

Lesser wing sphenoid

Optic nerve
Ophthalmic artery
Sympathetic plexus

Superior orbital fissure

Greater and lesser wings sphenoid

Lacrimal nerve (V4)
Frontal nerve (V4)
Trochlear nene (IV)
Oculomotor nenve (lll)
Abducent nerve (M)
Nasociliary nerve (V1)
Superior ophthalmic vein

Inferior orbital fissure

Between greater wing of sphenoid and zygomatic

Infraorbital vein
Infraorbital artery
Infraorbital nerve

Foramen spinosum Greater wing of sphenoid Mddle meningeal arteryand vein
Foramen rotundum Greater wing of sphenoid Maxillary division trigeminal nenve (V3)
Foramen ovale Greater wing of sphenoid Mandibular division trigeminal nerve

Lesser petrosal nerve

Foramen lacerum

Between temporal bone (petrous area) and sphenoid bone

Internal carotid artery

Foramen magnum Occipital bone

Medulla oblongata

\ertebral artery

Meninges

Spinal roots of accessory nerve

Hypoglossal canal

Occipital bone

Hypoglossal nerve (XI)

Jugular foramen

Between temporal bone (petrous area) and occipital bone

Glossopharyngeal nerve (1X)
Vagus nerve (X)
Accessorynenve (X)

Inferior petrosal sinus
Sigmoid sinus
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Posterior meningeal artery

Mandible

Consists of
o Body

o Rami

Head

Prerygoid favea
Neck

Condylar process
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Mylohyoid groove Lingula
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Interalvealar
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[Plate 17, Mandible]

Unpaired bone of lower jaw
Largest and strongest bone in face
Articulates with temporal bone at temporomandibular joint

Can be divided into lower base and upper alveolar part

Has a mental protuberance anteriorly and inferiorly where two sides come together

Mental spine: rough projection on inner surface of bodyin the midline

Mental foramen below second premolar transmits terminal branch of inferior alveolar nerve to supply skin and mucus
membrane of lower lip and chin

Myohyoid line: a ridge extending upward and backward on internal surface of alveolar part of mandible for attachment
mylohyoid muscle

Submandibular fossa: long depression below mylohyoid line, which accommodates submandibular gland
Sublingual fossa: concavities on either side of mental spine for sublingual gland

Lateral vertical projections from body
Each meets body inferiorly at angle of the jaw
Two processes at superior end: coronoid process and condylar process
Coronoid process-attachment of temporalis muscle
Condylar process-part of temporomandibular joint
Mandibular notch-concavity between condylar and coronoid processes
Mandibular foramen
s Oninner surface of ramus
= Enfrance to mandibular canal, through which passes the inferior alveolar nerve
Lingula-thin projection of bone overlapping mandibular foramen
Myohyoid groove-groove leading anteriorly and inferiorly from mandibular foramen indicating course of mylohyoid nerve and
vessels
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Temporomandibular Joint

Lateral view

fosint capsule

Sphenomandibular ligament

Sphenomandibular ligament (phantom)

Styloid process
Stylomandibular hgament

Mandibular nerve
and otic ganglion

|oint capsule

Midhidle meningeal
artery.

Auriculotemporal nerve
Maxillary artery
Inferior alveolar nerve
Lingual nerve:
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Srdomandibular ligament
Mandibular fossa

Articular disc
Adticular whescle

Mylohyoid branch of
inferior abveclar artery
and mylohyoid nerve

Jaws slightly Jaws widely
apened opened

(hinge action {hinge and gliding
predominates) action combined|

[Plate 18, Temporomandibular Joint]

Lateral {ternporamandibular) igament

The mandible articulates with the temporal bone and in chewing or speaking, itis only the mandible or lower jaw that moves; the upper jaw or

maxilla remains stationary. The teeth are contained in the alveolar portion of the mandible.

o Aticulation between condylar process of mandible, articular tubercle of temporal bone, and mandibular fossa

¢ Modified hinge-type synowial joint
e Contains fibrocartilaginous disc, which divides joint cavity into two compartments
o Gliding movements (protrusion and retrusion/retraction) occur in upper compartment
o Hinge movements (depression and elevation) occur in lower compartment
o Stabilized by three ligaments:
o Lateral temporomandibular ligament
s Lateral thickened parts of articular capsule
s Prevent posterior dislocation of joint
o Sphenomandibular ligament
s Primary passive support
= Runs from spine of sphenoid to lingual of mandible
= Senves as swinging hinge and check ligament
o Stylomandibular ligament
= Thickening in capsule of parotid gland
s Runs from styloid process to angle of mandible
¢ Movements
Depression-suprahyoid and infrahyoid muscles, gravity
Elevation-temporalis, masseter, and medial pterygoid muscles
Protrusion-lateral pterygoid, masseter, medial pterygoid
Retraction/retraction-temporalis, masseter
Side to side grinding-retractors of same side, protruders of opposite side

0O o o o o

Cervical vertebrae
See: Back and Spinal Cord-Bones and Ligaments
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FACTS & HINTS

High-Yield Facts
Anatomic Points

Anewborn's skull is large compared to other parts of the skeleton
Facial skeleton small compared to calvaria
Two halves of mandible begin to fuse during first year
The mastoid process is not present at birth but develops in the first 2 years of life
The anterior fontanelle:
o Adiamond-shaped region covered by a fibrous membrane
o Lies atjuncture of both frontal with both parietal bones
o Ossifies by 18 months
o Useful for assessing hydration and measuring heart rate and intracranial pressure
¢ Enlargement of frontal and facial regions associated with increasing size of paranasal sinuses
o \krtical growth of face because of dental development
o Thinnest part of skull is pterion:
o Where parietal bone articulates with greater wing of sphenoid.
o Fractures can cause intracranial bleeding as pterion overlies anterior division of middle meningeal artery and vein.

Clinical Points

Skull (Calvaria) Fractures
e Can occur as a result of direct rauma to the head
e Can be one of several types:
o Depressed
s Produced by hard blows in regions where calvaria is thin
s Fragment of bone forced inward into brain
o Linear
s Most frequent
s Fracture lines radiate away from point of impact
o Comminuted - bone broken into several pieces
o Contre-coup
s Maybe no fracture atimpact site
= Brain impacts opposite side of skull and rebounds to site of impact, with resulting bruising
o Maybe associated with brain injury
o \When assessing a patient with a head injury the Glasgow Coma Scale (GCS) is useful..

Clinical Points

¢ Le Fort Fractures
e Common variants of fractures of the maxillae, naso-orbital complex, zygomatic bones (midface fractures) were classified by Le Fort
(surgeon and gynecologist)
o LeFortl:
o Horizontal fracture of one or both maxillae at the level of the nasal floor.
o May present with crepitus on palpation and epistaxis
o Rarelycompromises airway.
e LeFortll
o Pyramidal-shaped fracture that includes horizontal fracture of both maxillae, extending superiorly through maxllary sinuses,
infraorbital foramina, and ethmoids to bridge of nose.
o Separates central face from rest of skill
o Places the airway at risk
o LeFortlil:
o Includes fractures of Le Fort Il plus horizontal fracture through superior orbital fissures, ethmoid, and nasal bones, great wings of
sphenoid bones and zygomatic bones.
o Maxillae and zygomatic bones separate from skull
o May cause airway problems, nasolacrimal apparatus obstruction, and cerebrospinal fluid (CSF) leakage

Mnemonics
Memory Aids
Cranial/Orbital Bones: Occipital; Parietal; Frontal; Temporal; Ephnoid; Sphenoid
0Old People From Texas Eat Spiders
Cranial Sutures: Sutures have CLASS
Cc Coronal
L Lambdoid
a And
S Squamous
S Sagittal.
Memory Aids
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"Con Man Facial Bones: Max and Pal Ziggy Lack Nasty Voices"

Con = Conchae

Man = Mandible

Max = Maxilla

Pal = Palatine

Ziggy = Zygomatic

Lack = Lacrimal

Nasty = Nasal

\bices = \bmer

Fontanels (Infant Skull): Ababys first words might be "PAPA!"
P Posterior
A Anterior
P Posterolateral
A Anterolateral
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3 Superficial Face
STUDY AIMS
At the end of your study, you should be able to:

Outline the main muscles of facial expression and their actions
Know the layers of the scalp, its innervation and vascular supply
Understand the vascular supply and lymphatic drainage of the face
Know the sensory and motor innervation of the face

Qutline the main muscles of mastication and their actions
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GUIDE
Head and Neck: Superficial Face

Skim and

subculaneous tissue
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Epicranial aponeurosis (galiea aponevrotica) Auricularis anterior muscle
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Masalis. ) Tramsverse parl & N : - X - i ! / .
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¥
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[Plate 25, Muscles of Facial Expreséion: Lateral View-]

Face

e Subcutaneous tissue of face
o Contains muscles of facial expression
o Contains varying amount of fat-for example, buccal fat pads of the cheek
o Highlyvascular
o Contains sensorybranches of trigeminal (V) nerve, upper cenical spinal nerves and motor branches of the facial nerve (M)
o Traversed by skin ligaments (retinacula cutis)
s Bands of connective tissue
= Connect skin to bones
o Muscles of facial expression
The muscles of facial expression are in several ways unique among the skeletal muscles of the body. They all originate embryologically
from the second pharyngeal arch and are all innervated by terminal branches of the facial nerve (cranial nerve [CN] MI). Additionally, most
arise from the bones of the face or fascia, and insert into the dermis of the skin overlying the scalp, face, and anterolateral neck.
o Lie within superficial fascia
o Mostarise from bone and insertinto skin
o Aranged as sphincters or dilators around orifices of face
o Innervated by one of five main branches of facial nerve (occipitalis innervated by posterior auricular branch)
¢ Muscles related to the orbit
o Orbicularis oculi
s Composed of three parts: lacrimal, palpebral, orbital
s Lacrimal part draws eyelids and lacrimal puncta mediallyto drain tears
s |nner palpebral part gently closes eyelids (blinking)
= Quter orbital part that tightly closes eyelids (squinting)
o Corrugator supercilii
s Draws medial end of eyebrow medially and inferiorly for a concerned look
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s Wkinkles skin of forehead
o Frontalis portion of occipitofrontalis
s Elevates the eyebrows for a surprised look
s Wkinkles the forehead
o Muscles related to the nose
o Nasalis
s Consists of compressor naris-compresses nostril
s And dilator naris-flares nostrils
o Procerus
= From forehead over bridge of nose
s Draws medial eyebrow inferiorly
s Creates transverse wrinkles over nose-frowning
o Muscles related to the ear
o Anterior, superior, and posterior auricular
o \ariably developed
o Muscles related to mouth and lips
o Orbicularis oris
s Sphincter of the mouth

s |Important for speech, holding food between the teeth, whistling, blowing

o Levator labii superioris alaeque nasi
= Elevates nose and upper lip
o Mentalis
= Wkinkles skin on chin
o Buccinator
s |nwolved in smiling
s Holds food between teeth during chewing
s Used in whistling, sucking, and horn blowing
o Depressor anguli oris
s Depresses angle of mouth
o Levator anguli oris
= Elevates comer of mouth
o Levator labii superioris
s Lifts and everts upper lip
o Depressor labii inferioris
s Draws lip down and laterally
s Used to show impatience
o Risorius
s Draws corner of mouth laterally
s Used in grinning
o Zygomaticus major
s Draws angle of mouth up and laterally
s Used in smiling and laughing
o Zygomaticus minor
s Raises upper lip as when showing contempt
o Platysma
s Depresses mandible
s Draws corners of mouth down
s Used when grimacing

Scalp

o Extends from superior nuchal line to superior orbital ridge
o Laterallyextends to external acoustic meatus and zygomatic arch
o Composed of five layers
o Firstthree are adherent to skull, move as one
o Skin (1)
s Contains sweat and sebaceous glands and hair follicles
s Well vascularized
o Connective Tissue (2)
s Dense
s \Well vascularized and innervated
o Aponeurosis of occipitofrontalis muscle (3)
s Tendinous sheet
s Connects occipitalis, frontalis and superior auricular muscles
o Loose connective tissue (4)
= Spongy
s Layer that collects fluid from injury of infection
s Mowes freelywith first three layers over pericranium
o Periosteum of skull (5)
s External periosteum of calvaria
s Fairlyfirmly attached to bone
= Mosttightlybound at suture lines
o \asculature of scalp
o Scalp has rich blood supply, so bleeding from a scalp injuryis profuse
o Arteries anastomoses
o Branches of external carotid arteryto scalp
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s Posterior auricular
s Occipital
s Superficial temporal
o Branches of internal carotid arteryto scalp
s Supratrochlear artery
s Supraorbital artery
o \knous drainage of scalp via veins of same name accompanying arteries
o Deep aspects of scalp drain to deep temporal veins to pterygoid venous plexus
o Innervation of scalp
o Anterior to auricle: ophthalmic, maxillary and mandibular divisions of cranial nerve (CN) V (trigeminal)
o Posterior to auricle: cutaneous branches from C2 and C3 spinal nenes

Vascular supply of the face

o Ateries
o Facial artery
s Major arterial source for face
s Arises from external carotid artery, crosses mandible and traverses face to medial angle of eye
= Branches to upper and lower lip and nose
o Superficial temporal artery
s Terminal branch of external carotid
s Enters temporal fossa and ends in scalp
o Transwerse facial artery
s From superficial temporal
= Crosses face below zygomatic arch
o \kins
o Supratrochlear vein
s Descends from forehead to nose
s Joins supraorbital to form angular vein
o Supraorbital vein
s Begins in forehead and passes mediallyto join supratrochlear vein
s Sends branch through supraorbital notch to joint superior ophthalmic vein
o Facial vein
s Two weins provide main venous drainage of face
s Follow course of facial artery
s Drain directly or indirectly into internal jugular vein
s Communicates with pterygoid venous plexus and cavernous sinus via superior ophthalmic vein
o Superficial temporal vein
s Drains scalp and forehead
s Unites with maxillary vein to form retromandibular vein
o Retromandibular vein
s Descends through parotid gland
s Sends branch to facial vein
= Joins posterior auricular vein to form external jugular vein

Lymphatic drainage of the face

Superficial lymphatics travel with veins

Deep lymphatics travel with arteries

Lateral face — parotid lymph nodes

Upper lip and lateral lower lip — submandibular lymph nodes

Chin and central part of lower lip — submental lymph nodes

Al lymphatic drainage eventually reaches the deep cenical lymph nodes

Innervation of the face

o Cutaneous branches of the cenical nerves
o From the cenical plexus
o Innervate posterior neck, ear, and area over parotid gland
e Trigeminal nene (CN V)
o Sensory for the face
o Motor for muscles of mastication
o Branches of ophthalmic nerve-CN V4
s Nasociliary nerve — external nasal nerve to skin on dorsum of nose
s Nasociliary nenve — infratrochlear nerve to skin and lower eyelid
s Frontal nerve — supratrochlear nerve to skin in midforehead
s Frontal nerve — supraorbital nerve to skin of forehead and upper eyelid
o Branches of maxillary nerve-CN V5
s Infraorbital nerve to skin of cheek, lower lid, lateral nose and mouth, upper lip
s Zygomaticotemporal nerve to skin over anterior temple
s Zygomaticofacial nerve to skin over zygomatic arch
o Branches of mandibular nerve-CN V3
s Auriculotemporal nenve-to skin of external ear, posterior temple, anterior to ear
s Buccal nerve-to skin of cheek
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s Mental nenve-to skin of chin and lower lip

o Facial nene

o Sole motor supply to muscles of facial expression
o Has five main branches

Temporal
Zygomatic
Buccal
Mandibular
Ceniical

o Names refer to areas they supply

Other muscles associated with the face: Muscles of mastication

The muscles of mastication include four pairs of muscles (left and right side) that attach to the mandible, are embryological derivatives of the first
pharyngeal arch, are all innervated by the mandibular division of the trigeminal nerve (CN V3), and are important in biting and chewing food.

o All attach to mandible

¢ Responsible for biting and chewing (movements at the temporomandibular joint [TVU])

¢ Al innervated by branches of the mandibular nerve (CN V3)

o Al supplied by branches of the maxillary artery

o Group of four muscles
o Temporalis

Large, fan-shaped

s Cowers most of the side of the head
s Inserts on coronoid process of mandible

o Mass

eter

s Deep to parotid gland and crossed by parotid duct
s |nserts on entire lateral surface of ramus of mandible except for condylar process
o Lateral pterygoid

s Deep to temporal muscle

= Runs horizontally backwards from infratemporal fossa and lateral pterygoid plate to insert on mandible
s Cowered with dense pterygoid plexus of veins
o Medial pterygoid
s Cowered byinferior fibers of lateral pterygoid
s Runs from inner surface of lateral pterygoid plate inferiorly to inner surface of ramus of mandible

Muscle
Temporalis

Masseter

Medial
pterygoid

Lateral
pterygoid

Origin

Floor of temporal fossa
and deep temporal fascia

Zygomatic arch

Superior head:
infratemporal surface of
greater wing of sphenoid
Inferior head: |ateral
pterygoid plate
Infratemporal surface of
greater wing of sphenoid
and lateral surface of
lateral plate of pterygoid
plate

Insertion
Coronoid
process and
ramus of
mandible
Ramus of
mandible
and coronoid
process

Neck of
mandible,

articular disc,

and capsule
of TMJ
Pterygoid
fovea,
capsule of
TWJ and
articular disk

Main Actions
Elevates mandible; posterior
fibers retrude mandible

Elevates and protrudes

Nerve Supply

Mandibular
nenve (V3)-deep
temporal nenes

Mandibular

mandible; deep fibers retrude it nerve (V3)-

Acting together, protrude
mandible and depress chin;
acting alone and alternately,
produces side-to-side
movements

Together, protrude mandible,
depress chin
Alone and alternately; side to
side grinding

masseteric
nene
Mandibular
nene (Vz)-nere
to medial
pterygoid

Mandibular
nene (Va)
muscular
branches from
anterior division

Blood Supply

Superficial temporal and
maxillary arteries, middle,
anterior, and posterior
deep temporal arteries

Transwverses facial artery;
masseteric branch of
maxillary and facial
arteries

Facial and maxillary
arteries

Maxillary artery-muscular
branches
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FACTS & HINTS

High-Yield Facts
Clinical Points

Scalp lacerations

Scalp has rich blood supply

Bleeding from scalp lacerations often profuse, because blood enters periphery of scalp and vessels anastomose
Because of dense connective tissue in second layer of scalp, bleeding vessels do not retract into wound but stay open
Patient can exsanguinate if bleeding is not controlled

Bleeding controlled initially by direct pressure initially followed by suturing in layers rather than tying individual vessels

Clinical Points

Blood or infections in the scalp

Blood or pus from an infection collects in loose connective tissue

Can spread easily

Prevented from passing into the neck or subtemporal regions, because of attachments of the epicranial aponeurosis
Fluid can descend into orbits because orbitalis muscle attaches to skin in this region

Orbital hematomas commonly occur following injury to the scalp

Clinical Points

Facial palsy (Bell's palsy)

Facial nerve palsywithout a known cause

Can follow exposure to cold, dental work, Lyme disease, or ofitis media

Results in inflammation, compression, or edema of the nerve

Facial nerve supplies muscles of facial expression

Thus resultis loss of facial muscle tone on the affected side

Symptoms generally seen:
o Paralysis orbicularis oris causes drooping of mouth on affected side and dribbling of saliva
o Paralysis of orbicularis oculi causes eyelid to droop and evert, leaving cornea inadequately lubricated and eye constantly tearing
o Paralysis of buccinator together with orbicularis oris leads to accumulation of food between cheek and teeth when chewing

Clinical Points

Table 100-2. Sites of lesions of the facial nerve and resulting symptoms

Below stylomastoid 1) Facial paralysis (mouth draws to opposite side; on affected side, patient unable to close eye or
foramen (parotid gland wrinkle forehead; food collects between teeth and cheek as a result of paralysis of buccinator muscle.
tumor, trauma

Facial canal 2)All symptoms of (1), plus loss of taste in anterior tongue and decreased salivation on affected side
as a result of chorda tympani involvement. Hyperacusis as a result of effect on nerve branch to
stapedius muscle.

Geniculate ganglion 3)All symptoms of (1) and (2), plus pain behind ear. Herpes of tympanum and of external auditory
meatus may occur

Intracranial and/or internal |4) All symptoms of (1-3), plus deafness as a result of involvement of eighth cranial nene
auditory meatus

Mnemonics
Memory Aids
Layers of scalp: SCALP
Skin
Connective Tissue
Aponeurosis
Loose connective tissue
Periosteum of skull
Memory Aids
Branches Facial Nerve: "To Zanzibar By Motor Car"
Temporal
Zygomatic
Buccal
Mandibular
Cenvical
Memory Aids
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Four muscles of mastication:

MTPP (which can be read as "Empty Peepee”)

Masseter

Temporal

lateral Pterygoids

medial Pterygoids
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4 Neck
STUDY AIMS
At the end of your study, you should be able to:

Qutline the gross structure of the neck

Describe the anterior and posterior triangles of the neck: boundaries and contents

Know the smaller triangles of the neck within the posterior and anterior triangles: boundaries and content
Know the fascial layers of the neck

Know the contents of the compartments the fascial layers create
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GUIDE

Head and Neck: Neck
Neck-General Description

Hypoglossal nerve (XI1)
Cervical plexus: schema ypoglo

{5 = gray ramus from superior
cervical sympathetic ganglion) % . -~
e —
/ -
To geniohyoid musclc/

To thyrohyoid muscle
Communicalion [0 vagus nerve

Transverse cervical nerves p T/
- [—

[l =
To amohyoid muscle {superior belly) —-"‘ﬁ? f/’//—//
o
[

Lesser accipital nerve

1____[!——- Great auricular nerve
[
{ f

(*—Mrvt.sur\' narve (X1}
1

1 To rectus capitis lateralis,
| longus capitis, and rectus
caghtis anterior muscles

3 T To longus capatis and
- i | - longus colli muscles
Ansa cervicalis S-upq..rlur oot || .:"-_J-—T :
Inferior root

To stermothyroid muscle -: ,-? }" [

To sternohyoid muscle g |

To omohyoid muscle tinferior belly) ",

& \.\'\\ To scalene and levator

Supraclavicular nerves "\\ scapulae musches
Phrenic nerve

Right anterior disseclion

Thyroid gland (retracted)

Internal jugular vein

Commaon carotid artery. .
Middle cervical sympathetic ganglion
Ascending cervical artery

Phrenic nerve WVagus nerve (X)

Anterior scalene muscle
Vertebral artery
Inferior thyroid artery

: Common carotid artery
Transverse cervical artery

Suprascapular artery Recurrent Liryngeal nerve

Diorsal scapular artery

Costocervical trunk Brachiocephalic trunk
: 7

Thyrocervical trunk Internal jugular vein (cut)

Subclavian artery and vein

[Plate 32, Nerves and Vessels of Neck (Continued)]

Junction between head and thorax
Extends from base of skull superiorly to thoracic inlet inferiorly
Supports head
Skeleton
o Bones to which muscles of neck attach
o Seven cenical vertebrae
o Hyoid bone
o Manubrium of the sternum
o Clavicle
Contains
o Blood vessels, nenes, and lymphatics traversing to and from the head and supplying muscles and viscera of the neck
o Segments of digestive system: pharynxand esophagus
o Segments of respiratory system: larynxand trachea
o Endocrine glands: thyroid and parathyroid glands

Triangles of the Neck
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Intermal
caroticl nerve

Jugular nerve

Clossapharyngeal
nervie (1)

Laryngopharyngeal
sympathetic branch

Superior cervical
sympatheiic ganglion

Ciray rami
communicantes

Vagus nerve (X) (cut)

plexus

Pharyngeal branch
of vagus nerve

External carotid antery and plexus
Superior laryngeal nerve

(of Hering) of glossopharyngeal nerve
Carotid body

Carotid sinus

Superior cervical cardiac branch

of vagus nefve

Superior ceniacal sympathetic

cardiac nerve

Phrenic nerve (cut)
Middle cervical sympathetic ganglion
Common carotid artery and plexus
Middle cervical sympathetic cardiac nerve
Vertehral ganglion
Verlelwal artery and plexus
\ '?_ Recurrent lanyngeal nerve
_3 3 Cervicothoracic (stellate) ganglion
= W Ansa suhelavia

7 WVagus nerve (X out)

Inferior cervical sympathetic
cardiac nerve

Tharacic sympathetic and
vagal cardiac nerves

Gray and white rami communicantes

[Plate 129, Autonomic Nerves in Neck]

Subclavian artery

o Sternocleidomastoid (SCM) on each side of neck divides each side into two triangles:
o Anterior
o Posterior

o Facilitates description of anatomy of the neck

o Posterior Triangle
o Boundaries

Posterior-anterior border of trapezius
Anterior-posterior border of SCM
Inferior-medial third clavicle
Roof-investing layer of deep cenvical fascia
Floor-muscles

o Muscles of the floor

Splenius capitis
Levator scapulae
Mddle scalene
Posterior scalene

o \kssels intriangle

External jugular vein

Subclavian vein

Third part of subclavian artery

Transverse cenvical artery (from thyrocenical trunk)
Suprascapular artery (from thyrocenical trunk)
Occipital artery (from external carotid)

o Nenes in the triangle

Accessory nerve (cranial nerve [CN] XI)
\entral rami (roots) of brachial plexus
Cutaneous branches of cenical plexus
Suprascapular nerve

Phrenic nerve

o Subdivided byinferior belly of omohyoid

Fharyngeal

Internal carotid artery and carotid branch
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s Occipital triangle
Larger triangle superiorly
Crossed by accessorynene
s Supraclavicular triangle
Smaller inferior triangle
Contains external jugular vein, suprascapular artery, and subclavian artery

Anterior Triangle

o

o o

o

o

Boundaries
s | ateral-anterior border of SCM
s Anterior-anterior midline of neck
s Superior-inferior mandible
Divided into four smaller triangles for descriptive purposes
Submandibular triangle (1)
s Between inferior mandible and anterior and posterior bellies of the digastric muscle
s Contains submandibular gland
s Submandibular duct
s Submandibular lymph nodes
Submental triangle (2)
s Between body of hyoid bone and right and left anterior bellies of the digastric muscles
s Apexis mandibular symphysis
s Contains submental lymph nodes
Carotid triangle (3)
= Bounded by anterior belly of omohyoid, posterior belly of digastric, and anterior border of SCM
s Contains carotid sheath, with common carotid artery, internal jugular vein, and vagus nerve
s Bifurcation of common carotid to internal and external carotid arteries
s Carotid sinus
s Carotid body
Muscular triangle (4)
= Bounded byanterior border of SCM, superior belly of omohyoid, midline of neck
s Contains infrahyoid muscles, thyroid, parathyroid

Parotid space Superficial temporal artery

(hedk: right lateral
dissection

Transverse facial artery
Max |II€|r3 arteny
External carofid artery

Styvloid process Posterior auricular artery

Facial nerve (VI (cut) Cilossepharyngeal nerve (1X)

Sternocheidomastoid muscle (cut) Stylohyoid muscle

Digastric muscle (posterior belly) (oue) f" Hypoghossal merve (X11)

Crocipital artery and
sternocleidomastold branch

Arcessory nerve |X1) -‘-_'_'_"‘_‘--—-—...

Supenion root
Infeeiod Foot

Facial artery
Limgual artery
Mylohyoid muscle

Ansa t'tmit‘]li%%
Hyoglossus musdle

Wagus nerve (X) Digastric muscle
Ascending pharyngeal artery {anterior belhy)

Hyoid bone

Carotid branch of glossopharyngeal

v (%) aric carartid bocly Branch o thyrohyoid
G

Internal carotid arlery muscle

Internal jugular veln
Jogu = Supetion l.lr\,.-n_e,_g-,-.:tl‘uzlu,-r\-

Supenor thyroad artery

T External carotid artery
Superficial temporal artery

Digastric |11:J:E!|_‘.'____...—--""
[phartom)

Transverse facial aftery Commaon carolid artery
Maxillary artery

Posterior ausicular artery

Occipital artery

Descending branch
Sternodeidomastoid branch

Facial artery
Lingual artery

Ascending pharyngeal artery
Internal carotid areny
Superior thyrokd artery and
External caraiid artery supeerior laryngeal branch

;'__h_""" Omohyoid musde (phantom)

Common carotid artery

Inferion thyrosd artery

H,HJ_

Thyracervical trunk

Vertebral artery ‘¥ gﬁ:
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Fascial Layers of Neck

o Superficial fascia
o Between dermis and investing layer of deep fascia
o Contains
s Cutaneous nenes and vessels
s Lymphatics
s Fat
s Platysma muscle anteriorly
o Deepfascia
o Consists of three layers
s |nvesting
s Pretracheal
s Prewertebral
o Also includes carotid sheath: condensation of deep fascia around carotid vessels
¢ Investing layer of deep fascia
o Surrounds entire neck, beneath superficial fascia
o Inferior attachments
s Manubrium
s Superior border clavicle
s Acromion
= Spine scapula
o Superior attachments
s Superior nuchal line
s Zygomatic arches
s Angle mandible
= Mastoid process
s Spinous processes of cenical vertebrae
o Splits to enclose sternocleidomastoid and trapezius muscles
o Encloses parotid and submandibular glands
o Forms roof of anterior and posterior triangles neck
e Pretracheal fascia
o Onlyin anterior neck, from hyoid bone to fibrous pericardium
o Inwvests infrahyoid muscles
o \isceral layer invests
s Trachea
s Thyroid and parathyroid glands
s Esophagus
Attaches inferiorly to adventitia of great vessels
o Aftaches superiorly
s Thyroid cartilage
s Buccopharyngeal fascia of pharynx
o Blends laterally with carotid sheath
o Prevertebral fascia
o Sheath for C1-T3 vertebrae and associated muscles
s Longus colli and capitis
s Anterior, middle, and posterior scalenes
s Deep cenical muscles
Described as having two laminae: anterior and posterior
o Superior attachment of both laminae to base of skull
Inferior attachment
s Anterior lamina to anterior longitudinal ligament and posterior esophagus anteriorly
s Posterior lamina to fascia over thoracic vertebral column posteriorly
o Extends laterally as axillary sheath around axillary artery and brachial plexus

o

o

o

Carotid sheath

Condensation of fascia around great vessels of the neck
Extends from base of skull to root of neck
United medially with prevertebral fascia
Contains

o Common carotid artery
Internal carotid artery
Internal jugular vein
Vagus nene (CN X)
Deep cenvical lymph nodes
Sympathetic fibers
o Communicates inferiorly with mediastinum

0O 0o o o o

Facial spaces

¢ Retropharyngeal space
o Largestand most significant space in neck
o Potential space between prevertebral layer of deep fascia and buccopharyngeal fascia
o From base of skull to posterior mediastinum
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o Permits movement of pharynx, larynx, trachea, and esophagus during swallowing

o Infection originating in pharyngeal area can spread to retropharyngeal space and inferiorly into superior mediastinum
o Pretracheal space

o Space between investing fascia and pretracheal fascia

o Limited by attachments of fascia to thyroid cartilages superiorly

o Can spread into thorax anterior to pericardium
o Space between laminae of prevertebral fascia

o Critical space

o Extends from base of skull and through thorax
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FACTS & HINTS

High-Yield Facts
Anatomic Points

¢ Spinal accessory nerve has a subcutaneous course in posterior triangle and can be damaged during surgery. Injury causes weakness of
sternocleidomastoid and trapezius muscles.

¢ The phrenic nerve arises from cenical nenve roots to supply the diaphragm. Irritation of the diaphragm, e.g., because of infection, can
cause referred pain to the C3, C4, C5 dermatome (shoulder).

Clinical Points

Torticollis

In adults, spasm of the SCMcan cause pain and turning and tilting of the head (torticollis)

Congenital torticollis can occur in infants due to a fibrous tissue tumor in the SCMthat develops in utero
Head bends to affected side and face turns away

Facial asymmetry can occur, because of growth retardation on affected side

Clinical Points

Thoracic outlet syndrome

o Caused by compression of the subclavian artery, vein, and roots of the brachial as they emerge from the root of the neck.

o Patient may complain of pain, paresthesia in the arm as a result of nerve compression; pallor, coldness, and pain in the arm as a result of
arterial compression, or swelling in the arm as a result of decreased venous and lymphatic drainage.

o Common cause is the presence of a C7 cenvcal rib

Mnemonics
Memory Aids
Cenical spinal nerve roots which innervate diaphragm (C3, C4, C5):

C3, 4, 5 keeps the diaphragm alive
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5 Nasal Region
STUDY AIMS
At the end of your study, you should be able to:

Outline the structures that form the nasal region

Describe the gross structure of the external nose

Describe the nasal septum

Define the boundaries of the nasal cavity

Describe the structure of the nasal cavity including its blood supply, venous and lymphatic drainage, and innervation
Describe the origin of the paranasal sinuses and their relationship to the nasal cavity
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GUIDE
Head and Neck: Nasal Region

Nasal region

o External nose
¢ Nasal cavities

o Divided by nasal septum

o Filter, humidify and warm air

o Contain specialised olfactory mucosa

o Receive secretions from paranasal sinuses and nasolacrimal duct
o Includes related paranasal sinuses

External Nose

The nose is composed primarily of cartilages except at the "bridge" of the nose where the nasal bone resides. Anteriorly, the air enters or leaves the
nose via the nares, which open into the nasal vestibule, whereas posteriorly the nasal cavity communicates with the nasopharynxvia paired
apertures called the choanae.

o Composed of bone and hyaline cartilage Bones
o Paired nasal bones
o Frontal processes of maxilla
o Nasal part frontal bone
o Cartilages
o Paired lateral cartilages
o Paired alar cartilages
o Septal cartilage
¢ Associated muscles dilate and flatten nares (nostrils)
o Nasalis
o Compressor nares
o Dilator nares
¢ Innenvation ophthalmic and maxillary divisions of trigeminal nerve (cranial nerve [CN] V4 and Vo)

¢ Blood supply
o Ophthalmic artery
o Facial artery
e \knous drainage
o Facial veins — internal jugular veins
o Ophthalmic veins — cavernous sinus

Nasal septum

The nasal cavityis separated from the cranial cavity by portions of the frontal, ethmoid, and sphenoid bones, and from the oral cavity inferiorly by the
hard palate. Anasal septum, usually deviated slightly to one side or the other, divides the nasal cavity into right and left chambers. The anterior third
of the nasal septum is cartilaginous and the posterior two thirds is bony:.

¢ Divides nasal cavity into two chambers
o Composed of
o Bone
= \bmer
s Perpendicular plate of ethmoid
o Septal cartilage
o Septal cartilage articulated with edges of bony septum

Nasal Cavity

The lateral wall of the nasal cavityis characterized by three shell-like conchae, or turbinates, that protrude into the cavity, and along with their
covering of nasal respiratory epithelium, they greatly increase the surface area for warming, humidifying, and filtering the air. At the most superior
aspect of the nasal cavity resides the olfactory region, with its olfactory epithelium and specialized sensory cells for the detection of smells.

o Each cavity narrow above and wider below, separated from each other by nasal septum
e BExtend from nares to choanae
o Naris = external opening of nose
o Choana = opening into pharynx
o \kstibule
o First part of cavity
o Lined with skin with hairs
o Bounded laterally by alar cartilages
o Limen nasi
s Crescenticline
s Marks upper limit of vestibule
¢ Nasal mucosa
o Lines nasal cavities except for vestibule
o Bound to periosteum and perichondrium of surrounding bones and cartilages
o Extends into all chambers, cavities and sinuses communicating with nasal cavities
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o Upper one third is olfactory areas (mucosa)
o Lower two thirds is respiratory areas (mucosa)
o Boundaries (walls) of nasal cavity
o Nasal conchae
o Three horizontal projections from lateral wall
o Superior, middle and inferior nasal conchae
o Divide nasal cavityinto four areas
s Superior meatus
s Mddle meatus
s Inferior meatus
s Sphenoethmoid recess
o Superior meatus
o Between superior and middle conchae
o Has openings from posterior ethmoidal sinuses
¢ Mddle meatus
o Wider and longer than superior
o Depressed area-atrium-at anterior end
o Ethmoid infundibulum at anterior end
s Leads to frontonasal duct
s Ductleads to frontal sinus
o Ethmoidal bulla (swelling)
s Rounded projection at inferior root of middle meatus
s Represents bulge of ethmoid air cells (sinuses)
s Groove called semilunar hiatus immediately beneath leads to infundibulum
o Contains openings for frontal, maxillary, and anterior ethmoidal sinuses
= Frontal sinus opening at anterior end of semilunar hiatus/infundibulum
s Maxillary sinus opening at posterior end of semilunar hiatus
= \ariable openings for ethmoid air cells
o Inferior meatus
o Below inferior concha
o Receives nasolacrimal duct opens into anterior end
o Sphenoethmoidal recess:
o Posterior and superior to superior concha
o Receives opening of sphenoidal sinus
¢ Innenation
o Posterior region of nasal cavity
s Nasal septum: maxillary nernve (CN V) — nasopalatine nene to nasal septum

s Lateral wall: lateral branches of lateral palatine nerve
o Anterior and superior regions of nasal cavity: anterior and posterior ethmoidal nerves, branches of nasociliary nerve from ophthalmic
nerve (CN V)
o Olfactory epithelium innervated by olfactory nerve (CN I)
o Arterial supply
o Sphenopalatine artery (branch of maxillary artery)
o Anterior and posterior ethmoidal arteries
o Greater palatine artery
o Superior labial and lateral nasal branches of facial artery
e \knous drainage
o Plexus of veins beneath nasal mucosa drains to
s Sphenopalatine veins
s Facial veins
s Ophthalmic veins
e Lymphatic drainage
o Posterior nasal cavity to retropharyngeal nodes
o Anterior nasal cavity to submandibular nodes

Paranasal sinuses

Sinus Description
Frontal Paired sinuses, lying anteriorly in frontal bone and draining into semilunar hiatus of middle meatus

Ethmoid | Paired anterior, middle, and posterior sinuses in ethmoid bone; anterior and middle draining into middle meatus
(hiatus semilunaris and ethmoid bulla, respectively), and posterior, into superior nasal meatus

Sphenoidal | Paired sinuses, in sphenoid bone, draining into sphenoethmoidal recess
Maxillary | Paired sinuses, in maxilla, draining into middle meatus (semilunar hiatus); largest sinus (20-30 ml)

There are four pairs of paranasal sinuses, which are open chambers within several of the bones surrounding the nose and orbits. They are lined
with respiratory epithelium, assist in warming and humidifying the inspired air, and drain their mucus secretions into the nasal cavities. Blowing the
nose clears the nasal cavityand sinuses of excess secretions.

Extensions of nasal cavity into maxillary, ethmoid, frontal, and sphenoid bones
Lined with respiratory epithelium
Present at birth and increase in size until adulthood
Airfilled
Frontal sinuses (2)
o Between inner and outer tables of frontal bone
o Can be detected around age 7
o Maxillary sinuses (2)
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o Largest of paranasal sinuses

o Occupy most of body of maxillae
e Ethmoidal sinuses

o Several in number

o Notwell developed until after age 2
e Sphenoidal sinuses

o

o
o
o

Derive from extensions of ethmoidal sinuses into sphenoid bone around 2 years of age
Numbers different on either side
Bony septum between two sides
Onlya thin plate of bone separates them from critical structures in the anterior and middle cranial fossae: optic nerves, pituitary
gland, internal carotid arteries, cavernous sinuses

COculomotor nerve (11} Internal carotid artery (cerebwal part)

Internal carofid artery (cavernous part) Abducent nerve (Vi)
Trochlear nerve (IV) Antery and nerve of pterygoid canal
Superior petrosal sinus (Jphthalnllc_nun.'e
Sphenobdal sinus
Trigeminal nerve (V)

Maxillary nerve
Greater petrosal nerve Prerypopalatine ganglion
Internal carotid artery Ciliary ganglion
ipetrosal parth and venous plexus :
Ophthalmic ariery
Cochlea

Infracrhital nerve
Optie nerve (1)
Maxillary ostium

Anterior semicircular canal

Inferior tympanic artery
and tympanic nenve

Facial nerve (VII)

Chorda tympani

Sigmoic
sinus

Mastoid cells

Internal carotid nerve

andl nerve plesus Maxillary artery

Interion ganglion of

Maxillary sinus
glossopharyngeal nerve Aaxillary sinu

Right medial
prerygoid plate

1
l B T Descending
[

= {' !‘ ¥ ) l palatine artery
of vagus nerve \ A i f.—jﬂ_ilrﬂn‘-

Accessory nerve (X1

Inferior ganglion

Cireater and besser palatine arteries and nerves

Hypoglossal nerve (X101 :
Ascending pharyngeal artery

Internal jugular vein Superior cervical ganglion

Vagus nerve (X)

) External carotid artery
Glossopharyngeal nerve [IX)
Common carotid artery Internal carotid anery

[Plate 46, Orientation of Nerves and Vessels of the Cranial Base]
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FACTS & HINTS

High-Yield Facts
Clinical Points

Nasal Obstruction
o Can occur either acutely or be longer in duration-chronic
o Causes include: large adenoids (in children), tumors, a deviated septum, or foreign bodies.
o Patient may complain of snoring, abnormal speech, or breathing difficulties when eating

Clinical Points

Epistaxis

o Nosebleed

o Common because of rich vascular supplyto nose

¢ Inyounger people occurs in the Little's area-where convergence of anterior ethmoidal artery, septal branches of sphenopalatine and
superior labial arteries and greater palatine artery

¢ In older people can be related to hypertension

* Treatmentinvolves identifying the source of bleeding and stopping the bleeding by direct pressure, packing the nose or cautery.

Clinical Points
Sinusitis
o Paranasal sinuses maybecome infected via continuity with nasal cavities
¢ Inflammation and swelling of mucosa lining sinus
e Can be acute or chronic
o Bacterial infection usuallyfollows a viral infection
o Patient may complain of pain, nasal discharge, blocked nose, postnasal drip, and fever
o Acute sinusitis is usually self-limiting
¢ Chronic may require antibiotics and if recurrent sinus surgery

Mnemonics
Memory Aids
Nasal Cavity: To help remember the parts of the nasal cavity
Never Call Me Needle Nose
Nares (external)
Conchae
Meatuses
Nares (internal)
Nasopharynx
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6 Oral Region
STUDY AIMS
At the end of your study, you should be able to:

Understand the regions and boundaries of the oral cavity

Know the major anatomic features of the lips, cheeks, and gingivae

Describe the external features of the tongue

Outline the intrinsic and extrinsic muscles of the tongue and their movements

Describe the hard and soft palate and their anatomic features

Describe the anatomy of the oral cavity related to the soft palate

Know the muscles of the soft palate, their movements, and their innervation

Outline the vascular supply and innervation of the palate

Describe the parotid, submandibular, and sublingual salivary glands, including their vascular supply and innervation
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GUIDE
Head and Neck: Oral Region
Oral Cavity

o Divided into two regions
o Oral vestibule
= Narrow space between teeth and gingival and lips and cheeks
s Size controlled by orbicularis oris, buccinator, risorius, and muscles controlling lips
s Contains frenula (singular: frenulum)-midline mucosal folds from upper and lower lips to the gums
o Oral cavity proper
s Boundaries
s Anteriorly: lips
s Posteriorly. oropharyngeal isthmus to oropharynx
s Roof: hard palate anteriorly and soft palate posteriorly
s Floor: mucosa beneath the tongue
s Space occupied by tongue
o Anatomical features of the lips
o Contain

s Orbicularis oris muscle, and fibers of levator labii superioris, depressor anguli oris, zygomaticus major and risorius muscles

s Superior and inferior labial arteries and veins
a. From infraorbital and facial vessels superiorly
b. From facial and mental vessels inferiorly
s Branches of infraorbital nerves (cranial nerve [CN] V) superiorly
s Branches of mental nerves (CN V3) inferiorly
\ermilion border: fransition zone (border) of lip
Nasolabial grooves from nose to just lateral of angle of mouth separated lips from cheek
Philtrum: depression from nasal septum to vermilion border of upper lip
Labiomental groove separates lower lip from chin
o Labial frenula: midline mucosal folds with a free edge that extend from upper and lower lips to the gums
¢ Anatomical features of the cheeks
o Lateral walls of oral cavity
Form zygomatic prominences over zygomatic bones
Principal muscle is buccinator
Buccal fat pad external to buccinator
Supplied by buccal branches of maxillary artery
Innervated by buccal branches of mandibular nenve (CN V3)
¢ Gingivae
o Composed of fibrous tissue covered by mucous membrane
o Firmlyattached to alveolar processes of mandible and maxilla and necks of teeth

o
[}
o
o

o o o o o

Tongue
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pighotis

Modian ghossoepglottic fold

Lateral glossoepiglottic fold
Vallecula

ﬁ___\i—iahmﬁhm-ugml anch and muscle (out)

Palatine tonsil (cur)
Roat 4 Lirgeeal tessil (hngual noeiles)
B Palaterglossal arch aned mscle (cur)
Foeamen cecum
Terminal sulcus
Wallate papillac

Foliate papillace

Body 1

Fungiform papilla
Middline groove (median sufous)

Darsum of longue

Apex

Y

Filsform papillae

Fungidomm pajpilla
Keratinized tip

Intrinsic muscle

Duct od gland

Mascous glands
Vallaze papilla
Taste baicls

Lirngiad glanels (serous glands of von Fhner

Schematic stereogram: area indicated above
[Plate 58, Tongue]

¢ Highly mobile organ composed largely of muscle
e Main functions
o Pressing food into the pharynxduring swallowing
o Assisting in the formation of words during speech
o BExternal features of the tongue anterior to sulcus terminalis
o Root
s Posterior one third
s Attached to hyoid bone and mandible
Body: anterior two thirds
Apexor tip: pointed or rounded anterior end
Dorsum of tongue
s \fshaped groowe: sulcus terminalis
a. Divides tongue into oral and pharyngeal parts
b. Apexpoints to foramen cecum
s Foramen cecum
a. Small pit
b. Remnant of embryonic thyroglossal duct
s Numerous papillae of different types
o Lingual papillae
s \allate
a. Anterior to sulcus terminalis
b. Large and flat-topped
c. Hawe taste buds
= Foliate
a. Small folds on lateral side of tongue
b. Hawe taste buds
s Filiform
a. Numerous and mainlyarranged in rows parallel to sulcus terminalis
b. Sensitive to touch

o o o
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s Fungiform
a. Mushroom-shaped
b. Found on tip and sides of tongue
c. Hawe taste buds
o External features of the tongue posterior to sulcus terminalis
o Posterior to palatoglossal arches
o Roughened surface due to underlying lymphatic follicles = lingual tonsil
o External features of inferior tongue
o Lingual frenulum
s Mdline fold of mucosa from gingivae to posteroinferior surface of tongue
s Connects tongue to floor of mouth
o Sublingual caruncle
s Papilla on either side of frenulum
s Opening of duct of submandibular gland
o Muscles
o Both intrinsic and extrinsic muscles are paired
o Al muscles act coordinately
o Fibrous septum separates muscles of each half of tongue
o BExrinsic muscles
s Alter position of tongue
s Genioglossus
a. Most of bulk of tongue
b. Contributes to protrusion of tongue
¢. Moves tongue from side to side
s Hyoglossus
a. Depresses tongue
b. Ads in retraction
s Shloglossus
a. Mingles with fibers of hyoglossus
b. Creates central trough or furrow with genioglossus during swallowing
¢. Retracts tongue and curls side
s Palatoglossus
a. Largelya soft palate muscle
b. Elevates posterior tongue
o Intrinsic
= Alter shape of tongue
= Superior longitudinal: curls tip of tongue superiorly
s Inferior longitudinal
a. Curls tip of tongue inferiorly
b. Acts with superior longitudinal muscle to shorten and thicken tongue
s Transverse: narrows tongue and increases height
= \krtical: flattens and broadens tongue
¢ \asculature
Arterial supply
o Principally from lingual artery, branch of external carotid
s Dorsal lingual artery
s Deep lingual artery
s Sublingual artery
o Mnor contributions from tonsillar and ascending pharyngeal arteries
e \knous drainage
o Accompanies arterial supply
o Dorsal lingual veins
o Deep lingual weins (join sublingual veins)
o Al drain, either directly or indirectly to internal jugular vein
o Lymphatic drainage takes one of four routes
o Tip (apex) to submental nodes
o Anterior medial two thirds to inferior deep cenical nodes
o Anterior lateral two thirds to submandibular nodes
o Posterior one third to superior deep cenical nodes
¢ Innenvation:
o Al muscles of tongue except palatoglossus supplied by hypoglossal nerve (CN Xll)
o Palatoglossus supplied by pharyngeal plexus (CN IXvia CN X)
o Sensoryto anterior two thirds of tongue
s General sensory. lingual nerve (CN V3)
s Special sensory (taste): corda tympani (CN MI)
o General and special sensoryto posterior one third of tongue: glossopharyngeal nerve (CN IX)
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Asticular disc of
temporomandibular joint

Articular tubercle
Lateral plery goid miscle

Sphenomandibular ligament

Mechal prerygoid muscle
Farotid duct (ol Stensen)

Buccinator muscle

Prerygomandibular raphe

Superior pharyngeal constrictor muscle

Lateral view
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Carlilaginous part of auditory
(pharyngotympanic, eustachian ube
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Sphenomandibular igament
\ Internal carotid artery

MATECICAC DEfvE Foramen ovale

Lateral pterygoid plate
Midldle meningeal artery

Temposomandibalar joint

-

Auriculolemporal nerve -._.____\

Massetenc artery
Lateral prerygosd muscle

Medial pterygoid nerve Medial prerygoid muscle
Maxillary artery
Inferior alveolar nerve

Lingual nerve

Medial pterygoid muscle

Medial prerygoid plate Tensor vl palatioi muscle (cut)

Preryzoid hamulus Levator veli palatin muscle (cuth

Nerve 1o mylohyoaid Prerygoid hamulus

£

Posterior view
[Plate 55, Muscles Involved in Mastication (Continued)]

Genioglossus |Mental spine of | Dorsum of Hypoglossal Sublingual and submental arteries Depresses and

mandible tongue and nene protrudes tongue
hyoid bone

Hyoglossus  |Bodyand greater |Lateral and Hypoglossal  |Sublingual and submental arteries Depresses and
horn of hyoid inferior aspect |nene retracts tongue
bone of tongue

Styloglossus | Styloid process  |Lateral and Hypoglossal  |Sublingual artery Retracts tongue and
and stylohyoid  |inferior aspect |nerve draws it up for
ligament of tongue swallowing

Palatoglossus | Palatine Lateral aspect |Vagus nerve Ascending pharyngeal arteries and Elevates posterior
aponeurosis of |of tongue and pharyngeal |Palatine branches of facial and tongue
soft palate plexus maxillary arteries

Palate

o Forms roof of mouth and floor of nasal cavities
o Consists of two parts

o Hard pal

ate anteriorly

s Formed from by palatine processes of maxillae and horizontal plates of palatine bones
s Covwered with periosteum and oral mucosa (inferiorly) and respiratory mucosa superiorly
s Has five foramina

a. Incisive fossa behind central incisors transmits nasopalatine nerves via incisive canals

b. Paired greater palatine foramina medial to third molar transmits greater palatine vessels and nerves

c. Paired lesser palatine foramina posterior to greater palatine foramina transmits lesser palatine nerves and vessels
s Mucous secreting palatine glands beneath mucosa
s Incisive papilla directly posterior to maxillary incisors
Palatine raphe

a. Mdline ridge/groove
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b. Represents line of fusion of embryonic palatal plates
o Soft palate posteriorly
s Moweable posterior third suspended from hard palate
s No bonyskeleton
s Attaches to hard palate via aponeurotic palate
a. Expanded tendineus aponeurosis of tensor veli palatini muscles
b. Thick anteriorly
s Muscular palate (tensor veli palatini) posteriorly
s Posterior curved free margin has conical projection: uwla
Anatomical features related to the soft palate
o Arches
= Join soft palate to tongue and pharynx
s Palatoglossal arch
a. Mucosal fold
b. Contains palatoglossus muscle
s Palatopharyngeal arch
a. Mucosal fold
b. Posterior to palatoglossal arch
c¢. Contains palatoglossus muscle
s Form anterior and posterior boundaries of tonsillar fossa on either side
o Tonsillar fossae
s Contain palatine tonsils
s Masses of lymphoid tissue between arches
o Fauces
s Term for passage from oral cavity to oropharynx
s Bounded by
a. Soft palate superiorly
b. Root of tongue inferiorly
c¢. Palatoglossal and palatopharyngeal arches laterally
Muscles of soft palate
o Four paired muscles descend from base of brain to palate
s Levator weli palatine elevates soft palate during swallowing, opens auditory tube
s Tensor \eli palatini tenses soft palate during swallowing
s Palatoglossus elevates posterior tongue

s Palatopharyngeus tenses soft palate and pulls pharynx superiorly and anteriorly during swallowing

o Unpaired musculus uwulae shortens uwla
Swallowing and the palate
o Complexmechanism
o Soft palate tenses to allow tongue to press against it
o Tongue squeezes bolus of food to back of oral cavity
o Soft palate elevates superiorly and posteriorly to prevent back flush of food into nasal cavity
Arterial supply
o Branches of descending palatine artery on each side
s Greater palatine artery
s Lesser palatine artery
o Ascending palatine arteryfrom facial artery
\enous drainage via pterygoid venous plex
Lymphatic drainage: deep cenical nodes
Innervation
o Sensoryfrom pterygopalatine ganglion (from CN V5)
s Greater palatine nerve to hard palate
= Nasopalatine nerve to anterior hard palate
= Lesser palatine nenve to soft palate
o Motor
s Tensor veli palatini innervated by medial pterygoid nerve from otic ganglion (CN V3)

s Al other muscles by cranial root of spinal accessory nerve (CN Xl) via pharyngeal plexus

Muscle Origin Insertion  Innervation Blood supply

Levator veli Temporal (petrous Palatine Vagus Ascending palatine artery

palatini portion) bone aponeurosis |nerve via |branch of facial artery and
pharyngeal |descending palatine artery
plexus branch of maxillary artery

Tensor veli Scaphoid fossa of Palatine Mandibular|Ascending palatine artery

palatini medial pterygoid plate, |aponeurosis |nerve branch of facial artery and

spine of sphenoid, and
auditorytube

descending palatine artery
branch of maxillary artery

Palatopharyngeus |Hard palate and superior |Lateral Vagus Ascending palatine artery
palatine aponeurosis pharyngeal |nenevia |branch offacial arteryand
wall pharyngeal |descending palatine artery

plexus branch of maxillary artery
Musculus uwlae |Nasal spine and palatine|Mucosa of  |Vagus Ascending palatine artery
aponeurosis uwla nenevia |branch of facial arteryand

pharyngeal |descending palatine artery
plexus branch of maxillary artery

Salivary Glands

Main actions
Elevates soft palate during
swallowing

Tenses soft palate and
opens auditory tube during
swallowing and yawning

Tenses soft palate; pulls
walls of pharynx superiorly,
anteriorly, and medially
during swallowing

Shortens, elevates, and
refracts uwla
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Temporalis muscle

Superficial temporal artery and vein
and auriculotemporal nerve

Branches of facial nerve (VII)
Transverse facial artery
Accessory parotid gland

Parotid duct

Buccinator muscle (cut)
Masseter muscle
Lingual nerve

Submandibular ganglion

Tongue

Frenulum of tongue

Sublingual fold with openings

of sublingual ducts (of Rivinus) derZn
ADE P . A J ! Parotid gland
Sublingual caruncle with opening ; : [ 2 < % / . ; RaframandiBilar

vein {anterior and
posterior divisions)

of submandibular duct ’

Sublingual gland
Digastric muscle
{posterior belly)

Submandibular duct

Stylohyoid muscle

Sublingual artery and vein External jugular vein

Mylohyoid muscle (cut) Sternocleidomastoid muscle

Common trunk receiving facial,
. anterior branch of retromandibular,
Hyoid bone and lingual veins (comman facial vein)

Digastric muscle (anterior belly)

i }I‘}g Submandibular gland

Facial artery and vein
[Plate 61, Salivary Glands]

Internal jugular vein
External carotid artery

o Functions
o Moisten and lubricate food
o Begin digestion of starches
o Contribute to
s Abilityto taste
s Prevention of tooth decay
¢ Parotid gland:
o Largestsalivarygland
o Thin watery secretion
o Found within investing cenical fascia
o QOccupies space between ramus of mandible and anterior border of sternocleidomastoid (SCM) muscle
s Owerlaps posterior masseter muscle
s Deep part extends posteriorly to mastoid process and external auditory meatus
o Parotid duct
s Emerges at anterior border of gland
s Runs over masseter
s Pierces buccinator to enter mouth opposite upper second molar
o Structures passing through the gland
s Facial nene
a. Enters gland and branches into two stems
b. Two stems give rise to five branches that emerge from borders of gland
s Superficial temporal vein
a. Runs through deeper part of gland
b. Unites with maxillary vein within the gland to form retromandibular vein
s External carotid artery through deep part of gland
o Arterial supply
s External carotid artery
s Superficial temporal arteries
o \knous drainage: retromandibular vein
o Innervation
s Great auricular nerve (C2 and C3 spinal nenes)
s Auriculotemporal nerve (CN Va)

s Parasympathetic fibers from glossopharyngeal nerve (CN IX) via auriculotemporal from otic ganglion
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s Sympathetic fibers from external carotid plexus from cenvical ganglia

¢ Submandibular gland

o
o
o

Lies superior and inferior to posterior half of mandible
Divided into superficial and deep parts by mylohyoid muscle
Duct
s Opens at sublingual papilla, one on either side of lingual frenulum
s Lingual nerve loops under duct
Arterial supply: submental artery
Innenvation
s Secretomotor parasympathetic fibers
a. Presynaptic fibers from facial nerve via chorda tympani to submandibular ganglion
b. Postsynaptic fibers from cells in submandibular ganglion
s \asoconstrictive sympathetic fibers from superior cenical ganglion

e Sublingual glands

o

o
o
o

Smallest and deepest of glands
Lie in floor of mouth within sublingual folds, between mandible and genioglossus muscle
Numerous ducts open along sublingual folds
Arterial supply
s Sublingual artery from lingual artery
s Submental artery from facial artery
Innenvation same as that for submandibular gland
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FACTS & HINTS

High-Yield Facts
Clinical Points

Parotid Tumors

Most common salivary gland tumor, but still rare

More common in people older than 40 years of age

Patient usually presents with a slow growing lump

If painful or affecting the facial nerve suggests the tumor is malignant
Treatment is by surgical excision consening the facial nerve and its branches

Clinical Points

Sialoadenitis

Inflammation of the salivary gland

Can be caused by infection or obstruction of the duct of a gland

Most commonly a result of bacterial infection (Staphylococcus aureus)
Patient may present with pain, swelling, and fever

Submandibular gland most commonly affected

Treatment with antibiotics and/or increasing secretions with drugs
Relief of the obstruction may require surgery

Clinical Points

Sialolithiasis

Obstruction of the duct of a salivary gland with a calculus (stone)

Commonly occurs in submandibular gland

Patient presents with pain when eating and swelling

Ninety percent of stones are radio-opaque-diagnosis can be made on radiograph
Ultrasound or computed tomography (CT) can also be useful

Treatment is by removing the stone, increasing secretions with drugs or surgical removal

Mnemonics

Memory Aids

Three Tonsils

People (or for short PPL) have three tonsils: PPL
Pharyngeal
Palatine
Lingual.
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7 Pharynx
STUDY AIMS
At the end of your study, you should be able to:

Know the general anatomy of the pharynx

Describe the anatomy of the nasopharynx

Describe the anatomy of the oropharynx

Describe the anatomy of the laryngopharynx

Know the muscles of the pharynx

Know the vascular supply and lymphatic drainage of the pharynx
Understand the innervation of the pharynx

Outline the process of swallowing
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GUIDE
Head and Neck-Pharynx
Pharynx
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4
[Plate 63, Pharynx: Median Section]
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[Plate 66, Pharynx: Opened Posterior View]

The pharynxis a muscular tube, which is deficient anteriorly as a result of the openings nasal and oral cavities and larynx-as revealed when the
posterior wall is remowved.

e Muscular tube
o Posterior to nasal and oral cavities
¢ Continuous with both esophagus and larynx
o Anterior to superior six cenical vertebrae and prevertebral muscles and fascia
* Retropharyngeal space = potential space between pharynxand prevertebral fascia
¢ Divided into three parts: Nasopharynx, Oropharynx, and Laryngopharynx
o Nasopharynx
o Posterior to nose and abowe soft palate
o Lined with ciliated epithelia
o Boundaries
s Anteriorly: continuous with nasal cavities via choanae
s Roof and posterior wall: body of sphenoid and base of occipital bone
s Laterally. superior constrictor muscle
o Contains openings of auditory (Eustachian) tubes (from middle ear)
o Salpingopharyngeal fold
s Extends inferiorly from medial end of auditory tube
s Covers salpingopharyngeus muscle-opens tube during swallowing
o Ridge over opening = torus tubarius
o Pharyngeal recess
s Slit-like projection
s Posterior to torus
o Contains abundant lymphoid tissue
= Incomplete ring in superior part of pharynx
s Aggregates in certain areas = tonsils
s Lymphoid tissue in mucus membrane of roof and posterior wall = adenoids
s Lymphoid tissue near opening of auditory tube = tubal tonsil
e Oropharynx
o From soft palate to superior ends of epiglottis
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o Boundaries
s Anteriorly. oropharyngeal opening posterior one third tongue epiglottis
s Laterally. palatoglossal and palatopharyngeal arches (containing palatoglossus and palatopharyngeus muscles)
s Superiorly: soft palate
s Posteriorly. superior and middle constrictor muscles
o Contains palatine tonsils
s Found in cleft between palatoglossal and palatopharyngeal arches
s Tonsil lies on tonsillar bed = superior constrictor muscle and pharyngobasilar fascia
o Epiglottis
s United to tongue by median and lateral glossoepiglottic folds
s Depression between medial and lateral folds = epiglottic valleculae
o Laryngopharynx
o From superior border of epiglottis to inferior border of cricoid cartilage
o Lined with stratified squamous epithelium
o Boundaries
s Inferiorly. continuous with esophagus
s Superiorly. continuous with oropharynx
s Anteriorly: larynx
s Posteriorly. middle and inferior constrictor muscles deep: Bodies of C4-C6 vertebrae
Laterally: middle and inferior constrictor muscles
o Piriform recesses
= Small depressions on either side of laryngeal inlet
s Separated from inlet by aryepiglottic folds
s Bounded medially by thyroid cartilage and thyrohyoid membrane

o

Muscles of Pharynx

o Wall of pharynxis unique
o Composed of outer circular and inner longitudinal 1ayers of muscles
o External circular layer consists of three constrictor muscles: pharyngeal constrictors
o Inner longitudinal layer consists of three paired muscles
¢ Pharyngeal constrictors = three muscles
o Superior, middle, and inferior constrictor muscles form a muscular sleeve
o Hawe strong internal facial lining: pharyngobasilar fascia
o Contractinwoluntarilyin sequence = peristalsis
o All supplied by pharyngeal plexus of nernes
o Inner longitudinal layer = three muscles
o Elevate larynx
Shorten pharynx
Act during swallowing and speaking
Stylopharyngeus
Palatopharyngeus
o Salpingopharyngeus
o Gaps between constrictors
o Areas where structures can enter and leave pharynx
o Between superior constructor and skull
= Levator veli palatini
s Auditorytube
s Ascending palatine artery
o Between superior and middle constructor
s Shtyjlopharyngeus muscle
s Glossopharyngeal nene
s Stylohyoid ligament
o Between middle and inferior constrictor
= |nternal laryngeal nernve
= Superior laryngeal arteryand vein
o Below inferior constructor
s Recurrent laryngeal nerve
s Inferior laryngeal artery

o
o
o
o

Muscle Origin Insertion Innervation Main Actions

Superior pharyngeal | Hamulus, pterygomandibular raphe, |Median raphe |Vagus via Constricts wall of pharynxduring

constrictor mylohyoid line of mandible of pharynx pharyngeal plexus | swallowing

Mddle pharyngeal | Stylohyoid ligament and horns of Median raphe |Vagus via Constricts wall of pharynx during

constrictor hyoid bone of pharynx pharyngeal plexus |swallowing

Inferior pharyngeal | Oblique line of thyroid cartilage, and | Median raphe |Vagus via Constricts wall of pharynx during

constrictor cricoid cartilage of pharynx pharyngeal plexus | swallowing

Salpingopharyngeus | Auditory (pharyngotympanic) tube Side of \agus via Elevates pharynxand larynxduring
pharynxwall |pharyngeal plexus | swallowing and speaking

Stylopharyngeus Medial aspect of styloid process Pharyngeal |Glossopharyngeal|Elevates pharynxand larynxduring
wall nene swallowing and speaking

Arterial supply

o Tonsillar artery (from facial) to tonsil
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e Branches from
o Ascending pharyngeal
o Lingual
o Ascending and descending palatine

Venous drainage

o Exernal palatine vein — pharyngeal plexus
o Pharyngeal venous plexus — internal jugular vein

Lymphatic drainage

o General drainage to deep cenical nodes
o From tonsillar tissue to nodes near angle of mandible and tonsillar (jugulodigastric) node

Innervation

o From pharyngeal plexus (motor and almost all sensory)
e Motor
o From pharyngeal plexus via vagus nerve from cranial root of accessory nerve (cranial nerve [CN] XI)
s To all muscles of pharynx except stylopharyngeus (CN \»)
o Branches from external and recurrent branches of vagus
s To inferior constrictor
e Sensory
o Mainlyfrom glossopharyngeal nerve (CN IX) via plexus
o Aso
s Maxllarynenve (CN Vb) to anterior and superior nasopharynx

s Tonsillar nerves from branches of glossopharyngeal and vagus (CN X)

Swallowing (deglutition)

e Occurs in three stages
o 1=\oluntary
o Food is in the mouth, breathing occurs through the nasopharynx
o Food is chewed (masticated) and mixed with saliva to produce a bolus
o Bolus of food is compressed against hard palate
o Palatoglossal folds relax
o Muscles of tongue and soft palate push bolus into oropharynx
o Cyclelasts 1 to 2 seconds
e 2 =inwluntary
o Reflexive, mediated via glossopharyngeal nerve
o Nasopharynxis closed off by tension and elevation of the soft palate
s Prevents reflux of foodfMuids into the nose
s Mediated bytensor veli palatine and levator veli palatine muscles
o Suprahyoid muscles and longitudinal pharyngeal muscles contract
s Elevate larynx
s Close epiglottis
s Propel bolus
o 3 =inwluntary
o Food propelled through the pharynx by peristalsis (sequential contraction of all three constrictors)
o On reaching the distal end of pharynx, high pressure causes relaxation of terminal part of inferior constrictor
o Called cricopharyngeus muscle
o Serves as superior esophageal sphincter
o Food enters the oesophagus
As bolus passes pressure drops, the sphincter closes
e Lanynxand epiglottis return to normal positions
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FACTS & HINTS
High-Yield Facts

Anatomic Points

o The piriform fossa is a common site for fish bones to lodge. ltis also a site where pharyngeal tumors can grow undetected for a period of
time.

o Aggregations of lymphoid tissue in the nasopharynxare called adenoids. They can become enlarged in children, causing obstruction of the
nasopharynxand forcing the child to breathe through the mouth.

Clinical Points

Pharyngitis

Also called a sore throat

Usually caused by viral infection

In children, common cause of bacterial pharyngitis is beta hemolytic streptococcus
Ifinfection is severe, auditory tubes can become blocked, predisposing to ofitis media
Patient may complain of pain on swallowing and pain referred to the ear

On examination, the throat may be reddened and cenvical lymph nodes may be enlarged

Clinical Points

Tonsillectomy

o Surgical removal of the palatine and lingual tonsils

o Tonsillectomyis advised if the patient has experienced recurrent attacks of tonsillitis, particularly if they resulted in airway obstruction and
hearing difficulties

¢ Amajor and common surgical procedure performed in children in the USA

o Recovery usually within 2 weeks, although for adults this may take longer and can have a higher complication rate
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8 Thyroid Gland and Larynx
STUDY AIMS
At the end of your study, you should be able to:

Know the general anatomy of the larynx

Describe the cartilaginous skeleton of the larynx

Describe the membranes of the larynx

Know the internal anatomy of the larynx

List the intrinsic and extrinsic muscles of the larynxand their function

Describe the arterial supply, venous and lymphatic drainage, and innervation of the larynx
Describe the structure of the thyroid gland

Describe the structure of the parathyroid glands
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GUIDE

Head and Neck: Thyroid Gland and Larynx

Larynx: General Anatomy

Organ of phonation and sphincter guarding lower respiratory tract

Connects oropharynxwith trachea

L]
o Approximately 8 cm long
L]
L]

Lies anterior to prevertebral muscles, fascia, and the bodies of C3-C6 vertebrae

Laryngeal skeleton

o Comprised of three paired and three nonpaired cartilages
* Epiglottic cartilage (epiglottis)

o

0 o o o o

o

Leaf-shaped elastic cartilage

Posterior to root of tongue and hyoid bone, anterior to laryngeal inlet

Broad superior end is free

Inferior end attached in midline to angle of thyroid laminae by thyroepiglottic ligament

Quadrangular membranes run between lateral sides of epiglottic cartilage and arytenoid cartilages on either side
Upper free margin of quadrangular membrane + covering mucosa = aryepiglottic fold

During swallowing overlies laryngeal inlet

o Thyroid cartilage

o

0 O o o o

Composed of two flat laminae

Lower two thirds of laminae fuse in midline to form laryngeal prominence (Adam's apple)
Upper one third of laminae diverge to form superior thyroid notch

Posterior superior border of each plate projects superiorlyas superior horns

Posterior inferior border of each plate projects inferiorly as inferior horns

Superior horns and superior borders of laminae attach to hyoid bone by thyrohyoid membrane

o Cricoid cartilage

o
[}
o
o

Signet ring shaped, signet (lamina) facing posteriorly
Strong, thick, complete circle of cartilage

Altached to inferior thyroid by median cricothyroid ligament
Attached to first tracheal ring by cricotracheal ligament

o Anytenoid cartilages (paired)

o
[}
o

o
o
o

Pyramid shaped with three sides
Articulate with lateral superior parts of cricoid lamina
Has three processes:
a. Apexat superior end
b. \ocal process projects anteriorly
¢. Muscular process projects laterally
Apex Corniculate cartilage sits atop; attaches to aryepiglottic fold
\bcal process: posterior attachment for vocal ligament
Muscular process: attachment for posterior and lateral cricoarytenoid muscles

e Corniculate and cuneiform cartilages

o
o
[}

Nodules in posterior aryepiglottic folds
Cuneiforms do not attach to other cartilages
Corniculates attach to apices of arytenoids

Membranes of the laryngeal skeleton

o Cricothyroid ligaments

o
o
o
o

Median cricothyroid ligament

Lateral cricothyroid ligaments (conus elasticus)

Both attach to cricoid cartilage to inferior border of thyroid cartilage

Medial free edge of lateral cricothyroid ligaments = vocal ligaments, basis of true vocal cords

o Quadrangular membrane

o
o
o

o

Inelastic connective tissue
Attaches lateral aspects of arytenoids and epiglottis
Lower free border = vestibular ligament (false vocal cord)
s Cowered by vestibular fold
s Abowe vocal fold
s Extends from thyroid cartilage to arytenoid cartilage
Upper free border forms aryepiglottic ligament
s Covered with mucosa
s Called aryepiglottic fold

o Thyrohyoid membrane

o
o

Bridges gap between superior border and superior horns of thyroid cartilage and
Pierced by superior laryngeal vessels and internal laryngeal nene

e Mucous membrane

o
o

Respiratory epithelium except over true and aryepiglottic folds
This is composed of stratified squamous epithelium

Internal anatomy of the larynx
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Laryngeal cavity
o From laryngeal inlet to tracheal cavity
o Can be divided into three parts
= \kstibule-above vestibular folds

s \kntricle-sinus between vestibular folds above and vocal folds below
= Infraglottic cavity-from below vocal folds to inferior border of cricoid cartilage

o \bcal folds
o Paired, projectinto laryngeal cavity on either side
o Consistof

= \bcal ligament-medial free edge of lateral cricothyroid ligament (conus elasticus)

s \bcalis muscle-medial fibers of thyroid arytenoids muscle

s Owerlying mucosa
o Source of sound

o Produce audible vibrations when free edges of folds closely approximate each other

o Are sphincter of larynxwhen folds are tightly approximated
¢ Rima glottidis
o Space between vocal folds
o \Varies in size with activity
s During normal breathing: narrow wedge
s During forced respiration: wide apart
s During phonation: slit-like
o \kstibular folds (false vocal cords)

o Folds of mucous membrane over vestibular ligaments superior to vocal folds

o Extend between thyroid and arytenoids cartilages
o Protective in function

o \kntricle of larynx lateral outpocketings between vocal and vestibular folds on either side

Muscles of the larynx

o BExrinsic muscles
o Are muscles attached to hyoid bone and thus move thyroid
o Infrahyoid muscles: lower larynxand hyoid bone
s Sternohyoid
s Omohyoid
s Sternothyroid
s Thyrohyoid
o Suprahyoid muscles: Fixhyoid or elevate hyoid bone and larynx
s Shlohyoid
s Digastric
s Myohyoid
o Stylopharyngeus-elevates hyoid bone and larynx
¢ Intrinsic muscles
o Alter length and tension of vocal cords
o Alter rima glottides
o Adductors
s Lateral cricoanytenoid muscles
s Transwerse arytenoids
o Abductors: posterior cricoarytenoid muscles
o Sphincters
s Transwerse arytenoids muscles
s Oblique arytenoids muscles
s Anyepiglottic muscles
o Tensors: cricothyroid muscles
o Relaxers
s Thyroarytenoid muscles
= \bcalis muscles
o All except cricothyroid supplied by recurrent laryngeal nerve

Cricothyroid | Anterior cricoid Inferior border of thyroid | External branch of |Superiorand |Lengthens and tenses vocal
cartilage cartilage and its inferior | superior laryngeal |inferior thyroid |ligaments
homn nerve arteries
Posterior Posterior surface of |Muscular process of  |Recurrent Superiorand | Abducts vocal folds
cricoarytenoid |lamina of cricoid anytenoid cartilage laryngeal nene inferior thyroid
cartilage arteries
Lateral Arch of cricoid Muscular process of  |Recurrent Superiorand | Adducts vocal folds
cricoarytenoid |cartilage anytenoid cartilage laryngeal nene inferior thyroid
arteries
Thyroarytenoid |Posterior aspect of |Muscular process of  |Recurrent Superiorand | Shortens and relaxes vocal
thyroid cartilage anytenoid cartilage laryngeal nene inferior thyroid | cords
arteries
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\bcalis \bcal process of \bcal ligament Recurrent Superiorand | Tenses anterior vocal ligament
anytenoids cartilage laryngeal nene inferior thyroid |and relaxes posterior vocal
arteries ligament
Transverse Anytenoid cartilage | Opposite arytenoid Recurrent Superiorand | Closes intercartilaginous
and oblique cartilage laryngeal nene inferior thyroid  |portion of rima glottides
anytenoids arteries

Joints of the larynx and movements at the joints

o Cricothyroid joints

o Thyroid cartilage glides and rotates here

o Changes length of vocal folds

o Cricoarytenoid joints: movement of the arytenoids cartilage on the lamina of the cricoid

o Slide towards each other and away from each other

o Rotate
o Tiltforward and back

Arterial supply to larynx
From {Sunraurlﬁlala:lorv
aphthalmic
artery Supratrochlear arter

Mididle meningeal antery
Deep temporal anteries
[Dersal nasal artery.
Masseleric antery.
Arlgul.u Artery
Infraorbital artery
Sphenopalatine artery
Descending palatine artery:.

