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Series editor foreword


The Crash Course series first published in 1997 and now, 15 years on, we are still going strong. Medicine never stands still, and the work of keeping this series relevant for today's students is an ongoing process. These fourth editions build on the success of the previous titles and incorporate new and revised material, to keep the series up-to-date with current guidelines for best practice, and recent developments in medical research and pharmacology.


We always listen to feedback from our readers, through focus groups and student reviews of the Crash Course titles. For the fourth editions we have completely re-written our self-assessment material to keep up with today's ‘single-best answer’ and ‘extended matching question’ formats. The artwork and layout of the titles has also been largely re-worked to make it easier on the eye during long sessions of revision.


Despite fully revising the books with each edition, we hold fast to the principles on which we first developed the series. Crash Course will always bring you all the information you need to revise in compact, manageable volumes that integrate basic medical science and clinical practice. The books still maintain the balance between clarity and conciseness, and provide sufficient depth for those aiming at distinction. The authors are medical students and junior doctors who have recent experience of the exams you are now facing, and the accuracy of the material is checked by a team of faculty advisors from across the UK.


I wish you all the best for your future careers!




Dr Dan Horton-Szar













Prefaces






Author


Learning anatomy often feels like learning a new language. At the moment you may feel learning is mostly about passing exams. Exams are important, but there is something more important. In the not too distant future you will be a doctor and knowledge of anatomy will be invaluable in almost every interaction you have with patients. A good knowledge of anatomy is, in some ways, like having X-ray vision. The baby you are about to vaccinate – how will you know what lies beneath the area you are about to inject? The man who comes into A&E having cut his hand with a saw – why can't he bend his fingers? The woman with abdominal pain – why does she feel pain where she does? Learning anatomy can seem daunting, especially in the early stages, but it is important to remember that whilst a good knowledge of anatomy will be invaluable to you as a doctor, your knowledge will also be important to your future patients who will put their trust in you to care for them.


The Fourth Edition of this book contains a concise but detailed coverage of the topic. In this new edition, the importance of a good knowledge of anatomy and its relationship to clinical medicine is clear. The hints and tips boxes and clinical boxes provide an understanding of why you are learning what you are learning. New sections on radiology highlight the importance of CT and MRI scanning in medicine, and provide an introduction to interpreting what can often be complex images. The final section of the book contains best-of-five questions and 100 extended matching questions to reinforce your knowledge and allow you to think about anatomy as it relates to medicine. I hope that this book helps you to not only improve your knowledge and understanding, but to appreciate the importance of anatomy in the practice of clinical medicine.







Louise Stenhouse


FY2 Doctor, NHS Fife




2012






Faculty Advisor


The anatomy of the human body is truly awesome and a source of never-ending fascination for many people. Understanding how the structure of the body relates to its functions has been the foundation of medical education and practice for hundreds of years. The fact is that even today all doctors need a good working knowledge of anatomy. Most students would agree that there is a lot of anatomy and that it is not only difficult to know where to start, but also what to focus on!


The purpose of this book is to give you a concise review of ‘really useful’ anatomy with plenty of diagrams to help you visualise the most important structures and hints about what may be particularly significant from a clinical point of view. -->You will need to know your anatomy well to pass your exams, but also, and in the end more importantly, to be able to examine your patients effectively, to recognise abnormality and to perform procedures safely.


Louise Stenhouse (now an FY2 doctor) has brilliantly revised the content of the book both from the point of view of a medical student just starting out and of a junior doctor wanting a concise review. I believe you will find her text accurate, straightforward and logically organised. There is new introductory material in the first chapter to give you some essential background and many new and relevant clinical boxes to highlight the importance of anatomy in clinical practice. With the help of Mark Jones, Consultant Radiologist at the Queen Margaret Hospital, Dunfermline, the radiology has been updated and improved to reflect the ever-increasing importance of medical imaging in modern diagnosis.


I have been involved in teaching anatomy for a while now and I suggest there are three useful approaches to take when you are trying to learn it. Importantly, give yourself plenty of time - you cannot cram it before an exam and expect to have the understanding to apply it to clinical problems. Learn the big picture first, and then tackle the details. And finally, learn anatomy on yourself; aim to visualize the 3D structure of your own body (for example your hand); you will carry those images with you wherever you go and in effect you will be walking around in your very own anatomy atlas… .


Good luck, I hope you find the book indispensable both now and as a reference in the future!







Susan Whiten


St Andrews




2012
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1 Basic concepts of anatomy




Objectives


In this chapter you will learn to:




• Describe the anatomical position.


• Define the anatomical planes, and anatomical terms used in anatomy and clinical practice.


• Explain the terms of movement.


• Describe the structure and function of skin and bone.


• List the factors which contribute to joint stability.


• Appreciate the classification of muscles according to their actions.


• Understand the organization and function of muscle.


• Appreciate the general organization of the peripheral and central nervous systems.


• Describe the organization of the cardiovascular system.


• Describe the formation of lymph and its drainage into the venous system.


• Explain the structure and function of the gastrointestinal tract.


• Describe the structure and function of the respiratory tract.


• Describe the structure and function of the urinary tract.












Descriptive anatomical terms






The anatomical position


This is a standard position used in both anatomy and clinical medicine, to allow an accurate and reproducible description of one body part in relation to another (Fig. 1.1):




• The head is directed forwards with the eyes looking into the distance.


• The body is upright, with the legs together and the feet facing forwards.


• The arms are by the side of the body, with the palms facing forwards and the thumbs laterally.


• The penis is erect.
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Fig. 1.1 Anatomical position and regions of the body.











Anatomical planes


The anatomical planes are as follows (Fig. 1.2):




• The median sagittal plane is a vertical plane passing through the midline of the body from the head to the feet. Any plane parallel to this (i.e. to the left or right of the median sagittal plane) is termed paramedian or sagittal.


• Coronal or frontal planes are vertical planes passing through the body from the head to the feet. They lie perpendicular to sagittal planes.


• Transverse or horizontal planes pass horizontally through the body from the front to the back. They lie at right angles to both the sagittal and coronal planes.
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Fig. 1.2 Anatomical planes.




Computerized tomography (CT) and magnetic resonance imaging (MRI) scans commonly produce images of the body in one of more of these planes.









Terms of position


The terms of position commonly used in anatomy and clinical practice are described in Figure 1.3.
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Fig. 1.3 Classification of terms of position commonly used in anatomy and clinical practice.











Terms of movement


The movements of the body are described as follows (Fig. 1.4):




• Flexion – a movement in the sagittal plane where there is a reduction in the angle between two parts of the body. There are exceptions to this – flexion of the glenohumeral joint increases the angle between the trunk and the upper limb.


