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Anatomy of the Limbs
INTRODUCTION
The Anatomy of the Limbs course is taught in the Autumn and Spring terms of Year 2. 
The course consists of 8 sessions: one session in November to provide broad background material prior to hospital-based teaching, and 7 sessions in Jan/Feb dealing with the limbs on a regional basis. 
The Jan/Feb sessions each consist of a lecture, a Dissecting Room practical class and a Living Anatomy/Osteology practical class. 

The class is divided into half classes attending practicals in AM or PM, and quarter class sets for the practicals within each half day. Groups are alternated between AM and PM on different days, as much as is feasible. 
COURSE STRUCTURE

There are 9 lectures and 7 sets of practicals.
ASSESSMENT
Summative Assessment
The course will be examined in a single examination in one of the LCRS papers.
The questions will be in the SAQ, SBA and EMQ formats.
Further details about examinations are provided on the Intranet.

TIMETABLE 2012/13 – Autumn/Spring terms
Details are correct at the time of going to press. Any amendments will be shown on the intranet. Regularly check the electronic timetable for possible changes.
Venue for lectures:  Drewe lecture theatre, CX campus
	Wed 21 Nov, 2012
	10 am
	Bones and Introduction to the Limbs

	Tue 8 Jan, 2013
	9 am
	Shoulder and Arm

	Fri 11 Jan, 2013
	9 am
	Elbow, Forearm & Wrist

	Tue 15 Jan, 2013
	9 am
	Hand

	Fri 18 Jan, 2013
	9 am
	Brachial Plexus, Nerves and Vessels of the Upper Limb

	Tue 22 Jan, 2013
	9 am
	Hip, Buttock and Thigh

	Fri 25 Jan, 2013
	9 am
	The Knee, Popliteal Fossa, Leg and Foot

	Tue 29 Jan, 2013
	9 am
	Review of Lower Limb Nerves and Vessels


Set locations for Practical sessions

Please note that there are lectures for the whole year on the morning of each Jan/Feb Anatomy teaching day, beginning at 9 am in the Drewe Lecture Theatre, CX campus. 
Practical classes start at 10.25 am for the morning group, and 1.55 pm for the afternoon group.
	Session Date
	Set

	
	10.25 AM (1st half)*
	1.55 PM (1st half)*

	
	Diss. Room
	BPSM Lab
	Diss. Room
	BPSM Lab

	Tue 8 Jan
	F
	G
	E
	H

	Fri 11 Jan
	G
	F
	H
	E

	Tue 15 Jan
	E
	H
	F
	G

	Fri 18 Jan
	H
	E
	G
	F

	Tue 22 Jan
	F
	G
	E
	H

	Fri 25 Jan
	G
	F
	H
	E

	 Tue 29 Jan
	E
	H
	F
	G


*Sets change over for the 2nd half of each session.
Too many muscles?!?!
In studying the Anatomy of the Limbs, you will encounter a large number of muscles and their attachments. Below is a guide to how much detail we expect you to know.

General Learning Guidance for Anatomy of the Limbs

The sensible approach to the limbs is to learn by compartments. In general, your knowledge of muscle attachments should be sufficient for you to understand how the compartment as a whole acts on the joints. 
A couple of examples of how this works:

Flexor compartment of arm (significant muscles: biceps & brachialis)
Nerve supply: Musculocutaneous nerve

General actions: Flexors of elbow 

General attachments: Arise from scapula or flexor surface of humerus, attach to flexor surface of proximal forearm

Special point on a very important muscle: Biceps also acts as the most powerful supinator of the forearm through its attachment to the radius.

Anterior compartment of leg (significant muscles: tibialis anterior, extensor digitorum longus, extensor hallucis)
Nerve supply: Deep peroneal nerve

General actions: extensors (= dorsiflexors) of ankle and toes

General attachments: Anterior surface of tibia/fibula/interosseous membrane to medial side of foot (TA) and dorsal surfaces of phalanges.

Special point: This group (particularly TA) dorsiflex the ankle during locomotion. Injury to the peroneal nerve (deep or common) will cause foot-drop which makes walking very awkward.

 

Do an analysis like this for each group and you will be OK, provided you know something individually about the attachments and functions of the following very important muscles:
Upper limb:
Trapezius, serratus anterior, pectoralis major, teres major, deltoid, supraspinatus, biceps, triceps, intrinsic muscles of hand.

Lower limb:
Gluteus maximus, iliopsoas, quadriceps, gastrocnemius, soleus, tibialis anterior, flexor hallucis longus.

Bones and Joints

You should be able to identify the major bony landmarks of the limbs (e.g. scapular spine, deltoid tuberosity on humerus, greater trochanter of the femur, ischial tuberosity, tibial tuberosity, medial and lateral malleoli etc……).

We also expect you know the anatomy (as set out in the Learning Objectives for individual sessions) of a number of the most clinically important joints: the shoulder joint, the wrist joint, the hip joint, knee joint and the ankle joint.

You should also be guided by the specific learning objectives regarding other aspects of limbs anatomy (nerves, vessels etc).
Contact Details

Dr Peter Clark


SK
020 7584 3163
p.clark@imperial.ac.uk
Professor Ceri Davies

CX
020 8846 7026
d.ceri.davies@imperial.ac.uk 

Dr Paul Strutton 

CX
020 8383 8837 
p.strutton@imperial.ac.uk 

Dr Maniccam Thavarajah 
CX 
020 8846 7321
m.thavarajah@imperial.ac.uk 

Session 1:  Wed 21 Nov 2012
Introduction to the Limbs

Bone growth, organisation and repair
Objectives

Students should be able to:

1 Outline the process of longitudinal growth of long bones making appropriate use of the following terms: cartilage model; primary ossification centre; diaphysis; secondary ossification centre; epiphysis; epiphyseal plate; calcification; vascularisation; ossification

2 Suggest possible advantages of epiphyseal growth over simple appositional growth at the bone extremities.

3 Suggest reasonable dates for the appearance of primary and secondary centres of ossification for long bones.

4 Recognise ossification centres in radiographs of growing limbs and use this information to estimate the age of a child.

5 Explain how bones grow in diameter and are remodelled.

6 Describe the sequence of events in the repair of a fracture.

7 List the main risk factors for fracture of the femoral neck.

8 Identify anatomical and other factors that may compromise satisfactory repair of fractures of the femoral neck.

9 Explain the principles of management of simple fractures of limb bones.

10 List the main dangers of limb fractures and of their mismanagement.

Overview of the anatomy of the upper and lower limbs

Objectives
1 Explain briefly the embryological development of the limbs

2 Outline briefly the similarities and differences in the upper and lower limbs

3 Explain briefly the difference between the segmental and peripheral nerve supply of a limb

4 Describe the essential structure of the upper and lower limbs, noting the compartmentalised nature of the limbs and their neurovascular supply

5 Outline the muscular compartments of the upper limb

6 Describe the neurovascular patterns of the upper limb

7 Outline the muscular compartments of the lower limb

8 Describe the neurovascular patterns of the lower limb

9 Explain the neurological components of neurological supply to a limb: motor, sensory, reflex, autonomic and trophic

10 Describe a method whereby the neurological features of nerve injury can be evaluated using the pattern described above.

Development and growth of bone

A:  The structure and function of bone

The functions of bone

A bone is not an inert and dead tissue, as one is led to believe by looking at a skeleton.  It is a highly vascular and metabolically active structure.  Bones bleed a great deal when they are broken! Their main functions are support, storage of minerals, protection of soft tissues and providing a system of levers for movement.

The macroscopic and microscopic structure of bone

Bone tissue is classified as follows:

1. Woven bone – this is immature bone, found either in the growing skeleton or after a fracture.  It is more random than lamellar bone, and is weaker but more flexible than its more mature counterpart.  Woven bone is not stress-oriented.

2. Lamellar bone – this is mature bone and found in the normal skeleton.  It can be of two types;

a. Cortical or compact bone: makes up 80% of the skeleton, and has a slow turnover rate and a high resistance to torsion and bending.

b. Cancellous bone (spongy or trabecular bone): this is less dense, consists of spicules with marrow in between, and has a higher turnover rate than compact bone.

B:  The microscopic structure of bone

Bone is a supporting connective tissue composed of specialised bone cells (osteoblasts and osteocytes) and bone matrix consisting of extracellular protein fibres (mainly collagen), less structured extracellular matrix and crystalline calcium phosphates deposited around the collagen fibres.

The cells in bone

1. Osteocytes are mature bone cells and lie within lacunae, which are pockets within the bone matrix.  Each lacuna contains only one osteocyte, and these osteocytes never divide.  Lacunae are connected by canaliculi.  The canals contain cytoplasmic extensions of the osteocytes and provide for metabolic exchange. Osteocytes maintain the bone matrix (protein and minerals) and are also involved in the repair of bone.  Simplistically, if a bone is damaged, the osteocytes are freed from their lacunae and differentiate into osteoblasts or osteoprogenitor cells.

2. Osteoblasts produce new bone matrix.  The matrix is initially called osteoid before it is calcified.  Ultimately the osteoblasts become osteocytes.

3. Osteoprogenitor cells are effectively stem cells, which can differentiate into osteoblasts.  Although there are only a small number present in bone, they are actively involved in fracture repair.  Most osteoprogenitor cells are located in the periosteum, the endosteum and in the vascular canals in the bone matrix.

4. Osteoclasts, also called giant cells, are the cells that remove bone matrix.  They are derived from monocytes and thus of a different lineage from the other bone cells.

There is thus a continuous metabolic turnover in bone, osteoclasts resorbing bone and osteoblasts producing bone.  This turnover can go wrong, with the result as either too little or too much bone.
Bone matrix

The bone matrix consists of extracellular protein fibres, ground substance and a great deal of inorganic irons, mainly calcium phosphate, calcium hydroxyapatite and calcium hydroxide. These inorganic salts account for two thirds of the weight of bone. The collagen fibres laid down in bone provide a supporting lattice for the hydroxyapatite crystals. Collagen is strong, flexible, good at resisting tension twisting and bending, but poor at resisting compression. Calcium phosphate crystals are hard but inflexible and brittle, but are good at withstanding compression. The combination of the two allows for the excellent biomechanical properties of bone.

The microscopic characteristics of compact and cancellous bone
Compact and cancellous bone both contain the same elements as described above, but differ in the arrangements of the ostecytes, canaliculi and lamellae.

In compact bone, the basic unit is the osteon or Haversian system. The osteocytes are arranged in layers around a central Haversian canal.  Each canal carries a blood and nerve supply to the osteon.  The Haversian canals run parallel to the bone surface

The osteons are arranged into lamellae.  Most are arranged in a cylindrical fashion in the longitudinal axis of the bone and are called concentric lamellae. There are also interstitial lamellae filling in the spaces.  Circumferential lamellae are adjacent to either the periosteum or the endosteum, and are produced during the growth of bone.  

In cancellous bone the lamellae are not arranged into osteons. The matrix develops into an interlacing network of rods called trabeculae. This is much less heavy than compact bone, and also provides an ideal environment for the cells of the bone marrow.

The structure of the periosteum

The superficial layer of compact bone is covered by the periosteum.  This consists of a fibrous outer layer and an inner cellular layer. The periosteum functions by protecting the bone from the surrounding tissues, provides a route for blood vessels and nerves and very importantly is actively involved in bone growth and repair.

The structure of the endosteum

The endosteum is an incomplete cellular layer lining the marrow cavity. It again is very active during bone growth and repair.

The blood supply of bone

There are three main sources of blood supply to a long bone;

1. Arteries enter bone mainly via the periosteum. These periosteal arteries enter the bone at a number of points, and thus stripping of the periosteum (which occurs in fractures and with surgery) can result in the deprivation of the blood supply from the bone, and in some cases this can result in bone death (bone infarction) and bone infection (osteomyelitis).

2. A second source of blood supply to a bone is via its nutrient artery. This enters near the middle of the bone, passing obliquely through the compact bone, and supplies the medulla (spongy bone and any bone marrow within).

3. A third source of blood supply is via the metaphyseal and epiphyseal arteries, which supply the ends of bones.  (These are only present in the growing skeleton and a particular feature of these arteries is that blood can “sludge” within them. This is thought to be the reason why haematogenous bone infection (osteomyelitis) occurs in children but rarely in adults.)

The nerve supply of bone

The nerve supply of bones accompanies the arteries supplying that bone. The periosteum surrounding a bone is very richly innervated with nerve fibres.  Most of these periosteal nerves are sensory in function, for both pain and also proprioception. The blood vessels in most bones also have a strong sympathetic supply regulating bone blood flow.

C:  Bone growth and development

The skeleton starts to form at 6 weeks of fetal life and growth continues in some bones until 25 years of age.

Bones are formed by one of two different processes from mesenchyme (embryonic connective tissue):

a. intramembranous ossification (directly from mesenchyme)

b. endochondral ossification (mesenchyme differentiates to cartilage before forming bone)

Intramembranous Ossification

Mesenchymal models of the bones form during the embryonic period of development.  This mesenchyme then directly ossifies into bone during the fetal period. At a cellular level the osteoblasts differentiate within the mesenchymal tissue.  Intramembranous ossification is typical of bones just beneath the surface of the skin (it is also sometimes termed dermal ossification), and is the mechanism of ossification for the skull bones, the mandible and the clavicle.

Briefly, the process of intramembranous ossification is:

a. mesenchymal cells produce the matrix, called osteoid.

b. osteoid becomes mineralised with calcium salts deposited.

c. mesenchymal cells differentiate into osteoblasts from an ossification centre.

d. as ossification proceeds, some osteoblasts are trapped into bony pockets (lacunae) and transform into osteocytes.

e. blood vessels grow into the area to maintain the metabolism of the bone.

f. the initial bone formed is cancellous but this can subsequently remodel into compact bone.

g. periosteum forms around the bone and “traps” and surface layer of osteoblasts.

Endochondral Ossification
In endochondral ossification, or cartilaginous bone formation, mesenchyme differentiates into cartilage bone models.  At a later stage, the cartilage models ossify to form the definitive bone.  Most bones ossify in this way.

In long bones;

1. Mesenchymal cells differentiate into chondroblasts (cartilage forming cells), which form cartilage models of the bones.

2. The cartilage bone model grows by both expansion of the cartilage matrix (interstitial growth) and also by new growth of cartilage at the outer surface of the bone (appositional growth).

3. In the middle of the bone model, the cartilage calcifies and the chondrocytes die.  At the same time the periosteum (the sheath lining the bone model) delivers periosteal capillaries into the calcified centre to form the periosteal bud.
4. The periosteal bud differentiates to form osteoblasts (bone forming cells), and as a consequence a primary ossification centre forms in the middle of the cartilage model.  This primary ossification centre then grows in both directions to replace the cartilage model by bone. The body of a bone formed from a primary ossification centre is called the diaphysis.  The diaphysis increases in diameter by appositional growth

5. Secondary ossification centres also form in other parts of the bone, and the parts of bone formed from these centres are called epiphyses.  The time of appearance of these secondary ossification centres varies from bone to bone and between individuals.  The first centre to form is at the distal femur, and at birth most babies have ossification centres at the distal femur, proximal humerus and proximal and distal tibia

6. The epiphyseal plate is the cartilaginous area between the diaphysis and the epiphysis, and persists until growth is complete.

7. A bone grows by the laying down of bone at each epiphysis, and the bone continues to grow until the epiphysis fuses with the diaphysis. 

Most short bones ossify by endochondral ossification but only via one primary ossification centre.  However the calcaneum has a secondary ossification centre.

A useful rule of thumb is that primary centres appear at about 2 months in utero, and secondary centres about 2 years after birth (often earlier in the largest bones).

Bone remodelling

Bone is not a dead tissue – it is constantly remodelling and this process of remodelling mirrors bone growth and bone repair after fracture. Bone remodelling is affected by the physical stresses placed upon the bone as well as metabolic and hormonal factors. The turnover rate is quite high – 20% of the adult skeleton is remodelled each year.

D:  Fracture repair

There is a well-defined pattern of repair after a fracture of a bone.

1. Torn vessels bleed to produce a fracture haematoma..

2. Osteoprogenitor cells and relatively inactive osteoblasts from the periosteum and endosteum differentiate into active osteoblasts and migrate towards the fracture.

3. These migrating osteoblasts form a provisional type of bone and cartilage called external callus.  This external callus bridges the end of the bones.  Internal callus also forms between the bone ends.  Chondrocytes produce cartilage, which then is replaced by bone.  The initial bone formed is woven bone, which then re-structures to cancellous bone.

4. The cancellous bone remodels with time into cortical bone.  This remodelling is via osteoblasts and osteoclasts.

Limbs session 1

Lecture 2:  Overview of the Anatomy of the Upper and Lower Limbs

This lecture is of one eight sessions covering the anatomy of the upper and lower limbs.

This session outlines the anatomy of the upper and lower limbs and discusses the compartmentalised nature of limb anatomy.  Pictures and diagrams to accompany these lecture notes are within the lecture slides placed on the intranet.

Sessions 2-5 cover the upper limb whilst sessions 6-8 cover the lower limb.  In the last session we will also cover imaging of both the upper and lower limbs.

When studying the upper and lower limbs, it is useful to understand that the upper and lower limbs are very similar.

In this lecture we will discuss;

1. The basic embryology of limb development

2. The compartmentalised nature of limb anatomy

3. The vascular supply of the upper and lower limbs

4. An introduction to the nerve supply and organisation of the limbs

5. The segmental and peripheral innervation of the limb

6. A method for clinically testing nerves in a limb

Section one:  Embryology of the limbs

In the fetus the limb buds grow out from the trunk and take the nerves destined to supply those parts with them (arms, C5-T1, legs L2-S2).

In the upper limb, which is relatively straightforward, the flexor muscles are anterior and the extensor muscles are posterior.   The upper limbs do not rotate significantly.

However in the lower limb, the muscle compartments are complicated by the fact that the limb undergoes extension and internal rotation.  As a consequence the extensor muscles are anterior and the flexor muscles are posterior.

The limbs pick up their nerve supply at the start of development, before limb rotation occurs.  This has relevance to the organisation of the nerve supply (see below).

Section two:  The compartmentalised nature of limb anatomy

The upper and lower limbs are best studied by understanding that the limbs can be divided into compartments.  Each compartment tends to have its own blood and nerve supply.  If you can remember the compartmental structure of a limb and the nerve / blood supply of each compartment, then you do not need to memorise the individual nerve and blood supply of each muscle

e.g. anterior compartment of the arm is occupied by biceps, brachialis and coraco-brachialis.  The nerve supply to each muscle is the musculo-cutaneous nerve.

In general terms the upper limb can be thought of as consisting of the following compartments;

1. Pectoral girdle muscles

2. Intrinsic shoulder muscles

3. Anterior upper arm muscles - flexors

4. Posterior upper arm muscles - extensors

5. Anterior forearm muscles - flexors

6. Posterior forearm muscles - extensors

7. Intrinsic hand muscles

In general terms the lower limb can be thought of as consisting of the following compartments;

1. Hip abductors

2. Hip extensors

3. Hip flexors

4. Anterior thigh muscles - extensors

5. Medial thigh muscles

6. Posterior thigh muscles - flexors

7. Anterior leg muscles - extensors

8. Lateral leg muscles

9. Posterior leg muscles - flexors

10. Intrinsic foot muscles

Section three:  blood supply of the limbs

We will discuss the arterial supply and venous drainage of the limbs in detail as we pass through each limb regionally.  However a simple summary to allow for a basic understanding at this stage is given below.

The Upper Limb

Arterial Supply

The aorta divides into a number of branches with a different arrangement on each side of the body but a subclavian artery passes towards each limb in the root of the neck.

As the subclavian artery passes into the limb it becomes the axillary artery.   As the name suggests the axillary artery is mainly within the axilla.  There are a number of branches in the axilla with an extensive anastomosis.

As the axillary artery leaves the axilla and enters the upper arm it becomes the brachial artery.  The brachial artery supplies the upper arm, and one of its major branches in the upper arm is the profunda brachii artery.   At the level of the elbow the brachial artery divides into the ulnar artery and the radial artery.

The radial artery supplies the lateral (radial) aspect of the forearm and hand.

The ulnar artery supplies the medial (ulnar) aspect of the forearm and hand.  It has a main branch, the common interosseous artery, which then itself divides into the anterior interosseous artery and the posterior interosseous artery.

The radial and ulnar arteries again meet via an anastomosis in the hand at the palmar carpal arch and the dorsal palmar arch.  These arches give off metacarpal arteries and digital arteries to supply the fingers.

Venous Drainage

The veins of the upper limb largely follow the arteries.  There is a superficial and deep system.

The superficial system consists of the cephalic vein and the basilic vein.  They arise from the dorsal venous arch on the back of the hand.

The basilic vein runs superficially on the medial (ulnar) aspect of the forearm and passes deep halfway up the arm to become the axillary vein.
The cephalic vein runs superficially on the lateral (radial) aspect of the forearm and upper arm.  It passes deep at the level of the shoulder to drain into the axillary vein.

Deep forearm veins pass from the forearm and drain into the basilic vein.

Venae comitantes pass alongside the brachial artery in the upper arm and drain into the axillary vein.

The axillary vein passes from the upper arm into the axilla, being the continuation of the basilic vein.  The cephalic vein and the venae comitantes of the brachial artery drain into it.  The axillary vein then passes into the root of the neck to continue as the subclavian vein.

The Lower Limb

Arterial Supply

The aorta divides into the common iliac arteries in the abdomen.

Each common iliac artery then divides in the pelvic region into the internal iliac artery and the external iliac artery.  The internal iliac artery supplies the pelvis.

The external iliac artery passes beneath the inguinal ligament in the groin to become the femoral artery.  The femoral artery is the artery of the lower limb.

The femoral artery gives off a large branch in the thigh called the profunda femoris artery.  This is the artery of the thigh.

After the profunda branch is given off, the femoral artery continues on the medial/anterior aspect of the thigh as the superficial femoral artery.

As the superficial femoral artery passes around to the back of the knee it becomes the popliteal artery.

The popliteal artery is relatively short and divides variably just below the knee into three arteries, the posterior tibial artery, the anterior tibial artery and the peroneal artery.

The posterior tibial artery is the artery of the posterior compartment of the leg.  It passes behind the medial malleolus of the ankle, where is forms one of the two important foot pulses.  It divides in the foot to form the medial and lateral plantar arteries.

The anterior tibial artery is the artery of the anterior compartment of the leg.  It passes on the dorsum of the foot as the dorsalis pedis artery, and this is the second of the important foot pulses.  The artery divides into a number of arteries to supply the foot.

The peroneal artery is the artery of the lateral compartment of the leg.  It is much smaller than the anterior and posterior tibial arteries and joins inconstantly into an anastomosis distally with the anterior tibial artery in the distal leg.

The plantar arch in the foot is formed from the arteries derived from the anterior and posterior tibial arteries, to supply the foot and toes.

Venous Drainage

As with the upper limb, there is a superficial and deep venous system in the lower limb.

Deep veins in the calf (very important as a “muscle pump”) form the popliteal vein at the back of the knee.  These deep calf veins correspond to the branches of the anterior and posterior tibial arteries. 

The popliteal vein then forms the superficial femoral vein which runs alongside the superficial femoral artery in the thigh.  It is joined by venae comitantes of the profunda femoris artery in the thigh to form the femoral vein.
The femoral vein passes with the femoral artery beneath the inguinal ligament to form the external iliac vein.  The external iliac veins eventually drain into the vena cava in the abdomen, with a different pattern of drainage on each side.

The superficial veins of the lower limb start form the dorsal venous arch on the foot.

The long saphenous vein arises from the medial aspect of the dorsal venous arch.  It lies very constantly just anterior to the medial malleolus of the ankle.  It runs up the limb of the medial side of the limb and joins the femoral vein (passing to the deep system) in the groin.

The short saphenous vein arises from the lateral aspect of the dorsal venous arch.  It runs up the back of the leg and joins the deep system at the level of the knee by joining the popliteal vein.

There are a number of very important valves within the connections between the superficial and deep venous systems and these will be discussed in detail in the relevant session.

Section four:  Introduction to the nervous system organisation of the limbs

The Nervous System

The nervous system can be divided topographically into

A. The Central Nervous System – brain and spinal cord

B. The Peripheral Nervous System – cranial and spinal nerves

However, the nervous system can also be divided functionally into

A. The Somatic Nervous System

A1 : Somatic Motor (Efferent)– to skeletal muscle

A2 : Somatic Sensory (Afferent) – sensory information from skin and muscle

B. The Autonomic Nervous System, to and from cardiac muscle, smooth muscle, glands, gut etc.

A1 : Autonomic Motor

A2 : Autonomic Sensory

Summary of Spinal Nerve Anatomy
There are 31 pairs of spinal nerves
8 Cervical

12 Thoracic

5 Lumbar

5 Sacral

1 Coccygeal

Each spinal nerve is formed from the union between an anterior root (motor) and a dorsal root (sensory).  The roots merge at the intervertebral foramen to form a spinal nerve.

Autonomic fibres pass between T1-L2 and S2-4.

Each spinal nerve, immediately after it passes through the intervertebral foramen, splits into an anterior ramus and a posterior ramus.  The anterior rami merge to form the major plexi of the limbs (C5-T1 for the upper limb, L2-S3 for the lower limb).  The posterior rami are smaller and less important, and are mainly cutaneous.

C1-C4 are for the neck

C5-T1 are for the upper limbs

T2-L1 are for the trunk

L2-S3 are for the lower limbs

S2-C1 is for the perineum.

Once the nerve supply to a body part is established, it never loses that nerve supply, no matter where that part ends up after development.  Thus the nerve supply of an adult part reflects its embryological origin.

Section five:  The segmental and peripheral nerve supply to the limbs

The segmental nerve supply to the limbs

A : The Motor Segmental Nerve Supply to the Limbs

Skeletal muscles are innervated by groups of motor nerve cell bodies within the spinal cord, allowing an efficiency of action.

In the fetus the limb buds grow out from the trunk and take the nerves destined to supply those parts with them (arms, C5-T1, legs L2-S3).  The nerves form plexi, and the anterior divisions supply the flexor muscles, whilst the posterior divisions supply the extensor muscles.

In the upper limb, which is relatively straightforward, the flexor muscles are anterior and the extensor muscles are posterior. 

However in the lower limb, the muscle compartments are complicated by the fact that the limb undergoes extension and internal rotation.  As a consequence the extensor muscles are anterior and the flexor muscles are posterior.