Posterior superiar
akveolar artery

Superior labial anery
Buccal antery.

Buccinator muscle
and parotid duct {cul)

Inferior labial artery
Superior pharyngeal
constrictor muscle

Mental branch of
inferior alveolar artery.

Inferiar alveolar artery
and lingual branch

Occipital
artery

Auiriculo-
temporal
nerve

Transverse (acial
artery {cut)

Superiicial
temporal artery

Deep tempaoral and
ANERON tympanic arteries

Maxillary artery
Posterior auricular artery

Ascending pharyngeal artery

Occipital artery and
sternocleidomasioid branch

Glossopharyngeal nerve (1X)
Ascending palatine artery

Facial artery

Tonsillar artery

Submental artery Facial artery

Mylehyvoid branch of Lingual artery
inferior alveolar artery Ascending pharyngeal artery
Submandibular gland Internal carotid artery

Hypoglossal nerve (XI1) Vagus nerve (X)

Superiar cervical
cardiac nerve

Suprahyoid artery
External carotid anery Sympathetic trunk
Superion laryngeal artery

Superion thyrobd arery <) Phrenic nerve
Cricothyraid artery” |
Common carotd artery

Subclavian anftery

i WA

[Plate 69, Arteries of Oral and Pharyngeal Regions]

o Superior laryngeal artery

o Through gap in thyrohyoid membrane

o Supplies internal larynx

o Accompanies by superior laryngeal nerve
o Inferior laryngeal artery

o Supplies inferior internal larynx

o Accompanied by recurrent laryngeal nerve

Venous drainage of larynx

Anierior scalene muscle

Middle scalene muscle
Ascending cervical artery
Inferior thyrodd artery
Thyracervical trunk
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Supratrochbear vein
Supraorbital vein

Masafrontal vein

Superior ophthalmic vein

Angular vein
External nasal vein

Emissary vein (of Vesalius)
communicating with
CAVEMMOUS SiNUS

Infracrhbital vein

Oeeipital vein

Posterior superior and artery

abveolar veins )

Palatine vein iﬁ;ﬂ'ﬂfﬁmpnml
Prerygoid plexus Transverse facial vein (cuth
Superior labial vein Posterior auricular vein
Deep facial vein Retromandibular vein

Maxillary veins {anterior an
terior ranches)
Inferior labial vein . e
Mental veln - = ¢ External jugular vein (cun)
Facial vein and artery = : # Inferior alveolar vein and artery
External palatine vein a ; 4 Occipital vein and artery
Submenial vein i 1 Hypoglossal nerve (X101
! N R A =
Submandibular gland / ! - i Comman trunk receivin

facial, anterior branch
retromandibular, and
lingual veins (common facial vein)

Vena comitans of
hypoglossal nerve
Drorsal lingual vein coursing > y i o P
medial te hyoglossus musdle o | \ NI CRTGHRCE A BTy

Lingual vein Internal jugudar vein

Commurnication 1o anterior jugular vein (cut) Common carotid artery

Superior laryngeal vein Vagus nerve (X) and

sympathetic trunk

Superior thyroid vein

Thyraid gland - I Midlelle scalene muscle
Middle thyraid vein F N 7 \] ™ Anterior scalene muscle
Inferior thyroid veins N ' A External jugular vein (cuth
Termination of anterior jugular vein (cut) N : 3 Subdlavian artery
e

Ledt brachiocephalic vein %-v . Y ¥ —7 ) % - Subclavian vein

e

[Plate 70, Veins of Oral and Pharyngeal Regions]

o Superior laryngeal vein to internal jugular vein
o Inferior laryngeal vein — inferior thyroid vein or thyroid venous plexus (left brachiocephalic)

Lymphatic drainage of larynx

o Abowe folds: to deep cenical nodes
o Below folds: to paratracheal nodes to deep cenical nodes

Innervation of larynx
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Zygomaticotemporal nerve (V)

Deep temporal nerves (Vg
Masseteric nerve (Vi)
Mandibular nerve (V4)

Merve to medial plerygoid and
tensor veli palatini muscles (V) (cut)

Zypomaticofacial nerve (V)

Pierygopalatine ganglion
Greater and lesser
palatine perves (V)

Anterior, middle, and posterior
superior alveolar nerves (Va)

Auriculotempaoral
nerve (Vi)
Middle meningeal artery
Nerve to lateral pterygoid
miuscle (Vs fewn

Buccal nerve (V)

Superficial temporal
artery (cul)
Facial nerve (VI {cut)
; i N, Mavillary artery
Lingual rerve (V4) ot = L= g W Accessary nerve (X1 oot
Medial plerveoid muscle {cuil »¥ - i 1 spinal nerve
{lateral prerygoid removed) . : : 2 (ventral ramus) (out)
Inferior alveolar 2 spinal nerve
nenve (V) -, {ventral ramus) (cut)
Mental nerve (Vo) e . - Pharyngeal plesus composed of
: e branches from glossopharyngeal
MNerve to mylohyosd (Vy) i f ] . ¥ O&d (1K), vagus (), and sympathetic
Submandibular ganglion T ' W nerves
Glassopharyngeal nerve (IX} ’ g ¥ f Internal caratid artery
and tonsillar branch ] I External caratid artery
Hypoglossal nerve (X1} f - Vagus nerve (X) ancl supserior
Carotid sinus nerve (of Hering) (1X) and carotid body i # | N cervical cardiac branch
. . . . - § ’ : # Cd spinal nerve
Nerve to thyrohyoid muscle (C1, 2 via Xl tventral ramus) (et
Internal and external branches Phrenic nemve (C3, 4, 5)
of superior lanyngeal nerve (X} 2 g
Super ’ : Ascending cervical artery
erior roal r - ™, 1 g
Ansa cervicalis (C1, 2, 3) } B ) 4 Middle scalene muscle

fror Feal
_ o Inerlon o _ Anterior scalene muscle
MNerves o superior and inferior bellies of omohyoid,
stermohyoid, and stermothyroid muscles (ansa cervicalis)

Chorda tympani nerve (VI

Recurrent laryngeal nerve (X} Brachial plesus (et
Sympathetic trunk and middic cerical ganghon
Common carotid artery

Vertebral artery

Thyrovervical trunk

Subclavian anery

1Y ( . |

[Plate 71, Nerves of Oral and Pharyngeal Regions]

e Sensory

o Above vocal folds: internal laryngeal nerve (branch of superior laryngeal)

o Below vocal folds: inferior laryngeal nerve (branch of recurrent laryngeal nerve)
o Motor:

o Recurrent laryngeal nerve to all intrinsic muscles except cricothyroid

o External laryngeal nene to cricothyroid

Thyroid Gland

o H-shaped endocrine gland
e Produces two hormones
o Thyroid hormone-controls metabolic rate
o Calcitonin-controls calcium metabolism
Overlies anterior and lateral surface trachea
Enclosed in thin fibrous capsule with septa into gland
Surrounded by pretracheal fascia (therefore moves on swallowing)
Two lateral lobes linked by isthmus
o Lobes extend from second to fifth tracheal ring
o Isthmus lies at third tracheal ring
o Occasionallya pyramidal lobe extends superiorly from isthmus on left side
o Anatomic relationships
o Anteriorly: sternohyoid and sternothyroid muscles jugular vein
o Anterolaterally: infra-hyoid muscles sternocleidomastoid
o Posterolaterally: carotid sheath
o Posteromedially. trachea
larynx
esophagus
¢ Innervation
o Parasympathetic: external branch superior laryngeal nene (branch vagus n.)
o Sympathetic
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= From: superior, middle, and inferior cenical ganglia
s \asomotor, not secretomotor
o Arterial supply
o Superior thyroid artery
o Branch of external carotid artery
o Divides into anterior and posterior branches
o Anterior branch
s Supplies anterior thyroid
= Anastomoses with opposite anterior branch
o Posterior branch
s Supplies posterior thyroid
= Anastomoses with inferior thyroid artery
o Inferior thyroid artery
o Branch thyrocenical trunk from subclavian artery
o Supplies inferior pole of thyroid
o Thyroid ima artery
o Branch of aorta
o Occurs in 10% of all people
o Unpaired, on left of midline
o Supplies isthmus
e \knous drainage
o Three pairs of thyroid veins
o Superior thyroid vein
s Drains superior region of thyroid
s Tributary of internal jugular
o Mddle thyroid veins
s Drain middle of gland
s Tributaries of internal jugular
o Inferior thyroid veins
s Drain inferior region of thyroid
s Tributaries of brachiocephalic vein
o Lymphatic drainage
o Lymphatic vessels run with arteries
o Drain to capsular network of lymphatics
o — prelaryngeal, pretracheal, or paratracheal nodes
o —deep cenical nodes
¢ Innenvation: sympathetic from cenical sympathetic ganglia

Parathyroid Gland

e Small, oval endocrine glands
¢ On medial half of posterior surface of lateral lobes of thyroid, external to capsule
o Two pairs of glands
o Superior glands slightly above entrance of inferior thyroid arteries
o Inferior glands slightly below entrance of inferior thyroid arteries
o Arterial supply
o Superior thyroid artery
o Inferior thyroid artery
o Thyroid ima artery
e \knous drainage
o Parathyroid veins
o —thyroid plexus of veins
e Lymph drainage: paratracheal and deep cenvical lymph nodes
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FACTS & HINTS

High-Yield Facts
Clinical Points

Severance of recurrent laryngeal nerve

Recurrent laryngeal nenve (supplies intrinsic muscles larynx)

Is closely associated with inferior thyroid artery and needs to be awoided during neck surgery

If unilateral damage, woice hoarseness may result because one vocal fold cannot approximate the other.

If bilateral damage, loss of woice will result because vocal folds cannot approximate each other (be adducted)

Clinical Points

Thyroid lumps

Lumps in thyroid can be single, multiple

Solitary nodules are likely to be benign (80%)

Investigation includes: history, examination, and fine-needle aspiration of the gland for cytology and radionucleotide imaging
Most common malignantis papillary thyroid cancer

Treatment is total thyroidectomy

Clinical Points

Hyperthyroidism
Medical condition with increased activity of the thyroid gland
Results in excessive amount of circulating thyroid hormones
Leads to increased rate of metabolism
Affects about 1% of women and 0.1% of men
Thyrotoxicosis is a toxic condition caused by an excess of thyroid hormones from any cause.
Hyperthyroidism with diffuse goiter (Graves' disease)
o Most commons cause of hyperthyroidism in patients younger than 40 years.
o Excess synthesis and release of thyroid hormone (T3 and Ty) result in thyrotoxicosis,

o Thyrotoxicosis upregulates tissue metabolism and leads to symptoms indicating increased metabolism.

Mnemonics
Memory Aids

Table 100-2. Cartilages of the Larynx
Four cartilages in the larynx: TEAC
Thyroid, Epiglottis, Arytenoid, Cricoid

Note: TEAC is a brand name of a home stereo. Associate the TEAC sound with the vocal cords and you can make a connection.
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9 Orbit and Contents
STUDY AIMS
At the end of your study, you should be able to:

Define the boundaries, content, and function of the bony orbit

Know the foramina of the bony orbit and what they transmit

Describe the anatomy of the eyelids

Describe the anatomy of the lacrimal apparatus and know its functions
Know the anatomy of the eyeball and the composition of its three layers
Understand the roles of the refractive structures and media of the eyeball
Outline the key extraocular and intraocular muscles and their function
Know the vascular supply of the eye

Outline the innervation of the eye
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GUIDE
Head and Neck: Orbit and Contents
Bony Orbit

Cavity containing and protecting five sixths of eyeball, associated muscles, nerves, and vessels.
Opening is protected by a thin moveable fold: the eyelid.
Supports, protects and maximizes the functions of the eye

Pyramidal shape with apexdirected posteriorly and base anteriorly

Boundaries
o Roof

s Orbital plate frontal bone
s Lesserwing sphenoid
s Fossa for lacrimal gland found in orbital part

s Orbital plate of maxilla

= Some contributions from zygomatic and palatine bones
s Contains inferior orbital fissure from apexto orbital margin

o Medial wall
s Paper thin

s Orbital plate of ethmoid bone

s Some contributions from frontal, lacrimal, and sphenoid bones

s Indented bylacrimal fossa for lacrimal sac

o Lateral wall

= Frontal process of zygomatic bone
s Greater wing of sphenoid

o Apex

= Lesserwing of sphenoid

s Contains optic canal medial to superior orbital fissure

Foramina of the orbital cavity

Supraorbital groove

Supraorbital margin

Supraorbital nerve and blood vessels

Infraorbital groove and canal

Orbital plate of maxilla (floor)

Infraorbital nerve and blood vessels

Nasolacrimal canal

Medial wall

Nasolacrimal duct

Inferior orbital fissure

Between greater wing sphenoid and maxilla

Maxillary nerve

Zygomatic branch maxillary nerve
Ophthalmic vein

Sympathetic nenes

Superior orbital fissure

Between greater and lesser wings sphenoid

Lacrimal nerne

Frontal nerve

Trochlear nene
Oculomotor nerve
Abducent nerve
Nasociliary nerve
Superior ophthalmic vein

Optic canal Lesser wing sphenoid Optic nerve

Ophthalmic artery
Zygomaticofacial foramen Lateral wall Zygomaticofacial nerve
Zygomaticotemporal foramen Lateral wall Zygomaticotemporal nerne
Anterior ethmoidal foramen Ethmoid bone Anterior ethmoidal nerve
Posterior ethmoidal foramen Ethmoid bone Posterior ethmoidal nerve

Eyelids and Lacrimal Apparatus
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Superior palpebral conjunctiva:
tarsal imeibomian) glands
shining through

Superior lacrimal papilla and punctum

: Pli smilun
Seen through § Pupil ica semilumaris

comes Iris
Lacrimal carunde in

i ecAEIEr SR EUGR lacrimal lake (lscus lacrimalis)
neascheral juncii

{corneal imbus)

Bulbar conjunctiva
over sclera

Inferior conjunciival fornix

Inferior palpebral conjunciva:
tarsal glarvds shining through

Levator palpebese superions mische

rbital septum

Superior tarsal (Miler's) musche (smooth)
Superior conjunctival fornisc Bulbar conjunctiva
Owhicularis oculi miscle (palpebral par) Palpebral conjundcliva
SUPETior Larsus

Tarsal (meshomian) glands

Sebaceous glands

Eyelashes (cilia)

Openings of tarsal glands

‘#E'Jf; Inferoe tarsus
Crbicularis oculi muscle ipalpebral pan)

Inferior conjunciival fornix

Cirhital septum

Fromtal !KIHL‘\\\\—-

Insertion of levator palpebwae
superions muscle

Oirbital septum .
wital artery and nerve

Superior larsus Supeatrochbear attery and nerve

Drorsal nasal artery
andd infratrochlear nerve

Lateral palpebeal igament
and owerlying raphe

Inferior larsus. Lacrimal sac

Medial palpebral ligament
Orbital seplum

1 : Maxilla {frontal process)
Iygomatic bone——Tg "

Infraorhital artery and nerve

" [Plate 81, Eyelids]

Eyelids and tears (lacrimal fluid) protect cornea and eyeball from dust and particulate matter.
Eyelids
o Two moveable folds of skin that cover the eye anteriorly
o Protect the eye from injury and excessive light and keep the corneas moist.
o Eyelids separated by an elliptical opening, the palpebral fissure.
o Cowered by thin skin externally and palpebral conjunctive internally
s Palpebral conjunctive continuous with bulbar conjunctive of eyeball

= Lines of reflection of palpebral conjunctiva onto eyeball are deep recesses: superior and inferior conjunctival fornices

o Strengthened by plates of dense connective tissue: tarsal plates
s Tarsal glands embedded in plates
s Produce a lipid secretion
a. Lubricates edge of eyelids to prevent then from sticking together
b. Barrier for lacrimal fluid
o Medial palpebral ligaments
a. Altach tarsal plates to medial margin of orbit
b. Orbicularis oculi attaches to this ligament
o Lateral palpebral ligaments attach tarsal plates to lateral margin of orbit
o Orbital septum from tarsal plates to margins of orbit, continuous with periosteum of bony orbit
o Skin around the eyes dewoid of hair except for eyelashes
s Are arranged in double or triple rows on the free edges of the eyelids
s Ciliaryglands associated with eyelashes: sebaceous glands.
o Muscles of the eyelids
s Orbicularis oculi
s Levator palpebrae superioris
Lacrimal apparatus
o Functions
s Secretes tears
s Prevents desiccation of cornea and conjunctiva
s Lubricates eye and eyelid
s Antibacterial
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o Consists of
s Lacrimal glands
s Lacrimal ducts
s Lacrimal canaliculi
s Nasolacrimal ducts
o Lacrimal gland
s Lies in fossa for lacrimal gland in superolateral orbit
s Consists of two parts
a. Larger orbital
b. Smaller palpebral
c. Divided by expansion of tendon of levator palpebrae superioris
= Twelwve lacrimal ducts open from deep surface of gland into superior conjunctival fornix
s Secrete lacrimal fluid upon stimulation by parasympathetic secretomotor fibers from CN MI
o Lacrimal canaliculi
s Drain tears from lacrimal lake at medial angle of eye
s Drain to lacrimal sac
o Lacrimal sac drains to nasal cavity via nasolacrimal duct

Contents of the Orbit

Horizontal section Cormes

Zonular fibwers Capsule of kens

{suspensory ligament of kens) Anterior chamber

Posterior chamber

Scleral venous sinus
(zanal of Schiemm) Indocorneal angle

Scleral spur .

Ciliary processes
Ciliary body and ciliary muscle
Bulbar conjunciiva

Ciliary part of retina

;fend?n af S Cira serrata
ateral rectus 3

- 3 3 - Tendon of
muscle | _— = ; 1 X =i medial rectus

miuscle

Oyt {visuall

part of retina
Choroid Vameutiody

Perichoroidal space Hyaloid canal

Schera

Lamina cribrosa of sclera

Fascial sheath of eyeball
(Tenon's capsule} Optic nerve (1)

Episcleral space

Ceniral refinal

Fovea centralis in macula (utea) artery and vein

‘*w Meningeal sheath of optic nerve

Subarachnoid space
[Plate 87, Eyeball]

o Eyeball

o Surrounded byfascial sheath (Tenon's capsule)
= From optic nerve to junction of cornea and sclera
s Forms socket
s Pierced bytendons of extraocular muscles

o Three layers
= Quter fibrous = sclera and corea
s Mddle vascular = choroid, ciliary bodyand iris
s |nner pigmented and nenvous = retina

o Fibrous coat
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s Sclera = opaque part of fibrous coat
a. Covers posterior five sixths of eyeball
b. Msible through conjunctiva is the white of the eye
c. Pierced posteriorly by optic nene
s Cornea
a. Transparent part of fibrous coat
b. Transmits light
o Mddle vascular layer
s Choroid
a. Outer pigmented layer
b. Inner vascular layer
c. Lies between sclera and retina
d. Lines most of sclera
e. Terminates anteriorly as ciliary body
s Ciliarybody
a. Connects choroid with iris
b. Contains smooth muscle that alters the shape of lens
c. Folds on internal surface (ciliary processes) produce aqueous humor and attach to suspensory ligament of lens
s Iris
. Pigmented diaphragm with central aperture: the pupil
. Contains smooth muscle that alters the size of the pupil to regulate the amount of light entering the eye
. Radial fibers of the dilator pupillae open the pupil
. Circular fibers of the sphincter pupillae close the pupil
o Inner (retinal) layer
s Consists of three parts
s Optic part (1)
a. Receives light
b. Composed of two layers: inner neural layer and outer pigmented layer
c¢. Inner neural layer contains photosensitive cells: rods for black and white and cones for color
s Ciliaryand iridial parts (2 and 3)
a. Continuation of pigmented layer plus a layer of supportive cells
b. Cover ciliary bodyand posterior surface of retina
s Fundus
a. Is posterior part of eye
b. Contains optic disc = depressed area where optic nene leaves and central artery of the retina enters
¢. Optic disc contains no photoreceptors = "blind spot"
s Maculalutea
a. Small oval area of retina
b. Contains concentration of photoreceptive cones for sharpness of vision
c. Depression in center = fovea centralis, area of most acute vision
o Neural retina ends anteriorly at ora serrata
s Serrated border posterior to ciliary body
s Termination of light receptive part of retina
o \asculature of retina
s Central artery of retina from ophthalmic artery
s Retinal veins drain to central vein of retina
s Rods and cones receive nutrients directly from vessels in the choroid
o Chambers of the eye
s Anterior chamber
a. Between cornea anteriorly and iris/pupil posteriorly
b. Contains agqueous humor
s Posterior chamber
a. Between iris pupil anteriorly and lens and ciliary body posteriorly
b. Contains aqueous humor
o \itreous chamber
a. Between lens and ciliary body anteriorly and retina posteriorly
b. Contains vitreous body and vitreous humor
o Light refraction
o Cornea
s Refracts light that enters eye
s Transparent and sensitive to touch (ophthalmic nerve = CN V)
o Aqueous humor in anterior chamber
s Refracts light
s Provides nutrients for cornea
s Produced by ciliary body
s Circulates through Canal of Schlemm in iridocorneal angle

o 0T

s Transparent, enclosed in capsule

s Shape changed by ciliary muscles via suspensory ligaments attached around periphery

s Conwexity varies to adjust for focus on near or far objects

s Parasympathetic stimulation of ciliary muscle reduces tension of suspensoryligaments and lens rounds up for near vision

s Absence of parasympathetic stimulation relaxes ciliarymuscle, increases tension on suspensory ligaments and flattens
lens for far vision

Muscles of the Orbit
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¢ Intrinsic (intraocular) muscles
o Ciliarymuscle
o Constrictor pupillae of iris
o Dilator pupillae of iris
o Exrinsic (extraocular) muscles
o Sixmuscles
o Four arise from common tendineus ring surrounding optic canal and part of superior orbital fissure
s Lateral and medial rectus (2)
a. Lie in same horizontal plane
b. Rotate eyeball laterally and medially, respectively
s Superior and inferior rectus (2)
a. Liein same vertical plane
b. Pull eyeball superiorly and inferiorly, respectively
o Inferior oblique

a. Works with superior rectus

b. Pulls eyeball superiorly and laterally
o Superior oblique

a. Works with inferior rectus

b. Pulls eyeball inferiorly and laterally
o Sheathed byreflection of fascial sheath around eyeball (Tenon's capsule)

s Medial and lateral check ligaments
a. Triangular expansions of sheath of medial and lateral rectus muscles
b. Attached to lacrimal and zygomatic bones
¢. Limitabduction and adduction
s Suspensoryligament
a. Union of check ligaments with fascia of inferior rectus and inferior oblique muscles
b. Forms sling that supports eyeball

Muscle
Extrinsic
muscles of
the eyeball

Superior
rectus

Inferior
rectus

Medial
rectus

Lateral
rectus

Superior
oblique

Inferior
oblique

Muscles of
eyelids
Levator
palpebrae
superioris
Orbicularis
oculi

Intrinsic
muscles of
the eye

Sphincter
pupillae
(iris)
Dilator
pupillae
(iris)
Ciliary
muscles

Origin

Common tendinous ring

Common tendinous ring

Common tendinous ring

Common tendinous ring

Body of sphenoid, above
optic foramen and medial
origin of superior rectus

Anterior floor of orbit lateral
to nasolacrimal canal

Lesser wing of sphenoid,
anterior to optic canal

Medial orbital margin,
palpebral ligament, and
lacrimal bone

Circular smooth muscle of
the iris that passes around

pupil
Ciliary body

Corneoscleral junction

Insertion

Superior aspect of eyeball,
posterior to the corneoscleral
junction

Inferior aspect of eyeball,
posterior to corneoscleral
junction

Medial aspect of eyeball,
posterior to corneoscleral
junction

Lateral aspect of eyeball,
posterior to corneoscleral
junction

Passes through trochlea and
attaches to superior sclera
between superior and lateral recti

Lateral sclera deep to lateral
rectus

Superior tarsal plate

Skin around orbit palpebral
ligament, upper and lower
eyelids

Ciliary body

Action

Elevates,
adducts, and
medially rotates
eyeball
Depresses,
adducts, and
laterally rotates
eyeball

Adducts eyeball

Abducts eyeball

Abducts,
depresses, and
medially rotates
eyeball

Abducts, elevates,
and laterally
rotates eyeball

Raises upper
eyelid

Closes eyelids

Constricts pupil

Dilates pupil

Controls lens
shape
(accommodation)

Nerve Supply Blood Supply
Oculomotor nerve | Ophthalmic
(CN Ill) -superior  |artery
division
Oculomotor nerve | Ophthalmic
(CNll) -superior | artery
division
Oculomotor nerve | Ophthalmic
(CN Ill) -superior | artery
division
Abducent nerve (CN|Ophthalmic
V) artery
Trochlear nene Ophthalmic
(CN V) artery
Oculomotor nerve | Ophthalmic
(CN 1) -inferior artery
division
Oculomotor nerve | Ophthalmic
(CNll) -superior | artery
division
Facial nerve (CN | Facial and
M) superficial
temporal
arteries
Parasympathetic | Ophthalmic
fibers via artery

occulomotor (CN IIl)
Sympathetic fibers | Ophthalmic

via long ciliary artery
nerves (CN V1)
Parasympathetic | Ophthalmic
fibers via short artery

ciliarynenes (CN




V1)

Vasculature of the Orbit

Vascular arrangements within the choroid (vascular tunic) of the eyeball

o ) Anterior tributaries of a vorticose vein
Anterior ciliary arteries .
Episcleral vein®

Tendon of superior recius muscle :
Junctions of suprachosoidal

Sclera tributaries forming vorticose vein

Posterior conjunctival Superior ophthalmic vein
artery and vein

Bulb of vorticose (choroid ) vein

Anfterior ciliary veins Vaorticose (choroid) vein

Long posterior ciliary artery

Major arterial circle of ins
Shor posteriar
Minos artenal ciliary arteries
circle of iris

Meningeal sheath of
L i aplic nerve
Conpnctiva P

and comea

Short postesior
aliary arteries

Central retinal

Arteries and artery and vean

veins of ifs

Seleral venous sinus

{canal of Schlemm) Vessels of internal

sheath of optic nerve

Velns draining scler
sinus (inta anterior

Short posterior ciliary arteries

Anterior ciliary veins

MNonpigmented and pigmented Segment of episcleral vein

regions of the retina

Muscular artery Inferior ophthabmic vein

Recurrent branch of anterior ciliary artery PG R o e ki

*The episcleral veins are stovwn here anastemosing with the vorticose veins, {W
which they dea; however, they also drain into the anteriar ciliary veins, =

[Plate 91, Vascular Supply of Eye]

o Arteries
o Ophthalmic artery (main supply)
s Enters orbit through optic canal
= Lateral to optic nerve
o Infraorbital artery from maxillary
o Branches of ophthalmic artery
s Supraorbital
Supratrochlear
Lacrimal
Dorsal nasal
Ethmoidal-anterior and posterior
Central artery of the retina
a. Branch of ophthalmic
b. Runs within dural sheath of optic nerve
c. Emerges at optic disc and branches over retina
s Posterior ciliary arteries
a. Branches of ophthalmic
b. Sixshortto choroid
¢. Two long to ciliary plexus
s Anterior ciliary
a. From muscular branches of ophthalmic
b. Anastomoses with posterior ciliary arteries

Distribution of Branches of Ophthalmic Artery

Lacrimal artery Lacrimal gland, conjunctive and eyelids
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Short posterior ciliary arteries Choroid layer of retina to supply visual layer

Long posterior ciliary artery Ciliary bodyand iris

Central artery of retina Retina

Supraorbital artery Forehead and scalp

Posterior ethmoidal artery Posterior ethmoid air cells

Anterior ethmoidal artery Anterior and middle ethmoid air cells, frontal sinus, nasal cavity, skin of nose
Dorsal nasal Dorsum of nose

Supratrochlear Forehead and scalp

e \knous drainage

o Superior ophthalmic vein
s Formed by union of supraorbital and angular vein of face
s Receives blood from anterior and posterior ethmoid, lacrimal and muscular branches, central vein of retina, and upper two

vorticose wveins of retina

s Drains to cavernous sinus

o Inferior ophthalmic vein
s Forms in floor of orbit
s Receives blood from lower extraocular muscles and lower two vorticose veins of retina
s Drains to cavernous sinus
s Communicates with pterygoid plexus of veins through inferior orbital fissure

Innervation of the Orbit
Long ciliary nerve  Ciliary ganglion

Shaort ciliary nerves Posterior ethmoidal nerve Abducent nucleus

Antedir ethmoidd) necve Sensory root of ciliary ganglion

. . Trachlear nucleus
Superior ablgue muscle _ . .
Sympathetic root of dliary ganglion

Levator palpebrae

Qculomator nucleus

superions muscle Superior division of

. aculomoton e
5“!:":'“ le Accessory oculomotor
RN e Frontal nerve (cui) {Edinger-Wesiphal)

nucleus (parasympathetic)

Lacrimal merve (cul)

Trochlear nerve (1V)

MNasociliary nerve

Oculomator nerve (11}

Ophthalmic nerve (V)

Lo
ey

N

Abducent
nerve (Vi)

Infraorhital nerve

Zygomatic nerve (cul) I'rerl,-gqnalnrim:\

ganghion Mandibular nerve (V)

Inferior obligue muscle
Internal carotid artery

feriar division of
Inferior division o and nerve p!m-:uﬁ

oculomaotor nerve

Dilator pupillae musche Manill e (Wal
Medial rectus muscle AT L e

Ciliary muscle

Sphincter pupillac muscle
} Lo Lateral rectus muscle and

Inferior rectus muscle abducent nerve (furned back)
Efferent fibers
Afferent fibers Parasympathetic root Cavernous plexus
- of ciliary ganglion
'''' Sympathetic fibers Common tendinous ring (of Zinn) ,’E -
e parasympathetic fibers

[Plate 120, Oculomotor (lll), Trochlear (IV), and Abducent (VI) Nerves: Schema]

o Optic nerve
o Formed from axons of retinal ganglion cells
o Exits through optic canal
o Fibers from medial half of each retina cross at optic chiasm and join uncrossed fibers from lateral half of contralateral retina to form
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optic tract
o Oculomotor nerve (CN Il
o Runs in lateral wall of cavernous sinus
o Enters orbit through superior orbital fissure
o Contains parasympathetic fibers to sphincter pupillae and ciliarymuscles
o Supplies
= Levator palpebrae superioris
s Superior rectus
s Medial rectus
s Inferior rectus
s Inferior oblique
o Trochlear nerve (CN IV)
o Runs in lateral wall of cavernous sinus
o Passes through superior orbital fissure
o Supplies superior oblique muscle
e Abducent nerve (CN V)
o Courses through cavernous sinus
o Enters orbit via superior orbital fissure
o Innervates lateral rectus muscle
e Branches of the ophthalmic nerve (CN V)
o Lacrimal nene to lacrimal gland
o Frontal nerve
= Divides into supraorbital and supratrochlear
s Supplies upper eyelid, forehead, and scalp
o Nasociliary nerve and its branches
s Infratrochlear to eyelids, conjunctiva, and nose
s Anterior and posterior ethmoidal nenves to sphenoid and ethmoid sinuses and anterior cranial fossa
s Long ciliary nerves to dilator pupillae
o Shortciliarynenes
o Branches from ciliary ganglion
o Carry parasympathetic and sympathetic fibers
o Innervate ciliary body and iris
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FACTS & HINTS

High-Yield Facts
Clinical Points

General Testing of Extraocular Muscles
o BExtraocular muscles act as synergists and antagonists and are responsible for multiple movements of the eye.
¢ ltcan be difficult to test each eye muscle individually.
o Ageneralist, however, can gain a general idea of extraocular muscle (or nerve) impairment by checking the ability of individual muscles to
elevate or depress the globe with the eye abducted or adducted, thereby aligning the globe with the pull (line of contraction) of the muscle
o Ask patient to "Follow myfinger with just your eyes" and mowve your finger in the form of the letter H.
o Superior rectus is tested by moving your finger superiorly and medially to the eye (to counteract the interaction of the inferior oblique)
a. Inferior rectus is tested by moving your finger inferiorly and medially to the eye (to counteract the interaction of the superior oblique)
b. The medial and lateral rectus muscles are tested by moving your finder medially and laterally to the eye.
c. The inferior oblique is tested by moving your finger superiorly and laterally to the eye
d. The inferior oblique is tested by moving your finger inferiorly and laterally to the eye.
¢ Remember that because all the muscles are involved in the continuous movement of the eye, it is difficult to isolate the action of just one
with absolute clinical certainty via this test.

Clinical Points

Cataract

Most common clinical condition of the eye worldwide

Involves opacification or cloudiness of the lens

Risk factors include: smoking, age, alcohol, diabetes, steroid use, and exposure to ultraviolet (UV) rays
Treatment involves surgical removal of the lens

Eyesightis corrected with an implant, glasses, and/or contact lens

Clinical Points

Glaucoma
One of most common cause of blindness world wide
Build-up of pressure in anterior and posterior chambers of the eye
Usuallya result of resistance to outflow of aqueous humor via angle of eye and through canal of Schlemm
Results in compression of neural layer of retina
Leads to visual field defects and ultimately blindness
Increased intraocular pressure classified as open or closed angle
a. Open angle-develops gradually with blocking of canal of Schlemm or obstruction of angle
b. Closed angle-occurs rapidly when iris and lens block passage of aqueous humor through pupil

Clinical Points

Orbital "blow-out” Fractures

Medial and inferior walls of orbit are very thin, so a blow to the eye can fracture the orbit
Indirect trauma that displaces walls is called a "blow-out" fracture

Fractures of medial wall may involve ethmoid and sphenoid sinuses

Fracture of the floor may involved the maxillary sinus

Fractures can resultin intraorbital bleeding

Blood puts pressure on eyeball, causing exophthalmos

Blood and orbital structures can herniate into maxillary sinus

Clinical Points

Conjunctivitis
Common condition often referred to as "pink eye"
An inflammation of the conjunctiva
Symptoms include redness, irritation, and watering of the eyes and sometimes discharge and itching
Can be triggered by infection
a. Highly contagious
b. Caused bybacteria or viruses
c. Sexually transmitted diseases (STDs), such as gonorrhoea and chlamydia, can cause it
d. Viral conjunctivitis is common with several viral infections and can arise as a result of or during a common cold or flu
o Can be triggered by allergies
a. More fregently occurs in children with other allergic conditions, e.g., hay fever, animal fur
b. Typically affects both eyes at the same time
o Can be triggered by an external irritant
a. Can be caused by pollutants such as traffic fumes, smoke
b. Can be caused by chemicals such as soap, chlorine

Mnemonics
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Memory Aids

Formula for the innervation of extraocular muscles:
LR6-SO4

Rest 3

LRS6 L ateral R ectus — CN VI (abducent)

S04 S uperior Oblique — CNIV (trochlear nerve)
Rest: Remaining 4 muscles — CN Il (oculomotor)
Superior rectus

Inferior rectus
Mediial rectus
Inferior Oblique
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10 Ear
STUDY AIMS
At the end of your study, you should be able to:

Define the external, middle, and inner ear

Describe the anatomical features of the external ear

Describe the tympanic membrane (ear drum)

Describe the wallls of the middle ear

CQutline the structures located within the middle ear

Understand the transmission of sound through the middle ear

Describe the bonylabyrinth and its components

Describe the membranous labyrinth and its components

Understand the organization of the semicircular canals and their relationship to equilibrium
Understand the organization of the Organ of Corti and its relationship to hearing
Understand how sound is perceived
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GUIDE
Head and Neck: Ear

Ear

o Is divided into three parts

o BExternal ear
s Auricle
s BExternal acoustic meatus

o Mddle ear
s Tympanic cavityand its contents
s Epitympanic recess

o Innerear
s \kstibulocochlear organ
s Membranous labyrinth
s Bonylabyrinth

Functions are equilibrium (balance) and hearing

External Ear

Auricle or pinna
o Skin-covered elastic cartilage
o Collects sound and directs it to external auditory meatus
o Features
s Deep depression: concha
s Lobule: earlobe
External auditory (acoustic) meatus
o From the deepest part of the concha to the tympanic membrane
o Through the tympanic part of the temporal bone
o Lateral one third is cartilaginous and lined with normal skin
o Medial two thirds are bonyand lined with thin skin continuous onto tympanic membrane

o Ceruminous glands (wax producing) and sebaceous glands found in subcutaneous tissue of lateral one third

Tympanic membrane
o Forms medial wall external ear, lateral wall of middle ear
Oval and semitransparent
Covered with thin skin externally and mucous membrane internally

0O O o o o

Pars tensa
= Part of membrane below handle of malleus
s Contains circular and radial fibers
o Pars flaccida
s Part of membrane abowve handle of malleus
s Contains no fibers
o Mowes in response to air vibrations
o Transmits vibrations to auditory ossicles of middle ear via handle of malleus

Middle Ear

Contained within petrous part of temporal bone
Includes tympanic cavity and epitympanic recess
Is connected anteriorly with nasopharynx by pharyngotympanic tube (auditory canal)
Contains
o Auditoryossicles (bones of middle ear)
s Malleus (hammer)
s Incus (anvil)
s Stapes (stirrups)
o Stapedius and tensor tympani muscles
o Chorda tympani nerve
o Tympanic plexus (nerves)
Walls of tympanic cavity
o Roof
s Thin bone-tegmen tympani
s Separates tympanic cavity from middle cranial fossa
o Floor
= Bony
s Separates tympanic cavity from superior bulb of internal jugular vein
o Medial wall
s Separates tympanic cavity from inner ear
s Features
a. Promontory: round projection overlying basal turn of cochlea
b. Oval window into which footplate of stapes fits-covered by secondary tympanic membrane

Has shallow, cone-like depression at its center (seen otoscopically) with the umbo at the center of the depression
Lateral process (handle) of the malleus embedded in tympanic membrane and tip extends to the umbo on the internal surface
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c. Fenestra cochlea or round window

o Anterior wall

o

o

s Separates tympanic cavity from carotid canal
s Superiorly has opening of auditory tube and canal for tensor tympani
Posterior wall
s Superiorly, aditus (opening) to mastoid antrum, connecting to mastoid air cells
s Between posterior wall and aditus, prominence of canal of facial nerve
s Pyramidal eminence
a. Tinycone-shaped prominence
b. Contains proximal attachment of stapedius muscle
Lateral wall
s Tympanic membrane
s Lateral wall of epitympanic recess
s Handle of malleus

e Ossicles

o
o

o

Chain of bones across tympanic cavity
Extend from tympanic membrane to oval window on medial wall

s Handle of malleus attaches to tympanic membrane and head articulates with incus

s Incus articulates with head of malleus and end of long limb with stapes

s Head of stapes articulates with long limb of incus and base (foot-plate) fits into oval window on medial wall
Increase the force but decrease amplitude of vibrations from tympanic membrane

o Auditory (pharyngotympanic) tube

o
o
o
o

Formerly called Eustachian tube

= Communication between middle ear and nasopharynx

Allow equalisation of atmospheric pressure in middle ear

Actively opened by coordinated contractions of levator and tensor veli palatine muscles

o Muscles

o
o
o

e Nenes

o

o

Inner Ear

o

o
o
o

Function to dampen movement of auditory ossicle
Tensor tympani
Stapedius

Chorda tympani
s Branch of facial nene (cranial nerve [CN]) VI
s Emerges from facial canal through canaliculus in posterior wall of middle cavity
s Carries taste fibers to anterior two thirds of tongue
= Crosses medial surface of neck of malleus
s Exts anteriorly via canaliculus to petrotympanic fissure
Tympanic plexus
s On the promontory of the medial wall
Contributions from tympanic branch of glossopharyngeal (CN IX)
Twigs from internal carotid plexus
Twig from facial nerve
Supplies
a. Mucous membrane of tympanic cavity
b. Mastoid antrum
c¢. Mastoid air cells
d. Auditorytube

Concerned with the reception of sound and maintenance of balance
Buried within petrous portion of temporal bone

Membranous labyrinth suspended within bony labyrinth

Bony labyrinth

Occupies lateral region of petrous ridge of temporal bone
= Space filled with perilymph
Surrounded by bony capsule harder than petrous bone
Cochlea
s Concerned with hearing
s Contains the membranous cochlear duct
s Consists of
a. Spiral canal
b. Bony core, the modiolus
s Canal spirals around modiolus
s Basal turn forms promontory of medial wall of tympanic cavity
At basal turn, bony labyrinth communicates with subarachnoid space above jugular foramen via cochlear aqueduct
\estibule
Small oval chamber
s Contains membranous utricle and saccule
s Oval window is on lateral wall
s Continuous with
a. Cochlea anteriorly
b. Semicircular canals posteriorly
s Communicates with posterior cranial fossa via aqueduct of vestibule
a. Extends to posterior surface of petrous ridge of temporal bone
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b. Contains membranous endolymphatic duct

o Semicircular canals

Anterior, posterior, and lateral

Set at right angles to each other in three planes
Lie posterosuperior to vestibule

Each opens into vestibule

Swelling at one end of each canal: ampulla
Contain membranous semicircular ducts

e Membranous labyrinth

Collection of ducts and sacs
Suspended within bony labyrinth
Filled with endolymph
\kstibular labyrinth

o
o
o
o

Utricle
a. Has specialized area of sensory epithelium: macula
b. Hair cells in macula innervated by vestibular division of vestibulocochlear nerve (CN MII)
c¢. Hairs respond to tilting of head and linear acceleration and deceleration
Saccule
a. Communicates with utricle
b. Continuous with cochlear duct
c. Contains macula, identical in structure and function to that of utricle
Semicircular ducts
a. Within semicircular canals
b. Each has ampulla atone end
¢. Ampullary crestin each ampulla senses movement of endolymph in plane of duct
d. Hair cells in crest innervated by vestibular division of vestibulocochlear nerve (CN VI)
e. Detect rotational (tilting) movements of head

o Cochlear labyrinth

Spiral ligament suspends cochlear duct from external wall of spiral canal
Cochlear duct
a. Triangular in shape
b. Filled with endolymph
c. Spans spiral canal, dividing it into two channels, each filled with perilymph
d. Two channels: scala tympani and scala vestibule, meet at apex of cochlea (helicotrema)
e. Third, middle channel = cochlear duct
f. Roof of duct = vestibular membrane
g. Floor of duct = basilar membrane
Spiral organ of Corti
a. Found on basilar membrane
b. Covered by gelatinous tectorial membrane
¢. Contains hair cells-tips embedded in tectorial membrane
d. Hair cells innervated by cochlear division of vestibulocochlear nerve (CN MII)

o Propagation of sound
o [nitiated by sound waves

Transmitted as vibrations by ossicles

s Stapes vibrates in oval window

Creates waves of pressure in perilymph of vestibule

Wawes ascend in spiral canal in scala vestibule

Transfer to scala tympani at helicotrema

Pass down scala tympani to round window

Dissipated via secondary tympanic membrane in round window to air of middle ear cavity

o Reception of sound

Deformation of cochlear duct by pressure waves in perilymph
Stimulates hair cells of spiral organ embedded in tectorial membrane
Base of spiral organ receives high frequency sounds and apexreceives low-frequency sounds

¢ Internal auditory (acoustic) meatus
o 1 .cmlong tiny canal in petrous ridge of temporal bone
o Opening in posteromedial aspect of ridge in posterior cranial fossa
o Transmits facial (CN V) and vestibulocochlear (CN V) nene
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Cartilaginous part of auditory (pharyngotympanic, eustachian) tube at base of skull: inferior view

¥ g

Palatine process of maxilla

Pterygoid hamulus and

medial pterygoid plate Horizontal plate of palatine bone

Lateral pterygoid plate Choana

Scaphoid fossa part of auditory

{pharyngotympanic,
eustachian) tube

Lateral lamina v of cartilaginous
Medial lamina }

Foramen ovale
Foramen lacerum

Foramen spinosum
i Petrous part of temporal bone

Spine of sphenoidal bone Occipital condyle

Mandibular fossa

Internal carotid artery
entering carotid canal

— Foramen magnum
Stylomastoid foramen

Mastoid process

i

[Plate 98, Auditory (Pharnygotypmpanic, Eustachian) Tube]
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FACTS & HINTS
High-Yield Facts

Clinical Points
Otitis externa
o Defined as an inflammation or infection of the external ear
e Aso called swimmer's ear
o Usuallybacterial in origin
e Pathogens include pseudomonas aeruginosa and staphylococcus aureus
» Patient may present with itchiness, a sensation of having the ear blocked, and pain
o Earon examination is painful, erythematous, and may be discharging pus
o Treatmentis with topical antibiotics (eardrops)

Clinical Points

Otitis media

Defined as an inflammation of the middle ear

Also known as glue ear

Most common in children between the ages of 6 months and 2 years

Symptoms include: pulling or rubbing the ears because of ear pain, fever, fussiness, or irritability, fluid leaking from the ear, changes in
appetite or sleeping patterns, trouble hearing

Usuallyto the result of bacterial infection

On examination with an otoscope, the ear drum looks dull with loss of the cone of light

Commonly treated with antibiotics

With frequent reoccurring infections and evidence of hearing loss or speech delay, small tubes called tympanostomytubes are placed in the
eardrums to ventilate the area behind the eardrum and keep the pressure equalized to atmospheric pressure in the middle ear.

Clinical Points
Weber Test and Rinne Test for Hearing

Weber Test

With a Weber test of hearing, a tuning fork is struck and placed on the patient's forehead

The patient is asked to report in which ear the sound is heard louder

This test cannot confirm normal hearing, because hearing defects affecting both ears equally will produce an apparently normal test result
ARinne test should be done at the same time

Rinne Test

¢ ARinne test compares perception of sounds, as transmitted by air or by sound conduction through the mastoid

o This is achieved by placing a vibrating tuning fork (512 Hz) initially on the mastoid, then next to the ear and asking which sound is loudest

o Apatient with normal hearing with a positive Rinne on both sides would hear the sound equallyin both ears or may not even hear it at all if
the room is noisy enough to mask the subtle sound of the tuning fork

o Apatient with a unilateral (one-sided) conductive hearing loss would hear the tuning fork loudest in the affected ear (conduction through
bone is more effective that the normal route through the outer and middle ear)
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11 Meninges and Brain
STUDY AIMS
At the end of your study, you should be able to:

Outline the gross structure of the brain

State the lobes of the cerebral hemispheres and their function
Describe the layers of the meninges

Outline the venous drainage of the brain and the key venous sinuses
Describe the formation of cerebrospinal fluid
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GUIDE
Head and Neck: Meninges and Brain

Brain
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[Plate 104, Cerebrum: Lateral Views]

Circular sulcus

Temporal operculum
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[Plate 105, Cerebrum: Medial Views]

o |s composed of sixregions for purposes of description
o (1) Cerebral hemispheres (cerebrum)

© 0o o o o o

Largest part of brain
Occupy anterior and middle cranial fossae
Two, separated by longitudinal cerebral fissure
Connected by transverse fiber bundle at base of longitudinal fissure: corpus callosum
Cauvityin each hemisphere = ventricle
Composed of four lobes:
s Frontal lobe:

Involved in higher mental function
Contains speech and language centers

s Parietal lobe:

Initiates movement

Involved in perception
s Temporal lobe:

Involved in memory; hearing, and speech
s QOccipital lobe:

Contains visual cortex

o Each lobe marked byfolds (gyri) and grooves (sulci)
¢ (2)Diencephalon
o Composed of

s Epithalamus
s Thalamus
s Hypothalamus

o Surrounds third ventricle of brain between right and left halves
¢ (3) Mdbrain (mesencephalon)

o Atjunction of middle and posterior cranial fossae

o Contains narrow canal: cerebral aqueduct

e (4)Pons

o Found in anterior region of posterior cranial cavity

Tectal iquadnigeminal) plate
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o Contains cavity that contributes to fourth ventricle
o (5) Medulla oblongata
o Lies in posterior cranial fossa
o Continuous with spinal cord
o Contains inferior portion of fourth ventricle
e (6) Cerebellum
o Dorsal to pons and medulla
o Beneath posterior cerebrum
o Composed of two lateral hemispheres connected by vermis in midline
o Importantin
s Maintenance of balance, posture and coordination
s Timing and strength of contraction of muscles

Brainstem

o Parts of brain hidden by cerebral hemispheres and cerebellum
o Contains third and fourth ventricles and cerebral aqueduct
o Composed of
o Mdbrain
o Pons
o Medulla oblongata
o Contains masses of gray matter, many of which are sensory and motor nuclei of cranial nernes

Arterial supply to the brain

e Internal carotid artery
o Arises in neck
o Enters cranial cavity via carotid canals
o Terminates as
s Anterior cerebral artery-connected to opposite artery by anterior communicating artery
= Mddle cerebral artery
o Joined to posterior cerebral artery near termination by posterior communicating artery
o \krtebral arteries
Ascend through transverse foramina of C1-C6 cenvical vertebrae
Perforate dura
Enter posterior cranial fossa via foramen magnum
Unite at posterior pons to form basilar artery
Ascends on cliwus
Divides into two posterior cerebral arteries
s Unite with intemnal carotid artery via posterior communicating arteries
o Circle of Willis
o Cerebral arterial circle
o Composed of
s Anterior communicating artery
s Anterior cerebral arteries
s Internal carotid arteries
s Posterior communicating arteries
s Posterior cerebral arteries
o Areas supplied by anterior cerebral artery
o Medial and superior brain
o Frontal pole
o Areas supplied by middle cerebral artery
o Lateral brain
o Temporal pole
o Posterior cerebral artery
o Inferior brain
o Occipital pole

© 0o o o o o

Meninges
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Frontal (anterior) and parietal Arachnoid granulations

(pasteriorn) branches of
middle meningeal artery

Opening of supenior cerebral vein

Mkl F - > A
meningeal artery 8 R N :-:;g[;:llg\;ai;louﬂ lacuna
Anterior Superior sagittal sinus
meningeal r 3
Branch of 4 - R
anierior 4 J S ek
ethmaoidal
artery

Mastoid branch of
occipital antery

Meningeal branches of
ascending pharyngeal artery

Mastoid branch of
oecipital artery
Middle meningeal artery
Recurrent meningesl branch of
lacrimal {ophthalmic) artery
Accessory meningeal artery
Anterior meningeal beanch of
anterior ethmaoidal artery
Posterior ethmaoidal arter
Internal carotid artery and its
meningohypophyseal trunk (phantam)
Middle meningeal arfery
Accessory menngeal arlery-
Superficial
temporal artery
Maillary arter : : ; Anterior and posterion
Posterior auricular antery - . meningeal branches of
Oecipital anery L g ? L vertebral artery
External carotid arter ' 4 /

= - { Tentarial, cavernous sinus, and meningeal
branches of meningohypophyseal trunk

[Plate 00, Meningeal Arteries]
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[Plate 101, Meninges and Superficial Cerebral Veins]

Surround and protect the brain
Are the support for arteries, veins, and venous sinuses
Enclose the subarachnoid space
Enclose cerebrospinal fluid (CSF)
Are similar in name, structure, and arrangement to those around the spinal cord
Dura mater
o Thick fibrous layer
o Consists of two layers (unlike the dura mater around the spinal cord)
o Quter periosteal layer = periosteum on inner surface of calvaria
o Inner meningeal layer
s Tightlybound to the periosteal layer
s Continuous with the dural of the spinal cord
o Arachnoid mater
o Thin, nonvascular membrane
o Looselyattached to dura mater
o Separated from pia mater by subarachnoid space
e Piamater
o Adherent to brain and spinal cord
o Highlyvascular connective tissue
e Subarachnoid space
o Real space between arachnoid and pia mater
o Contains cerebrospinal fluid from ventricular system-cushions brain
e Subarachnoid cisterns
o Areas where pia and arachnoid are widely separated
o Collectlarge pools of CSF
o Occur mainly at base of brain

Venous drainage of brain

o Cerebral veins
o Superior and lateral surfaces of brain to superior sagittal sinus
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o On posterior and inferior aspects of brain drain into straight, transverse, and superior petrosal sinuses
o Thin-walled and valveless

Superior cerebellar veins to straight, ransverse, and superior petrosal sinuses

From dural venous sinuses to internal jugular vein

Dural infoldings

Created by internal meningeal layer of dura mater
Form septa that separate regions of the brain from other regions
Falx cerebri
o Largest of infoldings
o Lies in longitudinal fissure
Tentorium cerebelli
o Second largestinfolding
o Crescent-shaped fold separating cerebral hemispheres from cerebellum
o Attaches to
s Anteriorlyto clinoid processes of sphenoid
s Laterallyto petrous part of temporal bone
s Posteriorlyand laterally to internal occipital and parietal bones
= Falxcerebri, which suspends tentorium
o Tentorial notch
s Gap in anterior border
s Alows for passage of brain stem
Diaphragma sellae
o Circular sheet of dura
o Suspended between anterior and posterior clinoid processes
o Contains gap for passage of pituitary stalk and accompanying veins

Dural venous sinuses

Endothelium lined channels between periosteal and meningeal layers of the dura
Thick-walled and valveless
Formed where dura attaches

Confluence of sinuses: where superior sagittal, straight, occipital, and transverse sinuses meet at internal occipital protuberance

Superior sagittal sinus
o From crista galli to confluence of sinuses
o Communicates via slit-like openings with lateral venous lacunae
Inferior sagittal sinus: from crista galli to straight sinus
Straight sinus: formed by union of inferior sagittal sinus and great cerebral vein (of Galen)
Transverse sinus
o Drains confluence of sinuses
o Runs along posterolateral attachment of tentorium cerebelli
o Becomes sigmoid sinus
Sigmoid sinus
o Traverses jugular foramen
o Becomes internal jugular vein
Occipital sinus: at attached border of cerebellar falx
Cawernous sinus
On either side of sella turcica
Is composed of a network of thin, valveless vein
Sinuses communicate with each other via intercavernous sinuses
Receives blood from
s Superior and inferior ophthalmic veins
s Superficial middle cerebral vein
s Sphenoparietal sinus
o Contains
= |nternal carotid artery
Oculomotor nerve (CN Il
Trochlear nerve (CN V)
V4 division of trigeminal nerve (CN V)
s Abducent nerve (CN M)
s Sympathetic plexus around artery

o o o o

o Superior petrosal sinus: from posterior ends of cavernous sinuses to fransverse sinuses
o Inferior petrosal sinus: from posterior ends of cavernous sinuses to internal jugular vein
o Emissaryweins connect dural sinuses with veins outside the cranium
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[Plate 107, Ventricles of Brain]
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[Plate 109, Basal Nuclei (Ganglia)]

Superior Upper border falx cerebri 1. Drains cerebral weins Confluence of sinuses
sagittal sinus 2. Contains arachnoid villi and granulations for
reabsorption CSF
Inferior sagittal | Lower free margin falx cerebri Joins great cerebral vein
sinus forming straight sinus
Straight sinus | Junction falx cerebri and Formed by union great cerebral vein with inferior sagittal |Confluence of sinuses
tentorium cerebelli sinus
Transverse  |Lateral margin tentorium 1. Passes laterally from confluence of sinuses Sigmoid sinus
sinus cerebelli 2. Leftis usuallylarger
Sigmoid sinus | S-shaped course in temporal | Continuation transverse sinus Internal jugular vein
and occipital bones
Cavernous Superior surface of body of 1. Receives superior and inferior ophthalmic and Superior and inferior
sinus sphenoid, lateral to sella superficial middle cerebral veins and sphenoparietal petrosal sinuses
turcica sinus
2. Contains internal carotid arteryand CN lIl, IV, V1, and
V,, sympathetic nerves
Intercavernous | Runs through sella turcica Connects cavernous sinuses
sinus
Superior Margin tentorium cerebelli Connects cavernous sinus to transverse sinus Transverse sinus
petrosal sinus |attached to petrous temporal
bone
Inferior Medial border petrous temporal | Connect cavernous sinus to internal jugular vein Internal jugular vein
petrosal sinus |bone to jugular foramen

CSF

o Maintains balance of extracellular fluid in the brain
o Similar in content to blood
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o Less protein
o Differention concentrations

* Formed by choroids plexuses in the four ventricles of the brain
Are plexuses of capillaries that project into the lateral, third and fourth ventricles

Circulates through ventricular system

o From lateral ventricles to interventricular foramina to third ventricle

o From third ventricle through cerebral aqueduct to fourth ventricle

o From fourth ventricle through paired lateral apertures and a single midline aperture in the roof into subarachnoid space
Absorbed through arachnoid granulations into venous blood in dural venous sinuses

o Arachnoid granulations are tufts of arachnoid villi protruding into the dural venous sinuses

o Subarachnoid space with CSF extends into core of the tufts

o Approximately 400 mL/day of CSF — venous circulation

Vasculature of dura

¢ Primarily provides blood to calvaria
¢ Mddle meningeal artery
o Branch of axllary artery
o Enters through foramen spinosum
o Has anterior and posterior branches
o Meningeal branches of
o Ophthalmic arteries
o Qccipital arteries
o \krtebral arteries
e \knous drainage: meningeal veins
Accompany meningeal arteries
Occur in pairs
Frequently torn in skull fractures

o o o o

Mddle meningeal veins drain to pterygoid venous plexus
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FACTS & HINTS

High-Yield Facts
Clinical Points

Meningitis

Inflammation of the arachnoid and pia mater

Can be caused by drugs or malignancy, but usually by pathogenic bacteria

Infection can be due to meningococcal or pneumococcal bacteria

Patient may present with fever, nonblanching purpuric rash, neck stifiness, and photophobia
Mortality from bacterial causes can be up to 30%

Diagnosis is by examination and lumbar puncture

Hydrocephalus

Caused byexcess cerebrospinal fluid (CSF) production or, more likely, by abnormal absorption
Classified as obstructive, communicating or normal pressure

Blockage usuallyin cerebral aqueduct by narrowing

Can be a result of tumor, hemorrhage, and infection

Communicating blocks movement of CSF from ventricles

Can be caused by absence of arachnoid granulations or subarachnoid hemorrhage

Dilates ventricles, thins cerebral cortex, separates bones of calvaria in infants

Brain tumors

o Twenty-five percent of all brain tumors arise from a different site (metastasis)

Common sites of original tumor include: breast, bronchus, prostate, thyroid, and kidney

Primary brain tumors can be benign, such as meningiomas and neurofibromas, or malignant, such as astrocytomas and

oligodendrogliomas
Can present as epilepsy, focal neurology, or signs of raised intracranial pressure

Diagnosis is by history, examination, and computed tomography (CT) or magnetic resonance imaging (MRI) of the brain
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12 Cranial and Cervical Nerves
STUDY AIMS
At the end of your study, you should be able to:

Know the names and functions of the cranial nernes

State the foramen through which the cranial nerves emerge from the skull

Outline formation of the cenical plexus

Know the sensory nenves arising from the cenvical plexus and their distribution

Know the muscles innervated by motor branches of the cenical plexus

Understand the formation of the ansa cenicalis and know the muscles innervated by its branches
Describe the formation of, and fibers composing, the phrenic nerve

Know the structures innervated by the various components of the phrenic nerne
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GUIDE

Head and Neck: Cranial and Cervical Nerves

Cranial Nerves

12 pairs of cranial nerves arise from the brain, and they are identified both by their names and by Roman numerals | through XlI. The cranial nenes
are somewhat unique and can contain multiple functional components:

General: same general functions as spinal nerves

Special: functions found onlyin cranial nenes

Afferent and efferent: sensory or motor functions, respectively

Somatic and visceral: related to skin and skeletal muscle (somatic), or to smooth muscle and glands (visceral)

Hence, each cranial nerve may possess multiple functional components, such as GSA(general somatic afferents), meaning it contains nerve
fibers that are sensoryfrom the skin, not unlike those of the spinal nene; GVE (general visceral efferents), meaning it contains motor fibers to
visceral structures (smooth muscle and/or glands) like a parasympathetic fiber from the sacral spinal cord (S2-S4 gives rise to parasympathetics);
or SSA(special somatic afferents), meaning it contains special sensoryfibers, such as those for vision or hearing.

Nucleus ambiguus ;
Cranial rool of accessory nemve

Vagus nerve [X)

Spinal root of

ACCEREOFY NETVe lugular foramen
Foramen
magnum Superior (jugular

ganglion of vagus nerve

Accessory nerve (X1}

Inferion (nodose) gnnp,llon
of vagus nerve
C1 spinal nerve
C2 spinal nerve

Accessory nerve 3
{ie stermecleidemastoid
and trapezius muscles)

Sternadeidomastoid muscle {cut)
C3 spinal nerve
iC4 spinal nerve

Trapezius muscle

1

Efferent fihers

Sensory fibers

[Plate 126, Accessory Nerve (Xl): Schema]
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[Plate 130, Autonomic Nerves in Head]

| Olfactorynerve | SVA(special sense of smell) Foramina in cribriform plate
Il Optic nerve SSA(special sense of sight) Optic canal

1l Oculomotor GSE (motor to extraocular muscles) Superior orbital fissure
nene G\VE (parasympathetic to smooth muscle in eye)

IV Trochlear nerve |GSE (motor to 1 extraocular muscle) Superior orbital fissure

VTrigeminal nerve

GSA(sensoryto face, orbit, nose, anterior
tongue)
SVE (motor to skeletal muscles)

three branches: ophthalmic, maxillary, and mandibular travel
through multiple openings

M Abducens nerve

GSE (motor to 1 extraocular muscle)

Superior orbital fissure

M Facial nerve

GSA(sensoryto skin of ear)

SVA(special sense of taste to anterior tongue)
GVE (motor to glands-salivary, nasal, lacrimal)
SVE (motor to facial muscles)

Internal acoustic meatus Facial canal Stylomastoid foramen

SVA(special sense of taste-epiglottis)
GVA(sensoryfrom pharynx, larynx, and thoracic
and abdominal organs)

GVE (motor to thoracic and abdominal organs)

vl SSA(special sense of hearing and balance) Internal acoustic meatus
\kstibulocochlear
nerve
X GSA(sensoryto posterior tongue) Jugular foramen
Glossopharyngeal | SVA(special sense of taste-posterior tongue)
nere GVA(sensory from middle ear, pharynx, carotid
body, and sinus)
GVE (motor to parotid gland)
SVE (motor to 1 muscle of pharynx)
X\Vagus nene GSA(sensory external ear) Jugular foramen
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SVE (motor to muscles of pharynx/larynx)

X Spinal SVE (motor to 2 muscles) Jugular foramen
accessorynerve

Xl Hypoglossal  |GSE (motor to tongue muscles) Hypoglassal canal
nerve

In general, CN | and Il arise from the forebrain and are really tracts of the brain for the special senses of smell and sight. CN I, IV, and VI move the
extraocular skeletal muscles of the eyeball. CN V has three divisions: V4 and V, are sensory, and V3 is both motor to skeletal muscle and sensory.

CN M, IXand Xare both motor and sensory. CN Ml is the special sense of hearing and balance. CN Xl and Xl are motor to skeletal muscle. CN Il
M, IXand Xalso contain parasympathetic fibers of origin (visceral), although many of the ANS fibers will "jump" onto the branches of CN Vto reach
their targets. The following table summarizes the types of fibers in each cranial nerve and where each passes through the cranium:

¢ Cranial nerves emerge through foramina or fissures in the cranium
o Twelve pairs
o Numbered in order of origin from the brain and brain stem, rostral to caudal
o Contain one or more of sixdifferent types of fibers
o Motor fibers to voluntary muscles
= Somatic motor fibers to striated muscles (1)
a. Orbit
b. Tongue
¢. Neck (sternocleidomastoid and trapezus)
s Branchial motor (or special visceral efferent fibers) to striated muscles derived from pharyngeal arches (example: muscles of
mastication) (2)
o Motor fibers to inwoluntary muscles = general visceral efferent (parasympathetic fibers) (3)
o Sensoryfibers
s General visceral afferent fibers (4)
a. Carrysensation from viscera
b. Originate in carotid body, sinus, heart, lungs, and gastrointestinal tract
s General somatic afferent fibers carrying pain, pressure, temperature, touch information (5)
s Special sensory afferent fibers conwveying taste, smell, vision, hearing, and balance (6)
o Can be sensory, motor, or mixed

Sensory Innervation of the Dura

o Dura of the cranial fossae innervated by meningeal branches of cranial and cenical nenes
o Anterior cranial fossa
o Anterior meningeal branches of the ethmoidal nerves from ophthalmic nerves (CNV;)

o Meningeal branches of the maxillary nerves (cranial nerve [CN] V5)
o Meningeal branches of the mandibular nerves (CN V3)

o Mddle cranial fossa
o Meningeal branches of the maxllary nerves (CN V5)

o Meningeal branches of the mandibular nerves (CN V3)

o Posterior cranial fossa
o Tentorial nerve from ophthalmic nerve (CN V1)

o Meningeal branches directly from C2 and C3 spinal nerves or carried by CN X(vagus) or CN Xl (hypoglossal)

Cervical Plexus

o Formed from anterior rami of C1-C4 spinal nerves
o Consists of a series of loops and branches from the loops
o Lies deep to sternocleidomastoid (SCM) and anteromedial to levator scapulae and middle scalene muscles
o Cutaneous branches of the cenical plexus
o Emerge from posterior border of SCM
o Nerves from loop formed between anterior rami of C2 and C3
s Lesser occipital (C2) to skin of neck and scalp posterior to auricle
s Greatauricular (C2 and C3) to skin over parotid gland, mastoid process, auricle, and between angle of mandible and
mastoid process
s Transwerse cenical nerve (C2 and C3) to skin over anterior cenical region
o Supraclavicular nenes
s Arise from C3-C4 loop
s Emerge from under SCM
s Supplyskin over clavicle, superior thoracic wall, and shoulder
o Mbtor branches
o Are considered deep branches
o Innervate prevertebral muscles
s Sternocleidomastoid (C2 and C3)
s Trapezus (C3 and C4)
s Levator scapulae (C3 and C4)
o Motor fibers from C1 travel with hypoglossal nerve
s Some C1 fibers leave hypoglossal nene and innervate
a. Thyrohyoid muscle
b. Geniohyoid muscle
= Restleave the hypoglossal as its descending branch
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o Motor fibers from C1 and C2 directly innervate thyrohyoid (an infrahyoid strap muscle)
o Mbtor fibers from C2, 3 form the descending cenvical nerve
o Ansa cenicalis
s Loop formed by descending branch from hypoglossal nerve (superior root) (C1) and descending cenvical nerve (inferior root)
(C2,C3)
s Branches from ansa innervate remaining infrahyoid strap muscles
a. Omohyoid
b. Sternohyoid
c¢. Sternothyroid
o Motor fibers from C3, C4, and C5 contribute to roots of phrenic nerve
e Phrenic nene
o Formed bybranches of anterior rami of C3, C4, and C5 spinal nerves
o Contains a mixof fibers
s Sole motor supplyto the diaphragm
s Sensoryfibers from the central part of the diaphragm (sensoryfibers from periphery provided by intercostal nerves)
s Sympathetic nerve fibers from the cenical sympathetic ganglia to smooth muscle of blood vessel walls
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FACTS & HINTS

High-Yield Facts
Clinical Points

Facial Nerve Palsy

o Unilateral (one-sided) injuryto the facial nerve or its branches

o Results in sudden weakness affecting some or all of facial muscles on affected side
Causes include: infections such as TB, polio; brainstem lesions; tumors, such as acoustic neuromas; acute and sudden exposure of the

face to cold temperatures

Sad look when face is relaxed

Trigeminal Neuralgia
Disease affecting the sensoryroot of CN V

The cause is not usually known
Treatment is directed to controlling the pain.