• Extension – a backward movement in the sagittal plane where there is an increase in the angle between two parts of the body. Exceptions to this are at the ankle joint, and at the knee joint, as a result of lower limb rotation during embryonic development.


• Abduction – movement away from the median sagittal plane.


• Adduction – movement towards the median sagittal plane.


• Supination – lateral rotation of the forearm causing the palm to face anteriorly.


• Pronation – median rotation of the forearm causing the palm to face posteriorly.


• Eversion – movement of the sole away from the median plane (turning the sole of the foot outwards).


• Inversion – movement of the sole towards the median plane (turning the sole of the foot inwards).


• Rotation – movement of part of the body around its long axis.


• Circumduction – a combination of flexion, extension, abduction and adduction.








[image: image]

Fig. 1.4 Terms of movement.




(A) Flexion and extension of forearm at elbow joint.


(B) Flexion and extension of leg at knee joint.


(C) Dorsiflexion and plantarflexion of foot at ankle joint.


(D) Abduction and adduction of right limbs and rotation of left limbs at shoulder and hip joints, respectively.


(E) Pronation and supination of forearm at radioulnar joints.


(F) Circumduction (circular movement) of lower limb at hip joint.


(G) Inversion and eversion of foot at subtalar and transverse tarsal joints.








The terms used to describe movements of the thumb refer to its being at a right angle to the movements of the fingers (Fig. 1.5).
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Fig. 1.5 Terms of movement for the thumb.




(A) Neutral hand position


(B) Extension (radial abduction)


(C) Flexion (transpalmar abduction)


(D) Abduction (palmar abduction)


(E) Opposition


(F) Adduction





(Adapted from Crash Course: Musculoskeletal System by SV Biswas and R Iqbal. Mosby.)








Hints and Tips


To differentiate supination from pronation, remember that you hold a bowl of soup with a supinated forearm.















Overview of anatomical structures and body systems






Skin


The skin completely covers the body surface and is the largest organ of the body. The functions of the skin include:




• Protection from ultraviolet light, mechanical, chemical and thermal insults.


• Sensation of pain, temperature, touch and pressure.


• Thermoregulation.


• Metabolic functions, e.g. vitamin D synthesis.





The skin is composed of the following layers (Fig. 1.6):




• The epidermis is the outermost layer of the skin. It is a stratified squamous keratinized epithelium which forms a protective waterproof barrier. The epidermis is avascular, and is continually shed and replaced.


• The dermis lies deep to and supports the epidermis. It is composed largely of interlacing collagen fibres, with some elastic fibres, giving the skin strength and -->elasticity. It also contains nerve endings (detecting pain, touch, pressure and temperature), blood vessels and glands. It contains mast cells, lymphocytes and macrophages, which play a role in immunity. It is the site of inflammation, growth and repair.


• The hypodermis, or superficial fascia, lies deep to the dermis. It is composed of loose areolar tissue (subcutaneous fatty tissue) which provides thermal insulation and protection for underlying structures.
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Fig. 1.6 Structure of skin and subcutaneous tissue.




The skin appendages include:




• Hair follicles (containing hair shafts) – tubular invaginations of the epidermis, into the dermis, lined by stratified squamous epithelium. At the base of each follicle, cell division, growth and maturation results in formation of a column of dead, keratinized cells (the hair shaft) which extrudes from the follicle.


• Sebaceous glands – associated with the hair follicles. They produce sebum, which lubricates the skin and hair and creates a protective bactericidal layer.


• Sweat glands – produce sweat, which plays a role in thermoregulation.


• Nails – located at the distal end of the dorsal surface of each digit. They are composed of a nail plate and a nail bed. The nail plate is composed of tightly packed keratinized cells.








Clinical Note






Malignant melanoma


Melanocytes are melanin producing cells (melanin determines skin colour), located in the epidermis. A malignant melanoma is a tumour of melanocytes. Women most commonly develop melanoma on the lower limb, men on the trunk. Early signs of melanoma can be summarized as follows: asymmetry, border (irregular), colour (variegated), diameter (greater than 6 mm is more likely to be melanoma, although this is by no means absolute), evolving/enlarging over time. Diagnosis is made by a full-thickness excision (removal of the melanoma with a small margin of surrounding tissue) or by removal of part of the lesion (biopsy). Melanoma can metastasize to nearby lymph nodes, then to distant organs, commonly the lungs, brain, bone and liver.















Fascia


The fasciae of the body may be divided into superficial and deep layers. Superficial fascia lies deep to the dermis, connecting it to the deep fascia (Fig. 1.6). It supports cutaneous nerves, blood vessels and lymphatics, which supply the dermis and skin. In some places sheets of muscle lie within the fascia, e.g. muscles of facial -->expression. The thickness of fascia varies at different sites within the body, and superficial fascia is thicker in females than in males.


Deep fascia forms a layer of fibrous tissue around muscles, bones, nerves and deep structures. It also forms intermuscular septa, attaching to bone and dividing the muscles of the limbs into compartments. Deep fascia is very sensitive due to its rich nerve supply. Its thickness varies widely, e.g. it is thickened in the iliotibial tract, but very thin over the rectus abdominis muscle and absent over the face. The arrangement of the fascia determines the pattern of spread of infection as well as the extent to which blood can haemorrhage into tissues.









Bone


Bone is a specialized form of connective tissue with a mineralized extracellular component.


The functions of bone include:




• Locomotion (by serving as a rigid lever)


• Support and protection, e.g. of the brain


• Attachment of muscles


• Calcium homeostasis and storage of other inorganic ions


• Production of blood cells (haematopoiesis).









Classification of bone


Bones are classified according to their position and shape:




• The axial skeleton consists of the skull, vertebral column, sacrum, ribs and sternum.


• The appendicular skeleton, consists of the pelvic girdle, pectoral girdle, and the bones of the upper and lower limbs.





There are a variety of shapes of bone including:




• Long bones, e.g. femur, humerus


• Short bones, e.g. carpal bones


• Flat bones, e.g. skull vault


• Irregular bones, e.g. vertebrae.












General structure of bone


Bone is surrounded by a vascular connective tissue membrane known as the periosteum (Fig. 1.7), which provides nutrition to the underlying bone. Periosteum is osteogenic, containing osteoproginator cells which can differentiate into osteoblasts if required, e.g. after a fracture.
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Fig. 1.7 Internal structure of a long bone.