There are some basic principles to the segmental spinal innervation of muscles;

a. Most muscles are supplied by two adjacent segments of the spinal cord.

b. Muscles with the same primary action on a joint share the same spinal segmental nerve supply.

c. The opposing muscles also share a common segmental supply, either two above or two segments below.

e.g. elbow flexion – C5,C6

e.g. elbow extension – C7,C8

e.g. knee extensors – L3,L4

e.g. knee flexors – L5,S1

d. The more distal a joint in the limb, the more caudal are the spinal segments controlling the muscles acting upon that joint

Thus the segmental spinal innervation of the limbs can be described as follows;

The Upper Limb

Shoulder


Abduction
C5





Adduction
C678





External rotation
C5





Internal rotation
C678

Elbow



Flexion

C56





Extension
C78

Forearm


Supination
C6





Pronation
C78

Wrist



Flexion
C67





Extension
C67

Long tendons to hand

Flexion

C78





Extension
C78

Intrinsic hand




T1

(the rules do not hold as well in the upper limb as in the lower limb as below the elbow the nerves are organised to allow accurate hand and wrist movements)

The Lower Limb


HIP



KNEE



ANKLE


L2}


     FLEX



L3}



L3}






     EXTEND

L4}



L4}



L4}


     EXTEND






     D-FLEX


L5}



L5}



L5}






     FLEX





S1}



S1}










     P-FLEX











S2}

B. The Sensory Segmental Nerve Supply to the Limbs

Each segment of skin supplied by a single spinal nerve is termed a dermatome.  Each dermatome overlaps considerably, and thus mostly the loss of one spinal nerve is not appreciably noticed by the patient.  However there are areas, termed axial lines, where the dermatomes are not linked at the spinal level e.g. S2 and L2 lie side by side in the posterior thigh.

In the upper limb, the skin has been “borrowed” from the trunk and uses C5 to T1 (i.e. C5678 and T1).  The segmental nerves get to the limb via the brachial plexus.  There is quite a regular order of dermatomal distribution in the upper limb, with the limb in the anatomical position.

In the lower limb the segmental dermatomal distribution is more complicated because of the embryological rotation of the limb.  The skin “borrowed” is from T12 to S3 (i.e. T12, L12345, S123)

Clinically relevant sensory segmental innervation:

C4
infraclavicular region

C5 
lateral arm

C6
lateral forearm and thumb

C7
middle finger

C8
little finger and medial forearm

T1
medial arm

T2
axilla and trunk

T4 
nipple

T10
umbilicus

T12
lower abdomen

L1 
suprapubic region

L3 
front of the thigh (“L3 to the knee”)

L4 
front of the leg (“L4 to the floor”)

L5 
dorsum of the great toe

S1 
lateral aspect of the foot

S2-4 
perineum and perianal region

C : Segmental Reflexes

The reflexes are stretch reflexes or deep tendon reflexes and are monosynaptic.  The sequence, for example for the knee jerk, is as follows;

Tap 
Stretch the patellar tendon

Stimulation of afferent (1a) fibres in quadriceps

Passes to spinal cord via posterior nerve root

Synapse with alpha-motor neurone in anterior horn of spinal cord

Efferent signal to quadriceps

Quadriceps extends the knee joint

There are two (main) reflex arcs in the upper limbs;

The biceps jerk
C6

The triceps jerk
C7

There are two reflex arcs in the lower limbs;

The Knee Jerk
L3

The Ankle Jerk
S1

D : The Autonomic Segmental Supply to the limbs

The sympathetic supply to the upper limbs is via the T2-6 portion of the thoraco-lumbar outflow

The sympathetic supply to the lower limbs is via the T11-L2 portion of the thoraco-lumbar outflow.

There is no significant parasympathetic outflow to the limbs.

The Peripheral Nerve Supply to the Limbs

The peripheral innervation of the upper limb is derived from the brachial plexus, which is derived from the anterior rami of the C5-T1 spinal nerves.

The peripheral innervation of the lower limbs is derived from the lumbo-sacral plexus, which is derived from the anterior rami of the lumbar and sacral spinal nerves.

We will discuss these plexi in later sessions.   From these plexi arise all the individual peripheral nerves to supply skin, muscle etc.

The peripheral nerve supply, distributing the segmental supply, also has of course motor, sensory and autonomic aspects.  Reflex arcs pass via some of the nerves.  Most peripheral nerves are “mixed” i.e. contain both motor and sensory fibres.  Some however are purely motor whilst others are purely sensory.

Comparison of Segmental and Peripheral Nerve Supplies to a Limb

We can now discuss an important principle, contrasting segmental and peripheral innervation.  Take for example the anterior compartment of the (upper) arm.  It is occupied by the biceps, coraco-brachialis and brachialis muscles.  The biceps and brachialis muscles flex the elbow.

The segmental nerve supply to these muscles is C56.

The nerve of the anterior compartment of the arm is the musculo-cutaneous nerve.  Any of the muscles that therefore flex the elbow are supplied by the musculo-cutaneous nerve.  The musculo-cutaneous nerve is derived from the C5 and C6 spinal nerve segments. 

Thus biceps can be said to have a segmental motor nerve supply of C56 and a peripheral nerve supply of the musculo-cutaneous nerve.  We often write this down as a nerve supply of musculo-cutaneous nerve (C56).  Of course the segmental and peripheral nerve supply is of the same nerves.  The segmental nerves pass from the spinal cord, via the brachial plexus to the musculo-cutaneous nerve and then to the muscle.  It is the organization and the distribution of the segmental and peripheral nerve supplies that are worth remembering.

As well as a motor segmental and peripheral nerve organization, there is of course a sensory pattern of organization.  The skin over the upper arm is a little complicated so instead take the example of the thumb.

The thumb has a segmental sensory nerve supply from C6.  However on the anterior aspect of the thumb the peripheral nerve supply is via the median nerve and on the posterior surface it is from the radial nerve.  Although the sensory nerve fibres are in completely different arrangements in the median and radial nerves, they are derived from the C6 level.  The sensory nerves pass from the skin, via the median or radial nerves, via the brachial plexus to the C6 spinal segment.

Section six:  How can nerve function be assessed?

How can I assess nerve function?

Nerve function can be assessed via the following modalities;

A. Motor function

B. Sensory function

C. Reflex function

D. Autonomic function

E. Trophic Function

When there has been an injury or disorder to a nerve, always describe the functional deficit in terms of the above five functions.

For example, if there is a prolapsed intervertebral disc at L5/S1, causing pressure on the right S1 nerve root, this will cause a segmental loss as follows in the right limb;

B. Motor – loss of eversion of the foot (and weakness elsewhere)

C. Sensory – loss of sensation along the lateral border of the foot

D. Loss of the right ankle jerk (S1)

E. Abnormalities of sweating in the S1 cutaneous nerve distribution (not normally noticed by the patient in the lower limb, but quite a feature in the upper limb)

F. Trophic – in long-standing lesions, there may be trophic changes on the lateral aspect of the foot.

However, if there is damage to the common peroneal nerve at the level of the fibular neck (e.g. due to pressure of the leg against an operating table), there will be a peripheral loss as follows;

A. Motor – foot drop i.e. paralysis of the anterior and lateral compartments of the leg

B. Sensory – loss of sensation in the distribution of the common peroneal nerve i.e. the dorsum of the foot at least

C. Reflex – no loss of reflexes as the ankle jerk is provided mainly by the tibial nerve

D. Autonomic – abnormalities of sweating in the cutaneous distribution of the common peroneal nerve

E. Trophic – in chronic cases there may be damage to the sole of the foot due to the pressure effects of the foot drop.

Session 2 Tue 8 Jan 2013
Shoulder and Arm
Objectives

Students should be able to:

1. Name the bones and joints of the upper limb from the shoulder girdle to the elbow

2. Demonstrate the main movements of the shoulder girdle, shoulder joint and elbow

3. Identify in a living subject and in appropriate imaging;

a. the clavicle and its sternoclavicular and acromioclavicular joints

b. the lateral and medial borders and inferior angle of the scapula, the scapular spine, acromion process, coracoid process and glenoid fossa

4. Name and demonstrate the position, main attachments and actions of;

a. pectoralis major

b. latissimus dorsi

c. trapezius

d. serratus anterior

e. teres major

f. deltoid

5. List the spinal nerve roots supplying the upper limb

6. Demonstrate the position and boundaries of the axilla

7. Understand the general arrangement of the brachial plexus.  

8. Demonstrate how the major nerves and vessels of the upper limb reach and enter the axilla

9. Explain the significance of the term “synovial ball-and-socket joint” using the shoulder joint as an example

10. Summarise the main factors stabilising the shoulder joint

11. Explain how the stability of the shoulder joint fails in dislocation

12. Discuss the difference between acromioclavicular dislocation and shoulder joint dislocation

13. Explain the risk to the axillary nerve in shoulder dislocation and the likely consequences of injury to this nerve and demonstrate how the function of this nerve can be assessed

14. Describe the rotator cuff arrangement of muscles and tendons and explain why the rotator cuff is important in shoulder function and is clinically a common site of pathology.  Outline the importance of imaging of the shoulder in rotator cuff problems.  Describe clinical testing of the rotator cuff

15. Explain the anatomical basis of frozen shoulder. 

16. Outline the main areas supplied by important branches of the subclavian and axillary arteries and explain the importance of the anastomosis among these branches

17. Explain what is meant by winging of the scapula and its anatomical basis

Lecture: The shoulder and arm



Dr Peter Clark
Dissecting Room

8 Groups of students study prosections of the shoulder, axilla and arm. Discussion focus: prime movers of shoulder, the shoulder joint and elbow, axillary nerve, position & main contents of axilla, course of spinal nerves to axilla, subclavian/axillary vessels & major branches of nerves and vessels in the arm.






Session Co-ordinator: Dr Peter Clark, Dr Paul Strutton
Demonstrators: 8 clinical demonstrators

BPSM Lab

Work in groups of 2-3 to investigate the osteology of the scapula, clavicle and humerus; imaging of the shoulder girdle; the surface anatomy of the shoulder girdle and arm; examine movements of the limbs in general, and movements of the shoulder girdle and at the elbow in more detail. 

Session Coordinators: Dr Mike Irani (AM,) Dr Maniccam Thavarajah (AM, PM) plus another academic (PM)
Session 2:  The shoulder and arm

In today’s session, we will start with a lecture outlining of the topic.  Following this will be one hour spent in the dissecting room studying prosections of the area, and in addition a one hour session of living anatomy, reviewing the bones and joints of the area as well as clinical and functional anatomy. 

Pictures and diagrams to accompany these lecture notes are within the lecture slides placed on the intranet.

LECTURE NOTES

Overview of Topics

1. The bones of the pectoral girdle and upper arm

2. The muscular anatomy of the region

3. The joints of the pectoral girdle and upper arm

4. The axilla

5. The blood vessels of the region

6. The lymphatic drainage of the region

7. The nerves of the region

Introduction

These lecture notes are designed to act as a gateway to the anatomy textbooks and do not cover every aspect of the regional anatomy in detail.  However what is important is generally covered within these notes but you are advised to read around the subject in more detail using textbooks and atlases etc.

This session concentrates on the anatomy and function of the shoulder girdle and the upper arm.

The whole function of the upper limb is devoted to the hand – the rest of the limb allows the hand to grasp objects and manipulate them via four fingers and the opposing thumb.

The bones of the pectoral girdle and the upper arm

The relevant bones of this region are;

1. The scapula

2. The clavicle

3. The humerus

These will be discussed in detail in the living anatomy session.

The Muscular Anatomy of the Region

In this region are the following groups of muscles;

1. The anterior pectoral muscles

2. The posterior pectoral muscles

3. The intrinsic shoulder muscles

4. The anterior compartment of the upper arm

5. The posterior compartment of the upper arm

The Anterior Pectoral Muscles

1. Pectoralis major

2. Pectoralis minor

3. Subclavius

4. Serratus anterior

The Posterior Pectoral Muscles

1. Trapezius

2. Latissimus dorsi

3. Levator scapulae

4. The rhomboids

The Intrinsic Shoulder Muscles

1. Deltoid

2. Teres major

3. The rotator cuff muscles;

a. Supraspinatus

b. Infraspinatus

c. Teres minor

d. Subscapularis

The Anterior Compartment of the Upper Arm

1. Biceps

2. Brachialis

3. Coraco-brachialis

The Posterior Compartment of the Upper Arm

1. Triceps

2. Anconeus

The Joints of the Region

1. The sterno-clavicular joint (SCJ)

2. The acromio-clavicular joint (ACJ)

3. The shoulder joint (the gleno-humeral joint)

4. The scapulo-thoracic joint

5. The elbow joint

The pectoral girdle is the summation of 1-4 i.e. the SCJ, ACJ, shoulder joint and the scapulo-thoracic joint.  The pectoral girdle works as a unit and if any one component is injured or pathological the whole unit becomes impaired.

The sterno-clavicular joint (SCJ)

The SCJ is a synovial joint composed of two portions separated by an articular disc.  It is a very strong joint and this strength arises from the very strong sterno-clavicular ligaments.  However these are sometimes injured, resulting in sterno-clavicular subluxation and dislocation.

Realise that the sternal end of the clavicle does not only articulate with the sternum (manubrium); it also articulates with the first costal cartilage.

The function of the SCJ is to allow movement of the pectoral girdle and it acts as the only connection of the upper limb to the chest.  It is not a “static joint”, but rather allows the clavicle to move widely and freely on the chest wall.

The acromio-clavicular joint (ACJ)

The ACJ is also a synovial joint and represents the articulation between the acromial end of the clavicle with the acromion process of the scapula.

There are a number of clinically important ligaments connecting and stabilising the ACJ.  These are;

1. The acromio-clavicular ligament

2. The coraco-clavicular ligament : runs from the coracoid process of the scapula to the clavicle.  There are two main sections to this ligament, the conoid and the trapezoid ligaments.

3. The coraco-acromial ligament ; this is not particularly strong but it is clinically important in that it is often a cause of impingement of the shoulder joint.

The ACJ is frequently injured by falls onto the outstretched hand.  More minor dislocations occur when the acromio-clavicular ligament alone is torn.  More severe dislocations occur when the coraco-clavicular ligaments are also torn.

The shoulder joint

The shoulder joint is anatomically referred to as the gleno-humeral joint i.e. the joint between the glenoid process of the scapula and the head of the humerus.  It is a synovial joint.  Its characteristic is that it allows for great mobility but at the expense of stability.  The stability of the joint does not come from the articulation itself but rather the ligaments and capsular attachments around it.

The glenoid is a very shallow socket.  It is deepened by the glenoid labrum, which is clinically important.  The humeral head lies within the glenoid and its labrum.  To a significant extent the head stays within the socket not because of the articulation but because of the active tone of the rotator cuff.  

The capsule of the shoulder joint has a very important clinical arrangement.  As well as extending from the glenoid to the humeral head, it has two extensions;

1. The subacromial bursa – the capsule extends above the humeral head to form a bursa between the humeral head and the overlying acromial process – this is often the site of pathology in impingement of the shoulder.

2. An extension around the long head of biceps as it lies within the inter-tubercular grove of the humerus.

The coraco-acromial arch lies above the shoulder joint – it consists of the acromion, the coracoid process and a strong ligament running between the two, the coraco-acromial ligament.  This arch prevents the humerus from rising superiorly against the acromion.  Beneath the arch is the subacromial bursa and the supraspinatus tendon (part of the rotator cuff).  This is the site of the pathology of impingement of the shoulder, probably the commonest shoulder problem in clinical practice.  

There are some clinically important ligaments which blend in with the capsule of the shoulder joint;

1. The gleno-humeral ligaments : these strengthen the anterior portion of the shoulder capsule

2. The coraco-humeral ligament : strengthens the capsule superiorly

3. The transverse humeral ligament – holds the tendon of the long head of biceps in the inter-tubercular groove

The movements of the shoulder joint, and the muscles producing these movements are;

1. Flexion

a. clavicular head of pectoralis major

b. anterior fibres of deltoid

c. coraco-brachialis

d. biceps

2. Extension

a. latissimus dorsi

3. Abduction

a. supraspinatus (first 15 degrees)

b. central fibres of deltoid (after 15 degrees)

4. Adduction

a. pectoralis major

b. latissimus dorsi

5. Internal rotation

a. subscapularis

6. External rotation

a. infraspinatus

7. Circumduction i.e. a combination of movements.

The muscles above move the shoulder joint.  Other muscles are involved in resisting dislocation at the joint;

1. Rotator cuff muscles – hold the humeral head within the glenoid

2. deltoid

3. coraco-brachialis

4. short head of biceps

5. long head of biceps

The scapulo-thoracic joint

When describing movements of the pectoral girdle, it is crucial to realise that movement is not only occurring at the shoulder joint.  Movement occurs at the scapulo-thoracic joint as well as the shoulder joint proper.

The scapulo-thoracic joint is essentially a theoretical concept but represents the articulation between the scapula and the chest wall.   

The main movements of the scapula at the scapulo-thoracic joint 

1. Elevation and depression of the scapula

2. Protraction of the scapula i.e. forward and lateral movement of the scapula against the chest wall

3. Retraction of the scapula i.e. backward and medial movement of the scapula against the chest wall

4. Rotation of the scapula.

The elbow joint

This is to be discussed in detail in Session Three.  It is the articulation between the distal humerus with the radius and ulna.

The Axilla

The axilla is a passageway for the nerves and blood vessels to enter the upper limb.  It is shaped like a pyramid, and consequently has a base, apex and four walls;

1. the base is composed of skin, subcutaneous tissue and fascia extending from the arm to the chest

2. the apex lies between the first rib, the clavicle and the superior border of the subscapularis muscle

3. the anterior wall is formed by pectoralis major and pectoralis minor

4. the posterior wall is formed by the scapula and subscapularis (superiorly) and the teres minor and latissimus dorsi (inferiorly)

5. the medial wall is formed by the chest wall (1st to 4th ribs) and the serratus anterior

6. the lateral wall is formed by the humerus

The contents of the axilla are;

1. Arteries – the axillary artery and its branches

2. Veins – the axillary vein and its tributaries

3. Lymphatic vessels and lymph nodes – axillary lymph nodes (important)

4. Nerves – the brachial plexus

The vessels of the region

Arterial Supply

The subclavian artery arises from the right brachiocephalic artery (right side) or the aorta (left side) in the chest.  The subclavian artery runs in the root of the neck.

The subclavian artery becomes the axillary artery as it passes over the first rib.  It passes through the axillary region to become the brachial artery as it passes the inferior border of the teres major muscle.

The axillary artery is divided into three parts by the pectoralis minor muscle and gives off a number of branches in the axilla.  There is quite an extensive collateral circulation in this region around the scapula.

The brachial artery is the main artery to the arm.  It is the continuation of the axillary artery at the level of the inferior border of teres major.  It ends by dividing at the level of the elbow into the radial and ulnar arteries.  In the distal part of the limb it runs alongside the median nerve.  In the course of its passage through the upper arm, the brachial artery gives off a number of muscular branches, the largest of which is the profunda brachii artery, which follows the radial nerve.

There is an extensive arterial anastomosis at the level of the elbow.

Venous Drainage

The axillary vein (a deep vein) is formed as the basilic vein (one of the superficial veins of the arm) passes through the deep fascia to join the venae comitantes of the brachial artery.  This formation is approximately at the lower border of teres major.  The axillary vein ends at the first rib, where it becomes the subclavian vein.

The axillary vein receives a large number of tributaries, including the cephalic vein (the other superficial vein of the arm) and some abdominal veins (which is important clinically if the abdominal veins become blocked by tumour).      

The cephalic vein and the basilic vein are the superficial veins of the forearm and arm.  The cephalic vein passes on the lateral aspect of the arm and terminates via passing deep in the delto-pectoral triangle to join the axillary vein.  The basilic vein passes on the medial side of the arm and passes deep halfway up the arm to form the axillary vein along with the venae comitantes of the brachial artery.

The lymphatics of the region

Lymph drains from the hand via superficial lymphatics which run alongside the cephalic and basilic veins.  Some lymphatics pass directly and superficially up the arm but there are also some cubital lymph nodes at the elbow.  Similarly there are some delto-pectoral lymph nodes alongside the cephalic vein.  Ultimately the lymph drains to the axillary lymph nodes.
There are also deep lymphatics which run alongside the deep veins, and which similarly terminate in the axillary lymph nodes.

The axilla contains a large number of axillary lymph nodes, and these are of significant importance clinically in relation to carcinoma of the breast, as the lymphatic drainage of the breast includes these lymph nodes. 

There are five groups of axillary lymph nodes – apical, pectoral, subscapular, humeral and central.  All the groups drain via the apical lymph nodes.

The apical group of axillary lymph nodes drains into the subclavian lymphatic trunk, which join ultimately the right lymphatic duct (right side) or the thoracic duct (left side).   

The axillary lymph nodes are frequently dissected and “sampled” in patients with carcinoma of the breast.  There are two nerves in close relation to the axillary lymph node region.  These are;

a. the long thoracic nerve – supplies the serratus anterior muscle.

b. The thoraco-dorsal nerve – supplies the latissimus dorsi muscle

These nerves may be cut or damaged during axillary lymph node dissections.  Section of the thoraco-dorsal nerve surprisingly does not produce too much disability but section of the long thoracic nerve causes paralysis of the serratus anterior muscle and as a result winging of the scapula.

The Nerves of the region

The brachial plexus is the plexus of the nerves that serves the upper limb.  It is formed from the anterior primary rami of C5-T1 spinal nerves.

Later in session five there is a whole lecture discussing the brachial plexus and its organisation and distribution.  However in summary the plexus consist of;

roots 
formed in the neck from the spinal nerve roots

trunks
formed from the roots in the inferior portion of the neck
divisions
formed from the trunks behind the clavicle

cords
formed from the divisions in the axilla in close proximity to the axillary artery

branches
the peripheral nerves supplying the upper limb itself.
In the pectoral and upper arm region are a number of nerves of importance.  Do not try to learn each in detail at present as a system of remembering them is given at the time of the brachial plexus lecture;

1. Long Thoracic Nerve – supplies serratus anterior

2. Suprascapular Nerve – supplies supraspinatus and infraspinatus

3. Lateral pectoral nerve – supplies pectoralis major

4. Thoraco-dorsal nerve – latissimus dorsi

5. The axillary nerve – supplies teres minor and then the deltoid as well as an area of skin over the deltoid.

6. The musculo-cutaneous nerve

7. The ulnar nerve

8. The median nerve

9. The radial nerve

The last four nerves (musculo-cutaneous, ulnar, radial and median nerves) are the main nerves to the arm.

The musculo-cutaneous nerve (C567) is the nerve of the anterior compartment of the upper arm (coraco-brachialis, brachialis and biceps).  It continues as the lateral cutaneous nerve of the forearm.  It lies close to the subscapularis tendon anterior to the shoulder and can be damaged at the time of surgery to the front of the shoulder.

The ulnar nerve (C8T1) is one of the nerves that supplies the anterior compartment of the forearm but is mainly the nerve of the hand.  It has no branches in the upper arm and passes though the upper arm in the anterior compartment initially but more distally in the posterior compartment.  It lies posterior to the medial epicondyle of the elbow and can be damaged there.

The median nerve (C678T1) is one of the nerves that supplies the anterior compartment of the forearm and hand.  It has no branches in the upper limb.  It passes through the upper arm via the anterior compartment.  At the level of the elbow it lies alongside the brachial artery and can be damaged there at the time of elbow fractures or dislocations.

The radial nerve (C5678T1) supplies the posterior compartment of the upper arm as well as the posterior compartment of the forearm.  It lies on the humerus in the radial groove and can be damaged there.  Just above the level of the elbow it divides into the superficial radial nerve (sensory) and the posterior interosseous nerve (motor).
LIVING ANATOMY SESSION – 2
The Shoulder and Arm
This session consists of the following FOUR sections with several TASKS.  Only when you have completed a particular task should you put a TICK in the BOX next to it.  When you have ticked a box a staff member will question you about it and expect a correct answer.

1. Osteology of the scapula, clavicle and humerus

2. Surface anatomy of the shoulder girdle and upper arm

3. Description of movements of the limbs

4. The movements of the shoulder girdle and upper arm

Section1 – Osteology (20 minutes)
Requirements: Articulated full skeleton; separate scapula, clavicle and humerus (all bones from the boxes should have the same number). Familiarise yourself with the anatomy of the scapula, clavicle and humerus, and how they articulate together.

The Scapula

The scapula lies on the posterior and lateral aspect of the chest, overlying the 2nd to 7th ribs.

It has 3 angles, 3 borders, 3 processes and 2 surfaces. Orientate the scapula as it would lie in the upright body in anatomical position and identify the following:

	1.
	Anterior surface
	(
	5.
	Superior border
	(

	2.
	Posterior surface
	(
	6.
	Inferior angle
	(

	3.
	Medial border
	(
	7.
	Is it a right or a left scapula?
	(

	4.
	Lateral border
	(
	
	
	


On the posterior of the scapula, identify the following:

	1.
	Supraspinous fossa
	(
	5.
	Spine of the scapula
	(

	2.
	Infraspinous fossa
	(
	6.
	Acromion
	(

	3.
	Superior, inferior & lateral angles
	(
	7.
	Glenoid cavity
	(

	4.
	Suprascapular notch
	(
	
	
	


On the anterior (costal) surface, identify the following:

	1.
	Coracoid process
	(
	3.
	Glenoid cavity – it points anteriorly
	(

	2.
	Acromion
	(
	4.
	Subscapular fossa
	(


Articulations of the scapula:

	1.
	Gleno-humeral joint

Demonstrate how the head of humerus articulates with the glenoid cavity
	(

	2.
	Acromio clavicular joint

Demonstrate how the lateral end of clavicle articulates with the acromion process
	(

	3.
	“Scapulo-thoracic joint” 

Discuss the concept of scapula forming a physiological “joint” (not anatomical)  with the chest wall (via muscles)
	(


The Clavicle

The clavicle connects the upper limb to the axial skeleton.  The clavicle is unusual in that it is the first long bone to ossify (5th week IUL) in utero and does so by intramembranous ossification rather than by endochondral ossification, like most long bones.

Orientate the clavicle as it would lie in the upright body in anatomical position and identify the following features:

	1.
	Medial or sternal end (broad)
	(
	5.
	Medial 2/3 convex anteriorly
	(

	2.
	Lateral or acromial end (flat)
	(
	6.
	Lateral 1/3 concave anteriorly
	(

	3.
	Superior surface (smooth)
	(
	7.
	Is it a right or a left clavicle?
	(

	4.
	Inferior surface (rough)
	(
	
	
	


Looking at the inferior surface of the clavicle, identify the following features:

	1.
	Conoid tubercle
	(
	3.
	Subclavian groove (for subclavius m)
	(

	2.
	Trapezoid line
	(
	4.
	Impression for the costo-clavicular ligament
	(


Articulations:

The medial end of the clavicle articulates with the sternum (manubrium) and the first costal cartilage.  The lateral end of the clavicle articulates with the acromion.