Ocular Nerve Palsy

Dilation of the pupil (unopposed dilator pupillae)

Mnemonics

Memory Aid
Names of the Cranial Nerves

"On Old Olympus Towering Tops A Few Virile Germans Viewed Ample Of Hops"

I: On

II: O

Ml: Olympus
IV: Towering
Vi Tops

M A

M Few

AR Virile

IX Germans
X Viewed
X: Ample
X Hops

Memory Aid

Motor, Sensory and Mixed (Both) Cranial Nerves
"Some Say Marry Money But My Brother Says Bad Business Marry Money"

I: Olfactory

II: Optic

Ml: Oculomotor

IV Trochlear

Vi Trigeminal

\I: Abducent

M Facial

AR \kestibulocochlear
Ix Glossopharyngeal
X Vagus

X: Accessory

Xl Hypoglossal

Angle of mouth droops on affected side with dribbling of food and saliva

Lower eyelid falls away from eyeball with drying of cornea and tearing from corner of eye
Speech affected (production of BMP, and W sounds), because of weakened lip muscles

- Olfactory

- Ophthalmic

- Oculomotor

- Trochlear

- Trigeminal

- Abducent

- Facial

- \estibulocochlear
- Glossopharyngeal
-Vagus
-Accessory

- Hypoglossal

Characterized by episodes of intense pain lasting a few seconds in areas innervated by the trigeminal nerve.
Usually one-sided and can affect a division of CN V, usually the mandibular, maxillary nerve.
Pain can be triggered by touching a sensitive area ("trigger point")

Eyeball abducted and depressed ("down and out") (unopposed lateral rectus and superior oblique)
No accommodation of the lens for near vision (ciliary muscle)

Sensory
Sensor
Motor
Motor
Both
Motor
Both
Sensory
Both
Both
Motor
Motor

Alesion of the oculomotor nerve will paralyze all extraocular muscles except the lateral rectus and the superior oblique. This leads to :
Ptosis-drooping of the eyelid (levator palpebrae superioris)
No constriction of the pupil in response to light (sphincter pupillae)
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13 Cerebral Vasculature
STUDY AIMS
At the end of your study, you should be able to:

State the main arteries that supply the brain

Describe the course of the vertebral artery

Identify the arteries contributing to the circle of Willis

Identify the regions that each of the cerebral arteries supplies

Describe the venous drainage of the brain

Identify the branches of the external carotid artery and structures supplied

Describe the division of the subclavian artery by scalene anterior and the branches given off by each part
Understand the organization and major vessels of the venous drainage of the head and neck
Understand the principles and organization of the lymphatic drainage of the face and head and neck
Understand the principles and organization of the lymphatic drainage of the neck
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GUIDE

Head and Neck: Cerebral Vasculature
Vascular Supply to the Brain

Anterior cerebral antery

Anterion communicating artery

Middle cerebral artery Ophthalmic artery

: : 5u||¢'\!ur|;il.1|‘|llr_-11'
Posterior communicating artery

Supratrochlear artery
Caroticotympanic branch
of imernal carotid anery

Lacrimal armesy

Dorsal nasal artery
Posterior cerebral artery ’

Middle meningeal artery
Superior cerebellar artery
Angular artery
Anterior tympanic arery :
Superficial temporal anery

Middle meningeal artery Pasterior auricular artery

Maxillary arter Facial antery

Basilar artery Oceipital antery

y . Lingual artery
Anterior inferior

cerebellar arery

Ascending pharyngeal artery

Posterior inferios

Anterior spinal artery
cerebellar artery:

4 Spinal segmental
b medullary branches
External carotid artery 5

Vertebral arfery
Internal carotid artery
Common carotid artery
Superior thyroid artery Deep cervical artery

Common carotid artery Superiicial cervical artery

Suprascapular arter
Vertebral artery ¥

Supreme intercostal artery
Ascending cervical artery
Costocervical wunk

Inferior thyroid arery S

Thyrocervical trunk )
Subclavian artery

Subclavian artery

Internal tharacic ariery

Brachiocephalic trunk 1
Aanria Descending

H;{V' Ascending
A
[Plate 136, Arteries to Brain: Schema]

Anasiomoses
Right-Ledt
Carotid-Vertebral
Internal carotid-Fxternal carotid
Subclavian-Carotid
Subclavian-Vertebral

B e

Arterial Supply

¢ Internal carotid arteries
o Arise from common carotid arteries in neck
Begin at upper border of thyroid cartilage
Have no branches to face or neck
Enter carotid canals in temporal bone, then pass anteriorly and medially
Run through carotid sinuses in grooves on side of body of sphenoid
Terminal branches
s Anterior cerebral artery
s Mddle cerebral artery
o Contribute to circle of Willis
s United to posterior cerebral artery by posterior communicating branches
s Complete arterial circle around interpeduncular fossa
o Provide anterior circulation of brain
o \krtebral arteries
First branches of subclavian arteries
Ascend in foramina transwversaria of first six cenical vertebrae
Provide vascular supplyto cenical spinal cord and neck
Pierce dura and enter cranium via foramen magnum
Unite as at caudal end of pons to form basilar artery
s Ascends on cliwus
s Terminates bydividing into two posterior cerebral arteries
s Contribute to circle of Willis

0O o o o o

0 o o o o
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s Posterior cerebral arteries unite with anterior cerebral arteries via posterior communicating arteries
o Provide posterior circular of brain
o Cerebral arteries
o Each supplies a region of the brain
o Anterior cerebral artery
s Medial and upper lateral surfaces of cerebral hemisphere
s Frontal pole
o Mddle cerebral artery
s Lower and lateral cerebral hemisphere
s Temporal pole
o Posterior cerebral artery
s Inferior surface of cerebral hemisphere
s QOccipital pole
o Cerebral arterial circle (circle of Willis)
o Lies in subarachnoid space
o |Important anastomosis at base of brain
o Formed by
Anterior communicating arteries
Anterior cerebral arteries
Internal carotid arteries
Posterior communicating arteries
Posterior cerebral arteries
o Components supply brain via many small branches

\ertebral From subclavian artery, supplies cerebellum

Posterior inferior cerebellar From vertebral artery, goes to posteroinferior cerebellum
Basilar From both vertebrals, goes to brainstem, cerebellum, cerebrum
Anterior inferior cerebellar From basilar, supplies inferior cerebellum

Superior cerebellar From basilar, supplies superior cerebellum

Posterior cerebral From basilar, supplies inferior cerebrum, occipital lobe
Posterior communicating Cerebral arterial circle (of Willis)

Internal carotid (IC) From common carotid, supplies cerebral lobes and eye
Mddle cerebral From IC, goes to lateral aspect of cerebral hemispheres
Anterior communicating Cerebral arterial circle (of Willis)

Anterior cerebral From IC, goes to cerebral hemispheres (except occipital lobe)
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Thalamogeniculate arteries Lateral and medial geniculate bodies of left thalamus
Anterior choroidal artery Choroid plexuses of lateral ventricles

Ciiiaaf T Pubdnars of beit and right thalami

Anterolateral central Spleniium aheonpus calkosim
{lenticulosiriate] arleries Ohccipital (posterior] horn of right lateral ventricle

Heads of cawdate nuckei Right dorsal branch to corpus callosum
(posterior pericallosal artery)
Septum pellucidum

right posterion

Carpus callosum
cerebral artery

Parietooccipital | Branches of
Calcarine

Anterior ! l
cerebral arteries

Longitudinal

cerebral
fissure
Superior
colliculi
Superion
- vermian
Optic nerve (1) / A p i branch

Ophthalmic artery Posterior medial

choroidal artery
1o charoid plexus
af 3rd ventricle

Anterior
cerebral artery

Middle
cerebral artery

Posterior lateral
choroidal artery
Posterion . \ e i
communicating artery Sl ] kL r o Lateral (marginal] branch
& J 9 b .
Thalamoperforating arteries Inferior vermian artery
(phantom)

Left internal carotid artery

Basilar artery Choroidal branch o 4th ventricle
{phantam) and

Cerebellar tonsillar branch

of posterior inferior cerebellar anery

Pontine arteries \
v .
R

z i N
Labyrinthine (intermal acousiic) arery 1 \

Posterior cerebral antery Outline af 4th venericke (roken finel

Superior cerebellar antery Posterior meningeal branch of vertebral artery

Anterior infertor cerebellar artery (ANCA) Paosterior inferion cerebellar artery (PICA)
Anterior meningeal branch of vertebral artosy
Left posterior spinal artery
Temporal branches of postenor cercbral artery -‘# gf-‘i‘g
i spinal stery Left vertebral artery -

[Plate 141, Arteries of Posterior Cranial Fossa]
Venous Drainage

e Dural venous sinuses
o Drain venous blood from superficial and deep weins of the brain
o Sinuses drain to internal jugular vein via jugular foramen
e \kins on superior and lateral surfaces of brain drain to superior sagittal sinus
e Basal weins run laterally and dorsally around cerebral peduncle to end in great vein of Galen, which drains to straight sinus
¢ \kins on posterior and inferior surfaces of brain, superior cerebellar veins, and transverse sinuses drain to several sinuses
o Straight
o Transverse
o Superior petrosal

Vascular Supply to Scalp, Face, and Neck
Arterial Supply

e Common carotid artery
Branch of aortic arch on left
Branch of brachiocephalic artery on right
Ascends neck in carotid sheath, beneath anterior border sternocleidomastoid
Bifurcates into internal and external carotid arteries at level thyroid cartilage
o Internal carotid artery has no branches in the neck
o External carotid artery
o Begins in upper border thyroid cartilage
o Mainlysupplies the face and structures external to the skull, with some branches to the neck
o Branches
s Ascending pharyngeal
a. Ascends on pharynx
b. Send branches to pharynx, prevertebral muscles, middle ear, and cranial meninges
s Superior thyroid
a. Supplies thyroid gland, infrahyoid muscles, and sternocleidomastoid muscle

o o o o
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b. Gives rise to superior laryngeal artery supplying larynx
s Lingual
a. Passes deep to hypoglossal nene, stylohyoid muscle, and posterior belly of digastric
b. Disappears beneath hyoglossus muscle and becomes deep lingual and sublingual arteries
s Facial
a. Branches to tonsil, palate, and submandibular gland
b. Hooks around middle of mandible and enters face
s Occipital
a. Passes deep to posterior belly of the digastric
b. Grooves base of skull
c¢. Supplies posterior scalp
s Posterior auricular
a. Passes posteriorly between external acoustic meatus and mastoid process
b. Supplies muscles of region, parotid gland, facial nerve, auricle, and scalp
s Maxillary
a. Larger of two terminal branches
b. Branches supply external acoustic meatus, tympanic membrane, dura mater and calvaria, mandible, gingivae and
teeth, temporal pterygoid, masseter, and buccinator muscles
s Superficial temporal
a. Smaller terminal branch
b. Supplies temporal region of scalp

Superior thyroid Supplies thyroid gland, larynx, and infrahyoid muscles

Ascending pharyngeal Supplies pharyngeal region, middle ear, meninges, and prevertebral muscles
Lingual Passes deep to hyoglossus muscle to supply the tongue

Facial Courses over the mandible and supplies the face

Occipital Supplies SCMand anastomoses with costocenical trunk

Posterior auricular Supplies region posterior to ear

Maxillary Passes into infratemporal fossa (described later)

Superficial temporal Supplies face, temporalis muscle, and lateral scalp

o Subclavian artery
o Branch of aortic arch on the left
o From brachiocephalic trunk on the right
o Enters neck between anterior and posterior scalene muscles
o Supplies upper limbs, neck and brain
o Divided for descriptive purposes into 3 parts, in relation to the anterior scalene muscle
s Firstpart
a. Medial to the anterior scalene
b. Has three branches
s Second part
a. Posterior to the anterior scalene
b. Has one branch
s Third part
a. Lateral to anterior scalene
b. Has one branch

Part 1
\ertebral Ascends through C6-C1 transverse foramina and enters foramen magnum
Internal thoracic Descends parasternally to anastomose with superior epigastric artery
Thyrocenvical trunk Giwes rise to inferior thyroid, transverse cenvical, and suprascapular arteries
Part 2
Costocenvical trunk Gives rise to deep cenvical and superior intercostal arteries
Part 3
Dorsal scapular Is inconstant; may also arise from transverse cenical artery

Venous drainage

o Superficial veins
o BExternal jugular vein (EJV)
s Drains most of scalp and side of face

Formed at angle of mandible by union of retromandibular vein with posterior auricular vein
Enters posterior triangle and pierces fascia of its roof
Descends to terminate in subclavian vein
Receives

a. Transwverse cenvcal vein

b. Suprascapular vein

c¢. Anterior jugular vein
o Anterior jugular vein
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o Deep \eins

Descends deep to investing fascia
Posterior to sternocleidomastoid (SCM), drains to EJV or subclavian vein
Commonly unites with anterior jugular on opposite side via a jugular venous arch

o Internal jugular vein (IJV)

Most veins in anterior neck are tributaries of IJV

Drains blood from brain, anterior face, cenical viscera, and deep muscles of neck
Begins as dilation of superior bulb just below jugular foramen

Runs inferiorlyin carotid sheath

Inferior end deep to gap between two heads of SCMmuscle

Joins subclavian vein to form brachiocephalic vein

o Subclavian vein

Major vein draining upper limb
Passes anterior to anterior scalene muscle
Unites at medial border of muscle with IJVto form brachiocephalic vein

o Tributaries of subclavian and I1JVtravel with arteries of same name

Lymphatic Drainage

o Drainage of face and head
o Superficial lymphatic vessels accompany veins
o Deep lymphatic vessels accompany arteries
o Lymphatic drainage of face

Drainage from lateral face to parotid nodes
Drainage from upper lip and lateral lower lateral lip to submandibular nodes
Drainage from chin and central lower lip to submental nodes

o Al drain to parotid, mastoid, or superficial cenical nodes
o These drain to deep cenvical nodes

o Drainage of the neck
o Superficial drainage to superficial cenical nodes

Located along course of EJV
Also receive drainage from nodes of face and head

o Superficial cenical nodes drain to deep cenvical nodes

o Deep cenvical nodes
o Lie along course of IJV, transverse cenical artery, and accessory nerve
o Include

Prelaryngeal nodes
Pretracheal nodes
Paratracheal nodes
Retropharyngeal nodes

o Drain to jugular lymphatic trunk

Jugular lymphatic trunks
o Onleft

Joins thoracic duct on left
Thoracic duct enters junction of IJVand subclavian vein

o Onright

Empties directly into IJV or brachiocephalic vein
Or forms short right lymphatic duct which enters either of these vessels
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Pasterior veins of septum pelluckdum Lateral direct vein

Superior thalamic veins Posterior terminal vein of caudate nucleus
(posterion part of thalamostrate vein)

Superior choreid vein
. Internal cerebral veins (right and left)
Transverse veins of caudate nucleus R
. Mudial (atrial} vein of lateral ventricle
Superiar thalamostriate vein
Lateral (atrial) vein of lateral ventricle

Lateral veniricle

Splenium of corpus callosum

Great cerehral vein

Anterior vein of
caudate nucheus

{of Galen)
Anterior vein of
septum pellucidum

Genu of

Corpus
callosum

Dorsal vein of corpus
callosum

Inferior sagittal
sinus
Intermal
oecipital vein

Straight sinus

Occipital
(posternor
horm of
lateral
ventricle

Interventricular
foramen (of Monro)

Anterior commissure <~

Interthalamic adbesion

Anterior cerebral vein e
Optic chiasm
3rdl ventricle ERphehan
Deep middle cerebral vein
Inferior thalamastriate veins ; 1
ad
Basal vein {of Rosenthal o g
Temporal (inferior) horm of lateral ventricke Y i -
Posterior mesencephalic vein \ Superion vermian vein
Hippocampal and inferior ventricular veins
Cerebral aqueduct
ﬁ aihveabic === Veins on lateral wall of ventricle
‘% MROERES, === Veins on medial wall and floor of venlricle
Lateral and median aperiures of 4ih ventricle =====All other veins

[Plate 144, Subependymal Veins of Brain]
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FACTS & HINTS
High-Yield Facts

Clinical Points
Stroke
o Focal neurology lasting greater than 24 hours as a result of a vascular cause
o Can be caused byan intracranial bleed
¢ More often (80% of cases) as a result of an infarct-ischemia, because of thrombosis or embolization from an atherosclerotic vessel
o Mgjority of strokes occur in the territory supplied by the internal carotid artery
o Symptoms include: hemiparesis, hemiplegia, aphasia, homonomous hemianopia
L]

Strokes affecting the territory supplied by the vertebral artery can present with ataxia, dysphonia, dysphagia, and homonomous hemianopia

Clinical Points

Berry Aneurysm

Congenital defect in tunica media of arteries of circle of Willis

Results in a saccular or Berry aneurysm

Rupture is most common cause of subarachnoid hemorrhage

Anterior cerebral, internal carotid, and middle cerebral most commonly affected

Patient may present with headache, vomiting, altered consciousness, and signs of meningeal irritation
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Back and Spinal Cord

14 Topographic Anatomy
STUDY AIMS
At the end of your study, you should be able to:

o |dentify posteromedian furrow

» |dentify external occipital protuberance, vertebra prominens, iliac crests, posterior superior iliac spines

o |dentify deltoid, latissimus dorsi, trapezus, erector spinae, teres major, infraspinatus, gluteus maximus, and medius
o |dentifymargins of scapula
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GUIDE
Back and Spinal Cord: Topographic Anatomy

Trapezius msche

Spine of scapula
Deltoid muscde
Infraspanatus

musche

Triceps brachii

mwische
Long head
Lateral head
Tendon

Teres
major muscle

Latissinus
dorsi muscle
Lumbar triangle fof Patit)

lliag crest
Erector spinae }

muecles

Posterior superion
iliac spine

Intergheieal inatal)
deft

[Plate 149, Topographic Anatomy]

o Median line of back: posteromedian furrow overlies tips of spinous processes
o Deepest in lower thoracic/upper lumbar region
o Bordered by erector spinae
o \krtebra prominens = C7 spinous process (71 may be more prominent)
e Scapula:
o Superior angle at the level of T2
o Medial end of scapular spine opposite spinous process of T3
o Inferior angle atlevel of T7
o

/ External oocpital protuberance
Ligamentum nuchae

Spinous process of
7 vertebra

Deltaid musde

Spinee of scapula
Triznghe of ausoultation

AMedial border of
scapula

Inferior angle of
scapula

Spinous process of
T12vertebia

Cliteus medius
msche

Sacum

Cluteds masamus
musche

Croater trochainter
of femur

Cluteal fold

ek

Medial border of scapula parallels the sixth rib and approximates oblique fissure of lung when the arm is abducted by placing the

hand on the head
lliac crests at level of L4 = supracristal line
S2 spinous process lies level with a line joining the posterior superior iliac spines
Tip of coccyx approximately 2.5 cm posterosuperior to the anus

trapezius, latissimus dorsi, and teres major).

Anatomy of muscles of the back are covered in Section 2-4: Back and Spinal Cord-Muscles and Nerves. (Muscles that are readily visible are
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Superior cervical ganglion Internal carotid nerve and plexus

External carotid nerve and plexus
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[Plate 160, Sympathetic Nervous System: Schema]
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[Plate 161, Parasympathetic Nervous Sytem: Schema]

Vertebrae and corresponding structures

C2-C3 Mandible

C3 Hyoid bone

C4-C5 Thyroid cartilage

C6 Cricoid cartilage

Cc7 \krtebra prominens

T3 Spine of scapula

T4/5 Sternal angle (of Louis)

T7 Inferior angle of scapula

T8 Inferior vena cava pierces diaphragm
T10 Xiphisternal junction

T10 Esophagus enters stomach

T2 Porta passes behind diaphragm

L1/2 Spinal cord ends (cauda equina starts)
L3 Subcostal plane

L3-L4 Umbilicus

L4 Bifurcation of aorta

L4 lliac crests-supracristal line

S2 End of dural sac

S2 Level of posterior superior iliac spines
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FACTS & HINTS

High-Yield Facts

Clinical Points

Lumbar Puncture: Performed for retrieval of cerebrospinal fluid (CSF) from the lumbar spinal cistern. The patient is placed in the left decubitus
position, flexed in the fetal posture with the supracristal line vertical. Puncture should be made at the L3/4 (immediately superior) or L4/5
(immediately inferior) interspace in the midline of the back, to awid the spinal cord.

Mnemonics

Memory Aids

Lumbar puncture: To keep the cord alive, keep the needle between L3 and L5!
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15 Bones and Ligaments
STUDY AIMS
At the end of your study, you should be able to:

Identify the significant parts of a typical vertebra and understand regional variations
Identify the specialized vertebrae

Know the attachments and function of the vertebral ligaments

Describe the spine, its curvatures, and gross vertebral column movements
Describe the type, location, and movements of the joints of the vertebral column
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GUIDE

Back and Spinal Cord: Bones and Ligaments
Vertebral Column

Anterior view Left lateral view Posterior view

Atlas (C1)

==
B

Axi (C2]

Cervical
CUNATLITE

curvatune

Curvature

Y = Cocoyx
[Plate 150, Vertebral Column]
o approximately 72 to 75 cm long (25% of length because of intervertebral discs)

o 33 \ertebrae (can vary 32-34)
o 7 cenvcal, 12 thoracic, 5 lumbar, 5 sacral, 4 (3-5) coccygeal

Cocoyx

Allas (C1)

Ais (C2)

Cervical
wirrthea

L Thoracic

vertehrae

Lumbar
vertebrae

’ Sacrum ($1-5)

1

o Typically have: body; vertebral arch (2 laminae, 2 pedicles) and foramen; spinous (1) and transverse (2) processes; articular

processes (4)

o Fibrocartilaginous intervertebral discs

o Alow movement between vertebral bodies (in cervical, thoracic, and lumbar regions)
o Curvature (may be primary or secondary-see below)
Cenvical anterior convexity (2°)
Thoracic anterior concavity (7°)
Lumbar anterior convexity (2°)
Sacral anterior concavity (1°)

0o o o o

Vertebrae
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[Plate 152, Lumbar Vertebrae]

Cenvical vertebrae
o Permit forward/lateral flexion, extension, rotation
o C1 (Atlas): No body or spinous process; articulates with occipital condyles via paired lateral masses and with the axis via the
superior articular facets and dens of the axis; groove on superior aspect of the posterior arch for vertebral arteries and dorsal ramus
of C1
o C2 (Axs): Dens (odontoid process), large superior articular facets for C1
o C3-C5: Short bifid spinous processes (anterior tubercle of C6 is the carotid tubercle, which the carotid artery can be compressed
against to control bleeding)
o C6-7:long, nonbifid spinous processes
o C7 (\ertebra prominens): long (nonbifid) spinous process; small fransverse foramina that transmit accessory vertebral veins NOT
vertebral artery
o Havwe transverse processes with anterior and posterior tubercles and foramina (foramina transversaria), which transmit vertebral
arteries and veins and sympathetic nenves plexuses
Thoracic vertebrae
o Are relativelyrigid, mainly allow rotation of the trunk
o T1-T4: Aypical-have some features of cenical vertebrae
o T5-T8: Typical
o T9-T12: Atypical-have tubercles similar to mamillary and accessory processes of lumbar vertebrae
o Hawe long transverse processes that extend posterolaterally
Lumbar vertebrae
o Are relatively mobile, permit forward/lateral flexion and extension but little rotation
o Have accessory process found on posterior surface of the base of each transverse process for attachment of medial intertransverse
lumborum muscle
o Have mamillary process for attachment of multifidus and medial intertransverse muscles
o L5: massive bodyand transverse processes and is thicker anteriorly-contributes to the lumbosacral angle (usually 130°-160°) and
carries the weight of the upper body
Sacrum (sacral vertebrae)
o Composed of five vertebrae that fuse at about 20 years of age, inferior portion is nonweightbearing
o Ariculates with "hip" bones at sacroiliac joints
o Has concawve pelvic surface
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o |s wider in females than males
o Has a sacral canal (continuation of vertebral canal) that contains cauda equine
o Has the following features:
s Sacral hiatus (termination of sacral canal) that contains filum terminale
Median crest: fused spinous processes
Paired medial crests: fused articular processes
Paired lateral crests: fused tips of the transverse processes
Sacral corneae that project inferiorly on either side of sacral hiatus
o Coccyx (coccygeal vertebrae)
o Consist of three to five coccygeal vertebrae, inferior three fuse as coccyxin midlife
o Has coccygeal corneae that articulate with sacral corneae
o Provides site of attachment for gluteus maximus, coccygeus muscles, and anococcygeal ligament
o [s joined to the sacrum by the sacrococcygeal symphysis

Summary of vertebral characteristics

spinous processes

Cenical |Small bodies, large vertebral foramina, foramina in transverse processes, anterior and posterior tubercles, bifid

transverse processes

Thoracic |Heart-shaped bodies, long spinous processes angled posteroinferiorly; costal facets for rib articulation on bodies and

posterior surface of the superior articular facets (processes)

Lumbar |Large kidney-bean-shaped bodies, sturdy laminae, thick and short spinous processes, mammillary processes on the

Sacral Fused as sacrum, four pairs of dorsal and ventral foramina for nenve exit and triangular sacral canal

Coccygeal |Fused as small triangular bone-the coccyx

Joints

Cervical vertehrae: anterior view
Dens of axis

Anterior arch of atlas
-
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Intervertebral foramen (for C3 spinal nerve)
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-

Atlas (C1) \

Intervertebral disc

Wertehral body
Inferior articular process (C3)

Superor articular process (C4)
Groove for spinal nerve

Site of uncovertebral joint (cleft of Luschka)

Anterior wbercle

A Transverse process

Posterior whercle

Articular cartilage on dens for median

Carofid tubercle (of atlantoaxial joint complex

Chassaignac) o
Lateral atlantoaxial joint

Facel (zygapophyseal)
joint between C2 and C3

Uncinate processes

First rib

a, e

Atlas (Cl)———00_

Axis (C2)

Foramen fransversarium
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Anulus fibrosus

Unecovertebral joints [clefts of Luschka)

Nuclews pulposus

Transverse process 1.._______‘_‘_‘1-

Imtervertebral foramen (for C7 spinal nerve)

Vertebral body (C7)
The uncovertebral joints of the cervical spine: anterior view
{C3 to C7 have been seclioned coronally lo expose the joints)

- o _

[Plate 21, Cervical Vertebrae: Uncovertebral Joints]

o Intervertebral (IV) discs
o Connect articulating surfaces of adjacent vertebral bodies
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o Areintegral part of secondary cartilaginous joints between vertebral bodies (except C1/2)
o Are composed of a tough annulus fibrosus surrounding an avascular, gelatinous nucleus pulposus

o Actas "shock absorbers" and semifluid ball bearings to provide small movements between individual vertebrae

Zygapophysial (or facet) joints
o Are synoval joints between the superior and inferior articular processes
o Are surrounded by thin, loose articular capsule
o Permit gliding movements between vertebrae
Atlanto-occipital joints
o Are synovial joints between the lateral masses of atlas and occipital condyles
o Permit flexion/extension and some lateral bending and rotation
Atlantoaxial joints

o Are three synowial joints between the inferior lateral masses of C1 and the superior facets of C2 and between the anterior arch of C1

and the dens of C2
o Permit rotation of C1 (and the head), which is limited by the alar ligaments
Costovertebral joints Synovial, between the vertebrae and ribs (see: Thorax)
Sacroiliac (Sl) joints. Synowvial joints (see: Pelvis and Perineum)

Anterior longitudinal Limits extension
Maintains stability of IVdiscs
Posterior longitudinal Limits flexion
Prevents IVdisc herniation
Intertransverse Limits lateral bending
Interspinous Limits flexion
Supraspinous Limits flexion
Ligamenta flava Limits flexion
Preserves curvature of column
Prevents injuryto the IV discs
Ligamentum nuchae Prevents cenical hyperflexion
Attachment site for trapezius and rhomboid minor

Anlerior view
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Pharyngeal tubercle

Anterior atlantooccipital membrane
Caprule of atlantooccipital joint
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Capsule of |4I1.‘rd/.' i
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jint (€ 3-4)

Posterior atlantooccipital membrane
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ramus of C1 spinal nerve)
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Ligamentum auchae ———
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Zyg.\pmﬂwst-ul joints (C4-5 and C5-6)

Anterior fubercle of C6 veriebra (carotid tubercle of Chasssaignac)
SpPINous process
of C7 vertebra

. Vertebral artery
(vertebra prominens)

T1 vertebra

Supraspinous

figament —_

1

Right lateral view
[Plate 22, External Craniocervical Ligaments]
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Ulmuer part of vertebral canal with spinous processes

on posterior vertebral bodies: posterior view

o Tectorial membrane
Capsule of

a.Hﬂnlom:cunlal
joint b

Atlas (1}
Capsule of lateral
atlantoaxial joint ] W : .

Asis (C2) : ' Alar ligaments
Capsule of
;y:gﬂmphymal

joint
({C2=3)

Pasterior longitudinal ligament

Superion longitudinal band
f.'é_:':.::ﬁ Transverse ligament of atlas

Inferior longitudinal band

Deeper (accessory) part of tectoral membrane (atlantoaxial ligament)

Principal part of tectorial membrane removed
to expose deeper ligaments: posterior view

Apical ligament of dens

Anterior allantoocipital ligament
Alar ligament

Posterior articular facet of dens (for transverse

ligament of atlas} Anterior tubercle of allas

Synovial cavities
Axis (T2}

Sruciaif ligament removed lo show
ee igaments: terior view
per figa B Transverse ligament
of atlas

ﬂg ﬂ‘ﬁ Median atlantoaxial joint: superior view
[Plate 23, Internal Craniocervical Ligaments]

parts of vertebral arches removed to expose ligaments

Deeper (accessory) part of tectonal membrane (atlantoaxal ligarment]
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Anteroposterior radiograph Lateral radiograph
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Mote: The vertebral bodies are numbered
[Plate 153, Lumbar Vertebrae: Radiographs]
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Left lateral view
(partially sectioned
in median plane)
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[Plate 156, Vertebral Ligaments: Lumbar Region]
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FACTS & HINTS

High-Yield Facts
Clinical Points

Types of Vertebral Fractures

o Compression fractures

o \krtebral body collapses

o Caused by osteoporosis, trauma, or tumor

o UsuallyoccuratC7 and T1

o Moderate to severe pain, limitation of movement, kyphosis
o Jefferson fracture

o Four part fracture of the ring of C1

o Caused bya fall on the vertex

o Patients have upper neck pain but can be neurologically intact
o Hangman fracture

o Caused by hyperextension of the head on the neck

o Bipedicle fracture of C2

o Anterior displacement of C2 and C3

o Results in quadriplegia or death

Cervical Hyperextension
¢ Most common in young adults from trauma and sports injuries and the elderly, resulting in cord compression
o Result of whiplash from car accidents
o Results in soft tissue injury, fractures, dislocations, ligamentous tears, and disc disruption

Clinical Points

o Spinal curvatures: The primary curvatures of the vertebral column in the thoracic and sacral regions develop during the fetal period and are
caused by differences in height between the anterior and posterior aspects of the vertebrae. The secondary curvatures are mainly a result of
anterior-posterior differences in IVdisc thickness. The cenical curvature is acquired when the infant begins to liftits head, and the lumbar
curvature when the infant begins to walk.

o Abnormal curvatures: Kyphosis is an increased thoracic curvature, commonly seen in the elderly ("Dowager hump”). Itis usually caused by
osteoporosis, resulting in anterior vertebral erosion or a compression fracture. An excessive lumbar curvature is termed a lordosis and is
seen in association with weak trunk muscles, pregnancy, and obesity. Scoliosis is an abnormal lateral curvature of the spine, accompanied
by rotation of the vertebrae.

* Spondylolisthesis: The lumbosacral angle is created between the long axes of the lumbar vertebrae and the sacrum. Itis primarily because
of the anterior thickness of the L5 body. As the line of body weight passes anterior to the Sl joints, anterior displacement of L5 over S1 may
occur (spondylolisthesis), applying pressure to the spinal nerves of the cauda equina.

o Sacralization: In about 5% of individuals, the L5 vertebra is partially or totally fused with the sacrum. Because the L5/S1 level is now very
strong, the L4/5 level is likely to degenerate in these cases.

Mnemonics

Memory Aids
\krtebral bodies:

* Thoracic are heart-shaped since your heart is in your thorax
¢ Lumbar are kidney-bean shaped as the kidneys are in the lumbar area
Craniovertebral joints:

o Allantooccipital jointis the yes-yes joint because it permits nodding
* Allantoaxial jointis the no-no joint because it permits turning the head from side to side
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16 Spinal Cord
STUDY AIMS
At the end of your study, you should be able to:

Draw a schematic transverse section through the spinal cord, meninges, and vertebrae
Understand the structure and function of the dorsal and ventral spinal nerve roots and rami
Understand the general topography and synaptic transmitters of the autonomic nervous system
Know the levels of the principle dermatomes

Describe the vasculature supply of the spinal cord and vertebral column
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GUIDE

Back and Spinal Cord: Spinal Cord
Spinal Cord

Rase ol skull €1 vertebra (atlas)
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[Plate 157, Spinal Cord and Ventral Rami In Situ]

o Originates at the inferior end of the medulla oblongata and terminates as conus medullaris
o Is approximately 42 to 45 cm long from the foramen magnum to L2 (variable from T12-L3)

* s connected from the conus medullaris to the coccyx by the filum terminale (a strand of connective tissue that connects exits from the dural

sac and passes through the sacral hiatus)

¢ Has two regional enlargements
o Cenical-origin of the brachial plexus innervating the upper limb
o Lumbosacral-origin of the lumbar and sacral plexuses innervating the lower limb

o Has the following features in cross section
o Dorsal median sulcus and ventral median fissure that divide cord into symmetrical halves
o Central canal carrying cerebrospinal fluid (CSF)
o White matter surrounding an H-shaped core of grey matter (ventral and dorsal horns)

Structure of Spinal Nerves
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[Plate 158, Relation of Spinal Nerve Roots to Vertebrae]

31 pairs of spinal nenes
o 8 cenvical, 12 thoracic, 5 lumbar, 5 sacral, 1 coccygeal
o C1-C7 exit superior to corresponding vertebrae
o (8 exits inferior to the C7 vertebra
o T1-Co exit inferior to corresponding vertebrae
Cauda equina: spinal nerve roots inferior to the conus medullaris, travelling obliquely to exit vertebral canal
\entral roots
o Carry efferent (motor) fibers with their cell bodies in the ventral homn of the cord
o May contain presynaptic autonomic fibers
Dorsal roots
o Carryafferent (general and visceral sensory) fibers with their cell bodies in the dorsal root ganglion (DRG)
o Maybe absentin C1 and Co

\kntral and dorsal roots: combine to form a (mixed) spinal nerve which exits through the intervertebral foramen and divides almost

immediatelyinto (mixed) ventral and dorsal rami
\entral rami

o Anterior and lateral branches

o Form plexuses and supply the limbs and trunk
Dorsal rami

o Medial and lateral branches

o Supply the skin and true muscles of the back

117 /425
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[Plate 162, Spinal Membranes and Nerve Roots]
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[Plate 163, Spinal Nerve Origin: Cross Sections]
Meninges

o Dura mater: Tough fibroelastic membrane
Is continuous with the inner (meningeal) layer of the cranial dura
Attached to the margins of the foramen magnum and posterior longitudinal ligament
Separated by the epidural space from vertebral periosteum
Extends as a sac from the margin of the foremen magnum to the level of S2
Pierced by spinal nerves
Anchored to the coccyx by the external filum terminale
o Forms dural root sleeves covering the spinal nenves before fusing with the epineurium
o Arachnoid mater: Delicate, avascular, fibroelastic membrane lining dural sac
o Opposed (held to inner surface) to dura by CSF pressure
o s external to the subarachnoid space, between arachnoid and pia, containing CSF, traversed by strands of connective tissue
(arachnoid trabeculae)
o Contains the lumbar cistern, an enlargement of subarachnoid space between L2 (end of spinal cord) and S2 (end of dural sac)
o Pia mater: Highly vascular innermost layer covering roots of spinal nenes
o Continues as the filum terminale
o Suspends the spinal cord within the dural sac by lateral extensions between the anterior and posterior roots, called denticulate
ligaments

© 0o o o o o

Dermatomes: a well-defined strip of skin extending from the anterior to the posterior midline, supplied by a single spinal nerve

Cenvical supply neck and upper limb

Thoracic supplytrunk (T7 also supplies upper limb)
C5 abuts T1 on the superior anterior chest wall
Lumbar predominantly supply anterior lower limb
Sacral predominantly supply posterior lower limb

C5 Clavicles
T4 Nipples
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T10 Level of umbilicus
L1 Inguinal ligament
L3/4 Over the knee
S2-S4 Perineum

Dermatome levels to know:

Schematic demarcation of dermatomes
{laccording to Keegan and Garrett)
shown as distinet segments. There s
actually considerable overlap between
any two adjacent dermatomes, An
alternative dermatome map i that
provided by Foerster (see References).

Levels of principal dermatomes

T Level of umbilicus

L3 Clavicles L Inguinal or groin regions
C5, 6 Lateral sides of upper limbs L1, 2,34 Anterior and inner surfaces of lower limbs
cam Medial sides of upper limbs 14,5581 Foot
Ch Thumb L4 Medial side of great toe
Ch, 7,8 Hand L5, 51,2 Lateral and posterior surfaces of kewer limbs
[a] Ring and little fingers 51 Lateral margin of foot and little toe
T4 Level of nipples 52,3, 4 Perineum

[Plate 159, Dermatomes]

Vasculature of Spinal Cord and Vertebral Column
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Vertebral veins: detail showing
venous communications
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[Plate 167, Veins of the Vertebral Column: Vertebral Veins]

o Anterior spinal artery
o Is asingle artery running in ventromedian fissure
o Arising from branches of the vertebral arteries (with contributions from the ascending cervical, deep cervical, intercostal, lumbar, and
sacral arteries)
o Supplies the anterior two thirds of the spinal cord and vertebral bodies
o Posterior spinal arteries
o Are paired, longitudinal arteries arising from vertebral or posterior inferior cerebellar arteries
o Supply posterior one third of the spinal cord and vertebral bodies
o Radicular arteries
o Are dorsal and ventral arteries arising from ascending cenical, deep cenical, intercostal, lumbar, and sacral arteries
o Supply the nerve roots (called segmental arteries if they reach the anterior or posterior spinal arteries)
o Great anterior segmental artery (of Adamkiewicz)
o Occurs on the left side in 65% of individuals
o Contributes to two thirds of the circulation to the inferior spinal cord
o \kins: Usually 3 anterior and 3 posterior longitudinal spinal veins with tributaries from the posterior medullary and radicular veins. They
drain into the valveless vertebral venous plexus.
o \krtebral venous plexus is continuous with the cranial dural venous sinuses and contains no valves
o Internal vertebral plexus (lying in the extradural space) drains the spinal cord
o External vertebral plexus connects with azygos vein, superior and inferior vena cavae

Autonomic Nervous System (ANS)

o Sympathetic NS: catabolic system for fight or flight

o T1-L2/3 (thoracolumbar) levels

o Presynaptic (preganglionic) neurons have cell bodies located in the intermediolateral cell columns of the spinal cord (T7-L2 only)
and utilize acetylcholine (Ach) as their neurotransmitter and synapse in para- or prevertebral ganglia

o Postsynaptic (postganglionic) neurons have cell bodies in the paravertebral and prevertebral ganglia

o Paravertebral ganglia linked to form right and left sympathetic chains (superior, middle and inferior cervical ganglia, T1-S5, ganglion
impar)

o Paravertebral ganglia attached to spinal nerves by white (T1-L2) and grey (C1-Co) rami communicantes
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o Long postsynaptic neurons utilize norepinephrine as their neurotransmitter
o Prevertebral ganglia (celiac, superior, and inferior mesenteric, aorticorenal) are in plexuses surrounding the origins of the main
branches of the abdominal aorta
o Splanchnic nerves are presynaptic fibers that pass through the paravertebral ganglia without synapsing to enter cardiac, pulmonary;
esophageal, various abdominal and pelvic plexuses, where they synapse
o Sympathetic fibers innervate smooth muscle, modified cardiac muscle, glands, and medulla of suprarenal glands
o Parasympathetic NS: anabolic system for homeostasis
o S2-S4 lewels and cranial nenes llI, VI, IX, X (craniosacral)
o Long presynaptic neurons (Ach) with cell bodies in the mediolateral grey matter (S2-S4)
o Short postsynaptic neurons arising near target organs (Ach)
o Innervation of smooth muscle, modified cardiac muscle, and glands of thoracic, abdominal, and pelvic viscera
o \isceral afferent NS: provides sensoryinput from the body's internal environment
o Provides \isceral sensation
o Can trigger both somatic and visceral reflexes
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FACTS & HINTS

High-Yield Facts

Clinical Points

Disc Herniation

Protrusion of the nucleus pulposus through the annulus fibrosus:

Ninety-five percent at the L4/5 or L5/S1 level

Usually posterolateral herniation where annulus is thinnest

Hemiation into the vertebral canal may compress the nenve root below the disc and cause pain in the related dermatome
Age-related dehydration of nucleus pulposus contributes to loss of height and narrowing of IV foramina

Lumbar Spinal Stenosis
o Narrowing of the vertebral canal
o Compression of spinal cord caused by age-related degenerative changes such as bulging of the IV discs or arthritis
o Surgical laminectomy or removal of the entire vertebral arch maybe necessaryto alleviate symptoms

Clinical Points

o Spinal cord development: In the fetus, the spinal cord extends down to the sacral vertebrae. As a fetus matures, the cord shortens relative to
the rest of the body, so at birth the conus medullaris reaches the L2/3 level, and by adulthood only around the level of the L1/2 IVdisc, where
the cauda equina begins

o Epidural block: Anaesthetic injected into epidural space of the sacral canal either via the sacral hiatus (caudal epidural) using the sacral
comeae as landmarks, or via the posterior sacral foramina (transsacral epidural). The anesthetic solution spreads superiorly to act on
spinal nerves S2-Co. The height to which the anesthetic ascends is affected by the amount of solution injected and the position of the
patient.

» Spinal block: Introduction of an anesthetic directly into the CSF (in the subarachnoid space) utilizing a lumbar puncture (see above). Onset
of anesthesia is rapid <1 minute (unlike epidural anesthesia that may take up to 20 minutes). Subsequent leakage of CSF may cause a
headache in some individuals.

Mnemonics
Memory Aids
Dermatomes: T-ten over your belly but-ten
L3 over the knee
Sit on Sacral dermatomes
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17 Muscles and Nerves
STUDY AIMS
At the end of your study, you should be able to:

¢ Describe the origins, insertions, major functions, and innenvation of the superficial, intermediate, and deep muscles of the back
o |dentify structures of the back as seen in fransverse section

o Understand the anatomy of the suboccipital triangle

o Describe the typical organization of the thoracic spinal nerves
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GUIDE

Back and Spinal Cord: Muscles and Nerves

The muscles of the back are divided into the extrinsic muscles that connect the upper limb to the trunk and the intrinsic (deep or true) muscles that
specifically act on the vertebral column to produce movements and maintain posture.

Extrinsic muscles of the back

o Superficial: Trapezus, latissimus dorsi, levator scapulae, rhomboid minor and major
* Intermediate: Serratus posterior superior and posterior inferior (muscles of respiration)

Superior nuchal line of skull

Spinouws process of C2 vertebira

Sternocleidomasiond muscle

Pasterior triangle of neck

Trapezius musche
Spine of scapula

Deltaid muscle

Infraspinatus

Semispinalis capitis muscle
Splenius capitis muscle
Spinous process of CF vertebea
Splenius cervicis muscle
Levator scapulae muscle

Rhombeoid minor muscle (cut)

Suprasprinatis
muscle

Serratus
POSLERIOF
SUperion muscle

fascia

Teress minor
muscle

Rhomboid
major muscle
et

Teres major
muscle i
Infraspanatus
fascia (over
iniraspinatus
Latissimus. muscle)
dorsi muscle
Teres minor
and major
muscles
SpInGus process
of T12 veriebra - .
Latissimus dossi muscle (cut)
Thoracolumbar fascia

Serratus anterior muscle

External

ohligue muscle Serratus posterior inferior

muscle

Internal oblicue
muscle in lumbar tniangle
{of Petit)

lliac crest

Glutews maximus muscle

[Plate 168, Muscles of Back: Superficial Layers]

External
obligue muscle

Internal
oblique muscle

12th rib

Erector spinae muscle

W

& g

Trapezius |Superior nuchal line, external occipital | Lateral third of Accessorynenve Elevates, retracts, and rotates
protuberance, nuchal ligament, and clavicle, acromion, |(cranial nerve Xl)and |scapula; lower fibers depress
spinous processes of C7-T12 and spine of C3-C4 (proprioception) |scapula

scapula

Latissimus | Spinous processes of T7-T12, Humerus Thoracodorsal nerve | Extends, adducts, and

dorsi thoracolumbar fascia, iliac crest,and | (intertubercular (C6-C8) medially rotates humerus
last 34 ribs sulcus)

Levator Transverse processes of C1-C4 Medial border of C3-C4 and dorsal Elevates scapula and tilts

scapulae scapula scapular (C5) nerve glenoid cavity inferiorly

Rhomboid |Mnor. nuchal ligament and spinous Medial border of Dorsal scapular nernve |Retract scapula, rotate it to

minor and |processes of C7-T1 scapula (C4-C5) depress glenoid cavity, and fix

major Major: spinous processes of T2-T5 scapula to thoracic wall

Serratus  |Ligamentum nuchae, spinous Superior aspectof | T1-T4 Elevate ribs

posterior |processes of C7-T3 ribs 2-4

superior
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Serratus | Spinous processes of T11-L2 Inferior aspect of T9-T12
posterior ribs 9-12
inferior

Depress ribs

Intrinsic muscles of the back

Superior nuchal ine of skull

Posterior tubercle of atlas (C1)

Longissimus capitis muscle

Semispinalis capitis muscle

Splenius capitis and
splenius cervicis musches

SETTAUS POSIEnor SUpenor musche

Oibliquus capitis superior muscle

Osliqquus captis inferior musche
Longissimus cagitis muscle
Semispinalis capitis muscle (cuf)

Spinalis corvicis muscle

lliocostalis muscle
Erector
spinae 4 Longissimus muscle
musche
Spinalis muscle Hook
Serraius posterior
inferior muscle
Tendon of origin of

transversus abdominis muscle

Internal oblique
muscle

External oblique
muscle (cut)

lliac crest
| o
¥ N S -

gl ¥ L

[Pléte 169, Muscles of Back: Intermediate Layers]

o Superficial: Splenius (capitus/cenicus)

Resctus capitis posterior minas muscle

Rectus capitis posterior major muscle

Spinous process of CF vertebra
Longissimus cervicis muscle
liocostalis cervics muscle

Thocostalis thoracis musche

Spinalis thoracis muscle
Longissimus thoracis muscle
Hliocostalis imborum musche
Spinous process of T12 vertelia

Transversus abdominis
muscle and tendon
of origin

Thoracolumbar fascia
Ipasterior layer) lcut)

4

¢ Intermediate: Erector spinae (sacrospinalis) group-iliocostalis (lumborum/thoracis/cenicis) longissimus (thoracis/cenicis/capitis), spinalis

(thoracis/cenicis/capitis)
o Deep: Transversospinal group-semispinalis (thoracis/cenicis/capitis), multifidus, rotatores
o Mnor deep: interspinales, intertransversarii, levatores costarum (brevis and longus)

Superficial Layer
Splenius Nuchal ligament, spinous process C7-T3 |Mastoid process of temporal bone and |Mddle Bilaterally. extend
capitis lateral third of superior nuchal line cenical head
nenes Unilaterally.
laterally bend (flex)
and rotate face to
same side
Splenius Spinous process T3-T6 Transverse process (C1-C3) Lower Bilaterally. extend
cenicis cenical neck
nerves Unilaterally.
laterally bend (flex)
and rotate neck
toward same side
Intermediate Layer
Erector Posterior sacrum, iliac crest, lliocostalis: angles of lower ribs and Respective |Extend and laterally
spinae sacrospinous ligament, supraspinous cenical transverse processes spinal bend vertebral
ligament, and spinous processes of lower|Longissimus: between tubercles and  |nerves of |column and head
lumbar and sacral vertebrae angles of ribs, transverse processes of |each
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thoracic and cenvical vertebrae, and region
mastoid process
Spinalis: spinous processes of upper
thoracic and midcenvical vertebrae
Semispinalis| Transverse processes C4-T12 Spinous processes of cenical and Respective |Extend head, neck,
thoracic regions spinal and thoraxand
nerves of |rotate them to
each opposite side
region
Multifidi Sacrum, ilium, and transverse processes |Spinous processes of vertebrae above, | Respective | Stabilizes spine
of T1-T12, and articular processes of C4- |spanning two to four segments spinal
c7 nerves of
each
region
Rotatores Transverse processes Lamina and transverse process or Respective | Stabilize, extend,
spine abowe, spanning one or two spinal and rotate spine
segments nerves of
each
region
Fascia

Encloses deep muscles of the back

Attached medially to the nuchal ligament, tips of the spinous processes, supraspinous ligament, and median line of sacrum
Attached laterally to the cenical and lumbar transverse processes

Thickened as the thoracolumbar fascia toward lumbar region and extends between the twelfth rib and the iliac crest

Vascular supply to muscles and skin of the back

o Ateries
o Cenical: branches from occipital, ascending cenvcal, vertebral, and deep cenical
o Thoracoabdominal: branches of posterior intercostals, subcostal, and lumbar
o Pelvic: iliolumbar and lateral sacral branches of the internal iliac
¢ \kins drain via the valveless vertebral venous plexus
* Lymph
o Neck: Drains to the anterior, lateral, and deep cenical nodes
o Trunk: drains to axllary nodes above umbilicus and superior inguinal nodes below it

Suboccipital region

o Inferior to the occiput, deep to the trapezius and semispinalis capitis, overlying C1 and C2
e Muscles
o Rectus capitis posterior minor and major
o Obliquus capitis superior and inferior
o All laterally flex, extend, and rotate the head
o All supplied by the suboccipital nerve (dorsal ramus of C1)
o Contains the dorsal rami of C1-C4
o Suboccipital triangle
o Contains the vertebral artery, suboccipital nerve and suboccipital venous plexus.
o Bounded byrectus capitis posterior major, obliquus capitis superior and obliquus capitis inferior, floor-atlantooccipital membrane,
roof-semispinalis capitis

Rectus capitis posterior | Spine of axis Lateral inferior nuchal |Suboccipital nerve |Extends head and rotates to

major line (c1) same side

Rectus capitis posterior | Tubercle of posterior arch |Median inferior nuchal |Suboccipital nerne |Extends head

minor of atlas line (C1)

Obliquus capitis Transverse process of Occipital bone Suboccipital nene |Extend head and bend it laterally:

superior atlas (C1)

Obliquus capitis inferior | Spine of axis Aflas transverse Suboccipital nene |Rotates atlas to turn face to
process (c1) same side

Branches of spinal nerves

o \kntral rami innervate the muscles and overlying skin of the anterior thoracic, abdominal and pelvic wall and contribute to
Cenvical plexus [C1-C4] (see: Head and Neck)
Brachial plexus [C5-T1] (see: Upper Limb)
Thoracic intercostal nerves (see also: Thorax)
Lumbar plexus [T12-L4] (see: Pelvis and Perineum and Lower Limb)
Sacral plexus [L4-S5] (see: Lower Limb)
e Dorsal rami
o C1: Suboccipital nerve-pierces the atlantooccipital membrane and is motor to the suboccipital muscles
o C2: Greater occipital nerve-passes inferior to OCl and is sensoryto skin over neck and occipital bone

o o o o o
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o (C3-Co: Segmentallyinnervate the intrinsic muscles of the back and overlying skin
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FACTS & HINTS
High-Yield Facts
Clinical Points

o Back pain: Avery common, usually self-limiting complaint, often affecting the lumbar region ("lowback pain"). Radiation to back of the thigh
and into the leg (sciatica) or focal neurology suggests radiculopathy. Disturbance of bladder/bowel function should prompt urgent
intervention.

o Back strain: Stretching and microscopic tearing of muscle fibres or ligaments, often because of a sport-related injury. The muscles
subsequently go into spasm as a protective response causing pain and interfering with function. This is a common cause of low back pain.

o Whiplash: Cenvical muscle and/or ligament strain because of forceful hyperextension of the neck. Frequently caused by impacts from the
rear in motor vehicle accidents. May cause hemiation of the IV disc and subsequent radiculopathy.

Mnemonics
Memory Aids
Deep back muscles: | Love Spaghetti-Some More Ragu
= lliocostalis, Longissimus, Spinalis-Semispinalis, Multifidus, Rotatores
Erector spinae group: | Like Standing

= lliocostalis, Longissimus, Spinalis
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Thorax

18 Topographic Anatomy
STUDY AIMS
At the end of your study, you should be able to:

¢ |dentify the major features of the surface anatomy of the chest wall
¢ |dentify the location of the sternoclavicular and manubriosternal joints
¢ Know the types of these joints

o Palpate the sternum and its parts
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GUIDES
Thorax: Topographic Anatomy

Biceps
brachii
muscle

Sternocleidomastoid muscle .
Sternal head EHCEI-F‘E
X rachii
Clavicular head e
Axilla

Clavicle

Jugular Anterior

notch

axillary fold

Posterior

Deltoid axillary fold

muscle Pectoralis major
muscle

Body of Clavicular head

sternum Sternal head

Nippl = :
ipple Latissimus dorsi
muscle

Cephalic s
vein X}phuad process
of sternum

Serratus
anterior muscle

Linea alba

Rectus abdominis
muscle

Tendinous
intersection

External oblique
muscle

Serratus
anterior muscle

Cfacfech.

[Plate 175, Thorax]
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Thyroid cartilage
Thyroid gland

Cervical loupula, or dome, of)
parietal pleura

Cricoid cartilage

Trachea

Jugular {suprasternal| notch

} pex of lu
Sternoclavicular joint A ng
Arch of aorta

Cardiac notch of left lung

Left border of heart

Clavicle

15t rib andd costal cartifage

Right bosder of heart

Huorizontal
fissure
of right
lung

(often
incomplete)

Costomediastinal
rescess of pleural
cavity:

Obsligue fissure
of right lung:
Oblique fissure
of leit lung

Caostodiaphragmatic
recess of pleural
cavity

) Costodiaphragmatic
recess of pleural

4

inferior border of right lung Inferior border of left lung

Plewral reflection Leit dome of diaphragm

FPleural reflection

Gallbladdes

Stomach
Right dome of diaphragm Bare area of pericardium ‘é Nﬁ

Liver Xiphoid process
[Plate 190, Topography of Lungs: Anterior View]

132 /425



Trachea (air)
Clavicles

Spine of scapula

Coracoid process
of scapula
Superior

Vena Cavi

Aortic arch

Pulmonary
artery (left)

Right atrium

Left ventricle

I ferbor v cava

Chovmee
diaphragm (right}

A of heart

AOFLic area Pulmaonic area

Valves Tricuspid area

Pulmanic valve
Anrtic valve

Mitral valve Mitral area
Trecuspic area

| Cfcfack.

[Plate 207, Radiograph of Chest]
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Series of chest axial CT images from superior (A) to inferior (C)
Body of vertebra

Left superior lobe of lung
Body of vertebra

Right superior lobe of lung
Azygos vein
Superior vena cava
Trachea thifurcation)
Ascending aorta

Stermum

Ascending aorta
Drescending aorta

Pulmonary artery

Leefit main baonc huis

Spinous process
ol vertebra

Sternum

Pulmonary artery
Descending aorta
Spimous
process
of vertebra

Right main bronchus

o R Rib
Inferior vena cava
Right veninicle

Body of vertehra

Spinal cord

Descending aorta
[Plate 235, Chest Scans: Axial CT Images]

Leit ventriche
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Plate 239

Transverse Section: Level of T7, 3rd Interchondral Space

Orifice of tricuspid valve

T+

Superior vena cava
Right inferior
pulmonary vein
Esophagus
AZYROs vein
Serratus

anterior muscle

Latissimus
dorsi muscle

Inferior
angle of scapula

Vertebral level

Ti-4
T4-5
T56

Tin

Tz
Tiz-1
L=z

Internal thoracic artery and vein

Ledt atrium

Right atrium

Interatrial septum

Triangle of auscultation
Neck of 7th rib

Zygapophyseal (facet] joint

Sternum (body)

Right ventricle

Anterior interventricular sulcus
Pectoralis major muscle

Apex of heart

Interventricular septum

Papillary muscle

Left ventricle

Leaflet of mitral valve

Coronary sinus

Oblique
pericardial sinus

Descending aorta

Thaoracic duct

Latissimus dorsi muscle
Triangle of auscultation

Head of 7th rib

Body of T7 vertebra

Trapezius muscle

[Plate 239, Cross Section of Thorax at T7 Level]

Cfaghack-
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238
39
:
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327
3

319

98

Cfoac

[Plate 532, Key Figures to Cross Sections]

o The thoraxlies between the neck and the abdomen and lies within a cage formed by the vertebrae, the ribs, the sternum, the costal
cartilages, and their attached muscles. The thoracic cage protects the contents of the thorax, whereas the muscles assist in breathing.

o ltis important to identify and count ribs as they form key landmarks to the positions of the internal organs.

¢ Inafitmuscular person one can identify a number of landmarks:

the sternum.

brachiocephalic vein to form the superior vena cava

o Jugular (suprasternal) notch: at the level of the inferior border of the T2 vertebra
o Sternal angle (manubriosternal join): at the level of the T4/5 intervertebral disc and where the second costal cartilages articulate with

o Manubrium: The left brachiocephalic vein runs beneath the manubrium from the upper left to lower right, where it joins the right
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o Bodyof the sternum: Anterior to the T5 through T9 vertebrae and the right border of the heart
o Nipple: Anterior to the 4th intercostal space in males and the dome of the right hemidiaphragm; sits on the pectoralis major muscle
o Xphoid process: At the level of the T10 vertebra
o The costal margins: Comprises the 7th through 10th costal cartilages
o On yourself, palpate the following:
o The sternoclavicular joints, lateral to the jugular notch
o The sternum and its parts: manubrium, body; and xiphoid process
o The manubriosternal joint (sternal angle)
o The second pair of ribs on either side of the sternal angle-the surface landmark for rib counting
o Surface lines can be drawn to identify regions of the thorax
o Imaginary perpendicular lines passing through the midpoint of each clavicle are called the midclavicular lines.
o Mdaxillarylines are perpendicular lines through the apex of the axilla on both sides
o Cephalic vein can be seen in some subjects lying in the deltopectoral groove between the deltoid and pectoralis major muscles.
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FACTS & HINTS

High-Yield Facts
Clinical Points
o The sternum can be divided to gain access to the thoracic cavity for surgical operations. This is called a median sternotomy:.

o The middle ribs are most commonly fractured, and multiple rib fractures can manifest as a "flail chest," where the injured region of the chest
wall moves paradoxically, that is, in on inspiration and out on expiration.
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19 Mammary Gland
STUDY AIMS
At the end of your study, you should be able to:

Identify the mammary gland

Identify the location of the gland

Locate the blood supply of the breast
Understand the lymphatic drainage of the breast
Know how to palpate the breast
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GUIDES
Thorax: Mammary Gland

Anterolateral Suspensory
dissection = 2 ligaments of
- breast (Cooper's)

Arealar glands

fof Montgomery]
Pectoralis
major musche
{deep to
pectoral
fascia)

Serratus antenor mscle

External
abligue muscle

Clavicle

2l wiby

Pecioralis
major
musele

Pectoral

Mipple

Tascia
Lactiferous ducts

Intercostal

musg Lactiferous sinus

Intercostal Suspensory ligaments of breast {Cooper’s)

vessels

and nerve Lactiferous duct

Gland lobubes

Fat (subcutaneous
tissue layer)

4

ith rily

Sagittal section
[Plate 176, Mammary Gland]

Consists of glandular tissue in which the majorityis embedded within the tela subcutanea (superficial fascia) of the anterior chest wall
overlying the pectoral muscles.

The glands are rudimentaryin males and immature females.

Size and shape of the adult female breast varies; the size is determined by the amount of fat surrounding the glandular tissue.

The base of the breast is fairly consistent extending from the lateral border of the sternum to the midaxillary line and from the 2nd to the 6th
ribs.

The majority of the breast overlies the deep pectoral fascia of the pectoralis major muscle, with the remainder overlying the fascia of the
serratus anterior.

The breastis separated from the pectoralis major muscle by the retromammary space, a potential space filled with loose connective tissue.
The breast is firmly attached to the overlying skin by condensation of connective tissue called the suspensoryligaments (of Cooper), which
help to support the lobules of the breast.

Asmall part of the mammary gland may extend toward the axilla, called the axillary tail (of Spence).

Structure of the Breast

For descriptive purposes, the breast is divided into four quadrants: upper and lower lateral, and upper and lower medial.

The most prominent feature of the breastis the nipple.

The nipple is surrounded by the areola, a circular pigmented area of skin.

The areola is pink in Caucasians and brown in African and Asian people.

The pigmentation of the areola increases during pregnancy.

The areola contains sebaceous glands, following a pregnancy these secrete an oily substance to protect the mother's nipple from irritation
during nursing.

The breast is composed of 15 to 20 lobules of glandular tissue, formed by the septa of the suspensoryligaments.

The mammary glands are modified sweat glands that are formed from the development of milk-secreting alveoli, arranged in clusters.
Each lobule is drained by a lactiferous duct

Each lactiferous duct opens on the nipple.
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Vasculature of the Breast

¢ Blood supply of the breast arises from the perforating branches and anterior intercostal branches of the internal thoracic artery.
o The breastis also supplied by the branches of the thoracoacromial and lateral thoracic arteries (from the axillary artery).
o \knous drainage parallels the arterial supply and is mainlyto the axillary artery and internal thoracic vein.

Lymphatic Drainage of the Breast

Parasternal nodes T 1\\“

Apical axillary M
Interpecioral (Rotler's) nodes {subclavian) nodes

Central axillary nodes

Lateral
axillary
{hurmeralk
nodes.

Posterior
axillary
(zubscapular)
nodes

Anterion

axillary
(pectoral)

nodes

Fathway to anterior
mediastinal nodes

Pathways to oppasite breast ‘# II,"‘

Pathways o inferior phrenic {subdiaphragmatic) nodes and fiver

[Plate 178, Lymph Vessels and Nodes of Mammary Gland]

o Lymph from the nipple, areola, and lobules of the mammary glands drains to a subareolar lymphatic plexus.

o From there, a system of interconnecting lymphatic channels drains lymph to various lymph nodes.

o The majority of the lymph, especially from the lateral quadrants of the breast, drains to the pectoral nodes, and from there to the axillary
nodes.

o The remaining amount of lymph, especially from the medial quadrants of the breast, drains into the parasternal lymph nodes along the
internal thoracic vessels.

* Some lymph from the lower quadrants of the breast passes to the inferior phrenic nodes.

o Itis important to note that lymph from the medial quadrants can cross to the opposite breast.

o Thus secondary metastases of breast carcinoma can spread to the opposite breast in this way.
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FACTS & HINTS

High-Yield Facts
Clinical Points

Examination of the Breast
¢ Clinicallythe breast is divided into quadrants:
o Ul: upper inner
o UO: upper outer (includes axillary tail)
o Ll lowerinner
o LO:lower outer
o The breastis palpated in a circular fashion, beginning with the nipple and moving outward. The palpation should extend into the axilla to
palpate the axillarytails.
o After palpation of one breast, the other should be palpated in the same way.
o Examine the skin of the breast for a change in texture or dimpling (peau d'orange sign) and the nipple for retraction, since these signs may
indicate an underlying pathology.

Pathology of the Breast

¢ Fbroadenoma: benign tumor, usually a solid and solitarymass that moves easily under the skin. Often painless although sometimes
tender on palpation. More common in young women but can occur at any age.

¢ Intraductal carcinoma or breast cancer: the commonest type of malignancy in women but can also occur in men. Approximately 50% of
cancers develop in the upper quadrant of the breast; metastases from these cancers often spread to the axillary lymph nodes. This
malignancy presents as a palpable mass that is hard, immobile and sometimes painful. Additional signs can include bloody or watery
nipple discharge if the larger ducts are involved.

o Gynecomastia: enlargement of the breasts in males because of aging, drug treatment, and changes in the metabolism of sexhormones by
the liver.
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20 Body Wall
STUDY AIMS
At the end of your study, you should be able to:

Identify muscles of the anterior chest wall and know their attachments, actions, and innervation
Identify the intercostal muscles

Identify the ribs and their parts

Countribs

Understand the organization of a typical intercostal space and clinical significance of its contents
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GUIDES
Thorax-Body Wall Organization

Anterior view

Sternum

Scapula 4
Suprascapalar
notch

Subscapular
foasa

True nbs (1-7)

Costal cartilages

False ribs (B-12}

Floating nbs (17=12)

Posterior view

Acramion
Supraspinous
1

0554
Scapula

True ribs (1-T)

False ribs (8-12)

Floating ribs

Layers
First and second layers

e Skin
¢ Tela subcutanea (superficial fascia), including the breasts

Third layer-muscles moving the upper limb

o pectoralis major
o pectoralis minor
o serratus anterior

Fourth layer-includes muscles of the chest wall

e Ribs

o Intercostal muscles
o Exernal intercostal muscles
o Internal intercostal muscles
o Innermostintercostal muscles

Intercostal muscles
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Anterior langitudinal
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Superion costal
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ligament of
head of rib

Left lateral view

Superior costotransverse ligament (cut)

Superior cosial
facet (for head of rib
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Tramsyerse process

(et off )

These muscles are arranged in three layers.
External intercostal muscles:
o Hawe fibers that slope down and medially.
o Extend from the posterior tubercle of the rib to the junction of the rib and its costal cartilage anteriorly.

o Anteriorly, are replaced by external intercostal membranes that extend from the costochondral junctions to the sternum.

Internal intercostal muscles:

Transverse costal facet {far tubercle of rib of same number as vertebra)

Superion costotranaverse ligament

Superior articular
facet of iib head

Intraarticular igament
Radiate 8
ligament
of head 5
of rib ‘ Synavial
: cavilies

Costotransverse igament
Lateral costotransverse ligament

Transverse section: superior view

Radiate igament of head of rib

Intertransverse ligament

Costotransverse ligament

Lateral costotransverse ligament

Superior costotransverse hgament

A

Right posterolateral view
[Plate 181, Costovertebral Joints]

o Lieinternal to the external intercostal muscles

o Their fibers lie at right angles to those of the external intercostal muscles and run inferiorly and laterally.

o Anteriorly extend to the lateral border of the sternum.

o Posteriorlyextend onlyto the angles of the ribs; medial to the angles, are replaced by the internal intercostal membranes.

Innermost intercostal muscles
o Lie deep to the internal intercostal muscles
o Are separated from the internal intercostals by the intercostal vessels and nerves
o Occupy the middle parts of the intercostal spaces
o Connectinner surfaces of adjacent ribs

Al intercostal muscles are supplied by intercostal nerves corresponding in number to their intercostal space.

Main action of the intercostals is to maintain the space between the ribs during inspiration and expiration.
COther muscles of the rib cage

o Subcostal muscles-internal to the internal intercostals, cross from the angle of one rib to internal surface of the rib 1 to 2 spaces

below.

o Transwversus thoracis-4 to 5 slips of muscle that attach to the xiphoid process and inferior sternum and pass superiorly and laterally

to attach to the 2nd through 6th costal cartilages.

thoracic and musculophrenic arteries

External Inferior border | Superior border |Intercostal | Aorta, posterior intercostals and their collaterals,
intercostal | of rib of rib below nene costocenvical trunk, anterior intercostals of internal

Elevate ribs

Internal Inferior border | Superior border | Intercostal | Anterior intercostals, posterior intercostals,

Elevate ribs (upper

144 1 425



nene musculophrenic artery and costocenvical trunk four and five);

intercostal |of rib of rib below
others depress
ribs
Innermost | Inferior border | Superior border |Intercostal |Posterior intercostals and collaterals Act similar to
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[Plate 185, Intercostal Nerves and Arteries

Intercostal nerves arise from the ventral rami of the upper eleven thoracic spinal nerves
Each intercostal nerve divides to give a lateral cutaneous branch near the midaxillary line
Anterior cutaneous branches innervate the skin on the anterior abdomen and thoraxand divide into medial and lateral branches.

Muscular branches supply the intercostal, levatores costarum, transversus thoracis, and serratus posterior muscles.

The lower five intercostal nerves supply the skin and muscles of the abdominal wall
Contain general somatic afferent and efferent fibers, as well as general visceral efferent fibers from the sympathetic trunk via white and grey

rami communicantes and general visceral afferent fibers.
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[Plate 180, Ribs and Sternocostal Joints]

Al ribs contain bone marrow.
Ribs 1 through 7 are vertebrocostal because they attach to the sternum \ia a costal cartilage.
Ribs 8 through 10 are vertebrochondral because their cartilages are joined to the cartilage of the rib above and via that connection to the

sternum.

Ribs 11 and 12 are free or floating ribs, which do not connect even indirectly with the sternum but which have a costal cartilage on their tips.
Firstrib is broad and sharply curved and has a tubercle of the attachment of scalene muscles.

146 / 425



Sternocleidomastosd muscle Slnﬂmlhymid muscle I i
i nvested by
Sternohwoid muscle cereroal fasd

Posteriar tiangle of neck Ormaobyoid muscle

Clavicle

Trapezius musche

Subclavius muscle invested by

Perforating branches of internal
clavipectoral fascia

tharacic artery and anterior cutaneas
Bramches of intercostal nerves

Thoracoacsomial artery ( pectoral

Pectoralis major muscle branch) and lateral pectoral nerve

Cephalic vein
Coracoid process

Acromion

Medhial
pectoral
nerve

Long thoracic nerve . \ : {

and lateral thoracic artery b R, a ) FPecloralis minor
. : musche im‘esi.'i;d by
Clavipectoral fascia
Latissimus dorsi musche
Digitations of seratus

Digitations of anterior muscle

serraius anterion muscle

External intercostal
membranes anterior o
internal intercostal

Lateral cutaneous branches of
miusches

intercostal nerves and

pasterior intercostal anteries
External intercostal muscles

External oblique

Body and xiphoid process
of sternum

musche

Anterior layer of rectus sheath -
Internal oblique muscle

g g/” Sternalis muscle (inconstant) Rectus abdominis muscle

Cutaneous hranches of tharacoabdominal
6‘% Linea alba {abdominal portioens of intercostal) neres
[Plate 182, Anterior Thoracic Wall]
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FACTS & HINTS

High-Yield Facts
Clinical Points

Important Vertebral Landmarks

Spine of the scapula T2:

Sternal angle (of Louis); level of the bifurcation of trachea, arch T4/T5: of aorta

Lewel of the heart T5-T8:

Portic hiatus of the diaphragm; also transmits the thoracic duct T12:

Esophageal hiatus of the diaphragm; also transmits the right and left T10: vagal trunks, esophageal branches of left gastric vessels and
lymphatics

o Caval opening of the diaphragm; also terminal branches of the right T8: phrenic nerve

Thoracocentesis

o Thoracocentesis is the insertion of a needle into the pleural cavity to withdraw a sample of fluid or blood. To avoid damage to the intercostal
vein, artery, and nenve that run in the costal groove on the inferior surface of each rib, the needle is inserted well below the rib. The needle
also must be placed sufficiently above the rib below to avoid the collateral branches of intercostal nerve and vessels that run along the
superior surface of each rib.

Importance of Certain Intercostal Spaces
¢ Second intercostal space at the midclavicular line: Insertion of tube for an apical pneumothorax (thoracostomy)
» Fourth to 6th intercostal space at the midaxillaryline: Insertion of chest drains for a hemothorax (thoracostomy)
o Left 5th intercostal space: apexbeat of the heart and this is shifted in heart enlargement

Cervical Ribs

o Cenical ribs are not common (less than 1% of all persons). They articulate with the C7 vertebra, but do not attach to the sternum. They may
fuse with the first rib. If a cencal rib is present, however, it may compress the subclavian artery or inferior trunk of the brachial plexus and
cause ischemic pain and numbness in the shoulder and upper limb. This condition is called thoracic outlet syndrome.

Bone Marrow Biopsy and Aspiration.
¢ Bone marrow aspiration and biopsy help diagnose manyblood disorders and can be used to detect if cancer has spread to the bone
marrow.

o Bone marrow biopsy: The removal of bone and marrow for examination under the microscope. The sternum is a site of red marrow,
even in adulthood, and is a good site for a bone marrow biopsy. Another common site is the posterior iliac crest. Abiopsyis usually
conducted before performing a bone marrow aspiration.

o Bone marrow aspiration: The removal of a small amount of bone marrow fluid through a needle inserted into the bone. Fluid is
examined to determine if there are any problems with the blood cells made in the bone marrow

Mnemonics

Memory Aids
\krtical order of the contents of the neurovascular bundle in the costal groove on the lower border of each rib:

VAN Vein, Artery, Nene.
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21 Lungs
STUDY AIMS
At the end of your study, you should be able to:

Understand the relationship of the pleural cavities to the mediastinum
Identify the pleurae and the parts of the parietal pleura

Understand the anatomy of the lungs

Know the segments of the lungs

Understand vasculature and innervation of the lungs and the pleurae
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GUIDES
Thorax: Lungs
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[Plate 192, Lungs in Situ: Anterior View]
Thoracic Cavity, Pleurae and Pleural Cavity

o Thoracic cavity has
o two lateral pleural cavities, containing the lungs and pleurae
o acentral compartment, the mediastinum, containing all the other thoracic structures
o Each lung is surrounded by, and covered with, a continuous membrane, which is defined as
o the Visceral pleura, which covers the lungs and cannot be dissected from the lung
o the parietal pleura, which lines the pleural cavities
o The \isceral and parietal pleura are continuous at the hilum of the lung where structures enter and leave the lung (bronchus, pulmonary
vessels, bronchial vessels, lymphatics)
o The parietal pleura has four named parts:
o Costal pleura lining the internal surface of the thoracic wall
o Mediastinal pleura covering the sides of the mediastinum
o Diaphragmatic pleura covering the superior surface of the dome of each hemidiaphragm
o Cenical pleura-a dome of pleura extending superiorly into the superior thoracic aperture
o \isceral pleura does not have any general sensoryinnervation and is insensitive to pain
o The parietal pleura is very sensitive to pain because of its sensory supply by branches of the intercostal and phrenic nerves
o The pleural cavityis the potential space between the parietal and visceral pleura.
o The pleural cavity contains a thin layer of serous pleural fluid, which lubricates and allows the pleurae to move smoothly over each
other during respiration.
o Surface tension keeps the lung surface in contact with the thoracic wall.
o The lung expands and fills with air when the thoracic cavity expands.

Lines of pleural reflection
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Lines of pleural reflection are lines along which the parietal pleura changes directions from one wall to another.
o The sternal line of pleural reflection is the sharp line along which the costal pleura becomes the mediastinal pleura
o The costal line of pleural reflection is the sharp line along which the costal pleura becomes the diaphragmatic pleura
o The vertebral line of pleural reflection is a smooth reflection of the costal pleura onto the vertebrae posteriorly.

The lines of pleural reflection on the left side can be remembered as 4-6-8-10-12.

o The line of pleural reflection on the left descends in the midline of the sternum to the 4th costal cartilage, where it deviates to the left

margin of the sternum at the 6th costal cartilage to accommodate the pericardium and the heart (cardiac notch).
o This line then deviates to cross the 8th rib at the midclavicular line.
o ltcrosses the 10th rib at the midaxillary line
o ltthen crosses the 12th rib at approximately the neck.

On the right side, the line of pleural reflection descends at the midline of the sternum to the xiphoid process, and then deviates 8-10-12.

The lungs do not fully occupy the pleural cavities during expiration

There are peripheral areas where the diaphragmatic and costal pleura come in contact and these are called the costodiaphragmatic

recesses.

There are areas posterior to the sternum where the costal and mediastinal pleura come in contact with each other, and these are called

costomediastinal recesses.

The costomediastinal recess is larger on the left, because of the cardiac notch.

During expiration, the lower limit of the lungs is two costal spaces abowe the line of pleural reflection:
o 6-8-10: the sixth rib at the midclavicular line, the 8th rib at the midaxillary line, and the 10th rib at the neck.
o Thus the costodiaphragmatic recess is approximately two costal spaces deep.

Lungs
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[Plate 193, Lungs: Medial Views]
Organs of respiration
Light, soft and elastic

The right lung is larger than the left and has three lobes:
o Superior or upper
o Mddle
o Inferior or lower
The left lung has two lobes
o Superior or upper
o Inferior or lower
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o Fissures divide the lungs into lobes
o Each lung has an oblique fissure, separating the upper lobe from the lower lobe on the left and the upper and middle lobes from the
lower lobe on the right
o The rightlung has a horizontal fissure, separating the middle lobe from the upper lobe on the right
o The oblique fissure runs from the 2nd thoracic vertebra posteriorly to the 6th costal cartilage anteriorly, or along the medial border of the
scapula when the arm is raised above the head.
o The horizontal fissure runs from the oblique fissure at the midaxillary line along the 4th rib to its costal cartilage anteriorly.
o The anterior margin of the left lung has an indentation-the cardiac notch, which often creates a thin process in the upper lobe called the
lingula.
o Each lung has three surfaces:
o Costal
o Mediastinal
o Diaphragmatic
e Each lungis connected to the mediastinum by the root of the lung.
o Lung root contains:
o Main stem or lobar bronchi
o Pulmonary vessels and bronchi.
o Bronchial vessels, lymphatics, and autonomic nerves.
¢ The lung rootis surrounded by a pleural sleeve, from which extends the pulmonary ligament inferiorly.
e The pulmonary ligament

Bronchopulmonary segments

The trachea bifurcates into two main stem bronchi, right and left, at the level of the T4/5 intervertebral disc (also the sternal angle of Louis).
The carina is the keel-like ridge between the two openings of the main stem bronchi.
The right main stem bronchus divides into upper and lower lobar bronchi before reaching the substance of the right lung.
The main bronchi branch to form the bronchial tree.
There are three lobar bronchi on the right: upper, middle, and lower
There are two lobar bronchi on the left: upper and lower
Each lobar bronchus branches into segmental bronchi that supply a bronchopulmonary segment.
Abronchopulmonary segment
o Is a pyramidally shaped section of the lung with its base covered by visceral pleura
o |s separated from adjacent segments by connective tissue septa
o |Is names for the segmental bronchus that supplies it
o Has its own bronchus and segmental branch of the pulmonary artery
o Each bronchopulmonary segment can be surgically resected, independent of adjacent segments
o The rightlung has 10 bronchopulmonary segments
o Upper lobe: Apical
s Anterior
s Posterior
o Mddle lobe: Medial
s Lateral
o Lower lobe: Superior
s Anterior basal
s Posterior basal
s Medial basal
s Lateral basal
o The leftlobe has 8 to 10 bronchopulmonary segments
o Upper lobe: Apical (may be combined with posterior to form apicoposterior)
s Posterior
s Anterior
s Superior lingular
s Inferior lingular
o Lower lobe: Superior
s Anterior basal (may be combined with medial to form anteromedial basal)
s Medial basal
s Lateral basal
s Posterior basal
o The right main stem bronchus is wider and shorter than the left one and descends in a more vertical plane, so aspirated foreign objects are
more likelyto lodge in it or one of its branches
o Because the posterior segmental bronchus of the right lower lobe runs directly posterior, foreign objects that are inhaled when the person is
lying down, such as food, may end up in this segmental bronchus.

Vasculature of the lungs

153 /425



Cricaid cantilage

Thyroid gland

Thyroid cartilage

Trachea

Right commaon carotid artery Ledt commen carotid arteny

Right vagus nemve (X)

Ledt vagus nenve (X)

Anterior sealene muscle .
Anterior scalene muscle

Fhrenic nerve
Phremc semve (cul)

Right internal jugular vein
Thoracic duct
External jugular vein

Brachial ple
Brachial plexus B

: ; Left subclavian artery and vein
Right subclavian artery and vein g

Brachiocephalic trunk Left brachiocephalic vein

Right brachiocephalic vein Intermal thoracic artery
Phrenic nerve and Arch of aorta
pencardizcophrenic 5 A L
artery and vein [cut) ] Y ’ = Vagus nerve (K)

Superior vena cava v F - - \ Left recurrent
; 1 ' i laryngeal nerve

Right superior lohar 4 \ \ :

{epartenal) - i 3/ 1 i - Ligamentuny

bronchus s (™% arterosum

Right pulmonary [ < - . ! \. =—Lefl

artery s : - ) b pulmanary
* — . artery

Pulmaonary trunk

Right
pu;]‘.:'lunar\f ==
vieing

Left
pulmonary
Vs

Mechastinal
part of
parietal pleura
{cui edgel

Mediastinal
part of
parictal pleura
(ecut edgel

Costal part of
Ci i A 1 . parietal pleura

Comtal pant of . 2 i i
parietal pleura /| {eut exge)

lewt exlge

Daphragmatic 3 | : 1
part of i 4 I - ; i — Draphiragaatic
parietal pleura R fit. i part o
! parictal pleura
and cut edge

Right intermediate bronchus

Phrenic nerve (cut) Left main bronchus

Pevicardium {cut eddge)
Diaphragm ﬁ ﬂ;’

Esophagus and esophageal plexus

Adrygos vein

Thoracic duct

Inferor vena cava
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[Plate 201, Bronchial Arteries and Veins]

e Each lung is supplied by a pulmonary artery, which carries unoxygenated blood from the pulmonary trunk from the right ventricle of the heart.
o Each pulmonary artery gives rise to lobar and segmental arteries.
¢ Intrasegmental veins drain to intersegmental veins in the pulmonary septa, which run a separate course from the pulmonaryand
segmental arteries and which drain to two pulmonary veins for each lung.
¢ Pulmonaryweins carry oxygenated blood to the left atrium of the heart.
o Bronchial arteries from the thoracic aorta carry oxygenated blood to the tissue of the lungs, traveling along the posterior surface of the
bronchi.
o The left bronchial arteries come from the thoracic aorta; the single right bronchial artery may also arise from the superior posterior
intercostal or a left superior bronchial artery.
The bronchial arteries anastomose with branches of the pulmonary arteries.
Pulmonaryweins drain the blood to the lungs supplied by the bronchial veins and empty into the azygos and accessory hemiazygos veins.
The lungs have a rich, freely connecting network of lymphatic vessels.
Lymph from the lungs drains to
o Pulmonarylymph nodes (along the lobar bronchi)
o Bronchopulmonarylymph nodes (along the main stem bronchi)
o Superior and inferior tracheobronchial lymph nodes (superior and inferior to the bifurcation of the trachea)

Innervation of the lungs

¢ Innenvation is via the pulmonary plexuses located anterior and posterior to the lung roots.

o The plexuses contain postganglionic sympathetic fibers from the sympathetic trunks that innervate the smooth muscle of the bronchial tree,
pulmonary vessels, and glands of the bronchial tree.