Bone is formed from several components:




• Compact bone – an outer layer, providing strength and rigidity


• Cancellous (trabecular) bone – this lies deep to compact bone, and is also found at the epiphyses of long bones. It consists of a network of trabeculae, laid down in the direction of stresses placed upon the bone.


• Bone marrow – found in the medullary cavity of long bones and the interstices of cancellous bone. At birth -->all bone marrow is red (haematopoietic). With age, this is replaced by yellow (fatty) marrow, which is inactive. In adults only the ribs, sternum, vertebrae, clavicle, pelvis and skull bones contain red marrow.


• Endosteum – lining the bone marrow cavity and the canals. It is composed of a single layer of osteogenic cells.








Clinical Note






Osteoporosis


Bone undergoes constant remodelling. Osteoclasts resorb bone, whilst osteoblasts lay down new bone. In osteoporosis, osteoclasts outperform osteoblasts. Osteoporosis may occur due to ageing, lack of exercise, prolonged use of steroids, low intake of calcium and vitamin D and a lack of oestrogen.


The consequence is a reduction in bone density (BMD) and deterioration in the micro-architecture of bone, leading to a loss of bone strength and an increased risk of fracture. Osteoporotic fractures may occur with minimal or no trauma. The vertebrae, the distal radius (Colles' fracture) and the femoral neck are most commonly affected. At these sites, there is a high ratio of cancellous (trabecular) to cortical bone. Cancellous bone undergoes a faster rate of turnover than cortical bone and so any mismatch in the rate of bone remodelling is more likely to affect this type of bone.















Blood supply of bones


Bones receive a dual blood supply. Major nutrient arteries supply the bone marrow and the majority of the cortex, whilst vessels from the periosteum contribute to the supply of cortical bone. The latter assumes greater importance in the elderly. Stripping of the periosteum, e.g. during surgery or following trauma, may result in bone necrosis.












Joints


These are unions between bones. There are three major types of joints – fibrous, cartilagenous and synovial (Fig. 1.8).
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Fig. 1.8 Types of joints.








Synovial joints


These are moveable joints, reinforced by ligaments. They have the following features:




• The bone ends are covered by hyaline articular cartilage.


• The joint is surrounded by a fibrous capsule.


• The joint and its capsule are lined by a synovial membrane which secretes synovial fluid to lubricate the joint and transport nutrients.


• Some synovial joints, e.g. the temporomandibular joints, are divided into two cavities by an articular disc.












Blood and nerve supply of joints


Joints receive a blood supply from surrounding arteries, the branches of which anastomose to form vascular networks. A nerve which innervates a joint also tends to supply the muscles which move the joint, and the skin over the attachments of the muscles (Hilton's law). Sensory innervation of the joint capsule and ligaments allows sensation of pain and stretch. This contributes to proprioception, and is necessary for motor control and posture.









Stability of joints


Several factors contribute to joint stability:




• Bone – e.g. in a ball-and-socket joint such as the hip joint, bony contours contribute to stability.


• Ligaments – these are important in most joints, acting to prevent excessive movement.


• Muscles – these are an important stabilizing factor in most joints.















Muscles and tendons






Muscle action


Muscles can be classified according to their action:




• Agonist (prime mover) – the major muscle responsible for a particular movement, e.g. biceps brachii is the prime mover in flexing the elbow.


• Antagonist – any muscle that opposes the action of the prime mover: as the prime mover contracts the antagonist relaxes, e.g. triceps brachii relaxes during elbow flexion.








Hints and Tips


If a joint is very stable (e.g. the hip) it has a reduced range of movement compared with a less stable joint (e.g. the shoulder).







• Fixator – a muscle which stabilizes one part of the body, during movement of another part of the body, e.g. muscles which hold the scapula steady when deltoid moves the humerus.


• Synergist – a muscle which performs, or assists in performing, the same set of movements as agonist muscles.












Muscle organization and function


Muscle fibres lie either parallel or oblique to the long axis of the muscle. Parallel muscle fibres allow maximal range of movement e.g. sartorius and sternocleidomastoid muscles. Oblique fibres allow increased power/force, at the expense of a reduced range of movement e.g. deltoid muscles. Muscles with oblique fibres are referred to as pennate muscles, which can be unipennate, bipennate or multipennate.


Motor nerves control the contraction of skeletal muscle. Each motor neuron, together with the muscle fibres it supplies, constitutes a motor unit. The size of motor units varies considerably; where fine precise movements are required (e.g. eye muscles), a single neuron may supply only a few muscle fibres. Where powerful contraction is required, a single neuron may supply several hundred muscle fibres (e.g. gluteus maximus muscle).





Clinical Note






Clinical examination


During a neurological and musculoskeletal examination, muscle power is assessed by asking the patient to perform movements against resistance (e.g. asking the patient to flex the elbow while the examiner tries to oppose this movement). Power is graded (0 to 5) using the UK Medical Research Council (MRC) scale:




Grade 0: no movement


Grade 1: Flicker of muscle contraction


Grade 2: Movement with gravity eliminated


Grade 3: Movement against gravity


Grade 4: Movement against gravity and some resistance


Grade 5: Normal power.


















Muscle attachments


Skeletal muscles are aggregations of contractile fibres which move the joints. Muscles are usually connected to bone via tendons, at sites known as origins and insertions. Some flat muscles are attached by a flattened tendon, known as an aponeurosis. Where the symmetrical halves of a muscle fuse the intersection is known as a raphe. Where tendons cross joints they are often enclosed by a synovial sheath, a layer of connective tissue lined by a synovial membrane and lubricated by synovial fluid. Sacs of connective tissue filled with synovial fluid, known as bursae lie between tendons and bony areas, acting as cushioning devices.












Nervous system


The nervous system is composed of the central nervous system (CNS) and the peripheral nervous system (PNS). The PNS is further divided into the somatic nervous system (comprising the cranial and spinal nerves, supplying the head and trunk/limbs respectively) and the autonomic nervous system (comprising the sympathetic and parasympathetic systems).


The conducting cells of the nervous system are termed neurons. A typical motor neuron consists of a cell body (containing a nucleus), which gives rise to a single axon (nerve fibre) and numerous dendrites (Fig. 1.9). The cell bodies of most neurons are located within the CNS. Aggregations of cell bodies in the CNS and PNS are known as nuclei and ganglia respectively. Axons conduct electrical impulses (action potentials) away from the cell body. They communicate with other neurons at synapses (via neurotransmitter release) or with target organs or glands. They may be myelinated or non-myelinated. Myelinated fibres conduct impulses faster than unmyelinated fibres. Dendrites extend outward from the cell body. They receive signals from other neurons and transmit them to the cell body.