The Humerus

Orientate the humerus as it would lie in the upright body in anatomical position and identify the following features:

	1.
	Proximal end (head)
	(
	5.
	Anterior surface (lesser tuberosity)
	(

	2.
	Inferior end (capitulum & trochlea)
	(
	6.
	Posterior surface
	(

	3.
	Lateral side (greater tuberosity)
	(
	7.
	Is it a right or a left humerus?
	(

	4.
	Medial side (articular surface of head)
	(
	
	
	


At the proximal end of the humerus, identify the following;

	1.
	Head and articular surface
	(
	4.
	Greater  tuberosity
	(

	2.
	Anatomical neck
	(
	5.
	Lesser  tuberosity
	(

	3.
	Surgical neck
	(
	6.
	Intertubercular groove
	(


On the body of the humerus, identify the following;

	1.
	Deltoid tuberosity


	(
	2.
	Radial groove


	(


The distal end of the humerus will be discussed in detail in the next session but identify the following features:

	1.
	Medial and lateral supracondylar ridges
	(
	5.
	Coronoid fossa


	(

	2.
	Medial and lateral epicondyles
	(
	6.
	Olecranon fossa
	(

	3.
	Capitulum  (lateral) articulates with the radius
	(
	7.
	Radial fossa


	(

	4.
	Trochlea (medial) articulates with the ulna


	(
	
	
	


Articulations:

The humeral head articulates with the glenoid cavity of scapula. At the distal humerus the capitulum and the trochlea articulates with the radius and ulna respectively.

The humerus is in contact with four nerves, which can be damaged after fractures or dislocations of the humerus;

1. The axillary nerve – winds around the surgical neck of the humerus and can be damaged in shoulder dislocations

2. The radial nerve – runs in the radial groove and can be damaged in humeral shaft fractures

3. The ulnar nerve – runs posterior to the medial epicondyle (funny bone) and is very superficial.  It can be damaged in fractures and dislocations around the elbow joint

4. The median nerve – runs anterior to the distal humerus and can be damaged in fractures and dislocations around the elbow joint

Section 2 – Surface Anatomy (work in groups of 2-3) (20 minutes)
Requirements: Living subjects, skin pencils. Please remove clothes as necessary to see the shoulder girdle and upper arm.  Identify, palpate, and surface mark (only if required) the following:

A – Sterno-clavicular region (anteriorly):

	1.
	Sternum / Manubrium
	(
	4.
	Sterno-clavicular (SC) joint
	(

	2.
	Supra-sternal notch
	(
	5.
	Palpate the SC joint while moving the upper limb in various directions
	(

	3.
	The medial end of the clavicle
	(
	
	
	


The great vessels and nerves (brachial plexus) pass from the neck to the upper limb behind the convex medial aspect of the clavicle.  In this supraclavicular fossa region palpate:

	1.
	Subclavian artery pulse
	(
	2.
	Trunks of brachial plexus (cord like structures, may cause discomfort)
	(


B – Acromio-clavicular region (anteriorly):

	1.
	Lateral end of the clavicle
	(
	4.
	Acromio-clavicular (AC)  joint
	(

	2.
	Acromion
	(
	5.
	Palpate the AC joint while moving the upper limb in various directions
	(

	3.
	Coracoid process
	(
	
	
	


C – Scapular region (Posteriorly)

	1.
	Acromion
	(
	4.
	Medial and lateral borders of the scapula
	(

	2.
	Acromial angle
	(
	5.
	Superior and Inferior angle of the scapula
	(

	3.
	Scapular spine
	(
	6.
	Abduct the upper limb and note the movement of the scapula (rotates)
	(


Note the placement of the scapula on the chest wall in the anatomical position. Palpate and surface mark the following useful bony land marks and the corresponding vertebrae.

	1.
	The superior angle of the scapula lies at T2
	(

	2.
	The medial end of the scapular spine lies at T3
	(

	3.
	The inferior angle of the scapula lies at T7 
	(


D – The arm

	1.
	Coracoid process 


	(
	4.
	Intertubecular groove (for the tendon of long head of biceps)
	(

	2.
	Delto-pectoral groove
	(
	5.
	Shaft of the humerus


	(

	3.
	Greater tuberosity


	(
	
	
	


The delto-pectoral groove is a triangle bounded by the clavicle superiorly, the deltoid laterally and the pectoralis major medially.  

E –Identify the muscles in the region (See the note below)

	1.
	Sterno-cleido-mastoid – turn the head to right or left against resistance (Nerve- accessory, CR XI & C3,4)
	(

	2.
	Trapezius – raise both shoulders against resistance (Nerve- same as above)
	(

	3.
	Pectoralis major – adduct the abducted arm against resistance.(Nerve-lateral & medial pectoral C5,6,7,8,T1)
	(

	4.
	Serratus anterior– both arms of the subject is outstretched with the palms against a wall and asked to press forward strongly (Nerve-Long thoracic C5,6)
	(

	5.
	Teres major – adduct the arm against resistance.  See and palpate the muscle in the posterior axillary fold (Nerve-Lower subscapular C5,6)
	(

	6.
	Latissimus dorsi- Abduct arm to 90 degrees, then adduct against resistance. See and palpate the muscle in the posterior axillary fold (Nerve-Thoraco dorsal C6,7,8)   
	(

	7.
	Anterior axillary fold – pectoralis major (sternocostal head)
	(

	8.
	Posterior axillary fold – latissimus dorsi and teres major
	(

	9.
	Deltoid – abduct the upper arm against resistance. (Nerve- axillary C5,6)
	(


Note: The best way to study a muscle is to ask the subject to bring about movement of the muscle (muscle action) whilst the examiner opposes the movement which makes the muscle belly prominent and readily palpable. e.g. to identify the biceps muscle, the subject is instructed to flex the elbow whilst the examiner applies an opposing force against the flexion.
Section 3 – Description of movements of the upper limb (10 minutes)
It is useful at this stage to discuss the movements that can take place at various joints.  Please note that not all movements are possible at every joint. Work in small groups and demonstrate these movements in the living subject.

	1  Flexion- Bending or decreasing the angle between bones or parts of the body

	Shoulder
	(
	Elbow
	(
	Wrist
	(
	Digits/hand
	(
	
	


	2  Extension- Straightening or increasing the angle between bones or parts of the body

	Shoulder
	(
	Elbow
	(
	Wrist
	(
	Digits/hand
	(
	
	


	3 Abduction - 
Moving the distal part away from the midline in the coronal plane. NB: the “midline” in the hand is the middle finger (and in the foot is the second toe).

	Shoulder
	(
	Wrist
	(
	Digits/hand
	(
	
	


	4 Adduction
Moving the distal part towards the midline in the coronal plane

	Shoulder
	(
	Wrist
	(
	Digits/hand
	(
	
	


	5 Rotation
Revolving a body part along its longitudinal axis

	Upper limb
	(
	
	
	
	
	
	
	
	


	6 Internal rotation &
brings the anterior surface of a body part closer to the midline

7 External rotation
takes the anterior surface of a body part away from the midline

	Upper limb
	(
	
	
	
	
	
	
	
	


	8 Circumduction
A combination of flexion/extension and abduction/adduction so that the distal part moves in a circle

	Upper limb at shoulder joint
	(
	
	
	
	
	
	
	
	


	9 Opposition
Movement bringing the pad of the thumb towards another digit pad   (


	10 Protraction &
An anterior movement of a body part

11 Retraction
A posterior movement of a body part 



	Scapula on thoracic wall
	(
	
	
	
	
	
	
	
	


	12 Elevation &
A superior movement of a body part

13 Depression
An inferior movement of a body part

	Shoulder
	(
	
	
	
	
	
	
	
	


	14 Pronation &
Rotation of the forearm along its long axis so that the palm faces posteriorly

15 Supination
Rotation of the forearm along its long axis so that the palm faces anteriorly




	Forearm and hand 

at radioulnar joints
	(
	
	
	
	
	
	
	
	


Section 4 – Movements of the shoulder girdle and upper arm (10 minutes)
Working with a partner, assess the movements of the scapulo-thoracic joint, the shoulder joint and the elbow joint.  

Ask your subject to perform each movement, and if possible the examiner (you) should resist the movement to enable the muscle/s to be palpated or seen.  Please note that all of the muscles may not be palpated or seen especially if they are located deep.  Reference to an atlas and the skeleton is essential to know the locations of several muscles mentioned below.

When assessing the joints, assimilate your knowledge by seeing which muscles are the “prime movers” of the joint.  A prime mover (or agonist) is the main muscle responsible for producing a specific movement of the body part.

The scapulo-thoracic joint

The scapula has the following movements upon the chest wall as part of the theoretical “scapulo-thoracic joint” (for reference the “prime movers” are also given)

Elevation 

superior trapezius, levator scapulae, rhomboids

Depression 

inferior trapezius, pectoralis minor, serratus anterior

Protraction 

pectoralis minor, serratus anterior

Retraction 

rhomboids, middle trapezius, latissimus dorsi

Rotation 

glenoid fossa faces upwards or downwards as scapula rotates




Upward rotation:superior trapezius, inferior trapezius, serratus anterior




Downward rotation:pectoralis minor, latissimus dorsi, rhomboids

and levator scapulae

The shoulder joint

The movements of the shoulder joint are (for reference the “prime movers” are also given);

Flexion 

pectoralis major (clavicular head), deltoid (anterior fibres)

Extension 

deltoid (posterior fibres)

Abduction 

supraspinatus initially and then central deltoid

Adduction 

pectoralis major, latissimus dorsi

Internal rotation 
subscapularis

External rotation 
infraspinatus

Circumduction

The Elbow Joint

Flexion


Biceps, brachialis, brachioradialis (pronator teres)

Extension

Triceps (anconeus)

If any of the above tasks are not completed during the session please do not forget to complete them at home as soon as possible
Session 3:  Fri 11 Jan 2013
Elbow, forearm and wrist

Objectives

Students should be able to:

1. Name the bones and joints of the upper limb from the elbow to the wrist

2. Demonstrate and explain the anatomical basis of elbow flexion and extension,, pronation and supination of the hand and the movements of the wrist

3. Demonstrate in a living subject the elbow the medial epicondyle, the olecranon process and the lateral epicondyle; the radius and ulna; the wrist joint 

4. Demonstrate the courses of the major nerves through the region and also to point out where the nerves might be vulnerable to injury;

5. Demonstrate the courses of the brachial, radial and ulnar arteries from the axilla to the hand

6. Demonstrate the pulses associated with the brachial, radial and ulnar arteries

7. Demonstrate and name the main veins of the upper limb

8. Demonstrate clinical testing of the muscles, tendon, nerves and vessels in the forearm

9. Discuss a supracondylar fracture of the humerus and explain why this common injury can cause significant vascular and neurological complications and how may it be treated

10. Describe a Colles fracture, and explain why it is so common?

Lecture: Elbow, forearm and wrist 
                          Dr Peter Clark

Dissecting Room

Students divide into 8 groups to explore the following in prosections, dissection and osteological material:

· Compartments, neuromuscular groups and vessels of the forearm

· The elbow and radio-ulnar joints, pronation and supination and their prime movers

· The wrist joint, its movements and their prime movers 

· Carpals and their function: carpal fracture and avascular necrosis

· Organisation of the carpal tunnel; the anatomical basis of median nerve release in carpal tunnel syndrome

Session Co-ordinator: Dr Peter Clark, Dr Paul Strutton
Demonstrators:  clinical demonstrators

BPSM Lab

Work in groups of 2-3 to review of the osteology of the distal humerus, elbow, radius, ulna and wrist. Explore the surface anatomy of the elbow, forearm and wrist, and the movements of the elbow, forearm and wrist. Carry out clinical testing of the muscles, tendons, nerves and vessels of the forearm. 

Session Coordinators: Dr Mike Irani (AM), Dr Maniccam Thavarajah (AM,PM) plus another academic (PM)
Session 3:  The elbow, forearm and wrist

In today’s session, we will start with a lecture outlining of the topic.  Following this will be one hour spent in the dissecting room studying prosections of the area, and in addition a one hour session of living anatomy, reviewing the bones and joints of the area as well as clinical and functional anatomy. 

Pictures and diagrams to accompany these lecture notes are within the lecture slides placed on the intranet.

LECTURE NOTES

Overview of Topics

1. The bones of the elbow, forearm and wrist

2. The muscular anatomy of the region

3. The muscular anatomy of the region

4. The joints of the region

5. The blood vessels of the region

6. The lymphatic drainage of the region

7. The nerves of the region

Introduction

These lecture notes are designed to act as a gateway to the anatomy textbooks and do not cover every aspect of the regional anatomy in detail.  However what is important is generally covered within these notes but you are advised to read around the subject in more detail using textbooks and atlases etc.

This session concentrates on the anatomy and function of the elbow, forearm and wrist.

The whole function of the upper limb is devoted to the hand – the rest of the limb allows the hand to grasp objects and manipulate them via four fingers and the opposing thumb.

The bones of the elbow, forearm and wrist

The relevant bones of this region are;

1.
The humerus

2.
The radius

3. The ulna

4. The carpal bones (from lateral to medial);

a. Proximal row – scaphoid, lunate, triquetrum, pisiform

b. Distal row – trapezium, trapezoid, capitate, hamate

These will be discussed in detail in the living anatomy session.

The Muscular Anatomy of the Region

In this region are the following groups of muscles;

1.
The anterior compartment of the upper arm

2.
The posterior compartment of the upper arm

3. The anterior compartment of the forearm – superficial and deep compartments

4. The posterior compartment of the forearm

The Anterior Compartment of the Upper Arm

1.
Biceps

2.
Brachialis

3.
Coraco-brachialis

The Posterior Compartment of the Upper Arm

1.
Triceps

2.
Anconeus

The Anterior Compartment of the Arm - Superficial

1. Pronator teres

2. Flexor carpi radialis (FCR)

3. Palmaris longus (PL)

4. Flexor digitorum superficialis (FDS)

5. Flexor carpi ulnaris (FCU)

The Anterior Compartment of the Arm - Deep

1. Flexor digitorum profundus (FDP)

2. Flexor pollicis longus (FPL)

3. Pronator quadratus (PQ)

The Extensor Compartment of the Arm

A :  Muscles that move the wrist joint

1. Extensor carpi radialis longus (ECRL)

2. Extensor carpi radialis brevis (ECRB)

3. Extensor carpi ulnaris (ECU)

B :  Muscles that move the digits

1. Extensor digitorum (ED)

2. Extensor indicis (EI)

3. Extensor digiti minimi (EDM)

C :  Muscles that move the thumb

1. Abductor pollicis longus (APL)

2. Extensor pollicis brevis (EPB)

3. Extensor pollicis longus (EPL)

Other Muscles of the Forearm

1. Brachioradialis

2. Supinator

The Joints of the Region

1. The elbow joint

2. The proximal radio-ulnar joint

3. The distal radio-ulnar joint

4. The wrist joint

The Elbow Joint

The elbow is a synovial hinge joint between the humerus proximally and the ulna and radius distally.  In addition to the elbow joint, there is a proximal radio-ulnar joint between those two bones – it is not part of the elbow joint itself.

The distal humerus articulates with the ulna via the trochlea whilst the radius articulates with the radius via the capitulum.

There are a number of important ligaments at the elbow which contribute to the stability of the joint;

1. The medial (ulnar) collateral ligaments

2. The lateral (radial) collateral ligaments

3. The annular ligament (part of the proximal radio-ulnar joint)

The movements of the elbow joint itself are of flexion and extension;

1. the main flexors of the elbow are brachialis, biceps and brachioradialis, with some assistance by pronator teres

2. the extensors of the elbow are triceps and anconeus

The carrying angle is the angle between the long axis of the radius and ulna to the humerus (in extension).  It is wider in women than men and average 7 degrees

There is a large bursa over the olecranon at the back of the elbow – the olecranon bursa.  This frequently becomes inflamed.

The Proximal Radio-Ulnar Joint

The proximal radio-ulnar joint is a pivot-type of joint that allows the head of the radius to move around the ulna in rotation.

The radial head is held in position over the ulna by the annular ligament.

Supination and pronation occur at the proximal radio-ulnar joint (in association with the distal radio-ulnar joint).  Supination is the movement to place the palm upwards whilst pronation is the movement to place the palm downwards.

The muscles producing these movements are;

1. Supination – supinator, biceps (EPL, ECRL)

2. Pronation – pronator quadratus, pronator teres (FCR, PL, brachioradialis)

In children the radial head commonly and harmlessly subluxes out of position (“pulled elbow”) when the child’s forearm is pulled suddenly.  It easily pops back in with time by supinating the elbow.

The Distal Radio-Ulnar Joint

The distal radio-ulnar joint (DRUJ) is a pivot-type of joint that allows the radius to move around the ulna in rotation.

Within the DRUJ is an articular disc called the triangular fibro-cartilage, which is commonly injured.  The movements and muscles moving the DRUJ are identical to those of the proximal radio-ulnar joint.

The Wrist Joint

The wrist joint is a synovial joint between the distal radius and its associated triangular fibrocartilage with the proximal row of the carpal bones (scaphoid, lunate and triquetrum, not the pisiform)

There are a number of strong ligaments stabilising the wrist joint.  These include;

1. The ulnar collateral ligament

2. The radial collateral ligament

3. The palmar radio-carpal ligaments

4. The dorsal radio-carpal ligaments

5. The inter-carpal ligaments

The radio-carpal and inter-carpal ligaments were previously thought to be relatively unimportant but they are now known to be very important clinically and are frequently injured.

The movements of the wrist joint are;

1. Flexion/extension

2. Radial deviation and ulnar deviation (abduction and adduction)

3. Circumduction

The wrist joint is not the only joint that allows flexion and extension at the wrist region – the midcarpal joint and the carpo-metacarpal joints also allow these movements.

The muscles providing the movements at the wrist joint are as follows;

1. Flexion

a. FCR - important

b. FCU - important

c. Long flexors of the thumb and fingers

d. Palmaris longs

e. APL

2. Extension

a. ECRL – important

b. ECRB – important

c. ECU – important

d. Long extensors of the thumb and fingers

3. Radial deviation

a. APL

b. FCR

c. ECRL

d. ECRB

4. Ulnar deviation

a. ECU

b. FCU

The vessels of the region

Arterial Supply

The brachial artery, the artery of the arm, divides at the elbow (usually at the level of the radial neck) into the ulnar artery and the radial artery.

The ulnar artery runs in the anterior compartment of the forearm and passes on the ulnar side of the front of the wrist (just lateral to FCU).  The ulnar nerve lies medial to it at the wrist joint. i.e. from medial to lateral, the relationships are FCU, ulnar nerve, ulnar artery.

On its course in the forearm the ulnar artery supplies the medial muscles of the forearm, with branches which include the common interosseous artery, the anterior interosseous artery and the posterior interosseous artery. 

The ulnar artery terminates in the hand to form the palmar arches with the radial artery (to be discussed in the next session).

The radial artery passes down the lateral aspect of the forearm under the cover of the brachioradialis muscle.  It is easily palpable at the wrist where it lies at the front of the wrist on its radial aspect.  It subsequently crosses the floor of the anatomical snuff box and ultimately anastomosis with branches of the ulnar artery via the palmar arches.

Venous Drainage

As previously discussed, there are superficial and deep venous systems in the upper limb.

The superficial veins are the cephalic vein and the basilic vein.  The cephalic vein runs laterally up the arm whilst the basilic vein runs medially.  They are formed from the lateral and medial sides, respectively, of the dorsal venous arch on the back of the hand.

The median cubital vein connects the cephalic and basilic vein at the level of the elbow – this is a common site for venepuncture.  It is very variable in its anatomy!

There are also deep veins accompanying the radial and ulnar arteries.  They eventually flow to the “brachial vein”.

The superficial and deep veins have numerous connections with valves allowing one-way flow from the superficial to the deep system.

The Nerves of the region

There are three main nerves in the forearm

1.
The ulnar nerve

2.
The median nerve

3.
The radial nerve

The median nerve is the main nerve of the anterior compartment although the ulnar nerve has some contribution to the more medial muscles.

The ulnar nerve has some contribution to the medial muscles of the anterior compartment of the forearm but it mainly passes through the forearm as the main nerve of the hand.

The radial nerve is the nerve of the posterior compartment of the forearm

The Ulnar Nerve

The ulnar nerve (C8T1) is one of the nerves that supplies the anterior compartment of the forearm but is mainly the nerve of the hand.  It has no branches in the upper arm and passes though the upper arm in the anterior compartment initially but more distally in the posterior compartment.  It lies posterior to the medial epicondyle of the elbow and can be damaged there.

The ulnar nerve enters the forearm passing between the heads of flexor carpi ulnaris.  In the forearm it supplies;

1. flexor carpi ulnaris (FCU)

2. medial portion of flexor digitorum profundus (FDP) i.e. to the ring and little fingers.

At the wrist it lies between the FCU (medially) and the ulnar artery (laterally) and passes into the hand.

The ulnar nerve is sensory to the medial aspect of the ventral forearm.

The Median Nerve

The median nerve (C678T1) is one of the nerves that supplies the anterior compartment of the forearm and hand.  It has no branches in the upper arm.  It passes through the upper arm via the anterior compartment.  At the level of the elbow it lies alongside the brachial artery and can be damaged there at the time of elbow fractures or dislocations.

The median nerve is the principle motor nerve to the anterior compartment of the forearm.  At the elbow joint it lies on the front of the elbow joint with the brachial artery lateral to it.  It passes between the heads of pronator teres.  In the forearm it supplies;

1. pronator teres

2. FDS

3. lateral portion of FDP (to the index and middle fingers)

4. FCR

5. Pronator quadratus

6. Palmaris longus

i.e. all the anterior compartment other than the FCU and the ulnar portion of FDP. 

At the level of the wrist it lies quite superficially between the tendons of FDS and FDP, and deep to palmaris longus, prior to it entering the carpal tunnel.

The Radial Nerve

The radial nerve (C5678T1) supplies the posterior compartment of the upper arm as well as the posterior compartment of the forearm.  It lies on the humerus in the radial groove and can be damaged there.  Just above the level of the elbow it divides into the superficial radial nerve (sensory) and the posterior interosseous nerve (motor).

The superficial branch of the radial nerve is cutaneous only.

The posterior interosseous nerve is the direct continuation of the radial nerve.  It passes between the heads of supinator.

The radial nerve and its continuation, the posterior interosseous nerve, supply all the extensor compartment muscles of the forearm.

LIVING ANATOMY SESSION-3
The Elbow, Forearm and Wrist
This session consists of the following FOUR sections with several TASKS.  Only when you have completed a particular task should you put a TICK in the BOX next to it.  When you have ticked a box a staff member will question you about it and expect a correct answer.
1. Osteology of the distal humerus, radius, ulna and carpal bones

2. Surface anatomy of the elbow, forearm and wrist

3. The movements of the elbow, forearm and wrist

4. Clinical testing of the forearm

Section 1 – Osteology (10 minutes)
Requirements: Articulated full skeleton, separate humerus, radius, ulna, and articulated hand (all bones from the boxes should have the same number). Familiarise yourself with the anatomy of the distal humerus, radius, ulna, carpal bones (in articulated hand), and how they articulate together.

The Humerus

Orientate the humerus as it would lie in the upright body in anatomical position and identify the following features:

On the distal end of the humerus identify the following features 
	1.
	Medial and lateral supracondylar ridges
	(
	5.
	Coronoid fossa


	(

	2.
	Medial and lateral epicondyles
	(
	6.
	Olecranon fossa
	(

	3.
	Capitulum  (lateral) articulates with the radius
	(
	7.
	Radial fossa


	(

	4.
	Trochlea (medial) articulates with the ulna


	(
	
	
	


Articulations of the humerus
The humeral head articulates with the glenoid cavity of the scapula. At the distal end of the humerus the capitulum and the trochlea articulate with the radius and ulna respectively.

The Ulna

The proximal end of the ulna has two projections (the olecranon and coronoid processes), connected by a long body (shaft) to the distal end which has a head, and a styloid process (on the medial aspect). The main function of the ulna is to stabilise the forearm.  The main movements are flexion and extension at the elbow joint.  In the forearm, the ulna lies medially whilst the radius lies laterally.

Orientate the ulna as it would lie in the upright body in anatomical position and identify the following features: 

	1.
	Proximal end
	(
	3.
	Body (shaft) of ulna
	(

	2.
	Distal end
	(
	4.
	Lateral (interosseous) border
	(


At the proximal end of the ulna, identify the following:

	1.
	Olecranon process
	(

	2.
	Coronoid process
	(

	3.
	Trochlear notch – articulates with the trochlea of the humerus
	(

	4.
	Radial notch – articulates with the head of the radius
	(

	5.
	Ulnar tuberosity
	(


At the distal end of the ulna, identify the following:

	1.
	Ulnar head
	(
	2.
	Styloid process
	(


The Radius

The radius has a cylindrical head at the proximal end, a long body (shaft) in the middle, connecting a broad distal end with a laterally projecting styloid process.  The radius rotates around the ulna which occurs at the proximal and distal radio-ulnar joints (both of which are of pivot type synovial joints).

Orientate the radius as it would lie in the upright body in anatomical position and identify the following features: 

At the proximal end and the body of the radius, identify the following:
	1.
	Head of the radius
	(
	5.
	Radial tubersoity
	(

	2.
	Neck of the radius
	(
	6.
	Articular surface for the radial notch of the ulna
	(

	3.
	Articular surface for capitulum of humerus
	(
	7.
	Body (shaft) of radius
	(

	4.
	Neck of radius
	(
	8.
	Medial (interosseous) border
	(


At the Distal end of the radius, identify the following:
	1.
	Ulna notch – accommodates the ulnar head
	(
	3.
	Dorsal tubercle


	(

	2.
	Radial styloid process (lateral)

	(
	
	
	


The Carpal Bones

The carpal bones will be discussed fully in the next session on hand, but in this session we will briefly identify them in an articulated hand.  The carpal bones offer flexibility to the wrist area.  There are two rows of carpal bones, four in each. The names indicate their shape in Greek or Latin.

Orientate the articulated (stringed) skeleton of the hand as it would lie in the upright body in anatomical position and identify the following carpal bones (from lateral to medial): 

	A
	Proximal row of carpal bones
	(
	B
	Distal row of carpal bones
	(

	1.
	Scaphoid (boat -Greek)
	(
	1.
	Trapezium (table -G)
	(

	2.
	Lunate (moon – Latin)
	(
	2.
	Trapezoid (wedge shaped)
	(

	3.
	Triquetrum (three cornered -L)
	(
	3.
	Capitate (head – L)
	(

	4.
	Pisiform (pea –L)
	(
	4.
	Hamate (hook –L)
	(


Section 2 – Surface Anatomy (work in groups of 2-3) (20 minutes)
Requirements: Living subjects, skin pencils. Please remove clothes as necessary to see the whole arm.  Identify, palpate, and surface mark (only if required) the following:

A – At the elbow:

	1.
	Olecranon
	(
	5.
	Bicipital apponeurosis -palpate (overlies the median nerve and the brachial artery)
	(

	2.
	Medial epicondyle – the ulnar nerve is posterior to it


	(
	6.
	The brachial artery pulse - palpate
(extend the elbow, medial to biceps tendon, around cubital fossa) 
	(

	3.
	Lateral epicondyle
	(
	7.
	The cubital fossa
	(

	4.
	Biceps tendon (anteriorly)
	(
	8.
	Triceps tendon (posteriorly)
	(


B – In the forearm and arm

To demonstrate superficial veins you will apply pressure around the midarm of the subject by encircling with your hands. This will cause venous congestion and distention of the veins. 