» Sympathetic fibers are bronchodilators, vasoconstrictors, and inhibit glandular secretion.

o The plexuses contain preganglionic parasympathetic fibers from the vagus nerve (CN X), small parasympathetic ganglia, and
postganglionic parasympathetic nerves that innervate the smooth muscle of the bronchial tree, pulmonary vessels, and glands of the
bronchial tree.

o Parasympathetic fibers are bronchoconstrictors, vasodilators, and secretomotor to the glands.

o \isceral afferent fibers carryinformation involved in cough reflexes, stretch reception, blood pressure, chemoreception, and nociception
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FACTS & HINTS

High-Yield Facts
Clinical Points

o Diseases such as tuberculosis and sarcoidosis and lymphoma cause hilar lymphadenopathy that is visible in chest radiographs.

o Pneumonia: a bacterial or viral infection of the lung that can lead to widespread systemic infection and lung collapse. Pneumonia is
frequently confined to a single lobe of one lung and is called lobar pneumonia. It can be clearly seen circumscribed to one lobe in a chest
radiograph.

o The entryofair into a pleural cavity because of a penetrating wound or a fractured rib is called a pneumothoraxand results in partial or total
collapse of the lung.

o The escape of fluid into the pleural cavity (pleural effusion) is called hydrothorax if the fluid is blood, the condition is known as a
hemothorax, and ifitis chyle from the thoracic duct, itis called a chylothorax

¢ Inflammation of the pleurae is called pleuritis or pleurisy; resulting friction between the two pleurae (pleural rub) is very painful and can be
heard with a stethoscope.

¢ The inflamed pleurae may adhere to each other (pleural adhesion)

e Squamous cell or oat cell carcinoma is a common cancer of the lung, usually caused by smoking, that may be indicated by a persistent
cough or spitting of blood (hemoptysis).

Mnemonics

Memory Aids
Let's play the violin: L = lung pleura, P = parietal V = visceral

3 Ps: Parietal Pleura innervated by the Phrenic nerve
Victor has no sensation: \isceral pleura has no sensoryinnervation
Causes of Hilar Lymphadenopathy: Tell Some Lies: Tuberculosis, Sarcoidosis, Lynphoma

Bronchopulmonary segments: Apes And Possums Might Light LAMPS: (Upper lobe: Apical, Anterior, Posterior; Middle lobe: Medial and Lateral;
Lower lobe: Lateral, Anterior, Medial, Posterior, Superior)
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22 Heart

STUDY AIMS
At the end of your study, you should be able to:

Identify the pericardium and its relationships

Know the layers of the pericardium

Understand the surface projection of the heart and its chambers
Know the internal features of the atria and ventricles
Understand coronary circulation

Know the innervation and conduction system of the heart
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GUIDES
Thorax: Heart
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[Plate 205, Heart in Situ]
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[Plate 209, Pericardial Sac]

o The pericardium is a double-layered sac that encloses the heart and the roots of the great vessels.
o The fibrous outer layer of the pericardium (the fibrous pericardium) consists of dense connective tissue.
¢ The fibrous pericardium is attached to the central tendon of the diaphragm by the pericardiacophrenic ligament.
o ltblends with the tunica adventitia of the vessels entering and leaving the heart.
o Ithas ligamentous attachments to the sternum
o ltis thus affected by movements of the heart, the great vessels, the sternum, and the diaphragm.
o |t protects the heart against overfilling because itis fibrous and unyielding
o The inner layer of the pericardium is a serous membrane that lines the fibrous pericardium: the serous pericardium, also called the parietal
pericardium.
o The serous pericardium is a mesothelial layer that reflects onto the roots of the great vessels and is continuous over the external surface of
the heart, where itis called the epicardium or visceral pericardium.
* Between the serous pericardium (parietal pericardium) and the epicardium (visceral pericardium) is a potential space: the pericardial cavity.
o The pericardial cavity normally contains a thin film of fluid that allows the two layers to move over each other without friction or rubbing.
o There are two sinuses within the pericardial cavity: the transverse sinus and the oblique sinus.
o The transverse pericardial sinus runs transverselyin the pericardial sac between the origins of the great vessels: posterior to the
ascending aorta and pulmonary trunk and anterior to the superior vena cava.
o The oblique pericardial sinus is a wide recess in the posterior wall of the pericardial sac bounded laterally by the entrances of the
pulmonary veins and inferiorly by the orifice of the inferior vena cava.
¢ Blood supplyto the layers of the pericardium is mainly from the pericardiacophrenic vessels, from the internal thoracic arteries and veins.
¢ The nene supplyto the pericardium is from the phrenic nerves, primarily sensoryfibers for pain, and the sympathetic trunks (vasomotor).

Heart

o The heartis a muscular pump for the propulsion of blood to all parts of the body.

* The right side of the heart receives poorly oxygenated blood from the superior and inferior vena cava and pumps it to the lungs for
oxygenation.

o The left side of the heart receives oxygenated blood from the lungs via the pulmonary veins and pumps it to the body via the aorta and its
branches.

o The heart consists of four chambers: the right and left atria and the right and left ventricles.

o The chambers of the heart have walls that consist of three layers:
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o Endocardium: internal layer of endothelium and connective tissue
o Myocardium: the middle, thick muscular layer of the heart
o Epicardium, or visceral pericardium

¢ The fibrous skeleton of the heart is a framework of dense collagen that encircles the orifices of the four valves (pulmonary, aortic, tricuspid

and mitral).
¢ The functions of the fibrous skeleton are:
o Maintains the patency of the atrioventricular valves
o Provides a fixed site for the attachment of the leaflets and cusps of the valves
o Provides a fixed site for the attachments of the cardiac muscle fibers
o Insulates the atria from the ventricles so that they can contract independently
e The cardiac cycle consists of
o Relaxation of the ventricles (diastole) followed by
o Contraction of the ventricles (diastole)
o Heart sounds heard with a stethoscope:
o "lub"-blood from the atria fills the ventricles
o "dub"™ventricles contract and push blood out of the heart

Orientation of the Heart: Border and Surfaces
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[Plate 208, Heart: Base and Diaphragmatic Surfaces]

o The heart lies obliquely between the 3rd and the 5th ribs, mainly on the left side of the midline of the thorax, but with roughly a third of it

slightly to the right.
o The base of the heart s its posterior surface, which is the left atrium.

o The apexof the heartis formed from the most inferior and lateral part of the left ventricle and lies beneath the left 5th intercostal space at

approximately the midclavicular line.

Borders

Right border: the right atrium between the superior and inferior vena cavae

Left border: left auricle and left ventricle

Inferior border: mainly right ventricle with some contribution from the left ventricle
Superior border (anterior view): right and left atria and their auricles
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Surfaces (in normal anatomic position)

o Anterior (sternocostal): right ventricle
o Diaphragmatic (inferior): mainly by the left ventricle with some contribution by the right ventricle

o Pulmonary surface (left, filling the cardiac impression in the left lung): left ventricle
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Right atrium

o The posterior wall of the right atrium is smooth (sinus venarum) and contains the orifices of the superior vena cava and coronary sinus.

o The anterior wall is ridged with the pectinate muscles.

The smooth and rough parts of the right atrium are separated internally by a smooth ridge, the crista terminalis, which presents externally
as shallow groowe, the sulcus terminalis.

The superior vena cava opens into the superior aspect of the right atrium.

The inferior vena cava opens into the inferior part, in a direct line with the superior vena cava.

An interatrial septum separates the right and left atria.

An oval depression in the interatrial septum, the fossa ovalis, represents the fetal foramen ovale and its valve.

Aright atrioventricular (AV) orifice opens into the right ventricle

Right ventricle

o The right ventricle is situated in front and to the left of the right AV orifice.
o The interior has prominent muscular ridges, the trabeculae carea.
o The tricuspid valve or right A/ valve usually consists of three leaflets.
o The bases of the leaflets or cusps are attached to the fibrous ring around the orifice.
o The free edge of each leaflet is attached to two of the three papillary muscles by tendinous cords (chordae tendinea).
o The papillarymuscles are three in number: septal, anterior and posterior.
* These muscles contract before the ventricle itself contracts, tightening the chordae tendinea and drawing the cusps of the valve together to
prevent backflow of blood into the right atrium.
o The septomarginal trabecula, or moderator band, is a free band of muscle extending from the interventricular septum to the anterior wall of
the ventricle, and it contains Purkinje fibers from the right bundle branch (see conducting system).
o The outflow tract of the ventricle is separated from the inflow tract by a smooth crest, the supraventricular crest.
o The outflow tract, or conus arteriosus, is smooth walled and leads to the pulmonary trunk and the valve that guards its orifice, the pulmonary
valve.
¢ The pulmonaryvalve has three cusps, which open like pockets to catch regurgitated blood during ventricular diastole

Left Atrium
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o The left atrium forms the base of the heart.

o lthas a smooth walled portion from the developmental incorporation of a portion of the pulmonary veins and an auricular appendage which

is ridged with pectinate muscles and which was the primitive left atrium.
o Four pulmonary veins emptyinto the left atrium.
o The interatrial septum is nearly transverse, sloping posteriorly and to the right
o The left atrioventricular orifice leads to the left ventricle.

Left Ventricle

The left ventricle is nearly twice as thick as the right ventricle, since it performs more work to circulate blood to the body.
It has a conical cavity, the apexof which is the apexof the heart.

chordae tendinea.

Its walls are lined with trabeculae carea, which are more numerous and not as massive as the ones in the right ventricle.
It contains only two papillary muscles, anterior and posterior, which both attach to the two leaflets of the left atrioventricular, or mitral, valve via

o These muscles contract before the ventricle itself contracts, tightening the chordae tendinea and drawing the cusps of the valve together to

prevent backflow of blood into the left atrium.

* The aortic orifice is located posteriorly and superiorly and, like the pulmonary orifice, is surrounded by a fibrous ring to which the three

cusps of the aortic valve are attached.

o The aortic valve has three cusps, which open like pockets to catch blood that backflows from the aorta during ventricular diastole.

o There are dilations in the wall of the aorta beneath each cusp: the aortic sinuses.

o The right coronary artery originates in the right aortic sinus, while the left coronary artery originates in the left aortic sinus.
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[Plate 211, Coronary Arteries and Cardiac Veins]
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Right coronary artery: left anterior oblique view
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Left coronary arlery: left anterior oblique view
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[Plate 213, Coronary Afterie_s: Arteriographic Views (Continued)]

Arteries

Veins

The arterial supplyto the heartis the right and left coronary arteries, the first branches of the aorta.
Theyarise from the corresponding aortic sinuses, just distal to the origin of the aortic valve.
The left coronary artery passes between the left auricle and the pulmonary trunk. Ilts main branches are

Anterior imerventricular branch ibeft anterior descending)

Atrioventricular branch of circumilex branch

o Acircumflexbranch, which reaches the posterior surface of the heart by traveling in the atrioventricular groove around the left side of

the heart

= Inslightlyless than half of all people, a sinoatrial (SA) nodal branch from the circumflex branch will supply the SAnode.
o An anterior interventricular branch (left anterior descending artery or LAD), which descends in the anterior interventricular groove to

the apexof the heart and then anastomoses with the posterior interventricular artery.

The right coronary artery runs in the atrioventricular groove to the right and around to the posterior surface of the heart. It gives rise to

o The SAnodal branch near its origin (in most people)
o Aright marginal branch to the right margin of the heart

o AnAVnodal branch to the atrioventricular node, as the junction of the septa and four chambers of the heart on the posterior side of

the heart

o Aposterior interventricular branch that runs in the posterior interventricular groove.
The left coronary artery supplies

o Leftatrium

o Most of left ventricle

o Some of the right ventricle

o Interventricular septum

o SAnode (40% of people)
The right coronary artery supplies

o Rightatrium
Most of right ventricle
Diaphragmatic surface of left ventricle
Some of the interatrial and interventricular septa
SAnode (60% of people)
AVnode

o o o o o
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The coronary sinus is a wide vein that runs transversely across the posterior surface of the heart in the coronary groove.
o The coronarysinus receives blood from
o The great cardiac vein that ascends in the anterior interventricular groove and enters the coronary sinus atits left end

The middle cardiac vein (posterior interventricular vein) that ascends in the posterior interventricular groove and enters the coronary
sinus atits rightend

o Small cardiac veins
o Leftmarginal vein
o Left posterior ventricular vein(s)
o Anterior cardiac weins that enter the right atrium directly
¢ \knae cordial minimae (smallest cardiac veins) that open directly into the chambers of the heart

o

Innervation and Conducting System of the Heart
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[Plate 221, Innervation of Heart: Schema]

* Both divisions of the autonomic nervous system provide fibers to the cardiac plexus
o The conducting system of the heart coordinates the cardiac cycle of contraction. It consists of
o The sinoatrial node (SAnode), located at the superior end of the sulcus terminalis of the right atrium, near the entrance of the
superior vena cava
o The SAnode is the so-called pacemaker of the heart, from which impulses for contraction are initiated and spread through the
musculature of both atria.
o Fibers from the cardiac plexus supply the SAnode.
o Sympathetic innervation accelerates the rate and force of contraction of heart muscle.
o Parasympathetic stimulation slows down the rate and force of contraction of heart muscle.
o Signal from the SAnode is propagated by the cardiac muscle to the AV node.
o The AVnode is located near the inferior end of the interatrial septum posteriorly, near the septal cusp of the tricuspid valve.
o The AVbundle carries the signal from the A/ node through the fibrous skeleton of the heart and the membranous interventricular septum.
o ltdivides into right and left bundles that pass on either side of the muscular interventricular septum.
o The fibers of the right and left bundles (Purkinje fibers) spread into the walls and papillary muscles of the ventricles.
o Purkinje fibers from the right bundle innervate the anterior papillary muscle of the right ventricle via the septomarginal trabecula or
moderator band, to coordinate the timing of the contraction of the papillarymuscles.

Heart Sounds

o Clinicians need to listen to valve sounds.
o Blood carries sound in the direction of its flow, so valve sounds are best heard (auscultated) directly superficial to their location or at the end
of a line of blood flow through the valve.

17117425



FACTS & HINTS

High-Yield Facts
Clinical Points

Cardiac Tamponade

¢ Inflammation of the pericardium (pericarditis) can result in pericardial effusion, a leakage of fluid from the pericardial capillaries into the

pericardial cawity.

Similarly, stab wounds to the heart can resultin the leakage of blood into the pericardial cavity.

o As excess blood or fluid accumulates in the pericardial cavity, the heart becomes increasingly inhibited from expanding as it beats, and
blood flow to the ventricles is impeded.

¢ This situation is called cardiac tamponade and is a potentially lethal condition.

¢ Symptoms include distension of neck veins and a collapsing pulse, i.e., diastolic and systolic pressures become the same.

Pericardiocentesis

» Pericardiocentesis or drainage of fluid from the pericardial cavityis necessaryto relieve cardiac tamponade.

¢ Awide bore needle is inserted into the 5th or 6th intercostal space adjacent to the sternum (but not too close because of the presence of the
internal thoracic vessels).

o This approach can be made because of the cardiac notch in the left lung and left parietal pleura, leaving the pericardial sac exposed.

¢ Aneedle can also be inserted into the infrasternal angle, again being careful of the internal thoracic artery and its branches, and passed
superiorly and posteriorly to reach the pericardial sac.

Cardiac Referred Pain
o While the heart is generallyinsensitive to various stimuli, ischemia (lack of oxygen) and the resulting accumulation of metabolic products
registers as pain, typicallyin the left pectoral and substernal regions and over the medial aspect of the left shoulder and upper limb.
The axons of visceral afferent fibers from the heart typically enter spinal cord segments from T1 through T4 or 5 on the left side.
o General sensoryfibers from these areas also enter the same spinal cord segments

Cardiac Bypass Graft (CABG)

* In this surgery, the patient has a blood vessel grafted into the coronary circulation to bypass an occlusion in one of the coronary arteries or
its branches.

¢ Inthe past, the saphenous vein was commonly used in the bypass graft, because itis easily obtained from the lower limb and has lengthy
sections without valves or branches.

o The internal thoracic artery is more frequently used to shunt blood from the aorta to branches of the coronary arteries beyond the occlusion.

o This restores normal blood flow to the part of the heart distal to the blockage.

Ventricular Septal Defects (VSDs)

o The membranous part of the interventricular septum is the most common site of ventricular septal defects (VSDs).

¢ VSDs account for 25% of all cardiac abnormalities.

¢ |t can be a result of any one of several developmental anomalies, such as failure of the embryonic endocardial cushions, which form part of
the septum, to fuse.

o Aleftto right flow of blood occurs with this defect because of the strength of contraction of the left ventricle.

¢ This increases the blood flow through the pulmonary trunk to the lungs and results in pulmonary hypertension (increased blood pressure)
and an enlarged heart.

¢ This condition is potentially fatal if not corrected.

Pathologies of the Aorta
o Aneurysms of the ascending aorta
¢ An aortic aneurysm is an enlargement of a weakened area of the aorta, in this case in the distal part of the ascending aorta.
o Aneurysms are prone to rupture once they reach a certain size and 50% of patients who experience a rupture of a thoracic aortic
aneurysm die before reaching the hospital.
o Ascending aortic aneurysms frequently cause dilation and leakage of the aortic valve, resulting in shortness of breath or even heart
failure.
o Theycan also cause a dull pain beneath the sternum and/or pain radiating to the upper back.
¢ Aortic dissection is a tearing of the internal walll of the aorta, with subsequent bleeding into the wall, as the result of an aneurysm,
atherosclerosis, or high blood pressure.
o Coarctation of aorta is a birth defect in which the aorta is narrowed somewhere along its length, most commonlyjust past the point where
the subclavian artery arises.
o This results in low blood pressure in branches of the aorta distal to the narrowing and high blood pressure in branches between the
narrowing and the heart.
o People with this condition often have high blood pressure in the upper body and arms (or one arm) and low blood pressure in the
lower bodyand legs.
o The intercostal arteries can become enlarged, since the anastomoses of the anterior intercostals (from the internal thoracic artery)
with the posterior intercostals can circumvent the narrowing.
o Aortic coarctation is more common in some genetic conditions such as Turner syndrome but also can be associated with congenital
abranditemities of the aortic valve such as a bicuspid aortic valve.

Valvular Insufficiencies

o The mitral valve is the heart valve most frequently affected by disease.

o It can be caused by endocarditis, myocarditis, rheumatic heart disease, or lupus erythematosus, or can result from a developmental
abranditemity.

o The diseased mitral valve allows reversal of blood flow from the left ventricle to the left atrium (mitral regurgitation).
o ltis characterized by a high pitched murmur, loudest over the apex of the heart.

» Narrowing of the pulmonary valve (stenosis) is caused by fusion of the valve cusps.
o ltcan result from a developmental abranditemity or diseases such as rheumatic fever or endocarditis.
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o Stenosis of the pulmonary valve leads to right ventricular hypertrophy and heart failure, if not corrected surgically.

Mnemonics

Memory Aids
PV2L: Pulmonary valve heard over 2nd left intercostal space

AV2R: Aortic valve heard over 2nd right intercostal space

Memory Aids
To remember the cusps of the aortic and pulmonaryvalves: A=Pand P=A

A(ortic) = Posterior, Right and Left

P(ulmonary) = Anterior, Right and Left
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23 Mediastinum
STUDY AIMS
At the end of your study, you should be able to:

o [dentify the mediastinum
¢ |dentifythe major arteries and veins of the mediastinum
o |dentify the trachea

o |dentifythe esophagus
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GUIDES
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[Plate 210, Mediastinum: Cross Section]

Left greater tharacic splanchnic nerve
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[Plate 225, Mediastinum: Left Lateral View]

General Description

o The mediastinum is the central compartment of the thorax between the two pleural cavities.

o Stretches from the thoracic inlet to the diaphragm and from the sternum to the bodies of the thoracic vertebrae posteriorly.

¢ lts contents include the heart, trachea, esophagus, great vessels of the heart, lymph nodes, nerves, and fat.
o The mediastinum is divided into two parts:

o The superior part extends from the thoracic inlet to a plane at the level of the sternal angle and the T4/5 intervertebral disc

o The inferior mediastinum extends from this plane to the diaphragm.
o Superior mediastinum contains the

o superior vena cava
o arch of the aorta and its branches
o trachea
o phrenic nenes
o thoracic duct
o esophagus
o vagus nenes
o left recurrentlaryngeal nene
o thymus
Inferior mediastinum is subdivided into
o anterior mediastinum
o middle mediastinum
o posterior mediastinum
The anterior mediastinum contains fat and the remnants of the thymus gland

o ascending aorta
o superior vena cava
o pulmonarytrunk
The posterior mediastinum contains

The middle mediastinum contains the heart surrounded by the pericardium and the roots of the great vessels. The great vessels are:
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o esophagus and the esophageal plexus
o descending aorta

o thoracic duct

o tracheobronchial lymph nodes

o azygos and hemiazygos veins

o thoracic sympathetic trunks
o thoracic splanchnic nerves

Structures in the Mediastinum
a. Thymus gland
o plays a central role in the development of the immune system
o lies posterior to the manubrium
o receives blood from the internal thoracic and anterior intercostal arteries
o is graduallyreplace by adipose tissue after puberty

b. Heart and pericardial sac (Section 3-5: Thorax-Heart)
c. Superior vena cava
o Formed by the union of two brachiocephalic veins
o Returns blood to the heart from all structures above the diaphragm except the heart and lungs
o Descends ‘erticallyand terminates in the right atrium
o Lies to the right of the ascending aorta and to the left of the right phrenic nene
o Receives azygous veins before piercing fibrous pericardium
d. Brachiocephalic veins
o Are formed in the root of the neck posterior to the sternoclavicular joints by union of the internal jugular and subclavian veins.
o Right brachiocephalic vein
= receives lymph from the right lymph duct.
s is accompanied byright phrenic vein.
o Left brachiocephalic vein
= s twice as long as the right
s runs obliquely down and behind the manubrium
s crosses the roots of the three major branches of the aorta
s receives lymph from the thoracic duct
e. Aorta
o Ascending
s begins at the aortic orifice
s ascends to the 2nd right sternocostal joint
o Arch
s Begins at the 2nd right sternocostal joint and arches superiorly and to the left
s Anterior to the right pulmonary artery and bifurcation of the trachea
s Passes over the root of the right lung
s Ends at the body of the T4 vertebra
o Descending (thoracic)
s begins at the body of T4 vertebra
s descends on the left side of the bodies of T5-12 vertebrae, posterior to the root of the left lung and the pericardium
s enters the abdomen through the aortic hiatus at the T12 vertebral body
s has a number of branches:
s bronchial (1-2)
s pericardial (twigs)
s superior phrenic (1 pair)
s esophageal (2)
s posterior intercostal (9 pairs)
s subcostal (1 pair)
f. Trachea

o Continues from the larynx
Contains cartilaginous semicircular rings
Is completed by muscle posteriorly
Descends anterior to the esophagus, slightly to the right of the midsagittal plane
Bifurcates into right and left main bronchi at level of T4/T5 (angle of Louis)
o Right bronchi divides into upper and lower lobar bronchi before entering the right lung
g. Esophagus
o |s afibromuscular tube from the pharynxto the stomach
o Contains both circular and longitudinal muscles, both skeletal and smooth
s upper 1/3-skeletal muscle
= |ower 2/3-smooth muscle
o Passes through right crus of diaphragm at T10
Continues for 1-2 cm below diaphragm
Supplied by esophageal plexus of nerves derived from
s rightand left vagal nenes
= sympathetic nerves
o Surrounded by a number of lymph nodes:
s inferior deep cenical nodes
= posterior mediastinal nodes
s intercostal nodes
s paratracheal nodes
s superior and inferior tracheobronchial nodes.
o \ascular supply
= arterial: esophageal branches of the thoracic aorta venous: azygos, hemiazygos and accessory azygos veins
h. Thoracic duct
o Originates from the cisterna chili in the abdomen
o Contains valves

o
o
o
o

o o
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o Ascends through the aortic hiatus in the diaphragm
o Lies anterior to the bodies of T6-12 vertebral bodies, between the thoracic aorta and the azygos vein
o Conweys lymph from the limbs, pelvic and abdominal cavities, left side of the thorax, left upper limb and left side of the head and neck
o Empties into the venous system at the junction of the left internal jugular and left subclavian veins
i. Azygos venous system
o Drains blood from the back and thoracoabdominal walls
Is highly variable

Offers an alternate route for blood to reach the heart if the inferior vena cava is blocked

[
o |s composed of an unpaired azygos vein and its main tributary, the hemiazygos wein.
o
[

Azygos vein

arises from ascending lumbar and/or renal veins and subcostal veins
ascends on the right side of the bodies of T5-T12 vertebrae
arches over the root of the right lung to join the superior vena cava
receives blood from

s hemiazgos vein

s posterior intercostals veins

s esophageal weins

s bronchial veins

s communications with the vertebral venous plexus

o Hemiazygos vein

arises from the left subcostal and ascending lumbar veins
ascends on the left side of the vertebral column from T12-T9
crosses the T9 vertebrae posterior to the aorta, esophagus and thoracic duct to emptyinto the azygos vein
receives blood from
= inferior three posterior intercostals
= inferior esophageal veins
s accessory hemiazygos (occasionally)

o Accessoryhemiazygos vein

begins at the 4th or 5th intercostal space on the left

descends on the left side of vertebrae T5-T8

crosses over T7 or T8 vertebrae to join the azygos

sometimes joins the hemiazygos

receives blood from
= posterior intercostal veins from the 4th through 8th intercostal spaces
s left superior intercostal vein (occasionally)

j. Vagus nerves and recurrent laryngeal nenes
o The right vagus nene

enters the thorax anterior to the right subclavian artery and immediately gives rise to the right recurrent laryngeal nene, which
loops around the right subclavian artery and ascends into the neck

descends on the right side of the trachea

passes posterior to the right brachiocephalic vein, superior vena cava and root of the right lung

gives rise to branches of the right pulmonary plexus

continues to the esophagus, where it contributes to the esophageal nerve plexus and continues as the anterior vagal trunk
into the abdomen

o The left vagus nerve

enters the mediastinum between the left common carotid and left subclavian arteries

s descends with the left phrenic nene to the aortic arch

gives off the left recurrent laryngeal nerve just below the arch, which loops around the arch and ascends into the neck
passes posterior to the root of the left lung where it contributes to the left pulmonary plexus

continues as a single nerve to the esophagus where it contributes to the esophageal nerve plexus and continues as the
posterior vagal trunk into the abdomen

k. Phrenic nerves
o Supply motor and sensoryfibers to the diaphragm
Enter the superior mediastinum between the subclavian artery and brachiocephalic vein on either side

The right phrenic nerve descends on the right side of the inferior vena cava to the diaphragm

[
o Pass anterior to the roots of the lungs, unlike the vagus nerve
[
[

The left phrenic nene

crosses the arch of the aorta
descends anterior to the root of the left lung and along the pericardium over the left atrium and ventricle
pierces the diaphragm to the left of the pericardium

1. Thoracic sympathetic trunks
o Are continuous with the cenical and lumbar sympathetic trunks
o Shift medially as they descend, crossing from the heads of the ribs to the costovertebral joints to the sides of the vertebral bodies
o Give off the paired thoracic splanchnic nenes

greater splanchnic: from T5-T9 vertebral levels
lesser splanchnic: from T10-T11 vertebral levels
least splanchnic: from T12 vertebral level
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FACTS & HINTS

High-Yield Facts
Clinical Points

Recurrent laryngeal nerve injury

o The recurrent laryngeal nerve supplies all of the intrinsic muscles of the larynxbut one.

o Surgery, injury, or disease affecting the contents of superior mediastinum can damage either or both recurrent laryngeal nenves, reducing
the wice to a hoarse whisper.

o The left recurrent laryngeal nerve passes beneath the arch of the aorta and ascends to the neck between the trachea and the esophagus.
Bronchogenic or esophageal carcinoma or an aneurysm of the arch of the aorta can thus affect this nerve.

Chylothorax

o Surgical procedures involving the posterior mediastinum can injure the thoracic duct, which is hard to identify because it has a thin wall and
is usually colorless.

¢ Injuryto the thoracic duct can lead to leakage of lymph into the thoracic cavity at a volume of up to 200 mL per hour.

o Lymphis called chyle when itis carrying chylomicrons (fat droplets) from the digestion of food in the gastrointestinal system.

o [flymph from the thoracic duct enters the pleural cavity, the resulting condition is called a chylothoraxand may require removal by
thoracocentesis.

Mnemonics
Memory Aids
To remember the spinal nerve contributions to the phrenic nerve: C3,4,5 keeps the diaphragm alive

8-10-12: T8-Site at which inferior vena cava pierces the diaphragm
T10-Site at which esophagus pierces the diaphragm
T12-Site at which aorta pierces the diaphragm

Memory Aids
SAT (for major contents of the superior mediastinum): Superior vena cava, Arch of aorta, and Trachea

Turkeys Blow Eggs: Trachea lies Behind the Esophagus

Memory Aids
Relationship of Thoracic Duct to Esophagus and Azygos Vein

"The duck lies between two gooses." duck = thoracic duct
Two gooses = azyGOOSE and esophaGOOSE
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Abdomen

24 Topographic Anatomy
STUDY AIMS
At the end of your study, you should be able to

Understand the boundaries of the abdominal cavity

Identify surface landmarks of the abdomen

Know the four quadrants of the abdomen and their contents

Know the nine regions of the abdomen

Know the lines and planes that create the four quadrants and nine regions
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GUIDE
Abdomen: Topographic Anatomy
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[Plate 240, Abdomen]
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[Plate 242, Regions and Planes of Abdomen]

Abdomen: General description

Lies between the diaphragm and the pelvic inlet.
Is the largest cavityin the body and is continuous with the pelvic cavity.
Lined with parietal peritoneum, a serous membrane
Bounded superiorly by the diaphragm

o Has a concave dome
o Spleen, liver, part of the stomach, and part of the kidneys lies under the dome and are protected by the lower ribs and costal

cartilages.

o Lower extent lies in the greater pelvis
o Between the ala or wings of the ilia
o lleum, cecum, and sigmoid colon thus partly protected
o Anterior and lateral walls composed of muscle
o \iscerain these areas are more likelyto be damaged by blunt force and penetrating injuries.
o Posterior wall comprised of vertebral column, the lower ribs, and associated muscles

Bony |

o Protect the abdominal contents.

andmarks of the abdomen

Xiphoid process
Lower six costal cartilages

Anterior ends of the lower sixribs (ribs 7 to 12) (Section 3-3: Thorax-Body Wall)

Lumbar vertebrae (L1 to L5)
Pelvis
o lliac crest

Anterior inferior iliac spine
Pubic symphysis

o
o
o
o

Abdomen: Topographical anatomy
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(nypochondriac
-
|
Ledi flank (lumbar
region)

Ledt grodn (imguinal
TR
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¢ Costal margin: Formed by the medial borders of the 7th through 10th costal cartilages
e Rectus sheath
o From xphoid process and 5th through 7th costal cartilages — pubic symphysis and pubic crest
o Contains rectus abdominis muscle (Section 4-2: Abdomen-Body Wall)
e Lineaalba
o Aslightindentation that can sometimes be seen extending from the xiphoid process to the pubic symphysis
o Afibrous raphe where the aponeuroses of the external and internal abdominal oblique and the transversus abdominis muscles on
either side unite.
o Semilunar line (linea semilunaris)
o \krtical indentation seen as a curved line from the tip of the ninth rib cartilage to the pubic tubercle on each side in well-muscled
individuals
o Represents the lateral edge of the rectus abdominus muscle
o Tendinous intersections
o Transverse attachments between the anterior rectus sheath and rectus abdominis muscle
o Maybe seen as transverse grooves in skin on either side of midline (six-pack)
® Inguinal ligament
o From ASIS to pubic tubercle of pelvis
o Folded inferior edge of external abdominal aponeurosis
o Separates abdominal region from thigh
o Umbilicus
o At approximate level of intervertebral disc between the L3 and L4
o Marks the T10 dermatome
o Liver
o Mainlyin the right upper quadrant, behind ribs 7 through 11 on the right side
o Crosses the midline to reach towards the left nipple (Section 4-5: Abdomen-Viscera (Accessory Organs))
e Spleen
o Beneath ribs 9 through 11 on the left side
o 10thrib is axis of spleen
o Kidneys
o Located inloin region
o Leftkidneyis higher than right (pelvis at L1/2 on left and L2/3 on right) (Section 4-8: Abdomen-Kidneys and Suprarenal Glands)

Abdominal contents

¢ Gastrointestinal tract
o Stomach
Duodenum
lleum
Jejunum
Cecum and appendix
Ascending, transverse and descending colon
o Part of the sigmoid colon
o Accessorydigestive organs
o Liver
o Gallbladder
o Pancreas
e Spleen
o Suprarenal glands
o Urinarysystem-kidneys and ureters
o Kidneys are the only organs developing beneath the parietal peritoneum
o Newver have a mesentery
o Thus are primarily retroperitoneal
¢ Organs that develop within the abdominal cavity and then become retroperitoneal
o Are called secondarily retroperitoneal
o Pancreas
o Two thirds of the duodenum
o Ascending and descending colon.
o All the rest of the organs are peritoneal
o Lie within the peritoneal cavity
o Covwered bya layer of visceral peritoneum
o Visceral peritoneum is continuous with the parietal peritoneum lining the cavity via a mesentery.

0O o o o o

Abdominal regions

¢ Abdominal quadrants
o Clinicians usually divide the abdomen is into four quadrants for descriptive purposes, using the following planes:
s Median plane: imaginary vertical line following the line alba from the xiphoid process to the pubic symphysis
s Transumbilical plane: imaginary horizontal line at the level of the umbilicus
o These lines or planes create four quadrants
s Right upper
s Leftupper
= Rightlower
s Leftlower
o Abdominal regions
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o Clinicians maydivide the abdomen into nine regions

s For more accurate descriptive and diagnostic purposes
s Use two vertical and three horizontal lines or planes

o Horizontal planes (in descending order):

s Subcostal plane: passes through the lower border of the 10th costal cartilage on either side

s Sometimes the transpyloric plane is used instead of the subcostal; passes through the pylorus on the right and the tips of

the ninth costal cartilage on either side

s Transumbilical plane: passes through the umbilicus at the level of the L3/4 intervertebral disc
s Transtubercular (intertubercular) plane: passes through the tubercles of the iliac crests and the body of L5

o \ertical planes
s Right midclavicular line
s Left midclavicular line

s Pass from the midpoint of the clavicle to the midpoint of inguinal ligament.

o These planes create nine abdominal regions:

= Rightand left hypochondriac regions, superiorly on either side

Epigastric region superiorly and centrally

Right and left lumbar (flank) regions, centrally on either side
Right and leftinguinal (groin) regions, inferiorly on either side

Umbilical region, with the umbilicus as its center

s Hypogastric or suprapubic region, inferiorly and centrally
¢ Descriptive quadrants and regions are essential in clinical practice

o Each area represents certain visceral structures

o Alow correlation of pain and referred pain from these areas to specific organs.
o Regions and quadrants are palpated, percussed, and auscultated during clinical examination

Contents of the Abdominal Quadrants

Liver (right lobe)

Gallbladder

Pylorus (of stomach)

Duodenum (parts 1 through 3)

Pancreas (head)

Right kidney and suprarenal gland

Colon: distal ascending colon, hepatic flexure and right half
of transverse colon

Liver (left lobe)

Spleen

Stomach

Jejunum and proximal ileum

Pancreas (bodyand tail)

Left kidney and suprarenal gland

Colon: left half of transverse colon, splenic flexure and superior part
of descending colon

Majority of ileum Distal descending colon
Cecum with vermiform appendix Sigmoid colon
Proximal ascending colon Left ureter
Proximal right ureter
Ovaries
Uterine tubes

Right and left ductus deferens
Uterus (if enlarged)
Urinary bladder (if full, especiallyin women)
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FACTS & HINTS

High-Yield Facts
Clinical Points

McBurney's Point and Appendicitis

o McBurney's point: Asurface landmark that roughly indicates the location of the appendix, located approximately one third of the wayalong a
line from the anterior superior iliac spine to the umbilicus.

o Appendicitis: inflammation of the appendix Pain first presents in the epigastric region, moves to the umbilical region and then localizes in
the right lower quadrant. Rupture of the appendixleads to peritonitis (inflammation of the peritoneum). This presents with severe pain, fever,
and abdominal rigidity.

¢ Muscle-splitting incision (of McBurney): used to access the appendix Each muscle layer is splitin the direction of the fiber orientation. The
incision must not go too far laterally or the ascending branch of the deep circumflexiliac artery may be severed.

Clinical Points

Grey-Turner's sign

Local right flank redness or bruising (ecchymosis)

Indicates a retroperitoneal hemorrhage

Usually takes 24 to 48 hours to appear

Can be predictive of severe hemorrhagic pancreatitis, abdominal injury; or metastatic cancer

Clinical Points

Cullen's sign
o Discoloration (ecchymosis) around the umbilicus
o Aresult of peritoneal hemorrhage

Mnemonics
Memory Aids
Causes for abdominal expansion (protuberance):
Remember the five Fs: Fat
Feces
Fetus
Ratus
Auid.
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25 Body Wall
STUDY AIMS
At the end of your study, you should be able to:

Know the layers of the anterior abdominal wall from superficial to deep

Understand the orientation and functions of the muscles of the anterolateral abdominal wall

Describe the structure of the rectus sheath and its contents

Describe the neurovascular supply of the abdominal wall

Understand the boundaries of the inguinal canal and layers of the spermatic cord

Describe the boundaries of Hesselbach's triangle

Know the etiology and location of the umbilical peritoneal folds

Understand the structure and organization of the posterior abdominal wall and its neurovascular relations
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GUIDE
Abdomen: Body Wall

Series of abdominal axial CT images from superior (A) to inferior (D)

Left lobe of ver

Inferior vena cava

Rectus abdominis muscle
Transwerse colon
Ascending colon
Dhescending colon

l!ighr lesbyex o Bivisr
Right kidney
Deep back muscles

Right common iliac artery
Left commaon e artery
Descending colon

Body of vertebra

Deep back muscles
[Plate 324, Abdominal Scans: Axial CT Images]
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[Plate 330, Schematic Cross Section of Abdomen at L3, 4]

Anterolateral Abdominal Wall

o Fascial layers
o Superficial fascia: two layers in abdomen
Fatty superficial layer (Camper's fascia)

[
o Deeper membranous layer (Scarper's fascia)
o Deep fascia-a verythin layer investing the most superficial muscles.
o Transwersalis fascia (endoabdominal fascia)
s Athin membranous sheet lining most of the abdominal wall
s Lies deep to the transversus muscles and the linea alba
o Endoabdominal fat separates the transversalis fascia from the parietal peritoneum
e Muscles
o Functions
s Protect the viscera
s Help maintain posture

s Can compress the abdominal contents, thus raising intra-abdominal pressure, such as in sneezing, coughing, defecating,

micturating, lifting, and childbirth
Four paired muscles make up the anterolateral abdominal wall
Three flat muscles
Asingle vertical muscle.
Three flat muscles include
s The external abdominal oblique
a. Largest and most superficial
b. Fibers run inferiorly and medially and end in aponeurosis that contributes to the rectus sheath.
c. Inferior border of its aponeurosis forms the inguinal ligament, where it thickens and folds back on itself
d. Innervated segmentally by T6-T12 spinal nerves and subcostal nerve
s The internal abdominal oblique
a. Athin muscular layer
b. Fibers run inferiorly and laterally and end in an aponeurosis that contributes to the rectus sheath

o o o o

c. Inferior aponeurotic fibers join with those of the rectus abdominis to form the conjoint tendon, inserting onto the pubic

crest




d. Innervated segmentally by the ventral rami of T6-T12 spinal nerves
The transversus abdominis
a. Innermost of the three flat muscles

b. Fibers run transverselyand mediallyand end in an aponeurosis that contributes to the rectus sheath.

¢. Innervated segmentally by the ventral rami of T6-T12 spinal nerves
Linea alba
a. Tendinous raphe running verticallyin the midline

b. Formed by the union of the aponeuroses of the flat muscles on either side

c. Largelyavascular
d. Umbilicus found in midline

o \krtical muscle = rectus abdominis

Paired

s Separated by the linea alba in the midline

Wider superiorly than inferiorly

Typically composed of four segments connected by tendinous intersections that attach anteriorly to the sheath of this muscle

Innervated segmentally by the ventral rami of T6-T12 spinal nenes

Have the superior epigastric and the inferior epigastric arteries running inferiorly and superiorly, respectively, on their deep

surfaces.

o Pyramidalis muscle
s Small, insignificant, triangular muscles arising from the body of the pubis inferiorly

Inserts into the linea alba medially
Absentin 20% of people

o Rectus sheath
o Atough, fibrous sheath composed of the aponeuroses of the three flat muscles
s Extends from the xiphoid process and fifth through seventh costal cartilages to pubic symphysis and crests
s Contains the superior and inferior epigastric vessels, lymphatics and branches of the ventral primary rami of T7-T12

Encloses the rectus abdominis and the pyramidalis muscle
Semilunar line marks lateral border

o Has a crescent-shaped line-the arcuate line-on its posterior wall approximately three fourths of the way down the wall
o Above the arcuate line:
s Anterior wall composed of the aponeurosis of the external abdominal oblique and the anterior layer of the aponeurosis of the

internal abdominal oblique

= Posterior wall composed of the posterior layer of the aponeurosis of the internal abdominal oblique, the aponeurosis of the
transversus abdominis, the transversalis fascia of the abdomen, and parietal peritoneum
o Below arcuate line

s Aponeuroses of all three flat muscles pass anterior to the rectus muscle, reinforcing the anterior wall

= Posterior wall composed of just transversalis fascia and parietal peritoneum

o Has vessels and nerves entering the sheath atits lateral edge, the semilunar line, to supply the rectus muscle.

Muscle Proximal Attachment (Origin) Distal Attachment Innervation
(Insertion)
External External surfaces of 5th to 12th |Linea alba, pubic tubercle, |Inferior seven
oblique ribs and anterior half of iliac thoracic nenes
crest
Internal Thoracolumbar fascia, anterior |Inferior borders of 10thto | \entral rami of
oblique two thirds of iliac crest, and 12thribs, linea alba, and  |inferior six
lateral half of inguinal ligament |pubis via conjointtendon  |thoracic and
1stlumbar
nerves
Transversus | Intermnal surfaces of 7-12 costal |Linea alba with \entral rami of
abdominis | cartilages, thoracolumbar aponeurosis of internal inferior six
fascia, iliac crest, and lateral | oblique, pubic crest,and  |thoracic and
third of inguinal ligament pecten pubis via conjoint | 1stlumbar
tendon nerves
Rectus Pubic symphysis and pubic Xiphoid process and costal | \entral rami of
abdominis |crest cartilages 5-7 inferior six
thoracic nenes
Pyramidalis |Body of pubis, anterior to rectus |Linea alba
abdominis
o Nerve supply

o Neurovascular plane
s Found between the internal abdominal oblique and the transversus abdominis
s Contains the vessels and nerves supplying the skin and muscles of the anterior and lateral abdominal wall.

Nenves and vessels are transversely oriented and segmental

o Neres

Thoracoabdominal nerves

Anterior cutaneous branches of the ventral primary rami of T7-T11
a. T7-T9 supply skin above the umbilicus
b. T10 supplies skin around the umbilicus

BloodSupply  Main Actions

Superior and Compresses and

inferior epigastric [supports

arteries abdominal viscera
flexes and rotates
trunk

Superior and Compresses and

inferior epigastric [supports

and deep abdominal viscera

circumflexiliac  |flexes and rotates

arteries trunk

Deep circumflex |Compresses and
iliac, and inferior |supports
epigastric arteries |abdominal viscera

Superior and Flexes trunk and
interior epigastric |compresses
arteries abdominal viscera

Inferior epigastric | Tenses the linea
artery alba

¢. T11 (plus subcostal and ilicinguinal and iliohypogastric nerves) supplies skin below umbilicus

194 / 425



d. Subcostal nenes (T12) supply skin below umbilicus
e. lliohypogastric and ilioinguinal nerves (terminal branches of L1) supplies skin below umbilicus

o Vascular supply

o Ateries
s Anterior and collateral branches of posterior intercostal arteries

s Branches of the internal thoracic arteries
a. Superior epigastric
b. Musculophrenic
s |nferior epigastric (from external iliac)
= Branches of the femoral artery
a. Superficial epigastric
b. Superficial circumflexiliac

o \kins
s \Enous drainage is Via venae comitantes (veins corresponding to the arteries listed)

s Blood drains away from the umbilicus
s \knous drainage to the caval system
o Lymphatics
s Superficial lymphatics above the umbilicus lymph drains to the axillary nodes
s Superficial ymphatics below the umbilicus drain to the superficial inguinal nodes
s Deep lymphatics

a. Accompanydeep veins
b. Drain to external iliac, common iliac, and lumbar nodes

Posterior abdominal wall
Hepatie veins

Inferior phrenic veins

Inferior vena cava Esophagus
Left suprarenal veins and
anaslomsosis with infe o

Right inferior
phrenic vein
5

suprarenal vein

4 . .
% Leit renal wein

Right renal vein

Ohvarian (testicular)

Psoas major
veins

muscle (cuth

Ascending

Cuandratus
lumbar veins

lumborum muscle ~
Commen ilac

Subcostal vein
c vein
15t 1o dih right
lumbar vieins Internal iliac
wein

ipdumbar vein
Supericr gluteal

Commaon 1 wvein

iliac vein a

. | % 3 lenferion glufeal
. vein

Onvarian

ipesticular) | 4 \ L7 h,

vemns and = 4 Internal

ureder (ud) v i pudendal vein
Intemnal External iliac
iliac vein ven

Middle rectal
vein

Median
sacral vein
Lateral Ltering vein
sacral veins . )
Superior vesical
Deep circumilex b i ven
iliac wein d . \ 1 e .
™ - e Deep circumilex
. - ’ 5 lliac vein
Superficial - =p /
ik . i 5.7 Obturator vein

circumiflex
iliac vein ; _ /
= ;- . Round ligament

of uterus

Inferiar
EPIBASIIIC vein
[faTi]

Inferior epigasinc
vesn

Superficial epigastric vein (o) . . . - (il
A2 | ! Rectal venous

plexus

Uterovaginal venous
plexus

Pubic tobturator anastomotic) vein

Femaoral vein
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" Anterior abdominal
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[Plate 258, Veins of Posterior Abdominal Wall]

Transverse processes of Acting superiorly with iliacus, flexes
lumbar vertebrae; sides of |of femur hip; acting inferiorly, flexes vertebral
bodies of T12-L5 column laterally; used to balance
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vertebrae, and intervening branches trunk in sitting position; acting

intervertebral discs of L1-L4 inferiorly with iliacus, flexes trunk
nerves
lliacus Superior two thirds of iliac |Lesser trochanter| Femoral lliolumbar artery Flexes hip and stabilizes hip joint;
fossa, ala of sacrum, and |of femur and nene (L2- acts with psoas major
anterior sacroiliac shaftinferior toit, |L4)
ligaments and to psoas
major tendon
Quadratus |Medial half of inferior lliolumbar \entral lliolumbar artery Extends and laterallyflexes vertebral
lumborum |border of 12th rib and tips  |ligament and branches column; fixes 12th rib during
of lumbar transverse internal lip of iliac |of T12 and inspiration
processes crest L1-L4
nerves

Diaphragm | Xiphoid process, lower six |Converge into Phrenic Pericardiacophrenic| Draws central tendon down and
costal cartilages, L1-L3 central tendon  |nenve (C3- |musculophrenic, |forward during inspiration

¢ Fascia

o

o
o
o
o

vertebrae C5) superior and
inferior phrenic
arteries

Superficial fascia: single layer
Deep fascia-a very thin layer investing the most superficial muscles.
Transwersalis fascia (endoabdominal fascia)
Endoabdominal fat separates the transversalis fascia from the parietal peritoneum
Psoas sheath
s Fascia covering the psoas muscle
s Attaches to lumbar vertebrae and pelvic brim
s Thickened superiorly to form the medial arcuate ligament-a site of origin of the muscle of the diaphragm
Fascia of quadratus lumborum
s Fuses medially with psoas fascia
s Thickened superiorly to form the lateral arcuate ligament-a site of origin of the muscle of the diaphragm
Thoracolumbar fascia (Section 2: Back and Spinal Cord)
Composed of anterior and posterior layers
Encloses the deep muscles of the back
Thick and strong in the lumbar region

muscles

o Muscles

o

o

o

Psoas major
s Long and thick
s Lies lateral, and is attached to, the lumbar vertebrae
s Tendon passes deep to inguinal ligament to lesser trochanter of femur
s Together with iliacus forms iliopsoas muscle, which flexes the hip, helps maintain erect posture
s Lumbar plexus of nerves embedded within it
lliacus
s Attaches to superior two thirds of iliac fossa
s Joins psoas to form iliopsoas
Quadratus lumborum
s Thick quadrangular muscle of posterior wall
s Extends from 12th rib and tips of lumbar transverse processes to iliac crest
s Flexes and laterally extends vertebral column

o Arteries of the posterior abdominal wall (Section 4-6: Abdomen-Visceral Vasculature)

o

o

Abdominal aorta
= Origin of most of arteries supplying the posterior wall
s Begins anterior to the body of T12 and ends at bifurcation of the common iliac arteries at L4
Common iliac artery
s Follows the medial border of the psoas
s Divides into internal and external iliac arteries at pelvic brim
s BExternal iliac
a. Gives off inferior epigastric and deep circumflexarteries
b. Exits under the inguinal ligament as the femoral artery
c. Supplies lower limb
s Internal iliac artery supplies pelvis
Unpaired visceral branches of abdominal aorta
s Celiactrunk (T12)
s Superior mesenteric (L1)
s Inferior mesenteric (L3)
Paired visceral branches
s Suprarenal arteries (L1)
s Renal arteries (L1)
s Gonadal arteries (L2) (Note: gonadal arteries branch from the anterior aorta)
Paired parietal branches
s Subcostal arteries (T12)

Extends from 12th rib to iliac crest and continuous laterally with deep fascia of internal oblique and transversus abdominus
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s Inferior phrenic arteries
s Lumbar arteries (four pairs)
o Unpaired parietal branch: Median sacral artery arising just above aortic bifurcation
¢ \eins of the posterior abdominal wall (Section 4-6: Abdomen-Visceral Vasculature)
o Inferior vena cava (IVC)
s Formed from union of common iliac veins
s Begins anterior to body of L5 and passes through the diaphragm at T8.
s |ts tributaries follow branches of aorta
= Exceptions:
a. Left gonadal vein drains to left renal vein
b. Left suprarenal vein drains to left renal vein
o Blood from abdominal viscera
s Drains via portal system and liver
s Reaches IMC through the hepatic veins
o Ascending lumbar veins
s Drain to azygos/hemiazygos wveins and thence to superior vena cava (SVC)
s Forms an anastomosis between IVC and S\VC.
o Lymphatics of the posterior abdomen
o Common iliac nodes
s Receive lymph from the external and internal iliac nodes
s Drain to lumbar (para-aortic) nodes
o Lumbar (para-aortic) nodes
s Receive lymph from the posterior abdominal wall, descending colon, kidneys, ureters, testes/ovaries, uterus, uterine tubes
s Efferent vessels form the lumbar lymphatic trunks
o Preaortic nodes
s Receive lymph from the digestive tract, liver, spleen, and pancreas
s Efferent vessels form the intestinal lymphatic trunks
* Nerves of the posterior abdominal wall (Section 4-7: Abdomen-Innervation)
o Somatic nerves
s Subcostal nerves
a. \entral primary rami of T12
b. Ardse in the thorax
¢. Run inferiorly on surface of quadratus lumborum
d. Supply external abdominal oblique and skin of anterolateral abdominal wall
s Lumbar nerves
a. Dorsal and ventral primary rami of lumbar spinal nenes
b. Dorsal rami supply muscles and skin of back
¢. \entral rami pass into substance of psoas major muscle and form lumbar plexus
o Nenrves of lumbar plexus
s llicinguinal and iliohypogastric nerves (L1)
a. Enter abdomen posterior to medial arcuate ligament
b. Pierce transverse abdominus near anterior superior iliac spine (ASIS)
¢. Supply skin of suprapubic and inguinal regions
s Genitofemoral nerve (L1/2)
a. Emerges from anterior surface of psoas muscle
b. Runs inferiorly deep to fascia
c. Divides into genital and femoral branches
s Lateral femoral cutaneous nenve (L2/3)
a. Emerges from lateral aspect of psoas muscle
b. Runs inferiorlyon iliacus
c. Enters thigh posterior to inguinal ligament and medial to ASIS
s Obturator nerve (L2-L4)
a. Emerges from medial border of psoas
b. Descends through pelvis to obturator canal
c. Supplies muscles and skin of medial thigh
s Femoral nene (L2-L4)
a. Emerges from lateral border of psoas
b. Innervates iliacus
c¢. Passes beneath inguinal ligament on surface of iliopsoas muscle
d. Innervates muscles of anterior thigh
s |Lumbosacral trunk (L4/5)
a. Descends over ala of sacrum into pelvis
b. Joins in formation of sacral plexus
o Autonomic nerves
s Thoracic splanchnic nenes
a. Greater (T5-T9), lesser (T10-T11) and least (T12) thoracic splanchnic nenes
b. Conwey presynaptic sympathetic fibers to celiac, superior mesenteric, and aorticorenal sympathetic ganglia
s Lumbar splanchnic nerves
a. Rise of abdominal sympathetic trunks
b. Three to fourin number
¢. Conwey presynaptic sympathetic fibers to inferior mesenteric, intermesenteric, and superior hypogastric plexuses
s Prevertebral sympathetic ganglia
a. Celiac
b. Superior mesenteric
c. Inferior mesenteric
d. Aorticorenal
s Parasympathetic fibers
a. Preganglionic
b. From anterior and posterior vagal trunks and pelvic splanchnic nerves
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s Autonomic plexuses
a. Contain preganglionic sympathetic and parasympathetic fibers, postganglionic sympathetic fibers, sympathetic
ganglia (prevertebral), and visceral afferent fibers
b. Some named for major blood vessels (periarterial): celiac, superior mesenteric, inferior mesenteric, intermesenteric,
aorticorenal
c. Superior hypogastric plexus-continuous with inferior mesenteric and intermesenteric plexuses at aortic bifurcation

Internal features of anterior abdominal wall

Subclavian vein

Axillary vein
Cephalic vein

Intercostal
tributaries
te axillary
wEin

Lateral thoracic vein Cephalic vein

Anteriar I ] 1 i s
intercostal veins 2 - LES . < Axillary vein

Internal thoracic vein Lateral thoracic vein

Musculophrenic vein Areolar venous plexus

Superior epigastic veins S .
Perfarating iributaries
it to internal thoragic
Thoracoepigastric vein vain
Paraumbilical veins in i | = - H H H
round ligament of liver 1 1 1 - Thoracoepigasiric vein

Inferior epigastric veins Tributaries of

paraumbilical veins
Tributaries to deep
carcumiles liac veins Thoracoepigastric vein
Thoracoepigastric vein (cet) : ) T
Superficial epigastric vein
Superficial
circumilex iliac vein Superficial circumilex
iliac vein

Superficial epigastric vein

Eriermal udeoid v External pudendal vein

Saphenous opening | = - . B ribrifarm fascia over

saphenous apening

[Plate 250, Veins of Anterior Abdominal Wall]

Femoral vein

Greal saphenous vein
Great saphenous vein

Anterior scrotal veins

1

Pampiniform {venous) plexus

Superficial dorsal vein of penis

o Lined by parietal peritoneum
o Has five peritoneal folds, inferior to the umbilicus
o Median umbilical fold
s Extends in the midline from the bladder to the umbilicus
s Represents the remnant of the urachus
o Medial umbilical folds (two)
s One on either side of median umbilical fold
s Represent remnants of umbilical arteries
o Lateral umbilical folds (two)
s One on either lateral side of the medial umbilical folds
s Ower the inferior epigastric vessels
o Peritoneal fossae are formed between the umbilical folds:
o Supravesical fossae: between the median and medial folds
o Medial inguinal fossae: between the medial and lateral folds
o Lateral inguinal fossae:
s Lateral fo lateral folds
= Site of deep inguinal ring (beneath peritoneum)
o Falciform ligament
o Asharp-edged fold of peritoneum
o Extends between peritoneum of the abdominal wall above the umbilicus and the liver
o Contains the round ligament of the liver (ligamentum teres hepatis: remnant of the umbilical vein)
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Hesselbach's (inguinal) triangle

e Boundaries:
o Medially: lateral border of rectus abdominis
o Laterally: inferior epigastric vessels
o Inferiorly: inguinal ligament
¢ Significance
o Only peritoneum, endoabdominal fascia and transwversalis fascia form the wall
o The superficial inguinal ring lies directly external fo it
o ltis thus the site where direct inguinal hemias protrude from the abdominal cavity

Inguinal canal: A feature of the anterior abdominal wall
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[Plate 253, Inguinal Region: Dissections]
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Testicular vessels covered by peritoneism External ablique muscle
Testicular vessels and genital branch of genitofermoral nerve Intermnal oblique muscle

Ductus (vas) deferens Transversus absdominis muscle

Cremasteric vessels Transversalis fascia

Extraperitoneal
fascia (loose
Dusctus fvast deferens covered by peritoneum conneciive lissue)

External liac vessels covered by peritoncum

Inferior epigastric vessels Peritoneum

Medial umbilical ligament
(poduded pan of umbilical artery)

Umbilical prevesical fascia

Urinary bladder

Rectus abdominis musde

Pyramidalis muscle
Median umbilical

ligament (urachus)
Superiicial : )
inguinal ring Anterior
superior
iliac spine

Orrigin of internal
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from transversalis
fascia at deep
imguinal ring
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Pubic
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external g Femaoral
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APOMEUnosis) .
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€0
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External spermatic fascia spermalic cord
enveloping spermatic cord

Pubic tubercle

Ingeanal ligament (Poupart’s)

Inguinal fakx (conjoint tendon) Intercrural fibers
[Plate 254, Inguinal Canal and Spermatic Cord]
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Transversalis fascia (cut edge)

Extrapenitoncal fascia
Parietal peritoneum
Median umbalical ligament (urachus)

Medial umbilical ligament (ocduded part
of umbilical artery|

Inferior epigasinic vessels

Deep circumilex iliac vessels
Testicular vessels
Cremasteric artery
Ductus (vas) deferens
External iliac vessels
Accessory obturator vessels

External oblique aponeurosis (col)

Internal spermatic fascia on spermatic cord
Femoral nerve (deep to illiopsoas fascia)
Femoral vessels in femoral sheath

Falbciiorm margin of saphenous opening
{eur and reflected)

Ureter

Genitotemaoral nerve
Urinary
hladder

Pectineal
ligament
(Cooger's)

:...u:undr i b .

igament |

ai (posterior wall

[Gimbernat’s) Toered by
Inguinal {Bopsoas fascia)

ligamnent
(Poupart’s) Lateral femoral cutaneous nerve
fliae fascia
Genital branch of genitoferoral nerve
Femoral branch of geniiolemoral nerve
Testicular vessels
External liac vessels
Inferior epigastnic vessels
Duscius ivas) deferens and cremastenic artery

Femoral ring
Transwversalis fascia forms

gﬁ anterior wall of femoral sheath
.4 Lacunar ligament (Gimbernat'sh

Inguinal ligament {Poupart’s)

Lymph node (Cloquet’s) in femoral canal

Femaoral sheath {cut open)

Pectineal fascia

[Plate 255, Femoral Sheath and Inguinal Canal]

Oblique canal, approximately 4 cm long at the inferior margin of the anterior abdominal wall
Parallel and superior to the medial half of the inguinal ligament
Deep inguinal ring: internal entrance to canal
o Entrance to the canal through the transwersalis fascia.
o Located 1.25 cm superior to the midpoint of the inguinal ligament
o QOccurs lateral to the epigastric vessels
Superficial ring: external exit of the canal
o Bxitthrough the external oblique aponeurosis
o Located superolateral to the pubic tubercle

Boundaries:

o Anterior wall: exernal oblique aponeurosis (and internal oblique laterally)
o Posterior wall

s Transwersalis fascia laterally

s Internal oblique and conjoint tendon (joint insertion of aponeuroses of internal oblique and transverses abdominus) medially
o Roof: arching fibers of internal oblique

o Floor: inguinal ligament, reinforced medially by the lacunar ligament

Contents:

o Spermatic cord in men

o Round ligament in women (Section 5: Pelvis and Perineum)
o llioinguinal nene

o Blood and lymphatic vessels
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FACTS & HINTS

High-Yield Facts
Clinical Points

Inguinal Hernia

Most abdominal hernias occur in the inguinal region

Most hernias are inguinal hernias

Inguinal hernias are more common in men

About 20% are direct inguinal hernias.

Directinguinal hernias protrude through the layers of the wall in Hesselbach's (the inguinal) triangle, medial to the epigastric vessels.
The hernial sac consists of peritoneum containing a portion of a viscus (usually small or large bowel)

Indirect hemias which leave the abdomen /ateral to the epigastric vessels, entering the inguinal canal through its deep ring.

The hernial sac consists of peritoneum containing a portion of a viscus (usually small or large bowel) and is covered by the layers covering
the spermatic cord.

* The heria may continue through the superficial ring and into the scrotum.

Clinical Points

Psoas Abscess

Usually caused by the spread of lumbar vertebral tuberculosis to the psoas sheath.

The sheath becomes thickened and pus accumulates beneath it

Pus tracks inferiorly within the sheath, deep to the inguinal ligament, surfacing in the superior part of the thigh.
Should pus track to the adjacent iliac fascia, a recess may form-the iliacosubfascial fossa.

The large bowel can become trapped in this fossa, with resulting severe pain.

Mnemonics
Memory Aids
Muscles of the abdominal wall: TIRE
Transversus abdominis
Internal oblique
Rectus abdominis
External oblique
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26 Peritoneal Cavity
STUDY AIMS
At the end of your study, you should be able to:

o Understand the difference between the abdominopelvic and peritoneal cavities

* Be able to explain the difference between the greater sac and the lesser sac (omental bursa)

¢ Understand the organization of the peritoneal folds that form the greater omentum, lesser omentum, the mesentry of the small intestine,
and other mesenteries and peritoneal ligaments

o Know which organs are intraperitoneal, retroperitoneal, and secondarily retroperitoneal

o Describe the subdivisions of the peritoneal cavity
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GUIDE
Abdomen: Peritoneal Cavity
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[Plate 323, Abdominal Wall and Viscera: Paramedian (Parasagittal) Section]
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Common hepatic artery
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Anastomotic loops (arcadesh

e
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[Plate 287, Arteries of Small Intestine]
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[Plate 288, Arteries of Large Intestine]
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Peritoneum
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[Plate 291, Veins of Large Intestine]

e Serous membrane
o Lines the abdominopelvic cavity
o Consists of two continuous layers of mesothelium:
o Parietal peritoneum

s Lines the internal abdominal wall
s Receives its neurovascular supply from the region of the wall itlines

o \isceral peritoneum

s Invests abdominal viscera
® Receives its neurovascular supply from that of organ

o Peritoneal cavity

o
o
o
o
o

Apotential space between the parietal and visceral layers of the peritoneum
Contains a thin film of fluid

No organs actually lie within this potential space

Males: peritoneal cavityis completely closed

Females: communicates with exterior of body via uterine tubes, uterus, and vagina

o Intraperitoneal organs
o Are organs nearly totally covered by visceral peritoneum

o

o
o
o

Not actuallyinside the peritoneal cavity, but project into the peritoneal cavity
Are covered by peritoneum

Are attached to bodywall and other organs by mesenteries and ligaments
Include:

s Liver

s Spleen

Stomach

First part of duodenum
Jejunum

lleum

Transverse colon
Sigmoid colon
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s Superior rectum
¢ Primarily retroperitoneal organs
o Organs that develop and remain beneath the parietal peritoneum
o Onlythe kidneys
o Secondarily retroperitoneal organs
Organs that developed with a short mesentery

Mesentery of organ fuses with parietal peritoneum: fusion fascia
Peritoneum covers onlyits anterior surface, hence, secondarily retroperitoneal
Organ can be freed at its lateral edge, along the plane of the fusion fascia
Include

s Adrenal glands

s Pancreas

s Parts two through four of the duodenum

s Ascending and descending colon

© 0o o o o o

Omenta

Vertehral body of L1

Inferior vena cava Abdominal aora

Diaphragm Splenic vein

Rib Right kidney

Parictal
peritoneun

Transverse colon Cuastrogplenic
(gastrolienal)
ligament
Transverse mesocolon &

Lireater onrmentum

Dusodenum
Visceral peritoneum (cut edges)
Omental {epiphoic) st "
foramen (ol Winslow) Shpmac
(Common) bile duct Pancreas
L - : mental bursa (lesser sach
:?-f::l.'l Hepatic portal vein
Lesser omentum thepatoduodenal égﬁ
Proper hepatic artery and hepatogastric igaments) Rid

[Plate 265, Omental Bursa: Cross Section]

e Omentum = double-layered fold of peritoneum
o Lesser omentum: connects lesser curve of stomach and proxmal duodenum to liver
o Passes from the stomach and first part of the duodenum to adjacent organs
o Consists of two parts:
s Hepatogastric ligament
s Hepatoduodenal ligament
o Greater omentum
o Hangs down from the greater curve of the stomach and proximal duodenum
o Folds back on itself to attach to the transverse colon

Mesenteries

¢ Mesentery=double layer of peritoneum created by invagination of peritoneum by an organ

Become pushed against parietal peritoneum lining the body wall by growth of other organs, primarily the small intestine.
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Is the continuity of visceral and parietal peritoneum
Provides a pathway for neurovascular communication between organ and body wall
Contains lymph nodes and variable amounts of fat
The mesentery is the mesentery of the small intestine
The mesocolon is the mesentery of the large intestine
o Transverse mesocolon
o Sigmoid mesocolon

Peritoneal ligaments

¢ Ligament = double layer of peritoneum connecting an organ to another organ or to the abdominal wall
o Ligaments of the liver:
o Falciform ligament: from liver to anterior abdominal wall
o Gastrohepatic ligament
s From lesser curvature of stomach to liver
s =3 portion of lesser omentum
o Hepatoduodenal ligament
s From the liver to the first part of the duodenum
s =Right, thickened free edge of lesser omentum
s Contains portal triad (portal vein, hepatic artery, bile duct)
¢ Ligaments of the stomach
o Gastrophrenic ligament: from stomach to inferior diaphragmatic surface
o Gastrosplenic ligament: from stomach to hilum of spleen
o Gastrocolic ligament: from stomach as the greater omentum to the transverse colon
o Ligaments of the spleen
o Gastrosplenic: from stomach to hilum of spleen
o Splenorenal (lienorenal): from spleen to the left kidney
o Phrenicocolic ligament (sustentaculum lienis)
o From the left hepatic flexure of transverse colon to diaphragm
o Supports the spleen

Peritoneal subdivisions

¢ Greater sac: main peritoneal cavity
o Lesser sac (omental bursa)
o Posterior to the stomach
o \isible through the lesser omentum
o Superior recess: limited by the diaphragm and posterior layers of the coronary ligament of the liver (Section 4-4: Abdomen-Viscera
(Gut))
o Inferior recess: potential space between layers of the greater omentum
o Communicates with the greater sac via the epiploic foramen (of Winslow)

Boundaries of the epiploic foramen
Boundary Structures
Anterior Hepatoduodenal ligament containing portal triad
Posterior | Inferior vena cava (IVC) and right crus of diaphragm which is covered by the parietal peritoneum
Superior  |Caudate lobe of liver which is covered by the visceral peritoneum
Inferior First part of duodenum, portal vein, hepatic artery, bile duct

e Supracolic compartment
o Greater sac abowe the transverse mesocolon
o Contains stomach, liver, and spleen
¢ Infracolic compartment
o Greater sac below transverse mesocolon,
o Contains small bowel, ascending and descending colon.
o Divided into left and right divisions by the mesentery of the small intestine
o Free communication between the supracolic and infracolic compartments via the paracolic gutter
s Groowes or recesses between the ascending and descending colon and the posterior abdominal wall along their lateral
borders
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FACTS & HINTS
High-Yield Facts

Anatomic Points

The greater omentum is often referred to as the "abdominal policeman.” It can move within the peritoneal cavity and wrap itself around an inflamed
organ, localizing inflammation and preventing adhesion between the visceral peritoneum and parietal peritoneum of the abdominal wall.

There are several ways to access the omental bursa surgically:

o Directlythrough the lesser omentum
o Through the transverse mesocolon
o Through the gastrocolic ligament (part of the greater omentum)

Clinical Points

Peritonitis

Inflammation of the peritoneum

Can be localized (e.g., secondary to appendicitis) or generalized (e.g., secondary to bowel perforation)

Can resultin reflextensing ("guarding") of the overlying abdominal musculature leading to abdominal rigidity.
Involvement of parietal peritoneum leads to well-localized, sharp abdominal pain with tenderness on palpation.