[image: image]

Fig. 1.9 Structure of a typical motor neuron.




The somatic nervous system is composed of motor (efferent) and sensory (afferent) neurons. The former carries impulses from the CNS to skeletal muscles. The latter carries sensory information to the CNS.






Central nervous system


The CNS is composed of the brain and spinal cord, both of which are covered by the meninges (composed of three layers – the dura, arachnoid and pia mater).


The brain lies within the cranial cavity, surrounded by cerebrospinal fluid (CSF). The brain is divided into two cerebral hemispheres, known collectively as the cerebrum, which are connected by the corpus callosum. Each cerebral hemisphere consists of four lobes – frontal, temporal, parietal and occipital lobes. Ridges on the surface of the cerebrum are known as gyri. Grooves between the gyri are known as sulci. The frontal and parietal lobes are separated by the central sulcus.


Deeper grooves are known as fissures, which divide the regions of the brain. The longitudinal fissure separates the two cerebral hemispheres. The transverse fissure separates the cerebrum from the cerebellum. The Sylvian fissure (lateral fissure/sulcus) separates the temporal lobe from the frontal and parietal lobes (Fig. 1.10).
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Fig. 1.10 Lateral view of the brain illustrating the major features.




The outer layer of the cerebrum is known as the cerebral cortex and is composed of grey matter (cell bodies). Deep to this lies white matter (myelinated axons) (Fig. 1.11). The cerebrum and a part of the brain known as the diencephalon together constitute the forebrain. Within the forebrain are areas of deep grey matter, known as the basal ganglia which have a role in a number of neurological conditions (e.g. Parkinson's disease).
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Fig. 1.11 Coronal section of the cerebrum illustrating grey and white matter.




The cerebellum is composed of two hemispheres, with a thin outer cortex of grey matter, deep to which lies white matter. The cerebellum is associated with -->regulation and coordination of movement, posture, and balance.


The brainstem consists of the midbrain, pons and medulla oblongata (Fig. 1.10). Within the brainstem grey matter is arranged into distinct regions known as nuclei. These nuclei give rise to cranial nerves III–XII.









Ventricular system of the brain


The brain contains several cavities known as ventricles, which are continuous with each other. Ventricles are lined with ependyma which secretes CSF. The ventricular system is composed of two lateral ventricles, connected to the third ventricle via the interventricular foramina. The cerebral aqueduct connects the third ventricle to the fourth ventricle, contained within the brainstem. CSF within the ventricles reaches the subarachnoid space around the brain and spinal cord, via apertures in the fourth ventricle (Fig 1.12). CSF eventually returns to the venous system via arachnoid villi which project into the superior sagittal sinus (Fig. 8.7).
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Fig. 1.12 Ventricular system of the brain.











Spinal cord


The spinal cord is cylindrical in shape, and is slightly flattened anteriorly and posteriorly. The cord extends from the foramen magnum of the skull (it is a continuation of the medulla oblongata of the brain) to approximately the level of the L2 vertebra in adults (L3 vertebra in infants). The terminal end of the spinal cord is known as the conus medullaris. The pia mater of the meninges extends inferiorly from the conus medullaris, as the filum terminale which attaches to the coccyx. Inferior to the conus medullaris, the lumbosacral spinal nerve -->roots together with the filum terminale, comprise the cauda equina.


There are two regions of enlargement within the spinal cord which give rise to the upper and lower limb plexuses. The cervical enlargement (C5–T1 segments of the spinal cord) gives rise to the nerves of the brachial plexus whilst the lumbosacral enlargement (L2–S3) gives rise to the nerves of the lumbosacral plexus (Fig. 2.8).


On the anterior surface of the cord lies the anterior median fissure, whilst on the posterior surface lies the posterior median sulcus, which continues internally as the posterior median septum. A cross section of the spinal cord reveals a central H-shaped structure, composed of grey matter (cell bodies of neurons), surrounded by white matter (axons of neurons). The grey matter is composed of two lateral horns connected by a grey commissure. Within the grey commissure lies the central canal, filled with cerebrospinal fluid. Both the grey and white matter is divided into anterior (ventral), lateral and posterior (dorsal) horns and columns respectively (Fig.1.13).
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Fig. 1.13 Transverse section of the spinal cord illustrating the major features.




The cell bodies of motor neurons are located in the ventral (anterior) horn of the spinal cord (Fig. 1.14). The axons of these neurons synapse with the sarcolemma (plasma membrane) of muscle cells at the neuromuscular junction. Depolarization of a motor neuron results in release of neurotransmitter into the synaptic cleft, causing depolarization of the sarcolemma and initiation of muscle contraction.
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Fig. 1.14 Components of a typical spinal nerve.




The receptors of sensory neurons in skin, muscle or viscera respond to specific stimuli, e.g. mechanical, chemical or thermal. The axons of these neurons (known as first order neurons) carry impulses from the receptor to the dorsal (posterior) horn of the spinal cord. First order neurons synapse with second order neurons either at the same level or at a higher level -->within the spinal cord. The second order neurons carry impulses to higher centres in the brain, where they synapse with third order neurons. Sensory neurons can also synapse directly with motor neurons at the same spinal level or via an interneuron. This is the structural and physiological basis of a reflex arc (Fig. 1.14).





Clinical Note






Clinical examination/neurology


When testing reflexes the reflex arc is being assessed at a particular spinal cord level. For example, on striking the patellar tendon the quadriceps muscle is stretched. This triggers an action potential within a muscle spindle (receptors within the muscle which monitor muscle length). The action potential travels to the spinal cord via an afferent neuron, where it synapses with an efferent neuron, leading to contraction of the muscle and a knee jerk. The common limb reflexes tested, with their spinal cord levels are:




• Biceps brachii (C5–6)


• Triceps brachii (C7–8)


• Brachioradialis (C6–7)


• Quadriceps femoris (L3–4)


• Gastrocnemius (S1–2)





Although reflexes occur at the level of the spinal cord, they can be influenced by higher centres. For example, after a stroke, loss of inhibitory input from higher centres which would normally dampen reflex activity may be lost and hyper-reflexia (exaggerated limb reflexes) occurs.