	1.
	The cephalic vein (draw)
	(
	4.
	Flexor carpi ulnaris (FCU) tendon 

(flex wrist against resistance)
	(

	2.
	The basilic vein (draw)
	(
	5.
	Palmaris longus (PL) tendon 

(cup the hand without bending digits)
	(

	3.
	The cubital veins, including the median cubital vein (draw)
	(
	6.
	Flexor carpi radialis (FCR) tendon 
(flex wrist against resistance)
	(


C – Wrist:

	1.
	Head of the ulna
	(
	5.
	The radial arterial pulse at the wrist
	(

	2.
	Ulnar styloid process
	(
	6.
	 The ulnar arterial pulse at the wrist
	(

	3.
	Radial styloid process – (it is distal to the ulnar styloid process)
	(
	7.
	The anatomical snuff box –
 APL, EPB anteriorly and EPL posteriorly –(contents: scaphoid and radial artery)
	(

	4.
	FCU, PL, FCR
(same as in forearm)
	(
	
	(APL- abductor policis longus; EPB-extensor pollicis brevis; EPL- extensor policis longus)
	


D – Muscles and tendons in the upper and forearm region
We will review all the tendons of the hand and forearm in the next session
	1.
	Biceps – flex the forearm against resistance (Nerve-musculocutaneous C5,6,7)
	(

	2.
	Triceps – extend the (already flexed) forearm against resistance (Nerve-Radial C6,7,8)
	(

	3.
	Brachio-radialis– elbow flexed against resistance with forearm in midprone position (Nerve Radial C5,6,7)
	(

	4.
	Flexor carpi ulnaris (FCU)- wrist flexed against resistance (Nerve-Ulnar C7,8)
	(

	5.
	Palmaris longus (PL)- wrist flexed against resistance (Nerve- Median C 6,7)
	(

	6.
	Flexor carpi radialis (FCR)- wrist flexed against resistance (Nerve- Median C 6,7)
	(


Note: The best way to study a muscle is to ask the subject to bring about movement of the muscle (muscle action) whilst the examiner opposes the movement which makes the muscle belly prominent and readily palpable. e.g. to identify the biceps muscle, the subject is instructed to flex the elbow whilst the examiner applies an opposing force against the flexion.
Section 3 – The movements of the elbow, forearm and wrist (15 minutes)
Working with a partner, assess the movements of the elbow, the radio-ulnar and the wrist joints.  Ask your subject to perform each movement, and if possible the examiner (you) should resist the movement to enable the muscle/s to be palpated or seen.  Please note that all of the muscles may not be palpated or seen especially if they are located deep.  Reference to an atlas and the skeleton is essential to know the locations of several muscles mentioned below.

When assessing the joints, assimilate your knowledge by seeing which muscles are the “prime movers” of the joint.  

A-The Elbow Joint

The movements of the elbow joint itself are of flexion and extension.  Check whether you can palpate the muscles contracting:

	1.
	the main flexors of the elbow are brachialis, biceps and brachio-radialis, with some assistance by pronator teres
	(

	2.
	the extensors of the elbow are triceps and anconeus
	(


B-The Proximal Radio-Ulnar Joint

Supination and pronation occur at the proximal radio-ulnar joint (in association with the distal radio-ulnar).  Supination is the movement to place the palm upwards whilst pronation is the movement to place the palm downwards.

Check whether you can palpate the muscles contracting:

	1.
	Supination – supinator, biceps (EPL, ECRL)


	(

	2.
	Pronation – pronator quadratus, pronator teres (FCR, PL, brachioradialis)


	(


(EPL- extensor pollicis longus; ECRL-extensor carpi radialis longus; FCR- flexor carpi radialis, PL-palmaris longus)

C-The Distal Radio-Ulnar Joint (DRUJ)

The movements and muscles moving the DRUJ are identical to those of the proximal radio-ulnar joint.

D-The Wrist Joint

Demonstrate the movements of the wrist joint which are:
	1.
	Flexion/extension
	(

	2.
	Radial deviation and ulnar deviation (abduction and adduction)
	(

	3.
	Circumduction
	(


The wrist joint is not the only joint that allows flexion and extension at the wrist region – the midcarpal joint and the carpo-metacarpal joints also allow these movements.

The following muscles produce the movements at the wrist joint (Check whether you can palpate the muscles contracting when performing the following movements):
	
	Flexion of wrist
	
	
	Extension of wrist
	

	1.
	FCR - important
	(
	1.
	APL
	(

	2.
	FCU- important
	(
	2.
	ECRL - important
	(

	3.
	Long flexors of the thumb & fingers
	(
	3.
	ECRB – important
	(

	4.
	Palmaris longus
	(
	4.
	ECU – important
	(

	
	
	
	5.
	Long extensors of the thumb & fingers
	(


	
	Radial deviation of wrist
	
	
	Ulnar deviation of wrist
	(

	1.
	APL
	(
	1.
	ECU
	(

	2.
	FCR
	(
	2.
	FCU
	(

	3.
	ECRL
	(
	
	
	

	4.
	ECRB
	(
	
	
	


(FCR-flexor carpi radialis; FCU-flexor carpi ulnaris; APL-abductor pollicis longus; ECRL-extensor carpi radialis longus; ECRB-extensor carpi radialis brevis; ECU-extensor carpi ulnaris)

Section 4 – Clinical testing of the arm and forearm (15 minutes)
A – Demosntrate the following vessels and pulses.  What structures are nearby?

(Count the pulse while your demonstrator checks it at another site on your subject) 

	1.
	The brachial artery, along the mid-humeral shaft
	(
	4.
	Cepahlic vein (draw)

	(

	2.
	The brachial artery, at the level of the elbow/cubital fossa 
	(
	5.
	The basilic vein (draw)

	(

	3.
	The radial artery at the wrist
	(
	6.
	The medial cubital vein (draw)
	(


B - Assess the integrity of the following muscles

	1.
	Brachioradialis
	(

	2.
	Flexor carpi radialis
	(

	3.
	Flexor carpi ulnaris
	(

	4.
	Palmaris longus.  Have all your colleagues got one?
	(


C - Draw the course of the following nerves on a colleague’s forearm;

	1.
	Median nerve
	(

	2.
	Radial nerve (including the superficial and deep branches)
	(

	3.
	Ulnar nerve
	(


If any of the above tasks are not completed during the session please do not forget to complete them at home as soon as possible 

Session 4: Tue 15 Jan 2013
The Hand

Objectives

1. Name the bones and joints of the wrist and hand

2. Name and demonstrate the movements of the wrist and hand

3. Distinguish between the power and precision grips

4. Outline the main neuromuscular mechanisms underlying each type of grip

5. Summarise in simple terms the overall pattern of motor and sensory segmental nerve distribution to the limb

6. Explain (in principle only) the role of the brachial plexus

7. Explain the main motor and sensory deficits associated with carpal tunnel syndrome, ulnar nerve injury near the elbow, radial nerve injury in the spiral groove, injury to the lower segments of the brachial plexus 

8. Outline the functional deficits caused by the common injuries of the flexor and extensor tendons

9. Outline the mallet finger deformity

10. Identify and summarise the functions of the carpal bones

11. Describe how fractures of the scaphoid occur and explain why such injuries are important

12. Discuss the clinical term, trigger finger
13. Describe gamekeeper’s thumb (skier’s thumb) and its anatomical basis.

Lecture: The Hand 
                                                             Dr Peter Clark

Dissecting Room

Explore the following in prosections and osteological material:

· a review of the compartments, neuromuscular groups and vessels of the forearm

· the carpal bones and their function

· carpal fracture, avascular necrosis of the scaphoid and carpal instability

· the small muscles, nerves and vessels of the hand

· The movements of the fingers and the anatomical basis for testing of superficialis and profundus tendon injuries

· the anatomical basis of median nerve release in carpal tunnel syndrome

Session Coordinator: Dr Peter Clark, Dr Paul Strutton
Demonstrators:  clinical demonstrators
BPSM Lab

There will be a review of the osteology of the wrist and hand, imaging of the wrist and hand. Students will work in groups of 2-3 to examine the surface anatomy of the hand, clinical testing of tendon injuries in the hand, the vasculature of the wrist and hand, nerve testing of the wrist and hand. 


Session Coordinators: Dr Mike Irani (AM), Dr Maniccam Thavarajah (AM, PM) plus another academic (PM)
Session 4:  The Hand

In today’s session, we will start with a lecture outlining of the topic.  Following this will be one hour spent in the dissecting room studying prosections of the area, and in addition a one hour session of living anatomy, reviewing the bones and joints of the area as well as clinical and functional anatomy. 

Pictures and diagrams to accompany these lecture notes are within the lecture slides placed on the intranet.

LECTURE NOTES

Overview of Topics

1. An introduction to the hand – grip, fascia of the hand

2. The bones of the hand

3. The muscular and tendinous anatomy of the region

4. The joints of the region

5. The blood vessels of the region

6. The lymphatic drainage of the region

7. The nerves of the region

Introduction

These lecture notes are designed to act as a gateway to the anatomy textbooks and do not cover every aspect of the regional anatomy in detail.  However what is important is generally covered within these notes but you are advised to read around the subject in more detail using textbooks and atlases etc.

This session concentrates on the anatomy and function of the hand.

The whole function of the upper limb is devoted to the hand – the rest of the limb allows the hand to grasp objects and manipulate them via four fingers and the opposing thumb.

The types of grip

1. Power grip – this is the grip used when the fingers are pressed against the palm with counter pressure from the thumb e.g. grasping a rod.  To form a power grip, it is necessary to activate the following muscles groups;

a. the long flexors of the fingers and thumb

b. the intrinsic muscles of the palm

c. the extensors of the wrist joint

2. Precision grip – in this activity the wrist and fingers are held rigidly by the long flexors and extensors; the intrinsic muscles of the hand carry out the fine movements needed.  A typical example would be unbuttoning a shirt.

The fascia of the palm

The fascia in the hand is very important and it is necessary to have some knowledge of its anatomical structure and distribution.  It is anatomically continuous with the fascia of the forearm.

The palmar fascia is the fascia of the hand that lies in the palm.  There are specialisations (or condensations) of the palmar fascia in the hand that form the palmar apponeurosis and the fibrous digital sheaths.

The palmar apponeurosis is a well-defined region of palmar fascia in the hand which overlies the long flexor tendons of the hand.  The proximal end of the palmar apponeurosis is continuous with the flexor retinaculum and the palmaris longus tendon.  The distal end of the palmar apponeurosis forms four bands which are continuous with the fibrous digital sheaths of each finger.

The fibrous digital sheaths are tubes which contain the flexor tendons and their sheaths.

The space between the palmar apponeurosis and the bones of the hand are separated into compartments by extensions of fascia called septa.  A medial septum (to the little finger metacarpal) and a lateral septum (to the middle finger metacarpal) divides the space into a hypothenar compartment, a central compartment and a thenar compartment.  Beneath the thenar compartment is a fourth compartment – the adductor compartment which contains the adductor pollicis muscle.

The bones of the wrist and hand

The relevant bones of this region are;

1. The radius

2. The ulna

3. The carpal bones (from lateral to medial)

a. Proximal row – scaphoid, lunate, triquetrum, pisiform

b. Distal row – trapezium, trapezoid, capitate, hamate

4. The metacarpal bones

5. The phalanges

These will be discussed in detail in the living anatomy session.

The Muscular Anatomy of the Region

In this region are the following groups of muscles;

1. The anterior compartment of the forearm – superficial and deep compartments

2. The posterior compartment of the forearm

3. The intrinsic muscles of the hand

a. thenar compartment muscles

b. adductor compartment muscles

c. hypothenar compartment muscles

d. the interossei and lumbricals

The Anterior Compartment of the Arm - Superficial

1. Pronator teres

2. Flexor carpi radialis (FCR)

3. Palmaris longus (PL)

4. Flexor digitorum superficialis (FDS)

5. Flexor carpi ulnaris (FCU)

The Anterior Compartment of the Arm - Deep

1. Flexor digitorum profundus (FDP)

2. Flexor pollicis longus (FCP)

3. Pronator quadratus (PQ)

The Extensor Compartment of the Arm

A :  Muscles that move the wrist joint

1. Extensor carpi radialis longus (ECRL)

2. Extensor carpi radialis brevis (ECRB)

3. Extensor carpi ulnaris (ECU)

B :  Muscles that move the digits

1. Extensor digitorum (ED)

2. Extensor indicis (EI)

3. Extensor digiti minimi (EDM)

C :  Muscles that move the thumb

1. Abductor pollicis longus (APL)

2. Extensor pollicis brevis (EPB)

3. Extensor pollicis longus (EPL)

D : Other Muscles of the Forearm

1. Brachioradialis

2. Supinator

The Intrinsic Muscles of the Hand

A : The Thenar Muscles

1. Abductor pollicis brevis

2. Flexor pollicis brevis

3. Opponens pollicis

B : The Adductor Muscles

1. Adductor pollicis

C : The Hypothenar Muscles

1. Abductor digiti minimi

2. Flexor digiti minimi

3. Opponens digiti minimi

D : The Interossei and Lumbricals

1. Lumbricals – flex at the MCP’s, extend at the IPJ’s.

2. Palmar interossei (three) – adduct the digits (“PAD”)

3. Dorsal interossei (four) – abduct the digits (“DAB”)

E : Other

1. Palmaris brevis

The tendon anatomy of the hand

A – Anterior Tendinous Anatomy of the Hand

As explained above the fibrous digital sheath is a condensation or specialisation of the palmar fascia.  These sheaths extend from the level of the metacarpal head to the base of the distal phalanx in each digit.  Together with the underlying bone they form osseo-fibrous tunnels through which the long flexor tendons and their synovial sheaths run.  Parts of the fibrous digital sheath form condensations called pulleys, which allow for more functional use of the long flexor tendons.  These are called the annular and cruciform pulleys.

Just after passing the wrist joint, the tendons of FDP (flexor digitorum profundus) and FDS (flexor digitorum superficialis) pass deep to the flexor retinaculum and enter a common synovial sheath.

The tendons then pass to their respective digit via a digital synovial sheath, which is contained within the fibrous digital sheath.

At the base of the proximal phalanx the FDS tendon splits around the FDP.  The FDS attaches to the anterior surface of the middle phalanx whilst the FDP attaches to the distal phalanx.

The long tendon of the thumb, flexor pollicis longus, has its own synovial sheath at the flexor retinaculum.  It then runs to the distal phalanx of the thumb.

The digital synovial sheaths of the index, middle and ring fingers are separate from the common synovial sheath.  Those of the little finger and the thumb are usually continuous with the common sheath.

B – Posterior Tendinous Anatomy of the Hand

All the extensor tendons of the hand are held to the back of the wrist region by the extensor retinaculum.

As on the front of the wrist there are synovial tendon sheaths that surround the tendons to allow for free movement of the tendons.  Some of the synovial tendon sheaths are joint, some are individual.

On the back of the hand the long extensor tendons to the digits are joined by bands called inter-tendinous bands.  To some extent these bands prevent free movement of one extensor tendon independently of the others.

At the level of the metacarpals the long extensor tendons flatten to form extensor expansions.  These expansions form a hood on the back of the digit.  The lumbricals and the interossei attach to this extensor expansion.  The extensor expansions are intricately involved in the movements of the digits.

The extensor digitorum extends the MCP joint as well as the IP joints.  It also plays some part in extending the wrist joint.  The index finger and the little finger also have their own long extensor.

The Joints of the Region

1. The distal radio-ulnar joint

2. The wrist joint

3. The intercarpal joints

4. The carpo-metacarpal and inter-metacarpal joints

5. The metacarpo-phalangeal joints

6. The interphalangeal joints

The Distal Radio-Ulnar Joint

The distal radio-ulnar joint (DRUJ) is a pivot-type of joint that allows the radius to move around the ulna in rotation.

Within the DRUJ is an articular disc called the triangular fibro-cartilage, which is commonly injured.  The movements and muscles moving the DRUJ are identical to those of the proximal radio-ulnar joint.

The Wrist Joint

The wrist joint is a synovial joint between the distal radius and its associated triangular fibrocartilage with the proximal row of the carpal bones (scaphoid, lunate and triquetrum, not the pisiform)

There are a number of strong ligaments stabilising the wrist joint.  These include;

1. The ulnar collateral ligament

2. The radial collateral ligament

3. The palmar radio-carpal ligaments

4. The dorsal radio-carpal ligaments

5. The inter-carpal ligaments

The radio-carpal and inter-carpal ligaments were previously thought to be relatively unimportant but they are now known to be very important clinically and are frequently injured.

The movements of the wrist joint are;

1. Flexion/extension

2. Radial deviation and ulnar deviation (abduction and adduction)

3. Circumduction

The wrist joint is not the only joint that allows flexion and extension at the wrist region – the midcarpal joint and the carpo-metacarpal joints also allow these movements.

The muscles providing the movements at the wrist joint are as follows;

1. Flexion

c. FCR - important

d. FCU - important

e. Long flexors of the thumb and fingers

f. Palmaris longs

2. Extension

g. APL 

h. ECRL – important

i. ECRB – important

j. ECU – important

k. Long extensors of the thumb and fingers

3. Radial deviation

l. APL

m. FCR

n. ECRL

o. ECRB

4. Ulnar deviation

p. ECU

q. FCU

The Intercarpal Joints

There is a complex series of intercarpal joints (synovial) which can be summarised as;

1. Joints between the proximal row of carpal bones – scaphoid, lunate, triquetral and pisiform

2. Joints between the distal row of carpal bones – trapezium, trapezoid, capitate, hamate

3. Joints between the proximal and distal row of carpal bones – the midcarpal joint
The main movements occurring at the carpal joints is gliding, augmenting the movement occurring at the wrist joint itself, especially flexion and radial deviation of the wrist.  

The Carpometacarpal and Intermetacarpal Joints

The carpo-metacarpal joint (CMC) of the thumb is the articulation between the trapezium and the thumb metacarpal – it is clinically important as it often becomes osteoarthitic.  It is a synovial joint of the saddle variety.

The other carpo-metacarpal joints (CMC) are between the trapezoid, capitate and hamate with the metacarpals of the digits.  The CMC’s of the index and middle finger are very rigid, that of the ring finger less rigid and that of the little finger very mobile.

There are also intermetacarpal joints (IMC) between the metacarpals at their bases.

The movements that occur at the C-MC and IMC joints are;

1. Flexion and extension

2. Radial deviation and ulnar deviation

3. Circumduction

The Metacarpophalangeal and Interphalangeal Joints

The metacarpophalangeal joints (MCP’s) are condylar synovial joints between the metacarpal heads and the proximal phalanges.  These joints allow the following movements;

1. Flexion and extension

2. Abduction and adduction

The interphalangeal joints (IP’s) are hinge synovial joints which allow for flexion and extension.  There is a proximal IP joint and a distal IP joint in each digit.  The thumb only has one IP joint

There are a number of important ligaments holding the MCP and IP joints together.  These include the collateral ligaments, both radial and ulnar.

One of the collateral ligaments of the thumb is important clinically – this is the ulnar collateral ligament of the thumb.  It is frequently injured in skiing.

The volar plate is a very important structure on the anterior surface of the proximal interphalangeal joint.  It is a dense condensation of fibrous tissue formed by the collateral ligaments at the front of the proximal IP joint and is frequently damaged.

Muscles that move the thumb

1. Abduction

a. abductor pollicis longus

b. abductor pollicis brevis

2. Adduction

a. adductor pollicis

b. first dorsal interosseous

3. Extension

a. extensor pollicis longus

b. extensor pollicis brevis

c. abductor pollicis longus

4. Flexion

a. flexor pollicis longus

b. flexor pollicis brevis

5. Opposition

a. opponens pollicis (works at carpo-metacarpal joint)

b. opposition also occurs at the metacarpo-phalangeal joint and involves abduction, flexion and then adduction at the metacarpo-phalangeal joint

The vessels of the region

Arterial Supply

The hand is supplied by the ulnar and radial arteries.  Within the hand are extensive anastomoses between the ulnar and radial arteries.

(A) The Ulnar Artery

The ulnar artery runs in the anterior compartment of the forearm and passes on the ulnar side of the front of the wrist (just lateral to FCU).  The ulnar nerve lies medial to it at the wrist joint. i.e. from medial to lateral, the relationships are FCU, ulnar nerve, ulnar artery.  On its course in the forearm the ulnar artery supplies the medial muscles of the forearm, with branches which include the common interosseous artery, the anterior interosseous artery and the posterior interosseous artery. 

The ulnar artery runs into the hand over the flexor retinaculum, lateral to the pisiform.  It divides just beyond this into;

1. the superficial palmar arch
2. the deep palmar branch of the ulnar artery
The superficial palmar arch gives off three common palmar digital arteries.  These arteries subsequently divide into palmar digital arteries.

(B) The Radial Artery

The radial artery passes down the lateral aspect of the forearm under the cover of the brachioradialis muscle.  It is easily palpable at the wrist where it lies at the front of the wrist on its radial aspect.

It subsequently crosses the floor of the anatomical snuff box and enters the palm of the hand between the two heads of the first dorsal interosseous muscle.  It then also passes between the two heads of the adductor pollicis muscle.

The radial artery then anastomosis with the deep palmar branch of the ulnar artery to form the deep palmar arch.  The deep palmar arch gives origin to the palmar metacarpal arteries.

Venous Drainage

The superficial and deep palmar arterial arches have corresponding palmar venous arches.

Dorsal digital veins drain into the dorsal venous arch on the back of the hand.  This arch forms the cephalic vein laterally and the basilic vein medially.

Most of the venous drainage of the hand is via the superficial system but some is via the deep system.

The Nerves of the region

There are three main nerves to the hand 

1. The median nerve

2. The ulnar nerve

3. The radial nerve

Remember that in the forearm;

The median nerve is the main nerve of the anterior compartment although the ulnar nerve has some contribution to the more medial muscles.

The ulnar nerve has some contribution to the medial muscles of the anterior compartment of the forearm but it mainly passes through the forearm as the main nerve of the hand.

The radial nerve is the nerve of the posterior compartment of the forearm

In the hand all three of these nerves contribute to the sensory supply.  They do so in the digits by the digital nerves which are purely sensory.  Division of one of these nerves causes anaesthesia in part of the digit.

The Median Nerve

The median nerve (C678T1) is one of the nerves that supplies the anterior compartment of the forearm and hand.  It has no branches in the upper arm.  It passes through the upper arm via the anterior compartment.  At the level of the elbow it lies alongside the brachial artery and can be damaged there at the time of elbow fractures or dislocations.

The median nerve is the principle motor nerve to the anterior compartment of the forearm.  At the elbow joint it lies on the front of the elbow joint with the brachial artery lateral to it.  It passes between the heads of pronator teres.  In the forearm it supplies;

1. pronator teres

2. FDS

3. lateral portion of FDP (to the index and middle fingers)

4. FCR

5. Pronator quadratus

6. Palmaris longus

i.e. all the anterior compartment other than the FCU and the ulnar portion of FDP. 

At the level of the wrist it lies quite superficially between the tendons of FDS and FDP, and deep to palmaris longus, prior to it entering the carpal tunnel.  Within the carpal tunnel it is accompanied by the nine flexor tendons.  
After leaving the flexor retinaculum the motor supply of the nerve is to;

1. The three thenar muscles

a. Abductor pollicis brevis

b. Flexor pollicis brevis

c. Opponens pollicis

2. the lateral (first and second) lumbricals

The branch that supplies the three thenar muscles is called the recurrent branch of the median nerve.  It leaves the nerve usually within the carpal tunnel.

The nerve is the sensory supply to the palmar surface of the thumb, index and middle fingers as well as the lateral half of the ring finger.  It also supplies some of the dorsal surface of these digits.  

The Ulnar Nerve

The ulnar nerve (C8T1) is one of the nerves that supplies the anterior compartment of the forearm but is mainly the nerve of the hand.  It has no branches in the upper arm and passes though the upper arm in the anterior compartment initially but more distally in the posterior compartment.  It lies posterior to the medial epicondyle of the elbow and can be damaged there.

The ulnar nerve enters the forearm passing between the heads of flexor carpi ulnaris.  In the forearm it supplies;

1. flexor carpi ulnaris (FCU)

2. medial portion of flexor digitorum profundus (FDP) i.e. to the ring and little fingers.

Proximal to the wrist, the nerve gives off two cutaneous branches to the hand;

1. Palmar cutaneous branch – supplies the medial palm of the hand

2. Dorsal cutaneous branch – supplies the medial half of the dorsum of the hand, including the little and ring fingers

At the wrist it lies between the FCU (medially) and the ulnar artery (laterally) and passes into the hand.

Beyond the wrist the ulnar nerve lies just over (not under) the flexor retinaculum, lateral to the pisiform bone.  The ulnar artery is lateral to it.  It divides at the distal extent of the flexor retinaculum into superficial and deep branches;

1. Superficial branch of the ulnar nerve – sensory to the palmar surface of the little finger and the medial side of the ring finger

2. Deep branch of the ulnar nerve – motor to;

a. Hypothenar muscles (abductor digiti minimi, flexor digiti minimi and opponens digiti minimi).

b. Adductor pollicis

c. The medial (third and fourth) lumbricals

d. All the interossei  

The ulnar nerve thus controls most of the muscles involved in fine movements of the hand.

The Radial Nerve

The radial nerve (C5678T1) supplies the posterior compartment of the upper arm as well as the posterior compartment of the forearm.  It lies on the humerus in the radial groove and can be damaged there.  Just above the level of the elbow it divides into the superficial radial nerve (sensory) and the posterior interosseous nerve (motor).

The superficial branch of the radial nerve is cutaneous only.  It is sensory to the lateral two-thirds of the dorsum of the hand, the dorsum of the thumb and the proximal portions of the dorsal index and middle fingers.

The posterior interosseous nerve is the direct continuation of the radial nerve.  It passes between the heads of supinator. The radial nerve and its continuation, the posterior interosseous nerve, supply all the extensor compartment muscles of the forearm.  It does not supply any muscles in the hand.

The Carpal Tunnel

This is a very important component to hand anatomy.

Its base is formed by the bony arch of the carpal bones, the palpable bony margins of the carpal tunnel are, laterally the scaphoid and trapezoid bones, and medially the pisiform and the hamate bones.