Ascites

Accumulation of fluid in the peritoneal cavity

May form secondary to peritonitis or a variety of other pathological conditions

Abdomen may become grossly distended as manyliters of fluid accumulate

Paracentesis may be undertaken both for diagnostic purposes and for draining the ascitic fluid.
Usually performed under local anaesthesia.
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27 Viscera (Gut)
STUDY AIMS
At the end of your study, you should be able to:

Describe the structure of the stomach and its neurovascular supply

Describe the structure of the duodenum, its immediate anatomic relationships, and its neurovascular supply
Understand the orientation of the small bowel within the abdomen and describe its divisions and neurovascular supply
Understand the course of the large bowel within the abdomen and describe its divisions and neurovascular supply
List distinguishing features of the jejunum, ileum, and large intestine
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GUIDE
Abdomen: Viscera (Gut)
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[Plate 267, Stomach in Situ]
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[Plate 268, Mucosa of Stomach]
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[Plate 293, Lymph Vessels and Nodes of Stomach]

o J-shaped enlargement of the gastrointestinal tract
o Chief function: enzymatic digestion
o Acidic gastric secretions convert food into liquid chime
o Passes fairly quickly into the duodenum
o Parts of the stomach
Greater curvature: long, convex border
Lesser curvature: short, concave border
Cardia: surrounds cardial (esophageal) orifice
Fundus: dilated upper part
s Abowe the level of the esophageal orifice
s Dilated byfluid, food, but mainly gas
s Separated from esophagus by cardiac notch
o Body: between fundus and pyloric antrum
o Pyloric part
Begins at level of angular incisure: indentation two thirds of the way along the lesser curvature
Widest region: pyloric antrum
Antrum leads to pyloric canal
Pylorus: surrounds pyloric orifice
Pyloric sphincter
a. Thick, circular middle layer of muscularis externa
b. Controls passage of chime into duodenum
¢. Normally closed in tonic contraction, except during peristalsis
o Three muscle layers: outer longitudinal, inner circular, and innermost oblique
¢ Internal surface thrown into numerous longitudinal folds-rugae
o Gastric canal = longitudinal fold along lesser curvature
o Forms during swallowing
o Accommodates the passage of liquid
o Covwered by peritoneum except where blood vessels run over it, and over a small area posterior to the cardiac orifice
o Double layer of peritoneum extends between stomach and liver and duodenum and liver: lesser omentum
o Two layers of lesser omentum wrap around stomach and leave greater curvature as great omentum

o o o o
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o \ascular supply (Section 4-6: Abdomen-Visceral Vasculature)
o Arteries
s Left gastric from celiac trunk
= Right gastric from common hepatic artery
s Right gastroepiploic (gastro-omental) from proper hepatic or gastroduodenal arteries
s | eft gastroepiploic from splenic artery
= Short gastric arteries (four to five) from distal splenic artery

= Follow the arteries
= Rightand left gastrics drain to portal vein

s Short gastrics and left gastroepiploic drain into splenic vein — superior mesenteric vein (SMV) — portal vein

s Right gastroepiploic drains to SMV
o Lymphatics
s Follow the arteries
s Drain into gastric, gastroepiploic, pancreaticosplenic, and pyloric nodes
¢ Innenvation (Section 4-7: Abdomen-Innervation)
o Parasympathetic supply
s From anterior and posterior vagal trunks
s Increase peristalsis and relax pyloric sphincter
o Sympathetic supply
s From T6-T9 spinal cord segments \via great splanchnic nenve to celiac plexus
s Inhibit peristalsis and contract pyloric sphincter
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Right free margin of lesser
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[Plate 271, Mucosa and Musculature of Duodenum]

o Firstand shortest part of small intestine
o Follows a C-shaped course around the head of the pancreas
o Consists of four parts (parts 2 through 4 are retroperitoneal)
o Superior (first) part: anterolateral to body of L1
s Ascends from pylorus
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= |s connected to liver by hepatoduodenal ligament (part of lesser omentum)
= Portal vein, bile duct, and IMC located posteriorly
o Descending (second) part
s Descends along the right of L1-L3
s Contains major duodenal papilla on posteromedial wall = opening of hepatopancreatic ampulla
o Horizontal (third) part
s Crosses inferior vena cava (I\VC), aorta, and L3 vertebra
s |Is crossed by superior mesenteric artery (SMA) and SMV and root of mesentery
o Ascending (fourth) part
s Ascends to L2 on the left side
s Curwes anteriorly at the duodenojejunal flexure
s Flexure is supported by the ligament of Treitz
o \ascular supply (Section 4-6: Abdomen-Visceral Vasculature)
o Ateries
s Gastroduodenal artery, branch of common hepatic — superior anterior and posterior pancreaticoduodenal arteries
s SMA— anterior and posterior inferior pancreaticoduodenal arteries
s Important anastomoses between celiac trunk and SMAvia duodenal arteries
o \kins
s Follow the arteries
s Drain directly or indirectly into the portal vein
o Lymphatics
s Follow the arteries
s Drain into pancreaticoduodenal, pyloric, superior mesenteric, and celiac lymph nodes
¢ Innervation (Section 4-7: Abdomen-Innervation)
o Parasympathetic supply from the vagus via celiac and superior mesenteric plexuses
o Sympathetic supply via celiac and superior mesenteric plexuses, traveling on pancreaticoduodenal arteries

Jejunum and ileum

leocolic artery
Colic branch
lleal branch

Superior mesentenic arery
Posterior cecal ariery
Appendicular artery
Anterior cecal artery
Vascular fold of cecum
uperior ileocecal recess
lleocecal fold (bloodless fold of Treves)
Terminal pan of ilewm

Inferior ibeocecal recess
Mesoappendi

Appendicular areny

Wermiform appendix

Cecum

Haustra  potrncecal recess

Cecal folds
Right paracolic gutier

4

Free taenia

Appendicular artery

Omental tacnia = A Mesocolic laenia

Posteriar cecal artery

Retrocecal recess

o Begins at duodenojejunal juncture and ends atileocecal junction
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o Together are approximately 6 m long
o The mesentery
o Double layered fold of peritoneum
o Altaches jejunum and ileum to posterior abdominal wall
o Root of mesentery
s Follows an oblique line
s Runs inferiorlyand to the right, from ligament of Treitzto ileocolic junction
o Between two layers are SMA SMV, lymph nodes, fat, and autonomic nenes
e Jejunum
o Approximately two fifths of the length
o Mainlyin the left upper quadrant (LUQ)
o Thick-walled and very vascular

o Approximately three fifths of the length

o Mainlyin the right lower quadrant (RLQ)

o Thin-walled and less vascular

o Terminates at the ileocecal junction
o \ascular supply (Section 4-6: Abdomen-Visceral Vasculature)

o Ateries

s Superior mesenteric artery

Fifteen to 18 branches from SMAto jejunum and ileum
Branches unite to form loops or arches (arterial arcades)
Arcades give rise to straight arteries = vasa recta
Double row of arcades to ileum

o \kins
s SMVdrains ileum and jejunum
s Posterior to neck of pancreas joins splenic vein to form portal vein
o Lymphatics
s Specialised lymphatic vessels that absorb fat = lacteals
Absorbed fat = chyle
Lacteals found in villi (finger-like projections of intestinal mucosa)
Lacteals drain to lymphatic plexuses in walls of jejunum and ileum
Lymphatics pass between the layers of the mesentery to mesenteric lymph nodes and then to superior mesenteric or
ileocolic nodes
s Lymph drains to cisterna chyli
o Innenvation (Section 4-7: Abdomen-Innervation)
o Parasympathetic supply
s Preganglionic fibers from the posterior vagal trunks
s Synapse on postganglionic cells in myenteric and submucosal plexuses in intestinal wall
o Sympathetic supply
s Preganglionic fibers from T5-T9 spinal cord segments — sympathetic trunks — greater and lesser splanchnic nenes
= Synapse on postganglionic cells in celiac and superior mesenteric ganglia

Large intestine (colon)
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[Plate 276, Mucosa and Muculature of Large Intestine]
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Barium radiograph of unusually long appendis

McBurmey's
point (on
spinoumbilical
linel

Fixed retrocecal
appendix

a (visoeral peritoneumn)

Continuous lengitudinal muscle
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Jejunum

Mesenterny

Anastomotic loop (arcade] of jejunal arteries
Siraight arteries

Serosa (visceral pertoneum)
Longitudinal muscle lyver

Circular muscle yer

Submucosa

Mucosa

Circular folds (valves of Kerckring)

Solitary lymphoid nodule

Heum

Mesentery

Anastomotic loops (arcades) of lleal arteries
Straight arteries

Serosa (visceral peritoneum)
Langitudinal muscle layer

Circular muscle layer

Submucosa

Mugosa

Circular folds [vahoes of Kerckring)

Solitary kmphaoid nodules

Aggregate lymphoid nodules {Peyer's patches)
[Plate 272, Mucosa and Musculature of Small Intestine]

o Characterized by.
o Teniae coli: 3 thickened longitudinal bands of muscle (absent from appendix and rectum)
o Haustra: sacculations of the colon caused by teniae coli
o Appendices epiploicae: fatty lobules of omentum
e Cecum
o Blind pouch, approximately 7.5 cm in diameter
o No mesentery, but may be bound to the abdominal wall by cecal folds of peritoneum
o Invaginated byileum to form the ileocecal valve-does not prevent reflux
o \ermiform appendix
s Arises from the posteromedial side of cecum
s Usuallyretrocecal
s Has a short mesentery from cecum: mesoappendix
s Supplied by appendicular artery from ileocolic artery
o \Vascular supply. ileocolic artery and vein, with lymph to ileocolic nodes
o Nenes: sympathetic and parasympathetic nerves from the superior mesenteric plexus
s Parasympathetic fibers from vagus nenes
s Sympathetic fibers from lower thoracic spinal cord segments
e Ascending colon
On right side of posterior abdominal wall
Extends from cecum to liver, where it turns at right colic flexure (hepatic flexure)
Is secondarily retroperitoneal
Vascular supply from branches/tributaries of SMASIMV
s |leocolic arteryand vein
s Right colic arteryand vein
o Lymphatics to epicolic and paracolic nodes
o Nenrve supplyfrom the superior mesenteric plexus
o Transverse colon
o Extends from hepatic flexure on the right to splenic flexure on the left
o Largestand most mobile section of colon
o Altached to posterior abdominal wall byits mesentery. the transverse mesocolon

o o o o
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o

o
o

Vascular supply from branches/tributaries of SMASMV
s Leftcolicarteryand vein
s Right colic arteryand vein
s Mddle colic arteryand vein
Lymphatic drainage to middle colic nodes
Nenve supply
s Superior mesenteric plexus along right and middle colic arteries
s Inferior mesenteric plexus along left colic arteries

e Descending colon

o

o
o
o
o

On left side of posterior abdominal wall
Extends from splenic flexure to sigmoid colon
Is secondarily retroperitoneal
May have a short mesenteryin one third of people
Vascular supply from branches/tributaries of IMAIMV
s Leftcolicarteryand vein
s Superior sigmoid arteryand vein
Lymphatic drainage to the epicolic and paracolic nodes
Innenvation
s Sympathetic fibers from the lumbar sympathetic trunk and superior hypogastric plexus
s Parasympathetic fibers from the pelvic splanchnic nenes

o Sigmoid colon

o
o
o
o

o

S-shaped loop of variable length
Links descending colon with rectum
Long mesentery with a \tshaped root: sigmoid mesocolon
Vascular supply from branches/tributaries of inferior mesenteric artery (IMA)/inferior mesenteric vein (IMV)
s Leftcolicarteryand vein
s Superior sigmoid arteryand vein
Lymphatic drainage to the epicolic and paracolic nodes
Innenvation
s Sympathetic fibers from the lumbar sympathetic trunk and superior hypogastric plexus
s Parasympathetic fibers from the pelvic splanchnic nenes

¢ Rectum and anal canal (Section 5-9: Pelvis and Perineum-Rectum and Anal Canal)

o

o

Rectum

= Begins anterior to the body of the S3 vertebra

s |s approximately 15 cm long

s Connects sigmoid colon and anal canal

s Fixed, and continuous with the anal canal
Anal canal

s Begins at distal end of rectal ampulla

s Extends from pelvic diaphragm to anus
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FACTS & HINTS

High-Yield Facts
Clinical Points

Hiatus hernia

Herniation of part of the stomach through the esophageal hiatus of the diaphragm
May cause pain and discomfort and predispose to reflux of gastric contents

Sliding hernias involve the cardia of the stomach sliding superiorly

Rolling hernias (less common) involve part of the fundus extending through the hiatus

Congenital hypertrophic pyloric stenosis

o Thickening of smooth muscle of the pylorus
o Causes severe stenosis of the pyloric canal
o Gastric emptying is greatly reduced and typically leads to the presentation of projectile vomiting following a feeding
e More common in males, and usually presents 3 to 8 weeks after birth
¢ Diagnosis made by palpating a pyloric mass in the right upper quadrant (RUQ) during a test feeding
Intestinal volvulus
» Rotation of a loop of bowel upon its mesentery
¢ Maycause acute bowel obstruction
o Can compromise the vascular supplyleading to ischaemia, infarction, and eventually necrosis
o Most commonly occurs in the mobile small bowel, but may also affect the sigmoid colon, owing to the length of its mesentery
¢ Prompt surgical decompression may be required, although passage of a flatus tube is usually sufficient in cases of sigmoid volwulus
Mnemonics
Memory Aids
Stomach Parts: "The CARis FUN'til the BODY PILES
This relates to the four parts of the stomach:
CAR Cardiac
FUN Fundus
BODY Body
PILES* Pylorus
*The pylorus is where the food piles waiting for the sphincter to open
Memory Aids
Bowel segments: Dow Jones Industrial Averages Closing Stock Report
Dow Duodenum
Jones Jejunum
Industrial lleum
Averages Appendix (attached to cecum)
Closing Colon
Stock Sigmoid
Report Rectum
Memory Aids
Sphincters of the gastrointestinal tract: APE OIL
A Anal
P Pyloric
E Esophageal (lower)
(o] Oddi
IL lleocecal
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28 Viscera (Accessory Organs)
STUDY AIMS
At the end of your study, you should be able to:

¢ Describe the structure of the liver, its relations, and neurovascular supply

o Describe the structure of the gallbladder, its neurovascular supply, and understand the biliary system
o Describe the structure of the pancreas, its relations, and neurovascular supply

¢ Describe the structure of the spleen, its relations, and neurovascular supply
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GUIDE

Abdomen: Viscera (Accessory Organs)
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[Plate 277, Surfaces and Bed of Liver]
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[Plate 278, Liver in Situ: Vascular and Duct Systems]
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Connective tissue Lymph vessel
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[Plate 279, Liver Structure: Schema]

Largest gland in the body (approximately 1.5 kg)

e Surfaces
o Smooth diaphragmatic surface, covered by peritoneum except over bare area
o Reflection of peritoneum from the diaphragm to liver forms the coronaryligament
s Has anterior and posterior layers
s \Where layers meet on right = right triangular ligament
s Posterior layer is continuous with lesser omentum
o Left triangular ligament formed by the falciform ligament and lesser omentum
o \isceral surface
s Separated anteriorly from anterior and superior surfaces by sharp inferior border
= Covwered by peritoneum except at the porta hepatis and bed of the gall bladder
s Related to: Right side of anterior stomach
s First part of duodenum
Gall bladder
Right colic flexure and transverse colon
Right kidney and suprarenal glands

e Ligaments
o Falciform ligament
s Peritoneal reflection from upper anterior abdominal wall from umbilicus to liver
s Has ligamentum teres hepatis (round ligament) in free edge
o Ligamentum teres hepatis (round ligament of liver)
s Fibrous remnant of umbilical vein
s Extended from umbilicus to liver
o Ligamentum venosum
s Remnant of the ductus venosus
s Extended in fetus between the umbilical vein and inferior vena cava (IVC)
o Recesses:
o Subphrenic recess separates liver from diaphragm (split by falciform ligament)
o Hepatorenal recess
s On theright side
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s Separates liver anteriorlyfrom kidney and suprarenal gland posteriorly
e Lobes
o Left, right, caudate, quadrate
o Functional "left liver" includes left lobe, caudate and quadrate lobes
o Porta hepatis
o Transwverse fissure on visceral surface between caudate and quadrate lobes
o Provides entrance/exit for:
s Portal vein
s Hepatic artery
s Hepatic nene plexus
s Hepatic ducts (left and right converge to form the common hepatic duct)
s Lymphatic vessels
o \ascular supply (Section 4-6: Abdomen-Visceral Vasculature)
o Liver receives blood from
= Portal vein (70%)
s Hepatic artery (30%)
o Hepatic veins (3)
s Formed by union of central veins
s Drain directlyinto the IVC inferior to diaphragm
o Lymphatics
s Drain mainlyto the hepatic nodes at the porta hepatis
s From hepatic nodes — celiac nodes — cisterna chyli
o Nenwus supply (Section 4-7: Abdomen-Innervation) is derived from the hepatic nerve plexus
o Accompanies branches of hepatic artery and portal vein
o Sympathetic fibers from celiac plexus
o Parasympathetic fibers from anterior and posterior vagal trunks
o Role unknown except for vasoconstriction
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o Lies infossa at junction of right and left lobes of liver
¢ Connected fo liver byfibrous capsule of liver

(Comman)
bl elusct

Hepatopancreatic ampulla (of Vater) —¢ 0 Pancreatic

Sphincter of ([common)

2271425



Stores bile produced by the liver
Parts
o Fundus-located at tip of ninth costal cartilage
o Body-also in contact with transverse colon and first part of duodenum
o Neck
s Has S-shaped bend to joint cystic duct
s Mucosa thrown into a spiral fold-the spiral valve-to keep cystic duct open
o Cystic duct connects to common hepatic duct to form the common bile duct
Vascular supply (Section 4-6: Abdomen-Visceral Vasculature)
o Artery: cystic artery from right hepatic artery
o Cystic weins
= \kins draining neck and biliary ducts empty into portal vein
s \kins draining the body and fundus drain directlyinto the liver
o Lymph drains to the hepatic nodes
o Nenwus supply (Section 4-7: Abdomen-Innervation)
o Sympathetic from celiac plexus
o Parasympathetic from vagus
o Sensoryfrom right phrenic

Pancreas
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Hepatic partal vein -

Spleen
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iretroperitaneal)
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mesocolon 5 b g \IS J

Right colic
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flewure

Transverse
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Transverse Ledt kidney (retroperitoneal)

cobon (cer) | s
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Inferior mesenteric vein
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[Plate 281, Pancreas in Situ]

o Lies retroperitoneally and transversely across posterior abdominal wall
» Digestive gland with exocrine and endocrine functions
o Exocrine: secretion of digestive juices
o Endocrine: secretion of insulin and glucagon
e Parts:
o Head
s Encircled by C-shaped curve of duodenum
s Owerlies IVC, left and right renal veins and right renal artery.
s Contains embedded bile duct
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s Has a projection from inferior part-the incanate process-that extends to the left

s Owerlies superior mesenteric vessels
s |s adjacent to pylorus of stomach
s Superior mesenteric vein (S\MV) joins splenic vein to form portal vein posterior to neck
o Body
s Crosses bodyof L2 and aorta
s Lies in floor of omental bursa
= Related anteriorly to the stomach
s [s in contact posteriorly with aorta, superior mesenteric artery (SMA), left suprarenal gland, left kidney, and related vessels
o Tail
s Lies anterior to the left kidney
s Related to hilum of spleen and left colic flexure
e Main pancreatic duct
o Begins in the tail and runs towards the head
o Tums inferiorly to join common bile duct to form hepatopancreatic ampulla (of Vater)
s Opens on major duodenal papilla in descending portion of duodenum
s Surrounded by the sphincter of Oddi-smooth muscle
o Accessory pancreatic duct
o Opens at summit of minor duodenal papilla
o Can connect with main pancreatic duct (60% of time)
o Can be main duct for pancreatic secretions
o \ariation as a result of type of fusion or lack of fusion of dorsal and ventral pancreatic ducts during embryonic development
o \ascular supply (Section 4-6: Abdomen-Visceral Vasculature)
o Ateries
s Mainly from branches of splenic artery
s Also from gastroduodenal, superior mesenteric, superior, and inferior pancreaticoduodenal arteries
o \kins
s Mainlydrain to splenic vein
s Aso drain to SMVand then portal vein
o Lymph
o Follow blood vessels
o Mainlydrain into the pancreaticosplenic nodes along splenic artery
o Nenwus supply (Section 4-7: Abdomen-Innervation)
o From the vagus
o From thoracic splanchnic nenes
o Fibers from celiac and superior mesenteric plexuses pass along arteries

Spleen

Largest lymphatic organ, very vascular
Located in left upper quadrant (LUQ)
Related posteriorly with ribs 9 to 11 (separated by diaphragm)
Covered by peritoneum except at the hilum
Surrounded by a thin capsule of fibroelastic connective tissue
Relations:
o Anterior: stomach (gastrosplenic ligament)
o Posterior: diaphragm
o Inferior: splenic flexure of colon
o Medial: left kidney (splenorenal ligament)
o Tail of pancreas extends to hilum
¢ Ligamentous attachments
o Gastrosplenic ligament to greater curvature of stomach
o Splenorenal ligament to left kidney
o Both ligaments attach to hilum
o Spleen sits on phrenicocolic ligament (sustentaculum lienis)
o \ascular supply (Section 4-6: Abdomen-Visceral Vasculature)
o Artery: splenic artery
s Twisted course from origin at celiac trunk
= Divides into five or more branches that enter at the hilum
s Lack of anastomoses between branches results in two to three vascular segments with avascular planes in between.
o \kin: splenic vein
s Formed from several tributaries at the hilum
= Runs to the right behind body and tail of pancreas
s Joins the SMVto form the portal vein
o Lymph: drains to the pancreaticosplenic nodes
o Nenwus supply (Section 4-7: Abdomen-Innervation)
o Derived from the celiac plexus
o Trawels along branches of splenic artery
o Vasomotor function
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FACTS & HINTS

High-Yield Facts
Anatomic Points

The porta hepatis is the cross bar of an "H" on the visceral surface of the liver. The right arm of the H is formed by the inferior vena cava and the gall
bladder. The left arm is formed by the fissure for the ligamentum teres hepatis and the fissure for the ligamentum venosum.

Clinical points

Galistones (cholelithiasis)

Stone-like deposits are commonly seen in the gallbladder

If they obstruct the cystic duct, can cause pain in the right upper quadrant (RUQ), especially after consumption of a fatty meal.

Pain typically comes and goes (biliary colic) and may be associated with nausea and vomiting.

Secondaryinflammation of the gallbladder leads to constant pain, and is often the trigger to seeking medical attention.

If the gallstones pass further down, they may obstruct the biliary system causing jaundice, or the pancreatic duct causing pancreatitis.

Splenic rupture

o Spleen is the most commonly damaged abdominal organ, despite being protected by the ribcage.

o Trauma causing rib fracture or sudden increases in intra-abdominal pressure (such as being impaled against a steering wheel in a road
traffic accident) may result in rupture of the spleen.

o Bleeding is typically profuse owing to its thin capsule and soft parenchyma.

Subphrenic abscess

o Subphrenic recess is a common site for pus to accumulate.

¢ Right-sided abscesses are more common owing to the incidence of perforation of an inflamed appendix

o Pus usuallytracks into the hepatorenal recess in the supine position, and is best drained inferior to the 12th rib (avoiding puncture of the
pleura).

Mnemonics
Memory Aids
Spleen: ",3,5,7,9 11"
It measures 1 x3 x5 inches, weighs 7 ounces and lies between ribs 9 and 11
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29 Visceral Vasculature
STUDY AIMS
At the end of your study, you should be able to

Know the unpaired branches of the abdominal aorta

Know the major branches of the celiac trunk, superior mesenteric artery, and inferior mesenteric artery
Know the unpaired branches of the abdominal aorta and their distribution of blood

Understand the two types of venous drainage from the abdomen

Describe the formation of the hepatic portal vein from the splenic and superior mesenteric veins

Know the tributaries of the splenic and superior mesenteric veins

Describe the lymphatic drainage of the abdomen
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GUIDE
Abdomen: Visceral Vasculature
Arterial supply: Unpaired branches of the abdominal aorta (Section 4-2: Abdomen-Body Wall)
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[Plate 284, Arteries of Liver, Pancreas, Duodenum, and Spleen]
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Praper hepatic artery Right gastric artery Left gastric artery

Common hepatic artery Splenic artery

Gastroduodenal artery Celiac trunk
[Plate 285, Celiac Arteriogram]
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[Plate 286, Arteries of Duodenum and Head of Pancreas]

Celiac trunk
o AisesatT12
o Supplies
s Lower one third of esophagus
Stomach
Firstand second parts of duodenum
Pancreas
Spleen
Liver
s Biliarysystem
o Branches
s Leftgastricartery
s Common hepatic artery
s Splenic artery
Left gastric artery
s Supplies distal esophagus and lesser curvature of stomach
s Anastomosis with right gastric artery
Splenic artery
s Supplies body of pancreas and spleen directly
s Branches:
a. Left gastroepiploic: supplies left side of greater curvature of stomach, anastomoses with right gastroepiploic
b. Short gastric arteries: supply fundus of stomach
Common hepatic artery
s Extends retroperitoneallyto the right to reach hepatoduodenal ligament
s Divides into gastroduodenal and proper hepatic arteries
s Gastroduodenal artery branches:
a. Superior pancreaticoduodenal supplying the head of pancreas and proximal duodenum
b. Right gastroepiploic artery supplying right side of greater curvature of stomach
s Proper hepatic branches:
a. Rightand left hepatic arteries to right and left lobes of liver

o

o

o
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b. Right gastric arteryto right portion of lesser curvature of stomach
c. Cystic artery usually from the right hepatic artery supplies the gallbladder and cystic duct
o Superior mesenteric artery (SMA)
o Aises atL1
o Supplies the gut from the second part of duodenum as far as the distal one third of the transverse colon
o Major branches include:
s Inferior pancreaticoduodenal
a. Supplies duodenum (distal to entry of bile duct), pancreas, and spleen
b. Anastomosis with superior pancreaticoduodenal
s Jejunal and ileal branches
a. Form anastomotic loops (arterial arcades)
Fewer large loops in jejunum
Many shorter loops in ileum
b. Loops give off vasa recta (straight arteries)
Longer in jejunum
Shorter in ileum
s |leocolic artery:
a. Supplies caecum and some of the ascending colon
b. Supplies appendix\ia appendicular branch
s Right colic artery: supplies ascending colon and proximal transverse colon
= Mddle colic artery: supplies proximal two thirds of transverse colon
¢ Inferior mesenteric artery (IMA)
o Aises atL3
o Supplies distal one third of the fransverse colon — proximal rectum
o Branches include:
s Left colic artery: supplies distal transverse, descending and sigmoid colon
s Superior sigmoid artery(ies): supplies sigmoid colon
s Superior rectal artery (terminal branch of inferior mesenteric): supplies proximal rectum
o Median sacral artery
o Arises from posterior aspect of aorta just above bifurcation
o Descends to supply lower lumbar vertebrae, sacrum and coccyx

Arterial supply: Paired branches of the abdominal aorta

Right and left inferior phrenic arteres Lett gastric artery
Abdominal aorta Splenic aneny
Celiac trunk Esophageal branch of left gastric artery
Ledt hepatic arlery e
Ly rlery Recurrent branch of left inferior
Right hepatsc artery phrenic aneny 10 esophagus

Short
gasiric
arteries

Cystic
arlery

Cyslic

duct

Proper
Frezpratic
artery

(Common|
bile duct

Hepatic
portal vein

Right
gastric
artery

Supra-
dundenal
artery

Splenic branches of

Common hepatic anery splenic artery

Posterior superior, Rig i
Anferior superior ML GEFIO-OAmen N
pancreaticoduodenal artesies {gastraepiploic) artery (gasiracplplolc) artery

Left gastre-omental

Castroduodenal artery Dorsal pancreatic artery

[Plate 283, Arteries of Stomach, Liver and Spleen]
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o Inferior phrenic arteries
o First branches of abdominal aorta (or from celiac trunk)
o Supplyinferior surface of diaphragm
o Giverise to sixto eight superior suprarenal arteries on either side
o Mddle suprarenal arteries
o One or more on either side
o Qriginate from aorta near origin of celiac trunk
o Renal arteries
o Adise atlevel of L1/L.2 intervertebral disc
o Rightrenal arterylonger and passes posterior to inferior vena cava (IVC)
o Divide close to hilum into five segmental end arteries
e Gonadal arteries
o Arise inferior to renal arteries but superior to inferior mesenteric
o Mayarise at differentlevels on either side
o Run anterior to ureters, cross origin of external iliac vessels in suspensoryligament of ovary and enter broad ligament
o Divide into ovarian and tubal branches to supply ovary and uterine tube
o Branches anastomose with correspondingly named branches of uterine artery
o Lumbar arteries
o Usuallyfour pairs
o Given off from posterior aspect of aorta
o Each gives off a dorsal branch
s Supplies musculature of back
s Gives off a spinal branch to vertebral column and spinal roots
o Rest of artery supplies anterolateral abdominal wall
e Commoniliac arteries
o Formed by bifurcation of aorta at level of iliac crest (slightly below level of umbilicus)
o Follow medial borders of psoas muscle to pelvic brim
o Bifurcate into internal and external iliac arteries at pelvic brim
o Supply pelic viscera and lower limb

Venous Drainage (Section 4-2: Abdomen-Body Wall)

¢ \kins draining the abdominal viscera are tributaries of one of two venous systems
o Inferior vena cava
o Portal vein
¢ No \ein equivalent to celiac trunk or gastroduodenal vein
o Splenic vein and superior mesenteric vein unite to form the portal vein
o Tributaries of the splenic vein
= Inferior mesenteric vein and its tributaries (left colic, sigmoid, superior rectal)
s Pancreatic veins
s Left gastroepiploic vein
s Short gastric veins
o Tributaries of the superior mesenteric vein
s Inferior pancreaticoduodenal vein
Right gastroepiploic vein
Right colic vein
lleocolic vein
Jejunal veins
s lleal veins
o \kins draining directlyinto portal vein
s Cysticwein
s Superior pancreaticoduodenal
s Leftand right gastric veins also may
o Tributaries of the IMC
s Common iliac veins
s Lumbar veins
s Enter MCinirregular pattern
s Second lumbar vein may enter left renal vein
s Anastomose with fributaries of epigastric veins
s Are connected to each other on either side by a vertical anastomotic channel, the ascending lumbar vein
s Ascending lumbar veins connect with azygos vein on the right and hemiazygos vein on the left
Right gonadal vein (left drains to left renal vein)
Right and left renal veins
Right suprarenal vein (left drains to left renal vein)
Right inferior phrenic vein (left drains to left renal vein)
Hepatic veins
s Two to three in number
s Emptyinto IMC just below diaphragm
s Blood from the hepatic portal vein constitutes approximately 70% of the liver's blood supply

Lymphatic Drainage (Section 4-2: Abdomen-Body Wall and Section 4-4: Abdomen-Viscera (Gut) and 4-5: Abdomen-Viscera
(Accessory Organs) for specific organs)
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Lymphatics generallyfollow arteries
Drain to local, then regional lymph nodes (lumbar, celiac, superior, and inferior mesenteric nodes)
Main lymphatic ducts of abdomen from regional nodes

o
o

Intestinal lymphatic trunks (single or multiple)
Right and left lumbar lymphatic trunks

Thoracic duct

o
o

Begins with union of main lymphatic ducts of abdomen, unless cisterna chili is present
Ascends into thoracic through aortic hiatus in diaphragm

Cisterna chili

o

o
o
o
o

Thin walled sac or dilation at union of main lymphatic ducts of abdomen
Drains to thoracic duct

If present, occurs at the level of L1/2

Not seen in all individuals

Can varyin size and shape
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FACTS & HINTS
High-Yield Facts
Clinical Points

Portal Hypertension

Raised venous pressure within the portal circulation.

Resistance to portal blood flow may occur due to intrahepatic obstruction (fibrosis of the liver from cirrhosis)

Resistance may also occur as a result of posthepatic obstruction (such as heart failure or Budd-Chiari syndrome) or prehepatic obstruction.
Clinical consequences are ascites in the abdomen, congestive splenomegaly, hepatic encephalopathy, and the enlargement of portocaval
venous anastomoses

Clinical Points

Budd-Chiari Syndrome

Caused by hepatic vein obstruction (for example by thrombosis or tumors)
Patients present with acute epigastric pain and shock

May also hawe insidious portal hypertension, ascites, jaundice, and cirrhosis
Surgery may relieve the obstruction

Liver transplantation may be needed

Clinical Points

Abdominal Aortic Aneurysm

Localized enlargement of aorta as a result of congenital or acquired weakness of wall
Pulsations can be detected left of midline

Common site is just above bifurcation of aorta to common iliac arteries

Unrecognized rupture of an aneurysm has 90% mortality rate
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30 Innervation
STUDY AIMS
At the end of your study, you should be able to:

Describe the parasympathetic contribution to the autonomic innervation of abdominal viscera

Describe the sympathetic contribution to the autonomic innervation of abdominal viscera

Understand the organization of the autonomic plexuses of the abdomen

Describe the somatic innervation of the abdominal wall

Know the branches of the lumbar plexus

Understand the principle of referred pain and describe common patterns of pain referral from the abdominal viscera
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GUIDE
Abdomen: Innervation
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[Plate 297, Autonomic Nerves and Ganglia of Abdomen]
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[Plate 304, Autonomic Reflex Pathways: Schema]

Autonomic Nerves

e Parasympathetic nenes
o Preganglionic fibres
s Provided by vagus nene and sacral splanchnic nenes
s Synapse with postganglionic fibres in the walls of the relevant organs
o \agus nene (CN X)
s Giwve rise to anterior and posterior vagal trunks in thorax
s Trunks enter abdomen at the esophageal hiatus
o Anterior trunk (mainly from the left vagus)
s Enters anterior to the esophagus
s Gives branches to the anterior surface of the stomach and to the liver
o Posterior trunk (mainly from the right vagus)
s Enters posterior to the esophagus
s Gives branches to the posterior surface of the stomach and celiac plexus
s Fibers pass inferiorly to root of superior mesenteric artery
o Fibers contribute to perivascular plexuses
s Accompanying celiac and superior mesenteric artery and their branches
s Extend as far as the arterial supply (two thirds of the way along the transverse colon)
o Pelvic splanchnic nerves
s From spinal cord levels S2-S4
s Emerge through pelvic sacral foramina
s Ascend from pelvis running in sigmoid mesocolon and peritoneum of posterior abdominal wall
s Supplydistal one third of transverse colon, descending colon, sigmoid colon, and superior rectum
o Postganglionic (postsynaptic) parasympathetic neurons found in enteric ganglia in wall of viscus
o Sympathetic nenes
o Right and left sympathetic trunks
s Enter behind the medial arcuate ligament of the diaphragm
s Descend along psoas major, with right trunk behind inferior vena cava (IVC)
s Lie on anterolateral sides of lumbar vertebrae
s Receive white rami communicantes from, and send gray rami communicantes to, ventral rami of L1-L3 spinal nerves
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s Postganglionic fibers in gray rami communicantes to corresponding ventral rami of spinal nerves distributed to the body wall
and lower limb
s Giwve off three to four lumbar splanchnic nenves (presynaptic sympathetic fibers) medially to:
= |ntermesenteric plexus
s Inferior mesenteric plexus
s Superior hypogastric plexus
s Postsynaptic fibers from these plexuses innerve nearbytarget organs.
o Sympathetic (paravertebral) ganglia
= Total of four abdominal sympathetic ganglia per trunk
o Prevertebral sympathetic ganglia
s Cell bodies of postsynaptic sympathetic neurons
s Found in plexuses around roots of major branches of aorta
o Aortic plexuses
o Network of parasympathetic and sympathetic nenes
s Parasympathetic mainly from posterior vagal trunk (see above)
s Sympathetic fibers from thoracic and lumbar splanchnic nerves (Section 3: Thorax)
o Contain prevertebral ganglia
o Include:
s Celiac plexus
Aorticorenal plexus
Renal plexus
Superior mesenteric plexus
Intermesenteric plexus
s Inferior mesenteric plexus
Perivascular plexuses derived from the aortic plexuses
o \isceral afferent fibers
s Carrypain information
s Travel with sympathetic fibers back to spinal cord
o Referred pain
o Information carried by visceral afferent fibers
o Fibers travel back to T5-L2/3 spinal cord levels via thoracic and lumbar splanchnic nenes
o Clinical phenomenon of referred pain is visceral pain perceived as somatic pain over the dermatomes innervated by cutaneous
nenves with fibers from those spinal cord lewels:

o

Organ Spinal Level Area of Referred Pain

Stomach T5-T9 Epigastric or left hypochondrium
Duodenum T5-T8 Epigastric or right hypochondrium
Jejunum T6-T10 Periumbilical

lleum T7-T10 Periumbilical

Caecum T10-T11 Periumbilical or right lower quadrant
Appendix T10-T11 Periumbilical, then to right iliac fossa
Ascending colon T10-T12 Periumbilical or right lumbar
Sigmoid colon L1-L2 Left lower quadrant

Spleen T6-T8 Left hypochondrium

Liver & gallbladder T6-T9 Epigastric, later to right hypochondrium
Pancreas T7-T9 Inferior epigastrium

Kidney T10-L1 Small of back, flank

Ureter T11-L1 Loin to groin

Somatic Nerves

e Thoracoabdominal nerves
o \entral primary rami of T7-T11
o Trawvel in the neurovascular plane between the internal oblique and transversus abdominis muscles
o Innervate anterolateral abdominal wall, including parietal peritoneum
e Subcostal nerves
o \entral primary rami of T12
o Follow the inferior border of the 12th rib
o Enter abdomen behind lateral arcuate ligaments
o Cross quadratus lumborum muscles and pierces transversus abdominis muscles to enter neurovascular plane
o Innervate anterolateral abdominal wall (including parietal peritoneum)
o Lumbar plexus
o lliohypogastric nerve (L1)
s Divides into lateral and anterior cutaneous branches
s Pierces internal and external oblique muscles
s Supplies buttocks and suprapubic region
o llioinguinal nene (L1)
s Trawels in inguinal canal
= Joins spermatic cord after piercing internal abdominal oblique (Note: does not enter inguinal canal through deep inguinal
ring)
s Provides cutaneous branches to skin of inguinal region
o Genitofemoral nere (L1,2)
s Emerges from anterior surface of psoas major muscle
s Genital branch enters deep inguinal ring to innervate the cremaster muscle
s Femoral branch passes beneath inguinal ligamentin vascular compartment to enter femoral triangle and provides
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cutaneous branches to anteromedial thigh
Lateral femoral cutaneous nene (L2,3)
s Passes beneath or through inguinal ligament, medial to anterior superior iliac spine (ASIS)
s Innenates anterolateral thigh
Obturator nerve (L2-L4)
s Emerges from medial border of psoas major muscle
s Passes through pelvis
s Exts via obturator canal
s Supplies skin and adductor muscles of medial thigh
Femoral nerve (L2-L4)
s Emerges from lateral psoas major muscle
s Innenvates iliacus
s Passes beneath inguinal ligament on surface of iliopsoas muscle in muscular compartment
s Enters femoral triangle to innervate flexors of the hip/extensors of leg at knee, and skin of anterior thigh, medial aspect of leg
and foot.
Lumbosacral trunk (L4,5)
s Enters pelvis passing over ala of sacrum
s Contributes to formation of sacral plexus with ventral rami of S1-S4 spinal nerves
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FACTS & HINTS

High-Yield Facts
Anatomic Points

Autonomic innervation of the abdominal viscera
o Aperivascular plexus of nerves accompanying the arterial supply to each organ provides autonomic innervation to the abdominal viscera.
e Each plexus has sympathetic and parasympathetic input, both with motor and sensory divisions.
o Mbtor control governs glandular secretion, smooth muscle activity, and vascular tone.
o Afferent nerves mediate distension of organs and tension on mesenteries.
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31 Kidneys and Suprarenal Glands
STUDY AIMS
At the end of your study, you should be able to:

Describe the structure of the kidneys, theirimmediate anatomic relations, and neurovascular supply

Understand the arrangement of perirenal fat, pararenal fat, and renal fascia

Describe the course of the ureters, points of constriction along their path, and their neurovascular supply

Describe the structure of the suprarenal glands and their neurovascular supply

Know the products of the suprarenal cortex

Understand the products of the medullary cells and the relationship of these cells to the sympathetic nervous system
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GUIDE

Abdomen: Kidneys and Suprarenal Glands
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Bean-shaped retroperitoneal organs
Remowe excess water, salts, products of protein metabolism
Composed of 1 to 4 million nephrons
Structural parts of a nephron
o Renal corpuscle
o Proximal conwluted tubule
o Thin and thick limbs of loop of Henle
o Distal conwoluted tubule
o Collecting ducts
Returns nutrients and necessary salts and chemicals to the blood
Lie on posterior abdominal wall at the level T12-L3
Left kidney lies higher than right because of right lobe of liver
Anatomic relations:
o Superoposterior: diaphragm
o Inferoposterior: quadratus lumborum
o Anterior (right): liver (separated by hepatorenal recess), duodenum and ascending colon
o Anterior (left): stomach, spleen, pancreas, jejunum, descending colon
Medial margin (concave) = hilum
o Renal arteryenters
o Renal vein (artery posterior to vein) and renal pelvs (posterior to vessels) exit
o Entrance to space within kidney: renal sinus
Anatomical structures of the kidney
o Superior and inferior poles
o Hilum
o Renal sinus: expansion of proximal end of ureter
= Divides into two to three major calices
s Each major calyxdivides into two to three minor calices
= Each minor calyxencircles a renal papilla: apexof renal pyramid
o Cortex
s Quter layer of kidney
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= Contains glomerulus, renal corpuscle, proximal and distal convoluted tubules, proximal collecting ducts

o Medulla
s Inner layer of kidney
s Divided into 10 to 18 pyramidal blocks of tissue: medullary pyramids

s Contains thick and thin limbs of loops of Henle, distal parts of proximal and distal convoluted tubules, distal collecting ducts

¢ Renal fascia

o Separates, but encloses kidneys and suprarenal glands with surrounding perirenal fat

o Continuous superiorly with fascia of diaphragm

o Helps to hold kidneyin relativelyfixed position
o Perirenal fat

o Continuous at hilum with fat in the renal sinus

o Surrounds kidney and suprarenal gland

o Cushions and helps to hold kidneyin relatively fixed position
e Pararenal fat

o External to perirenal fat and renal fascia

o Most obvious posteriorly

o Cushions and helps to hold kidneyin relativelyfixed position
o \ascular supply

o Rightand left renal arteries

s Branches of aorta (at L1/2), with the right passing posterior to the inferior vena cava (IVC)

s Lie anterior to renal pelvis

s Each arterydivides into five segmental end arteries; four anterior segmental arteries and one posterior segmental artery

o Rightand leftrenal veins
s Anterior to renal arteries

s Left passes anterior to the aorta and posterior to descending superior mesenteric artery (SMA) = so-called nutcracker

o Lymphatics
s Follow the renal veins
s Drain into the lumbar (aortic) lymph nodes
o Nenes (Section 4-7: Abdomen-Innervation)
o From renal plexus
o Parasympathetic fibers from the vagus nerve
o Sympathetic fibers from the thoracic splanchnic nenes

Ureters

o Retroperitoneal, muscular ducts from renal pelvis to urinary bladder
o Constricted at three sites along course:
o Junction of ureter and renal pelvis
o As theycross the pelvic brim
o Inwall of urinary bladder
o Potential sites of obstruction of urinary calculi
o \ascular supply.
o Ateries are branches from
s Renal arteries
s Gonadal arteries
s Aorta
s Can divide into ascending and descending branches
s Freelyanatomise
o \kins drain into the renal and gonadal veins
o Lymphatics
s Join the renal lymphatic vessels
s Orpass directlyto lumbar (aortic) and common iliac nodes
o Nenwous supply
o From the renal, aortic, superior, and inferior hypogastric plexuses
o \isceral afferent fibers (pain) follow sympathetic fibers to T11-L2 spinal cord segments

Suprarenal (adrenal) glands

Endocrine glands concerned with metabolism
o Hawe different shapes
o Triangular right gland
o Semilunar left gland
o Located between upper pole of kidney and diaphragm
o Surrounded by perinephric fat, inside the renal fascia
o Anatomic relations:
o Rightgland
s Anterior to diaphragm
s Contacts IVC and liver
o Leftgland related to spleen, stomach, and left crus of diaphragm
o Parts
s Cortexand medulla
s Hawe different embryologic origins and functions
e Cortex
o Derived from mesoderm
e Secretes
o Glucocorticoids
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o Mneralocorticoids
o Corticosteroids
o Secretions affect kidneys to control sodium and water retention
o Medulla
o Primarily nerve tissue filled with sinusoids and capillaries
o Medullary cells derived from neural crest cells: chromaffin cells
o Are innervated by preganglionic (presynaptic) sympathetic neurons
s Actas postganglionic (postsynaptic) neurons
s Secrete adrenaline (epinephrine) and noradrenaline (norepinephrine)
o Secretions lead to typical sympathetic response to traumatic stress
s Increase heart rate and blood pressure (BP)
s Dilate bronchioles
o \ascular supply:
o Ateries
s Superior suprarenal arteries (6-8) from the inferior phrenic artery
s Mddle suprarenal artery (ies) from the aorta
s Inferior suprarenal artery (ies) from the renal artery
o \kins
s Drainage into a single, large suprarenal vein
s Drains into the renal vein on the left and the IMC on the right
o Lymphatics
s Arise from a plexus deep to the capsule of the gland
s Arise from plexus in medulla
s Manywessels leave glands draining to lumbar nodes
¢ Innenvation
o From the celiac plexus and thoracic splanchnic nerves
o Fibers are myelinated presynaptic fibers
o Synapse on chromaffin cells
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FACTS & HINTS
High-Yield Facts
Anatomic Points

Vascular supply to the kidney

o \Ariation in the vascular supply to the kidney is fairly common.

o Embryologically, the kidneys dewvelop in the pelvis and ascend to their abdominal position.

¢ Indoing so, theyacquire successively more superior vessels from the aorta and IMC, whereas inferior vessels degenerate.

o Failure of degeneration of any of these vessels may result either in branches to the poles of the kidney, or in accessory vessels at the hilum.

o Furthermore, the renal arteries are not infrequently divided prior to their arrival at the hilum.

Clinical Points

Nephrolithiasis (kidney stones)

¢ Renal caliculi (stones) may be found anywhere between the renal calices and urinary bladder

o Astone in the ureter can cause significant distension

o This results in colicky pain radiating from loin to groin as ureteric contractions try to move the stone distally

¢ Inthe past, an intravenous urogram (pyelogram) was the imaging tool to determine a filling defect in the ureter

* More recently, a computed tomography (CT) scan has become the tool of choice, because patients may have an allergic response to the dye
used in the urogram.

o Managementis usually conservative (waiting for the stone to pass), but may be surgical or involve lithotripsy (sonic disruption of the stone).
Renal cysts

o Cysts are acommon finding in the kidney:.

o Theymaybe solitary or multiple.

o Solitarycysts are usually of no clinical consequence.

o Multiple cysts may cause gross distortion and enlargement of the kidneys, culminating in renal failure.

o Multiple cysts may be caused by adult polycystic kidney disease, because of an autosomal dominant gene.
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Pelvis and Perineum

32 Topographic Anatomy
STUDY AIMS
At the end of your study, you should be able to:

o Know the functions of the bony pelvis and pelvic girdle
o |dentify prominent landmarks and their clinical relevance
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GUIDE
Pelvis and Perineum: Topographic Anatomy
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[Plate 331, Pelvis and Perineum]
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[Plate 334, Sex Differences of Pelvis: Measurements]
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Median (A) and paramedian (B) sagittal MR images of female pelvis
A B

Dwral {thecal) sac
Sacrum

Rectus abdominis
muscle

Uterus
Rectum
Urinary bladder

Vagina

Pubic symphysis

Anal canal

Extemal os of cervix

Median (C) and paramedian (D) sagittal MR images of male pelvis

Pulsc symphiysis

Prostate

Corpus
A1 .ngimum

Corpus
CAVETNOSUM

Testis

Clans penis

[Plate 377, Pelvic Scans: Sagittal MRImages]

Functions of the Pelvic Girdle

Site of attachment of axial skeleton and lower limbs

Transmits weight of upper limbs, head, neck and trunk to lower limb

Involved in balance

Protects and contains pelvic viscera (distal ureters, bladder, rectum, sigmoid colon, reproductive organs)

Key Landmarks

o Anterior superior iliac spine (ASIS)
o Site of lateral attachment of inguinal ligament
o Site of attachment of sartorius and tensor fascia lata muscles
Pubic tubercle
o Medial point of attachment of inguinal ligament
Pubic symphysis
o Secondary cartilaginous joint
o Location of T12 dermatome along its superior margin
Mdpoint between pubic tubercle and ASIS marks the site for palpating the femoral artery and vein (the midinguinal point)
lliac crest
o Follows a curve between the anterior and posterior superior iliac spines
o Highest pointis at approximately the level of the umbilicus-level of L4 vertebral body
o Supracristal plane passes between the highest points of the iliac crests
o Intergluteal or natal cleft
o The cleft between the buttocks
o Site of pilonidal sinus and abscess formation

256 /425



FACTS & HINTS

High-Yield Facts
Clinical Points

¢ Pregnancy: In pregnancy the placenta can be palpated above the pubic symphysis at 12 weeks, at the umbilicus at 12 weeks, and at the
xiphisternum at 40 weeks.

o Acute Urinary Retention: The bladder, if distended, may be palpated and percussed up to the umbilicus. On examination, the bladder is dull
to percussion and in acute urinary retention, the patient may also complain of tenderness on palpation in the suprapubic region.

o Supracristal Line: Auseful landmark when performing a lumbar puncture since it corresponds to the 4th lumbar vertebral body. Lumbar
puncture in adults is performed in the lateral decubitus position in the L4-L5 interspace.

¢ Pilonidal Sinus: Ablind ending hair-filled tract most commonlyfound in the midline of the natal cleft overlying the lower sacrum and coccyx
and occurs in 26/1000 persons in the United States. The sinus can become infected, creating a so-called pilonidal abscess that usually
requires drainage and/or excision of the sinus.
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33 Bones and Ligaments
STUDY AIMS
At the end of your study, you should be able to:

Identify the components of the bony pelvis

Define the boundaries of the pelvic cavity

Describe the joints of the pelvis

Describe the ligaments that strengthen the pelvis

Outline the key differences between the male and female pelvis

List the structures that pass through the greater and lesser sciatic foramina
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GUIDE

Pelvis and Perineum: Bones and Ligaments
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[Plate 333, Radiographs of Male and Female Pelvis]
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[Plate 335, Bones and Ligaments of Pelvis]

Bones and Boundaries of the Pelvis
Bony pelvis

Is a strong ring
Supports the weight of the body
Provides attachment for powerful muscles that move the lower limb
Composed of four bones
o Two hip bones or innominate bones
o Sacrum-five fused sacral vertebrae
o Coccyx-four (+ 1) fused coccygeal vertebrae
¢ Hip orinnominate bones each formed from
o llium
o Ischium
o Pubis
o Fuse at puberty
o Are united by cartilage at the acetabulum
o Pelvicgirdle
o |s formed of hip bones and sacrum
o Transmits weight from upper body to lower limbs

Pelvic walls

o Formed by bones of bony pelvis, ligaments, muscle, and fascia
o Surround pelvic cavity

Pelvic cavity

o Basin shaped
o Surrounded by bony pelvis

Posterior sacroiiac Bgaments

Posterior sacral foramina

Anterion supenior iliac spine
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e Boundaries:
o Superiorly-pelvic inlet and inferior abdominal cavity
o Inferiorly-pelvic diaphragm
o Anterior wall-bodies and rami of pubic bone and pubic symphysis
o Posterior wall-sacrum and coccyx, adjacent ilia and overlying piriformis muscle
o Lateral walls-hip bones, obturator foramen and membrane, and overlying obturator internus muscle

Pelvic inlet, outlet, and brim

¢ Inletdefined by an oblique plane
o Extends from promontoryto the superior aspect of the pubic symphysis
o Lies atan angle approximately 55 degrees from horizontal
¢ Rim of pelvic inlet = pelvic brim, composed of a bony line running through
o Sacral promontory
o Arcuate line of the ilium
o Pectineal line of the pubis (pecten pubis)
o Pubic crest
o Superior edge of pubic symphysis
o Pelvic outletis bounded by
o Tip of coccyx
o Sacrotuberous ligaments
o Inferior ischiopubic rami and ischial tuberosities
o Inferior edge of pubic symphysis
¢ Pelvicinletdivides pelvs into two parts
o True pelvs or lesser pelvis or pelvis minor, which
= lies between pelvicinlet and outlet
s contains the pelic viscera
o False pelvis or greater pelvis or pelvis major, which
= lies above pelvic brim
s between the iliac fossae
s contains part of the ileum and sigmoid colon
o The birth canal includes the pelvic inlet, true pelvis, cenvix, vagina, and pelvic outlet

Joints of the Pelvis
Lumbosacral joints

o Composed of
o Intervertebral joint via intervertebral disc between L4 and S1
o Two posterior zygapophysial joints

¢ Reinforced byiliolumbar ligaments

Sacroiliac joint

o Ariculation between ear-shaped surfaces of the sacrum and ilium

* Afypical synovial joint formed with fibrocartilage rather than hyaline cartilage
o Movementis verylimited

o Stabilized by interosseous and anterior and posterior sacroiliac ligaments

Pubic symphysis

Union of bodies of right and left pubic bones

Secondary cartilaginous joint

Fibrocartilaginous interpubic disc in the joint

Stabilized by superior and inferior pubic ligaments

Affected by the hormone relaxin during pregnancy to permit freer movement between vertebral column and to increase pelvic diameter
during childbirth

Sacrococcygeal joint

o Ariculation between sacrum and coccyx
¢ Secondary cartilaginous joint
o Stabilized by anterior and posterior sacrococcygeal ligaments

Ligaments of the Pelvis

o The weight of the body acting through the spine will tend to rotate the sacrum, tipping the lower part backwards.
e This movement is prevented by the sacrospinous and sacrotuberous ligaments.
o Sacrospinous ligament: extends from lateral border sacrum to ischial spine
o Sacrotuberous ligament: larger and extends from dorsum and lateral border sacrum and posterior surface ilium to ischial tuberosity
» Attachments of sacrospinous and sacrotuberous ligaments enclose the lesser and greater sciatic notches, respectively, forming the greater
and lesser foramina
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Structures Passing Through the Greater and Lesser Sciatic Foramina

Piriformis muscle Tendon of obturator internus
Sciatic nerve Nene to obturator internus
Inferior gluteal nerve and artery Pudendal nere

Internal pudendal nenve, artery, and vein Internal pudendal artery

Nenve to obturator internus muscle

Nene to quadratus femoris

Posterior cutaneous nerve of the thigh

Sex Differences of Pelvis

o Differences linked to function

o

o

Pregnancy and childbirth in females
Heavier build and larger muscles of men

o Main differences

o
o
o
o
o
o
o

Pelvis is heavier and has more pronounced muscle attachment sites in men than in women

Pubic arch is narrower and the subpubic angle more acute in men than women

Ischial tuberosities are closer in men than in women, and the pelvis outletis thus comparatively smaller.
All of the ilia are less flared in men than in women, so the greater pelvis is deeper.

Pelvicinletis heart-shaped in men and more transversely oval in women

Obturator foramen is round in men and oval in women

Female pelvis is broader than in men, to allow the passage of the fetal head
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FACTS & HINTS
Anatomic Points

Measurements of the Pelvic Inlet
o Used to determine capacity of female pelvis for childbearing
o True conjugate diameter
o measured radiologically on a lateral xray
o distance from superior border of pubic symphysis to sacral promontory
o Transverse diameter: widest distance of pelvic inlet
o Oblique diameter: distance from sacroiliac joint to contralateral iliopectineal line

Clinical Points

Fractures of the Pelvis
o Alarge force is required to fracture the pelvis and fractures usually result from direct trauma, such as occurs in automobile accidents
o The bony pelvis may fracture at any point and there may be associated damage to pelvic viscera, for example, bladder and urethral rupture
can occur with fractures involving the pubis
o Pelvic fractures are classified as stable or unstable.
o In a stable fracture, the pelvis remains stable and there is only one break-point in the pelvic ring with minimal hemorrhage.
o Inan unstable fracture, the pelvis is unstable with two or more break-points in the pelvic ring with moderate to severe hemorrhage.
¢ Signs of a fractured pelvis include: pain in the groin, hip or lower back; difficulty walking; urethral, vaginal or rectal bleeding; scrotal
hematoma; and shock as a result of concealed hemorrhage (contained bleeding into the pelvic cavity)
o Afracture can be confirmed on xrayand is seen as a break in continuity of the pelvic ring.

Decubitus Ulcers

Aso called pressure sores

Can be a partial- or full-thickness loss of skin, underlying connective tissue and can extend into muscle, bone, tendons, and joint capsules.
Two thirds of pressure sores occur in patients older than 70 years

Results from prolonged pressure on an area of skin, connective tissue and muscle from a mattress, wheelchair seat, or bed rail.
Commonly occur in those with poor mobility, bed-bound, poor nutrition, and incontinence.

Can become infected with bacteria from poor skin care, or fecal or urinary incontinence

The hip and buttock regions account for 67% of all pressure sores, with ischial tuberosity; trochanteric, and sacral locations being most
common.

¢ In the sitting position, the ischial tuberosity bears the weight of the whole body and thus is a prime site of ulceration
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34 Pelvic Floor and Contents
STUDY AIMS
At the end of your study, you should be able to:

State the structures that form the pelvic floor

Describe the two main muscles that form the pelvic floor and their attachments

List the functions of the pelvic floor muscles

Describe the attachments of the peritoneum within the pelvis and the location of the vesico- and recto-uterine pouches in females and
rectovesical pouch in males

Understand the organization and function of the pelvic fascia

o Describe the clinical problems that may arise with weaknesses of the pelvic floor muscles
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GUIDE

Pelvis and Perineum: Pelvic Floor and Contents
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[Plate 338, Pelvic Diaphragm: Female (continued)]
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[Plate 339, Pelvic Diaphragm: Female (Continued)]
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Inferior view
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[Plate 341, Pelvic Diaphragm: Male (Continued)]
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[Plate 342, Pelvic Viscera and Perineum: Female]
Pelvic Floor

Formed by the pelvic diaphragm

Funnel-shaped

Muscular partition from the pubis to the coccyxand from lateral wall to lateral wall
Separates pelvic cavity from perineum inferiorly

Transmits urethra, vagina (in females) and anal canal

Muscles of Pelvic Floor

o The pelvic diaphragm is composed of two paired muscles
o Levator ani
o Coccygeus
o Levator ani muscle
o Paired muscle
o Principal muscle of pelvic floor
o Supports pelvic contents
o Activelymaintains position of pelvic viscera

Rectauterine pouch
fof Douglas)

Wesicoutenne pouch
Rectum

Ureter

Urinary bladder
Vagina

Pelvic diaphragm
(levator ani muscle)
Deep wansverse
perineal muscle {cur)
External anal
sphincter muscle

Median (sagittal) section

Uterosacral ligament
Vesicouterine pouch
Rectouterine pouch
{of Douglas)
Cervix of uterus
Posterior vaginal
fornix
Anterior vaginal
fornin

Rectum

Vagina

Perineal
membrane

Levator am
muscle

Waginal orifice

Peritoneum {cut edge)

o Arcus tendineus: a thickened line of the fascia over the obturator internus muscles running in an arching line from the pubis to the ischial

spine
o Central perineal tendon or perineal body
o Afibromuscular body extending from the perineum into the urogenital hiatus
o The site of numerous muscle attachments in the perineum
e Components of the levator ani muscle
o Pubococcygeus
Is anterior part of levator ani
Main contributor to the levator ani
Arises from the posterior body of the pubic bone and anterior part of the arcus
Tendineus
Runs posteriorly to attach to the anococcygeal ligament and the coccyx
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o lliococcygeus
Posterior part of the levator ani Is thin and poorly developed
Arises from the posterior part of the arcus tendineus and the ischial spine
Attaches to the anococcygeal raphe and the coccyx
o Puborectalis
Athickened band of muscle best seen inferior to the pubococcygeus
Unites with its partner to make a U-shaped sling around the rectum atits junction with the anus
Has a sphincter-like action by pulling the anorectal junction forward and contributing to anal continence
Medial muscle fibers of the pubococcygeus border the urogenital hiatus
o Most anterior fibers insert into the urethra

o Cther fibers sweep behind the vagina or prostate and insert into the central perineal tendon, and are called the levator prostatae or

pubovaginalis

Coccygeus muscle

o Reinforces pelvic floor posteriorly

o Arises from ischial spine

o Inserts on lower two sacral and upper two coccygeal segments

o Blends with sacrospinous ligament on its external surface
Innervation of the levator ani and coccygeus muscles

o Levator ani innervated by branches from the anterior rami of S3-S4 spinal nerves

o Puborectalis also innervated by branch of pudendal nerve (S2,3,4)

o Coccygeus supplied by branches of the anterior rami of S4-S5 spinal nerves
Functions of the levator ani

o Acting together raise the pelvic floor to increase abdominal pressure, such as when coughing, sneezng, urinating, defecating, lifting

heawy objects.
o |Important in voluntary control of micturition (urinating)
o Supports pelvic viscera
o Supports head of the fetus

Muscles Lining the Lateral Walls of the Pelvis

Obturator internus muscle
o Proximal attachment: pelvic surfaces of ischium and ilium and obturator membrane
o Distal attachment: greater trochanter of femur
o Innervated by nenve to obturator internus (L5, S1-S2)
o Lateral rotator of thigh
Piriformis muscle
o Proximal attachment: pelvic surfaces of S2-4 segments of sacrum, sacrotuberous ligament
o Distal attachment: greater trochanter of femur
o Innervated by ventral rami of S1-S2 spinal nerves
o Lateral rotator of this

Muscle Proximal Attachment (Origin) Distal Attachment (Insertion) Innervation Main Actions
Obturator internus | Pelvic aspect of obturator Greater trochanter of femur Nerve of Rotates external thigh
membrane and pelvic bones obturator laterally; abducts flexed
internus thigh at hip
Piriformis Anterior surface of secondto | Greater trochanter of femur \kntral rami | Rotates external thigh
fourth sacral segments and of $1-82 laterally; abducts flexed
sacrotuberous ligament thigh; stabilizes hip joint
Levator ani Body of pubis, tendinous arch |Perineal body, coccyx, anococcygeal | \Ventral rami | Supports pelvic iscera;
of obturator fascia, and ischial |raphe, walls of prostate or vagina, |of S3-$4, raises pelvic floor
spine rectum, and anal canal perineal
nerve
Coccygeus Ischial spine and Inferior sacrum and coccyx \kntral rami | Supports pelvic viscera;
(ischiococcygeus) |sacrospinous ligament $4-S5 draws coccyx forward

Pelvic Fascia

Occupies space between peritoneum and muscles of the pelvic floor and walls
Parietal pelvic fascia lines the internal surface (facing the pelvic cavity) of the muscles of the floor and walls
Visceral pelvic fascia invests each of the pelvic organs
Visceral and parietal fascia are continuous where organs penetrate pelvic floor
o Where they are continuous, fascia thickens to form the tendineus arch of pelvic fascia (arcus tendinous fasciae pelvis)
o Arches are bilateral bands running from pubis to sacrum, adjacent to viscera
Puboprostatic ligament
Pubowesical ligament
Sacrogenital ligaments
Between parietal and visceral fascia is endopelvic fascia
o Matrixor filler material
o In certain areas, condenses and becomes more fibrous to form fascial "ligaments" or septa
Major condensation is the hypogastric sheath
o Runs from lateral pelvic wall to pelvic viscera
o Separates retropubic space from presacral space
o Senves as a conduit for vessels and nerves
Transverse cenical (cardinal) ligaments are part of hypogastric sheath
o Runs from lateral wall to the uterine cenvixand vagina
o Uppermost partis beneath broad ligament and transmits the uterine artery
o s sufficiently fibrous to provide passive support for the uterus
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o Uterosacral (female) or genitosacral (male) ligaments
o Septa separate the pelvic organs and include

o \ksicovaginal septum

o Rectovesical septum

o Rectovaginal septum

* Weakness of the pelvic floor muscles or in the pelvic fascia, which support the pelvic organs, can resultin prolapse of the pelvic organs,

e.g., vaginal or rectal prolapse.

Pelvic Contents

Uterus (fundus}
Ligament of ovary
Orvary
Uterine (fallopian) tube
Round ligament of ulers
Broad (lateral ulerine) kgament

Superior view
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icovered by peritoneum)
External iliac vessels
liac fossa
{fadse pelvish
Left
paracolic
guiter

Sigmoid colon
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|L?I‘I‘l1’){!!um Psoas major
muscle and minor
2 I
Descending colon T
Transversus Sympathetic trunk
| abt:ﬂ“nhilsi Abdominal  Anterior
ntemal obligue [ muscles
External obligue

longitedinal ligament
Rody of L3 vertebra
[Plate 343, Pelvic Contents: Female]
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Superior view with peritoneum infact
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[Plate 344, Pelvic Viscera: Female]
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Female: superior view (peritoneum and loose areolar tissue removed)
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[Plate 345, Endopelvic Fascia and Potential Spaces]
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[Plate 346, Pelvic Viscera and Perineum: Male]
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[Plate ,Lymph Vessels and Nodes of Pelvis_and Genitalia: Female]
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Transverse Section: Vagina and Urethra

Urethra

Pubic symphysis

Pubic bone Vagina
Plate 199 Co A ]
Pectineus muscle Rectum
Vaginal venous plexus
Obturator externus muscle Agina p
Lymph node

Sartorius muscle
Greater saphenous and femoral veins

lliopsoas muscle
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Rectus femaris
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neck
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gemellus muscle
muscle

Sciatic
Obturator internus nene
muscle
_'-- Ischium
. Clfachach.
Fat tissue ! : )
Ciluteus maximus
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Levator ani Internal pudendal vessels and pudendal nerve

[Plate 399, Female Pelvis: Vagina-Urethra]

o Female Pelvic Viscera and Perineum See:
o Section 5-4: Urinary Bladder
o Section 5-5: Uterus, Vagina and Supporting Structures
o Section 5-9: Rectum

o Male Pelvic Viscera and Perineum See:
o Section 5-4: Urinary Bladder
o Section 5-8: Testis, Epididymis, and Ductus Deferens
o Section 5-9: Rectum
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FACTS & HINTS

High-Yield Facts
Clinical Points

Peritoneal Reflections

o Pelvic peritoneum
o Lines lateral and posterior pelvic walls and pelvic floor
o Covwers the rectum, urinary bladder, uterus, and adnexa in the female
o Covers the anterior and lateral surfaces of the upper portion of the rectum in both sexes

e Inmen:
o Sweeps forward from the rectum to the bladder
o Creates arecess between the rectum and the bladder: the rectovesical pouch
o Continues over the superior surface of the bladder and ascends on the internal side of the anterior abdominal wall

¢ Inwomen:
o Sweeps forward from the rectum onto the posterior forix of the uterus and the posterior uterine wall
o Creates a recess between the rectum and the uterus: the rectouterine pouch (of Douglas)
o Covers the posterior, superior and anterior surfaces of the uterus before reflecting onto the superior surface of the bladder
o Ascends on the internal side of the anterior abdominal wall

o Fluid (blood, pus) can collectin the rectovesical or rectouterine pouches causing an infection and forming pelvic abscesses.
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35 Urinary Bladder
STUDY AIMS
At the end of your study, you should be able to:

Describe the course of the pelvic ureters
Outline the gross structure of the bladder
Describe the relations of the bladder
Describe the structure of the male urethra
Describe the structure of the female urethra
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GUIDE

Pelvis and Perineum: Urinary Bladder

Female: midsagittal section

G

il Parietal peritoneun
/__’ - f | Transversalis fasci
- Median umbilical ligament {urachus)

Umbilical prevesical fascia
Ulterus (fundhs)
Vesicouterine pouch

Ureteric oifice { Uninary bladder
Trigone

Neck

Pubic symphyses

Rewopubic (prevesical) space and
venaos plexus (space of Retzius)

Inferior (arcuate) pubic ligament
Deep dorsal vein of ditoris
Transverse perineal ligament

Sphincter wethrae and
Sphincter urethrovaginalis
muscles

Perineal membrane
Urethra
Wagina

Labium minus

Reclum External anal Armnpsulla of reciism Labium majos
sphincter muscle

Superior view with
il g Iy
Inferior (arcuate) pubic Bgament fascia

Dreep dorsal vein of chitors

Medial pubovesical ligament
(medhal puboprostatic Bgament in make)

Transverse perineal ligament (anterior
thickening of perineal membrane)

Tendnous arch of levator ani muscle
Obturator canal

Lateral pubowvesical lgameni
(lateral puboprostatic kigament in male}

Tendinous arch of pelvic fxscia

Superior fascia of pehic diaphragm
[covering levator ani muscle)

Oburator fascia over
obturator internus muscle

Urinary bladder pulled up and back
(wesical fiscls remone

‘#gﬁ Median umbilical higament (urachus] icuh
- Inferior vesical and vaginal arteries.
d‘w Ureter d i 5 il

[Plate 348, Urinary Bladder: Orientation and Supports]
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Female urethra,
B-year-old child

Hadder

Urethra

Voiding
cystourethrogram,
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Fladder

Frostatic urethra

Spongy urethra

Membranous
urethra

[Plate 351, Male and Female Cystourethrograms]

Ureters
o Cross pelvic brim at the level of sacroiliac joint, anterior to the bifurcation common iliac artery to pierce the posterior surface of the bladder
o Enters the posterolateral surface of the bladder and runs obliquely through the bladder walll, creating a flap valve
o Inmales: the ureter passes under the ductus deferens, superior to the seminal vesicles
¢ In women: the ureter descends posterior to the ovary and into the base of the broad ligament passing under the uterine artery ("water under
the bridge")
o Supplied bybranches of common and internal iliac arteries and uterine artery (inferior vesicle arteryin males) and drained by veins with

same names.
¢ Innervated byfibers from adjacent autonomic plexuses

Urinary Bladder
General structure

Lies posterior to pubic bones and pubic symphysis

When emptyis tetrahedron in shape and lies entirely within true pelvic cavity; spherical when full and may reach as high as umbilicus

When empty has a base (posterior surface) and a superior and two inferolateral surfaces.

Base (posterior surface) of bladder defined internally by two ureteric openings at superolateral corners and internal urethral opening

inferiorly

Triangular area defined by these openings is the vesicle trigone

Ridge between two urethral openings is the interureteric fold

Neck of bladder is where base and inferolateral sides meet, inferiorly

Anterior angle or apexis site of attachment of urachus-fibrous remnant of fetal allantois, which is seen as the median umbilical ligament on

the anterior abdominal wall

o Bladder wall is composed of a thick layer of interwoven bundles of smooth muscle running transversely, longitudinally, and obliquely-
detrusor muscle

¢ Inregion of neck, detrusor muscle runs circularly as involuntary internal sphincter

o Bladder mucosa is thrown into rugae except within trigone, which is smooth
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Relations of the Urinary Bladder

Superior

Peritoneum
lleum
Sigmoid colon

Inferolateral

Obturator internus muscle
Levator ani muscle

Obturator nene

Obturator artery and vein
Superior vesical arteryand vein

Anterior

Retropubic space-containing adipose tissue and veins
Pubic crest

Posterior-male

Seminal vesicles

Ampulla of ductus deferens
Rectovesical pouch
Ampulla of rectum

Posterosuperior-female

\ksicouterine pouch

Body of uterus
Posterior-female Cenvix
Anterior wall vagina
Inferior-male Prostate
Prostatic venous plexus
Arterial supply

Superior vesicle arteries (branches of internal iliac artery) supply apexand superior part of bladder

L]
o Inferior vesical arteries supply fundus and neck in males

o \Aginal arteries (branches of uterine arteries) supplyfundus and neck in females
o Obturator arteries (branches of internal iliac artery) provide arterial twigs

Venous drainage

o \ksical venous plexus drains to internal iliac plexus via inferior vesical veins

o Communicates with prostatic venous plexus in males and uterovaginal venous plexus in females

Female urethra

o Three- to 4-cm long fibromuscular tube, bound to anterior vaginal wall
o BExtends from internal urethral meatus of bladder to external meatus situated just anterior to the vaginal opening in the vestibule

sphincter urethrae

Male urethra

Twenty-cm fibromuscular tube

Conweys both urine and semen
Extends from internal urethral meatus of bladder to external urethral meatus in glans penis
Divided into three parts: prostatic; membranous and spongy urethra

Paraurethral glands, homologs to the prostate, open on either side near external urethral orifice
Supplied by internal pudendal and vaginal arteries

Drained by weins of same name

Innenvated by branches of pudendal nerve via S2-S4 spinal cord segments and afferents run with pelvic splanch

Comparison of Prostatic, Membranous and Spongy Parts of the Male Urethra

Descends with vagina through urogenital hiatus and pelvic diaphragm and through perineal membrane where itis surrounded by external

Length 3cm 2cm 15¢cm

Extent Internal urethral meatus to apex of prostate Apexof prostate to perineal Bulb of penis to glans
membrane penis

Key Urethral crest (midline ridge) Surrounded by striated muscle of

Anatomical |Prostatic sinuses (site of opening prostatic ducts) |external urethral sphincter
Features Prostatic utricle (blind-ending sac on urethral crest; |Bulbourethral glands lie

remnant of fetal duct forming uterus in females)
Ejaculatory duct (opens either side of the utricle)

posterolaterally

Pubic symphysis lies anteriorly

attaching via pubourethral

ligaments
Blood Inferior vesical and rectal arteries Inferior vesical and rectal arteries | Internal pudendal arteryvia
Supply dorsal arteries of penis
\enous \kins of same names and prostatic venous plexus |\kins of same names and prostatic | Prostatic venous plexus
Drainage venous plexus and internal pudendal

veins

Nenve Pudendal nerve (S2-S4) and prostatic plexus Pudendal nerve (S2-S4) and Pudendal nene (S2-$4)
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Supply ‘ ' ' ' prostatic plexus ‘ ' and prostatic pIeXus
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FACTS & HINTS

High-Yield Facts
Clinical Points

Micturition
o The bladder has a capacity of 400 to 500 mL
o During micturition coordinated reflexive contraction of the detrusor and relaxation of the external urethral sphincter occur
o Controlled by autonomic and visceral innervation
o \isceral afferent fibers traveling along tract of parasympathetic fibers stimulated by stretching (and pain in lower bladder)
o Parasympathetic innervation via pelvic splanchnic nerves and pelvic plexus reflexively stimulates detrusor contraction during
micturition.
o Sympathetic fibers via hypogastric plexus to bladder neck relaxes bladder neck (internal urethral sphincter) and prevents retrograde
ejaculation during micturition in males

Clinical Points

Fractures of the Pelvis and Bladder Injury
o The bladder lies immediately posterior to the pubic symphysis and fractures of the pubis can be complicated by rupture of the bladder.
¢ The rupture can result in the extravasation of urine intraperitoneally if the peritoneum is torn

Urinary Tract Infections (UTls)

As aresult of a shorter urethra, women are more susceptible to UTls

Commonly occurs in women following sexual intercourse

Pathogen is commonly Escherichia coli

Infection may lead to urethritis, cystitis, or pyelonephritis (inflammation of urethra, bladder, and kidneys, respectively).
Symptoms include: dysuria, urgency, frequency; and occasionally hematuria

Urinary Stress Incontinence

o Factors maintaining continence in the female are the external urethral sphincter (striated muscle surrounding middle third of urethra) and
support of the bladder and urethra by the levator ani muscles

o Urinarystress incontinence is an involuntaryloss of urine that occurs during coughing, sneezng, laughing, lifting, or exercise, because of
the inability of these muscles to counter the increase in intra-abdominal pressure.