Autonomic nervous system


Autonomic nerves are either sympathetic or parasympathetic. They control involuntary visceral functions. The cell bodies of the preganglionic neurons of the sympathetic nervous system lie within the thoracic and first two lumbar segments of the spinal cord (T1–L2). The preganglionic axons exit via the anterior root of spinal nerves and synapse with post-ganglionic neurons in a ganglion of the sympathetic chain, which runs on either side of the vertebral column. The post-ganglionic axons then re-enter the spinal nerve to supply the body wall and limbs. Some preganglionic axons do not synapse in the sympathetic chain. They can pass through the sympathetic ganglion and travel to autonomic plexuses in the thorax to supply thoracic viscera. Alternatively, they can pass through the ganglion, to form the splanchnic nerves and synapse in a prevertebral ganglion, e.g. coeliac ganglion. Postganglionic axons supply abdominal viscera.


The cell bodies of the parasympathetic preganglionic neurons lie in the nuclei of cranial nerves III, VII, IX, X and in the grey matter of the spinal cord between S2 and S4. Their axons travel in cranial nerves (III, VII, IX, X) and sacral nerves (S2–S4). They synapse in ganglia which lie within, or in close proximity to the viscera they supply.





Hints and Tips


The activity of the sympathetic and parasympathetic nervous systems can be remembered by the following: the sympathetic nervous system controls ‘fight or flight’ reactions (e.g. dilation of the pupils, increase in heart rate and decrease in activity of the gut). The parasympathetic nervous system is concerned with ‘rest and digest’ (increases activity of the gut etc.).












Spinal nerves


There are 31 pairs of spinal nerves: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral and 1 coccygeal nerve. In the intervertebral foramina, the anterior and posterior roots of each segment of the spinal cord join to form a spinal nerve (Fig. 1.14):




• The anterior root contains motor neurons supplying skeletal muscle. The anterior roots of T1–L2 also contain preganglionic sympathetic fibres, whilst S2–S4 contain preganglionic parasympathetic fibres.


• The posterior root contains sensory neurons whose cell bodies are located in the dorsal root ganglion.





Immediately after formation, the spinal nerve divides into ventral and dorsal rami. The ventral rami supply the limbs and the trunk. The dorsal rami supply the erector spinae muscles of the back along with the overlying skin.


Each spinal nerve provides sensory innervation to an area of skin known as a dermatome (with the exception of the skin of the face, which is supplied by the fifth cranial nerve). There is a degree of overlap in sensory innervation between adjacent dermatomes. Testing for loss of sensation over a dermatome helps to identify the level of a lesion within the spinal cord.












Cardiovascular system


The cardiovascular system functions principally to transport oxygen and nutrients to and remove carbon dioxide and other metabolic waste products from the tissues. The right side of the heart pumps deoxygenated blood to the lungs via the pulmonary circulation. The left side of the heart pumps oxygenated blood into the aorta, and onward to the rest of the body, via the systemic circulation (Fig. 1.15A).
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Fig. 1.15 A and B The major arteries and veins of the cardiovascular system. C, Cross section showing the layers (tunics) of a blood vessel wall.




Blood is distributed to the organs via arteries, which branch to become arterioles. Arterioles branch to become capillaries, where gaseous exchange occurs. Deoxygenated blood is returned to the heart via the capillaries which merge to become venules, which in turn become veins (Fig. 1.15B). Superficial veins lie close to the surface of the body, and play a role in thermoregulation. Deep veins, as their name suggests, lie deep within the body, and accompany the arteries supplying a given structure. The deep veins are known as venae comitantes. Valves are present in the low-pressure venous system, acting to prevent back-flow of blood. However, some veins have no true valves, e.g. venae cavae, vertebral, pelvic, head and neck veins.


Not all blood passes through capillaries. Pre-capillary sphincters, under sympathetic nerve control, regulate flow through the capillary beds. Contraction of these sphincters prevents blood from entering capillaries and blood instead passes directly from arterioles to venules (arteriovenous shunts). The sphincters can also dilate allowing increased blood flow through the capillary beds. This mechanism is important in metabolic regulation, e.g. thermoregulation and oxygen supply to skeletal muscle during exercise.


There may be natural connections between arteries. These are known as anastomoses. New connections can also develop between arteries. If an artery becomes occluded over time, e.g. by atherosclerotic plaques or by thrombi, collaterals (new vessels) may develop, forming an alternative route for blood flow. When such communications are absent (e.g. the central artery of the retina) between arteries, the vessel is known as an end artery. Occlusion of these arteries results in necrosis of the tissue or the structure it supplies.


A typical blood vessel wall is composed of three layers (tunics) (Fig. 1.15C). The proportion of each layer within an individual vessel wall varies, depending upon vessel type and function. Arteries have a well-developed tunica media, composed of smooth muscle. The walls of the largest arteries contain numerous elastic tissue layers; however, veins have relatively little smooth muscle and elastic tissue. Capillary walls are composed of a single layer of endothelium. Larger vessels, e.g. the aorta, are surrounded by an external layer of blood vessels (vasa vasorum) and nerves (vasa nervosa) which supply the vessel wall.









Lymphatic system


The lymphatic system is part of the immune system, and is composed of lymph (lymphatic fluid), lymph nodes, lymph vessels and organs, e.g. the spleen (Fig. 1.16). Lymphatics are found in all tissues except the CNS, eyeball, internal ear, cartilage, bone and the epidermis of the skin.
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Fig. 1.16 The lymphatic system (the shaded area drains into the right lymphatic duct; the remainder drains into the thoracic duct).




The lymphatic system has three major functions:




• Removal of excess interstitial fluid from the tissues, helping to maintain fluid balance


• Defending the body against disease


• Absorbing fats from the intestine and transporting them to the circulation.





Lymph originates as plasma. As blood passes through the arterial ends of capillaries, hydrostatic -->pressure forces plasma through the capillary wall, into the tissues, where it becomes known as interstitial fluid. Interstitial fluid delivers nutrients and oxygen to cells, and removes cellular waste products. Most of the fluid is reabsorbed at the venous ends of capillaries, due to oncotic pressure (created by proteins, e.g. albumin and cations (sodium ions)) within the capillary. Interstitial fluid which is not reabsorbed enters surrounding lymphatic capillaries, where it becomes known as lymph. Lymphatic capillaries merge to form superficial and deep lymph vessels. Vessels unite to form lymphatic trunks (lumbar, intestinal, bronchomediastinal, subclavian and jugular). The lymphatic trunks drain into the right lymphatic duct and the -->thoracic duct on the left. The right lymphatic duct drains the right side of the head, neck and thorax, along with the right upper limb, and enters the venous circulation at the junction of the right subclavian and right internal jugular veins. The thoracic duct drains lymph from the remainder of the body and enters the venous circulation at the junction of the left subclavian and left internal jugular veins (Fig. 1.16).