Superficially is the flexor retinaculum, which forms the roof.

The carpal tunnel contains the median nerve, the tendon of flexor pollicis longus, the four tendons of flexor digitorum profundus and the four tendons of flexor digitorum superficialis.

LIVING ANATOMY SESSION-4
The Hand
This session consists of the following THREE sections with several TASKS.  Only when you have completed a particular task should you put a TICK in the BOX next to it.  When you have ticked a box a staff member will question you about it and expect a correct answer.
1. Osteology of the wrist and hand

2. Surface anatomy of the wrist and hand

3. Clinical testing of the wrist and hand

Section 1 – Osteology (10 minutes)
Requirements: Articulated full skeleton, radius, ulna, and articulated hand (all bones from the boxes should have the same number). Familiarise yourself with the anatomy of the distal radius, ulna, bones in an articulated hand, and how they articulate together.

The Carpal Bones 
There are two rows of carpal bones, four in each. Orientate the articulated (stringed) skeleton of the hand as it would lie in the upright body in anatomical position and identify the following carpal bones (from lateral to medial): 

	A
	Proximal row of carpal bones
	(
	B
	Distal row of carpal bones
	(

	1.
	Scaphoid (boat -Greek)
	(
	1.
	Trapezium (table -G)
	(

	2.
	Lunate (moon – Latin)
	(
	2.
	Trapezoid (wedge shaped)
	(

	3.
	Triquetrum (3 cornered -L)
	(
	3.
	Capitate (head – L)
	(

	4.
	Pisiform (pea –L)
	(
	4.
	Hamate (hook –L)
	(


The radius articulates with the scaphoid, lunate and triquetruml (the ulna does not itself articulate with the carpus except via the triangular fibrocartilage, which extends from the distal radius to ulna).

The scaphoid has an unusual blood supply which is clinically important.  Blood vessels tend to pass from distal to proximal.  They can be interrupted by fracture of the waist of the bone which can cut off the blood supply to the proximal portion causing a condition termed avascular necrosis.

The Metacarpals

There is a single row of five metacarpal bones lying in the palm which are numbered 1 to 5 (from thumb to little finger).
Identify on each metacarpal;

	1.
	Body (shaft)
	(
	3.
	Head-distal end (for phalanges)
	(

	2.
	Base –proximal end (for carpus)
	(
	
	
	


The Phalanges
There are three phalanges (proximal, middle and distal) on each digit except the thumb which has two.

Identify on each phalanx:

	1.
	Body (shaft)
	(
	3.
	Head (at distal end)
	(

	2.
	Base ( at proximal end) 
	(
	
	
	


Section 2 – Surface Anatomy (work in groups of 2-3) (25 minutes)
Requirements: Living subjects, skin pencils. Please remove clothes as necessary to see the whole arm.  Identify, palpate and surface mark (if necessary) the following:
A - In the forearm:

To demonstrate superficial veins you will apply pressure around the midarm of the subject by encircling with your hands. This will cause venous congestion and distention of the veins. 

Use skin pencils to surface mark the following:

	1.
	The cephalic vein (draw)
	(
	4.
	Flexor carpi ulnaris (FCU) tendon 

(flex the wrist against resistance)
	(

	2.
	The basilic vein (draw)
	(
	5.
	Palmaris longus (PL) tendon 

(cup the hand without bending digits)
	(

	3.
	The cubital veins, including the median cubital vein (draw)
	(
	6.
	Flexor carpi radialis (FCR) tendon 
(flex wrist against resistance)
	(


B – At the front of the wrist:

	1.
	Head of the ulna
	(
	6.
	The ulnar arterial pulse at the wrist 

	(

	2.
	Ulnar styloid process – note that it is distal to the ulnar styloid process. 

(Ulnar deviation > radial deviation)
	(
	7.
	 The proximal wrist crease (or the middle wrist crease if present)  -marks the position of the wrist (radio-carpal) joint line

	(

	3.
	Radial styloid process – note that this is distal to the ulnar styloid process
	(
	8.
	The distal wrist crease – marks the proximal extent of the flexor retinaculum


	(

	4.
	FCU, PL, FCR tendons

(same as in forearm)
	(
	9.
	The anatomical snuff box –
 APL, EPB anteriorly and EPL posteriorly – the scaphoid forms part of its floor and the radial artery runs within it.
	(

	5.
	The radial arterial pulse at the wrist


	(
	
	(APL- abductor policis longus; EPB-extensor pollicis brevis; EPL- extensor policis longus)
	


C - On the back of the hand:

	1.
	The dorsal venous arch


	(
	4.
	The long extensor tendons

(extend the wrist against resistance)


	(


D - On the front of the hand:

	1.
	The thenar eminence


	(
	7.
	The pisiform (distal end of flexor carpi ulnaris tendon) 


	(

	2.
	The hypothenar eminence


	(
	8.
	 The tubercle of scaphoid  (fully extend the wrist and it is along the line of FCR)


	(

	3.
	The proximal palmar skin crease

	(
	9.
	The hook of the hamate (palpate deep to the hypothenar muscles 1 cm distal and lateral to pisiform) 


	(

	4.
	The distal palmar skin crease (marks the position of the metacarpo-phalangeal (MP) joints)


	(
	10.
	The ridge of trapezium (palpate deep to the middle of the root of the thenar muscles,distal to scaphoid)
	(

	5.
	The radial longitudinal crease
(partly encircles thenar eminence)
	(
	11.
	Draw and outline the flexor retinaculum (connect the above 4 bony landmarks)
	(

	6.
	The digital creases on the front of the fingers (proximal, middle & distal) 


	
	
	
	


E - Other bony landmarks of the hand

	1.
	Heads of metacarpals on the dorsum of the hand (make a fist and palpate)


	(
	5.
	Tubercle of the base of the metacarpal of the thumb in the snuff box
	(

	2.
	Heads of metacarpals on the palm of the hand (palpate along the  distal palmar crease)


	(
	6.
	The head of ulna on the dorsum of the wrist (flex the wrist to see)
	(

	3.
	The radial styloid in the anatomical snuff box.


	(
	7.
	 The dorsal radial tubercle. (Extensor pollicis longus tendon of extended thumb leads toward the tubercle) 


	(

	4.
	The scaphoid in the snuff box


	
	
	
	


Section 3 - Clinical Testing of the Wrist and Hand (25 minutes)
Requirements: Living subjects.

A - Demonstrate the following vessels and pulses.  What structures are nearby?
(Count the pulse while your demonstrator checks it at another site on your subject) 

	1.
	The radial artery at the wrist and in the anatomical snuff box (palpate)
	(

	2.
	The ulnar artery at the wrist (palpate)
	(

	3.
	The dorsal venous arch (draw)
	(

	4.
	The cephalic vein aound the hand and wrist (draw)
	(

	5.
	The basilic vein aound the hand and wrist (draw)
	(

	6.
	Draw the superficial palmar arch. 

(The main artery is ulnar. The distal limit of the arch is at the level of the distal border of the fully extended thumb)
	(

	7.
	Draw the superficial palmar arch.

(The main artery is radial. The arch lies 1 cm proximal to the superficial palmar arch
	(

	8.
	Allen’s test –A visual test for relative contribution of radial & ulnar arteries to the hand  

Subject is asked to raise the hand and make a clenched fist. Examiner compresses both radial and ulnar arteries. When the fist is released the palmar skin appears pale. The examiner releases either one of the arteries and notes the time for the return of the colour. 

Which artery is dominant in your hand?  Would you use the dominant artery for cannulation?
	(


B - Assess the integrity of the following muscles and tendons
	1.
	Flexor pollicis longus (Nerve-Median via anterior interosseus br C8,T1)

(The examiner holds the proximal phalanx of the thumb whilst the distal phalanx is flexed against resistance.  The muscle or tendon is deep for palpation)
	(

	2.
	Extensor pollicis longus (Nerve-Radial via posterior interosseus br C7,8)

(Thumb is extended against resistance at the interphalangeal joint.  Tendon visisble at the medial border of the snuff box and medial to dorsal tubercle of radius.)
	(

	3.
	Flexor digitorum profundus (Nerve-Ulnar C8,T1 for 4th & 5th digit & Radial C8,T1 for 2nd & 3rd digits) 

(The examiner holds the proximal interphalangeal (IP) joint in extended position while the distal IP joint is flexed against resistance.)

Using this test how would you assess the integrity of median and ulnar nerves?
	(

	4.
	Flexor digitorum superficialis (Nerve-Median C7,8,T1)

(Each digit is tested separately. Non test fingers are held in full extension by the examiner while the proximal IP joint of the test finger is flexed against resistance.)
	(

	5.
	Extensor digitorum (Nerve-Radial C7,8)

(The forearm is pronated and the digits extended at MCP joints.  Examiner applies resistance on the proximal phalanges.  The tendons become visible and palpable on the dorsum of the hand, and the muscle belly is palpable on the forearm.

What is a mallet finger?
	(

	6.
	Dorsal interossei (ulnar C8, T1)
(The examiner holds the adjacent extended and adducted fingers of the subject between his thumb and index finger while the subject attempts to abduct them.

Palmar interossei (ulnar C8, T1)

(The subject holds a slip of paper between adjacent fingers that are extended and adducted. The subject is asked to close the fingers tightly on the paper while the examiner attempts to withdraw it.)
	


C - Draw the sensory supply of the hand relating it to the following nerves

	1.
	The median nerve


	(

	2.
	The ulnar nerve


	(

	3.
	The radial  nerve


	(

	4.
	Using light or crude touch, assess the sensory innervation of the hand in relation to each nerve.

Which part of the hand is most sensitive?
	(


If any of the above tasks are not completed during the session please do not forget to complete them at home as soon as possible 

Session 5: Fri 18 Jan 2013
Brachial plexus, nerves and vessels of the upper limb

Objectives

Students should be able to:

1. Contrast the segmental and peripheral nerve distribution to the upper limb

2. Describe the brachial plexus

3. Outline the segmental nerve supply to the upper limb

4. Outline the peripheral nerve supply to the upper limb

5. Discuss clinical evaluation of segmental nerve injuries affecting the upper limb

6. Discuss clinical evaluation of peripheral nerve injuries affecting the upper limb

7. Describe the arterial supply of the upper limb

8. Describe the venous drainage of the upper limb

9. Describe the lymphatic drainage of the upper limb

10. Discuss clinical methods of evaluation of the vascular supply and drainage of the upper limb

11. Discuss vascular access in the upper limb.  

Lecture: The brachial plexus



Dr Peter Clark
Dissecting Room

Working in your groups with a demonstrator, students will examine prosections of the entire upper limb, and in particular reviewing the nerves and vessels of the upper limb. The discussion focus will be:

· the brachial plexus

· the compartmental distribution of the nerves of the upper limb

· the blood vessel and lymph node distribution of the upper limb




Session Co-ordinator: Dr Peter Clark, Dr Paul Strutton
Demonstrators:  clinical demonstrators

BPSM Lab
This session will be used to review of the entire surface anatomy of the shoulder girdle and upper limb, nerve testing of the upper limb and pulses and vascular assessment of the upper limb.

Session Coordinators: Dr Mike Irani (AM) and Dr Maniccam Thavarajah (AM,PM) plus another academic (PM)
Lecture:

Nerve Injuries and Consequences in the Upper Limb

(Why the brachial plexus matters)
Aim:

To understand the reasons why nerve injuries and entrapments in the upper limb can produce many disabling patterns of motor and sensory impairment 

A few simple principles:
The upper limb and its limb girdle get sensory and motor nerve supplies from spinal segments C4-T2

Muscles are supplied on the basis of overlapping pairs of segments as follows:

· Movements of shoulder girdle
C4 & C5

· Movements of shoulder joint
C5 & C6

· Movements of elbow joint

C6 & C7

· Movements of wrist joint

C7 & C8

· Movements of fingers and thumb
C8 & T1

Sensation in the skin is distributed approximately as below:

The function of the brachial plexus is to rearrange the nerve fibres in C5-T1 into bundles travelling to appropriate parts of the limb.

All nerves supplying extensor muscles pass though a bundle in the plexus named the posterior cord. 

All nerves supplying flexor muscles pass through bundles in the plexus named the lateral and medial cords.
The posterior cord supplies only extensor muscles. It divides into two main nerves:

Axillary nerve:
The axillary nerve winds round the neck of the humerus to supply C5 & C6 fibres to deltoid, the main abductor of the shoulder.

It can be injured in shoulder dislocations and upper humeral fractures, resulting in loss of abduction and eventual wasting of the deltoid (all skeletal muscles eventually waste if deprived of their nerve supply).

Radial nerve:
The radial nerve winds posterior to the humerus in the radial groove under cover of triceps. Its C7-T1 can be damaged by fractures of the humerus, leading to loss of function of the extensor muscles in the forearm. This causes the sign of wrist drop, and results in great weakness of the “power grip”. Can you explain why?

Sensory loss from this injury affects a variable area on the posterior surface of the thumb (because of substantial overlap with other nerves).

The lateral cord supplies only flexor muscles and, because it contains C5-C7 fibres, is principally concerned with muscles acting on shoulder and elbow. Its most important branch is the:

Musculocutaneous nerve supplying the elbow flexors (biceps and brachialis). Biceps is also the key muscle in supination. This nerve is well away from most dangers, but these muscles are affected in the upper root injuries described later.

The medial cord also supplies only flexor muscles but, because it contains mainly C8-T1 fibres, is mainly motor to muscles of the forearm and hand. Its main branch is the:

Ulnar nerve, which is the motor nerve of most of the small muscles of the hand. The ulnar nerve is most vulnerable to compression, cuts and fractures where it passes posterior to the medial epicondyle of the humerus at the elbow. This produces weakness and wasting of many small muscles of the hand, though this is less serious than might be expected - the really vital small muscles of the hand, controlling fine movements of the thumb and index finger, are served by a different nerve (the median). Clawing of the fingers may be seen, produced by unopposed activity of the long muscles of the fingers lying in the forearm.

Sensory loss in median nerve injury is along the medial part of the hand, and the medial (usually 1.5) fingers.

Both the lateral and the medial cords contribute to formation of the:

Median nerve, which thus acquires C6-T1 fibres. This nerve supplies most of the wrist and finger flexors in the forearm, and in addition supplies most of the small muscles of the thumb and index finger. Its sensory fibres supply the lateral part of the hand, so injury or entrapment makes delicate hand activities such as writing difficult or impossible.

The median nerve is well protected from extrinsic injury, but often becomes entrapped as it passes through the carpal tunnel between wrist and hand. Carpal tunnel syndrome is the commonest serious neurological problem of the upper limb; fortunately it usually responds well to surgical release of the trapped nerve.

Now that you are thinking your way through the brachial plexus, try to work out what sort of functional problems, motor and sensory, might result from selective injuries to the roots of the brachial plexus. The lecture will deal with upper root injuries affecting mainly C5 and C6 (such as those incurred by violent falls onto the shoulder). Make your own notes on this.

Something for the weekend!

Find out and explain what the result might be of a lower root injury affecting C8 and T1. An analysis of this will be posted on the Intranet before the end of next week. 
 LIVING ANATOMY SESSION-5
The Brachial Plexus, Nerves and vessels of the Upper Limb

This session consists of the following THREE sections with several TASKS.  Only when you have completed a particular task should you put a TICK in the BOX next to it.  When you have ticked a box a staff member will question you about it and expect a correct answer.
1. Clinical evaluation of the arteries, veins and lymphatics of the upper limb

2. Clinical evaluation of the sensory nerve supply of the upper limb

3. Clinical evaluation of the motor nerve supply of the upper limb

Section 1 – Arteries, veins and lymphatics of the upper limb (15 minutes)
Requirements: Living subject, skin pencils. Please remove clothes as necessary to see the whole arm.  Identify, palpate and surface mark (if necessary) the following:

A -Arteries of the upper limb

(Count the pulse while your demonstrator checks it at another site on your subject) 

	1.
	Draw the course of the main arteries on the upper limb

(subclavian, axillary, brachial, ulnar, radial)
	(

	2.
	Subclavian artery pulse – palpate 

(in the supraclavicular region, at the angle between clavicle and sternocleido mastoid muscle.  At this site you can compress and occlude the artery completely)
	(

	3.
	Axillary artery pulse- palpate on yourself 

(on the medial side of humerus, posterior to the tendon of short head of biceps)
	(

	4.
	Brachial artery pulse along middle third of humerus - palpate

(palpate in the medial bicipital groove behind the medial border of biceps)
	(

	5.
	Brachial artery pulse at cubital fossa- palpate

(on the medial side of the tendon of biceps (distal end)-on a fully extended elbow)
	(

	6.
	Radial artery pulse at the wrist - palpate
	(

	7.
	Ulnar artery pulse at the wrist - palpate
	(


B -Veins of the upper limb

	1.
	Draw the course of the superficial veins of the upper limb

(basilic, cephalic, median cubital, and dorsal venous arch)
	(

	2.
	Demonstrate the dorsal venous arch, basilic, and cepahalic veins on the dorsum of the hand and wrist.
	(

	3.
	Demonstrate the median cubital, basilic and cepahalic veins in the ante-cubital fossa 
	(

	4.
	What structures are at risk during venipuncture of the median cubital vein?
	(

	5.
	Where are the deep veins of the upper limb? How is axillary vein formed?
	


C –Lymphatics of the upper limb 

	1.
	Cubital lymph nodes – palpate

(around the medial epicondyle, medial to basilic vein) see note below
	(

	2.
	Axillary lymph nodes – palpate (on yourself)

(the main groups are: pectoral (anterior), humeral (lateral), subscapular (posterior), central, and apical) 

Note: Lymph nodes are palpable only when enlarged)
	(


Section 2 – Sensory nerve supply of the upper limb (10 minutes)

Segmental innervation

The body wall muscles and skin are supplied segmentally by the spinal nerves.  This is true for the limbs as well.  An area of skin supplied by a single spinal nerve root or spinal cord level is called a dermatome and a similarly innervated region of a skeletal muscle is called a myotome.  On the skin the adjacent dermatomes overlap considerably. Therefore, loss of a single spinal nerve root will not produce any detectable sensory loss in that dermatome. Most of the muscles are supplied by more than one spinal nerve root.  Integrity of the nerve supply of myotomes can be evaluated by testing the joint movement or the muscle action.

Peripheral nerves

Peripheral nerves carry nerve components from several spinal segments (or roots) to muscles and skin areas.  Therefore, damage to a peripheral nerve may result in a wide ranging effect on more than one dermatomal area or myotomes which may include large areas of skin and several muscles.
Requirements: Living subject, skin pencils. Please remove clothes as necessary to see the whole arm.  Identify, palpate and surface mark (if necessary) the following:

A –Dermatomes of the upper limb
	1.
	Draw the dermatomal map of the upper limb and indicate the segmental distribution of the sensory component of the spinal nerve roots.

(Note: On the anterior and posterior surfaces of the upper limb draw the anterior and posterior axial lines.  Dermatomes don’t cross the axial lines. Approximate segmental values for: Shoulder – C4, lateral aspect of arm – C5, lateral side of forearm & thumb- C6, middle & ring finger – C7, little finger and medial side of hand and forearm- C8, medial side of upper part of forearm, and arm – T1, and axilla–T2)
	(


	2.
	Test the integrity of sensory innervation of the dermatomes of upper limb using “crude” or “light” touch.
(Note: First, demonstrate to the subject on a normal area of the skin by touching with blunt end of a pencil or cotton wool. Then ask the subject to close the eyes while you examine individual dermatomal areas methodically. Ask whether the subject could feel the touch sensation normal, dull or none at all.  Repeat the test on the opposite limb and compare the results from corresponding dermatomes. In clinical practice you will use a sharp pin for crude touch but for today’s practical you are not allowed to use a pin for health and safety reasons).  

Is it possible to detect any sensory loss in a single dermatome? Why?
	(


Section 3 – Motor nerve supply of the upper limb (30 minutes)

Study the diagrams of branches of the brachial plexus at the end of this section.  We will discuss the following nerve injuries.  In order to evaluate the integrity of major nerves of the upper limb it is not necessary to test each and every muscle.  Functional deficits of selected muscles, or muscle groups should indicate whether a nerve is intact or not.
A- Nerve root injuries of the brachial plexus

If all roots (C5- T1) are damaged the whole limb will be paralysed and anaesthetic.  There will also be Horners syndrome due to loss of sympathetic supply via T1 segment.
	1.
	Damage of C5 & C6 nerve roots  – Erb’s lesion

This is a lesion of the upper roots of the brachial plexus.

Which of the upper limb muscles are paralysed?

How is the upper limb presented? Demonstrate on yourself.

Where would you expect any sensory loss?
	(


	2.
	Damage of C8 & T1 nerve roots - Klumpke’s lesion

This is a lesion of the lower roots of the brachial plexus.

Which muscles are paralysed?

How is the upper limb presented? Demonstrate on yourself.

Where would you expect any sensory loss?

What is the difference between a “true claw” and a “claw like” hand?
(see note below)
	(


Note: In ulnar nerve damage the C8 & T1 supply to all intrinsic muscles other than the thenar and the lateral two lumbricals supplied by the median nerve are affected (median nerve carries the C8, T1 to these muscles). In a brachial plexus root lesion involving C8 & T1 all intrinsic muscles (without exception) are affected because both median and ulnar nerves are deficient in C8 & T1 components.

B-Deep tendon reflexes (spinal myotactic or stretch reflex)

A muscle is supplied by one or more spinal cord segments or nerve roots. When the tendon of the muscle is tapped (thus causing stretch of muscle spindles) it results in an involuntary contraction (or a jerk) in the muscle.  Presence of reflex activity indicates the integrity of the nerve pathway of the particular spinal cord segment. 

Requirements: Living subject, knee (reflex) hammer

	1.
	Biceps tendon reflex (musculocutaneous nerve – C5, 6) 

Ask the subject to rest comfortably (sitting or lying supine), with elbow semi flexed and hand pronated.  Place the examiner’s thumb on the biceps tendon and tap briskly with a knee hammer on the nail bed of the thumb.

If the reflex arc is intact there will be a brisk contraction of the biceps causing flexion of the forearm at the elbow joint.  Compare with that of the other limb.
	(


	2.
	Triceps tendon reflex (radial nerve – C7, 8)

Ask the subject to rest comfortably (sitting or lying supine), with elbow semi flexed and hand pronated.  The examiner should support the elbow with one hand. Tap the triceps tendon directly with the knee hammer.  

If the reflex arc is intact there will be a brisk contraction of the triceps causing extension of the forearm.  Compare with that of the other limb.
	(


B-Peripheral nerve injuries of brachial plexus

The main peripheral nerves arising from the brachial plexus are axillary, musculocutaneous, radial, ulnar and median.  

1-Axillary nerve (posterior cord C5-6)
The axillary nerve winds around the neck of the humerus to supply C5 & C6 fibres to the deltoid, the main abductor of the shoulder.

	1.1
	Surface mark the axillary nerve on a living subject
	(

	1.2
	How would you test for the integrity of the axillary nerve?
	(

	1.3
	Which part of the limb will show sensory loss in axillary nerve damage?
	(

	1.4
	Give some instances where the axillary nerve is likely to be damaged?
	(


2-Musculocutaneous nerve (lateral cord C5-7)

The musculocutaneous nerve supplies the flexors of the elbow joint (biceps and brachialis). This nerve is rarely damaged. 

	2.1
	Surface mark the musculocutaneous nerve on a living subject
	(

	2.2
	How would you test for the integrity of the musculocutaneous nerve?
	(


3-Radial nerve (posterior cord C5-T1)

The radial nerve enters the arm as a continuation of the posterior cord and winds around behind the humerus in the radial groove in the posterior compartment.  At the lateral border of the humerus, about 1/3 way above the elbow, the nerve enters the anterior compartment of the arm.  Anterior to the lateral epicondyle it divides into deep (muscular) and superficial (cutaneous) branches.  It supplies all the muscles of the posterior compartment of the arm and forearm.

	3.1
	Surface mark the radial nerve on the upper limb
	(

	3.2
	Which joints will be affected if the radial nerve is damaged in the axilla by an ill fitting crutch?
	(

	3.3
	Which part of the limb would show a consistent sensory loss in radial nerve damage?
	(


4-Ulnar nerve (medial cord C7-T1)
The ulnar nerve is a continuation of the medial cord from the axilla, running medial to the brachial artery, in front of the insertion of the long head of triceps.  It then runs posterior to the brachial artery, pierces the medial intermuscular septum to enter the posterior compartment and lies in the groove for the ulnar nerve between the medial epicondyle and olecranon. Here it is easily palpable. It then passes between the two heads for flexor carpi ulnaris and enters the flexor compartment of the forearm, descends on the flexor digitorum profundus to the wrist and runs on the flexor retinaculum along the pisiform.

	4.1
	Surface mark the ulnar nerve on the upper limb
	(

	4.2
	What motor deficits would you expect to see in the hand if the ulnar nerve is injured near the wrist joint? 
	(

	4.3
	How would you explain the above motor deficits? 
	(

	4.4
	Which part of the limb would show a consistent sensory loss in ulnar nerve damage?
	(


5-Median nerve (medial and lateral cords C5-T1)
The median nerve leaves the axilla and runs in front of the brachial artery.  In the elbow, it lies medial to the brachial artery beneath the bicipital aponeurosis.  It descends between the two heads of pronator teres and passes beneath the flexor digitorum superficialis (FDS).  At the wrist it emrges between the tendons of FDS and palmaris longus and enters the carpal tunnel and into the hand.
	5.1
	Surface mark the median nerve on the upper limb
	(

	5.2
	What motor deficits would you expect to see in the forearm, wrist and hand if the median nerve is injured in the supracondylar area of arm?
	(

	5.3
	What is carpal tunnel syndrome? What are clinical signs?
	(


Note: The diagrams for the motor nerve supply of the upper limb are in the next page
If any of the above tasks are not completed during the session please do not forget to complete them at home as soon as possible 
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Session 6: Tue 22 Jan 2013
Hip, buttock and thigh

Objectives

After studying the content of this session you should be able to:

1. Identify the bones and joints of the lumbo-sacral region, hip joint and femur

2. Find the following landmarks in the living subject: the mid-inguinal point, the anterior superior iliac spine, the symphysis pubis and the pubic tubercle, the greater trochanter, the medial and lateral femoral epicondyles

3. Demonstrate the following prime movers and muscle groups and the main movements associated with them;

a. gluteus maximus

b. hip abductors

c. ilio-psoas

d. hip adductors

e. the hamstrings

f. quadriceps femoris

g. the sartorius

4. Assign muscle groups to the following nerves: the gluteal nerve, the femoral nerve, the obturaor nerve, the sciatic nerve in the thigh

5. Describe a hamstring injury in sportspersons  

6. Trace the routes of the femoral artery and the profunda femoris artery

7. Demonstrate the femoral pulse and explain its significance

8. Discuss femoral neck fractures. 

9. Explain the difference between intracapsular fractures and extracaspsular fractures of the femoral neck and their clinical importance

10. Describe the Trendelenberg test

11. Briefly describe the principles behind total hip replacement. 
Lecture:  The hip, buttock and thigh


Dr Peter Clark
Dissecting Room

Students work in 8 groups with lower limb prosections to explore the following:

the positions and actions of the main muscle groups in the region; the origins, routes and destination muscle groups for the gluteal, femoral and obturator nerves and the hamstring component of the sciatic nerve; the segmental origins of these nerves; the course of the femoral and profunda femoris arteries.