¢ Urinarystress incontinence is often seen in women who have had multiple pregnancies and vaginal childbirths and in men following
prostate surgery

o About 50% of all women have occasional urinary incontinence

Mnemonics
Memory Aids
"Water under the bridge™ -denotes relationship of ureter (water) to uterine artery, as it passes under the artery.
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36 Uterus, Vagina and Supporting Structures
STUDY AIMS
At the end of your study, you should be able to:

Describe the anatomy of the uterus and its supporting ligaments

Know the anatomy of the ovary and the uterine tubes in relation to the pelvic cavity, the peritoneum, and the uterus
Know the anatomy of the cervix

Understand the orientation of the cenixrelative to the position of the uterus and changes with childbirth
Understand the anatomy of the vagina
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GUIDE
Pelvis and Perineum: Uterus, Vagina, and Supporting Structures
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[Plate 352, Uterus, Vagina and Supporting Structures]
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Uterus
Basic structure
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[Plate 355, Uterus and Adnexa]

Pear-shaped organ

Approximately 8 cm long and 5 cm wide
Supported by the pelvic diaphragm
Composed of

o Body (corpus) -upper two thirds
o Fundus-rounded upper part superior to the entrances of the uterine tubes
o Isthmus-narrower area just above the cenix

o

Cenvix (neck) -cylindrical inferior part that projects into the superior vagina

o Uterine cavityis small (6 cm in length) and slit-like
o Uterine horns are superolateral regions where the uterine (Fallopian tubes) enter
o Uterine wall has three layers
o Perimetrium-outer layer of peritoneum with underlying connective tissue
o Myometrium-middle, thick layer of smooth muscle
o Endometrium-vascular inner mucosal layer the thickness of which varies with menstrual cycle and age
o The uterus has two surfaces: anteroinferior and posterosuperior
» Aportion of the cenix, body, and fundus of the uterus is covered with peritoneum

o Thick-walled canal, 2.5 cm long, connecting the body of the uterus with the vagina
o Communicates superiorlyvia internal os with uterus

o Communicates with vagina inferiorly via external os

o Approximately half of the cenvix lies above the vagina (supravaginal) and is covered posteriorly with the peritoneum of the rectouterine

pouch

o The bladder is separated from the anterior surface of the supravaginal part of the cenix by connective tissue
o The lower half of the cenix (vaginal part) protrudes into the vagina and can be examined clinically

Relationships of the uterus

Laterally-

Broad ligament, transverse cenvcal (cardinal ligaments), ureters
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Anterior- \ksicouterine pouch, superior surface of bladder
Posterior- Rectouterine pouch and anterior surface of rectum, loops of intestine in pouch

Vascular supply of uterus (including cervix)

o Arterial

o Uterine arteries (branches of internal iliac arteries)

o \aginal arteries (branches of uterine arteries with anastomoses with internal pudendal arteries)
e \Enous drainage: via uterine venous plexus to internal iliac veins
o Lymphatics drain to

o BExternal iliac nodes

o Internal iliac and sacral nodes

o Superficial inguinal nodes (along round ligament)

Innervation

From the uterovaginal plexus, a subdivision of the inferior hypogastric (pelvic) plexus

Sympathetic, parasympathetic, and visceral afferents to and from the uterus pass through this plexus

Sympathetic innervation from lower lumbar spinal cord segments via lumbar splanchnic nerves and intermediate plexuses
Parasympathetic innervation from pelvic splanchnic nerves (S2,3,4 spinal cord levels) via pelvic plexus

Afferent fibers with pain information from body and fundus ascend through plexuses to lumbar splanchnic nerves to reach upper
lumber/lower thoracic spinal cord segments

o Afferent fibers with pain information from cenixand all information except for pain from body and fundus follow parasympathetic fibers back
to central nervous system

Vagina
Basic structure

Muscular tube, 8 to 10 cm long

Superior end surrounds the cenvix upper two thirds lie within pelvic cavity

Slopes downward and forward through the pelvic diaphragm

Opens inferiorlyinto vestibule between labia minora

Lining has multiple transverse folds-rugae

Recessed area of vagina around the cenixis called the vaginal fornix, composed of shallow anterior, deep posterior, and lateral fornices
Posterior fornix directly related to rectouterine pouch

Relationships of the vagina
Superior External os cervix
Inferior \kstibule between labia minora
Anterior Posterior wall bladder
Posterior Rectouterine pouch
Ampulla of rectum
Lateral Levator ani muscles
Blood supply

o Uterine arteries supplies superior part
o \Aginal arteries supply middle part
o Lower part supplied by middle rectal and internal pudendal arteries

Venous drainage
Vaginal venous plexus to uterine venous plexus to internal iliac veins

Innervation

o Upper three fourths same as uterus
o Lower one fourth is somatic via the pudendal nerve
o \isceral and sympathetic fibers reach the lower one fourth via the pudendal nerve; no parasympathetics

Variations in Position of the Uterus

When the bladder is empty; body of the uterus bent anteriorly on the cenvix anteflexion
Axs of cenvixalso bent forward relative to axis of vagina: anteversion

Thus the body of uterus lies on superior surface bladder

Full bladder reduces these angles

Reversal of these angles is called retroversion and retroflexion

Ligaments Associated with the Uterus
Broad ligament

o Double layer of peritoneum that sweeps up and over the uterus, ovaries, and the uterine tubes
o Thus has an anterior and a posterior lamina
o Extends from the sides of the uterus to the lateral pelvic walls
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o Part that suspends the ovary from the posterior lamina is the mesovarium
o Part of broad ligament above the level of the ovary and mesovarium that sweeps over the uterine tubes is the mesosalpinx
o Part of broad ligament below the mesovarium or the mesentery of the uterus

o Uterine arteries and wveins run medially from the internal iliac arteries to the uterus atits base

¢ Encloses the plexus of uterine veins

Ligament of the ovary

o Extends from the medial pole of ovaryto the lateral wall of the uterus, just beneath the entrance of the uterine tube, on each side
o Remnant of proximal part of embryonic gubernaculums

Round ligament of the uterus

o BExtends from the lateral wall of the uterus, just beneath the entrance of the uterine tube, to the lateral pelvic wall on each side
o Crosses external iliac vessel to enter deep inguinal ring

o Passes through inguinal canal to labium majus

o Remnant of distal part of embryonic gubernaculums

Suspensory ligament of the ovary

¢ An extension of the broad ligament superiorly on the posterolateral pelvic wall
o Covwers the ovarian vessels, associated nerves, and lymphatics

Uterine (Fallopian) Tubes
Basic anatomy

o Approximately 10 cm long, extending laterally from the uterine horns to the peritoneal cavity near the ovaries
¢ Run in free upper border of broad ligament (mesosalpinx)
¢ Provide a channel for ova from ovaryto uterine cavity and site for fertilization
o Divided into four parts for descriptive and functional purposes
o Infundibulum
Horn-shaped distal end
Opens into peritoneal cavity
Has finger-like processes (fimbriae) at distal end that spread over surface of ovary
o Ampulla
Widest and longest part
Where fertilization usually occurs
Connects infundibulum and isthmus
o Isthmus
Thick-walled
Enters uterine horn
o Uterine part: passes through the wall of the uterus

Blood supply

o Arterial (anastomoses)
o Uterine arteries
o Ovarian arteries
e \knous drainage
o Uterine venous plexus
o Ovarian veins

Lymphatics

To lumbar lymph nodes

Innervation

Ovarian and uterine plexuses = subdivisions of pelvic plexus

Ovaries
Basic structure

e Owid in shape

o Approximately4 cm long and 2 cm wide

¢ Liein the ovarian fossa on lateral pelvic wall between external and internal iliac vessels

» Attached to the broad ligament by mesovarium, which transmits ovarian vessels

o Connected to lateral wall by suspensory ligaments of the ovary, containing ovarian vessels, nerves, and lymphatics

Arterial supply

o Ovarian artery
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o Branch of abdominal aorta
o Terminates in ovarian and tubal branches

Venous drainage

o Pampiniform plexus combines to form single ovarian vein
o On right this drains into the inferior vena cava
¢ Ontheleftdrains into the left renal vein

Lymphatics
Follow ovarian vessels to lumbar lymph nodes

Innervation

o Sympathetic and afferent fibers reach the ovaryvia the ovarian vessels
o Parasympathetic fibers from pelvic splanchnic nerves (S2,3,4 spinal cord levels) reach ovary via same route
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FACTS & HINTS

High-Yield Facts
Clinical Points

The thickness of the endometrium (vascular mucosal lining) changes throughout the menstrual cycle, undergoing thickening and shedding.

Following menopause the uterus and vagina undergo atrophy

Because the upper two thirds of the vagina lie within the pelvic cavity, weakness of the pelvic floor muscles can lead to vaginal prolapse.

The lumen of fallopian tubes communicates with the peritoneal cavity at its distal (ovarian) end.

The ovaryis covered only by a thin layer of mesothelium, an extension of the mesovarium, to permit owulation of the mature owm into the

peritoneal cavity.

Ectopic pregnancies are therefore possible within the peritoneum.

¢ Fertilization of an owum usually occurs within the fallopian tubes at the ampulla (the widest part)

» Ectopic pregnancies-implantation of a blastocyst other than in the uterine wall-can occur in the uterine tube (tubal pregnancy-most common
ectopic pregnancy), into the ovary (ovarian pregnancy-rare) or into the abdominal wall (peritoneal pregnancy-very rare)

o Blockage of the uterine tubes as the result of disease is a common cause of infertility

Clinical Points

Cervical Cancer

e Common between age 40 and 60 years

o Was the leading cause of death of women in the United States until 1940, when detection of malignancies and premalignant conditions
was made possible by the development of Pap (Papanicolaou) smears.

o Risk factors include: early sexual activity, multiple sexual partners, human papillomavirus infection, and smoking

¢ Eighty-five percent to 90% are squamous cell carcinomas; 10% to 15% are adenocarcinomas

Fibroids

Benign tumors of smooth muscle cells of uterine myometrium
Occur in 30% all women

Can occur in anylocation within the uterus

Growth stimulated by estrogen and oral contraceptive pill
Symptoms usually a result of compression effects
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37 Perineum and External Genitalia: Female
STUDY AIMS
At the end of your study, you should be able to:

CQutline the general organization of the perineum

Describe the contents of the urogenital and anal triangles
Describe the central perineal tendon and perineal membrane
Outline the fascial layers and spaces of the perineum
Describe the anatomy of the clitoris, labia, and vestibule
CQutline the blood supply of the external genitalia

Qutline the innervation of the female external genitalia
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GUIDE
Pelvis and Perineum: Perineum and External Genitalia: Female
Mons pubis

Anterior commissure of
labia majora

Prepuce of chitoris

Pudendal cleft {groove or
space between the
labia majora)

Glans of clitoris

Frenulum of clitoris
External urethral orifice

Labium minus

Labium majus

Openings of paraurethral
(Skeme's) ducts

Vestibule of vagina
(cleft or space surrounded
by labia minoray

Vaginal orifice

Opening of greater
vestibular (Bartholin’s) gland

Hymenal caruncle

Vestibular fossa

Frenulum of labia minora

Paosterior commissure of
labia majora

Perinzal raphe
(over perineal body)

2

Ariis
[Plate 356, Female Perineum and External Genitalia (Pudendum or Vulva)]
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Bulbaspongiosus muscle Suspensory gament of chitoris
with deep perineal (investing
or Gallaudet's) fascia

partially remonved

Ischincavernosus muscle

Bulb of vestibule
Superficial perineal space '

[pouch or compartment)
Perineal membrane

Ischiopubic ramus - o ’

. } . = Grisater vestibular
;\::eflyuéngldgt " b g e (Bartholin's] gland
perineal (Colles) b =

Bulbospongiosus
muscle
[cul avway}

Superficial
ransverse
pesines
muscle

Gluteus
maximus
muscle

Ischioanal fossa
Chivturatar
fascia

Tendmous arch of
lewator ani muscle

Sphincter urethras

oo muscle Inferor fascia af
:JS:IL':E— pebvic diaphragm {cut)
ramus Perineal membrane

Levator and musche
(et and reflected)

External anal sphincier muscle
Compressor urethrae inal

Bulb of bty

vestibule Anococcygeal (ligamenth body
Sphincier urethrovaginalis
muscle

Creater vestibular
{Barthakin’s) ghnd perineal muscle

Perineal membrane

[Plate 358, Female Perineum and Deep Perineum]
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Perineum

Superficial perineal space

i i i \

Suspensory ligament of ditoris

Paosterior labial artery

Crus of clitors

Cut edge of superficial
perneal (Colles') fascia

Bl o viestibasle

Internal puctendal
[clitoral) artery

Extermal wretheal . 2 Deep and superficial
orfice 4 4 5 x — bramches of perineal
j neme

Labsivim minius (ot & { b = - i

Bultospongiosus

muscle
miembrane
Perineal nerve

Pudendal nerve

¥ o Greater vestibuldr — ranch of inferior anal
Vaginal arifice (Bartholin'sl gland  {ractal) nerves

Internal pudendal
artery

Superiicial transverse
perineal muscle

Deep perineal space
Dorsal artery of ditoris

Dorsal nerve of clitoris

Dreep artery of clitoris

Deep dorsal vein of citoris [ Xy - = - ~ Compressor
5 X urethrae muscle

External urethral orilice Artery to balb

of veslibibe

Perineal membrane

feent amd chellected) Internal pudendal

[clitaral) artery

Cut edge of superficial ' . § . : .
perineal (Colles'] fascia — \

Vaginal orifice

Deep and supericial
branches of pesineal

= - . e
Greater vestibular Waginal wall Deep transverse  "orE il

{Barthodin's) glands perineal muscle

[Plate 359, Female Perineal Spaces]

General organization (Same as male)

Narrow region between superior medial aspects of thigh

With lower limbs abducted in lithotomy position, becomes a diamond-shaped area
Bounded by pelvic diaphragm superiorly and superficial fascia and skin inferiorly
Anal canal, urethra, and vagina pass through the perineum

Boundaries:

Anteriorly. Pubic symphysis

Posteriorly: Inferior sacrum and coccyx
Anterolaterally: Ischiopubic rami

Laterally: Ischial tuberosities
Posterolaterally: Sacrotuberous ligaments

o

o
o
o
o

Divided into two triangles byimaginary line between ischial tuberosities
Posteriorlyis anal triangle
Anteriorlyis urogenital triangle

Contents of the anal triangle (Same as male)

o Anal canal and anus
o External and internal anal sphincters
Ischiorectal fossa

Contents of urogenital triangle

Membranous and distal urethra

Vagina

Vulva (labia majora, labia minora, and clitoris)
Erectile bodies of wiva
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Central perineal tendon (perineal body) (Same as male)

o

o
o
o
o

Located at midpoint of the line dividing the urogenital from anal triangles
Mass of collagenous and elastic fibers

Deep to skin

Anterior to anal canal

Posterior to bulb of the penis (male) or vestibule (female)

Site of attachment for

Bulbospongiosus

Superficial ransverse perineal muscles

Deep transverse perineal muscles

External anal sphincter

Fascicles of muscle from external sphincter urethrae and levator ani

Perineal membrane

o Eventhing same as male, except
o Sphincter urethrae (external urethral sphincter)

o
o

May existin females
Some fibers extending to the ischiopubic rami (compressor urethrae) and some encircling the vagina as well

o Pierced byvagina and urethra

Fascia and spaces of the urogenital triangle

o Eventhing same as male, except
o Superficial perineal space (pouch)

o
o

Between membranous layer of superficial fascia and perineal membrane
Contains:

Crura of clitoris and associated muscles

Bulbs of vestibule and associated muscles

Superficial transverse perineal muscles

Branches of internal pudendal vessels and pudendal nerves

Greater vestibular glands

o Deep perineal space (pouch)

o
o
o

Lies between perineal membrane and pelvic diaphragm
Ischioanal fossae extend anteriorly into this space
Contains:

Proximal part of urethra

External sphincter urethrae muscle

Deep transverse perineal muscles

\kssels and nerves

Female External Genitalia
Anatomical features

o Female external genitalia collectively called the wilva
o Female external genitalia include

o

0O 0o o o o

o

Mons pubis

Labia majora

Labia minora

Clitoris

\estibule of vagina

Bulbs of vestibule
Greater vestibular glands

o Mons pubis

o
o
o

Fatty tissue lying anterior to pubic symphysis and superior pubic rami
Skin continuous with anterior abdominal wall
After puberty is covered with pubic hair

o Labia majora

o
o
o
o
o

o

Longitudinal folds of skin containing fat, smooth muscle, and termination of round ligament of uterus
Lie on either side of pudendal cleft

Externally contain sebaceous glands and are covered by pubic hair

Internally are smooth and hairless

Unite anteriorly as the anterior commissure

Form a posterior commissure posteriorly, which disappears after childbirth

o Labia minora

Longitudinal folds of hairless skin without fat enclosed by labia majora

Surrounds vestibule of vagina

Extend from clitoris around urethra and vagina

Meet anteriorly as a small fold = frenulum of the clitoris, which passes deep to the clitoris
Posteriorly unite as frenulum (fourchette)

o \kstibule

o

Region enclosed bylabia minora
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o Contains external urethral meatus, vaginal introitus (most inferior opening) and opening of ducts of paraurethral gland
o Contains opening of ducts of greater vestibular (Bartholin's) glands
One gland on either side of vestibule
Posterior to vaginal orifice
Ductal openings either side of vagina; secrete mucus during sexual arousal
o Contains bulbs of vestibule
Elongated masses of erectile tissue
One on either side of vaginal introitus
Homologous to bulb of penis and corpus spongiosum
o Clitoris
o Resembles inverted 'V
Composed of root and body, located where labia minora meet anteriorly
Lies 2 cm anterior to external urethral meatus
Body composed of two crura, two corpora cavernosa, and glans clitoris
Highlyinnervated, becomes engorged during sexual arousal
Prepuce of clitoris-anterior extension of labia minora

o 0o o o o

Vascular supply and innervation

Anterior labial nerve
{from ilivinguinal nerve)

Dorsal nerve of clitoris

Posterior labial nerves

Superficial Branches
of perineal
Deep nerve

Perineal branch of
posterior femoral
cutaneous nerve

Dorsal nerve of
clitoris passing
superior to

G perineal membrane

ol

- ;——Perineal nerve

B |
——FPudendal nerve in

: pudendal canal

(Alcock’s) (dissected)

Inferior clunial
nerves

Gluteus maximus
muscle (cut away)

Sacrotuberous ligament
Perforating cutaneous nerve

Inferior anal {rectal) nerves

Anococcygeal nerves
[Plate 393, Nerves of Perineum and External Genitalia: Female]

o Arterial supply
o BExternal pudendal arteries (branches of femoral artery)
o Internal pudendal arteries
Labial and clitoral branches of internal pudendal artery
e \knous drainage
o Internal pudendal vein
o \knae comitantes of internal pudendal artery

Lymphatic drainage
To superficial inguinal nodes

Innervation
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o Anterior labial nerves from ilioinguinal nerve
o Perineal branch from posterior femoral cutaneous nere
o Posterior labial nenes from pudendal nerne
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FACTS & HINTS

High-Yield Facts
Clinical Points

Bartholin cyst
Cystic swelling of greater vestibular (Bartholin's) glands
Occurs when gland is infected or ductis blocked

e Canenlargeto4to5cm

Carcinoma of the vulva

Mmics chronic ulcer

Patient presents with pain, a discharging ulcer and occasionally a lump
Metastasis is to inguinal lymph nodes

Greater vestibular gland is origin of most wulwilar adenocarcinomas

Childbirth and the perineal body

Owert or occult tearing of perineal body results in permanent weakness of pelvic floor
Can involve tearing of posterior vaginal wall and overlying skin

Slow to heal because of lack of vascular supply

Episiotomy done if tearing of perineum is predicted

Incision usually made from posterior vaginal wall through midline to just anterior to anus

298 /425



38 Perineum and External Genitalia: Male
STUDY AIMS
At the end of your study, you should be able to:

CQutline the general organization of the perineum

Describe the contents of the urogenital and anal triangles
Describe the central perineal tendon and perineal membrane
Outline the fascial layers and spaces of the perineum
Describe the anatomy of the scrotum

Describe the anatomy of the penis
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GUIDE
Pelvis and Perineum: Perineum and External Genitalia: Male

Skin of penis

Superficial (dartos)
fascia of penis
Aponeyurosis of

external oblique
muscle

Deep membranous (Scarpa’s)
layer of subcutaneous
tissue fout avwiny)

Inguinal gament

(Poupart’s)
-

Deep (Buck's)
fascia of penis

Superficial
inguinal ring

External spermatic fascia
investing spermatic cord

Fascia lata ideep fasciab of thigh

Bulbospongiosus muscle

Ischigcavernosus musde
covers orus of penis

Superficial perineal (Colles’) fascia (ew
Ay o open supenioial perneal space)

Perineal membrane

Deep peineal (investing or Gallaudet’s)
fascia (partially cut away) covers
musches of superficial perineal space

Superficial transverse perineal muscle

Ischial tuberosity

Superficial perincal (Colles’) fasc (ol edge
Levator ani muscle roofing ischioanal fossa
External anal sphinciler muscle

Gluteus maimus muscle

Supericial dorsal vein

Skin
Drorsal arvery and nerve
Dreep dorsal vein
Lateral superficial vein

Superticial idartos) fascia of penis
Caorpus caaermosum and i1s

Deep (Buck's) fascia of penis tunica albuginea

Deep artery
Corpus spongiosum and its ﬁ
tunica albugines ’f

Transverse section through body of penis
[Plate 361, Male Perineum and Bxternal Genitalia (Deeper Dissection)]

Intercavernaus septum of deep fascia

Urethra

Perineum
General organization (Same as female)

Narrow region between superior medial aspects of thigh
With lower limbs abducted in lithotomy position, becomes a diamond-shaped area
Bounded by pelvic diaphragm superiorly and superficial fascia and skin inferiorly
Anal canal, urethra, and vagina (females) pass through the perineum
Boundaries:

o Anteriorly: Pubic symphysis

o Posteriorly: Inferior sacrum and coccyx
o Anterolaterally: Ischiopubic rami
o
o

Laterally: Ischial tuberosities

Posterolaterally: Sacrotuberous ligaments
¢ Divided into two triangles byimaginary line between ischial tuberosities
o Posteriorlyis anal triangle
o Anteriorlyis urogenital triangle

Contents of anal triangle (Same as female)
o Anal canal and anus

o External and internal anal sphincters
o Ischiorectal fossa

Contents of urogenital triangle

e Membranous and spongy urethra (males); distal urethra (females)
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¢ \agina (females)
* Proximal erectile bodies of the penis (males) and wilva (females)
o Aitachment of the scrotum

Central perineal tendon (perineal body) (Same as female)

Located at midpoint of the line dividing the urogenital from anal triangles
Mass of collagenous and elastic fibers
Deep to skin
Anterior to anal canal
Posterior to bulb of the penis (male) or vestibule (female)
Site of attachment for
o Bulbospongiosus
Superficial transverse perineal muscles
Deep transverse perineal muscles
External anal sphincter
Fascicles of muscle from external sphincter urethrae and levator ani

o
o
o
o

Perineal membrane

Thin sheet of deep fascia
Runs between the two ischiopubic rami
Spans anterior pehic outlet
Pierced by urethra and ducts of bulbourethral glands
Is attached to perineal body at midpoint of posterior margin
Thickened anterior margin = transverse perineal ligament
Superficial transverse perineal muscles
o Lie superficial to (external to) perineal membrane
o BExtend from ischiopubic ramus on either side along posterior aspect of perineal membrane to attach to the perineal body
o Deep transverse perineal muscles
o Lie deep to (internal to) perineal membrane
o Extend from ischiopubic ramus on either side along posterior aspect of perineal membrane to attach to the perineal body
o Sphincter urethrae (external urethral sphincter)
o Lies deep to (interal or superior to) perineal membrane
o Circular fibers around membranous part of urethra in males
o Anterior to deep transverse perineal muscles
o Deep transverse perineal muscles and sphincter urethrae traditionally termed urogenital diaphragm

Fascia and spaces of the urogenital triangle

o Superficial fascia of the urogenital triangle has two layers, similar to the abdomen
o Superficial fatty layer
o Deep membranous layer (Colles' fascia)
o Superficial layer replaced in penis and scrotum by dartos layer (smooth or dartos muscle)
o Membranous layer of superficial fascia
o Posteriorly attached to posterior margin of perineal membrane and perineal body
o Laterallyattached to deep fascia (fascia lata) of superior medial thigh
o Anteriorlyis continuous with membranous layer of superficial fascia of abdomen (Scarpa's fascia)
o Deep perineal fascia (Gallaudet's fascia)
o Invests ischiocavernosus, bulbospongiosus, and superficial transverse perineal muscles
o Fused to suspensoryligament of penis or clitoris
o Superficial perineal space (pouch)
o Between membranous layer of superficial fascia and perineal membrane
o Contains in males:
Bulb and crura of penis and associated muscles
Proximal spongy urethra
o Superficial ransverse perineal muscles
Branches of internal pudendal vessels and pudendal nerves
o Contains in females:
Crura of clitoris and associated muscles
Bulbs of vestibule and associated muscles
Superficial transverse perineal muscles
Branches of internal pudendal vessels and pudendal nerves
Greater vestibular glands
o Deep perineal space (pouch)
o Lies between perineal membrane and pelvic diaphragm
o |schioanal fossae extend anteriorlyinto this space
o Contains:
Membranous urethra
External sphincter urethrae
Bulbourethral glands: secrete clear mucous during sexual excitation, ducts descend through perineal membrane and terminate in
spongy urethra
Deep transverse perineal muscles
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\kessels and nenes

Male External Genitalia

Skin of penis

Superficial fascia
(Colbes) of penis

Deep (Buck's)

Sunc_:r‘rulziql fascia of penis
nguinal ring

Testicular artery
External

spermatic fascia Ductus deferens
Artery o ductus deferens
Cremaster muscle

and fascia Genital branch of

genitofemonal nerve

Pampiniform (venous) plexus
S;:plurnur'scrulum \ y / R pal e
(formed Ly | [ Epiclichymis
dartos fascia) - ! ! PR

Appendix of epididymis
Superiicial

(dartos) fascia , | B —N Appendis of testis
of scrotum 1 ;
Testis lcovered by visceral
layer of tunica vaginalis)

Skin of scrotum
Parsietal layer of tunica vaginalis

Superficial (dartos) fascia of scrotum

External spermatic fascia

Cremaster muscle and fascia

Internal spermatic fascia

Parietal Lover of tunica vaginalis

Epidichymis

Testis [covered by visceral layer of tenica vaginalis)

Skin of scrotum

1

[Plate 367, Scrotum and Contents]
Scrotum

Sac derived from skin and superficial fascia of abdominal wall
Contains testes, epididymis and distal portion spermatic cord
Skin shows midline scrotal raphe = fusion of bilateral labioscrotal swellings in embryo
Dartos fascia
o Continuation of deep membranous layer of superficial fascia of abdomen
o Contains significant smooth muscle = dartos muscle
o Extends inward, forming scrotal septum, separating right and left halves
» Deep to dartos, tunics of spermatic cord (external spermatic, cremasteric and internal spermatic fascia form a fused layer around and
external to tunica vaginalis
o Supplied by external pudendal arteries and veins
o Lymphatics drain to superficial inguinal lymph nodes
o Innervated by
o Anteriorly, ilioinguinal nerve and genital branch of genitofemoral
o Posteriorly, posterior scrotal nerves (terminal branches of the pudendal) and perineal branches of the posterior femoral cutaneous
neres

Penis

* Male organ of copulation
o Composed of a body (shatt), root and glans
e Bodyis
o Anchored in superficial perineal space (pouch) and attached to perineal membrane
o Contains three cylindrical masses of erectile tissue
a. paired corpora cavernosa in parallel on dorsal surface
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b. corpus spongiosum in midline of urethral surface (facing scrotum)
o Each erectile body covered by a fibrous tunic albuginea
o Corpora cavernosa
o Diverge posteriorly to form the crura of the penis
o Each crus attaches to the inferior surface of corresponding ischiopubic ramus, anterior to ischial tuberosity
e Glans of the penis is the distal expansion of the corpus spongiosum: proximally it forms bulb
o Membranous urethra pierces the perineal membrane and enters the bulb from above (so now is called spongy urethra) and terminates at
external urethral meatus (at apexglans)
* Root of penis is formed by bulb and crura
¢ Two muscles are associated with erectile bodies
o Bulbospongiosus muscle
o [schiocavernosus muscle
Bodyis surrounded by deep fascia (Buck's fascia), external to tunic albuginea
Skin of penis is connected to deep fascia by loose areolar connective tissue
At neck of the glans, the skin and connective tissue of the penis extends and a double-layered fold, the prepuce or foreskin
\essels and nerves run on dorsum of penis
o Between skin and deep fascia
o Between deep fascia and tunica albuginea
¢ Innenation
o Dorsal nerve of the penis from the pudendal nerne
Passes the length of the penis lateral to the dorsal artery on that side
Lies beneath deep fascia
Supplies skin and glans
o llioinguinal nerve supplies skin of proximal shaft of penis
o Erection controlled by parasympathetic nenes (pelvic splanchnic nerves), which relaxes smooth muscle in coiled arteries of penis
supplying erectile bodies
o Arterial supply
o Dorsal arteries of penis from internal pudendal arteries run on either side of deep dorsal vein beneath deep fascia
o Deep arteries from internal pudendal arteries
Run distally within center of corpora cavernosa
Highly coiled branches (helicine arteries) supply erectile tissue
o Areryof bulb of penis from internal pudendal artery supplies posterior corpus spongiosum
o External pudendal arteries supply skin of penis (branch of femoral artery).
e \knous drainage
o Deep dorsal vein of penis receives blood from venous plexus
Drains to prostatic venous plexus and then to internal iliac/internal pudendal veins.
o Superficial dorsal vein of penis drains to superficial external pudendal vein
¢ Lymphatic drainage mainly to superficial inguinal nodes

Muscles of the penis
Bulbospongiosus | \entral surface of bulb of penis Corpus Deep branch of perineal Compresses bulb of penis
Perineal body spongiosus |nenve from pudendal nerve  |Forces blood into body of
penis during erection
Compresses outflow veins
Ischiocavernosus |Inferior internal surface of ischiopubic | Crus of Deep branch of perineal Forces blood into body of
ramus and ischial tuberosity penis nenve from pudendal nerve  |penis during erection
Compresses outflow veins
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FACTS & HINTS
High-Yield Facts
Clinical Points

o Urethral rupture may occur spontaneously, or occur as a result of external (fractures of the pelvis, penetrating injury) or internal (following
catheterization or instrumentation) trauma.

o Site of urethral rupture determines where urine will extravasate

o The superficial perineal fascia is continuous with the deep membranous layer of the superficial fascia of the anterior abdominal wall. If
there is disruption of the spongy urethra, urine may extravasate into the superficial perineal pouch and ascend up the anterior abdominal
wall beneath the deep membranous layer. It will not extend into the anal triangle, because the superficial perineal fascia is tacked down to
the perineal membrane along its posterior margin. It will not extend into the thigh because the superficial perineal fascia is tacked down to
superomedial fascia lata of the thigh.

o Penile trauma is rare. Rupture of the tunica albuginea and bleeding into the deep fascia can resultin swelling of the penis.

Mnemonics
Memory Aids
Erectile Dysfunction (ED) "Very Nenous People Hesitate and Disappoint”

Vascular
Neurologic
Psychogenic
Hormonal
Drugs
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39 Testis, Epididymis & Ductus Deferens

STUDY AIMS
At the end of your study, you should be able to:

Describe the gross structure of the testes

Understand the organization of the ducts of the testes: seminiferous tubes, rete testis, efferent ductules

Describe the basic structure of the epididymis

Describe the course of the ductus deferens from the testes to the urethra

Understand the anatomy of the seminal vesicles and their ducts in relation to the formation of the ejaculatory duct
Know the location of the ejaculatory ducts and where they enter the urethra

Know the anatomy and organization of the prostate gland

Qutline the contents of semen and the factors that control ejaculation
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GUIDE
Pelvis and Perineum: Testes, Epididymis, and Ductus Deferens

of urinary
Bladder

Livula
of bladder
Base of
prostate

Seminal colliculus

Uresthral by Prostatic uiricle
crest

Openings Opening of

of prostatic ejaculstory duct
ducts in ;

Sphincter urethrae
m

Bulbourethral
{Cowper's) gland

Opening of bulbourethral duct

Perineal body

Frontal section, anterior view Reciovesical or recloprostatic
of bulbous portion of spon, (Denonvilliers'} fascia Seminal
urethra schematically extended vesicle

gittal section g %;—#

Urinsairy bladder
Duectus deferens

Antenion muscular band of skeletal muscle
tcontinuation of sphincter urethrae)

Isthmus and fibromuscular
stroma (smooth muscle

Prostatic
Prostatic utricle
- Median lobe

" Inferolateral
lobe

Ischiopubae ramus

Deep ransverse

perineal muscle = -

and fascia o & i Capsule of
i prostate

Inferoposterior lobe

Bulbourethral (Cowper's) glands

Posterior view Cross section through prostate
[Plate 364, Prostate and Seminal Vesicles]
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Transverse Section: Pubic Crest, Femoral Heads, Coccyx

Superior portion of pubic symphysis Interior of urinary bladder

Spermatic cord Adductor longus muscle

Plate 398 Ca -
| Beginning of urethra

Prostate gland with
prostatic urethra

Body of pubis
Pectineus muscle

Femoral vein

Psoas muscle and tendon
Femoral artery

liacus muscle
Femaoral nerve

Head of femur s
Sartorius muscle

Neck of femur 3
liopsoas muscle

Gluteus )
miedlius Rectus femaoris
muscle muscle
Gluteus :[Fc‘n*_‘trr i
minimus MCIaIr.‘ atac
tendon muscle
Greater (_-lulii_.‘us
trochanter medius
muscle
Inferior
gemellus Uhlllr.'lll::_r
muscle artery, vein,
and nerve
Right
scialic nerve Acetabular
fossa

h maximus A
Gluteus maximus muscle Lunate {articular)

surface of

Obturator internus muscle acetabulum

Sacrotuberous ligament Left sciatic nerve
Openings of ejaculatory :
ducts (in prostatic urethra) Internal pudendal artery and vein

Perineal ilexure {termination of Pudendal nerve

recium, beginning of anal canal)
Fat body of ischioanal fossa

Levator ani muscle (puborectalis) L.W
[Plate 398, Male Pelvis: Bladder-Prostate Junction]

Tip of cocoyx

Testes

Owoid structure, approximately 5 cm long
Site of sperm production
Contains 200 to 300 lobules separated by connective tissue septa
Two to 3 highly coiled seminiferous tubules in each lobule, 1 meter in length
Tubules converge toward posterior testis and discharge contents into duct network of rete testis
Mediastinum testis
o Posterior region of testis where vessels and nenes enter and leave
o Not covered by tunica vaginalis
o Contains rete testis
o Contains efferent ductules connecting rete testis to head of epididymis
o Suspended by spermatic cord and located in scrotum
o s covered by three distinguishable layers:
o Tunica albuginea-tough fibrous layer
o \isceral layer of tunica vaginalis-serous layer
Applied to testis, epididymis, and distal spermatic cord
o Parietal tunica vaginalis
Parietal and visceral tunica vaginalis derived from peritoneal outpocketing in embryonic life
Separated by small amount of serous fluid that allows testis to mowe in scrotal sac
Deficient posteriorly to ransmit epididymis and blood vessels
o Blood supply: Testicular artery
o \£nous drainage: Pampiniform plexus

Epididymis

Formed from conwolutions of narrow duct of the epididymis

Located on posterior aspect testes within scrotum

Consists of a head, a body; and a tail

Head formed from ends of approximately 12 efferent ductules from the testis
Tail is continuous with ductus deferens

Where sperm are stored, mature, and become motile

Blood supply: Testicular artery

\kenous drainage: Pampiniform plexus
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Ductus deferens (Vas deferens)

o Twenty-five cm long
o Connects tail of epididymis to ejaculatory duct
e Course:
o Commences at tail of epididymis

Trawvels in spermatic cord (where it can be palpated) through superficial inguinal ring and through inguinal canal
Emerges at deep inguinal ring and crosses over external iliac vessels to run along the lateral pelvic wall
Crosses above and medial to the ureter where it becomes dilated and forms the ampulla
Ampullae converge with each other on the posterior aspect of the bladder and narrow before uniting with duct of the seminal vesicle
to form ejaculatory duct

o Ejaculatory duct opens into the prostatic urethra
Blood supply: Branch of inferior vesical artery = deferential artery
¢ \knous drainage: Deferential vein(s) to prostatic venous plexus to internal iliac veins.

o
o
o
o

Seminal vesicles

Elongated, coiled structures between fundus of bladder and rectum
Separated from rectum by rectovesical pouch

Do not store sperm

Secrete alkaline fluid that mixes with sperms in ejaculatory ducts and urethra
Duct of each seminal vesicle joins ductus deferens to form ejaculatory duct
Supplied by branches and tributaries of inferior and middle rectal vessels

Ejaculatory ducts

Formed from union of ductus deferens with duct of seminal vesicle
Short, approximately 2.5 cm

Converge and open on seminal colliculus of prostatic urethra as two slits
Supplied by deferential arteries

Drained by prostatic and vesical plexuses

Prostate

¢ Encapsulated gland surrounding urethra between neck of bladder and pelvic floor
o Directlybehind inferior edge of pubic symphysis
o Composed of
o Two lateral lobes
o Anterior lobe or isthmus connecting lateral lobes anteriorly
o Posterior lobe below ejaculatory ducts and posterior to urethra
o Mddle lobe between urethra and ejaculatory ducts
Contains glands that produce 20% of volume of semen
Ducts of glands combine to form prostatic ducts opening into prostatic sinuses on either side of seminal colliculus in prostatic urethra
Dense fascia sheath outside capsule contains prostatic venous plexus that drains to internal iliac veins
Supplied by prostatic arteries from several sources including internal iliac or inferior vesical arteries
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FACTS & HINTS

High-Yield Facts
Anatomic Points

Semen contains:
o Sperm from the testes: 40 to 600 million per ejaculate but only 10% of total ejaculate
o Seminal vesicle secretions: alkaline fluid rich in fructose, 70% of total ejaculate
o Prostatic secretions: lipids, acid phosphatase, proteolytic enzymes, citric acid
o Cther contents: potassium, zinc, citric acid, phosphoryicholine, spermine, free amino acids, and prostaglandins
Mechanism of Haculation
o Controlled by sympathetic nervous system
o Contraction of smooth muscle of ductus deferens, seminal vesicles, and prostate propels secretions into prostatic urethra
o Simultaneous contraction of smooth muscle in bladder neck prevents retrograde ejaculation (reflux of semen into the bladder)
¢ Semen is expelled from the urethra by contraction of the bulbospongiosus muscles
Clinical Points
Hydrocele
o An accumulation of serous fluid in space between parietal and visceral layers of tunica vaginalis
¢ Presents as afluctuant swelling in the testes
o Detection requires transillumination-bright light applied to the swelling presents as a red glow in a darkened room
¢ Maybe congenital, precipitated by trauma or inflammation of the epididymis
Clinical Points
Vasectomy
o Amethod of birth control because it produces sterility
o Failure rate less than 95%
¢ Performed under local anesthetic
o \As deferens is isolated via a small scrotal incision in superoanterior scrotal wall
o Asegment of duct is clamped or ligatured at each end, the segment is sectioned and the ends are cauterised
Clinical Points
Testicular Cancer
o Ninety-five percent are germ cell tumors
¢ Nearlyall are malignant
o Peakincidence 15 to 34 years
o Presents as firm, painless lump in testes or a reactionary varicocele
¢ Potentially curable with surgical resection (orchidectomy) if detected early
o Metastasizes to lumbar lymph nodes
Mnemonics
Memory Aids

Table 103-1. Innervation of the Penis

"Point and Shoot" Erection ("Point") is controlled by the Parasympathetic nernvous system and ejaculation ("Shoot") by
the Sympathetic nervous system.

"S2, 3, 4 keep the penis off |Innervation of the penis by branches of the pudendal nerve, derived from spinal cord levels S2-S4
the floor"
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40 Rectum
STUDY AIMS
At the end of your study, you should be able to:

Describe the gross structure of the rectum, including its musculature

List the relations of the rectum

CQutline the blood and vascular supply of the rectum

Describe structures that may be palpated on digital rectal examination
Describe the anatomy of the anus

Describe the blood and vasculature supply to the different regions of the anus
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GUIDE

Pelvis and Perineum: Rectum and Anal Canal

—Sigmoid
colon

Tiacus
muscle
o and lascia

External
Hiac
vessels

Hiopectineal
line

Chbturator

internus
rrscle and
fascia

Pusdendal canal
(Alcock's) contans
internal pudendal
vessels, pudendal
nerve, and
penineal nerve

techial
wherosity

Tendinous arch of levator ani muscle

Extrapéritoneal
{supralevator) space
(fibrofatty tissue)

Sacrogenital fold (uierosacral
in female)

Levator ani muscle and superios and

Fat body of ( Deeper part inferior fascia of pelvic diaphragm
ischioanal Superficial
fossa {perianal) par Peritoneum (cul edige) forming foor of pararectal fossa
Transverse fibeous septum ;
of ischipanal fossa Rectal fascia
Submucous space (intenal venous plexus) External anal sphincter musche 'fﬁ
Perianal space texternal venous plexus) Conjoined bongitudinal muscle ‘# z
Intersphincieric groove (anocutaneous line) Internal anal sphincter muscle
[Plate 372, Ischioanal Fossae]
Rectum
Gross structure

e Approximately 12 cm in length
Is a part of the large bowel
Commences at level S3 vertebral body and follows the curve of the sacrum and coccyx
Is a continuation of the sigmoid colon at rectosigmoid junction
Extends from rectosigmoid junction to anal canal (anorectal junction)
Anorectal junction
o Lies atlevel of pehic floor
o Puborectalis muscle forms a U-shaped sling at this point
o Perineal flexure annulates anorectal junction
o |s palpated as anorectal ring on digital rectal examination
o Three lateral curves/lexures in the rectum (upper and lower curves deviate to the right; the middle to the left)
Rectal ampulla
o Inregion of middle and lower curves
o Somewhat dilated
o \krydistensible
Internal structure
o Smooth mucosa, changes from rugose mucosa of sigmoid colon
o Transwverse rectal folds
s Three infoldings of mucosa and submucosa project into lumen
s Superior, middle, and inferior
s Called rectal valves of Houston
s Result from three lateral flexures
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Relations

o Peritoneum
o Upper third of rectum covered by peritoneum on anterior aspect and sides
o Mddle third of rectum covered by peritoneum on anterior surface only
o Lower third of rectum below peritoneal reflection
Pararectal fossae on lateral sides of rectum in peritoneal cavity
Rectovesical septum of pelvic fascia separates rectum from prostate
Rectovaginal septum of pelvic fascia separates rectum from vagina
Lateral ligaments of rectum-condensations of pelvic fascia around middle rectal vessels

Relations of Rectum
Relations

Posterior Sacrum
Coccyx
Piriformis muscle
Superior rectal vessels
Hypogastric plexus (ANS)
Sympathetic trunk nerves
Sacral plexus

Inferior Levator ani muscles

Lateral Pelvic plexus nerves (ANS)
Ureters

Anterior Sigmoid colon
lleum

Anterior structures palpable on rectal examination Prostate (males)
Base bladder
Seminal vesicles (males)
Ampullae of ductus deferens (males)
Cenvix (females)

Blood supply

o Arterial
o Mainlyby superior rectal artery (continuation of inferior mesenteric artery)
o Aso supplied by the middle rectal arteries (from internal iliac arteries) to the middle and inferior parts
o Inferior rectal arteries supply the anorectal junctions and anal canal
o Superior, middle, and inferior rectal arteries anastomose with each other
o Venous
o Chief drainage via a rectal venous plexus to the superior rectal vein
o Mddle and inferior rectal veins also drain the rectum
o Superior rectal vein drains to the portal system
o Mddle and inferior rectal veins drain to the inferior vena cava via the internal iliac vein
o Anastomoses between these weins link the portal and system systems
¢ Lymphatic drainage
o Lymphatic vessels from superior half of rectum drain to pararectal nodes and from there to inferior mesenteric and lumbar nodes
o Lymphatic vessels from the inferior half of the rectum travel with the middle rectal vessels to the internal iliac nodes and
anastomose with the lymphatics of the anal canal
o Nerve supply
o Sympathetic innervation
From lumbar sympathetic fibers \via the inferior mesenteric arteries and the superior rectal arteries to the superior rectal plexus to
blood vessels of rectum
o Parasympathetic innervation
Are the main motor fibers to muscles of the rectal wall
From the pelvic splanchnic nerves (S2-S4) via the inferior hypogastric (pelvic) plexus to middle rectal plexus
o \isceral afferent (sensory) fibers travel via the inferior hypogastric (pelvic)
plexus and pelvic splanchnics back to spinal cord

Anal Canal
Gross structure

Terminal part of gastrointestinal tract
Is approximately 3 cm long
Commences at anorectal junction and ends at anus
Encircled byinternal and external sphincter muscles
Descends between perineal body and anococcygeal ligament
Mucosal lining of superior has longitudinal ridges-anal columns
o Inferior ends of columns joined by anal valves
o Behind valves are small sinuses: anal sinuses
o Anal glands (mucus) emptyinto anal sinuses
o Inferior end of anal valves forms an irregular line: pectinate (or dentate) line
* Pectinate line divides the superior portion of the anal canal, derived from embryonic endoderm (hindgut), from the inferior portion derived
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from ectoderm (proctodeum)
¢ Inferior halflined by nonkeratinized squamous epithelium (skin)
» \ascular, nerve and lymphatic supply of these two regions different as a result of different embryologic origin

Vascular, Lymphatic, and Nerve Supply to the Anal Canal

Supply  Above Pectinate Line Below Pectinate Line

Arterial  |Superior rectal artery Inferior rectal arteries

\enous |Internal plexus drains to superior rectal vein and portal Internal venous plexus drains to inferior rectal veins and
system caval system

Lymphatic| To internal iliac and common iliac and lumbar nodes To superficial inguinal nodes

Nerve From inferior hypogastric (pelvic) plexus (both sympathetic  |From inferior rectal nerves, branches of the pudendal
and parasympathetic; sensitive to stretching only) nenes (sensitive to pain, temperature and touch)

o Has two sphincters: external (wluntary) and internal (involuntary)
o External sphincter
Described as having superficial, subcutaneous, and deep parts
Parts are not readily distinguishable
Fibers attach to the central perineal tendon (body) anteriorly and anococcygeal ligament posteriorly
o Internal sphincter: internal circular muscular layer continuous from rectum around upper two thirds of anal canal

Anorectal Musculature
Ischiorectal (Ischioanal) fossae

o Fatfilled, wedge-shaped recesses either side of anal canal
o Communicate with each other posteriorly over the anococcygeal ligament
o Bounded by
o Laterally: ischium and obturator internus muscle and fascia
o Medially: anal canal surrounded by external anal sphincter
o Anteriorly by external sphincter urethrae and deep transverse perineal muscles
o Superiorly by pelvic diaphragm
o Inferiorly by superficial perineal fascia and skin
o Filled with fat spanned by fibrous bands to support anal canal but compressible during defecation
o On lateral walls are found internal pudendal vessels and pudendal nerve within pudendal (Alcock's) canal in the fascia of the internal
surfaces of obturator muscles

o Extends anteriorly superior to perineal membrane as anterior recesses of ischiorectal (ischioanal) fossae
o |Important site abscess formation
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FACTS & HINTS

High-Yield Facts
Anatomic Points

Mechanism of Defecation (Emptying of Bowel)

Occurs as the result of action of the pelvic splanchnic nenes-increase peristaltic action of rectum
Feces mowe through anal canal

Pressure in rectum causes reflex contraction of external anal sphincter

Contraction of external anal sphincter causes relaxation of peristaltic contraction

External anal sphincter relaxes and defecation occurs

Clinical Points

Anal Hemorrhoids (Varicosities)
Can be internal or external
Internal
o Are prolapses of mucosal lining containing internal venous plexus
o Can prolapse through anal canal, become strangulated by sphincters, and ulcerate
o Arepainless
External
o Are blood clots in external venous plexus
o Are painful
Are caused by
o Anything that increases intra-abdominal pressure, such as chronic constipation (straining) or pregnancy
o Portal hypertension (cirrhosis of the liver)
\aricosities of the venous plexuses are normal
Internal hemorrhages can occur without portal hypertension

Ischiorectal and Perianal Abscesses
Anumber of potential tissue spaces surround the anal canal and rectum and may become infected because of
o Inflammation of anal sinuses
o BExtension of an infection from the pelvis
o Tear in the mucous membrane of the anal canal
Abscesses are classified according to the space occupied:
o submucosal
o peri-anal
o intersphincteric
o ischiorectal
o perirectal
Perianal and ischiorectal account for approximately 80% of all abscesses

Rectal prolapse

Eversion of the lower part of the rectum and anal canal

Occurs as a result of weakness of pelvic floor muscles and breakdown of pelvic fascia
Common in elderly (older than 80 years)

More common in women, since perineum is weakened by childbirth

Digital Rectal Examination

Performed with patient in left lateral position

Perianal region is initially inspected for fistulae, fissures, skin tags, and prolapsed hemorrhoids
Ninety percent of rectal cancers palpable

Surfaces of sacrum and coccyx and ischial spines and tuberosities can be palpated

Enlarged internal iliac lymph nodes and ischiorectal (ischioanal abscesses can also be palpated)
In men: prostate and seminal vesicles can be palpated anteriorly

In women: cenixcan be palpated anteriorly
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41 Vasculature
STUDY AIMS
At the end of your study, you should be able to:

o Describe the arterial blood supply of the pelvis and perineum
¢ Name the Visceral and parietal branches of the internal iliac artery
o Cutline the venous drainage of the pelvis and perineum

o CQutline the lymphatic drainage of the pelvis and perineum
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GUIDE

Pelvis and Perineum: Vasculature

Pelvic Vasculature
Left paramedian section:
lateral view - :
Inferios vema cava Abdominal aora
Right obturator vessels Common iliac vesseds
Right embihcal artery Meschian sacral vessels
(patent part)
External iliac wessels oty
Superion vesical artery
Intamnal iliac vessels
Umibsilical artery
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oo Lateral sacral artery
circumilex r,n’
e 5 !
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ard its srvary Inferior gluteal artery
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[Plate 383, Arteries and Veins of Pelvis: Male]
Arterial supply to the pelvis

o Four arteries supplythe true or lesser pelvis and its contents
o Paired internal iliac arteries
o Paired ovarian arteries
o Medial sacral artery
o Superior rectal artery
Main arterial supplyis from branches intemal iliac artery
Medial sacral artery from abdominal aorta supplies lower lumbar vertebrae, sacrum, and coccyx
Superior rectal artery (branch inferior mesenteric artery) supplies upper region of rectum
Ovarian arteries (from abdominal aorta) supply the ovaries, descending in the suspensory ligament of the ovary
Internal iliac artery

o

o
o
o

One of two terminal branch common iliac arteries (other is external iliac)
Common iliac bifurcates anterior to sacroiliac joint

Internal iliac arteryis crossed by ureter at its origin

Passes posteromedially into the true pelvis beneath the peritoneum, giving off branches to the buttocks, thigh, perineum, and pelvic
\viscera. Usually ends at the level of the superior edge of the greater sciatic foramen by dividing into anterior and posterior divisions

Branches of Internal lliac Artery and Structures Supplied

Umbilical artery |Superior urinary bladder via From anterior division of internal iliac
superior vesical Obliterates and becomes median umbilical ligament
Arteryto ductus deferens in males

Superior vesical |Superior urinary bladder From proximal part of umbilical

artery Ureter in pelvis Branch given to ductus deferens

316/ 425



Obturator artery

Pelvic muscles

Head of femur

Muscles of medial compartment
thigh

Inferior vesical | Inferior urinary bladder From anterior division of internal iliac
artery Prostate Only exists in males
Seminal vesicles
Ductus deferens
Uterine artery | Vagina From anterior division of internal iliac
Uterus Terminates by anastomosing with ovarian artery
Uterine tubes
Mddle rectal Inferior rectum From anterior division of internal iliac
artery Seminal vesicles
+/- prostate
Vaginal artery  |\agina From uterine
Cenvix
Inferior urinary bladder

From anterior division of internal iliac
Runs through obturator canal with obturator vein and artery
Occasionally can take origin from inferior epigastric artery

Superior gluteal
artery

Piriformis muscle
All three gluteal muscles
Tensor fascia lata

From posterior division of internal iliac
Bxits via greater sciatic foramen above piriformis muscle

Inferior gluteal
artery

Pelvic diaphragm
Piriformis
Quadratus femoris
Gluteus maxmus
Hamstring muscles

From anterior division of internal iliac
Bxits via greater sciatic foramen below piriformis muscle

Internal
Pudendal Artery

Muscles and skin of anal and
urogenital triangles
Erectile bodies

From anterior division of internal iliac
Passes through greater sciatic foramen below piriformis and enters
perineum \ia lesser sciatic foramen

lliolumbar artery |Psoas major From posterior division of internal iliac
liacus Ascends deep to common iliac and anastomoses with lower lumbar
Quadratus lumborum arteries
Lateral sacral Piriformis From posterior division of internal iliac
artery Contents of sacral canal Runs on piriformis
Erector spinae Sends branches into pelvic sacral foramina
Venous drainage of the pelvis

\kins accompany main branches of internal iliac artery

Around pelvic organs they anastomose to form venous plexuses: rectal, vesical, prostatic, uterine and vaginal
Extensive prostatic venous plexus and anastomoses occur around the pelvic viscera in a male

Extensive anastomoses and venous plexus surrounding the uterus and vagina in female

\enous plexuses communicate with each other
\kins and plexuses eventuallydrain into internal iliac vein

Some venous blood from the pelvis drains to the internal vertebral venous plexus
Internal iliac veins are found deep to the arteries
Become confluent with external iliac veins to form common iliac veins

Aportacaval anastomosis occurs between the superior rectal vein and inferior rectal veins

Vasculature Supply of the Pelvic Organs

Pelvic organs

common to male

and female

Ureter Renal, gonadal, common iliac, uterinefinferior vesical, | Parallel to the arteries
and middle rectal arteries

Urinary bladder Superior and inferior vesical arteries of anterior Internal iliac vein via vesical and prostatic venous
division of internal iliac artery plexuses

Male pelvic

structures

Seminal glands

Branches of inferior vesical and middle rectal arteries

Drain to internal iliac veins

Ductus deferens

Inferior epigastric artery, inferior vesical, and middle
rectal arteries

Drain to internal iliac veins

Prostate gland Inferior vesical and middle rectal arteries Prostatic venous plexus receives the deep dorsal vein
of penis and vesical weins. It drains into the internal
iliac veins

Female pelvic

structures

Ovary Ovarian artery from abdominal aorta, which Ovarian vein drains to inferior vena cava on the right

anastomoses with the uterine artery (a branch of the

and left renal vein on the left
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internal iliac artery)
Uterine tube Ovarian artery from abdominal aorta, which Ovarian vein drains to inferior vena cava on the right
anastomoses with the uterine artery (a branch of the |and left renal vein on the left
internal iliac artery)
Uterus Branches of ovarian artery (from the aorta), uterine Ovarian vein (see ovary), uterine and vaginal veins
and vaginal arteries (from the internal iliac artery) (drain to the internal iliac veins)
Lymphatic drainage of the pelvis

¢ Lymphatic vessels accompany arteries

o Mostlymph drains to internal iliac nodes and then to common iliac nodes
e The ovaries, testes, and rectum drain to aortic nodes

o Some vessels from body of the uterus drain to superficial inguinal nodes, following the round ligament of the uterus

Perineal Vasculature

Arterial supply of the perineum

o Mainlyfrom internal pudendal artery (branch internal iliac artery)
o Supplies muscles and skin of anal and urogenital triangles, erectile bodies of perineum
o Internal pudendal artery

o Passes through greater sciatic foramen inferior to the piriformis muscle

0O 0o o o o

Loops around the sacrospinous ligament
Enter the lesser sciatic foramen to reach the ischioanal (ischiorectal) fossa and perineum
Traverses the fossa in the pudendal (Alcock's) canal

Gives off branches before entering the canal and in pudendal canal
Medial to ischial tuberosity, terminates as deep and dorsal arteries of penis (or clitoris)

Branches of Internal Pudendal Artery Supplying Perineum

Inferior rectal artery Anal canal

Posterior scrotal (labial) artery Scrotum (labia in females)

Branch to bulb of penis Bulb of penis (vestibule in females)

Branch to crus of penis Crus of penis (clitoris in females)

Dorsal artery of penis (clitoris) Erectile tissue corpus cavernosum Smaller arteryin females
Deep artery of the penis (clitoris) Erectile tissue corpus cavernosus Smaller arteryin females

Venous drainage of the perineum

o Branches of internal pudendal artery accompanied by venae comitantes
¢ Draininto internal iliac vein

Lymphatic drainage of the perineum

¢ Penis and wiva drain to the superficial inguinal nodes

318/ 425



FACTS & HINTS

High-Yield Facts
Clinical Points

Varicocele

Abnormal dilatation of pampiniform venous plexus

Amost always left-sided because left testicular vein drains into left renal vein not inferior vena cava as on the right
Seen when patient stands, disappears on lying down

Caused by defective valves in testicular artery or problem with left renal vein
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42 Innervation
STUDY AIMS
At the end of your study, you should be able to:

Describe the formation of the sacral plexus

Know the main branches of this plexus and what they supply
Describe the parasympathetic innervation of the pelvis
Describe the sympathetic innervation of the pelvis

Describe the innervation of the perineum
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GUIDE
Pelvis and Perineum: Innervation
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Pelvic Viscera: Male]

[Plate 390, Nerves of
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Innervation of the Pelvis

Pelvic innervation is both somatic and autonomic

Abdominal aorta:

Inferior vena cava

Extraperitoneal
isubserous)
Fascia

Comman
iliac vessels
and plesus
Ureter

Intermesentenc
(aortic) plesus

Oivarian artery
| and plexus
Superion
hypogasinc

plesus

Sacral
promantony £

- Superior

hypogasiric
; lexus
I

Commaon
iliac artery
and plexus

Ureter

Internal
iliac artery
and plexus
External
iliac artery
ang plexus
Uterus

Ledt hypogasteic nerve

Uterine {fallopian tube

Chvary

Urinary bladder
Wesical plexus
Litesorvaginal |'-d-¢\>us

Uterus {retracted)

[Plate 392, Nerves of Pelvic Viscera: Female]

¢ Manynerves pass through the pelvis without innervating any structures

Sacral plexus (somatic contribution)

Located on posterior wall of true pelvis on anterior surface of piriformis muscle
Formed by ventral rami of S1-S4 spinal nerves and the lumbosacral trunk, formed from fibers from the ventral rami of L4-L5 spinal nerves

Branches supply: lower limb; pelvic floor and wall and perineum; most branches leave the pelvis through greater sciatic foramina

Two major branches are the sciatic nerve and pudendal nerve

Branches of the Sacral Plexus

Right and leii
hypogastic nerves

Right sympathetic trunk

Infesior ypogastric (pebvich plexus.

Symphyseal surface of pulys

i

Major branches
Sciatic Hip joint L4-L5, S1-S3
Flexor muscles of knee
Muscles of leg and foot
Pudendal Sensory and motor to all structures in the perineum S2-54
Superior gluteal Gluteus medius and minimus muscles L4-L5, $1
Inferior gluteal Gluteus maximus muscle L5, $1-S2

Posterior femoral cutaneous

Sensory to buttock, superior medial, and posterior thigh

82-S3

Minor branches

Nene to piriformis Piriformis muscle S1-81
Nenve to obturator internus and superior gemellus mm|Obturator internus and superior gemellus muscles L5, $1-S2
Nerve to quadratus femoris and inferior gemellus mm |Quadratus femoris and inferior gemellus muscles L4-L5, $1
Nerve to levator ani and coccygeus Pelvic diaphragm S3-S4
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Autonomic nerves

o Sympathetic innervation

o Sympathetic trunks

o Contain fibers from lower thoracic and upper lumbar spinal segments
Descend on posterior abdominal wall on either side of the vertebral bodies
Descend behind common iliac artery; in front of sacrum and piriformis muscle
Fuse on anterior surface of coccyxas ganglion impar
Are source of sacral splanchnic nenves that join inferior hypogastric (pelvic) plexus in pelvis
Contain either postsynaptic fibers from synapses in ganglia superiorly or pre- synaptic fibers that will synapse in one of four
sympathetic ganglia in pelvis
Primaryfunction is to send postsynaptic fibers to sacral spinal nenes via grey rami communicantes
No white rami communicantes associated with sacral sympathetic trunks because sympathetic outflow is thoracolumbar

o Lumbar splanchnics join superior hypogastric plexus

o Superior hypogastric plexus
Is located just below the bifurcation of the aorta
Is a continuation of the intermesenteric/aortic plexus
Contains no parasympathetic fibers
Contains visceral afferents ascending from the pelvis
Continues into the pelvis as loose collections of fibers in either side of the anterior sacrum = right and left hypogastric nenes
Spreads out in pelvis as inferior hypogastric (pelvic) plexus

o Functions
Vasomotor, pilomotor, secretory to sweat glands to skin of perineum and lower limb
Controls ejaculation (in males)
Innervates smooth muscle of blood vessels in pelvis and smooth muscle of some organs

o Parasympathetic innervation

o From pelvic splanchnic nenes
CQutflow from 2nd to 4th sacral spinal cord segment
Contain visceral afferents

o Controls micturition, erection, and defecation

o Innervates descending and sigmoid colon via fibers ascending in the sigmoid mesentery and the parietal peritoneum of the left side
of the posterior abdominal wall

Inferior Hypogastric (Pelvic) Plexus
General structure

o Formed from fibers of hypogastric nerves, sacral splanchnic nerves, and pelvic splanchnic nerves
o Lies on posterolateral pelvic wall internal to internal iliac arteries and their branches
o Gives off
o Mddle rectal plexus
Uterovaginal plexus (females)
\ksical plexus
Deferential plexus
Prostatic plexus (males
o Cawernous nerves (nenv erigentes) to erectile tissue of penis and clitoris
o Except for cavernous nenves, nerves in the various plexuses reach the viscera in company with relevant branches of the internal iliac artery
o Branches transmit efferents from both sympathetic and parasympathetic nernvous systems and visceral afferents

o
o
o
o

Contents

Pre- and postsynaptic sympathetic fibers from superior hypogastric plexus via hypogastric nernes

Postsynaptic sympathetic fibers from sacral splanchnic nenes

Sympathetic ganglia

\isceral afferent fibers that either ascend along the hypogastric nerves or return to the CNS via the pelvic splanchnic nerves, depending on
the information carried.

Presynaptic parasympathetic fibers from the pelvic splanchnic nenes

o Enteric parasympathetic ganglia where the plexus lies on or near a pelvic viscus

* Postsynaptic parasympathetic fibers from the enteric ganglia to the viscus innervated
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FACTS & HINTS

High-Yield Facts
Clinical Points

o The obturator nerve and vessels cross the floor of the ovarian fossa; therefore, ovarian disease such as malignancy can present with
referred pain to the medial aspect of the thigh.

o After a radical prostatectomy (removal of the prostate gland, seminal vesicles, and periprostatic tissue) for localized prostate cancer, erectile
dysfunction can occur, because of inadvertent damage of the cavernous nenves (nenv erigentes), the parasympathetic fibers from the pelvic
plexus that govern erection.

Clinical Points

Pudendal Nerve Block

Performed to relieve perineal pain during childbirth

Anesthetic agent is injected into tissues around pudendal nerve

Injection is normally done transvaginally

Physician palpates the ischial spine and uses his or her fingers to direct the needle so that the anestheticis injected in the region of the
ischial spine, where the pudendal nerve wraps around it to enter the lesser sciatic foramen

Pudendal blocks do not relieve the pain of contractions

Mnemonics

Memory Aids

S 2, 3,4 keeps the |Defecation is controlled by parasympathetic fibers to the rectum and anal canal from the pelvic splanchnic
poo off the floor nenes via the pelvic plexus. These nenes arise from S2, S3, and S4 spinal cord levels.
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Upper Limb

43 Topographic Anatomy
STUDY AIMS
At the end of your study, you should be able to:

o |dentify the bonylandmarks: acromion, coracoid process of scapula, olecranon and head of ulna, medial, and lateral epicondyles, radial
styloid process

¢ |dentifythe muscle masses of the deltoid, biceps, triceps, brachioradialis, and thenar and hypothenar eminences

o |dentify the deltopectoral triangle and cubital fossa

¢ |dentify the course of the cephalic, basilic, and median cubital veins
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GUIDE
Upper Limb: Topographic Anatomy

Trapezils musche Anterior view

Clavicle

Acromion
\M

\

Dheltaid muscle ~ .
Dreftapaectoral groowe r
Cephalic vein
Pectoralis magor
[ el
Biceps brachii muscle J Ml
P —
F Poslerior view

Cubital fossa

Dielioid
musche

Cephalic vein

Serratus anterion

Iebesclian cubital vein musele

Brachioradialis mscle ——d—
y

Triceps bracha
musele (fong head)

Flewar carpd

radialis tendon /

Rasilic vein

i
Palmaris langus

Thenar eminence, tonnd Triceps
WL brachii muscle
.
- Leang headd
Flesar digitorum Lateral head
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Crease Olecranon of ulna
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I Thumb i _' i % 5
2 Index ongus tendon Extemsor carpl ulnars muscle
3 Miccbe
4 Ring I
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Extiensor digitorum tendons
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interphalangeal (FIP) joint

Cifosles.

Site of dis
interphalangeal (DIP) joim

[Plate 400, Upper Limb]

Bones

Clavicle: Subcutaneous; palpable throughout its length

Acromion: Easily palpable, traced medially to acromioclavicular joint (see Section 6-2: Upper Limb: Shoulder and Axilla)
Coracoid process of scapula: Palpable deep and lateral to the deltopectoral triangle

Head of humerus: Palpable deep to deltoid inferior to lateral edge of acromion when arm is rotated

Elbow: Palpable medial and lateral epicondyles of humerus and visible olecranon process of ulna (see Section 6-4: Upper Limb: Elbow

and Forearm)

Head of radius: Palpable as it rotates during pronation and supination on posterolateral aspect of extended elbow, just distal to lateral

epicondyle

Ulnar head: Visible on the medial side of the dorsal aspect of the wrist (see Section 6-5: Upper Limb: Wtist and Hand)
Radial styloid: Palpable in the anatomical snuff boxon the lateral side of the wrist

Ulnar styloid: just distal to ulnar head with hand supinated

Pisiform: hard, round structure on anteromedial aspect of wrist

Tubercles of scaphoid and trapezium: Palpable at proximal end of thenar eminence

Muscles and Tendons

Deltoid muscle: Overlies the shoulder giving it a rounded appearance

Biceps: Bulge on anterior aspect of arm

Biceps brachii tendon: Palpable in cubital fossa, lateral to midline with arm flexed

Flexor tendons: Wrist and finger flexors visible distally on ventral aspect of forearm

Extensor tendons: Wrist and finger fiexors visible on the dorsum of the hand

Thenar eminence: Muscles at the base of the thumb (see Section 6-5: Upper Limb: Wtist and Hand)
Hypothenar eminence: Muscles at the base of the little finger (see Section 6-5: Upper Limb: Wkist and Hand)
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Arteries and Veins

o Brachial artery
o Pulsations can be palpated deep to medial border of biceps muscle
o Used to determine heartrate in children
o Radial artery: Pulse can be felt by compressing artery against distal end of radius
o Median cubital vein (see Section 6-4: Upper Limb: Elbow and Forearm)
o Traverses the cubital fossa connecting cephalic to basilic veins
o Often used for venipuncture
o Cephalic vein ascends along lateral forearm and arm (see Section 6-6: Upper Limb: Neurovasculature)
o Basilic vein ascends along medial forearm and distal arm (see Section 6-6: Upper Limb: Neurovasculature)
o Dorsal venous network seen on the dorsum of the hand

Nerves

o Ulnar nene can be felt under the medial epicondyle
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FACTS & HINTS

HIGH-YIELD FACTS

Anatomic Points
Functional Overview

The upper limb is highly mobile and characterized by its ability to perform a wide range of controlled movements to manipulate the surrounding
environment. Itis suspended from the trunk at the shoulder, and its stability has been sacrificed to gain mobility. Clinically the limb is divided into
four regions: pectoral girdle, arm, forearm and hand.

Upper Limb Development

The upper limb buds from the embryonic trunk and rotates 90 degrees laterally, such that in the anatomic position, the ventral structures face
anteriorly and the dorsal structures posteriorly. This contrasts with the medial rotation of the lower limb. Thus, the upper and lower limbs are 180
degrees out of phase. Flexors of all joints in the upper limb are anterior, and extensors are posterior.

Clinical Points

Winged Scapula

¢ Normallythe scapula is held closely against the posterior thoracic wall. Damage to the long thoracic nenve to serratus anterior (which
courses superficially over the muscle) causes "winging" of the scapula as its medial border lifts away from the thoraxwhen the arm is
raised. This is accentuated when the individual leans on the hand or pushes the upper limb against a wall. Most importantly, the arm cannot
be abducted abowve the horizontal plane because glenoid cavity cannot be rotated upward without the action of the serratus anterior.
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44 Shoulder and Axilla
STUDY AIMS
At the end of your study, you should be able to:

Identify the different parts and surface markings of the clavicle and scapula

Describe the sternoclavicular, acromioclavicular, and glenohumeral joints, their movements, and supporting ligaments
Understand the organization of the scapular muscles

Know the origins, insertions, and actions of the intrinsic scapular muscles

Identify the boundaries of the axilla and describe its contents

Describe the organization of the deep fascia

329/ 425



GUIDE
Upper Limb: Shoulder and Axilla

Greater tubercle

Lesser uberche
Anatomical neck of humens

Coracald process H
Claviele
Heead of humerus

Spine of scapula

Seapula ilateral or axillary border)

Surgical neck of humerus

Clenoid cavity of scapula
Humens

[Plate 409, Shoulder: Anteroposterior Radiograph]
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Lateral view
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Triangular space Teres major muscle

Latssimus dorsi musche

Suprascapular artery and nerve
Posterior view Ao

2 Infrasginatus tendon (refected)
Superion transverse scapular y s lasint capsule of shoulder
ligament and suprascapular notch -

Deltaid muscle (reflected)

Supraspinatus musche (cer) Teres minor musche
Quadrangular space
transenilting axillary
neree and poseron
circumilex humeral artery

Spine of scapula

Infraspinatus muscle ot

Superios lateral brachial cutaneous nerve
Triangular space with circumilex \ - Frofunda brachii
scapaular artery deep to space me.a_.l;:};mdr,;_ﬂ,“_“m EIE‘::“F“RII
1 ai | - 2 1 Radial merve
5 g/ﬁ S e o \}‘ Lateral head and

. Lomg head of triceps brachii muscle
[Plate 414, Scapulothoracic and Scapulohumeral Dissection]
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[Plate 416, Pectoral, Clavipectoral, and Axillary Fasciase]
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[Plate 417, Axilla (Dissection): Anterior View]

Serratus anterior muscle

Lateral pectaral nemve

Medial pectoral nerve
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Arthrogram: glenohumeral joint

ACTOMION
Subacromial space

Articular cartilage of humeral bead

Ciresater tulberosity

Conirast within glenohumeral joint capsule

Suprascapular nerve, artery, vein
Superior glenaid Lbrum

Supraspinatus musche
Acromion

Articular eartilage
of humeral head

Dielioid musche

Subseapular recess
Axillary recies

Surgical neck

Bicipital groove

Contrast within sheath of biceps long head

Deltoiel musele

Sternal end of clavicle

Humeral head ipital groove
: o, hesad
2nid b of hiceps tendon

Gilenioid

Clenaid o

ief Labarum

dorsi musche
Teres major musche
Physeal closure
Surgical neck
Greater wherche

Blade of scapula
Vertebral border of scapula
Body o T2
Subscapadanis musche

Iniraspanatus musche
[Plate 468, Shoulder Arthrogram, MR, and CT]

Bones

¢ Clavicle: with sternal and acromial ends
Double-curved long bone
Sternal end articulates with manubrium of sternum
Acromial end articulates with acromion
Osteological features
s Deltoid tubercle for attachment of the deltoid muscle
s Conoid tubercle for attachment of conoid ligament
s Subclavian groove for attachment of subclavius muscle
s Trapezoid line where trapezoid ligament attaches
o Senes as a strut suspending the scapula and limb with maximum freedom
o Scapula: lying against posterolateral thorax
o Triangular flat bone
o Lies posterolateral on second through seventh ribs
o Osteological features
s Concawe costal surface = subscapular fossa
Posterior surface divided by spine = transverse ridge of bone
Supraspinous fossa
Infraspinous fossa
Acromion = flattened lateral end of spine
Coracoid process = anterior projection above glenoid cavity
Glenoid cavity = socket for head of humerus
s Suprascapular notch (scapular notch) = notch found on superior border, two thirds of the way along laterally
o Capable of considerable movement over thoracic wall

o
o
o
o

Joints
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Anterior view
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[Plate 410, Shoulder (Glenohumeral Joint)]

o Sternoclavicular Joint

o Saddle-type, synowial joint

o Divided into two compartments by an articular disc

o Movements
s Elevation with posterior rotation
s Protraction
= Depression

Articulation between concave facet of manubrium and concave facet of clavicle

[
o Strengthened by anterior and posterior sternoclavicular, costoclavicular, and interclavicular ligaments
[

Blood supply: Branches of suprascapular and internal thoracic arteries
Nenve supply. Branches of the supraclavicular nerve, and nerve to subclavius
o Acromioclavicular Joint

Plane-type, synovial joint

o

o

Articulation between concave facet of acromion and convexfacet of clavicle
Strengthened by acromioclavicular and coracoclavicular (conoid and trapezoid) ligaments
Coracoclavicular
= Unites coracoid process and clavicle
s Has two component ligaments
s Conoid: vertical, in shape of inverted pyramid
s Trapezoid: horizontal, extends laterally to inferior surface of clavicle
o Blood supply. Branches of suprascapular and thoracoacromial arteries
o Nerve supply: Branches of the supraclavicular, lateral pectoral and axllary nerves
o Shoulder (Glenohumeral) Joint
o Multiaxial, synovial ball-and-socket joint
o Movements
= Flexion/extension
s Abduction/adduction
s |nternal/external (medial/lateral) rotation
s Circumduction
o Articulation of head of humerus with the shallow glenoid cavity of the scapula

o o o o

o Joint socket deepened by glenoid labrum (fibrocartilaginous ring) and supported by the rotator cuff muscles (see below)

No demonstrable movement; muscles moving the scapula cause the acromion to mowve on the clavicle
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o Loose fibrous capsule encloses and contains two apertures
s Between the tubercles of the humerus for passage of long head of biceps brachii, which attaches to supraglenoid tubercle
within the joint
= Anterior opening, inferior to coracoid process, for communication between subscapular bursa and synovial cavity of joint

o Blood supply. Branches of anterior and posterior circumflexhumeral arteries from the axillary and suprascapular artery from the
subclavian

o Nerve supply: Branches of suprascapular, axllary, and lateral pectoral nerves
o Ligaments of glenohumeral joint
s Glenohumeral ligaments-strengthen capsule anteriorly

s Coracohumeral ligament-strengthens joint superiorly

s Transverse humeral ligament-bridges gap between greater and lesser tubercle and holds tendon of biceps brachii in place

s Coracoacromial ligament-from acromion to coracoid process, prevents displacement of humeral head superiorly
LIGAMENT ATTACHMENTS COMMENT
Jointcapsule | Margin of glenoid cavity — anatomical neck of humerus Loose fibrous capsule

Weakest inferiorly
Glenohumeral |Supraglenoid tubercle — blend with fibrous capsule (superior, Reinforce anterior capsule
middle and inferior bands)

Coracohumeral | Coracoid process — greater tubercle of humerus Strong
Transverse Bridges intertubercular groove between greater and lesser tubercles | Holds tendon of biceps brachii in
humeral intertubercular groove
Coracoacromial |Coracoid process — acromion Completes coracoacromial arch protecting

humeral head
Bursae (Important ones)

Contain thin layer of synovial fluid
Located where tendons rub against bone, ligaments, or tendons and when skin moves over bone directly beneath
Subscapular bursa
o Between tendon of subscapularis muscle and neck of scapula
o Communicates with cavity of the shoulder joint
Subacromial (subdeltoid) bursa
o Between deltoid, supraspinatus tendon and glenohumeral capsule
o Does not communicate with cavity of shoulder
o Facilitates movement of deltoid over joint capsule and supraspinatus tendon under coracoacromial arch

Muscles of the Scapula
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Posterior view:
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[Plate 411, Muscles of Shoulder]

Rhomboid major musde

Supraspinatus muscle
Spine of scapula
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Trapezius |Medial third of superior Lateral third of Spinal rootof |Transverse | Elevates scapula (descending part),
nuchal line, external posterior clavicle, |accessory cenical artery, |retracts scapula (transverse part),
occipital protuberance, medial acromion, |nerve (CN Xl) |dorsal depresses scapula (ascending
ligamentum nuchae, superioredgeof |andC3and |scapular part); rotates scapula (descending
spinous processes of C7- |spineofscapula |C4 artery and ascending parts acting
T12 together)

Latissimus |Spinous processes of T7- | Floor of Thoracodorsal| Thoracodorsal | Extends, adducts and medially

dorsi T12, thoracolumbar fascia, |intertubercular nene (C6-C7) |artery rotates arm, draws shoulder
iliac crest, lower three to sulcus of humerus downwards and backward
four ribs

Levator  |Posterior tubercles of |Medial border of scapula|Dorsal scapular  |Dorsal scapular Elevates scapula

scapulae |transverse processes |abowe base of spine of |and cenical (C3- |artery, transverse medially, inferiorly rotates
C1-C4 scapula C4) nerves cenvcal artery glenoid cavity

Rhomboid|Ligamentum nuchae, |Medial border of scapula|Dorsal scapular  |Dorsal scapular Retracts and stabilizes

minor spinous processes of |above base of spine of |nere (C4-C5) artery the scapula
C7and Tl scapula

Rhomboid|Spinous processes of |Medial border of scapula|Dorsal scapular | Dorsal scapular Retracts and rotates

major T2-TS below base of spine of |nerve (C4-C5) artery scapula to depress the

scapula glenoid cavity

Deltoid Lateral third of anterior |Deltoid Anterior and Posterior circumflex  |Clavicular part-fiexes and medially

clavicle, lateral tuberosityof |posterior humeral artery, rotates arm; acromial part-abducts
acromion, inferior edge |humerus branches of deltoid branch of arm; spinal part-extends and
of spine of scapula axllarynerve  |thoracoacromial laterally rotates arm

(C5,C6) artery

Supraspinatus | Supraspinous fossa of |Superior facet | Suprascapular |Suprascapular artery |Initiates arm abduction, acts with

scapula of greater nene (C5,C6) rotator cuff muscles
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tubercle of

humerus
Infraspinatus |Intraspinous fossa of |Mddle facet of | Suprascapular |Suprascapular artery |Lateral rotation of arm (with teres
scapula greater nene (C5,C6) minor)
tubercle of
humerus
Teres minor  |Upper two thirds of Inferior facet | Posterior Circumflexscapular |Lateral rotation of arm, adduction
posterior surface of of greater branch of artery
lateral border of tubercle of axillary nerve
scapula humerus (C5,C6)
Teres major | Posterior surface of Medial lip of | Inferior Circumflexscapular |Adducts and medially rotates arm
inferior angle of intertubercular|subscapular | artery
scapula sulcus nenve (C5,C6)
Subscapularis | Subscapular fossa Lesser Superiorand  |Subscapular artery, |Medially rotates arm and adducts
tubercle of inferior lateral thoracic artery |it; helps hold humeral head in
humerus subscapular glenoid cavity

nenes (C5-C6)

* Superficial extrinsic (Join axial skeleton to the appendicular skeleton)
o Trapezus
o Latissimus dorsi

¢ Deep extrinsic
o Levator scapulae
o Rhomboid major and minor

o Intrinsic

Deltoid: Gives shoulder its rounded appearance, abducts arm past 15 degrees
Teres major: Adducts and medially rotates arm

Teres minor: Hidden by deltoid, assists lateral rotation of arm and adduction
Supraspinatus: Initiates arm abduction

Infraspinatus: Laterally rotates arm

Subscapularis: Primary medial rotator of the arm, also adducts

0o 0o o o o o

o Rotator cuff
o Four of scapulohumeral muscles
s Supraspinatus
s Infraspinatus
s Teres minor
s Teres major
o Form musculotendinous cuff around glenohumeral joint
o Blend with articular capsule to reinforce it
o Hold head of humerus in glenoid cavity

Axilla
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Biceps brachii muscle Deltoid muscle
Lang head wendon

Short head muscle Coracold process and
Radial nerve (deflected laterally) and tendon {cut) pectoralis manor hendon, cotl
Auillary nerve Pasterior cond
Pectaralis major muscle fout) ) ]
: Coracobrachialis Superior ransverse scapular ligament
muscle and tendon
Biceps brachii feut) Supraspinatus muscle

muscle {cur)
Lo head
Short head

Clavicle and subeclavius muscle

Trapezius muscle
Triceps brachii

musche
Medial head Sternocleidomastobd

Long head muscle

Brachial trunks
Superior
Michdle
Inferior

Coracobrachialis
miuscle

Axillary nerve branches

Superior lateral heachial

CULIMEOUS nerve
Posterior branch
Anterior branch

Branch to teres
minor muscle

1 % Pectorals
Teres minor muscle - major

3 muscle
lcuary

Latissimuis doesi muscle

Pectosalis
minar muscle
feud)

Teres major muscle

Upper subscapular nerve
Tharacodorsal nerve
Efachach
Lower subscapular nerve

External oblique muscle
Subrcapularis musde

Serratus anterior musche

[Plate 412, Axilla: Posterior Wall and Cord]

339/ 425



Ascending cervical artery

Anterior view Transverse cervical artery = Interior thyroid artery
Thyrocervical runk

Suprascapular artery Vertebral artery

Acromion and - : Subclavian artery

acromial anastomosis - - Anterior scalene muscle
Clavicle (cui

Internal thoracic artery

Superior tharacic
arfery
Thoracoacromial anery

Darsal scapular artery
Caoracoid process

Anterior circumiles
humeral artery

Clavicular branch
Acromial branch
Deeltoid branch
Pectoral branch

Posterior circumiles
humeral artery

Subscapular artery.