Movement of lymphatic fluid through lymph vessels is the result of (i) muscle contraction, (ii) pulsation of adjacent arteries, (iii) negative intrathoracic pressure within the thorax and (iv) pressure within the lymphatic vessels. Valves in larger vessels also help to prevent backflow of lymph.


The lymphatic system also helps defend against disease. Lymph nodes are located throughout the body, along lymphatic vessels. They filter lymph which passes through them, removing foreign antigens (anything which is not recognized by the immune system as ‘self’). Nodes contain T and B lymphocytes and special cells known as antigen-presenting cells. Antigen-presenting cells present foreign antigens to T and B lymphocytes. Lymphocytes recognize these foreign antigens as not ‘self’, and mount an immune response.


Lymphatics are also involved in the absorption and transport of fats and fat-soluble vitamins. Intestinal villi contain lymphatic capillaries known as lacteals. Fats and fat-soluble vitamins enter the lacteals, mixing with lymph to form chyle (a milky substance with a high fat content). Lacteals drain into larger lymphatic vessels which drain into the cisterna chyli (lying inferior to the diaphragm in the midline). This drains into the thoracic duct.





Clinical Note






Oncology


Lymph nodes can be a site of tumour spread. Malignant cells may detach from a primary tumour and travel in lymph vessels to reach a lymph node, where they may give rise to a secondary tumour. This process is known as metastasis. In order to be able to predict and examine for likely sites of tumour metastasis, it is important to know the location of major lymph nodes. There are three superficial groups of nodes which are palpable when enlarged:




• Cervical nodes of the neck – lie in a chain on either side of the neck. They drain all structures of the head and neck.


• Axillary nodes – lie in fatty tissue within the axilla. They drain the upper limb and abdominal and thoracic walls, down to the level of the umbilicus.


• Inguinal nodes – lie in the superficial fascia, inferior to the inguinal ligament in the groin. They drain lymph from the lower limb, perineum and external genitalia, the abdominal wall below the umbilicus and the gluteal region.


















Gastrointestinal system


The gastrointestinal system has three major functions:




• Digestion of food material starting with chewing (mastication) and continuing in the stomach and duodenum


• Absorption of the products of digestion in the small intestine


• Absorption of fluid and formation of solid faeces in the large intestine.





The process of digestion begins in the mouth with mastication and secretion of salivary enzymes (amylase and lipase). In the stomach, acid and enzyme secretion continue the process. In the second part of the duodenum, pancreatic enzymes, along with bile from the liver, complete digestion. The majority of absorption occurs in the jejunum, which has a large surface area due to the presence of plicae circularis (folds), villi (finger-like projections) and microvilli (microscopic projections on individual cells). Carbohydrates and proteins enter the hepatic portal system (see below) via capillaries within the intestinal villi, and fats enter the lymphatic system via lacteals in the intestinal villi.


The hepatic portal system consists of a number of veins which drain blood from the small and large intestines, stomach, spleen and pancreas. Venous blood from these organs eventually ends in the portal vein. At the entrance to the liver, the portal vein splits into left and right veins, which continue to divide, forming a set of capillaries, known as liver sinusoids. The blood is filtered in the sinusoids and substances absorbed in the intestines are processed. The sinusoids merge to form the hepatic veins. From here, blood travels on into the inferior vena cava, and into the heart. The portal venous circulation anastomoses with the systemic venous circulation at the gastro-oesophageal and recto-anal junctions (portosystemic anastomoses), and with vessels around the umbilicus.


The wall of the gastrointestinal tract is composed of four basic layers with areas of specialization reflecting function:




• Mucosa – is the innermost layer of the gastrointestinal tract.


• Submucosa – connective tissue layer containing blood vessels, autonomic nerves and lymphatics. Within the submucosa lies the enteric nerve plexus, and Mesissner's plexus.


• Muscularis externa – is composed of an inner circular layer and a longitudinal outer layer of muscle. The myenteric (Auerbach's plexus) lies between these two layers.


• Adventitia – the outer layer of the gastrointestinal tract.





The basic structure of the gut wall is illustrated in Figure 1.17. Modifications to this structure reflect the primary function of each area of the intestine, e.g. there are more folds and villi in the jejunum than in the ileum or colon since the jejunum has a more important role in absorption.
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Fig. 1.17 The gastrointestinal system. The layers comprising the wall of the gastrointestinal tract are illustrated. Epithelial adaptions which dictate function are also shown.











Respiratory system


The major function of the respiratory system is gas exchange – oxygen required for metabolic processes is inhaled and carbon dioxide is eliminated in order to maintain the acid–base balance of the body. However, the respiratory system has additional functions:




• Metabolism and activation or inactivation of some proteins, e.g. angiotensin-converting enzyme.


• Phonation (vocal sound production).


• Olfaction.


• Acting as a reservoir for blood.





Anatomically the respiratory system is divided into upper and lower respiratory tracts. The upper respiratory tract consists of the nose, pharynx and larynx. The lower respiratory tract begins at the trachea which divides into two main (primary) bronchi. The main bronchi divide repeatedly into secondary and tertiary bronchi. The tertiary bronchi divide into gradually smaller bronchi, which eventually become terminal bronchioles (bronchi contain cartilage within their walls, bronchioles do not), then respiratory bronchioles and finally alveolar ducts. Clusters of alveolar ducts are -->referred to as alveolar sacs. The walls of the alveoli are composed of type I and type II pneumocytes (thin epithelial cells) surrounded by a rich capillary network, allowing efficient gas exchange to occur (Fig. 1.18).





[image: image]

Fig. 1.18 Sagittal section illustrating the conducting and respiratory portions of the respiratory tract.




Functionally the respiratory tract can be divided into a conducting portion and a respiratory portion. The conducting portion consists of a series of passageways through which air is conducted, and comprises the nasal cavity, pharynx, larynx, trachea, bronchi and terminal bronchioles. The respiratory portion consists of the respiratory bronchioles, alveolar ducts, alveolar sacs and alveoli, and is the site of oxygen and carbon dioxide exchange.


The conducting portion of the respiratory system as far as the bronchi is lined by respiratory epithelium (pseudostratified columnar epithelium). Terminal bronchioles are lined by simple cuboidal epithelium. The respiratory portion is lined by simple squamous epithelium allowing efficient exchange of oxygen and CO2.


In addition to serving as a passageway for air, the conducting portion of the respiratory system is adapted to warm, filter and cleanse inhaled air in the following ways:




• Coarse hairs in the nasal vestibule trap large incoming particles.


• There is a rich network of veins underlying the nasal mucosa which warms inhaled air.