Session Coordinator: Dr Peter Clark, Dr Paul Strutton
Demonstrators:  clinical demonstrators

BPSM Lab

Students will work individually or as groups (outlined in the handout) to explore the following:

· A review of the osteology of the pelvis, sacrum and femur

· The surface anatomy of the low back, buttock and thigh, groin

· The movements of the hip joint

· Measurement of leg length

· Demonstration of the gait cycle




Session Coordinators: Dr Mike Irani (AM) and Dr Maniccam Thavarajah (AM,PM) plus another academic (PM)
Session 6:  The Hip, Buttock and Thigh

In today’s session, we will start with a lecture outlining of the topic.  Following this will be one hour spent in the dissecting room studying prosections of the area, and in addition a one hour session of living anatomy, reviewing the bones and joints of the area as well as clinical and functional anatomy. 

Pictures and diagrams to accompany these lecture notes are within the lecture slides placed on the intranet.

LECTURE NOTES

Overview of Topics

1. The bones of the region

2. The fascia of the region

3. The muscular anatomy of the region

4. The femoral triangle, the adductor canal and the gluteal region

5. The hip joint

6. The blood vessels of the region

7. The lymphatic drainage of the region

8. The nerves of the region

Introduction

These lecture notes are designed to act as a gateway to the anatomy textbooks and do not cover every aspect of the regional anatomy in detail.  However what is important is generally covered within these notes but you are advised to read around the subject in more detail using textbooks and atlases etc.

This session concentrates on the anatomy and function of the buttock and thigh.

The bones of the region

The relevant bones of this region are;

1.
The pelvis

c. ischium

d. ilium

e. pubis

2.
The femur

These will be discussed in detail in the living anatomy session.

The Fascia of the Region

There are two layers of fascia in the lower limb;

1. Superficial fascia – subcutaneous tissue

2. Deep fascia – in the thigh it is called the fascia lata.
The fascia lata extends from the pelvis down the leg underneath the skin like a stocking.  A thickened area of it laterally is called the ilio-tibial tract.  
The Muscular Anatomy of the Region

In this region are the following groups of muscles;

1. The gluteal region

2. The anterior compartment of the thigh

3. The medial compartment of the thigh

4. The posterior compartment of the thigh

The Gluteal Region

The gluteal muscles are the extensors, abductors and external rotators of the hip;

1. The gluteal muscles

a. Gluteus maximus

b. Gluteus medius

c. Gluteus minimus

2. The short external rotators of the hip

a. Piriformis

b. Obturator Internus

c. The gamelli

d. Quadratus Femoris

The Anterior Compartment of the Thigh

This compartment consists of the hip flexors and the knee extensors.  The muscles are;

1. Pectineus

2. Ilio-psoas

3. Tensor Fascia Lata

4. Sartorius

5. Quadriceps femoris

a. Rectus Femoris

b. Vastus Medialis

c. Vastus Intermedius

d. Vastus Lateralis

The Medial Compartment of the Thigh

This compartment consists chiefly of the hip adductors;
1. Adductor Longus

2. Adductor Brevis

3. Adductor Magnus

4. Gracilis

5. Obturator Externus

The Posterior (Extensor) Compartment of the Thigh

This compartment consists of knee flexors and hip extensors and are commonly known as the hamstrings;

1. Semimembranosus

2. Semitendinosus

3. Biceps femoris

The Femoral Triangle

The femoral triangle is outlined by;

Superiorly – the inguinal ligament

Medially – by the adductor longus

Laterally – by the sartorius

The femoral triangle contains the femoral nerve, artery and vein, which are arranged as follows, from lateral to medial;

Femoral Nerve

Femoral Artery

Femoral Vein

The femoral sheath encloses the femoral artery and vein (but not the femoral nerve).  A portion of it medially forms the femoral canal.  
The Adductor Canal

The adductor canal extends on the medial aspect of the thigh from the apex of the femoral triangle and transmits the superficial femoral artery and vein and the saphenous nerve.  It is formed by the vastus medialis (anteriorly), the adductor longus and magnus (posteriorly) and sartorius (medially)

The Gluteal Region

Important ligaments are present in the gluteal region connecting the bones of the region and providing passageway from nerves and vessels,

The greater sciatic notch and the lesser sciatic notch (parts of the ischial bone) are converted to the greater sciatic foramen and the lesser sciatic foramen by the sacrotuberous ligament and the sacro-spinous ligament.

The greater sciatic notch transmits the structures leaving the pelvis to the lower limb and this includes the sciatic nerve.

The lesser sciatic notch transmits the structures passing from the pelvis to the perineum.

It is important to appreciate the course of the sciatic nerve in the buttock and thigh.  It passes through the greater sciatic notch to pass from the pelvis into the buttock.   The nerve passes through the buttock and on the posterior aspect of the thigh to divide at a very inconstant level into the tibial nerve and the common peroneal nerve.   The sciatic nerve itself supplies the hamstring muscles whereas its divisions supply all the muscles below the level of the knee.  If the buttock area is divided into quadrants, the nerve lies in the inferior and medial quadrant.  If giving an injection into the buttock always give the injection in the superior and lateral quadrant to minimise the risk of damaging the sciatic nerve.   

The Hip Joint

This is a synovial ball and socket joint between the head of the femur and the acetabulum.

Around the rim of the bony acetabulum is a rim of tissue called the acetabular labrum.  There is also a transverse acetabular ligament within the acetabulum.

The capsule of the hip joint extends down the neck of the femur.  Anteriorly it extends further than posteriorly.  Within the capsule runs an important blood supply to the head of the femur.  Hip fractures are described as intracapsular and extracapsular to reflect this differential blood supply disruption.

There are a number of important ligaments at the hip joint;

1. The ilio-femoral ligament

2. The pubo-femoral ligament

3. The ischio-femoral ligament

4. The ligament of the had of the femur

The blood supply of the hip joint is derived from the medial and lateral circumflex arteries plus, insignificantly in the adult but significant in the child, the artery of the head of the femur.  The circumflex vessels are the main blood supply in the adult and are easily damaged in intracapsular fractures of the proximal femur.

The muscles moving the hip joint are as follows;

1. Hip Flexors

a. Ilio-psoas

b. Sartorius

c. Tensor fascia lata

d. Rectus femoris (part of quadriceps femoris)

e. Adductor longus

f. Adductor brevis

g. Anterior portion of adductor magnus

h. Gracilis

2. Hip Adductors

a. Adductor longus

b. Adductor brevis

c. Adductor magnus

d. Gracilis

e. Pectineus

f. Obturator Externus

3. Hip Extensors

a. The hamstrings – semitendinosus, semimembranosus, biceps femoris

b. Posterior part of adductor magnus

c. Gluteus maximus

4. Hip Abductors

a. Gluteus medius

b. Gluteus minimus

c. Tensor fascia lata

5. Hip External Rotators

a. Obturator internus

b. Obturator externus

c. The gamelli

d. Piriformis

e. Quadratus femoris

f. Gluteus maximus

6. Hip Internal Rotators

a. The anterior portion of gluteus medius

b. The anterior portion of gluteus minimus

c. Tensor fascia lata

The vessels of the region

Arterial Supply

The external iliac artery passes from the pelvis beneath the inguinal ligament and proceeds as the femoral artery.   At the level of the inguinal ligament the artery lies at the mid-inguinal point i.e. half-way between the ASIS and the pubic symphysis.  It is easily palpable here.  It is lateral to the femoral vein and medial to the femoral nerve.

The femoral artery then gives of the main branch to the thigh called the profunda femoris artery.  At this level the femoral artery and its profunda branch give off the circumflex vessels, which supply the hip joint.

The femoral artery continues after giving off the profunda femoris artery as the superifical femoral artery.  At the level of the knee the superficial femoral artery becomes the popliteal artery.

Venous Drainage

As in the upper limb, the lower limb also has a system of superficial and deep veins.

In the thigh the main superficial vein is the long saphenous vein (also known as the great saphenous vein).  It runs from the medial border of the foot, passes the knee on its medial aspect, passes up the medial aspect of the thigh to join the deep system at the sapheno-femoral junction.  The long saphenous vein pierces the fascia of the thigh to join the deep system at the femoral triangle.  There is an important valve at the sapheno-femoral junction that prevents blood passing from the deep to the superficial system.  This valve is often faulty or incompetent in varicose veins.

The deep veins of the thigh flow into the popliteal vein at the level of the knee.  The popliteal vein runs along side the popliteal and femoral arteries to form the femoral vein.  The femoral vein lies medial to the femoral artery in the groin, and then passes beneath the inguinal ligament to form the external iliac vein. The femoral vein receives the long saphenous vein at the sapheno-femoral junction in the groin.  Proximal to this it also receives the venae comitantes of the profunda femoris artery.
Lymphatic Drainage

Lymph flows with the superficial and deep venous systems.

The superficial system runs with the long and short saphenous veins and has lymph nodes in the groin called the superficial inguinal lymph nodes.   These drain to both the deep inguinal lymph nodes and the external iliac lymph nodes.

The deep system of lymphatic drainage drains alongside the deep veins to the deep inguinal lymph nodes. These subsequently drain into the external iliac lymph nodes.

The Nerves of the region

A : Motor Segmental Supply

The Hip Flexors are in general supplied by L2 and L3

The Hip Extensors are in general supplied by L4 and L5

The Knee Extensors are in general supplied by L3 and L4

The Knee Flexors are in general supplied by L5 and S1

B : Motor Peripheral Supply

The nerve of the anterior compartment of the thigh is the femoral nerve, which is derived from the posterior divisions of the lumbar plexus (L2, L3 and L4)

The nerve of the medial compartment of the thigh is the obturator nerve, which is derived from the anterior divisions of the lumbar plexus (L2, L3 and L4).

The nerve of the posterior compartment of the thigh is the sciatic nerve, which is derived from the lumbo-sacral plexus (L345S12)
The nerves of the gluteal “compartment” are the superior and inferior gluteal nerves.  The superior gluteal nerve (L45S1) supplies the gluteus medius and gluteus minimus.  The inferior gluteal nerve (L5S12) supplies the gluteus maximus 

C : Sensory Segmental Supply

There is a reasonably well-defined defined dermatomal (segmental) supply to the buttock and thigh and a slide of this is contained within the lecture slides associated with this handout.  However in general the area at the front of the thigh is supplied by T12, L1, L2 and L3 anteriorly and posteriorly by S1, S2 and S3.  The buttock is supplied by S2-4.

D : Sensory Peripheral Supply

The sensory supply to the buttock and thigh is distributed by a system of peripheral nerves derived from the lumbo-sacral plexus.  These include the following;

1. Subcostal nerve (T12)

2. Ilio-hypogastric nerve (L1)

3. Ilio-inguinal nerve (L1)

4. Genito-femoral nerve (L1 and L2)

5. Lateral cutaneous nerve of the thigh (L2 and L3)

6. Sensory branches of the femoral nerve (L2,L3 and L4)

7. Sensory branches of the obturator nerve (L2, L3 and L4)

8. Posterior cutaneous nerve of the thigh (S2 and S3)

9. Saphenous nerve (terminal branch of the femoral nerve (L234)

10. Buttock nerves derived from the sacral plexus ((L1 through to S3)

LIVING ANATOMY SESSION- S6
The Hip, Buttock and Thigh
This session consists of the following FOUR sections with several TASKS.  Only when you have completed a particular task should you put a TICK in the BOX next to it.  When you have ticked a box a staff member can question you about it and expect a correct answer.

1. Review of Osteology – the pelvis, sacrum and femur

2. Surface anatomy of the lower back, buttock and thigh, groin

3. Description of movements of the lower limb
4. Clinical testing of the lower limb

Section 1 – Osteology (20 minutes)
Requirements: Articulated full skeleton; separate hip bone, sacrum and femur (all bones from the boxes should have the same number). Familiarise yourself with the anatomy of the hip bone, sacrum and femur, and how they articulate together.

The pelvic girdle is composed of the following bony parts;

1. The sacrum posteriorly

2. The hip bone (innominate bone), consisting of the ilium, ischium and pubis

3. The femur

A -The Sacrum

The sacrum is discussed in the spinal part of this course but appreciate that it articulates with the hip bone at the sacro-iliac joints
The Hip Bone

The hip bone (innominate bone), is formed by the fusion of three primary bones- the ilium, ischium and pubis.  The fusion lines are not visible in the adult skeleton. The hip bones are connected to the sacrum, posteriorly, at the sacro-iliac joints, and anteriorly to themselves at the symphysis pubis.

The pelvic girdle
With the help of the articulated full skeleton appreciate the orientation of the pelvic girdle as it would lie in the upright body in anatomical position.  The anterior superior iliac spines (ASIS) and the anterior surface of pubis (pubic tubercle) lie in the same coronal plane. The axis of the acetabulum is directed lateral, downwards and slightly posterior. This may not be readily appreciated in the articulated skeleton next to you.  

Identify the following features:

	1.
	The sacrum
	(
	6.
	The sacro-iliac joint

What type of joint is this?


	(

	2.
	The hip bone
	(
	7.
	The pubic symphysis

What type of joint is this?


	(

	3.
	The ilium (of the hip bone)
	(
	8.
	The femur


	(

	4.
	The pubis (of the hip bone)
	(
	9.
	The acetabulum


	(

	5.
	The ischium (of the hip bone)
	(
	10.
	The hip joint

What type of joint is this?
	(


On the ilium of the hip bone identify the following:
	1.
	Ala of the ilium
	(
	6.
	Iliac crest
	(

	2.
	Anterior superior iliac spine (ASIS)
	(
	7.
	Iliac tubercle
	(

	3.
	Anterior inferior iliac spine (AIIS)
	(
	8.
	Iliac fossa
	(

	4.
	Posterior superior iliac spine (PSIS)
	(
	9.
	Iliac part of the acetabulum
	(

	5.
	Posterior inferior iliac spine (PIIS)
	(
	
	
	


On the ischium of the hip bone identify the following:
	1.
	Body of the ischium
	(
	6.
	Lesser sciatic notch
	(

	2.
	Ramus of the ischium
	(
	7.
	Ischial spine
	(

	3.
	Ischio-pubic ramus
	(
	8.
	Ischial tuberosity
	(

	4.
	Obturator foramen
	(
	9.
	Ischial portion of the acetabulum
	(

	5.
	Greater sciatic notch
	(
	
	
	


On the pubis of the hip bone identify the following:
	1.
	Body of the pubis
	(
	4.
	Pubic crest
	(

	2.
	Superior pubic ramus
	(
	5.
	Pubic tubercle
	(

	3.
	Inferior pubic ramus
	(
	6.
	Pubic portion of the acetabulum
	(


In the acetabulum of the hip bone identify the following:
	1.
	Acetabular notch
	(
	3.
	Lunate fossa
	(

	2.
	Acetabular fossa
	(
	4.
	The acetabulum is directed inferiorly, laterally and anteriorly
	(


(All three bones (ilium, ischium & pubis) meet in the acetabulum in a Y shaped fusion line which is not visible in the adult skeleton.  The long arm of the Y points inferiorly.)

B- The Femur

The femur consists of a head, neck and two trochanters proximally.  The head and neck continue to form the long shaft of the femur.  We will discuss the distal end of the femur in the next session.  The head of the femur is directed superiorly, medially and slightly anteriorly with respect to the shaft of the femur via the neck of the femur.  It articulates with the acetabulum of the hip bone.  

At the base of the neck of the femur are the greater trochanter and the lesser trochanter.  The two trochanters are joined by the intertrochanteric line anteriorly and the intertrochanteric crest posteriorly.

On the posterior surface of the shaft (the body) of the femur is a long ridge called the linea aspera.  
Orientate the femur as it would lie in the upright body in anatomical position and identify the following features:

	1.
	Proximal end (head and neck)
	(
	7.
	Lateral and medial surfaces of the body
	(

	2.
	Distal end (medial and lateral femoral condyles)
	(
	8.
	Anterior surface of the body (smooth)
	(

	3.
	Body (shaft) of femur
	(
	9.
	Posterior surface of the body
	(

	4.
	Greater & lesser trochanters
	(
	10.
	Linea aspera (posterior surface)
	(

	5.
	Intertrochanteric line (anterior)
	(
	11.
	Is it a right or a left femur?
	(

	6.
	Intertrochanteric crest (posterior)
	(
	
	
	


What is anteversion (torsion angle) of the femoral neck?

It is the angular difference between the axis of femoral neck and the transcondylar axis of the knee. In the adults it is around 12 degrees.   At birth, it is around 30- 40 degrees which reduces by a degree each year until 20+.  A higher anteversion angle results in intoed feet (feet turned towards the midline).  Intoeing is normal in young children.

	1.
	Can you estimate the torsion angle of the femur from your bone box?

(See the note below)
	(


Note: Stand the femur vertically by its condyles on the table and view from the superior end along the axis of its body.  Mentally superimpose the long axis of the head and neck (at the superior end) on the transverse axis traversing both condyles (at the inferior end).
Section 2 – Surface Anatomy (work in goups of 2-3) (20 minutes)
Requirements: Living subject.  

Please note that you are NOT REQUIRED to expose this area completely.   Identify, palpate and surface mark (if necessary) the following:
A - In the pelvic region identify the following bony landmarks:
(Ask the subject to locate some of the landmarks on them)
	1.
	Iliac crest- (where you place hands on the hip.Top of crest at L4/5)
	(
	7.
	Pubic Symphysis

(Palpate on yourself, same as in 4)
	(

	2.
	Anterior superior iliac spine (ASIS)
	(
	8.
	Pubic tubercle

(Palpate on yourself, 2cm lateral to the pubic symphysis)
	(

	3.
	Iliac tubercle (L5 level)


	(
	9.
	Posterior superior iliac spine (PSIS)

(indicated by a skin dimple at the back – at the level of S2)
	(

	4.
	Body of pubis

(Palpate on yourself, a hand’s width below umbilicus, below pubic hair line)
	(
	10.
	Ischial tuberosity 

(inferior part of the buttock when thigh is flexed – feel on yourself while seated.
	(

	5.
	Superior pubic ramus

(Palpate on yourself, same as 4)


	(
	11.
	Femoral head

(At the midpoint between ASIS and pubic symphysis/ site of femoral artery pulsation).  
	(

	6.
	Inferior pubic ramus

(Palpate on yourself, follow the body of pubis inferiorly and then continue infero-laterally)
	(
	12.
	Greater trochanter of the femur

(Bony prominence on the lateral side of the thigh about 10 cm below iliac crest).
	(


B- Identify the following soft tissue parts:
(Ask the subject to locate some of the landmarks on them)
	1.
	The inguinal ligament- between the ASIS and the pubic tubercle 


	(

	2.
	Femoral artery – 

palpate the pulse and surface mark – at the mid inguinal point between the  ASIS and the pubic symphysis (not pubic tubercle)

	(

	3.
	The femoral vein – 

veins can’t be palpated but surface mark it on the medial side of the femoral artery

	(

	4.
	The femoral nerve – 

on the lateral side of the femoral artery

	(

	5.
	The gluteal fold – inferior border of gluteus maximus.  Extend the thigh at hip joint and feel the muscle contracting and producing the rounded contour of the buttock.


	(

	6.
	The gluteal sulcus – the “true fold” of the buttock indicated by a visible skin crease

	(


C- Identify the following muscles:

	1.
	Gluteus maximus (Nerve-Inferior gluteal L5,S1,2)

(Subject lies prone with the knee flexed. Ask the subject to extend the thigh at the hip joint while applying resistance at the distal end of thigh. Examiner palpates the rounded contour of the buttock for the muscle contraction)


	(

	2.
	Gluteus medius and minimus (Nerve-Superior gluteal L5,S1)

(Subject lies on the side with the lower limb fully extended. Ask the subject to abduct the limb at the hip joint while applying resistance at the distal end of thigh. Examiner palpates the contraction of the gluteus medius just inferior to ilac crest)


	(

	3.
	Tensor fascia lata (Nerve-Superior gluteal L5,S1)
Same as for gluteus medius but this time the subject is rolled slightly toward supine (not fully) and examiner’s finger tip on the Tensor fascia lata
muscle and the ilio-tibial band (which may become visible).


	(

	4.
	The hamstrings (Nerve-Tibial div. of sciatic L5, S1,2,  except biceps short head, which is common fibular divn L5, S1,2)
(Subject lies prone with the knee flexed to 30 degrees. The examiner applies an opposing force just above the posterior side of the ankle while the subject attempts to flex the knee further. The hamstring tendons will be seen around the popliteal region and the muscle contraction is palpable on the posterior side of the mid-thigh)

(Hamstrings=Biceps femoris, semitendinosus, semimembranosus)
	(

	5.
	Quadriceps and its four muscular components (Nerve-Femoral L2,3,4)

Subject sits on the couch with knees bent to 90 degrees over the edge. The examiner applies pressure at the distal part of the leg while the subject attempts to extend it.  The contracting quadriceps can be palpated on the anterior thigh.

(Quadriceps femoris= rectus femoris, vastus medialis, intermedius & lateralis)
	(


D- Course of the sciatic nerve in the buttock and thigh
(You DO NOT NEED to remove the clothes to expose this area for this exercise.  Ask the subject to locate certain bony landmarks on them)

Draw the course of the sciatic nerve in the buttock and thigh.  First, palpate three bony landmarks - posterior superior iliac spine (PSIS), ischial tubersoity and greater trochanter. The nerve leaves the greater sciatic notch and enters the gluteal region at the midpoint between the PSIS and the ischial tubersoity.  It forms a downward curve to pass into the thigh around the midpoint between the greater trochanter and the ischial tubersoity before reaching the popliteal fossa (behind the knee).

	1.
	Sciatic nerve – draw on the buttock and thigh


	(

	2.
	Which area is safe for intragluteal injections?

(index finger on the ASIS and middle finger on the iliac tubercle – area in-between)
	(


Section 3 – Description of movements of the lower limb (5 minutes)
It is useful at this stage to discuss the movements that can take place at various joints.  Please note that not all movements are possible at every joint. Work in small groups and demonstrate these movements in the living subject.

	1 Flexion- Bending or decreasing the angle between bones or parts of the body

Flexion in the ankle and toes is also called plantar flexion 

	Hip
	(
	Knee
	(
	Ankle
	(
	Toes 
(MTP & IP)
	(
	
	


	2  Extension- Straightening or increasing the angle between bones or parts of the body
Extension in the ankle and toes is also called dorsi flexion 

	Hip
	(
	Knee
	(
	Ankle
	(
	Toes 

(MTP & IP)
	(
	
	


	3 Abduction - 
Moving the distal part away from the midline in the coronal plane. NB: the “midline” in the foot is the second toe.

	Hip
	(
	Toes (MTP)
	(
	
	
	
	


	4 Adduction
Moving the distal part towards the midline in the coronal plane

	Hip
	(
	Toes (MTP)
	(
	
	
	
	


(MTP- metatarso phalangeal joint; IP- Interphalangeal joint)

	5 Internal (medial) rotation &
brings the anterior surface of a body part closer to the midline

6 External (lateral) rotation
takes the anterior surface of a body part away from the midline

	Lower limb at hip joint
	(
	
	
	
	
	
	
	
	


In the knee joint, there is some passive medial rotation (5 degrees) of the femur on the tibia during full extension and an active lateral rotation (5 degrees) during flexion from a fully extended position. 

	7 Circumduction
A combination of flexion/extension and abduction/adduction so that the distal part moves in a circle

	Lower limb at hip joint
	(
	
	
	
	
	
	
	
	


	8  Eversion
moving the sole of foot away from the median plane, ie facing laterally

9 Inversion
moving the sole of foot towards the median plane, ie facing medially

	Foot at subtalar and transverse tarsal joints
	(
	
	
	
	
	
	
	
	


Section 4 – Clinical testing of the lower limb (15 minutes)
	1.
	Trendelenberg Test for the abductors of the Hip Joint.

Perform this test on your colleague
	(


This test is done to evaluate the motor loss of the abductors (gluteus medius and minimus) of the hip joint.

First, the subject is asked to stand on both legs.  Both right and left side of the pelvis should remain at same level without any tilt. Then ask the subject to raise one leg off the ground.  The pelvis should remain horizontal on one leg only.  If the pelvis on the unsupported side dips downward then the Trendelenbeg test is said to be positive. A positive test indicates a loss or weakness of the motor function of the abductor muscles (gluteus medius and minimus) on the supported side.

Patients with a positive Trendelenbeg test tend to “waddle” when they walk.

	2.
	Measurement of true and apparent leg length 

Perform these measurements on your colleague and note down the readings for right and left limbs.  Tape measures are provided.
	(


Leg length measurements are taken when the subject lies down supine on the couch.  Make sure both legs are fully extended and kept side by side. The hip should be squared i.e. both ASIS should be at the same level.  First, rule out true leg length discrepancy before measuring apparent leg length.
A - True leg length:

Measure the distance between the medial malleolus of the ankle and a fixed bony part of the pelvis – usually the anterior superior iliac spine (ASIS) using a tape measure.  Measure the length on both right and left sides and note down the readings.  If the difference is >1.5 cm then there is discrepancy in true leg length.

What are the causes of true leg length discrepancy?  

B - Apparent (functional) leg length 
Measure the distance between the medial malleolus of the ankle and a non-fixed landmark such as xiphisternum.  Measure the length on both right and left sides and note down the readings.  If the difference is >1.5 cm then there is discrepancy in apparent (functional) leg length.

Pelvic tilt/rotation, hip joint or sacroiliac joint abnormalities are the main causes of apparent (functional) leg length discrepancy.