Circumilex

scapular artery 1, 2, 3 indicate 1st,

2nd, and 3rd parts of

Brachial artery axillary artery

Thoracodorsal ariery

Lateral thoracic artery

Acromial branch of
tharacodcromtial ariery

Levator scapulae muscle 1 4 S % r Acromion and
\ acromial plesus

Darsal scapular artery e e Infraspinous

> i . o branch of
suprascapular
Supraspinatus muscle {cur)

Transverse scapular
ligament and
suprascapular foramen
quadrangular
4 a space} and
Spine of scapula I e - \ ascending and
0 2 § ; 4 & descending
branches
Infraspinatus muscle (o}
Circumibex
scapudar arlery

Teres minor musche {out)
Lateral head | of triceps

brachii
Long head musde

Teres miajor musche

Poslerior view —
[Plate 415, Axillary Artery and Anastomoses around Scapula]
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Note: Usual composition shown, \

< d 5 (00 .
Prefixed plexus has large C4 5¢ i of
contribution but lacks T1.
Postiixed plexus lacks C5 but
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from C4
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Lateral pectoral
nerve {C5, B, 7)

Musculocutaneous

nerve (C5, 6, 7) \
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nerve (C5, &)
Radial nerve / ;
C5,6,7, 8T

o
Meclian nerve #
o
Ulnar nf‘r‘.'l:_._‘________,—r—""_ :
(C7, 8, T)
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from T2
(postfixed)

To longus colli
and scalene
muscles

(C5, 6,7, B)

Ist intercostal nerve
Long thoracic

nerve (C5, 6, 7)

Medial pectoral nerve (CB, T1)

Medial brachial cutaneous nerve (T1)

Medial antebrachial cutaneous nerve (C8, T1)

Upper subscapular nerve (C5, 6)

Incoenstant contribyution

Thoracodorsal (middle subscapular) nerve (C6, 7, 8)

Lower subscapular nerve (C5, 6) ﬂ'ﬂ,n—
>
e
1,1. Fd

[Plate 418, Brachial Plexus: Schema]

Pyramid-shaped area inferior to glenohumeral joint containing important neurovascular structures to the upper limb
Boundaries
o Base: skin of armpit and axillary fascia from arm to thoracic wall
o Apex bounded by the first rib, clavicle, and superior border of the scapula
o Anterior wall (anterior axillary fold): pectoralis major and minor
o Posterior wall (posterior fold): subscapularis, teres major, latissimus dorsi
o Medial wall: ribs 1 through 4, serratus anterior, and intercostal muscles
o Lateral wall: intertubercular groove of humerus
Contents (see Section 6-6: Upper Limb : Neurovasculature for details)
o Axllaryarteryand branches
o Axllary vein and tributaries
o Axllarylymph nodes (five major collections)
o Brachial plexus
Fascia
o Pectoral fascia
s Attaches to clavicle and sternum
s Invests the pectoralis major
s Extends laterally as the axillaryfascia
s Continues inferiorly with fascia of abdominal wall
o Clavipectoral fascia
= |nwests subclavius and pectoralis minor
s Continues superiorly as the costocoracoid membrane (pierced by the lateral pectoral nerve)
o Axllary sheath: invests axllary artery and brachial plexus
o Aillary Lymph Nodes
o Arranged in five main groups
o Apical group
s Along medial side of axllary vein and first part of axillary artery
s Receives lymph from all other groups
s Efferent lymphatic vessels from these nodes form subclavian lymphatic trunk
o Pectoral (anterior) group
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= Medial wall of axilla

s Receives lymph from breast, anterior thoracic wall
o Subscapular group

s Along posterior axillary fold

s Receives lymph from posterior thoracic wall and scapula
o Humeral (lateral) group

s Aong lateral wall of axilla

s Receives lymph from upper limb
o Central group

= Deep to pectoralis minor

s Receives lymph from pectoral, subscapular, and humeral groups
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FACTS & HINTS
HIGH-YIELD FACTS
Clinical Points

Fracture of the Clavicle

Common, especiallyin children

Usually results from a fall on outstretched hand or direct trauma to the shoulder

Fractures of middle third are most frequently seen

Sternocleidomastoid muscle pulls the proximal fragment superiorly and the shoulder pulls the distal fragment inferiorly
Small lump may remain after the clavicle has healed

Calcific Supraspinatus Tendonitis

¢ Inflammation and calcification of the subacromial bursa resulting in pain, tenderness and limitation of movement of the shoulder joint

o Calcium deposits frequently also seen in the supraspinatus tendon

¢ Painis especially severe with the arm abducted between 50 to 130 degrees (the painful arc) as the supraspinatus tendon is in contact with
the inferior surface of the acromion here

Shoulder Dislocation

o High mobility and instability of the glenohumeral joint leads to frequent dislocation

o 95% of dislocations are in anteroinferior direction, caused by excessive extension and lateral rotation of humerus (e.g., in the throwing
motion)

o Humeral head places stress on joint capsule, which may be torn anteriorly, with elements of the rotator cuff

o Aiillaryand musculocutaneous nerves may also be injured

o Posterior dislocation is uncommon, but may occur during epileptic seizure or electrocution

Rotator Cuff Injury

Musculotendinous rotator cuff may be damaged by trauma or degenerative disease

One or more of tendons may be torn when the arm is forcefully abducted, leading to pain in the anterosuperior aspect of the shoulder
Supraspinatus tendon is most commonlyinvolved in degenerative tendonitis

Leads patient's arm to drop suddenly at approximately 90-degree abduction, when instructed to lower it slowly from a fully abducted position

MNEMONICS

Memory Aids
Rotator cuff muscles: SITS = Supraspinatus, Infraspinatus, Teres minor, Subscapularis
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45 Arm
STUDY AIMS
At the end of your study, you should be able to:

Identify the different parts and surface markings of the humerus

Describe the organization of the deep fascia and compartments of the arm
Know the origins, insertions, and actions of the muscles of the arm

Know the cutaneous nenves of the arm

Describe the boundaries and contents of the cubital fossa
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GUIDE
Upper Limb: Arm

Pectoralis major muscle and tendon Musculorutaneous nerve

Cephalic vein Median nerve

Medial antebrachial
Short head cutaneous nerve

Losng head

Biceps brachii muscle

Brachial artery and veins
Coracobwachialis muscle

Basilic vein
Humrus Profunda hrachii ideep
brachaal) artery

Deliodd muscle Ulnéi i

Lateral head Radial nerve

of trceps bracha muscle
: Long head

Mescleal Brachial
y cutaneous nerve
Biceps brachii muscle

Latissimus chorsi tendon

Musculpcutaneous nerve i
Teres major muscle

Brachiabis muscle Brachial fascia

Cephalic vein Median nerve

Radial nerve Brachial artery and veins

Posierior antebrachial
culanenus nernve
(irom radial nerve)

Mechal antebrachial
CLILAMEOLUS MErve

Basilic vein
Radial collateral artery

Medial brachial cutaneous nerve
Middle collateral artery
Meurovascular compartment
Lateral intermuscular sepium

Ulnar perve

of triceps Medial head

brachii Lateral head
muscle Lang head Medial intermuscular septum

Superior ulnar collateral artery

Biceps hrachii muscle Brachial fascia
Lateral antebrachial cutaneous nerve

Cephalic vein {Trom musCuloCuLANeous nervel

Brachialis muscle u Medial antebrachial cutaneous nerve

Brachioradialis muscle Basilic vein

Radial nerve Median nerve

i Ulpar nerve
Extensor carpi

radialis longus Brachial artery and veins

muscle

‘Medial intermuscular septum
Posterior -
antebrachial | Humerus ‘#
cutaneous 3
nerve ifrom Triceps brachi musche and tendon
radial nerve) ¥

Lateral intesmuscular seplam

[Plate 423, Arm: Serial Cross Sections]
Humerus

o Largestbone of the upper limb
o Osteological features

o Head
Anatomical neck-circumscribes head abowve tubercles
Surgical neck: below tubercles-common site of fracture
Greater and lesser tubercles
Intertubercular groove
Body with

s Deltoid tuberosity for attachment of deltoid muscle
= Radial groove on posterior surface where radial nerve and deep brachial arterytraverse

o Medial and lateral supracondylar ridges-widening of humerus distally as sharp ridges on either side
o Medial epicondyle

s Prominent medial extension at distal end

s Common origin of forearm flexors; ulnar nerve posterior
o Lateral epicondyle

s Prominent lateral extension at distal end

s Common origin of forearm extensors; radial nerve posterior
o Condyle-distal end of humerus
o Trochlea

s Medial articular surface of condyle

s For articulation with trochlear notch of ulna
o Capitulum

s |ateral articular surface of condyle

s For articulation with head of radius
o Coronoid fossa (see also Section 6-4: Upper Limb: Elbowand Forearm)

0o 0o o o o
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s Superior to trochlea
s Receives coronoid process of ulna
o Olecranon fossae
s Posterior distal end of humerus
s Receives olecranon of ulna during full extension of forearm at elbow

Fascia of the Arm

o Brachial fascia
o Asleewve of deep fascia around the arm
o Continuous with the antebrachial fascia of the forearm
o Medial and lateral intermuscular septa
o Extend from deep surface of brachial fascia to humerus
o Divide arm into anterior (flexor) and posterior (extensor) compartments
o Medial septum: medial lip of intertubercular sulcus (superiorly) — medial epicondyle
o Lateral septum: lateral lip of intertubercular sulcus (superiorly) — lateral epicondyle

Muscles of the Arm

Coracoacromial ligament Acromion

Coracoid process

Subacromial bursa

Pectoralis minor tendon (out)
Greater iwhercle,
Lesser tuberche
of humerus

Subscapularis muscle
Musculocutaneous nerve (cut)

Interiubercular Coracobrachialis muscle

tendon sheath

Circumilex scapular antery (o)

Dreltoid muscle
ireflected)

Teres major muscle

Latissimus dorss muscle

Pectoralis major
uscle (refected)

Antenior coreumilex
humeral arteny

brachi

Biceps | Long head
miscle

Short head

Brachial artery {cut) Biceps brachi
tendens cut)
Long hesael

Short head

Median nerve fout)

Rrachialis muscle
Coracobrachialis muscle

Lateral antebrachial

culaneous nerve Musculocutaneous nerve

Bicipital aponeurosis
Dreleid muscle (owl
Biceps brachii tendon

Brachioradialis muscle
Pronator teres muscle

Flexor carpi
radalis musche

Brachiakis muscle

Superficial layer
hedial
intermuscular
sepum

Lateral intermuscular ﬂ:p1un1———___j"|
Lateral epicondyle of humerus b
Medial
epicondyle
of humerus

Lateral antebrachial cutaneous nenve

Huzad of radius

ﬁ N;’{[ﬁ' Biceps brachii tendon

Radial tuberosity Tuberosity of ulna

Deep layer E
[Plate 419, Muscles of Arm: Anterior Views]

o Anterior (flexor) compartment
o Biceps brachii
= Flexes and supinates
= Continues distallyas bicipital aponeurosis: triangular membrane from the biceps tendon across cubital fossa and blends
with antebrachial fascia over the flexor muscles of the forearm
o Brachialis: main flexor of forearm
o Coracobrachialis
s Flexes and adducts arm
s Pierced bythe musculocutaneous nerve
o Posterior (extensor) compartment
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o Triceps brachii
s Main extensor of arm
= Stabilizes head of humerus in glenohumeral joint
o Anconeus: extends arm, and resists adduction of the ulna during pronation

Muscles Origin Insertion Innervation Blood supply Action
Biceps brachii  |Long head-supraglenoid tubercle of Radial Musculocutaneous [Muscular Supinates
humerus; Short head-tip of coracoid process |tuberosity, fascia |nerve (C5,C6) branches of |forearm
of scapula of forearm via brachial Flexes
bicipital artery forearm when
aponeurosis itis supinated
Coracobrachialis | Tip of coracoid process of scapula Mddle third of | Musculocutaneous |Muscular Flexes and
medial surface |nerve (C5,C6,C7) |branches of |adducts arm
of humerus brachial
artery
Brachialis Distal half of anterior surface of humerus Coronoid Musculocutaneous | Radial Flexes
process and nene (C5,C6) recurrent forearm
tuberosity of ulna artery,
muscular
branches of
brachial
artery
Triceps brachii  |Long head-infraglenoid tubercle of scapula; |Posterior Radial nerve Branchof |BExtends
Lateral head -upper half of posterior surface of (C6,C7,C8) profunda forearm, long
humerus; Medial head -distal two thirds of  |olecranon brachii artery|head
medial and posterior humerus process of ulna stabilizes
head of
abducted
humerus
Cutaneous Nerves of Arm

o Supraclavicular nenes (C4,C5) supply skin over shoulder
o Superior lateral cutaneous nerve (C5,C6)
o Branch of axllary
o Supplies skin over upper lateral arm
o Inferior lateral cutaneous nerve (C5,C6)
o Cutaneous branch of radial nerve
o Supplies skin over lower lateral arm
¢ Intercostobrachial nerve (T2)
o Lateral cutaneous branch of second intercostal nerve
o Supplies upper medial arm anteriorly and posteriorly
o Medial brachial cutaneous (C8-T1)
o Branch of brachial plexus
o Supplies lower anterior medial arm
o Posterior brachial cutaneous nene (C5-C8)
o Branch of radial nerne
o Supplies lower posterior medial arm

Cubital Fossa

o Boundaries
o Superiorly: (imaginary) line connecting the medial and lateral epicondyles
o Medially: pronator teres muscle
o Laterally: brachioradialis
o Floor: brachialis and supinator muscles of arm and forearm
o Roof: deep fascia, bicipital aponeurosis, subcutaneous tissue, and skin
e Contents
o Brachial artery (terminal part)
o Biceps brachii tendon
o Nenes: median
In subcutaneous connective tissue
o Medial and lateral antebrachial cutaneous nenes
o Basilic and cephalic veins
o Median cubital vein
In floor of fossa
o Deep and superficial branches of radial nerne
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FACTS & HINTS
HIGH-YIELD FACTS
Clinical Points

Fracture of the Humerus
Fractures of the humerus most common at the surgical neck
Especially common in elderly individuals with osteoporotic bone, falling on an outstretched arm
The axillary nerve winerable to damage here
Direct blow to the arm may
o Fracture humerus through its midshatft, with risk of injury to the radial nerve
o Fracture humerus at distal end, risking damage to the median nerve

Biceps Tendonitis
¢ s inflammation of the tendon of the long head of the biceps
o Tendon is susceptible to wear and tear as it moves back and forth within the intertubercular groove
¢ Degenerative wear a common cause of shoulder pain
¢ Inflammation also caused by repetitive microtrauma, seen in certain sports such as tennis
Rupture of the Biceps Brachii
o This produces "Popeye deformity" with muscle forming a ball in distal part of the anterior arm
¢ Tendon of long head has the highest rate of spontaneous rupture of any tendon in the body
» Rupture of the tendon on background of chronic tendonitis usually affects those older than 40
o Traumatic rupture may occur in younger individuals, but is rare
MNEMONICS
Memory Aids
Cubital fossa (from medial to lateral): Madeline Median Nerve
Brown's Brachial Artery
Big Biceps tendon
Red Radial Nene
Purse Posterior interosseous nerve
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46 Elbow and Forearm
STUDY AIMS
At the end of your study, you should be able to:

Identify the different parts and surface markings of the radius and ulna

Describe the articulations of the elbow joint, its movements, and supporting ligaments
Describe the distal radioulnar joint, its movements, and supporting ligaments
Describe the organization of the deep fascia and compartments of the arm

Know the origins, insertions, and actions of the major muscles of the forearm
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GUIDE

Upper Limb: Elbow and Forearm

Sedian antebrachial vein Flexor digitorum superficialis
musche (radial head)

Presnator teres muscle ;
Anterior branch of medial

antebrachial cutaneous nerve

Radial artery and superiicial branch of radial nerve

Radius Flexor pollicis longus musche

Y o Interossecis membrane
Brachioradialis muscle

Flexor cargs radialis muscle
Cophalic vean and Laneral antebaachial

CULANEOUS Nerve (Tron s ADouL LS
nervel

Wnar artery and median nemne

Palmass lowgus musche
SupEnator musche i o
Flexor digitorum supedicialis

Deep branch of radial nenve musche (humerosinas head)

Extensor carpi radialis longus muscle Common interosseous arery

P N Ulnar nerve

Extensor carpi radialis brevis muscle

Flexor carpd ulnaris muscle

Extensor digitorum muscle .
Basilic vein

Extensor digiti mimami muscle Flexor digitorsm profundus musele

Extensor carpl ulnars musche Ulna and antebrachial fascia

Flexor carpi radiahs muscle Anconeus musche

Posterior antebrachial cutaneous

Brachiorackialis muscle merve (from radial nerve)

Radial astery and superficial - SO 3 Palmaris lomgus muscle
branch of radial nere : :
Flexor digitorum superficiabis mascle
Flexor polices bongus muscle Maodian nere

Extensor carpi radialis Ulnar artery and nerve

longus muscle and tendon
gus musche and tendo Flexor carpl ulnars mascle
Fadivs 5o T Anterior interosseous antery and nene
» (froem median nerve)

Extensor canpi radialis
brewis muscle and tendon

Fhexer digitorum profundus musche
Abductor pollicis longus muscle LlIna and antebrachial fascia
Interosseous membeane and

Extensor digitorum muscle extemsor pollicis langus muscle
Extensor digih minimi mascle Posterion interossecus artery and nerve

(continuation of deep branch of radial nerve
Extensor ¢ affH I.I|I1.!I'I‘| Musc II'

Palmasis lomgus tendon
Flexor cami radiabis tendon PR i,

Rachal artery Flesor digitoram supedicialis musche and tendons

Brachioradialis tendon Flexor carpi ulnaris muscle and tendon

H r , o0
Abductor pollicis longus tendon L Srianp it e
5 Dowrsal branch of ulnar nense
Superficial branch of radial nerve
fuirn prafundos muscle and endons
Extensor paollicis brevis tendon i
‘Antebrachial fascia
Extensor carpi radialis Ulna
longus tendan

Extensar caspi ulnaris tendon

Extensor carpi radialis brevis tendon "
o Pranator quadratus musche and intesosseous membrane

Flexor pallicis longus muscle Extensor incicrs mvscle and tendon

Extensor digiti mimimi tendon

Extensor pollicis longus tendon
fkg‘ Raclmrs Extensor digitorum tendons icommon tendon
t#b' to dligits 4 and 5 at this level)

[Plate 437, Forearm: Serial Cross Sections]

Bones

e Ulna

o Stabilizing bone of the forearm

o Medial to and longer than radius

o Osteological features

s Olecranon-projection of proximal posterior end

Coronoid process-projection from proximal anterior end
Trochlear notch-anterior surface of olecranon, articulates with trochlea of humerus
Radial notch-rounded concavity on lateral side of coronoid process for radial head
Ulnar tuberosity-inferior to coronoid process for attachment of brachialis muscle
Supinator crest-crest inferior to radial notch for attachment of supinator muscle
Supinator fossa-concavity between supinator crest and coronoid process, for attachment of supinator muscle
Body-thicker proximally, tapering distally
Head-at distal end
Styloid process-conical process from the head

e Radius

o Lateral and shorter bone of the forearm

o Osteologic features

s Head-at proximal end, concave for articulation with capitulum of humerus

Neck-constricted region between head and tuberosity
Radial tuberosity-oval protuberance below head and neck for attachment of biceps brachii
Body-convex laterally and enlarging distally
Styloid process-projection from lateral aspect of distal end of radius
Dorsal tubercle-dorsal projection at distal end between groves for tendon of extensor carpi radialis longus and brevis and

tendon of extensor pollicis longus
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s Ulnar notch-concavity on medial side of distal end for head of ulna
¢ Radius and ulna connected by

o Interosseous membrane

s Separates forearm into anterior and posterior compartments

= Provides attachment for deep muscles of forearm

s Fibers slope downward from radius to ulna

s |s most tense when hand is in mid-prone position

s Has a gap distal to neck of radius for posterior interosseus vessels
o Oblique cord

s Crosses gap in interosseus membrane

s Attaches neck of radius to ulnar tuberosity
o Radioulnar joints-proximal and distal (see below)

Elbow Joint

Anteroposterior radiograph

Husmerus

Olecranon fossa

Medial epicondyle Lateral epicondyle

Qlecranon
Capitulum
Trochbea of humerus
Corenoid process of ulna
Head of radius

Meck of radius

Radial tuberosity

Radlius

Lateral radiograph

Head of radius
Capitulum

Lateral epicondyle
Coronoid process of ulna

Radius ———

Trochlear notch
{Hecranon

Ulna

[Plate 425, Hbow: Radiographs]
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Right elbow: anterior view
Humerus

loint capsule

Lateral epicondyle redial epicondyle

" Ulnar collateral ligament
Radkal collateral ligamsent HA

Anular ligament of radius

Ouadrate gament
Insertion of brachialis muscle

- 1

Biceps brachii tendon

L
Radius ——

S o
In 90° flexion: lateral view In 90" Hexton: medial view

Humery g =

Joint capsule Humerus

Joint capsube
Radial collateral igament
Antilar igament of radius Anular Egament of radius

Biceps brachii tendon Biceps brachs tendon

Ulnar collateral igament

Triceps
brac hii
benchon

Triceps
brachii
tendon

Subcutanesus

Subcutaneois
olecranan bursa

olecranon bursa

Opened joint: Opened joint:
anterior view posterior view

o Ldl.lbl.lll.' {cut t‘d]u'\"

Humerus Humerus

Fat pads
Synovial membrane

Articular cantilage

[Plate 426, Ligaments of Bbow]

Compound synovial joint in which radius and ulna articulate with humerus
Joint cavity continuous with radioulnar joint
Fibrous capsule encloses all three articulations
Humeroulnar joint

o Uniaxal, synovial hinge joint

o Between trochlea of humerus and trochlear notch of ulna
Humeroradial joint

o Uniaxal, synovial hinge joint

o Between capitulum of humerus and head of radius

Blood supply to humeroulnar and humeroradial joints: anastomoses around elbow from brachial, radial, and ulnar arteries

Nerve supplyto these joints: musculocutaneous, radial, and ulnar nerves
Proximal radioulnar joint
o Uniaxal, synovial pivot joint
o Between head of the radius and radial notch of the ulna
o Blood supply: anterior and posterior interosseous arteries
o Nenve supply: musculocutaneous, median and ulnar nenes
Ligaments reinforcing elbow joint
o Ulnar collateral ligament: medial epicondyle to coronoid process and olecranon
o Radial collateral ligament: lateral epicondyie to annular ligament
o Annular ligament
s Strong fibrous circle
s From margins of radial notch of ulna
s Encircles head of radius
= Maintains position of the radial head during pronation and supination
Movements at the elbow joint
o Flexion (-180 degrees) and extension at humeroulnar and humeroradial joints
o Pronation and supination with rotation of the head of the radius within annular ligament at proximal radioulnar joint
Distal radioulnar joint
o Synowial pivot joint
o Adiculation between ulnar notch and articular facet of radius at its distal end
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o
o
o
o
o

Afibrocartilaginous articular disc binds the ends of the radius and ulna and is strengthened by anterior and posterior ligaments
Disc separates cavity of joint from cavity of wrist joint

Pronation and supination: distal end of radius moves anteriorly and medially across the ulna

Blood supply: anterior and posterior interosseous arteries

Nenve supply. posterior interosseous nerve

e Carnying angle

o

o

The angle between the long axis of the humerus and the long axis of the ulna with forearm fully extended and supinated in the
anatomical position
Ten to 15 degrees in males, more than 15 degrees in females (figures are for deviations from 180 degrees)

o Bursae (important ones)

o
o
o

Subcutaneous olecranon bursa: Overlies olecranon in subcutaneous tissue
Subtendinous olecranon bursa: Between the olecranon and triceps tendon
Bicipitoradial bursa: Between biceps tendon and anterior part of radial tuberosity

Fascial Compartments of Forearm

o Forearm divided into anterior and posterior compartments by interosseous membrane
¢ Antebrachial fascia is thickened at distal end of radius

o

Posteriorlyforms extensor retinaculum

o Anteriorlyforms palmar carpal ligament
o Also forms flexor retinaculum (transverse carpal ligament) distal and deeper to palmar carpal ligament
o Carpal tunnel formed between flexor retinaculum, running between tubercles of scaphion and trapezium radially to pisiform and hook of
hamate on ulnar side, and anterior concavity of the carpus

Muscles of the Forearm (listed from lateral to medial)

Medial ! Notes Anconeus mescle not shawn Medial epicondyle
epicondyle Because it is extensor of elbow

Olegranan
Lateral epicondyle

Extensors of wrist

Camman
P \ R . s % exlensor
Hecranon : ¢ Extensor carpi 1 tenclon
radialis longus

Extensor carpi
radialis brevis

Extensor carpi ulnaris

Lateral
epicondyle
Extensor
chigiterum
and extensos
cligsith mviniomi
Lewe away)

Comman
extensor

Interosseous

i membrane
Extensors of digits

(except thumb)
Extensor digitorum
Extensor digiti
Extensor indicis

Extensors of thumb

Abductor pollicis longus
Extensor pollicis brevis
Extensor pollicis longus

Extensor digitorum
and extensor digiti
minimi tendons (ot

Right forearm:
poslerior
(dorsal) views
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Superior ulnar collateral artery. . f Triceps brachii tendon
{anastomaoses distally with
posterior ulnar recurrent anery)

Brachiradialis muscle

Ulnar nerve

Medial epicondyle of humeras

Common extensor tendon
Olecranon of ulna

Anconeus muscle

Flexor carpi ulnaris muscle Extensor digitorum muscle

Extensor carpi ulnaris muscle Extensor digiti minimi muscle

-Abductor pollices longus muscle

Extensor pollicis brevis muscle

Extensor policis longus tendon
Extensor carpi radialis brevis tendon
Extensor carpi radialis longus tendon

e . /wpﬁﬂchlbmﬂ(h of radial nerve

Abductor pollicss longus tendon
Extensor pollicis brevis tendon

Extensor retinaculum
{compartments numbered)

Dodsal branch of ulnar nerve

Extensor carpi ulnans tendon
Extensor digiti minimi tendon P 1TL S Extensor pollicis longus tendon
Extensor digitorum tendons
Extensor indicis tendon.
Anatomical snufibox

iw Sth metacarpal bone

[Plate 432, Muscles of Forearm (Superficial Layer): Posterior View]

Extensor carpi radialis longus muscle

Extensor carpi radialis brevis muscle
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Anterion interosseous artery (lermination)

Branches of
brachial artery

%

[posterior branch)

Medial infermuscular sepium \\

Ulnar nerve ——T}

Posterior ulnar recurrent artery

Medial epicondyle of humerus

Triceps brachii tendomn (cur)

Qlecranon of ulna

Anconeus muscle

Flexor carpi ulnaris muscle

Recurrent inlerosseous arery

Posterior interosseous artery

Ulna

Extensor pollics longus muscle

Extensor indicis muscle

Extensor carpi ulnaris tendon (cul)
Extensor digiti minimi tendon (oull

Extensor digitonum tendons (cut]

Extensar retinaculum

2\

Sth metacarpal bone

Superior ulnar collateral
Inferior ulnar collateral

{eompariments numbered)

Middle collateral branch of

deep brachial artery

Radlius

Lateral intermuscular septum

Brachioradialis muscle

Extensor carpi radialis longus muscle

Lateral epicondyle of humerus

Commaon extensor tendon (partially cut)

Extensor carpi radialis brevis muscle

Supinator musche

Posterior interosseaus nerve

Pronator teres muscle (slip of insertion)

Postorion interosseous mernve

Abductor pollicis longus muscle

Extensor pollicis brevis muscle

Extensor carpi raclialis brevis tiendan
Extensor carpi radialis longus tendon

Racial artery

15t metacarpal bone

2ned metacarpal bone

151 dorsal
Ierosseals muscle

Pronator | Two heads: medial epicondyle| Midway along lateral | Median Anterior Pronates forearm, assists in flexion
Teres of humerus and coronoid surface of radius nerve ulnar
process of ulna (C6,C7) |recurrent
artery
Flexor carpi | Medial epicondyle of humerus |Base of second Median Radial Flexes and abducts hand at wrist
radialis metacarpal nerve artery
(C6,C7)
Palmaris | Medial epicondyle of humerus |Distal half of flexor Median Posterior  |Flexes hand and tenses palmar
longus retinaculum and nene ulnar aponeurosis
palmar aponeurosis  |(C7,C8) |recurrent
artery
Flexor carpi |Humeral head: medial Pisiform bone, hook of |Ulnar Posterior Flexes and adducts hand at wrist
ulnaris epicondyle of humerus; hamate, base of fith  |nerve ulnar
Ulnar head: olecranon and metacarpal (c7.Cc8 recurrent
posterior border of ulna andT1) |artery
Flexor Humeroulnar head: medial  |Bodies of middle Median Ulnarand |Flexes middle and proximal
digitorum |epicondyle and coronoid phalanges of medial  |nerve (C8- |radial phalanges of medial four digits;
superficialis |process of ulna four digits T1) arteries also flexes hand at wrist
Radial head: anterior border
of radius

Deep
Flexor Medial and anterior surface of |Anterior base of |Medial part: ulnar | Anterior interosseous |Flexes distal phalanges of
digitorum |proximal three-quarters of distal phalanges |nene (C8-T1); |arteryand muscular |medial four digits; assists
profundus |ulna, and interosseous of medial four Lateral part: branches of ulnar in flexion of hand at wrist
membrane digits medial nene artery
(C8-T1)
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Flexor Anterior surface of radius and |Palmar base of |Anterior Anterior interosseous |Flexes phalanges of
pollicis  |interosseous membrane distal phalanxof |interosseous artery thumb
longus thumb branch of median
nenve (C7-8)
Pronator |Distal fourth of anterioruina | Distal fourth of | Anterior Anterior interosseous |Pronates forearm
quadratus anteriorradius  |interosseous artery
branch of median
nerve (C7-8)
Brachioradialis | Proximal two thirds of lateral Lateral side of distal |Radial nerve |Radial Flexes forearm
supracondylar ridge of humerus  |end of radius (C5-C6) recurrent
artery
Extensor carpi |Distal one-third of lateral Dorsal base of Radial nerve |Radial artery |Extends and abducts
radialis longus |supracondylar ridge of humerus |second metacarpal |(C6-C7) and radial hand at wrist
recurrent
artery
Extensor carpi |Lateral epicondyle of humerus Dorsal base ofthird |Deep branch |Radial artery |Extends and abducts
radialis brevis |(common extensor tendon) metacarpal of radial nerve |and radial hand at wrist
(C7-C8) recurrent
artery
Extensor Lateral epicondyle of humerus Extensor expansions | Posterior Posterior Extends medial four
digitorum (common extensor tendon) of medial four digits  |interosseous |interosseous |digits; assists in wrist
nenve (C7-C8) |artery extension
Extensor digiti |Lateral epicondyle of humerus Extensor expansion |Posterior Posterior Extends fifth digit
minimi (common extensor tendon) of fifth digit interosseous |interosseous
nerve (C7-C8) |artery
Extensor carpi |Lateral epicondyle of humerus  |Dorsal base of fifth | Posterior Posterior Extends and abducts
ulnaris and posterior border of ulna metacarpal interosseous |interosseous |hand at wrist
(common extensor tendon) nerve (C7-C8) |artery
Anconeus Posterior surface of lateral Lateral surface of Radial nerve |Deep brachial |Assists triceps in
epicondyle of humerus olecranon and (C5-7) artery extending elbow; abducts
posterior proximal ulna during pronation
ulna
Supinator |Lateral epicondyle of humerus, | Lateral, posterior and Deep branch of |Radial recurrentand  |Supinates
supinator crest anterior surfaces of proximal |radial nerve (C6-| posterior interosseous |forearm
third of radius C7) arteries
Abductor |Posterior surface of ulna, Base of first metacarpal Posterior Posterior interosseous | Abducts and
pollicis  |radius, and interosseous interosseous  |artery extends thumb
longus |membrane nerve (C7-C8)
Extensor |Posterior surface of radius and |Base of proximal phalanxof |Posterior Posterior interosseous | Extends
pollicis  |interosseous membrane thumb interosseous  |artery proximal
brevis nerve (C7-C8) phalanxof
thumb
Extensor |Posterior surface of middle Base of distal phalanx of Posterior Posterior interosseous | Extends distal
pollicis  |third of ulna and interosseous |thumb interosseous  |artery phalanxof
longus |membrane nerve (C7-C8) thumb
Extensor |Posterior surface of ulnaand |Extensor expansion of Posterior Posterior interosseous | Extends
indicis interosseous membrane second digit interosseous  |artery second digit
nerve (C7-C8)

o Anterior (flexor) compartment
o Superficial group (origin at medial epicondyle)
s Pronator teres (pronates forearm)
s Flexor carpi radialis (flexes and abducts wrist)
s Palmaris longus (absentin some individuals; tenses palmar aponeurosis)
s Flexor carpi ulnaris (flexes and adducts wrist)
= Flexor digitorum superficialis (flexes PIP joints via four tendons)
o Deep group
s Flexor digitorum profundus (flexes at DIP joint)
s Flexor pollicis longus (flexes thumb)
s Pronator quadratus (pronates forearm)

o Posterior (extensor) compartment
o Superficial group (origin at lateral epicondyie)
s Brachioradialis (flexes elbow)
Extensor carpi radialis longus and brevis (extend and abduct wrist)
Extensor digitorum (extends fingers)
Extensor digiti minimi (extends fifth digit)
Extensor carpi ulnaris (extends and adducts wrist)
s Anconeus (extends elbow)
o Deep group (originate from shaft of radius, ulna, and interosseous membrane)
s Supinator (supinates forearm)
s Abductor pollicis longus (abduct thumb)
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s Extensor pollicis brevis and longus (extend thumb)
s BExtensor indicis (extend indexfinger)
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FACTS & HINTS
HIGH-YIELD FACTS
Clinical Points

Subluxation of the Radial Head (Nursemaid Elbow)
Caused by sudden pulling on the upper limb with the forearm pronated

Preschool children, especially girls, most wilnerable

Bursitis of the Hbow
o Repeated pressure or friction on a bursa may cause it to become inflamed

Distal attachment of the annular ligament is torn and radial head slips out, trapping the ligament between it and the capitulum

Head of radius is repositioned by supinating forearm fully and then flexing elbow

and tender

o Subcutaneous olecranon bursitis ("student's elbow’) most common, often occurring in students (from resting elbows on desk), darts

players and from falls and abrasions to the elbow
o Subtendinous olecranon bursitis less common, as is bicipitoradial bursitis

Epicondylitis

o Activities involving repetitive movements of wrist maylead to localized elbow pain
» Repeated extension of wrist causes lateral epicondylitis (“tennis elbow’)-microtrauma of common extensor muscle origin, with pain felt over

the lateral aspect of the elbow

o Medial epicondylitis ("golfer's elbow’) from repeated wrist flexion, with pain felt over the medial epicondyle, especially on resisted wrist

fiexion
o Bursitis or synovitis may coexist with epicondylitis

MNEMONICS

Memory Aids
Radial nerve innervates the BEST!

Muscles that flexthe elbow:

Brachioradialis

Extensors

Supinator

Triceps

Three B's Bend the elBow
Brachialis Biceps
Brachioradialis
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47 Wrist and Hand
STUDY AIMS
At the end of your study, you should be able to:

Describe the radiocarpal joint, its movements, and supporting ligaments

Know the bones of the hand and their organization

Describe the movements at the carpometacarpal, metacarpophalangeal, and interphalangeal joints
Describe the organization of the deep fascia of the hand

Understand the arrangement of the intrinsic muscles of the hand
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GUIDE
Upper Limb: Wrist and Hand

Position of carpal bones with hand in abduction:
anterior (palmar) view

Palm

3rd metacarpal bone

Carpometacarpal
joint

Capitate

Midcarpal

Articular disc
of wrist joant

Wrist
Iqudiocarpah
i Hand in
Racfius : anatomical
I | position
Sagittal sections through wrist and

middle finger

Triguetiun

Lunate’
Ukna

Position of carpal bones with hand in adduction:
anterior (palmar) view

Carpometacarpal joint
Midcarpal joint

Wrist (radincarpal) joint
Hand in flexion

= e Carpometacarpal joint

Midcarpal point

% { Wirist {radiocarpal) joint !I
© Handin extension 4 ﬁ

[Plate 441, Movement of Wrist]
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Carpal tunnel: palmar view Metacarpal bones

Flexor retinaculum
(transverse carpal ligament)

Tubercle of frapezium
Haok of hamate

Tuberdle of scaphoid
Dheep palmar branch of ulnar artery !
and deep branch of ulnar nerve Palmar aponewrosis

Median nerve

Pisifarm

Flexor pollicis longus tendon

Flexor digitorum
superficialis tendons Flexor carpi radialis tendon
:b?m‘l:;jgl‘z:‘gm Radial artery and

superficial palmar hranch
Flexor carpi ulnaris tendon Paltnar carpal gament
(thickening of deep antebrachial

Ubnar artery and nerve fascial (cut and reflected)

Interosseous membrane Palmaris longus tendon

Ulna

Flexor retinaculum remaved:
palmar view

Palmar carpometacarpal ligaments

Falmar metacarpal ligaments )
it Capitotriqueiral ligament

; (part of radiate capitate ligament)
Hook of hamate s P &

Pisohamate liganment Capitate

Pisometacarpal ligament . / Articular capsule of
e o ¥ 3 - i carpomatacarpal joint of thumb

Tubercle of rapezium

Tubercle of scaphoid

Flexor carpi ulnaris tendon (cut)
Radial collateral ligament
Ulnar collateral Bgament 5

Space (of Poirier}

Palmar ulne- Ulniotriquetral pan

carpal figament | Uinolunate part Radiocapitate part Palmar
i radfiocarpal
Area of articular disc Radioscapholunate part | figament

Interosseous membrane

= :. Radius ﬁﬂgfﬁ*‘

[Plate 442, Ligaments of Wrist]

Palmar radioulnar ligament

Ulna
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Posterior (dorsal) view Metacarpal bones

Trapezoid Dorsal metacarpal ligaments

Capsule of 1st carpo-

Ist Dorsal carpometacarpal ligaments
metacarpal joint

) Hamate
Trapezium.

: Trigjuseteinn
Capitate “

_ . Ulnar collateral ligament
Radial collateral ligament B

Scaphoid J i ; Dorsal ulnocarpal ligament

Lunate (covered by ligament) Region of articulas disc

Dorsal radiocarpal ligameni Dorsal radioulnar ligament

Superficial capsular lissue {cut avay) Interosseous membrane

Radius - - Ulna

Mote: Dorsal ligaments.
weaker than palmar Bgaments

Coronal section: dorsal view

o Capitate
Intermetacarpal joints

Carpometacarpal joknt Hamate

Trapezium Triguedsum
Trapezoid Interosseous intercarpal ligaments
Midcarpal joint
Scaphosd Meniscus

Wiist [radiocarpal) joint

Y -
-

| M U
[Plate 443, Ligaments of Wrist (Continued)]

Aticular disc of wrist joint
[istal radioulnar joint

Ulna
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Anteroposterior view

Distal phalans of ring finger
Midelle phalaree of middle finger

Head of prosimal phalan

Head of 5th metacarpal

Lateral view

Shaft af 5th
metacarpal

Tragyiarus

Capitate

Stylgid process of ulna
Pisiform
Triquetrum

Lunate
Articular surface of radius

Radius (distal end)

Hamale
Lusnate
Capitate Hook of hamate
1111?1' zowd Pisiform
S_‘ aphid , Scaphuid
Styboidl process of radius
; Trapezium
First metatarsal

Trapezivm

Base of thumb metacarpal
[Plate 445, Wrist and Hand Radiographs]
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Lateral {radial} view

*Snuffbox contents (superficial to deep)
Radial nerve (dorsal digital branch)
Cephalic vein branches (cul away)

Raclial artery and branches

Scaphoid bone

Insertion of extensor

pollicis longus tendon Deep fascia (cut)

Insertion of extensor
pollicis brevis tendon

1st dorsal interosseous muscle

Radial artery
15t metacarpal bone

Extensor carpi
radialis longus
Insertion of abductor tendon

pollicis longus tendon

Extensor carpi
raclialis brevis
tendon

Trapezium

Radial artery in anatomical snuffbox®

Dorsal carpal branch

Scaphoid of radial artery

Daorsal digital branches of radial nerve
Lateral branch Extensor retinaculum

Medial branch

Superficial branch of radial nerve

[Plate 455, Wrist and Hand: Superficial Radial Dissection]
Wirist (Radiocarpal) Joint

o Biaxial synovial joint
o Located at a line joining the styloid processes of the radius and ulna

o Ariculation of distal end of radius and articular disc of radioulnar joint with the proximal row of carpal bones (except the pisiform)

o Fibrous capsule surrounds the wrist
s From distal ends of radius and ulna to proximal row of carpal bones
s Lined bya synovial membrane with numerous folds
o Movements
s Flexion/extension
s Abduction/adduction (radial/ulnar abduction)
s Circumduction
s Adduction greater than abduction
o Ligaments

s Dorsal and palmar radiocarpal ligaments from the radius to the two rows of carpals on the palmar and dorsal sides

s Ulnar collateral ligament from the ulnar styloid process to the triquetrum
= Radial styloid ligament from the radial styloid process to the scaphoid
o Blood supply: Branches of the dorsal and palmar carpal arches
o Nerve supply
s Anterior interosseous branch of median nenve
s Posterior interosseous branch of radial nene
s Dorsal and deep branches of ulnar nerne

Hand

e Bones (27)
o Carpal bones (bones of the wrist or carpus)
s Proximal row: Scaphoid, lunate, triquetrum, pisiform,
s Distal row: Trapezium, trapezoid, capitate, hamate
o Metacarpals (5) consist of
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s Base (proximal)-articulate with distal row of carpal bones
s Body
s Head (distal)-articulate with proximal phalanges and form knuckles
o Phalanges (14)
s Each digit has three phalanges: proximal, middle, and distal, except for
s Thumb (has two)
s Each phalanxhas a base (proximal), body, and head (distal)
s Decrease in size from proximal to distal

Major Joints of the Hand

» Carpometacarpal, metacarpophalangeal, and interphalangeal are all synovial joints supplied by branches of adjacent vessels and nerves
¢ Intercarpal joints

o Joints between carpal bones of first row and joints between carpal bones of second row

o Mdcarpal joint between first and second rows

o Supported by anterior, posterior, and interosseous ligaments

o Function as a single unit

o Small gliding movements between carpal bones
o Carpometacarpal joints

o Plane type synovial joints, except for carpometacarpal of thumb (saddle type)

o Medial four carpometacarpal joints in one fibrous joint capsule

o Separate capsule for thumb

o Joint for thumb between the trapezium and first metacarpal

s Alows flexion, extension, abduction, adduction, circumduction, and opposition
s Loose joint capsule allows for free movement

o Metacarpophalangeal joints (MCP)

o Heads of metacarpals articulate with base of proximal phalanx

o Deep transverse metacarpal ligaments hold heads of metacarpals 2 through 5 together

o Separate joint capsule for each joint

o Movements: flexion, extension, abduction, and adduction

o Because the collateral ligaments tighten during flexion, abduction, and adduction are only possible in the extended position
o Interphalangeal joints

o Proximal interphalangeal joint = PIP

o Distal interphalangeal joint = DIP

o Alow flexion and extension

Fascia of the Hand

o BExtensor and flexor retinaculum continuous with antebrachial fascia
o Palmar fascia thickened centrally as the palmar aponeurosis

o Four distinct extensions to the bases of the fingers

o Continuous with the fibrous tendon sheaths

o Anchored tightly to skin of palm by numerous ligamentous bands (retinacula cutis)
Fibrous digital sheaths surround synovial sheaths that enclose superficial and deep flexor tendons
Medial fibrous septum extends from medial border of palmar aponeurosis to fifth metacarpal
Lateral fibrous septum extends from lateral border of palmar aponeurosis to third metacarpal
Septa create compartments within the palm

Muscles of the Hand

e Adductor pollicis
o Thenar (lateral) compartment
o Abductor pollicis brevis
o Flexor pollicis brevis
o Opponens pollicis
o Hypothenar (medial) compartment
o Abductor digiti minimi
o Flexor digiti minimi brevis
o Opponens digiti minimi
o Short muscles of the hand
o Lumbricals-unusual in that they flex MCP joints and extend IP joints
o Palmar interossei-adduct digits
o Dorsal interossei-abduct digits
e Palmaris brevis
o Wrinkles skin of hypothenar eminence
o Improves palmar grip

Muscle Origin Insertion Innervation Action Blood
Supply
Abductor | Flexor retinaculum, tubercles of scaphoid |Lateral side ofbase |Recurrent  |Abducts and assists in |Superficial
pollicis and trapezium of proximal phalanx |branch of opposition of thumb palmar
brevis of thumb (1stdigit) |median branch of
nene (C8- radial artery
T)
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Flexor
pollicis
brevis

Opponens
pollicis

Adductor
pollicis

Palmaris
brevis

Abductor
digiti
minimi
(hand)
Flexor digiti
minimi
brevis
(hand)

Opponens
digiti
minimi

Lumbricals
1and 2

Lumbricals
3and4

Dorsal
interossei

Palmar
interossei

Flexor retinaculum and trapezium

Flexor retinaculum and trapezium

Oblique head-bases of second and third

metacarpals capitate and adjacent bones;

Transverse head-anterior surface of third
metacarpal

Palmar aponeurosis

Pisiform bone, tendon of flexor carpi
ulnaris

Flexor retinaculum and hook of hamate
bone

Flexor retinaculum and hook of hamate
bone

Lateral two tendons of flexor digitorum
profundus

Medial three tendons of flexor digitorum
profundus

Adjacent sides of two metacarpal bones

Palmar surfaces of metacarpals 2, 4, and

5

Lateral side of base
of proximal phalanx
of thumb

Lateral side of 1st
metacarpal

Medial side of base
of proximal phalanx
of thumb

Skin of ulnar border
of palm

Medial side of base
of proximal phalanx
of little finger

Medial side of base
of proximal phalanx
of little finger

Medial side of fifth
metacarpal

Lateral sides of
extensor expansion
of digits 2and 3

Lateral sides of
extensor expansion
of digits 4 and 5

Base of proximal

Recurrent Flexes proximal phalanx
branch of of thumb

median

nene (C8-

)

Recurrent Draws 1st metacarpal
branch of forward and rotates it
median medially

nene (C8-

T1)

Deep branch |Adducts thumb
of ulnar nerve
(C8-T1)

Superficial
palmar
branch of
ulnar nerve
(C8)

Deep branch |Abducts the little finger
of ulnar nerve | (fifth digit)
(C8-1)

Deepens the hollow of
the hand

Deep branch |Flexes proximal phalanx
of ulnar nerve | of the little finger
(C8-T1)

Deep branch |Draws fifth metacarpal
of ulnar nene |anteriorly and rotates it
(C8-T1) to face thumb

Median nerve | Extends digits at

(C8-T1) interphalangeal joints
and flexes
metacarpophalangeal
joints

Deep branch |Extends digits at

of ulnar nerve |interphalangeal joints

(C8-T1) and flexes
metacarpophalangeal
joints

Deep branch |Abducts digits from axial

phalanxand extensor | of ulnar nerve|line of hand-third digit
expansion of digits 2-|(C8-T1)

4
Bases of proximal

Deep branch | Adducts digits toward

Superficial
palmar
branch of
radial artery

Superficial
palmar
branch of
radial artery

Deep
palmar arch

Superficial
palmar arch

Deep
palmar
branch of
ulnar artery

Deep
palmar
branch of
ulnar artery

Deep
palmar
branch of
ulnar artery

Superficial
and deep
palmar
arches

Superficial
and deep
palmar
arches

Deep
palmar arch

Deep

phalanxand extensor | of ulnar nene|axal line of hand-third | palmar arch

expansion of digits 2, | (C8-T1)

4,and 5

digit
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FACTS & HINTS

HIGH-YIELD FACTS
Anatomic Points

Arterial Arches of the Hand
Superficial palmar arch
o Formed from main terminal branch of ulnar artery
= Enters hand between hook of hamate and pisiform bone
s Superficial to flexor retinaculum
s Divides into superficial palmar arch and deep branch of ulnar artery
o Gives rise to three common palmar digital arteries
s Anatomose with palmar metacarpal arteries
= Gives rise to two proper palmar digital arteries to sides of digits 2 through 4
Deep palmar arch
o Formed from terminal branch of radial artery
s Passes from anatomical snuff box on dorsum of hand
s Runs between heads of first dorsal interosseus muscle to reach palm
o Anastomoses with deep branch of ulnar artery
o Gives off three palmar metacarpal arteries (anastomose with common palmar digital arteries from superficial arch)
o Gives off princeps pollicis artery to supply palmar surface and lateral sides of thumb

Anatomical Snuff Box

o Depression on posterolateral wrist
o \isible when thumb is fully extended
¢ Bounded anteriorly by tendons of the abductor pollicis longus and extensor pollicis brevis
o Bounded posteriorly by tendon of the extensor pollicis longus
e Structures in floor of snuff box
o Radial artery
o Radial styloid process proximally
o Base of first metacarpal distally
o Scaphoid and trapezium between radial styloid and first metacarpal
Clinical Points
Colles' Fracture
o Complete transverse fracture within the distal 2 cm of the radius
» Distal fragment displaced dorsally, giving the classic "dinner fork deformity”
o Ulnar styloid mayalso be awlsed
¢ Results from forced dorsiflexion of the hand, such as in breaking a fall with an outstretched, pronated hand
e Most common fracture in adults older than 50 years old
o Seen most frequentlyin elderly women
¢ Healing usually good as the bone has a rich blood supply
Scaphoid Fracture
o Scaphoid is the most commonlyfractured bone of the carpus
o Proximal pole of the bone has a poor blood supplyand as a result, fracture may take several months to heal
o This increases risk of avascular necrosis and subsequent degenerative joint disease at the wrist
o Fracture often difficult to spot on initial radiographs, which should be repeated at 2 to 3 weeks in any patient presenting with a severely
sprained wrist
Dupuytren's Contracture
¢ Progressive fibronodular thickening of the palmar fascia
o Leads to fixed flexion deformity of the fingers (most commonly the fourth and fifth digits)
o Condition often bilateral and usually affects middle-aged males of Northern European decent, suggesting hereditary predisposition
o Risk factors include alcohol, liver disease, and antiepileptic medication
¢ Treatmentis surgical
MNEMONICS
Memory Aids

Carpal bones (lateral to medial): Some Lovers Try Positions That They Can't Handle

Table 104-3. PROXIMAL ROW

Some Scaphoid
Lovers Lunate
Try Triquetral
Positions Pisiform

Table 104-4. DISTAL ROW
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That

Trapezium (“Trapezium over the thumb")

They Trapezoid
Can't Capitate
Handle Hamate

Note: If you forget if you're starting at the lateral or medial side of each row remember that the Scaphoid is in the anatomical snuffoox and the

trapez iUM s at the base of the th UVB.

Memory Aids

Flexor carpi superficialis and profundus insertions: Superficialis splits the two, to permit profundus to pass through

Interossei muscles: Palmar interossei ADduct the digits (PAD)
Dorsal interossei ABduct the digits (DAB)
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48 Neurovasculature
STUDY AIMS
At the end of your study, you should be able to:

Describe the arterial supply of the arm, forearm, and hand, distinguishing the arteries supplying each of the compartments
Know the locations of the brachial, radial, and ulnar pulses

Describe the venous drainage of the hand, forearm, and arm

Describe the lymphatic drainage of the upper limb

Understand the organization of the brachial plexus

Know the innervation to the compartments of the arm and forearm

Recognize the course of the major nerves of the upper limb

Understand the dermatome map of the upper limb and its cutaneous innervation
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GUIDE
Upper Limb: Neurovasculature
Vascular Supply to the Upper Limb

Coracoid process
Axillary artery

Deftoid muscle
Pectoralis minor muscle (cut)

Anterior circumilex
humeral artery.

Lateral cord,
Medial cord

of brachial plexus
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M ulan ey
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muscle and tendon fout)
Subscapularis muscle
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brachii Anterior and posteniorn
muscle { Shart hoad circumilex bumaral arteries

Teres major muscle
Coracobrachialis muscle
Latissimus dorsi
tendhon and muscle
Brachial artery
Prafunda brachii (deep
brachial) artery
Muscular branch

Medial Brachial cutaneous nerve
Median nerve Ulnar nerve

Mecial antebrachial cutaneous neres

Muscular branch

Long head

of triceps brachii musch:
Miedial head

Biceps brachii muscle

Superior ulnar collateral arieny

Brachialis muscle

Medial intermuscular septum

Hadial recurrent arte i
¥ Imierior ulnar collateral artery

Biceps brachii tendon Medial epicondyle of humerus

Bicipital aponeurosis

Racad artery
Promator leves muscle

Uinar artery

— ' i ? Flexor carpi radialis nivscle
Hrachioradial 5
e . P

'y e
[Plate 421, Brachial Artery in Situ]

Arterial Supply to the Arm

o Axillary artery
o Begins at lateral border of first rib and ends at inferior border of teres major
o Divided into three descriptive parts by pectoralis minor muscle
o Firstpart
s Firstrib to medial border of pectoralis minor
s [s enclosed in axllary sheath
s One branch-superior thoracic artery supplying serratus anterior
o Second part
s Posterior to pectoralis minor
s Two branches
s Thoracoacromial artery
s Lateral thoracic artery
s Both supply the pectoral muscles and breast
o Third part
s Lateral border of pectoralis minor to inferior border of teres major
s Three branches
s Subscapular artery
s Largestbranch
= Divides into circumflex scapular and thoracodorsal arteries
s Supplies serratus anterior, teres major, subscapularis, and latissimus dorsi muscles
s Anterior and posterior circumflexhumeral arteries
o Brachial artery
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Continuation of the axllary artery, ends in cubital fossa
Lies anterior to triceps and brachialis throughout its course
Accompanied by median nerve, which crosses anterior to artery and lies mediallyin cubital fossa
Divides into ulnar and radial arteries under bicipital aponeurosis
Branches
s Manymuscular branches
s Profunda brachii artery from medial aspect
s Superior and inferior ulnar collateral branches
o Profunda brachii (deep artery of the arm)
o Accompanies radial arteryin radial groove
o Divides into anterior and posterior descending branches to elbow

o o o o o

Arterial Supply to the Forearm

o Ulnar artery
o Larger of two terminal branches of brachial artery
o Begins medial to biceps tendon and descends through anterior compartment deep to pronator teres
o Branches
s Anterior ulnar recurrent
s Posterior ulnar recurrent
s Common interosseus, which branches into
s Anterior interosseus artery
s Posterior interosseus artery
s Muscular branches to muscles of medial side of forearm
s Branches to the hand
o Radial artery
o Begins in cubital fossa at neck of radius
o Passes distally deep to brachioradialis muscle
o Palpable throughout lateral forearm (best felt at the wrist)
o Branches
s Supplies flexor and extensor muscles on lateral side of forearm
s Radial recurrent artery
s Branches to the hand

Arterial Supply to the Hand

o Branches from the ulnar artery

o Palmar carpal branch

s Runs across anterior wrist deep to tendons of flexor digitorum profundus (FDP)

s Anastomoses with palmar carpal branch of radial artery to form palmar carpal arch
o Dorsal carpal branch

s Arises proximal to pisiform

s Crosses dorsal to wrist

s Anastomoses with dorsal carpal branch of radial artery to form dorsal carpal arch
o Superficial branch of ulnar arteryin hand-continues into palm as superficial palmar arch
o Deep (palmar) branch of ulnar arteryin the hand

s Anastomoses with radial artery

s Forms deep palmar arch

Venous Drainage of Hand and Forearm

e \kins of hand
o Superficial and deep palmar venous arches
o Dorsal venous network (arch)
o Both drain to cephalic and basilic veins
o Superficial veins of forearm
o Basilic vein ascends posteromedially on forearm
o Cephalic vein ascends on lateral border of forearm
o Median cubital vein connects cephalic and basilic over cubital fossa
o Deep weins of forearm
o Paired radial and ulnar veins and interosseus veins accompany arteries of same name
o All communicate with superficial veins and median cubital vein

Venous Drainage of Arm

¢ Superficial veins (drain into axillary vein)

o Cephalic vein
= On anterolateral surface
s Enters groove between deltoid and pectoralis major (deltopectoral groove)
= Then deltopectoral triangle
s Empties into termination of axllary vein

o Basilicvein
= Medial side, inferior arm
s Pierces deep fascia at junction of inferior and middle third of arm
= Runs superiorlyto axllary vein
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¢ Deep weins
o Paired, accompany brachial artery (venae comitantes)
o Form at elbow from radial and ulnar veins
o Hawe valves
o Merge with basilic vein to form axllary vein

Lymphatics

o Al lymph from the arm drains to the axllary nodes
e Lymph from breasts and thoraxalso drains to the nodes

Nerve Supply to Upper Limb
Brachial Plexus [C5-T1]

e Composed of
o Roots (5)
o Trunks (3)
o Divisions (6)
o Cords (3)
o Branches (13+4 from roots)
¢ Roots
o \entral rami of spinal nerves C5-T1
o Giveriseto
s Dorsal scapular nene (C5, possible contribution from C4)
s Long thoracic nerve (C5-C7) to serratus anterior muscle
e Trunks
o Superior from ventral rami of C5 and 6
s Branches
a. Nerve to subclavius muscle
b. Suprascapular nene to supra- and infraspinatus, shoulder joint
o Mddle from ventral ramus of C7
o Inferior from ventral rami of C8 and T1
¢ Divisions
o Anterior divisions of superior and middle trunks form lateral cord
o Anterior division of inferior trunk continues as medial cord
o Posterior divisions of all three trunks for posterior cord
e Cords
o Named by relationship to axillary artery, which they surround
s Lateral
= Medial
s Posterior
e Branches
o Branches from lateral cord
s Lateral pectoral nerve (C5-C7) to pectoralis major and minor muscles
s Musculocutaneous (C5-C7)
s Lateral root of median nerve (C6-C7)
o Branches from medial cord
s Medial pectoral nerve (C8-T1) to pectoralis minor and major
s Ulnar nene (C8-T1)
s Medial brachial cutaneous nerve (C8-T1) supplies skin over medial surface of arm and proximal surface of forearm
s Medial antebrachial cutaneous nerve (C8-T1) to skin over medial forearm
s Median root of median nene (C8-T1)
o Branches from the posterior cord
s Upper subscapular nene (C5-C6) to subscapularis
Lower subscapular nerve (C5-C6) to teres major and subscapularis
Thoracodorsal nerve (C6-C8) to latissimus dorsi
Allary nerve (C5-C8) to teres minor and deltoid (ends as the upper lateral brachial cutaneous nerve)
Radial nerve (C5-T1) supplies all exensors of the upper limb and sensation to skin overlying extensor region, including hand

e Other facts
o Anterior divisions supply the flexor parts of the upper limb
o Posterior divisions supply the extensor parts of the upper limb
o Each cord divides into two main terminal branches
s Posterior—axillaryand radial
s |ateral-musculocutaneous and median
s Medial-Median and ulnar
o Supraclavicular part of plexus
s Arises from roots and trunks
s Approachable through posterior triangle of the neck
s Dorsal scapular nerve
= Nerwe to subclavius
s Suprascapular nerve
s Long thoracic nerve
o Infraclavicular part (cords and their branches) is in the axilla
s Arise from cords
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o

s Approachable through axilla
s Al the rest of the nerve branches from brachial plexus

Ulnar nene supplies

s Flexor carpi ulnaris

Medial half of FDP

Hypothenar muscles

Third and fourth lumbricals

All interossei muscles

= Skin over the medial hand and 1%2digits

Median nerve supplies

s Forearm flexors (except flexor carpi ulnaris and the lateral half of flexor digitorum profundus)
s Thenar muscles and first and second lumbricals
= Skin over the lateral hand and 3" digits

Musculocutaneous nerve supplies

s Flexor muscles of arm (anterior compartment)
= Skin over lateral aspect of forearm (lateral antebrachial cutaneous)

Radial nerve supplies

s Triceps

s Anconeus

s Extensor muscles of forearm

= Skin over posterior arm and forearm

Axillary nerve supplies

s Teres minor

s Deltoid

s Shoulder joint

s Skin over inferior deltoid

Dermatomes and Cutaneous Innervation of the Upper Limb

Mote; Schematic demarcation of dermatomes
faccording 1o Keegan and Garrettl shown as
distinet segments. There is actually considerable
averlap between adjacent dermatomes, An
alternative dermatome map is provided online.

Posterior view

[Plate 401, Dermatomes of Upper Limb]
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Anterior (palmar] view Posterior (dorsal) view
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[Plate 402, Cutaneous Innervation of Upper Limb]

Dermatomes
o Band-like areas of skin
o Each supplied bya single spinal nerve through dorsal and ventral rami
o Aranged in segmental fashion
Cutaneous innervation of the upper limb
o Follows segmental arrangement of spinal nerve contributions to the brachial plexus
o No representation of C7 on anterior aspect of arm and forearm
o No representation of T1 on palmar or dorsal surface of hand
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FACTS & HINTS
HIGH-YIELD FACTS
Clinical Points

Brachial Plexus Injury

Disease, trauma or excessive stretching (because of birth rauma) of the posterior triangle of the neck or axilla may damage brachial plexus
Results in paralysis and anaesthesia in the distribution of the affected nerves

Various terms used to describe the different lesions

Erb's palsy affects areas supplied by nerves from superior part of the plexus

Klumpke's palsy affects areas supplied by nerves from the inferior part

Carpal Tunnel Syndrome

o Aresult of compression of the median nerve as it passes under flexor retinaculum

o Compression caused byany process that significantly reduces the size of the carpal tunnel: inflammation of the synovial sheaths, fluid
retention, and infection

¢ Pain or paraesthesia felt in the lateral 3'2 digits, may radiate toward the elbow and is often worse at night

¢ Asoloss of sensation and diminished control of the median nerve-innervated muscles

o Surgical division of the flexor retinaculum may be necessaryto relieve symptoms

Ulnar Nerve Injury
o Ulnar nene maybe compressed as it passes behind medial epicondyle of the humerus or through the Guyon canal at the wrist
¢ Pain and/or paraesthesia felt at medial aspect of the elbow radiating to the medial forearm and medial 1% digits
o Also maybe weakness of the intrinsic muscles of the hand

Radial Nerve Injury

o Palsyof the radial nerve common after prolonged pressure on the back of the arm by resting it against a hard surface (such as back of
movie theater seat-the "Saturday night palsy")

o Nerve mayalso be injured in fractures of humerus as it winds along spiral groove

o Extensors of the wrist are paralyzed, resulting in a wrist drop

o Triceps not affected unless the nerve is injured proximally in the axilla

MNEMONICS
Memory Aids
Parts of the brachial plexus: Really Thirsty? Drink Cold Beer
Roots, Trunks, Divisions, Cords, Branches
Terminal nenves of plexus: MARMU

Musculocutaneous, Axillary, Radial, Median, Ulinar
Muscles supplied by median nerve supplyin LOAF

hand:
Lumbricals (lateral), Opponens pollicis, Abductor pollicis brevis, Rexor pollicis
brevis
Memory Aids
Branches of brachial plexus medial cord: Money Makes Many Men Unhappy

Medial pectoral nene

Medial branch of median nerve
Medial cutaneous nene of arm
Medial cutaneous nerve of forearm
Ulnar nene
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Lower Limb

49 Topographic Anatomy
STUDY AIMS
At the end of your study, you should be able to:

Identify the bony landmarks of the lower limb

Identify the main muscle masses and palpable tendons of the lower limb
Identify the course of the great saphenous vein

Identify the inguinal ligament and know its attachments

Identify the popliteal fossa
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GUIDE

Lower Limb: Topographic Anatomy

Anterior view Posierior view
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[Plate 469, Lower Limb]
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Schematic
dhemarcation of
che HTMES
[according to
Keegan and
Garrett) shown as
distinct segments,

There is actually
considerable
overlap between
any two adjacent
termatomes.
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[Plate 470, Dermatomes of Lower Limb]

Bony Landmarks

o Greater trochanter of femur
o Posterior edge palpable on lateral side of thigh
o 10 cm below iliac crest
o Site of attachment of several gluteal muscles
o Lateral and medial femoral condyles palpable on lateral and medial aspects of knee
o Patella (kneecap)
o Sesamoid bone
o Within tendon of the quadriceps femoris
o Tendon continues as patellar ligament inferiorly
o Lateral and medial margins palpable when knee is flexed
o Tibial condyles-medial and lateral rounded projections at its proximal end
o Tibial tuberosity
o Elevation on anterior surface of tibia
o Located between the two condyles
o Anterior border of tibia
o Sharp and subcutaneous
o Can be palpated from tibial tuberosity to medial malleolus
o Head of fibula
o Subcutaneous
o Can be palpated on posterolateral knee at level of tibial tuberosity
o Medial malleolus-medial projection of the tibia at its distal end
o Lateral malleolus-expanded distal end of the fibula
o Tuberosity of the fith metatarsal
o Bony protuberance halfway along the lateral side of the foot
o Site of attachment for fibularis brevis muscle

Muscles and Tendons
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o Quadriceps femoris-muscle mass of anterior thigh (see Section 7-2: Lower Limb: Hip and Thigh)
o Gastrocnemius muscle-muscle mass of posterior leg (see Section 7-4: Lower Limb: Leg)
e Hamstring muscles
o Palpable as a mass arising from the ischial tuberosity
o Palpable as the medial and lateral superior borders of the popliteal fossa
o Calcaneal tendon (Achilles' tendon)
o Tendon of gastrocnemius
o Descends to calcaneus (heel) on posteroinferior leg, between medial and lateral malleoli
o Tendon of fibularis brevis-palpable at its attachment of the base of the fifth metatarsal
o Tendons of extensor hallucis longus and extensor digitorum longus-visible when toes are forcibly extended

Vessels

VIDEO TIP
For something as specific as the great saphenous \ein, use Search to locate the structure. Use the Search
Transparency feature to make all but the structure transmitted transparent: Video Tip 7.1 - saphenous

o Great saphenous \ein (see Section 7-6: Lower Limb: Neurovasculature)
o Descends along the medial thigh and leg, passing posterior to the knee
o s visible with its tributaries when dilated and varicosed (because of incompetence of valves of vein to prevent backflow of blood)

Other Palpable Landmarks

e Inguinal ligament
o Runs inferomedially from ASIS to pubic tubercle of pelvis
o Folded inferior edge of external abdominal aponeurosis
o Fold separates abdominal region from thigh

o Popliteal fossa (see Section 7-3: Lower Limb: Knee)
o Diamond-shaped depression posterior to knee
o Contains arteries, veins, and nenes of the leg
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FACTS & HINTS

HIGH-YIELD FACTS

Anatomic Points
Functional Overview of the Lower Limb

The lower limb supports the body weight and permits locomotion. It is firmly attached through the rigid pelvis to the vertebral column. The joints are
relatively stable and influenced by the line of gravity; this line passes posterior to the hip joint, anterior to the knee, and anterior to the ankle. Thus
onlythe calf muscles need to contract to maintain an upright posture. Clinically the limb is divided into four compartments: gluteal, thigh, leg and
foot.

Lower Limb Development

The general plan of the lower limb is similar to the upper limb; however, during development the lower limb undergoes medial rotation, bringing the
extensors of the knee, ankle and toes anteriorly with the knee pointing forwards. The hip is unaffected, so hip flexors remain anterior and the
extensors posterior.

Clinical Points

Varicose Veins
¢ Dilated superficial veins most commonly seen in the posteromedial parts of the lower limb
o Resultfrom absent or faulty valves in the communicating veins between the deep and superficial venous systems of the limb
o Secondaryfailure of the saphenofemoral valve may occur
o Stagnation of blood in these vessels predisposes to thrombosis and subsequent inflammation = thrombophlebitis
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50 Hip and Thigh
STUDY AIMS
At the end of your study, you should be able to:

Describe the structure of the hip joint and its movements

Identify the different parts and surface markings of the femur

Know the origins, insertions and actions of the major muscles of the gluteal region

Know the origins, insertions and actions of the major muscles of the anterior, medial, and posterior thigh
Identify the margins of the femoral triangle and describe its contents

Describe the course of the adductor canal
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GUIDE
Lower Limb: Hip and Thigh
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Hip Joint

Radiograph
liac crest

Sacroiliac joint

Sacral foramina margins

Anterior superiorn ilac crest
Shenton's line Acetabular fossa

Isghial spire

Anterior acetabular fim
Pasterior acetabular rim
Greater trochanier Supetiar pubic ramus
Pubic symphysis (secondary cartilaginaus jont)
Inferior pubic ramus

Ischial tuberosity

Ward's tiangle (between trabecular patterns of lemaral neck)

Lesser trochanier

Arthrogram of hip

Articular cartifage of femoral head
Superior acetabular labrum
Acetabular fossa

Fovea capitis

Femaoral head

Contrast within joint capsule

wral artery lliacus and CGreater rochanter
psoas major

Femearal vein
muscles

Sartorius muscle Zona oebicularis

Transverse acetabular ligament

Rectus femaoris muscle
Ligamentum teres (with acetabular

Tensor fasciae lalae muscle arterial branch fram obturator artery)

Gluteus medius muscle

Ligamentiem tenes
iligament of head of femur)

Superior gemellus and
abturator intemus tendon

Olbturator internus muscle
Gluteus masimus muscle

Plate 531, Hip Radiograph, Arthrogram, and MRI]
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Anterior view
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acetabulum
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lliopuhic eminence
Arficular cartilage 3 Acetabular labrum (fibrocartilaginous)

Fat in acetabular fossa (eovered by
synovial membrane)
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head af femur
e A Lesser rochanter

[Plate 475, Hip Joint]
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Hium

Acetabulum (margin)

Head of femur

Pubis (superior ramus)

Greater trochanter
Neck (Ward's triangle)

Ischial tuberosity

Intertrochanteric crest

Obturator foramen

Ischium (inferior ramus)

Lesser trachanter

Femur (cortex
and medulla)

[Plate 476, Hip Joint: Anteroposterior Radiograph]
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Ohrigin of psoas major muscle
frem sides of vertebral bodies,
interveriebral discs, and
transverse processes (T12-14)

Hiacus muscle

Sartorius muscle

Piritormis musche

Rectus femarts muscle

Pectineus muscle

Obturator internus
anl superios and inferior
aemellus muscles

Adductor longus muscle

Prriformis muscle Adriuctor brevis musehe

Clhutews minimus muscle ilis muscle

Vastus lateralis muscle
‘Ohturator extemus muscle

liopsoas muscle

{1Kacus and psoas major) Adductor magnus musde

Vastus medials muscle Quadratus femaorss musche

Vasius intermedius muscle

B o
- Insertions

Articularis genus muscle

Adducior magnus muscle

IBotibial tract

Biceps femaors muscle
Sartorius muscle

Quadriceps femons muscle
{reclus femoris,
vastus lateralis,
vastus intermedius,
andd vasius medialis
via patellar ligament )

[Plate 478, Bony Attachrﬁents of Muscles of Hip and Thigh: Anterior View]

Gracilis muscle Pes anserinus

Semitendinosus muscle

1Y
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Clutews medius muscle

" gk Gluteus minimus musche

Tenser asciae latae muscle

Gluteus maimus musche
Sartorius muscle

Rectus femaoris muscle

Superiorn gemelkis muscle
L Ly Orbturator externus muscle

Infericr gemellus musche . .
e Cluteus medius muscle

Cuadratus femosis muscle Cuadratus femaoris muscie

Orbaturator intemus muscle Hliopsoas muscle

Adlductor magnus mascle Cluteus maximus muscle

Biceps femanis (long head) Wastus lateralis muiscle
and semitendinesus muscles
Addchuctor magnus s le
Semimembranosus muscle
Adductor brevis muscle

i WVastus intermedius muscle
Pectineus muscle 5L 55 L

S Wastus medialis muscle
B origins
- Insertions Adductor longus muscle

Biceps femaoris muscle (short head)
Adductor magnaus muscle

WVastus lateralis musche

Plantars musche

Gastrocnemius muscle (lateral head)

Addeductor magnus muse ||':
Gastrocnemius muscle imedial head) » '

Popliteus miusclhe

Semimembranosus muscle
Poplitews muscle

{
lI.q:".
L1
Mote: Width of zone of attachments ko postesior aspect
af femwur (linea aspera) is greally exaggerabed.