• On the lateral walls of the nasal cavity there are bony projections known as conchae. They are covered by epithelium, and act to increase the surface area of the nasal cavity, creating turbulence in the inhaled air. This facilitates the warming and filtration of the air.


• Motile cilia on the luminal surface of the airways beat rhythmically, propelling mucus containing trapped particles upwards towards the pharynx where it is swallowed.


• Goblet cells produce mucus, which humidifies inhaled air and traps foreign particles and bacteria, protecting the deeper portions of the lung. The mucus produced is supplemented by mucous and serous glands, which lie scattered amongst the epithelial cells.












Urinary system


The urinary system comprises the kidneys, ureters, bladder and urethra (Fig. 1.19). The functional unit of the kidney is the nephron.
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Fig. 1.19 Components of the urinary tract. Inset A shows the structure of a nephron, inset B shows the structure of the ureter and inset C shows the structure of the bladder wall.




A nephron is visible using a light microscope. It is composed of a glomerulus and a renal tubule. Blood is filtered at the glomerulus which consists of a knot of capillaries. The filtrate produced travels through the renal tubule, where a variety of substances undergo selective reabsorption and secretion. This results in the formation of urine, which enters the renal pelvis and drains into the bladder via the ureters. The bladder stores urine until it is voided (micturition). In addition to the excretion of waste products, e.g. urea, and reabsorption of filtered substances such as glucose, ions, and proteins, the kidneys also have the following functions:




• Conversion of vitamin D to its active form


• Regulation of blood pressure via renin secretion


• Stimulation of red blood cell production via erythropoietin secretion.





The ureters and bladder have muscular walls. Both are lined by urothelium (transitional epithelium). This is a specialized stratified epithelium allowing distension, especially of the bladder, to accommodate large volumes of urine.












Radiological anatomy






Introduction


Plain film radiography (X-ray) is a useful first line investigation in the diagnosis of many conditions e.g. bone/joint injury or disease, and diseases affecting the thoracic and abdominal viscera. The use of a contrast medium such as barium improves the diagnostic effectiveness of plain X-rays. Barium appears radio-opaque (white) on an X-ray film. It allows structures of similar lucency and internal structures not seen on plain X-ray to be distinguished. Contrast studies are commonly used to investigate the gut (e.g. to detect a perforation of the bowel wall or a stricture). A single contrast study uses contrast only. A double contrast study involves introduction of both contrast and air into the intestines.


Angiography involves injection of a contrast medium into an artery or vein via a percutaneous catheter. It is used to assess vascular disease such as atherosclerosis (fatty plaques) in the coronary arteries and aneurysms (a balloon-like swelling) in the abdominal aorta.


Computerized tomography (CT) scanning and magnetic resonance imaging (MRI) produce images in the axial/transverse plane, which can be reconstructed to produce 3D images of the body. In CT scanning, 2D X-rays are taken around a single axis of rotation, producing ‘slices’. Digital geometry processing is then used to produce a 3D image of the body. MRI uses a magnetic field and radio waves to produce images. CT and MRI scans are often required to provide further detail on abnormalities highlighted by X-rays and ultrasound scans, or to look for subtle abnormalities which may not be apparent on plain X-rays.


CT scanning is used in evaluation of diseases of the chest, abdomen and pelvis (e.g. in cancer staging). It is also used to evaluate bony structures, including the skull and sinuses. CT scanning is often used to perform interventional procedures such as biopsies.


MRI is the preferred modality for evaluation of brain tumours, multiple sclerosis and injuries to the spinal cord (e.g. in suspected spinal cord compression), vertebrae and joints.


The remainder of the chapters will introduce normal radiographic anatomy and provide a systematic approach to interpreting X-rays. This is a vital skill as foundation doctors are often the first person to see and interpret an X-ray.
















2 The back




Objectives


In this chapter you will learn to:




• Outline the surface anatomy of the back.


• Describe the major features of a typical vertebra.


• List the distinguishing features of the vertebrae in each region of the vertebral column.


• Describe the joints of the vertebral column.


• Understand the structure of intervertebral discs and describe their functions.


• Discuss the arrangement of the ligaments of the vertebral column.


• Appreciate the potential movements of each region of the vertebral column.


• Describe the major muscle groups supporting the vertebral column.


• Appreciate the general organisation of the spinal cord, and describe the meninges surrounding it.


• Explain the blood supply of the vertebral column and the spinal cord.












Regions and components of the back


The back consists of the vertebral column, the spinal cord, the roots of the spinal nerves and associated muscles. The vertebral column extends from the skull to the coccyx and supports the weight of the upper body. It is composed of vertebrae, intervertebral discs, and ligaments. The vertebral column houses the spinal cord and meninges, the roots of the spinal nerves and blood vessels.









Surface anatomy and superficial structures


The surface anatomy of the back is illustrated in Figure 2.1.
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Fig. 2.1 Surface features of the back.








Cutaneous innervation of the back


The skin of the back is supplied segmentally (in a dermatomal distribution) by the posterior rami of each of the 31 pairs of spinal nerves (Fig. 1.14). All of the posterior rami of the spinal nerves, with the exception of the first cervical nerve, divide into medial and lateral branches. The posterior ramus of the 1st (suboccipital) cervical nerve supplies the deep muscles in the suboccipital region of the neck but does not supply the skin.





Hints and Tips


Herpes zoster


After infection with Varicella zoster (causing chickenpox), the virus lies dormant in the dorsal root ganglia of spinal nerves. Reactivation of the virus results in shingles (herpes zoster), producing a painful vesicular rash in a characteristic unilateral distribution, usually limited to one dermatome.








Clinical Note






Back pain


Back pain is common, normally originating from joints, muscles or ligaments as a result of injury, poor posture or ageing. Most cases of back pain are not serious or permanent. However, ‘red flags’ (symptoms and signs which suggest that back pain may be secondary to serious underlying pathology) are important to recognize. New onset bladder dysfunction, faecal incontinence, loss of sensation around the perineal region and neurological deficit in the legs suggests cauda equina syndrome. Pain after very minor trauma or exertion, particularly in an elderly patient, suggests an osteoporotic or pathological vertebral fracture. New-onset back pain in a person over 50 years of age, a history of cancer, pain which is constant or disturbs sleep and systemic symptoms such as fever and weight loss suggest malignancy.


















The vertebral column






Osteology of the vertebral column


The vertebral column consists of 33 vertebrae, arranged in five distinct regions. There are seven cervical, twelve thoracic, five lumbar, five sacral and four coccygeal vertebrae. The sacral and coccygeal vertebrae fuse to form the sacrum and coccyx respectively (Fig. 2.2). Vertebrae articulate with each other via intervertebral discs and articular facet (zygapophyseal) joints. There is limited movement between adjacent vertebrae, but movement within the vertebral column as a whole is considerable.
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Fig. 2.2 Lateral view of the vertebral column.