If any of the above tasks are not completed during the session please do not forget to complete them at home as soon as possible 
Session 7: Fri 25 Jan 2013
The knee, popliteal fossa, leg and foot

Objectives

After studying the content of this session you should be able to:

1. Identify the bones and joints of the entire lower limb

2. Find the following landmarks in the living subject;

a. the medial and lateral femoral epicondyles

b. the patella and the patellar ligament

c. the head of the fibula

d. the medial and lateral malleoli

e. the navicular tuberosity

f. the base of the fifth metatarsal

g. the head of the first metatarsal

3. Demonstrate the following prime movers and muscle groups and the main movements associated with them;

a. the gastrocnemius-soleus (the superficial flexor compartment of the leg)

b. the deep flexor compartment of the leg

c. the peroneal compartment of the leg

d. the extensor compartment of the leg

4. Assign muscle groups to the following nerves;

a. the sciatic nerve in the thigh

b. the tibial nerve

c. the common peroneal nerve

5. Trace the routes of the femoral artery, the profunda femoris artery, the anterior tibial artery and the posterior tibial artery

6. Demonstrate the femoral pulse, the popliteal pulse, the posterior tibial pulse and the dorsalis pedis artery and explain their significance

7. Briefly explain the operation of total knee replacement and potential damage during the operation

8. Describe arthroscopy of the knee joint

9. Discuss the common injury of anterior cruciate ligament rupture. 

10. Discuss Achilles Tendon Ruptures and their anatomical bases

11. Discuss the clinical entity of compartment syndrome and explain its anatomical basis.

Lecture: The knee, popliteal fossa, leg and foot
Dr Peter Clark
Dissecting Room

· the positions and actions of the main muscle groups in the region;

· the superficial flexor compartment

· the deep flexor compartment

· the peroneal compartment

· the extensor compartment

· the origins, routes and destination muscle groups for the sciatic nerve, tibial nerve and the common peroneal nerves

· the segmental origins of these nerves

· the course of the femoral, popliteal, anterior tibial and posterior tibial arteries

· the names, positions and significance of the long and short saphenous nerves

Session Coordinator: Dr Peter Clark, Dr Paul Strutton 
Demonstrators: clinical demonstrators

BPSM Lab

Students will work individually or as groups (outlined in the handout) to explore the following:

· A review of the osteology of the femur, patella, tibia and fibula, ankle and foot

· The surface anatomy of the knee, leg and foot

· The movements of the knee and ligament testing of the knee

· Movements of the ankle and foot

Session Coordinators: Dr Mike Irani (AM) and Dr Maniccam Thavarajah (AM,PM) plus another academic (PM)
Session 7:  The knee, popliteal fossa, leg, ankle and foot

In today’s session, we will start with a lecture outlining of the topic.  Following this will be one hour spent in the dissecting room studying prosections of the area, and in addition a one hour session of living anatomy, reviewing the bones and joints of the area as well as clinical and functional anatomy. 

Pictures and diagrams to accompany these lecture notes are within the lecture slides placed on the intranet.

LECTURE NOTES

Overview of Topics

1. The bones of the region

2. The muscular and tendinous anatomy of the region

3. The joints of the region

4. The blood vessels of the region

5. The lymphatic drainage of the region

6. The nerves of the region

Introduction

These lecture notes are designed to act as a gateway to the anatomy textbooks and do not cover every aspect of the regional anatomy in detail.  However what is important is generally covered within these notes but you are advised to read around the subject in more detail using textbooks and atlases etc.

This session concentrates on the anatomy and function of the knee, leg, ankle and foot.

The bones of the region

The relevant bones of this region are;

1. The femur

2. The tibia

3. The fibula

4. The patella

5. The bones of the foot

These will be discussed in detail in the living anatomy session.

The Muscular Anatomy of the Region

In this region are the following groups of muscles;

1. The anterior compartment of the leg

2. The lateral compartment of the leg

3. The posterior compartment of the leg

4. The foot

The Anterior Compartment of the Leg

This compartment consists of the ankle dorsiflexors;

1. Tibialis anterior

2. Extensor digitorum longus

3. Extensor hallucis longus

The compartment is supplied by the deep peroneal nerve and the anterior tibial artery runs within it.  

The Lateral Compartment of the Leg

This compartment consists chiefly of the ankle evertors;
1. Peroneus Longus

2. Peroneus Brevis

The compartment is supplied by the superficial peroneal nerve and the peroneal artery runs within it.

The Posterior Compartment of the Thigh

This compartment consists of ankle plantarflexors, and has superficial and deep divisions;

The superficial division consists of;

1. Gastocnemius

2. Soleus

3. Plantaris

The deep division consists of;

1. Popliteus

2. Flexor digitorum longus

3. Flexor hallucis longus

4. Tibialis posterior

The compartment is supplied by the tibial nerve and the posterior tibial artery runs within it.

The Foot

There are four layers of muscles in the sole of the foot;

First layer;

1. Abductor hallucis longus

2. Flexor digitorum brevis

3. Abductor digiti minimi

Second layer;

1. Quadratus plantae

2. The tendons of flexor hallucis longus and flexor digitorum longus (the long toe flexors)

3. The lumbricals

Third layer;

1. Flexor hallucis brevis

2. Adductor hallucis

3. Flexor digiti minimi brevis

Fourth layer;

1. The plantar interossei

2. The dorsal interossei

On the dorsum of the foot are two muscles;

1. Extensor digitorum brevis

2. Extensor hallucis brevis

The Popliteal Fossa

The popliteal fossa is a diamond shaped fossa at the back of the knee.  It is formed;

1. Superolaterally by the biceps femoris

2. Superomedially by the Semimembranosus

3. Inferolaterally by the lateral head of gastrocnemius

4. Inferomedially by the medial head of gastrocnemius

5. Posteriorly by skin and fascia

6. Anteriorly by femur

The contents of the popliteal fossa are;

1. Popliteal artery

2. Popliteal vein

3. The tibial and common peroneal nerves

4. Short saphenous vein

5. Popliteal lymph nodes

The Knee Joint

The knee joint is a hinge synovial joint between the femur, tibia and the patella.

The knee joint is important and needs to be studies in detail in textbooks.  You should however study the following in particular depth;

1. The ligaments of the knee

a. Anterior cruciate ligament

b. Posterior cruciate ligament

c. Medial collateral ligament

d. Lateral collateral ligament

2. The menisci of the knee

a. Medial meniscus

b. Lateral meniscus

3. The extensor mechanism of the knee

a. Quadriceps

b. Quadriceps tendon

c. Patella

d. Patellar tendon

e. Tibial tunerosity

4. Bursae around the knee joint

a. Pre-patellar bursa

b. Pre-patellar tendon bursa

c. Popliteal bursa (Baker’s cyst)

The Tibio-Fibular Joints

There are proximal and distal tibio-fibular joints.

The Ankle Joint

The ankle joint is a hinge synovial joint between the tibia (medial malleolus), fibula (lateral malleolus) and the talus (talar dome). 

It again, like the knee joint, is very important, and required study in depth.  In particular study the ligaments around the ankle;

a. The lateral ligament complex

b. The medial or deltoid ligament of the ankle

The Joints of the Foot

The foot is divided into the hind-foot, mid-foot and the fore-foot.

The subtalar joint consists of;

1. The talo-calcaneal joint

2. The talo-navicular joint

3. The calcaneo-cuboid joint

The midtarsal joint consists of the joints between the midtasral bones and the metatarsals.

Plantarflexion and dorsiflexion occur at the ankle joint.  Inversion and eversion occur at the subtalar joint.

There are three important arches in the foot;

1. Medial longitudinal arch

2. Lateral longitudinal arch

3. Transverse metatarsal arch

The vessels of the region

Arterial Supply

The superficial femoral artery runs through the adductor hiatus in the thigh.  As it winds around to gain access to the back of the knee it becomes the popliteal artery.

Just distal to the knee joint, the popliteal artery divides into three arteries at the popliteal trifurcation;

a. the posterior tibial artery, which runs in the posterior compartment of the calf, to pass behind the medial malleolus.

b. The anterior tibial artery, which runs in the anterior compartment of the leg, and which passes over th front of the ankle to form the dorsalis pedis artery.
c. the peroneal artery, which runs in the lateral compartment of the leg

The dorsalis pedis artery is the main artery to the toes of the foot.

The posterior tibial artery supplies the sole of the foot via the medial and lateral plantar arteries.
Venous Drainage

There are superficial and deep systems in the leg.

Superficial system;

1. Dorsal venous arch – on the dorsum of the foot

2. From the medial aspect of the dorsal venous arch runs the long saphenous vein.  This lies very constantly 2cm above and 2cm medial to the medial malleolus.  It runs up the medial aspect of the leg, behind the knee and empties into the femoral vein in the groin at the sapheno-femoral junction.  In the leg it anastomoses freely with the short saphenous vein and also has connections (perforating veins), via valves, with the deep veins of the calf.

3. From the lateral aspect of the dorsal venous arch of the foot runs the short saphenous vein.  This runs posterior to the lateral malleolus and up the back of the calf to join the deep venous system in the popliteal fossa to drain into the popliteal vein.  It connects freely with the long saphenous vein and via perforating veins and valves to the deep veins of the calf.

Deep system

1. Dorsal digital veins

2. Posterior tibial veins

3. Popliteal vein

4. Perforating veins whereby normally blood passes from the superficial to the deep systems.

Note that the deep system forms a powerful “muscle pump” whereby the muscles of the calf pump blood back towards the heart. 

Lymphatic Drainage

Lymph flows with the superficial and deep venous systems.

In the popliteal fossa are popliteal lymph nodes, superficial and deep.

The Nerves of the region

A : Segmental Motor

Knee Extension – L34

Knee Flexion – L5S1

Ankle Dorsiflexion – L45

Ankle Plantarflexion – S12

B : Segmental Sensory

“L3 to the knee and L4 to the floor”

L5 to the dorsum of the great toe

S1 to the lateral side of the foot

S1 to the sole of the foot

C : Peripheral Motor

The sciatic nerve runs down the back of the thigh and divides inconstantly into the tibial nerve and the common peroneal nerve.  The sciatic nerve “proper” supplies the hamstrings.

The tibial nerve supplies all the muscles of the posterior compartment of the leg.  After passing behind the medial malleolus it divides into the medial plantar nerve and the lateral plantar nerve.  The plantar nerves supply all the intrinsic muscles of the foot except extensor digitorum brevis

The common peroneal nerve winds around the neck of the fibula where it may be easily damaged.  It supplies the anterior and lateral compartments of the leg.  The common peroneal nerve divides into the deep peroneal nerve (supplies the anterior compartment) and the superficial peroneal nerve (supplies the lateral compartment).

D : Peripheral Sensory

Of particular importance;

1. Sensory branches of the femoral nerve (L234) supply the front of the thigh

2. The saphenous nerve, a branch of the femoral nerve, supplies a strip of skin along the inner border of the leg and ankle.  This nerve accompanies the long saphenous vein.

3. The sural nerve, a branch of the tibial nerve in the popliteal fossa, supplies the lateral aspect of the leg and foot.  This nerves accompanies the short saphenous vein

4. Superficial peroneal nerve – most of the dorsum of the foot

5. Deep peroneal nerve – a patch of skin on the dorsum of the foot at the base of the great and second toes

6. Medial and lateral plantar nerves – the sole of the foot

LIVING ANATOMY SESSION-S7
The Knee, Popliteal fossa, Leg, Ankle and Foot
This session consists of the following THREE sections with several TASKS.  Only when you have completed a particular task should you put a TICK in the BOX next to it.  When you have ticked a box a staff member can question you about it and expect a correct answer.

1. Review of Osteology – the distal femur, tibia, fibula, patella and the bones of the foot

2. Surface anatomy of the knee, leg, ankle and foot

3. Gait cycle analysis
Section 1 – Osteology (20 minutes)
Requirements: Articulated full skeleton; separate femur, tibia, fibula, patella and articulated foot (all bones from the boxes should have the same number). Familiarise yourself with the anatomy of these bones and how they articulate together.

A -The Distal Femur

Orientate the femur as it would lie in the upright body in anatomical position and identify the following features:

	1.
	Body (shaft) of the femur
	(
	5.
	Intercondylar fossa (posteriorly)
	(

	2.
	Linea aspera (on the posterior side)
	(
	6.
	Femoral trochlea (patellar surface)
	(

	3.
	Medial and lateral femoral condyles
	(
	7.
	Medial and lateral epicondyles
	(

	4.
	Medial and lateral supracondylar lines (on the posterior side)
	(
	8.
	Adductor tubercle (above medial epicondyle)
	(


B -The Tibia

Orientate the tibia as it would lie in the upright body in anatomical position and identify the following features:

	1.
	Medial and lateral condyles
	(
	6.
	Tibial tubersosity (anteriorly)
	(

	2.
	Medial and lateral tibial plateaus
	(
	7.
	Body (shaft) of the tibia 

(medial, lateral & posterior surfaces)
	(

	3.
	Intercondylar eminence


	(
	8.
	Medial malleolus (inferior and medial)
	(

	4.
	Medial and lateral intercondylar tubercles (spines by radiologists)
	(
	9.
	Distal articular surface (for the talus)

	(

	5.
	Anterior and posterior 
intercondylar areas (cruciate ligaments and menisci attached)
	(
	
	
	


C -The Fibula
Orientate the fibula as it would lie in the upright body in anatomical position and identify the following features. 

	1.
	Head (superior end. oval or round articular facet and styloid process.)
	(
	4.
	Lateral malleolus (distal end is spear shaped)
	(

	2.
	Neck
	(
	5.
	Articular facet on lateral malleolus 

(triangular facet for talus, on the medial side of lateral malleolus)
	(

	3.
	Body 

(medial, lateral & posterior surfaces)
	(
	6..
	Malleolar fossa

(behind the triangular facet, found on its left for the left fibula, and on the right for the right fibula)
	(


D -The Patella
Orientate the patella as it would lie in the upright body in anatomical position and identify the following features. 

	1.
	Anterior surface (slightly convex)
	(
	4.
	Broad base (superiorly)
	(

	2.
	Posterior surface

(Inclined medial and lateral articular surfaces. Lateral surface larger.
	(
	5.
	Is it a right or a left patella?

(clue: The bone lies down on its lateral surface)
	(

	3.
	Pointed apex (inferiorly)
	(
	
	
	


E -The Bones of the Foot

Orientate the articulated skeleton of the foot as it would lie in the upright body in anatomical position and identify the following features. 

The Tarsus
The tarsus consists of seven bones arranged in a proximal group and distal group with an interrmediate bone in-between.
	A
	Proximal row 
	(
	B
	Intermdiate row 
	(

	1.
	Talus (ankle bone –L)
	(
	3.
	Navicular (little ship – L)
	(

	1.1
	Trochlea (dome) of talus (superior surface)
	(
	4.
	Navicular tuberosity (inferiorly)
	(

	1.2
	 Body of talus  

(sits on calcaneum)
	(
	C
	Distal row
	(

	1.3
	Neck of talus
	(
	8.
	Medial cuneiform
	(

	1.4
	Head of talus 
	(
	9.
	Intermediate cuneiform
	(

	2.
	Calcaneus (heel bone – L)
	(
	10.
	Lateral cuneiform
	(

	2.1
	Calcaneal tuberosity 
	(
	11.
	Cuboid (most lateral)
	(

	2.2
	Sustentaculum tali (medial side)
	(
	
	
	


The Metatarsals

There is a single row of five metatarsal bones lying in the foot which are numbered 1 to 5 (from the great toe to the little toe).
Identify on each metatarsal:
	1.
	Body (shaft)
	(
	3.
	Head (distal end,for phalanges)
	(

	2.
	Base (at the proximal end, 
for cuneiforms & cuboid)
	(
	
	
	


The Phalanges
There are three phalanges (proximal, middle and distal) on each digit except the great toe which has two.

Identify on each phalanx:

	1.
	Body (shaft)
	(
	3.
	Head (at the distal end)
	(

	2.
	Base (at the proximal end) 
	(
	
	
	


Section 2 – Surface Anatomy (work in groups of 2-3) (25 minutes)
Requirements: Living subjects, skin pencils. Please remove clothes and shoes as necessary to see parts of the lower limb.  Identify, palpate and surface mark (if necessary) the following

A - Around the knee identify the following bony landmarks:

	1.
	Medial and lateral femoral condyles

(palpate anteriorly in a flexed knee)
	(
	6.
	Medial and lateral tibial condyles
	(

	2.
	Medial & lateral femoral epicondyles

(palpate on the sides of the condyles superiorly)
	(
	7.
	Medial and lateral joint lines
(palpate in a flexed knee between the condyles of femur and tibia)
	(

	3.
	Patella
	(
	8.
	Head of the fibula 

(palpate on the lateral border of the leg at the level of the tibial tuberosity)
	(

	4.
	Adductor tubercle 

(above medial femoral epicondyle)
	(
	9.
	Neck of the fibula
(palpate just below the head)
	(

	5.
	Tibial tuberosity 

(anterior surface of tibia about 5 cm below the apex of the patella)
	(
	
	
	


B – Leg and ankle

	1.
	Body (shaft) of tibia
	(
	4.
	Lateral malleolus
	(

	2.
	Body (shaft) of fibula (only distal part is palpable)
	(
	5.
	Talar dome 

(palpate anteriorly when the ankle is fully plantar flexed)
	(

	3.
	Medial malleolus 
	(
	
	
	


C – The Foot
	1.
	Calcaneus
	(
	5.
	The metatarso-phalangeal joint of the great toe
	(

	2.
	Navicular
	(
	6.
	Medial arch of the foot 

(to see the foot arches, the subject should stand barefoot)
	(

	3.
	Base of the fifth metatarsal
	(
	7.
	Lateral arch of the foot
	(

	4.
	Head of the first metatarsal
	(
	8.
	Transverse arch of the foot
	(


D– Identify the following soft tissue parts in the thigh
	1.
	Quadriceps muscle (already tested in the previous session)
	(
	5.
	Hamstring muscles (already tested in the previous session)
	(

	2.
	Quadriceps tendon
	(
	6.
	Biceps femoris tendon (lateral boundary of popliteal fossa)
	(

	3.
	Patellar tendon
( you need this for testing patellar tendon (knee jerk) reflex)
	(
	7.
	Semitendinosus 

(medial boundary of popliteal fossa-tendon is innermost)
	(

	4.
	Popliteal fossa (back of knee)
	(
	8.
	Semimembranosus
(medial boundary of popliteal fossa -tendon is outermost)
	(


E- Identify the following muscles and tendons:

	1.
	Tibialis anterior (Nerve-deep fibular L4,5)

(Subject is asked to turn the foot inward and upward (inversion) while the examiner grasps the forefoot to oppose the movement.  The tendon becomes prominent and is palpated just below and anterior to the medial malleolus)


	(

	2.
	Extensor hallucis longus (EHL) (Nerve-deep fibular L4,5)

(Subject is asked to dorsiflex the toes while the examiner places the palm of his hand across the toes (including the great toe) to oppose the movement.  The tendons of EHL, EDL and tibialis anterior can be seen and palpated


	(

	3.
	Extensor digitorum longus (EDL) (Nerve-deep fibular L4,5)

Same test as EHL


	(

	4.
	Fibularis longus and fibularis brevis (Nerve-superficial fibular L5, S1,2)

(Subject is asked to turn the foot outward and plantar flex (eversion) while the examiner grasps the forefoot to oppose the movement.  The tendons become prominent and palpated just below the lateral malleolus)


	(

	5.
	Gastrocnemius m & soleus m. 

and the calcaneal (Achilles) tendon  (Nerve-tibial S1,2)

(subject is asked to stand on the toes. The muscle bellies and the calcaneal tendon can be seen and palplated in the calf area and on the posterior side of ankle..
	(


F- Demonstrate the following vessels and pulses.  What structures are nearby?

(Count the pulse while your demonstrator checks it at another site on your subject) 
	1.
	Popliteal artery pulse

(Subject lies prone with knee flexed.  Palpated in the inferior part of the fossa in relation to the tibia)
	(

	2.
	Dorsalis pedis artery pulse – just lateral to the extensor hallucis longus tendon
	(

	3.
	Posterior tibial artery pulse – just behind the medial malleolus
	(

	4.
	Long saphenous vein (demostrate and draw) – Runs upwards 2 cm in front of the medial malleolus, along the medial side of leg, a hands width along the medial side of patella, and along the medial side of the thigh to the saphenous opening in the inguinal region.
	(


Section 3 – Gait cyle analysis (15 minutes)
Gait can be divided into swing phase and stance phase.

Ask your colleague to walk normally several steps and follow the movements of one of the lower limb very carefully; for example the right lower limb.  The activity of one limb is sub divided into eight sub-phases. (In the diagram below two of the sub phases are combined into one as seen in (F)). 
[image: image58.jpg]Deep planiar-

Fromm Thows — e

Twalls surao suao muscles

anterior

Quadricaps.

Toalis
anterior

(A) Heel strike (B) Loading response (C) Midstance (D) Terminal stance (E) Preswing

(initial contact) (foot flat) (heel off) (toe off)
F———— PushOff ——

| Stance Phase (60%) |

(F) Initial & Mid-swing (G) Terminal swing

Swing Phase (40%)

Gait Cycle

‘ Double support |
(10%)

| Double support |
(10%)

Copyright ® 2010 Wolters Kiuwer Health | Lippinoott Williams & Wilkins

Single support
(40%)

Single support
(40%)




Note:  Focus on the movement of the right leg in the diagram above and answer the following.

The stance phase of the right limb starts with heel strike (A) and ends with heels off (D). The swing phase starts with preswing (E) and ends with terminal swing (G).
	1.
	Which joints are flexed at each of the sub-phases?


	(

	2.
	Which joints are extended at each of the sub-phases?


	(

	3.
	During which part of the cycle do the right gluteus medius and minimus muscles remain contracted?  Why? 


	(

	4.
	During which part of the cycle are both feet on the ground?


	(

	5.
	During which part of the cycle do the calf muscles contract?


	(

	6.
	During which part of the cyle does the right ilium move in front of the left ilium?


	(

	7.
	How is the right foot kept parallel with the line of advance, when the right ilium moves in front of the left ilium?


	(


If any of the above tasks are not completed during the session please do not forget to complete them at home as soon as possible 

Session 8:  Tue 29 Jan 2013
Review of lower limb nerves and vessels

Objectives
After studying the content of this session you will be able to:

1. Summarise and demonstrate the arterial supply and venous drainage of the lower limb

2. Review the techniques of palpation of the femoral, popliteal, posterior tibial and dorsalis pedis arteries

3. Explain the likely causes and consequences of embolism in the lower limb

4. Explain the term intermittent claudication

5. Explain the causes and likely consequences of compartment syndromes, giving appropriate examples

6. Explain the mechanism for venous return from the lower limb in terms of superficial and deep veins, perforators, valves and the muscle pump

7. Explain how varicose veins arise in the lower limbs and how they may lead to venous circulatory incompetence

8. Describe the common sites and causes of deep venous thrombosis and outline its possible consequences

9. Discuss the anatomical basis of canulation of the femoral vein and arterial access to the femoral artery in the groin.

10. Describe how to perform a cut-down of the long saphenous vein at the ankle, including its anatomical landmarks and clinical importance

Lecture:  Nerves and vessels of the lower limb

Dr Peter Clark
Dissecting Room

Students will explore prosections focussing on the following

· The anatomy of the arteries, deep veins, superficial veins and nerves of the lower limb

· Discuss with demonstrators the anatomical basis of

· embolism

· compartment syndrome

· deep vein thrombosis

· varicose veins

· common sites of peripheral nerve injury
Session Coordinator: Dr Peter Clark, Dr Paul Strutton
Demonstrators: clinical demonstrators

BPSM Lab

Review of vessels and verves of the lower limb.

Session Coordinators: Dr Mike Irani (AM) and Dr Maniccam Thavarajah (AM,PM) plus another academic (PM)
Session 8:  The Nerves and Vessels of the Lower Limb

PART ONE: THE NERVES OF THE LOWER LIMB

Summary of topics to be discussed

A. Introduction to the nervous system organisation

B. How can nerve function be assessed?

C. The segmental nerve supply to the lower limb

D. The peripheral nerve supply to the lower limb

E. Clinical applications

This is a review session, which in the lecture, dissecting room and living anatomy components, reviews the nerves and vessels of the lower limb.

SECTION A : INTRODUCTION TO THE NERVOUS SYSTEM ORGANISATION

The Nervous System

The nervous system can be divided topographically into

A. The Central Nervous System – brain and spinal cord

B. The Peripheral Nervous System – cranial and spinal nerves

However, the nervous system can also be divided functionally into

A. The Somatic Nervous System

i. A1 : Somatic Motor (Efferent)– to skeletal muscle

ii. A2 : Somatic Sensory (Afferent) – sensory information from skin and muscle

B. The Autonomic Nervous System, to and from cardiac muscle, smooth muscle, glands, gut etc.

i. B1 : Autonomic Motor

ii. B2 : Autonomic Sensory

Summary of Spinal Nerve Anatomy
There are 31 pairs of spinal nerves

8 Cervical

12 Thoracic

5 Lumbar

5 Sacral

1 Coccygeal

Each spinal nerve is formed from the union between an anterior root (motor) and a dorsal root (sensory).  The roots merge at the intervertebral foramen to form a spinal nerve.

Autonomic fibres pass between T1-L2 and S2-4.

Each spinal nerve, immediately after it passes through the intervertebral foramen, splits into an anterior ramus and a posterior ramus.  The anterior rami merge to form the major plexi of the limbs (C5-T1 for the upper limb, L2-S2 for the lower limb).  The posterior rami are smaller and less important, and are mainly cutaneous)

C1-C4 are for the neck

C5-T1 are for the upper limbs

T2-L1 are for the trunk

L2-S2 are for the lower limbs

S2-C1 is for the perineum.

Innervation of the lower limb

This can be assessed either;

A. Segmentally

B. Regionally, via the Peripheral Nerves

SECTION B : HOW CAN NERVE FUNCTION BE ASSESSED?

How can I assess nerve function?

Nerve function can be assessed via the following modalities;

A. Motor function

B. Sensory function

C. Reflex function

D. Autonomic function

E. Trophic Function

When there has been an injury or disorder to a nerve, always describe the functional deficit in terms of the above five functions.

For example, if there is a prolapsed intervertebral disc at L5/S1, causing pressure on the right S1 nerve root, this will cause a segmental loss as follows in the right limb;

A. Motor – loss of eversion of the foot (and weakness elsewhere)

B. Sensory – loss of sensation along the lateral border of the foot

C. Loss of the right ankle jerk (S1)

D. Abnormalities of sweating in the S1 cutaneous nerve distribution (not normally noticed by the patient in the lower limb, but quite a feature in the upper limb)

E. Trophic – in long-standing lesions, there may be trophic changes on the lateral aspect of the foot.

However, if there is damage to the common peroneal nerve at the level of the fibular neck (e.g. due to pressure of the leg against an operating table), there will be a peripheral loss as follows;

A. Motor – foot drop i.e. paralysis of the anterior and lateral compartments of the leg

B. Sensory – loss of sensation in the distribution of the common peroneal nerve i.e. the dorsum of the foot at least

C. Reflex – no loss of reflexes as the ankle jerk is provided mainly by the tibial nerve

D. Autonomic – abnormalities of sweating in the cutaneous distribution of the common peroneal nerve

E. Trophic – in chronic cases there may be damage to the sole of the foot due to the pressure effects of the foot drop.

SECTION C : THE SEGMENTAL NERVE SUPPLY TO THE LOWER LIMB

The segmental supply to the lower limb

A :  Motor

Skeletal muscles are innervated by groups of motor nerve cell bodies within the spinal cord, allowing an efficiency of action.