[Plate 479, Bony Attachments of Muscles of Hip and Thigh: Posterior View]

Multiaxial, ball-and-socket synowial joint
Movements
Flexion 140 degrees
Extension 10 degrees
Abduction 45 degrees
Adduction 30 degrees
Internal rotation 40 degrees
o [External rotation 50 degrees
Acetabulum (see Section 5-2: Pelvis and Perineum: Bones and Ligaments)
o Head of femur fits within
o Composed of contributions from ilium, ischium, pubis
o Deepened byincomplete ring of fibrocartilaginous labrum, which is attached to bonyrim
o Ring completed by transverse acetabular ligament, which spans acetabular notch
Head of femur
o Has aligamentum teres (ligament of the head of the femur)
s Attaches fovea (pit) in head of femur to transverse acetabular ligament
= Contains branch from obturator artery

0O o o o o

Capsule
Strong, fibrous and loose
o Altaches to acetabular labrum, transverse acetabular ligament, intertrochanteric line of femur
o Lower third of neck of femur is extracapsular.
o Strengthened by ligaments
s |liofemoral (Y-shaped)
s Pubofemoral
s |schiofemoral ligaments
Blood supply (see Section 7-6: Lower Limb: Neurovasculature)
o Medial and lateral circumflex arteries from deep branch of femoral or femoral artery
o Arteryof head of femur (minor contribution)
Nerve supply
o Femoral nerve

o
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o Nenwe to quadratus femoris (posteriorly)
o Aticular branch of sciatic nene

o Anterior division of the obturator nerve (inferiorly)
o Superior gluteal nerve (posteriorly)

Femur

o Longestand heaviest bone in the body
o Osteological features
s Head with fovea (pit)
Neck-between head and shaft
Greater trochanter-large, lateral, posterosuperior projection from junction of neck and body
Lesser trochanter-rounded medial projection from junction of neck and body
Intertrochanteric line
s Ridge running between greater and lesser trochanters
= |ndicates where neck joins body
s Body (shaft)
s Smooth and cylindrical
s \Wide, roughened line posteriorly. linea aspera
Runs vertically
Has medial and lateral lips (margins)
s Medial and lateral condyles-medial and lateral rounded projections at its distal end
s Medial and lateral epicondyles-central projection from each condyle
o Neckis angled at 115 to 140 degrees (average 126 degrees) relative to the long axis of the shaft

Ligaments of the Hip Joint

Ligament Attachments Function
lliofemoral ASIS and acetabulum — intertrochanteric line. (Strong; Y-shaped | Prevents hyperextension
ligament)
Ischiofemoral Acetabular rim — circles superiorly and laterally to medial base of |Prevents hyperextension
greater trochanter Screws femoral head into acetabulum
Pubofemoral Pubic ramus — laterally and inferiorly to joint capsule Tightens during extension and
abduction
Limits abduction
Transverse Joins the inferior ends of the labrum, crosses acetabular notch Completes the acetabular ring
acetabular
Ligament of head of |Acetabular notch — fovea of femur Contains arteryto head of femur (minute
femur (Intracapsular but extrasynovial) in adults)

Fascial Compartments of the Thigh

o Superficial fascia
o Contains variable amounts of fat
o Cutaneous nenves, such as the saphenous and sural
o Superficial veins, such as the great and small saphenous
o Lymphatics
o Deep fascia =fascia lata
o Separates the subcutaneous tissue from the muscles
o Dense strong layer
o Prevents bulging of muscles during contraction, which improves efficiency of pumping blood through veins back to the heart
o Aftaches to the inguinal ligament, iliac crests, and sacrum superiorly, and is continuous with the crural fascia inferiorly (see Section
7-4: Lower Limb: Leg)
o Fascial septa from the fascia lata divide the thigh into three compartments: anterior, medial, and posterior
lliotibial tract
o Lateral thickening of fascia lata
o Conjoint aponeurosis of tensor fasciae lata and gluteus maximus muscles
o Aftaches to tubercle on lateral condyle of the tibia (Gerdy tubercle)
o Saphenous opening in fascia lata
o Deficiencyinferior to medial inguinal ligament
o Spanned by cribriform fascia
o Saphenous vein and efferent lymphatic vessels form superficial inguinal nodes pass through opening and cribriform fascia

Muscles of the Gluteal Region

o Extensor of hip: gluteus maxmus
o Also laterally rotates hip
o Through iliotibial tract, extends knee
o Abductors of hip
o Gluteus medius
o Gluteus minimus
o Mostimportant function of these muscles: contract to prevent sagging of unsupported side of hip during locomotion, enabling
opposite foot to swing through (e.g., Trendelenburg test)
o Lateral rotators of hip
o Gluteus maximus
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o o o o

Piriformis

Obturator internus

Obturator externus

Gemelli (superior and inferior)

o Quadratus femoris
o Extensors of knee

o Gluteus maxmus

o Tensor fasciae latae

Gluteus  |llium posterior to posterior Most fibers end in lliotibial tract that | Inferior Superior and inferior Extends
maximus |gluteal line dorsal surface of |inserts into lateral condyle of tibia; |gluteal gluteal arteries, first thigh,
sacrum and coccyx, some fibers insert gluteal nene (L5 - | perforating branch of assists
sacrotuberous ligament tuberosity of femur S2) deep femoral artery lateral
rotation
Gluteus |Lateral surface of ilium Lateral surface of greater Superior | Deep branch of superior |Abducts
medius | between anterior and posterior | trochanter of femur gluteal gluteal artery thigh,
gluteal lines nerve (L4 - rotates thigh
S1) medially
Gluteus |Lateral surface of ilium Anterior border of greater trochanter| Superior | Deep branch of superior |Abducts
minimus | between anterior and inferior  |of femur gluteal gluteal artery thigh,
gluteal lines nerve (L4 - rotates thigh
S1) medially
Piriformis | Anterior surface of sacrum and | Superior border of greater \entral Superior and inferior Laterally
sacrotuberous ligament trochanter of femur rami of S1 |gluteal arteries, internal |rotates
and S2 pudendal artery thigh,
abducts
flexed thigh
Obturator |Pelvic surface of obturator Medial surface of greater trochanter [Nernve to | Internal pudendal and | Laterally
internus | membrane and margins of of femur obturator |superior gluteal arteries |rotates
obturator foramen internus thigh,
(L5-S2) abducts
flexed thigh
Gemellus |Outer surface of ischial spine |Medial surface of greater trochanter Nerve to | Inferior gluteal artery Laterally
superior of femur obturator rotates thigh
internus
(L5-S2)
Gemellus |Upper margin of ischial Medial surface of greater trochanter|[Nerve to | Inferior gluteal artery Laterally
inferior  |tuberosity of femur quadratus rotates thigh
femoris
(L4-S1)
Quadratus |Lateral margin of ischial Quadrate tubercle on Neneto |Medial circumflex Laterally
femoris  |tuberosity intertrochanteric crest of femur quadratus |femoral artery rotates thigh
femoris
(L4-S1)
Muscles of the Thigh
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Anterior superior iliac spine

Hliacus muscle

Anterion supenior ilfac spine

Psoas major muscle

Sartorius muscle (origing

Anterior inferior
Ciluteus medius muscle iliac spine
Inguinal ligament

Ligaments

al hip joint
Pubic luberche

Pectineus
Tensor fasciae latae muscle

Pectingus muscle
Tensor fasciae [atae muscle (origing
Rectus femoris muscle (origing
Greater irochanter
Hiopsoas muscle (cut)
Adductor longus muscle
Cracilis muscle
Sartorius muscle
Rectus femors musche®
Vastus Lateralis muscle®
Vastus intermedius muscle®
Vastus medialis muscle®
Hictibial tract
Rectus femaons tendan (becoming part of
quadriceps femoris tendon)
Lateral patellar retinaculum
Patella Anteromedial

intermuscular

Medial patellar retinacubum sepium

Patellar ligament
Sartorius musche/tendon
Gracilis tencon Pes anserinus
Semitendinasus tendon

R . Ilbodibdal tract Loutl
TR Rectus femaoris tendon (ot
Quadriceps femornis tendon

Fatella
Lateral patellar retinaculum

Medial patellar retinaculum

Head of fibula
iﬂ;ﬁ Patellar ligarment

s 3 ! ! Sartorius
Tibial tuberosity \
“Muscles of quadriceps femoris

tetidn

[Plate 480, Muscles of Thigh: Anterior Views]
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External obligue
muscle

Ciluteal aponeUross
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Rectus femaris muscle
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liotibial tract

Long head

Biceps femornis muscle
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Sheort head
ot fread and Gerdy's tubercle

Semimembranosus muscle
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Fibedar collateral [gament
Patella
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[Plate 482, Muscles of Hip and Thigh: Lateral View]
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Suparficial dizzaction

o Anterior (= extensor) compartment

o Flexors of hip
s Sartorius (also abducts and laterally rotates hip and flexes and medially rotates knee), lliopsoas
s Pectineus (also adducts hip)

o Extensor of knee: quadriceps femoris, composed of
s Rectus femoris (also flexes hip)
s \astus lateralis
s \astus intermedius
s \astus medialis (also stabilizes patella)

liazcrest

Clukeal groneurcee cer

Glukeus medios muscle
Glukeie wini s mosele

Clubeus maxinus musde

Pitiformis musde

Foia b nerve

sacrospinous ligament

superionge mellus musde

Shburator inkemus mssle
Infe rior gemellus rusde
Saobbaerous ligament
GQuadiales more muscde
Echial ke rogity
Semiendinge s nusde

Crealer brochanbar

B 820TE muscle fong heath

Ackiuctor minimus park of
chiuchor magnus muscle

Femimemranoms miscle
liotidoid tract
raclie musde

Biceps 2 mote musce
short head

Long head

semimemnbranosus muscle
seini & ndinoass wuscde

Anch of

Pl ikl vessds andd tivial nerve
ominon faulargeoned) nene
Hankare mijscde
a6 Moo hern s usole
kaaclid haaxd
Lakerd headd
sarkoris musele

soleus muscl

Plig

Fopl ke miscde

Flantare ke ncon (i 8

Daspar dizzaction

[Plate 483, Muscles of Thigh: Posterior Views]

Anterior Thigh Muscles

liopsoas/psoas | Sides of vertebra T12 to |Lesser trochanter of | \entral rami of Lumbar branches |Flexes thigh at hip and

major L5 and transverse femur lumbar spinal of iliolumbar artery |stabilizes the hip
processes of L1-L5 nenes 1-3

lliacus lliac crest, iliacfossa, |Tendon of psoas major |Femoral nerve lliac branches of |Flexes thigh at hip and
ala of scrum, and and body of femur, (L2-L3) iliolumbar artery  |stabilizes the hip
anterior sacroiliac inferior to lesser
ligaments trochanter

Tensor fasciae |Anterior superioriliac | lliotibial tract — lateral |Superior gluteal |Superior gluteal | Abducts, medially

latae spine and anterior part |condyle of tibia nene (L4-L5) arteries, lateral rotates and flexes the
of external lip of iliac circumflexfemoral |thigh, stabilizes trunk
crest artery on thigh

Sartorius ASIS and superior part | Superior part of medial |Femoral nerve Femoral artery Abducts, laterally
of notch below it surface of tibia (L2-L3) rotates and flexes the

thigh
Quadratus Lateral margin of ischial|Quadrate tubercleon  [Nene to Medial circumflex |Laterallyrotates thigh
femoris tuberosity intertrochanteric crest | quadratus femoris |femoral artery
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of femur (L4 t0 S1)

Rectus femoris | Anterior inferior iliac Base of patellaandto |Femoral nerve Lateral circumflex |Extends the leg at the
spine and groove tibial tuberosity via (L2-L4) femoral artery; knee joint and flexes
superior to acetabulum | patellar ligament deep femoral the thigh at the hip joint

artery

\astus lateralis |Greater trochanter and |Base of patellaandto |Femoral nerve Lateral circumflex |Extends the leg at the
lateral lip of linea tibial tuberosity via (L2-L4) femoral artery, knee joint
aspera of femur patellar ligament deep femoral

artery

Vastus medialis | Intertrochanteric line Base of patellaandto |Femoral nerve Femoral artery; Extends the leg atthe
and medial lip oflinea |tibial tuberosity via (L2-L4) deep femoral knee joint
aspera of femur patellar ligament artery

Vastus Anterior and lateral Base of patellaandto |Femoral nerve Lateral circumflex |Extends the leg at the
intermedius surfaces of body of tibial tuberosity via (L2-L4) femoral artery; knee joint
femur patellar ligament deep femoral
artery
Pectineus Pecten pubis Pectineal line of femur |Femoral nerne Medial circumflex |Adducts and flexes
(L2-L3) and femoral artery, thigh
sometimes obturator artery
obturator nene
o Medial (= adductor) compartment
o Adductors of hip
s Adductors longus
= Adductor brevis
s Adductor magnus (also assist lateral rotation of knee)
s Gracilis (also flexes knee)
o Obturator externus-laterally rotates hip
Medial Thigh Muscles
Adductor |Body of pubis, inferior | Mddle third of linea Obturator nernve | Medial circumflex Adducts thigh
longus |to pubic crest aspera of femur (anterior division)|femoral artery;
(L2-L4) obturator artery
Adductor |Body and inferior pubic | Pectineal line and Obturator nerve | Medial circumflex Adducts and flexes thigh
brevis  ramus proximal partoflinea  |(L2-L4) femoral artery,
aspera of femur obturator artery
Adductor |Inferior pubis ramus, |Gluteal tuberosity, linea | Adductor part: Deep femoral artery, |Adducts and flexes thigh
magnus |ramus of ischium aspera, supracondylar |obturator nerve |popliteal artery, (adductor part)
Hamstring part: ischial |line (L2-L4) obturator Extends thigh (hamstring
tuberosity Hamstring part: Hamstring part: part)
adductor tubercle tibial nerve (L4)
Gracilis |Body of pubis and Superior part of medial |Obturator nerve  |Deep femoral artery, | Adducts thigh, flexes and
inferior pubicramus  |surface of tibia (L2-L3) medial circumflex medially rotates the leg
femoral artery
Obturator| Margins of obturator | Trochanteric fossa of ~ |Obturator nerve | Medial circumflex Laterally rotates the thigh and
externus |foramen and obturator |femur (L2-L3) femoral artery, stabilizes head of femur in
membrane obturator artery acetabulum

o Posterior (= flexor) compartment
o Hamstrings
o Biceps femoris-also lateral rotates knee
s Semitendinosus-also medial rotates knee
s Semimembranosus-also medial rotates knee
s Together extend hip (except short head of biceps femoris) and flexknee
o Hamstring part of adductor magnus-extends hip

Posterior Thigh Muscles

Semitendinosus Upper and medial Superior part | Tibial division of Perforating branch of deep Flexes leg,
ischial tuberosity of medial sciatic nerve (L5-S2)  artery of thigh, superior extends thigh
surface of muscular branches of
tibia popliteal artery
Semimembranosus | Upper and lateral ischial |Posterior Tibial division of Perforating branch of deep Flexes leg,
tuberosity part of sciatic nerve (L5-S2) |artery of thigh, superior extends thigh
medial muscular branches of
condyle of popliteal artery
tibia
Biceps femoris Long head-ischial Lateral side |Long head-tibial Perforating branch of deep Flexes and
tuberosity ofheadof |division of sciatic | artery of thigh, superior laterally rotates
fibula nene (L5-S2) muscular branches of leg, extends
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Short head-lateral lip of popliteal artery

linea aspera, lateral Short head-common
supracondylar line of fibular division of
femur sciatic nene (L5-S2)

Femoral Triangle

e Boundaries
o Superiorly: inguinal ligament
o Medially.: medial border of adductor longus
o Laterally: medial border of sartorius
e Contents
o Femoral nerve (descends outside of femoral sheath)
o Femoral sheath
= About4 cm long, extending below inguinal ligament
= Subdivided into three compartments
Lateral contains femoral artery
Intermediate contains femoral vein
Medial is femoral canal
o Femoral canal
s Potential space about 1.5 cm long
s Contains loose connective tissue, lymphatic vessels, a deep inguinal lymph node (of Cloquet)
s Femoral ring: abdominal entrance to femoral canal, closed by fatty tissue and parental peritoneum
o Beyond extent of sheath
s Femoral arteryand branches
s Femoral vein and tributaries

Adductor Canal (= subsartorial canal/Hunter's canal)

¢ Boundaries
o Superiorly: commences at apex of femoral triangle
o Posteriorly: adductors longus and magnus
o Anteromedially: sartorius and fascia
o Anterolaterally: vastus medialis
o Inferiorly: terminates at adductor hiatus (in tendon of adductor magnus)
e Contents
o Femoral artery and femoral vein
s Pass through adductor hiatus
s Become popliteal artery and vein when they enter popliteal fossa
o Nenes
s Saphenous nene
= Nene to vastus medialis
o Lymphatics

thigh
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FACTS & HINTS
HIGH-YIELD FACTS

Anatomic Points

Hip Joint

The hip joint is a stable ball and socket joint that carries the whole body weight. Its stability results from the snug fit of the large femoral head and
deep acetabulum, which is supported on all sides by powerful intrinsic ligaments and muscles. There is a tendency for the trunk to tilt backwards at
the hip joints, because the line of gravity passes posteriorly; the powerful iliofemoral ligament resists this.

Clinical Points

Femoral Hernia

Occur when part of an abdominal viscus or fat protrudes into the femoral canal through its opening, the femoral ring
More common in women because of wider femoral ring

Present as a mass (often tender) inferolateral to the pubic tubercle

May enlarge by passing through the saphenous opening

Are at a high risk of strangulation because of hard margins of femoral ring

Surgical reduction and repair is usually necessary

Fractured Neck of Femur ("Broken hip")

Common in the elderly, particularly women with osteoporotic bone

Can occur as the result of high impact accident, such as head-on car collision

May damage branches of medial circumflexfemoral artery supplying the femoral head
Results in bleeding into the hip joint and avascular necrosis of the head of the femur

MNEMONICS
Memory Aids
Femoral Triangle Boundaries: So | May Always Love Sally
Superiorly-Inguinal ligament, Medially
Adductor longus, Laterally-Sartorius
Memory Aids
Contents entering the femoral triangle (lateral to medial) as they pass under the inguinal ligament): NAVEL
Nene*
Artery
Vein
Empty space™*

Lacunar ligament***

* Nerve = Fermoral, but it does not descend with the femoral artery and vein in the femoral sheath. It travels on the surface of the iliopsoas muscle.
The fermoral branch of the genitofemoral nerve travels beneath the inguinal ligament just lateral to the femoral artery, within the femoral sheath.

** Empty space = Femoral canal, because it is a potential space filled with compressible tissue.

*** The lacunar ligament is the hard medial margin of the femoral ring; it is an expansion of the inguinal ligament. Filling the gap between the
attachment of the inguinal ligament to the pubic tubercle and the pecten pubis, posteriorly.
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51 Knee
STUDY AIMS
At the end of your study, you should be able to:

¢ Understand the movements of the knee joint

o Describe the attachments and functions of the ligaments strengthening the joint
o |dentify the major bursae surrounding the knee and understand their function

¢ |dentifythe margins of the popliteal fossa and describe its contents
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GUIDE
Lower Limb: Knee

Right knee in extension

Fermur
Vastus iitermedivs muscle
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Jaint :.pmed.
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Femur i ; Suprapatellar (synovial) birsa

Articularis genus muscle Cruciate Hgaments (covered by synovial membrane)

Synovdal membrane (et edlpe) Medial condyle of femur
Lateral condyle of femur
lnimp,elgﬂ.-.r syndvial fobd
Cigin of popliteus tendon

{covered by synovial membrane)
Medial meniscus

Subpogpliteal recess
Alar Eobds (ewi)

Lateral menisous

Fibalar collateral ligament Infrapatellar fat pads (lved by synovial membrane}

Head of fibula
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[Plate 495, Knee: Anterior Views]
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Inferinr view

Patellar ligament

Medial patellar retinaculum
blended into joint capsule
Suprapatellar synovial bursa
Synonial membrane {cur edge)
Infrapateflar synovial fold
Posterior cruciaie hgament

Tibial collateral ligamem
cep fiberst

(superficial and
Medial candyle of femur
ilque popliteal igament
Semimembranosus tendan
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patellar retinaculum and capsule

Subpophteal recess
Popliteus tendon

Fibular collateral ligament
Bursa.

Lateral condyle of iemur
Anterior cruciate igament

Arcuate popliteal ligament

Semimembranosus tendon
Olsligue pepliteal ligament
Posterior cruciate ligament

Tibial collateral Egameant
(dbeep fibars bound to
medial memisous)

Medial meniscus
Synovial membrane

Superior anticular surface
of tibia (medial facet)

Posterior memiscofemosal ligament

Arcuate popliteal lig,

Fibwrlar collateral ligament
Bursa

Papliteus tendan

Subpopliteal recess

Lateral meniscus
Superiar articular surface
of tibia (lateral facet)
lhatibial tract okl capenle
blended into capsule Anterion cruciate Bgament
Infrapatedlar fat pad S T Patedlar ligament
Anterior aspect 4

Superior view: ligaments and cartilage removed
Attachment of posterior cruciate ligament 1 Intercandylar eminenee

Attachment of synevial membrane
of tibea imedial facet)

Altachment of anterior

Superior articular surface
cruciate ligament

of tibia (laterad facen)

Attachments of horms
of Lateral meniscus

Attachments of horns of medial meniscus

Anlﬂint aspect
[Plate 496, Knee: Interior]

Amachment of synovial membeane

Superior articular surace
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Femur

Patella

Lateral epicondyle

Medial epicondyle

Lateral condyle of femur

Medial concyle of femur
Intercondylar eminence
Medial condyle of tibia

Lateral condyle of tibia

Head of fibula

Neck of fibula

Fibula

¥ - { Tibia
[Plate 498, Knee: Anteroposterior Radiograph]

Knee Joint

Biaxial, hinge-type synowial joint
Movements
o Flexion and extension
o Some gliding and rolling
o Some medial and lateral rotation about vertical axis
o Articular capsule-thin and weak, offers little support in itself
Fibrous capsule
o Strong
o Attaches to femur superior to condyles
o Aftaches to articular margin of tibia
o Deficient superiorly on lateral tibial condyle, to allow passage of popliteus tendon
o Deficient inferiorly where tendon of popliteus crosses
Blood supply
o Genicular branches of the femoral and popliteal arteries
s Lateral and medial superior genicular
s Mddle genicular
s |ateral and medial inferior genicular
o Anterior tibial recurrent — anterior and posterior recurrent arteries
o Circumflexfibular artery — anterior and posterior recurrent arteries
o Arteries form genicular anastomosis around the knee
o Nenve supply (see Section 7-2: Lower Limb: Hip and Thigh)
o Obturator
o Adicular branches of femoral, tibial, and common fibular nerves

Bones Articulating in the Knee Joint

o Lateral and medial articulations between femoral condyles and tibial condyles
o Smooth superior surface of tibia for articulation called tibial plateau
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¢ Intermediate articulation between patella and femur

o Patella
o Large sesamoid bone embedded in the quadriceps tendon
o Adiculation called patellofemoral joint

Ligaments Reinforcing Fibrous Capsule

Right knee in flexion: anterior view

Antersr cruciate ligament fostenior cruciate igament

Lateral comdyle of
fermur (articular
surlace)

Medial candyle of femur taricular surface)

Popliteus tendon Ml menmscus

Tibial collateral ligament
(superficial and deep fers)

Fibular collateral
ligamem —— |

Lateral meniscus. Medial condyle of tibia
Tramsverse

Ranent et - ; - . Tibial tuberasity
Head of r.hl,-l../(- | e

Gerdy's tubercle

Right knee in extension:
posterior view

Fosterior cruciate ligament
Anterior cruciate higament

Posterior meniscofemoral

ligamient
Adductor wbercle on L

medial epicondyle of femur
Lateral condyle of
fernur {articular

Medial condyle of femur [articular surface) surface)

it i Poplitews tendon
Tibial collateral igament |

(superiicial and deep fibers)
Fibular collateral
ligament

Medial meniscus
Laterad meniscus

Medial condyle of tibia Head of fibula

[Plate 497, Knee: Cruciate and Collateral Ligaments]

o Extracapsular
o Medial (tibial) collateral ligament
s Flatand band-like
s Attached to medial meniscus on deep surface
Lateral (fibular) collateral ligament
s Strong and cord-like
s Separated by lateral meniscus by tendon of popliteus muscle
= Splits tendon of biceps prior to its insertion
o Patellar ligament
o Oblique popliteal ligament
o Arcuate popliteal ligament
o Intracapsular ligaments
o Anterior cruciate ligament
s Extends from posterior medial side of lateral femoral condyle to anterior intercondylar area of tibia
s Tautwhen knee is fully extended
= Prevents posterior displacement of femur on tibia and hyperextension of joint
s Intracapsular but exrasynovial
o Posterior cruciate ligament
= Stronger of two cruciate ligaments
s Extends from lateral surface of medial condyle of femur to posterior intercondylar region of tibia
s Tautduring flexion
s Prevents anterior displacement of femur on tibia
¢ Medial and lateral menisci
o Crescentic plates of fibrocartilage
o Wedge-shaped to deepen articulating surface of tibia

o
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o

Function as "shock absorbers"
o Transverse ligament of knee joins anterior surfaces of menisci
o Medial meniscus
s C-shaped
s Adherent to tibial collateral ligament
o Lateral meniscus
s O-shaped
s Joined to posterior cruciate ligament and medial femoral condyle by posterior meniscofemoral ligament

Ligaments of the Knee Joint

Extracapsular Ligaments
Patellar Patella — tibial tuberosity Continuation of quadriceps tendon
Tibial collateral Medial femoral epicondyle — medial tibial condyle |Limits extension

(and meniscus) Limits abduction
Fibular collateral Lateral femoral epicondyle — fibular head Limits extension

Limits adduction

Arcuate popliteal Fibular head — capsule Limits medial rotation
Oblique popliteal Lateral femur — posterior tibia Limits hyperextension
Intracapsular Ligaments
Anterior cruciate Lateral femoral condyle — anterior intercondylar | Prevents posterior slipping of femur on tibia (Torn in
(extrasynovial) tibia hyperextension)
Posterior cruciate Medial femoral condyle — posterior intercondylar | Prevents anterior slipping of femur on tibia
(extrasynovial) tibia
Transverse Anterior edges of menisci Stabilizes menisci
Posterior Posterior of lateral meniscus — medial femoral Stabilizes lateral meniscus
meniscofemoral condyle

Bursae Around the Knee Joint

o Many(12+) bursae surround the knee
o Facilitate movement of the tendons and skin over the joint during flexion or extension
o Needed because most tendons pull vertically across joint
o Four bursae communicate with the synovial cavity of the knee
o Suprapatellar
o Popliteus
o Anserine
o Gastrocnemius bursae
o Suprapatellar bursa
o Particularly winerable to infection following penetrating trauma
o Allows spread of infection directly into the knee joint

Main Bursae of the Knee

Suprapatellar Between femur and quadriceps tendon

Popliteus Between lateral tibial condyle and popliteus tendon

Anserine Between tibial collateral ligament and tendons of sartorius, gracilis, and semitendinosus
Gastrocnemius Deep to proximal attachment of medial gastrocnemius head

Semimembranosus Deep to tendon of semimembranosus

Semitendinosus Deep to heads of gastrocnemius muscles

Prepatellar Between skin and anterior surface of patella

Subcutaneous infrapatellar  |Between skin and tibial tuberosity

Deep infrapatellar Between tibia and patellar ligament

Popliteal Fossa

¢ Boundaries
o Superomedially. semitendinosus and semimembranosus
o Superolaterally: biceps femoris
o Inferomedially and laterally: medial and lateral heads of the gastrocnemius
o Floor: popliteal surface of femur, oblique popliteal ligament, fascia over popliteus muscle
o Roof: skin and fascia

¢ Contents
o Small saphenous vein

Popliteal arteryand veins (deeper than the nerves)

Tibial nerve and common fibular nerve (from the sciatic)

Posterior cutaneous nerve of thigh

Lymphatic vessels and nodes

Order of structures (lateral to medial): tibial nerve, vein, artery

0O o o o o
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FACTS & HINTS

HIGH-YIELD FACTS
Clinical Points

Baker's Cyst
o Posterior heriation of the synovial membrane through the joint capsule into the popliteal fossa
o Swelling appears below joint line and may extend as far as the midcalf
o Large swellings may interfere with knee movements but otherwise asymptomatic

Bursitis
¢ Inflammation of the bursa surrounding the knee because of repeated frictional forces
¢ In chronic inflammation, bursae become distended and filled with fluid
o Prepatellar bursitis (housemaid's knee) and infrapatellar bursitis (clergyman's knee) are most recognized variants

Knee Injury

Knee injuries common, as the knee joint has little external supportive tissue

Ligament sprains usually self-limiting, but may cause secondary damage to menisci

Tearing of the ligaments often needs surgical correction

Rupture of anterior cruciate ligament occurs when force is directed anteriorly to the semi-flexed knee, typically occurring in skiers and
footballers

Posterior cruciate ligament is more resilient to injury, but may rupture when force is applied to the tibial tuberosity while the knee is flexed
o Collateral ligaments are winerable to lateral stresses

MNEMONICS
Memory Aids
Knock-knee and Bowleg: Genu valgum vs. Genu vargum
Knock-knee: Genu valgum
Genu valGUM-knees are GUMmed together
Bowleg: Genu vargum

Genu VARgum-VAR rhymes with far-knees are VAR (far) apart
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52 Leg
STUDY AIMS
At the end of your study, you should be able to:

¢ Describe the fascial compartments of the leg and understand their importance
o |dentify the different parts and surface markings of the tibia and fibula
¢ Know the origins, insertions, and actions of the muscles of the leg
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GUIDE

Lower Limb: Leg

Anterior view Posterior view | |~ Plantaris muscle
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[Plate 503, Attachments of Muscles of Leg]-

Bones
o Tibia
o Large, weightbearing
o Osteological features
= Medial and lateral condyles-medial and lateral protuberances at proximal end articulate with femur
s Intercondylar eminence-together with condyles forms tibial plateau, fits into intercondylar fossa of femur
= Tibial tuberosity-proximal end of anterior border, broad bump for attachment of patellar ligament
s Gerdys tubercle-Protrusion from lateral condyle to which iliotibial tract attaches
s Shaft-or body, with rough diagonal ridge on posterior proximal end: soleal line
= Medial malleolus-inferomedial projection at distal end, articulates with talus
o Fibula

o Slender, nonweightbearing
o Osteological features
s Head-proximal end with pointed apex articulates with tibia
s Shaft-or body, has three borders (anterior, interosseous, and posterior) and surfaces (anterior, posterior and lateral) for
muscle attachments
s Lateral malleolus-distal enlargement, articulates with tibia, contributes to ankle joint
¢ Interosseous membrane uniting tibia and fibula

Fascial Compartments
o Crural fascia

o Deep fascia surrounding leg
o Distal continuation of fascia lata
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Attaches to anterior and medial borders of tibia

Thicker in proximal leg

Continues as extensor retinaculum distally

o Extensions from deep surface-anterior and posterior intermuscular septa-attach to anterior and posterior margins of fibula

o o o

o Intermuscular septa and interosseous membrane divide leg into three fascial compartments: anterior, lateral, and posterior
o Muscles in posterior compartment are subdivided into superficial and deep compartments by transverse intermuscular septum

Joints

o Proximal tibiofibular joint

o Plane-type synovial joint
o Nonweightbearing

o Between head of fibular and lateral condyle of tibia

o Fibrous capsule reinforced by anterior and posterior ligaments of the head of the fibula

o Distal tibiofibular

Muscles

o Fibrous joint (syndesmosis)
o Medial surface of distal fibula articulates with facet on inferior end of tibia

o Reinforced by anterior and posterior tibiafibular ligaments and interosseous ligament (extension of interosseous membrane)

Vastus lateralis muscle

Vastus mecdialis muscle

Rectus femonis tendon (becoming
guadriceps femoris tendon)

Hiotibial tract """(—’h"

Superior lateral genicular artery

Patella

Superior medial genicular artery

Tibial collateral ligament

Medial patellar retinaculum
Lateral pateflar retinaculum
Inferior medial genicular artery

Biceps femoris tendon

Infrapatedlar branch (cut) of

Inferior lateral genicular artery Saphenous nerve (cur)

Jzint capsule

Common fibular (peroneal) ne[\.t.r____..-—-"':"
Head of fibula Parellar ligament

Insertion of sartorius muscle
{part of pes anserinus)

Fibularis {peroneus} longus muscle Tibial uberosity

Tibsia
Tibialis anterior muscle

Gastracnemius muscle
tmedial head)

’ Soleus muscle

Extensor hallucis longus muscle

Superiicial fibular
(peroneal] nerve (cet)

Fitaudaris (peroneus)
brevis muscle

Extensor digitorum longus muscle

Fibaila

Superior extensor retinaculum
Medial malleslus

Lateral malleolus

. Tibkals anteriar tendon

Inferior extensor retinaculsm
Exgensor digitonim kengis terdons Medial branch of deep fibular (peroneal ) nerve
Fibularis (peroneus) tertius tendon. Extensor hallpcis longus tendon

Extensor digiterum brevis tendons . .
Extensor hallucis brevis tendon

Dorsal digital branches
of deep fibular ipesoneal) nerve

Dorsal digital nerves - jg"
”

[Plate 507, Muscles of Leg (Superficial Dissection): Anterior View]
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[Plate 509, Muscles of Leg: Lateral View]

o Anterior (= extensor) compartment
o Primarily dorsiflexors of ankle
o Include
s Tibialis anterior (also inverts foot and holds up medial longitudinal arch of foot)
s Extensor hallucis longus (also dorsiflexes halluxand inverts foot)
s Extensor digitorum longus (also dorsiflexes toes)
s Peroneus tertius (also everts foot)

Muscles of the Anterior Leg
Tibialis Lateral condyle and proximal half of Medial plantar surfaces of Deep Anterior| Dorsiflexes ankle and
anterior  |lateral tibia, interosseous membrane medial cuneiform and base of |fibular tibial  |inverts foot
first metatarsal nene (L4- |artery

L5)
Extensor |Mddle part of anterior surface of fibula  |Dorsal aspect of base of distal Deep Anterior| Extends great toe and
hallucis  |and interosseous membrane phalanxof great toe fibular tibial |dorsiflexes ankle
longus nene (L5- |artery

S1)
Extensor |Lateral condyle of tibia and proximal three Middle and distal phalanges of Deep Anterior| Extends second
digitorum |quarters of anterior surface of second through fifth toes fibular tibial  |through fifth toes and
longus interosseous membrane nene (L5- |artery |dorsiflexes ankle

S1)
Fibularis |Distal third of anterior surface of fibula Dorsum of base of fifth Deep Anterior| Dorsiflexes ankle and
(peroneus)|and interosseous membrane metatarsal fibular tibial  |aids in eversion of foot
tertius nene (L5- |artery

S1)
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o Lateral (= everter) compartment
o Primarily everters of the foot

o Include

s Peroneus longus
s Peroneus brevis
s Both plantarflexankle, evert foot, and hold up lateral longitudinal arch of foot

Muscles of the Lateral Leg
Fibularis Head and proximal two |Plantar base of first Superficial fibular | Anterior tibial Everts foot and weakly
(peroneus) thirds of lateral fibula | metatarsal and medial nene (L5-S2) |artery, fibular plantarflexes ankle
longus cuneiform artery
Fibularis Distal two thirds of Dorsal surface of tuberosity |Superficial fibular | Fibular artery Everts foot and weakly
(peroneus) lateral surface of fibula |on base of fith metatarsal  |nerve (L5 - S2) plantarflexes ankle
brevis

o Posterior compartment

o Comprised of superficial and deep groups

o Separated by transverse intermuscular septum
o Superficial group = plantar flexors of the foot
= Gastrocnemius
s Soleus
s Plantaris
s Gastrocnemius and plantaris cross the knee joint and thus also flexknee
s Al three contribute to calcaneal tendon
o Deep group = plantar flexors of the foot
= Tibialis posterior (also inverts foot and supports medial longitudinal arch of foot)
s Flexor hallucis longus (also plantarflexes interphalangeal joint of halluxand supports medial longitudinal arch of foot)

s Flexor digitorum longus (also plantarflexes DIP joints of lateral four toes and supports medial and lateral longitudinal arches

of foot)
o Popliteus
s Forms inferior floor of popliteal fossa
= Tendon lies between fibrous capsule and synovial membrane of knee joint
s Flexes knee
s Rotates femur five degrees laterally on tibial plateau to unlock knee so flexion can occur

Muscles of the Posterior Leg

Superficial Muscles

Gastrocnemius |Lateral head: lateral aspectof |Posterior aspect of calcaneus via |Tibial Popliteal Plantarflexes the
lateral condyle of femur. the calcaneal tendon nene (S1- |artery ankle joint,
Medial head: popliteal surface S2) assists in flexion
above medial condyle of femur of the knee joint
Soleus Posterior aspect of head of Posterior aspect of calcaneus via | Tibial Posterior tibia | Plantarflexes the
fibula, proximal fourth of the calcaneal tendon nerve (S1- |artery, fibular |ankle and
posterior surface of fibula, S2) artery, stabilizes the leg
soleal line of tibia popliteal over the foot
artery
Plantaris Popliteal surface of femur Calcaneal tendon Tibial Popliteal Weakly assists
nerve (L5- |artery gastrocnemius
S1)
Deep Muscles
Popliteus Lateral aspect of lateral condyle |Posterior tibia above soleal line | Tibial Popliteal Unlocks and
of femur and lateral meniscus nene (L4 - |artery weaklyflexes
S1) knee joint
Flexor hallucis |Distal two-thirds of posterior Base of distal phalanx of great toe | Tibial Fibular artery |Flexes great toe,
longus fibula and inferior part of (hallux) nene (L5 - weakly
interosseous membrane S2) plantarflexes the
ankle
Flexor Medial part of posterior tibia Plantar bases of distal phalanges | Tibial Posterior Flexes lateral four
digitorum inferior to soleal line of lateral four toes nerve (L5- |tibial artery  |toes, plantarflexes
longus S1) ankle
Tibialis Posterior tibia below soleal line, | Tuberosity of navicular bone, all | Tibial Fibular artery |Plantarflexes foot
posterior interosseous membrane, cuneiforms, cuboid and bases of |nerve (L4- at the ankle and
proximal half of posterior fibula [second through fourth L5) inverts the foot
metatarsals
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FACTS & HINTS
HIGH-YIELD FACTS
Clinical Points

Compartment Syndrome
Abnormally high pressure within one of the leg's restricted compartments

Caused by hemorrhage, edema, or inflammation of the muscles of the leg, often secondary to trauma or deep vein thrombosis

Increased compartmental pressure causes ischemia and nerve damage
Maylead to permanent injury of distal structures supplied by effected arteries and veins
Management is surgical: fasciotomy and debridement of any necrotic tissue

Shin Splints (tibialis anterior strain)

Edema and pain over distal two thirds of the tibia

Caused by repetitive microtrauma to the tibialis anterior muscle

Common in athletic overexertion

Often in persons who do not exercise, when they try a long distance walk

Amild form of anterior compartment syndrome

Chronic condition can cause periostitis and bone remodeling, or lead to stress fractures

Ruptured Achilles’ Tendon

Tendonitis of the calcaneal tendon

Acommon running injury

Rupture of the tendon usually occurs in untrained middle-aged individuals with a history of tendonitis
Presents as sudden calf pain with an audible snap and subsequent inability to plantarflex the foot
Gap is palpable in complete rupture

MNEMONICS
Memory Aids

Deep posterior leg muscles (medial to lateral): Down The Hatch
Flexor Digitorum longus
Tibialis posterior
Flexor Hallucis longus
(structures behind medial malleolus-see Section 7-5: Ankle and Foot)
Symptoms of varicose veins: AHOU
Aching
Eczema
ltching
Oedema
Ulceration/Ugly (varicosities)
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53 Ankle and Foot
STUDY AIMS
At the end of your study, you should be able to:

Understand the structure of the ankle mortise and its supporting ligaments and appreciate its winerability to injury
Know the bones of the foot and their organization

Understand the functional importance of the ligaments and fascia of the foot

Describe the arches of the foot

Understand the arrangement of the intrinsic muscles of the foot

Know the descriptive layers of the plantar surface of the foot
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GUIDE
Lower Limb: Ankle and Foot
Ankle Joint (Talocrural Joint)

Lateral view
Fibila

Tibvia

Trochlea of talus

Posterior process of talus
Head of talus
Mavicular

Sustentaculum tali of calcaneus

Calcaneus

Lateral cuneiionm
Tuberosity of cabcaneus
Cubaid

Tuberasity of 5th metatarsal

Anterior view

Fibula

Tibia

Medial mallealus
Talue

Lateral malleales

[Plate 514, Ankle: Radiographs]

Uniaxial, synovial, hinge type joint
o Adiculation between tibia (medial malleolus), fibula (lateral malleolus), and talus
o Distal ends of tibia and fibula form a mortise
o Trochlea of talus fits into mortise
o Malleoli grip talus
e Movements
o Dorsiflexion
s Produced by muscles of anterior compartment of leg
s Limited bytriceps surae
= More stable when dorsiflexed
o Plantarflexion-produced by muscles of posterior compartment of leg
o Some rotation, abduction, and adduction of joint possible in plantar flexion
e Capsule
o Thin
o Supported by strong collateral ligament
o Attached to tibia and malleoli superiorly and talus inferiorly
e Ligaments
o Lateral consists of three parts
s Anterior talofibular-from lateral malleolus to neck of talus
s Posterior talofibular-from malleolar fossa to lateral tubercle of talus
s Calcaneofibular-from tip of lateral malleolus to lateral calcaneus
o Medial or deltoid
s Strong ligament
s Originates on medial malleolus
s Fibers can be identified as
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s Anterior and posterior tibiotalar

s Tibionavicular

s Tibiocalcaneal
o Blood supply: malleolar branches of fibular, and anterior and posterior tibial arteries
o Nenve supply: Tibial nerve and deep fibular nerve (a branch of the common fibular)

Foot
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[Plate 511, Bones of Foot]
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Bones

e 26 in number

Right foot

Postenior talar Midedle talar Antenor talar

articular surface articular surface

articular surface

Anterior talar
Body.

— articular surface
’ e Micddle talar
- . articular surface

Articular surface
for cuboid bone

Articular suriace
/ for cuboid bone
) A

[
articular
surface

Fibular
[ peromealh
trochiea

Lateral provess Groove for fibularis
of tuberasity (peroneus) longus tendon

Lateral view Catcaneal suleus

Fibular
[peroneal)
troschlea

Tuberosity Sustentaculum tali

Body

Anterior talar Midelle talar articular surface € Tuberasity

anticular surface Posterior talar
articular surlace

Superior view

Mickdle talar articular sudace

Articular
surface ’ i
for cuboid Tuberosity Posterion talar
v .
Bome articular surace

Sustentacudum tali

Midial Ciroorve for #
Groove for tendon process of l'.'-ﬂdop al flexor Filsular

o flexor hallwcs lengus tuberasity hallucis borgus 4 iperoneal]
trochlea

Sustemtaculum talk

Medial view Medial
process of
ubesosity

Lateral
4 process of
Fiby I
Ipaia . tuberosity
Tuberosity
Interosseous msembrane

Posterior view

Talus. . \ £ A ligament

Faosterior
talofibular
ligament

Calcaneoiibular
ligament

Fibular (peraoneal)
temdons ininderor

Pastenor Vs
tadocale aneal fibular peroneal)
ligament refinac

Critical
Posterior view angle
with ligaments Functional relations of calcanous

[Plate 513, Calcaneus]
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o Tarsal bones (7)

o Talus

o

Has head, neck, body with trochlea, posterior, and lateral processes
Articulates with fibula, calcaneus, and navicular

Has no muscular attachments

Head rests on lateral projection of calcaneus-sustentaculum tali
Wider anteriorly making the ankle more stable in dorsiflexion

Calcaneus

Largest and strongest bone

Posterior prominence-calcaneal tuberosity-with medial, lateral, and anterior tubercles
Articulates with the talus and cuboid

Transmits body weight from talus to ground

Lateral projection-sustentaculum tali-supports talar head

o Navicular

Flattened bone with inferomedial tuberosity
Located between talar head and three cuneiform bones

o Cuboid

Inferolateral groove for tendon of peroneus longus
Most lateral bone in distal row of tarsals

o Cuneiform (3)

Medial, intermediate and lateral
Each articulates with navicular posteriorly and base of related metatarsal anteriorly

s Lateral articulates with cuboid

o Metatarsals (5)

o Hawe base (proximal), body, and head (distal)

o Bases articulate with cuneiform and cuboid bones

o Head articulates with proximal phalanges

o Medial and lateral sesamoid bones on plantar surface of first metatarsal in plantar ligament
o Phalanges (14)

o Great toe (hallux) has two-proximal and distal
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o Cther toes have three-proximal, middle and distal
o Each consists of proximal base, body, and distal head

Joints

o Important intertarsal joints
o Where inversion and eversion occur
o Subtalar
s Synovial joint with where talus rests on calcaneus
s Fibrous capsule supported by talocalcaneal ligaments
o Transwverse tarsal, composed of
s Calcaneocuboid joint
s Talonavicular joint
o Cther joints where slight movement occurs
o Talocalcaneal
o Tarsometatarsal
o Metatarsophalangeal (MTP)
o Interphalangeal: proximal and distal (PIP and DIP)

Arches

o Tarsal and metatarsal bones are arranged in longitudinal and transverse arches

¢ Bonyarches maintained by

o Interlocking bones

o Plantar ligaments

o Plantar aponeurosis

o Action of plantar muscles
¢ Functions

o Shock absorbers for body weight

o Distribute body weight

o Make foot adaptable to changes in surface
o Longitudinal arch composed of medial and lateral arches
o Medial longitudinal arch

o Higher arch than lateral

Composed of calcaneus, talus, navicular, three cuneiforms, three medial metatarsals

[
o Talar head is keystone
o Strengthened by
s Tibialis anterior tendon and attachments
s Fibularis longus tendon
o Lateral longitudinal arch
o Flatter than medial
o Rests on the ground when standing
o Composed of calcaneus, cuboid, and lateral two metatarsals
¢ Transverse arch
o Formed by cuboid, cuneiforms, bases of metatarsals
o Has pillars formed by lateral and medial longitudinal arches
o Maintained by fibularis longus tendon

Ligaments (major ligaments listed)

o Al foot bones are united by plantar and dorsal ligaments
Plantar calcaneonavicular ligament
o Aso called spring ligament
o From sustentaculum tali to navicular
o Maintains longitudinal arch of foot
e Long plantar ligament
o From plantar surface of calcaneus to cuboid
o Maintains foot arches
o Plantar calcaneocuboid ligament
o Also called short plantar ligament
o Deep to the long plantar ligament
o From inferior surface of calcaneus to inferior surface of cuboid

Plantar Muscles
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Plantar digital branches
of medial plantar nerve

Flexor digitorum longus tendons
Plantar digital branches

of lateral plantar nerve Flexor digitorum brevis tendons

Fibrous sheaths (opened)

Secamon] bones

Commaon plantar digital
nerves and artenes

Lumbrical muscles

Lateral head
and
Medial head of

Flexor digiti minimi Flexor hallucis brevis muscle

brevis musde.

Flexor hallucis longus tendon

Superficial branch Ahductor hallucis tendon
an and muscle {cut)
Deep branch.
of lateral

Flexor digitorum longus tendon

plantar nerve 1 \ Ll
1 R s
\ . Superficial and deep branches
Lateral plantar nerve and artery \ of medial plantar artery
I';\ A § Medial plantar artery and nerve
Quadratus plantae muscle

Tibialis posteriar temdon

Abductor digiti minimi musche (cur)

Flexor hallucis longus tendon

Posterior tibial artery and

Merve 1o abductor digiti minimi muscle frn E
i tihial nerve (dividing)

(from lateral plantar nerve)

Flexor retinaculum
Flexor digitorum brevis muscle

and plantar aponeurosis (cut) 7
R 3 Abductor hallucs musde (cut)

Medial calcaneal artery and nerve

2

Lateral calcaneal nerve and artery (fram
sural nerve and fibular [peroneal] artery)

Tuberosity of caleaneus

[Plate 522, Muscles of Sole of Foot: Second Layer]

o Four layers in the sole of the foot
¢ Individual muscles of little importance as fine control of the toes is not required
o Aneurovascular plane exsts between the first and second and third and fourth layers

Intrinsic Foot Muscles

Abductor | Medial process of Medial side, base of proximal |FirstLayer: |Medial plantar |Abducts and flexes first toe
hallucis |calcaneal tuberosity |phalanxoffirsttoe deep to nene (S2-S3)
plantar
aponeurosis
Flexor Medial process of Four tendons split to allow FirstLayer:  |Medial plantar |Flexes second through fifth
digitorum |calcaneal tuberosity |passage of long flexor tendons, | deep to nere (S2-S3)  |toes
brevis insert on middle phalanges plantar
aponeurosis
Abductor | Calcaneus Lateral side, proximal phalanx |FirstLayer: |Lateral plantar |Abducts and flexes fifth toe
digiti of fith toe deepto nenve (S2-S3)
minimi plantar
aponeurosis
Quadratus |Medial and lateral Lateral edge of flexor digitorum |Second Layer |Lateral plantar |Corrects for oblique pull of
plantae sides of plantar longus tendon nerve (S1-S3)  |FDL tendon; thus assists in
surface of calcaneus flexion of toes
Lumbricals |First: Medial side of | Medial side of dorsal digital Second Layer | Medial one: Flex proximal phalanges at
tendon to second toe |expansions Medial plantar | MP joint, extend distal
Second through nerve phalanges at PIP and DIP
fourth: Adjacent sides Lateral three:  |joints
of contiguous Lateral plantar
tendons nenve (S2-S3)
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Flexor Plantar surfaces of | Divides in two, to each side of |Third Layer
hallucis  |cuboid and lateral base of proximal phalanx of
brevis cuneiform first toe

Adductor  |Oblique head: bases |Lateral side, base of proximal | Third Layer
hallucis  |of second through phalanxof first toe (both heads)

fourth metatarsals

Transverse head:

Ligaments of

metatarsophalangeal

joints
Flexor digiti | Base of fifth Base of proximal phalanxof | Third Layer
minimi metatarsal fifth toe
brevis
Plantar Bases and medial Medial sides of bases of Fourth Layer
interossei |[sides of third through |proximal phalanges of third
(3) fith metatarsals through fifth toes
Dorsal Adjacent sides of first | First: medial side of proximal |Fourth Layer
interossei |through fifth phalanxof second toe
4) metatarsals Second through fourth: lateral
sides of second through fourth
toes
Dorsal Muscles of Foot

o Form bulge on dorsolateral surface of foot, anterior to lateral malleolus
e Two muscles blend together
o Extensor digitorum brevis

o Proximal attachment: superior surface, anterolateral calcaneus

Medial plantar
nenve (S1-S2)

Deep branch of
lateral plantar
nenve (S2-S3)

Superficial
branch, lateral
plantar nerve
(S2-S3)
Lateral plantar
nenve (S2-S3)

Lateral plantar
nenve (S2-S3)

o Splits into four muscles, each with a tendon that blends with that of long extensor

o One tendon to great toe
o Other tendons to second to fourth toes
o Extensor hallucis brevis
o Largestand most medial belly of extensor digitorum brevis
o Inserts on proximal phalanx of great toe
o Supplied by deep fibular nernve
o Assist extensor digitorum longus in extending toes

Fascia

o Deep fascia on dorsum of foot

o Thin on dorsum

o Continuous with inferior extensor retinaculum

o Over lateral and posterior aspects itis continuous with plantar fascia
o Deep fascia of plantar surface of foot

o Central condensation of plantar fascia forms plantar aponeurosis

o Arises from calcaneus

o Divides into five fibrous bands that split to enclose digital tendons

o \krtical septa from deep surface divide the foot into medial, central, and lateral compartments

o Functions of plantar fascia
o Holds foot together
o Protects sole of foot from injury
o Supports longitudinal arches

Flexes proximal phalanx of
first toe

Adducts first toe, maintains
transverse arch

Flexes proximal phalanx of
fifth toe

Adduct second through fourth

toes and flex MP joint

Abduct second through fourth

toes and flex MP joints
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FACTS & HINTS
HIGH-YIELD FACTS

Clinical Points
Ankle Sprain
¢ As aresultoftears in fibers of ligaments supporting the ankle
o Commonlythe result of forced inversion of foot causing strain on weaker lateral ligaments
o Anterior talofibular ligament most likely to tear
¢ Resultin instability of ankle joint
o Calcaneofibular ligament may also be tomn
Ankle Fracture
¢ Sewere ankle strain may fracture the medial, or more commonly, the lateral malleolus
o APott's fracture-dislocation occurs when foot is forcefully everted, shearing off the medial malleolus
o Lateral malleolus is then snapped as the talus moves laterally
o Mayalso fracture fibula above distal tibiofibular joint and distal end of tibia
Plantar Fasciitis
¢ Mcrotrauma to proximal attachment of the plantar aponeurosis to the calcaneus, resulting in inflammation of plantar aponeurosis
o Caused byrepetitive strain on the longitudinal plantar arch, such as during extensive running or high impact aerobics
o Pain felt over the proximal plantar surface of the foot
o Especially painful after sitting and first thing in the morning
o Treatmentis conservative with rest and analgesia
MNEMONICS
Memory Aids

Structures traveling behind medial malleolus Tom, Dick ANd Harry
(anterior to posterior):

Tibialis posterior flexor Digitorum longus flexor Hallucis longus AN= Posterior

tibial Arteryand tibial Nenve

Interossei muscles: Plantar interossei Adduct the digits (PAD) Dorsal
interossei Abduct the digits (DAB)

Muscles that can potentially be absent in the body: 5 P's:

Palmaris longus [Upper limb]

Plantaris [Lower limb]

Peroneus™ [Lower limb]

Pyramidalis [Anterior abdominal wall]
Psoas minor [Posterior abdominal wall]

* = peroneus (fibularis) tertius
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54 Neurovasculature

STUDY AIMS
At the end of your study, you should be able to:

Describe the arterial supply of the lower limb, distinguishing the arteries supplying each of the compartments of the thigh and leg

Know the surface markings to locate the femoral artery and palpate the pulses of the popliteal, posterior tibial, and dorsalis pedis arteries
Describe the venous drainage of the lower limb

Describe the lymphatic drainage of the lower limb

Know the nervous innenvation to the compartments of the thigh and leg and recognize the course of the major nenes of the lower limb
Understand the dermatome and myotome maps of the lower limb
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GUIDE
Lower Limb: Neurovasculature

Vascular Supply: Arteries
Deep dissection
r "_ whi Hliac crest
Superior clunial nerves = F‘-::’ e 1
g v ) Gluteal aponeurasis and

Gluteus masimus muscle (cut)h Bluteus medsus muscle (cut)
Medial clunial nerces Superior gluteal artery and nerve
Calutes minimis musche

Inferior gluteal artery and nerve # WEUS MINIMUE Musc
Tensor fasciae latae muscle

Pudendal nerve
Piriformis muscle

Merve to obturator intermus

tand superior gemellus) Gluteus medius muscle (cut)

Posterion femaral Superior gemellus muscle

CUtaneous nerve
Grisater rochanter of femur

i :
Sacrotuberous ligament Obturator internus muscle
Eschial tuberosity ; . " : Inferior gemellus muscle

Gliiteus maxamus muscle (eod)

Inferior chunial nerves (cet)

Adductor magnus muscle Quadratus femoris muscle
Gracilis muscle | Medial circumilex femoral
e artery

Sciatic nerve’ Vastus lateralis muscle
and iliotibial tract

Muscular branches of sciatic nenie
Adductor minimus pan of

adductor magnus muscle

Semitendinosus muscle (retracted)

Semimembwanosus muscle Ist perforating artery {from
profunda femoris artery)

Sciatic nerve ‘Adducton magnus muscle

Articular branch W i o 3 Zred and 3rd perorating arteries
{irom profunda femaoris artery)

Addsctor hiatus
Aih periorating artery (from

Popliteal vein and artery profunda femars artery)

Superior medial genicular artery

Short head muscle
Medlal epicondyle of femur Superior lateral genicular artery

Tibial nerve

Commaon fibular (peroneal) nerve

Gastrocnemius muscle (medial head) Plantaris muscle

Medial sural cutaneous nernve Gastrocnemius muscle (ateral head)

{fﬂ'ﬁ Small saphenous vein

[Plate 490, Arteries and Nerves of Thigh: Posterior View]

Lateral sural cutaneots nere

Long head (retracted) Biceps femoris
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External iliac artery
Deep circumilex iliae artery 2 .
Inferor ¢pigasinic artery

Superficial Superficial epigastric artery
circumilex iliac artery

Superficial external pudendal antery

Femaoral artery

Olbiurator artery

Dieep external pudendal artery

Medial cireumilex femaral artery
Ascending branch,
Transverse branch,
Descending branch of
Lateral circumilex
femoral artery

Femoral artery

= : Muscular branches
Profunda femoris

[deep femoral)
artery

Perforating branches

Femoral artery passing through
adductor hiatus within
atductor magnus musde

Descending genicular anery
Articular branch
Saphenous branch

cular artery

Supeerior meclial

Superior lateral genieular artery

Popliteal artery {phantam)
Patellar anastomaosis

. Wil genicular artery (phaniom)
Inferior Lateral genicular artery. B i

| partiatly ir phantom)

enicular artery
phantom)

Interior

Posteror tibial recurrent arteny [paartially i

{phantam)

- ' Anterior tibial recurment artery
Circumilex fibular branch

Anterior tibial artery Postersor tibial antery (phantom)

,,Fb'rg: Interosseonus membrane ] Filaular ([ peroneal ) amery (phantom)
[Plate 500, Arteries of Thigh and Knee: Schema]

Femoral artery
o Continuation of the external iliac artery
Main artery of lower limb
Palpable inferior to the midinguinal point, not at the midpoint of the inguinal ligament
Descends in femoral triangle on iliopsoas and pectineus, lateral to femoral vein
Enters adductor canal deep to sartorius and exits at adductor hiatus
Profunda femoris (deep artery of thigh)
Main arteryto the thigh
Largest branch of femoral
Arises from lateral aspect of femoral in femoral tfriangle
Supplies anterior and medial (adductor) compartments of the thigh
Supplies posterior compartment by perforating arteries
o Gives off medial and lateral circumflexfemoral arteries that supply the head of the femur and muscles of lateral thigh
o Obturator artery
o Branch of the internal iliac artery (or may arise from the inferior epigastric)
o Enters thigh through obturator foramen
o Divides into anterior and posterior branches
o Supplies adductor compartment of the thigh along with profunda femoris
Popliteal artery
o Continuation of the femoral artery (at adductor hiatus)
o Palpable in the popliteal fossa (best felt when knee is flexed)
o Gives off five genicular branches supplying articular capsule and ligaments of knee joint
s Medial and lateral superior genicular
= Mddle genicular
s Medial and lateral inferior genicular
s Form anastomosis around knee joint
o Bifurcates into anterior and posterior tibial arteries
o Anterior tibial artery
o Smaller of two terminal branches of popliteal
o Passes through gap in interosseous membrane

o
o
o
o

o o o o o
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o Supplies muscles of anterior compartment of the leg
o Descends on interosseous membrane and becomes dorsalis pedis artery
o Posterior tibial artery
o Larger of two terminal branches of popliteal
Supplies muscles of posterior compartment
Gives off fibular artery
Descends deep to soleus
Provides main blood supply to foot, after passing inferior to medial malleolus
Palpable behind the medial malleolus
o Gives off nutrient artery to the tibia
o Circumflexfibular artery
o Arses from origin of anterior or posterior tibial
o Passes over neck of fibula to anastomosis around knee
o Fibular artery
o Largest branch of posterior tibial
o Supplies muscles of lateral compartment of the leg
o Begins below tendinous arch of soleus
o Gives off nutrient artery to the fibula
o Pierces interosseous membrane to reach dorsum of foot
e Dorsalis pedis
Continuation of the anterior tibial artery
Palpable between the first and second metatarsal heads
Divides into plantar and arcuate arteries
Supplies muscles on dorsum of foot
o Pierces first dorsal interosseous muscle as deep plantar artery of foot (plantar arterial arch)
o Medial plantar artery
o Smaller of two terminal branches of posterior tibial artery
o Supplies muscles of great toe, skin on medial side of sole
o Giwes off plantar digital arteries
o Lateral plantar artery
o Larger than medial
o Accompanies lateral plantar nerve
o Arches medially across foot, beginning at base of fifth metatarsal as deep plantar arch
o Gives off four plantar metatarsal arteries
o Joins branches of medial plantar to form plantar digital arteries to toes

0 0o o o o

o o o o

Vascular Supply: Veins

o Lower limb has superficial and deep venous systems with perforating veins communicating between them
¢ \kins hawe valves
e \kins of foot
o Superficial
s Metatarsal veins merge to form dorsal venous arch
s Communicates with plantar arch
s Both drain medially to great saphenous vein and laterally to small saphenous vein
o Deep
= Begin as dorsal digital and plantar digital veins
s Merge to deep veins accompanying arteries in leg and thigh
» Superficial veins of leg and thigh
o Great saphenous vein
s Courses along medial side of dorsum of the foot
Passes in front of medial malleolus (location for venous cut down for emergency 1V access here)
Anastomoses freely with small saphenous vein
Ascends medial side of leg, then posterior to the knee
Ascends along medial thigh to saphenous hiatus in fascia lata
Traverses hiatus to emptyinto femoral vein
s Has manyvalves
o Small saphenous vein
s Runs behind the lateral malleolus
Ascends along lateral border of calcaneal tendon
Pierces the deep fascia
Ascends between heads of gastrocnemius
Empties into popliteal vein
s Accompanied bythe sural nerve
¢ Deep weins of leg and thigh
o Accompany all major arteries (venae comitantes)
o Are usually paired
o Are variable and anastomose freely
o Unite to form the popliteal vein and ascend as femoral vein
o Perforating veins
o Penetrate deep fascia
o Connect superficial and deep veins
o Hawe valves

Lymphatics
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o Superficial lymphatics follow the superficial veins
o Lymphatics following the great saphenous drain into superficial inguinal nodes
o Lymphatics following the small saphenous vein drain into popliteal nodes
o Deep lymphatics
o Follow vasculature in the muscle compartments
o Drain to deep inguinal nodes
o Popliteal nodes drain into the deep inguinal nodes

Nerves

Tz

L1

L2
3

Lateral femoral cutancous nenve (L2, 3}

Lumbsar phewus
Femaral nerve (L2, 3, 4]
L4

Obsturator merve
Lumbosacral trunk

Psoas major muscle fupper part)

Adticular branch '

Sartarius musche

(et and reflecied)
1 Lateral femoral
Peclineus muscle 7 I J Culaneous nerve

Rc(‘luls I;t'murii 3 T EAR Anterior cutaneous
muscle four bramches of
and reflected) Vill | . femal neree

wadriceps | Vastus . .
E‘"m‘ ! il dius muscle N Sartarius muscle
. ! ¥ (et amd reflected)

muscle
Wastus
medialis muscle

Saphenous nerve

WVastus
lateralis muscle
L

Asticularis genus muscle

Infrapatellar branch
of saphenous nerve

Medial crugal cutaneous
nerves {branches of
saphenous nere)

Moote: Ohly muscles
innenvated by femoral
nerve shown

Cutancous
innervation

g

[Plate 526, Femoral Ner;le and Lateral Cutaneous Nerve of Thigh]
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Posterior femoral
culaneous nerve
(81,2,3)

Inferior chunial nerves
Perineal branches
Tibial division

OF SCIRC NeTve
L4, 55,2, 1)

Long head (out) of
hiceps femoris muscle

Adductor magnus muscle
|alse partially supplied
by obitiirator nerve)

Semitendinosus musche

Semimembranosus muscle

Tibial nerve

Articular branch

Plantaris muscle

Wechial sural
Culaneous nerve

Gastrocnemigs muscle

Sural nerve

Soleus muscle

Tibsial nenve

Medial
calcaneal branches

Medial and lateral
plantar nerves

[Plate 528, Sciatic Nerve and Posterior Femoral Cutaneous Nerve]

Cutaneous nenves

J' Short head of

Long head tewn

g muscle

Common iibular
{peroneal) nerve

Articular
branch

Lateral sural
curaneous nerve

Sural
communicating
branch

From sciatic

nerve

Lateral calcaneal
branches

Lateral dorsal
culaneowus nemve

o Subcostal nerve (T12) to skin anterior to greater trochanter

0O o o o o

Femoral nene (L2-L4)

lliohypogastric nerve (L1) to superior lateral buttock
llioinguinal (L1) to proximal and medial thigh

Genitofemoral nene (L2-L3) to immediately inferior to middle inguinal ligament
Lateral femoral cutaneous ((L2-L3) to lateral and anterior thigh

= \ia anterior femoral cutaneous branches to anterior and medial thigh
s \ia saphenous nere to medial side of leg and foot

o Obturator nerve-branch to anterior, medial and posterior proximal thigh

o Posterior femoral cutaneous nerve-to posterior thigh and popliteal region

o Sciatic nene

s Supplies foot and most of leg

= \ia sural, common, superficial, and deep fibular nerves
o Cluneal nenes (superior middle and inferior)-buttock

Nerves to muscles of lower limb from lumbosacral plexus
Nenes in the gluteal region

o Superior gluteal nerve (L4-S1)

s Emerges superior to piriformis

s Supplies gluteus medius, gluteus minimus and tensor fasciae latae

o Inferior gluteal nerve (L5-S2)
s Inferior to piriformis

s Supplies gluteus maximus

o Nerve to quadratus femoris (L4-S1): also supplies inferior gemellus
o Pudendal nerve (S2-S4): supplies the perineum (not structures in the gluteal region)

o Nenwe to obturator internus (L5-S2)
Nerves to anterior and lateral thigh

o Femoral nerve (L2-L4)

s Enters thigh lateral and deep to femoral artery
s Supplies the anterior compartment of the thigh

Scialic nerve (L4, 5, 51,2, 3)

Biceps femoris musche

of biceps femoris

Greater sciatic foramen

e

Cormmon fibular (peroneal)
division of sciatic nerve
w4, 551, 2

Cutaneous innervation

Posterior femaral
CUlANeOUs NErve

Common fibular
ipevoneal) nerve

via lateral sural ___'___i__._---'
CULAMGOUS NErve i
Medial sural

CURANSOES v

Superficial fibular

{peroneal) nemve
Sural nerve

Tibial ferve
via medial
calcancal
branches
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o Obturator nerve (L2-L4)
s Enters thigh through obturator foramen and divides into anterior and posterior branches
s Supplies medial (adductor) compartment of thigh
o Nenves of posterior thigh
o Sciatic nerve (L5-S2)
s Enters gluteal region from pelvis through greater sciatic foramen
Emerges inferior to the piriformis muscle
Supplies no structures in the gluteal region
Supplies posterior thigh muscles
Bifurcates in lower third of thigh into tibial and common fibular nerves
s \ja tibial and common fibular nenes, supplies all leg and foot muscles
¢ Nenes ofleg
o Tibial nene
Supplies the posterior compartment of leg
Ends by dividing into medial and lateral planter nerves
Common fibular nerve
Wraps around fibular head
Divides into deep and superficial peroneal nenes
s Deep fibular nerve supplies anterior compartment of leg
s Superficial fibular nerve supplies lateral compartment of leg
o Nenees of foot
o Medial plantar to 32 muscles of plantar foot
o Lateral plantar to remaining muscle of plantar foot

o 0o o o o

Dermatomes
Myotomes

o Agroup of muscles supplied byfibers from a single spinal nerve or a discrete group of spinal nerves is called a myotome

Myotomes of the Lower Limb
2z B w15 s s
Hip Flexion X X
Extension X X
Knee Extension X X
Flexion X X
Ankle Dorsiflexion X X
Plantarflexion X
Foot Inversion X X
Eversion X X
Intrinsic
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FACTS & HINTS
HIGH-YIELD FACTS
Clinical Points

Chronic Arterial Occlusive Disease

o Caused by atherosclerosis

o Inthe lower limb, most commonly affects femoral artery as it passes through adductor canal

o Symptoms of intermittent claudication (pain in a muscle group because of poor blood supply) brought on by exertion in the early phase; may
progress to pain at rest

e Ischemic ulcers can also develop

¢ Patients with advanced disease require vascular surgical intervention with bypass or endarterectomy

Foot Drop

Injury to the common fibular nene can resultin loss of eversion and dorsiflexion of the foot

Foot drops and toes drag on the ground when walking unless high-stepping gait is employed
Variable amount of sensation also lost on the anterolateral aspect of the leg and dorsum of foot
Nerwve is wlnerable owing to superficial course as it wraps around fibular neck

Nerve may be severed during fracture of fibula or dislocation of knee joint

Meralgia Paresthetica (Gunslinger's Neuralgia)
o Compression of the lateral cutaneous nene of the thigh against the anterior superior iliac spine
o Causes a stinging or burning sensation in the anterolateral thigh
o Was caused bylow-riding gun belt in the Old West

MNEMONICS

Memory Aids
Nerves of the leg and their functions:
FD: (Fbular nerve Bverts and Dorsiflexes the foot)
TIP: (Tibial nerve Inverts and Plantarflexes the foot)

4251425



	Cover
	Head & Neck
	1. Topographic Surface Anatomy
	Study Aims
	Guide
	Facts & Hints

	2. Bones & Ligaments
	Study Aims
	Guide
	Facts & Hints

	3. Superficial Face
	Study Aims
	Guide
	Facts & Hints

	4. Neck
	Study Aims
	Guide
	Facts & Hints

	5. Nasal Region
	Study Aims
	Guide
	Facts & Hints

	6. Oral Region
	Study Aims
	Guide
	Facts & Hints

	7. Pharynx
	Study Aims
	Guide
	Facts & Hints

	8. Thyroid Gland & Larynx
	Study Aims
	Guide
	Facts & Hints

	9. Orbit & Contents
	Study Aims
	Guide
	Facts & Hints

	10. Ear
	Study Aims
	Guide
	Facts & Hints

	11. Meninges & Brain
	Study Aims
	Guide
	Facts & Hints

	12. Cranial & Cervical Nerves
	Study Aims
	Guide
	Facts & Hints

	13. Cerebral Vasculature
	Study Aims
	Guide
	Facts & Hints


	Back & Spinal Cord
	14. Topographic Anatomy
	Study Aims
	Guide
	Facts & Hints

	15. Bones & Ligaments
	Study Aims
	Guide
	Facts & Hints

	16. Spinal Cord
	Study Aims
	Guide
	Facts & Hints

	17. Muscles & Nerves
	Study Aims
	Guide
	Facts & Hints


	Thorax
	18. Topographic Anatomy
	Study Aims
	Guides
	Facts & Hints

	19. Mammary Gland
	Study Aims
	Guides
	Facts & Hints

	20. Body Wall
	Study Aims
	Guides
	Facts & Hints

	21. Lungs
	Study Aims
	Guides
	Facts & Hints

	22. Heart
	Study Aims
	Guides
	Facts & Hints

	23. Mediastinum
	Study Aims
	Guides
	Facts & Hints


	Abdomen
	24. Topographic Anatomy
	Study Aims
	Guide
	Facts & Hints

	25. Body Wall
	Study Aims
	Guide
	Facts & Hints

	26. Peritoneal Cavity
	Study Aims
	Guide
	Facts & Hints

	27. Viscera (Gut)
	Study Aims
	Guide
	Facts & Hints

	28. Viscera (Accessory Organs)
	Study Aims
	Guide
	Facts & Hints

	29. Visceral Vasculature
	Study Aims
	Guide
	Facts & Hints

	30. Innervation
	Study Aims
	Guide
	Facts & Hints

	31. Kidneys & Suprarenal Glands
	Study Aims
	Guide
	Facts & Hints


	Pelvis & Perineum
	32. Topographic Anatomy
	Study Aims
	Guide
	Facts & Hints

	33. Bones & Ligaments
	Study Aims
	Guide
	Facts & Hints

	34. Pelvic Floor & Contents
	Study Aims
	Guide
	Facts & Hints

	35. Urinary Bladder
	Study Aims
	Guide
	Facts & Hints

	36. Uterus, Vagina & Supporting Structures
	Study Aims
	Guide
	Facts & Hints

	37. Perineum & External Genitalia: Female
	Study Aims
	Guide
	Facts & Hints

	38. Perineum & External Genitalia: Male
	Study Aims
	Guide
	Facts & Hints

	39. Testis, Epididymis & Ductus Deferens
	Study Aims
	Guide
	Facts & Hints

	40. Rectum
	Study Aims
	Guide
	Facts & Hints

	41. Vasculature
	Study Aims
	Guide
	Facts & Hints

	42. Innervation
	Study Aims
	Guide
	Facts & Hints


	Upper Limb
	43. Topographic Anatomy
	Study Aims
	Guide
	Facts & Hints

	44. Shoulder & Axilla
	Study Aims
	Guide
	Facts & Hints

	45. Arm
	Study Aims
	Guide
	Facts & Hints

	46. Elbow & Forearm
	Study Aims
	Guide
	Facts & Hints

	47. Wrist & Hand
	Study Aims
	Guide
	Facts & Hints

	48. Neurovasculature
	Study Aims
	Guide
	Facts & Hints


	Lower Limb
	49. Topographic Anatomy
	Study Aims
	Guide
	Facts & Hints

	50. Hip & Thigh
	Study Aims
	Guide
	Facts & Hints

	51. Knee
	Study Aims
	Guide
	Facts & Hints

	52. Leg
	Study Aims
	Guide
	Facts & Hints

	53. Ankle & Foot
	Study Aims
	Guide
	Facts & Hints

	54. Neurovasculature
	Study Aims
	Guide
	Facts & Hints