In the fetus the limb buds grow out from the trunk and take the nerves destined to supply those parts with them (arms, C5-T1, legs L2-S2).  The nerves form plexi, and the anterior divisions supply the flexor muscles, whilst the posterior divisions supply the extensor muscles.

In the upper limb, which is relatively straightforward, the flexor muscles are anterior and the extensor muscles are posterior. 

However in the lower limb, the muscle compartments are complicated by the fact that the limb undergoes extension and internal rotation.  As a consequence the extensor muscles are anterior and the flexor muscles are posterior.

There are some basic principles to the segmental spinal innervation of muscles;

a. Most muscles are supplied by two adjacent segments of the spinal cord.

b. Muscles with the same primary action on a joint share the same spinal segmental nerve supply.

c. The opposing muscles also share a common segmental supply, either two above or two segments below.

e.g. knee extensors – L3,L4

e.g. knee flexors – L5,S1

d. The more distal a joint in the limb, the more caudal are the spinal segments controlling the muscles acting upon that joint

Thus
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B. Sensory

Each segment of skin supplied by a single spinal nerve is termed a dermatome.  Each dermatome overlaps considerably, and thus mostly the loss of one spinal nerve is not appreciably noticed by the patient.  However there are areas, termed axial lines, where the dermatomes are not linked at the spinal level e.g. S2 and L2 lie side by side in the posterior thigh.

Clinically relevant sensory segmental innervation:

L3 – front of the thigh (“L3 to the knee”)

L4 – front of the leg (“L4 to the floor”)

L5 – dorsum of the great toe

S1 – lateral aspect of the foot

S2-4 – perineum and perianal region

C : Reflexes

The reflexes are stretch reflexes or deep tendon reflexes and are monosynaptic.  The sequence, for example for the knee jerk, is as follows;

Tap 
Stretch the patellar tendon

Stimulation of afferent (1a) fibres in quadriceps

Passes to spinal cord via posterior nerve root

Synapse with alpha-motor neurone in anterior horn of spinal cord

Efferent signal to quadriceps

Quadriceps extends the knee joint

There are two reflex arcs in the lower limbs;

The Knee Jerk
L3

The Ankle Jerk
S1

D : Autonomic Segmental Supply to the Lower Limbs

The sympathetic supply to the lower limbs is via the T11-L2 portion of the thoraco-lumbar outflow.

There is no significant parasympathetic outflow to the lower limbs.

SECTION D : THE PERIPHERAL NERVE SUPPLY TO THE LOWER LIMB

The peripheral innervation of the lower limbs is derived from the lumbo-sacral plexus, which is derived from the anterior rami of the lumbar and sacral spinal nerves.

The lumbar plexus is derived from L1-4 anterior rami.  It has the following branches;

1. The iliohypogastric and ilio-inguinal nerves (L1)

2. The genitofemoral nerve (L1L2)

3. The lateral cutaneous nerve of the thigh (L2L3)

4. The femoral nerve (L2L3L4, posterior divisions)

5. The obturator nerve (L2L3L4, anterior divisions)

6. The lumbosacral trunk (L4L5) – feeds the sacral plexus

The sacral plexus is derived from the lumbosacral trunk (L4L5) and the S1-4 anterior rami.  It has the following branches;

1. The Sciatic Nerve (L4L5S1S2S3)

2. The nerve to piriformis (S1S2)

3. The posterior cutanous nerve of the thigh (S1S2S3)

4. The pelvic splanchnic nerves (S2S3S4) – parasympathetic

5. The pudendal nerve (S2S3S4)

6. The nerve to nerve to obturator internus (L5S1S2)

7. The superior gluteal nerve (L4L5S1)

8. The inferior gluteal nerve (L5S1S2)

The Femoral Nerve (L2L3L4, posterior divisions)

The femoral nerve is formed from the lumbar plexus.  It supplies ilio-psoas and the anterior thigh muscles.  It is also sensory to the front of the thigh.  Its terminal branch is the saphenous nerve, which is sensory to the medial aspect of the leg.

The Obturator Nerve (L2L3L4, anterior divisions)

The obturator nerve is formed from the lumbar plexus.  It supplies the adductor (medial) compartment of the thigh and is also sensory to parts of the pelvis and the medial aspect of the thigh.

The Sciatic Nerve (L4L5S1S2S3)

The sciatic nerve is the formation of two separate nerves, the tibial nerve and the common peroneal nerve.  It is very important clinically.

The nerve passes through the greater sciatic foramen, behind the hip joint in the buttock.  It then passes in the posterior compartment of the thigh and divides (variably), usually just above the knee joint, into the tibial nerve and the common peroneal nerve.

The sciatic nerve proper supplies the hamstring muscles in the posterior compartment of the thigh.  It also has some sensory branches to the back of the thigh.

The Common Peroneal Nerve (L4L5S1S2)

This is one of the two terminal branches of the sciatic nerve.  The nerve passes around the neck of the fibula, where it is easily damaged.  It supplies the anterior and lateral compartments of the leg, and is sensory to the anterior and lateral aspects of the leg and the dorsum of the foot.  Its two terminal branches are the superficial peroneal nerve and the deep peroneal nerve.  An important sensory branch is the sural nerve.

The Tibial Nerve (L4L5S1S2S3)

This is the other terminal branch of the sciatic nerve.  It supplies the posterior compartment of the leg and most of the intrinsic muscles of the foot.  It is sensory to the back of the leg and the sole of the foot.

Motor Aspects of the peripheral lower limb innervation

The important motor nerves in the lower limb are the femoral nerve, the obturator nerve and the sciatic nerve.

The femoral nerve supplies the anterior compartment of the thigh.  In detail it supplies;

1. psoas and iliacus

2. pectineus

3. sartorius

4. rectus femoris

5. vastus medialis

6. vastus intermedius

7. vastus lateralis

The obturator nerve supplies the medial compartment of the thigh.  In detail it supplies;

a. obturator externus

b. adductor brevis

c. adductor longus

d. part of adductor magnus

e. gracilis

The sciatic nerve supplies the posterior compartment of the thigh.  In detail it supplies;

a. biceps femoris

b. semimembranosus

c. semitendinosus

d. part of adductor magnus

The common peroneal nerve supplies the anterior and lateral compartments of the leg.  In detail it supplies;

(deep peroneal nerve)

a. extensor digitorum longus

b. extensor hallucis longus

c. tibialis anterior

d. peroneus tertius

e. extensor digitorum brevis

(superficial peroneal nerve)

f. peroneus longus

g. peroneus brevis

The tibial nerve supplies the posterior compartment of the leg and most of the intrinsic muscles of the foot.  In detail it supplies;

a. gastrocnemius and soleus

b. plantaris

c. popliteus

d. tibialis posterior

e. flexor hallucis longus

f. flexor digitorum longus

g. flexor digitorum brevis

h. abductor hallucis

i. flexor hallucis brevis

j. all the interossei and lumbricals

Sensory aspects of the peripheral lower limb innervation
There is a distinct peripheral nerve innervation of the lower limbs.

SECTION E : CLINICAL APPLICATIONS

Injury to the Femoral Nerve

The femoral nerve is relatively superficial in the groin but is rarely damaged except by doctors (iatrogenic injuries).  The commonest injury today is via traction injuries during hip replacements, and also at laparoscopic repair of inguinal hernias.  It can also be damaged during erroneous attempted cannulations of the femoral artery or femoral vein.
The Lateral Cutanous Nerve of the thigh

This superficial nerve passes 2cm medial to the anterior superior iliac spine at the level of the inguinal ligament.  It can be compressed at this level causing meralgia paraesthetica.

The obturator nerve

The obturator nerve is rarely damaged.  Beware pain in the distribution of the obturator nerve as it can be indicative of malignant disease in the pelvis.

Injury to the superior gluteal nerve

The superior gluteal nerve supplies the gluteus medius and gluteus minimus muscles.  If this nerve is damaged, the result is a Tredelenberg gait, where the pelvis lurches during gait.

The commonest injury today to the superior gluteal nerve is at hip replacement.  The nerve lies approximately 5cm proximal to the tip of the greater trochanter, and approaches to the hip joint should not extend more than 5cm from the tip of the greater trochanter.

Injury to the sciatic nerve

The commonest cause today of injury to the sciatic nerve is after hip replacement.  The common peroneal division is far more vulnerable than the tibial division.

To avoid damage to the sciatic nerve, always give an intramuscular injection in the upper outer quadrant of the buttock.  Keep away from the lower inner quadrant, which is where the nerve is most likely to be situated.

Other causes of damage are trauma (e.g. hip dislocations or acetabular fractures) and pelvic disease.

Injury to the common peroneal nerve

As well as being damaged at the level of the hip, the common peroneal nerve is highly vulnerable to damage at the level of the fibular neck, around which the nerve winds.

Causes of damage are trauma, knee replacement and external pressure e.g. from plasters or during surgical procedures.

Injury to the tibial nerve

As this nerve is very deep, it is rarely damaged in isolation.

Injury to the saphenous nerve

Injury to this nerve is surprisingly common.

The nerve can be damaged at the medial malleolus (e.g. after varicose vein surgery or cut down) or at the level of the knee (e.g. ACL surgery).

Anaesthetic Nerve Blocks

Nerve blocks can be utilised by anaesthetists to aid or substitute general anaesthesia during surgery.

Examples include femoral nerve blocks, sciatic nerve blocks, ankle blocks or blocks of the lateral cutaneous nerve of the thigh.  Knowledge of peripheral anatomy allows the anaesthetist to localise the best place to insert local anaesthetic and also to predict the level and extent of anaesthesia provided.

PART TWO – THE VESSELS OF THE LOWER LIMB

Summary of topics to be discussed

A. Arterial anatomy

B. Venous anatomy

C.  Clinical applications

A : Arterial Anatomy

The aorta splits into the common iliac arteries.

The common iliac arteries bifurcate at the pelvic brim into the internal iliac artery and the external iliac artery.

The external iliac artery becomes the femoral artery at the inguinal ligament.

The femoral artery passes beneath the inguinal ligament at the mid-inguinal point i.e. half way between the symphysis pubis and the anterior superior iliac spine.  At this point it lies upon the psoas tendon and can be easily palpated.  This is also the site where the artery can be cannulated.

The femoral artery has four branches in the thigh just below the inguinal ligament;

a. the superficial circumflex iliac artery

b. the superficial epigastric artery

c. the superficial external pudendal artery

d. the deep external pudendal artery

The femoral artery descends and gives off a large branch, the profunda femoris artery, and then itself passes into the adductor canal.

The profunda femoris artery is the artery of the thigh.  It arises about 4cm distal to the inguinal ligament from the femoral artery.  Its major branches are the perforating arteries and the medial and lateral femoral circumflex arteries.

The femoral artery (superficial femoral artery) passes in the adductor canal and becomes the popliteal artery.   The popliteal artery may be easily palpated at the level of the popliteal fossa.

At the distal portion of the popliteal fossa, the popliteal artery forms the bifurcation into;

a. the posterior tibial artery

b. the anterior tibial artery

The anterior tibial artery passes into the anterior compartment of the leg, running on the interosseous membrane.  At the level of the foot it becomes the dorsalis pedis artery which is palpable between the first and second metatarsals.

The posterior tibial artery passes into the posterior compartment of the leg alongside tibialis posterior.  It passes behind the medial malleolus, where it may be easily palpated.  It divides in the foot into the medial and lateral plantar arteries. The peroneal artery is a branch of the posterior tibial artery which runs in the lateral compartment of the leg, and is usually smaller than the anterior or posterior tibial arteries.  It is not usually palpable at the level of the ankle.

B : Venous Anatomy

Superficial veins
The superficial veins lie in the subcutaneous tissue, and have valves to prevent the backflow of blood.

The dorsal venous arch receives most of the blood from the foot.

The long saphenous vein starts as the continuation of the medial portion of the dorsal venous arch of the foot.  It lies 2cm anterior and 2cm proximal to the medial malleolus.

The vein runs proximally along the medial aspect of the leg, passing behind the medial femoral condyle of the knee.  As the long saphenous vein passes up the leg, there are a number of very important tributaries to the deep venous system.  These tributaries are called perforating veins.  Physiologically blood should flow from the superficial to deep system, and there are valves ensuring that there is no back-flow from the deep to superficial venous systems.  If these valves do not exist or are incompetent, then blood can flow from the deep to superficial systems, resulting in varicose veins.  The perforating veins as well as the main spahenous veins have valves.

The vein then runs along the medial thigh to merge with the femoral vein, passing through the cribriform fascia (the saphenous opening), 3cm below and lateral to the pubic tubercle.

The long saphenous vein has many valves, about 20, throughout its length, mostly below the knee although some are present above the knee.

At the saphenous opening a number of venous tributaries join the vein as it merges with the femoral vein.

The short saphenous vein drains the lateral aspect of the dorsal venous arch.  It passes with the sural nerve at the back of the leg in the midline and passes into the popliteal vein at the popliteal fossa.  It communicates at several levels with the long saphenous vein.

Note that the normal physiological blood flow is from the superficial to deep venous systems.

Deep veins

The deep veins lie within the deep fascia, and in general run alongside the arteries.  The deep veins have valves to prevent backflow of blood.  Usually two veins run alongside each artery.

The venae comintantes of the anterior and posterior tibial arteries and the popliteal artery form the popliteal vein.  The deep veins are mainly within muscle, and the “muscle pump” contributes towards the venous return from the lower limb to the abdomen.

The popliteal vein also receives the short saphenous vein at the level of the popliteal fossa. 

The popliteal vein passes into the popliteal fossa, at all times lying between the popliteal artery and the tibial nerve.

The femoral vein passes behind the femoral artery and lies medial to it at the level of the inguinal ligament.

Just proximal to the inguinal ligament it is joined by the profunda femoris vein(s) and then by the long saphenous vein.  Once passed beneath the inguinal ligament it forms the external iliac vein.

The Anatomy of the Femoral Sheath

At the level of the inguinal ligament, the femoral artery lies between the femoral vein and the femoral nerve.

The femoral artery crosses the inguinal ligament at the mid-inguinal point i.e. half way between the pubic symphysis and the anterior superior iliac spine.

The femoral vein lies just medial to the femoral artery.

The femoral nerve lies just lateral to the femoral artery.

The femoral canal lies to the medial side of the femoral vein, and within it lies a lymph node.  This is the canal through which a femoral hernia passes.

C : Clinical Applications

Cannulation of the femoral artery and vein

The femoral artery and vein can be easily exposed and cannulated at the groin e.g. for cardiac arteriography (artery) or for resuscitation (vein).

Cut-down at the medial malleolus of the long saphenous vein.

In the shocked patient, venous cannulation may not be easy or possible.

The anatomical surface marking of the long saphenous vein at the ankle (2cm above and proximal to the tip of the medial malleolus) makes it an excellent site to perform a “cut-down”.

A small incision can be made at the ankle and a venous cannula placed under direct vision into the vein for resuscitation.

The concept of arterial embolism

Acute arterial embolism can be caused by sudden occlusion of an atheroclerotic vessel or by thrombus from atrial fibrillation.  If a vessel is suddenly occluded with no time for a collateral circulation to develop, the consequences can be severe.  For example if an arterial clot forms in the popliteal artery, there may be no time for a collateral circulation to develop and the leg may become ischaemic and require amputation if the lesion is no cleared within a few hours.

Intermittent claudication is a condition where there is a gradual occlusion of arteries within the limb, usually atherosclerotic.  The muscles supplied distal to the occlusion become deprived of blood on exercise so that there is a limited walking distance before pain occurs, most commonly in the calf, but sometimes in the thigh or buttock.  

Compartment syndrome

Compartment syndromes can occur anywhere in the leg but are most common in the true leg itself.

There are three compartments in the leg, the anterior, posterior and lateral compartments.  Each compartment is bound by a very tight fascia, which only let the enclosed muscles swell to a certain degree before resisting any further expansion and then increase the pressure in the muscle itself.

If the pressure in the muscle increases too far, the arterial supply and venous return of the muscle in that compartment is cut off, resulting in muscle death, with resulting loss of movement and contractures in the limb.

There are clinical syndromes where muscle swelling causes such damage, and these are termed compartment syndromes.
Acute compartment syndrome occurs after trauma to a limb, e.g. fractures, muscle damage.  Unless the fascia is released urgently by a fasciotomy the muscle will die with disastrous consequences.  Note that the arterial pulse is not lost in acute compartment syndromes.  The tissue pressure is only 25mmHg and pressure need only to rise to 50-60mmHg to cause a compartment syndrome.  The diastolic blood pressure is 80mmHg and the systolic 120mmHg!

Chronic compartment syndrome occurs in athletes where the muscles swells during exercise and causes activity-related pain.  Elective fasciotomy can relieve the pain of this condition. 

Varicose veins and deep venous insufficiency

As explained above, the superficial veins in the limb have valves which prevent backflow of blood.  However, as well as this, the deep veins and the perforating veins also have valves.  Probably the most important valve is at the sapheno-femoral junction in the groin.  If this valve is incompetent, then blood can easily flow back into the superficial venous system, causing varicose veins.  Most operations for varicose veins involve tying off the sapheno-femoral junction.

Varicose veins are dilated and tortuous superficial veins.  They can be painful, causing an aching discomfort on standing.  However, they are also pathological in that the increased pressure within the superficial venous system can cause increased pressure in the superficial circulation, causing skin changes (lipodermatosclerosis) and often skin ulcers.  Most skin ulcers are due to venous insufficiency of this type.  

Deep venous thrombosis

Blood can clot (thrombose) in the superficial and deep veins of the lower limb.  When it occurs in the deep veins, this is termed deep venous thrombosis (DVT).
DVT is often “silent” but may present with pain and swelling in the calf or the proximal thigh.  A distal DVT occurs in the calf whilst a proximal DVT extends into the thigh and pelvis.  A proximal DVT is very dangerous, as there is a high risk of propagation of the clot into the lungs.

DVT is very important clinically.  It can occur idiopathically (i.e. without an obvious cause) but is often associated with immobility, trauma, surgery within the abdomen, pelvis or limbs, obesity, malignancy, pregnancy or with the use of the oral contrceptive pill.  DVT has two main consequences;

a. the clot may propagate into the pulmonary circulation, causing a pulmonary embolus (PE).  A PE may be fatal and for this reason DVT’s are usually treated by anticoagulation to prevent this complication occurring.

b. The clot in the deep veins may cause increased back pressure in the deep veins, causing venous insufficiency and leg ulcers (the post-phlebitic syndrome)
The superficial veins may also clot or become inflamed/infected.  This causes superficial thrombophlebitis.  This is not so dangerous as DVT but can be very painful.  The treatment is usually symptomatic (analgesia, rest, ice etc) rather than with anticoagulation.

The superficial veins as grafts in elective surgery

The saphenous veins are often used in cardiac and vascular surgery as grafts to replace arteries.  Obviously the veins need to be orientated correctly due to the valves present within them.

As there is such an excellent anastomosis in the leg, the removal of the superficial veins rarely causes a problem.

LIVING ANATOMY SESSION-8
The Lumbosacral Plexus, Nerves and vessels of the Lower Limb

This session consists of the following THREE sections with several TASKS.  Only when you have completed a particular task should you put a TICK in the BOX next to it.  When you have ticked a box a staff member will question you about it and expect a correct answer.
1. Clinical evaluation of the arteries, veins and lymphatics of the lower limb

2. Clinical evaluation of the sensory nerve supply of the lower limb

3. Clinical evaluation of the motor nerve supply of the lower limb

Section 1 – Arteries, veins and lymphatics of the lower limb (15 minutes)
Requirements: Living subject, skin pencils. Please remove clothes as necessary to see the whole lower limb.  Identify, palpate and surface mark (if necessary) the following:

A -Arteries of the lower limb

(Count the pulse while your demonstrator checks it at another site on your subject) 
	1.
	Draw the course of the main arteries on the lower limb

(femoral, deep artery of thigh, popliteal, anterior tibial, posterior tibial, fibular, dorsalis pedis, medial and lateral plantar)
	(

	2.
	Femoral artery pulse – palpate 

(midinguinal point,  At this site you can compress and occlude the artery completely)
	(

	3.
	Popliteal artery pulse- palpate (slightly difficult)

(in the inferior part of the popliteal fossa, against the posterior surface of tibia)
	(

	4.
	Posterior tibial artery pulse - palpate

(behind medial malleolus. Compare both sides)
	(

	5.
	Dorsalis pedis artery pulse- palpate

(dorsum of foot, lateral to extensor hallucis longus tendon. Compare both sides )
	(


B -Veins of the lower limb

	1.
	Draw the course of the superficial veins on the lower limb

(great saphenous, small saphenous)
	(

	2.
	Where would you locate the deep veins of the lower limb?  How are the arranged?

(femoral, deep (profunda femoris) vein, popliteal, anterior tibial, posterior tibial and fibular)  
	(

	3.
	What structures are at risk during venipuncture of femoral vein?
	(

	4.
	What is deep vein thrombosis?
	(


C –Lymphatics of the lower limb 

	1.
	Popliteal lymph nodes– palpate

(around popliteal fossa along small saphenous vein) see note below
	(

	2.
	Superficial inguinal lymph nodes – palpate (on yourself)

(near the termination of long saphenous vein.  Deep inguinal nodes along the proximal part of femoral vein) 

Note: Lymph nodes are palpable only when the enlarge significantly)
	(


Section 2 – Sensory nerve supply of the lower limb (10 minutes)

Requirements: Living subject, skin pencils. Please remove clothes as necessary to see the lower limb.  Identify, palpate and surface mark (if necessary) the following:

A –Dermatomes of the lower limb
	1.
	Draw the dermatomal map of the lower limb and indicate the segmental distribution of the sensory component of the spinal nerve roots.

(Note: Inguinal region- L1, Thigh (upper lateral)- L2, Thigh (Lower medial) – L3, Leg (medial) & great toe (medial) – L4, Leg antero-lateral, foot (dorsum) & 2nd - 4th Toes – L5, Sole (lateral margin) & heel – S1, Leg (posterior) & thigh (posterior) – S2, Gluteal region – S3)
	(


	2.
	Test the integrity of sensory innervation of the dermatomes of lower limb using “crude” or “light” touch.
(Note: First, demonstrate to the subject on a normal area of the skin by touching with blunt end of a pencil or cotton wool. Then ask the subject to close the eyes while you examine individual dermatomal areas methodically. Ask whether the subject could feel the touch sensation normal, dull or none at all.  Repeat the test on the opposite limb and compare the results from corresponding dermatomes. In clinical practice you will use a sharp pin for crude touch but for today’s practical you are not allowed to use a pin for health and safety reasons).  

Is it possible to detect any sensory loss in a single dermatome? Why?
	(


Section 3 – Motor nerve supply of the lower limb (30 minutes)

Study the diagrams of branches of the lumbosacral plexus at the end of this section.  We will discuss the following nerve injuries.  In order to evaluate the integrity of major nerves of the lower limb it is not necessary to test each and every muscle.  Functional deficits of selected muscles, or muscle groups should indicate whether a nerve is intact or not.
A-Deep tendon reflexes (spinal myotactic or stretch reflex)

A muscle is supplied by one or more spinal cord segments or nerve roots. When the tendon of the muscle is tapped (thus causing stretch of muscle spindles) it results in an involuntary contraction (or a jerk) in the muscle.  Presence of reflex activity indicates the integrity of the nerve pathway of the particular spinal cord segment. 

Requirements: Living subject, knee (reflex) hammer

	1.
	Patellar tendon reflex (knee jerk) (femoral nerve L2-4)
Ask the subject to sit comfortably with the legs dangling on the edge of the couch.  The examiner should strike the patellar tendon (ligament) with a knee hammer. If the reflex arc is intact a brisk extension of the knee joint should be seen. Simultaneous contraction of the quadriceps should be palpated (by the examiner) on the anterior surface of thigh. Repeat the test on the opposite side and compare the responses.
	(


	2.
	Calcaneal (Achilles) tendon reflex (Ankle Jerk) (S1-2)
Ask the subject to sit comfortably with the legs dangling on the edge of the couch. The examiner should strike the calcaneal tendon with a knee hammer while holding the foot (slightly dorsiflexed) with the other hand.  If the reflex arc is intact, a plantar flexion of the ankle joint will occur.  Repeat the test on the opposite side and compare the responses. 

The ankle jerk may be absent or diminished if the S1 spinal nerve root is affected (for e.g in a prolapse of lumbar intervertebral disc) or in tibial nerve damage.
	(


B-Peripheral nerve injuries of the lower limb
The main peripheral nerves arising from the lumbo-sacral plexus are femoral, obturator, and sciatic (tibial and common fibular components)  

1-Femoral Nerve (L2,3,4)
The femoral nerve enters the thigh behind the inguinal ligament, a fingerbreadth lateral to the femoral artery pulse. 
	1.2
	How would you test the integrity of femoral nerve?
	(

	1.3
	Which part of the lower limb will show sensory loss in femoral nerve damage?
	(


2-Obturator nerve (L2,3,4)

The obturator nerve enters the thigh through the upper part of the obturator foramen.

	2.1
	How would you test for the integrity of obturator nerve?
	(

	2.2
	Which part of the lower limb would show sensory loss in obturator nerve damage?
	(


3-Sciatic Nerve (L4-S3)
This nerve has been surface marked in a previous session.  Sciatic nerve leaves the pelvis through the greater sciatic foramen to enter the gluteal region. It contains the tibial and the common fibular components. The nerve is likely to be damaged in hip fractures, dislocation of the hip joint, or wrongly administered intramuscular injections in the gluteal region.
	3.1
	What motor deficits would be seen in the lower limb if the sciatic nerve is injured?
	(

	3.2
	Which part of the lower limb would show sensory loss in sciatic nerve damage?
	(

	3.3
	What is sciatica?
	(


4-Common fibular (peroneal) nerve (L4-S3)
Common fibular nerve leaves the popliteal fossa and winds around the head of fibula where it is vulnerable to damage. 

	4.1
	Palpate the common fibular nerve on the neck of fibula
	(

	4.2
	What motor deficits would be seen if the nerve is damaged at the neck of fibula? 
	(

	4.3
	Which part of the lower limb would show sensory loss in common fibular nerve damage?
	(


5-Tibial nerve (L4-S3)
Tibial nerve leaves the popliteal fossa deep to gastrocnemius and soleus muscles.  

	5.1
	How is the foot presented in tibial nerve damage?
	(

	5.2
	Which part of the foot would show sensory loss in tibial nerve damage?
	(


Note: The diagrams for the motor nerve supply of the lower limb are in the next page
If any of the above tasks are not completed during the session please do not forget to complete them at home as soon as possible 
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