Clinical Note






Scoliosis, kyphosis and lordosis


Scoliosis is an abnormal lateral curvature of the vertebral column; a true scoliosis also includes some element of vertebral rotation. 80% of cases are idiopathic. The majority of the remainder are neuromuscular in origin (e.g. secondary to cerebral palsy or muscular dystrophy), and a very small number occur secondary to abnormal vertebral development (congenital). Kyphosis describes an abnormal increase in the thoracic curvature, resulting in a ‘hunchback’. -->It may occur secondary to vertebral wedge fractures as a result of osteoporosis. Lordosis describes an abnormal increase in the lumbar curvature, with anterior rotation of the pelvis. It may occur secondary to pregnancy or obesity, where the centre of gravity shifts anteriorly.








There are four curvatures of the vertebral column in adults (Fig. 2.2). The thoracic and sacral curvatures are kyphoses. They are primary curvatures, developing during the fetal period and are present at birth. The cervical and lumbar curvatures are lordoses. They are secondary curvatures which begin to develop during the fetal period, but become apparent at 3 months (when a baby begins to lift his/her head) and 12–18 months of age (when a child begins to walk) respectively.









Features of a typical vertebra


Figure 2.3A illustrates the features of a typical vertebra:




• A vertebral body – the weight-bearing part of the vertebra. These increase in size from the cervical to the sacrococcygeal region.


• A vertebral foramen – collectively, the foramina form the vertebral canal, through which the spinal cord passes.


• A vertebral arch – composed of two pedicles and two laminae. The arch forms the lateral and posterior walls of the vertebral canal. A single spinous process projects posteriorly from the junction of the laminae, and transverse processes extend posterolaterally from the junctions of the pedicles and laminae on each side.


• Superior and inferior articular processes – these project superiorly and inferiorly from the junctions of the pedicles and laminae. The superior articular process of one vertebra articulates with the inferior articular process of an adjacent vertebra to form facet joints.


• Intervertebral foramina – formed by the superior and inferior notches on each of the pedicles. Spinal nerves and vessels pass through the foramina.
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Fig. 2.3 A, Features of a typical vertebra. B, Atlas and axis (showing their articulations). C, Features of a cervical vertebra. D, Features of a thoracic vertebra.-->E, Features of a lumbar vertebra. F, Anterior and posterior views of the sacrum.




In addition, each region of the vertebral column possesses characteristic features (Figs 2.3B–F, 2.4). -->Some vertebrae are highly specialized, for example the C1 (atlas), C2 (axis) and the sacrococcygeal vertebrae. The atlas is ring shaped and lacks a vertebral body. The axis features the dens (the odontoid process) projecting superiorly from the vertebral body (Fig. 2.3B).
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Fig. 2.4 Differentiating characteristics of vertebrae by region.




The sacrococcygeal region forms part of the pelvic girdle. The sacrum consists of five fused vertebrae. There are four anterior and four posterior sacral foramina for passage of the anterior and posterior rami of the sacral spinal nerves. The median sacral crest represents the fused spinous processes of the sacral vertebrae (Fig. 2.3F).









Joints of the vertebral column






Atlanto-occipital joint


The atlanto-occipital joint is formed by the articular surfaces of the lateral masses of C1 vertebra (the atlas) and the occipital condyles. It is a synovial joint surrounded by a loose capsule. Flexion and extension (nodding movements) occur at this joint.









Atlanto-axial joints


The atlanto-axial joints comprise two lateral synovial joints, between the articular surfaces of the lateral masses of the axis and atlas, and a median joint between the dens (odontoid process) of the axis and the anterior arch of the atlas (Fig. 2.3B). The dens is held in place by the transverse ligament of the atlas. These joints allow rotational (shaking) movements of the head where the skull and the atlas rotate as a unit on the axis. Alar ligaments connect the dens to the occipital condyles, preventing excess rotation.





Clinical Note






Rheumatoid arthritis


Patients with rheumatoid arthritis must undergo careful pre-operative assessment, as they may suffer from atlantoaxial subluxation due to destruction of the transverse ligament and/or erosion of the dens. If the dens is not held firmly against the C1 vertebrae, it can impinge upon the spinal cord and so extension of the neck during anaesthesia can result in spinal cord injury.















Zygapophyseal joints (facet joints)


These are joints between the articular facets present on the superior and inferior articular processes. They are plane synovial joints. Flexion, extension, lateral flexion and rotation can occur within the vertebral column. Which of these movements are possible at any given vertebral level depends upon the shape and orientation of the articular facets (Fig. 2.5)
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Fig. 2.5 Movements of the vertebral column.







Clinical Note






Vertebral fractures and dislocations


Sudden forceful flexion of the vertebral column (e.g. in a car accident) can lead to compression fractures of the vertebrae. It can also result in anterior dislocation of a vertebral body (relative to the vertebrae below), resulting in dislocation or fracture of the articular facets and damage to the spinal cord. Hyperextension of the vertebral column can result in fracture of the vertebral arches, and stretching or tearing of the anterior longitudinal ligament (whiplash).















Intervertebral discs


Intervertebral discs lie between the vertebral bodies of adjacent vertebrae (Fig. 2.6) forming secondary cartilaginous joints. They help to absorb compressive forces. Intervertebral discs are composed of the following:




• Anulus fibrosus – an outer ring composed of concentric layers of fibrocartilage


• Nucleus pulposus – a gelatinous core.
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Fig. 2.6 Sagittal section of the vertebral column, showing the intervertebral discs and ligaments.














Ligaments of the vertebral column


These are described in Figures 2.6 and 2.7.
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Fig. 2.7 Ligaments of the vertebral column.








Ligamentum nuchae


The ligamentum nuchae is a strong triangular fibroelastic ligament that lies in the median sagittal plane. It is essentially a continuation of the supraspinous ligament. It is attached superiorly to the external occipital protuberance and the foramen magnum. It also attaches to the spinous processes of the cervical vertebrae and ends by attaching to the tip of C7 spinous process. It helps to return the head to its normal position following flexion of the neck and provides a site of muscular attachment for trapezius and rhomboid minor.





Clinical Note






Herniated intervertebral disc


When the vertebral column is flexed, compression of the anterior part of the intervertebral disc pushes the nucleus pulposus posteriorly, which can cause it to herniate into the vertebral canal. Herniation is more likely if the anulus fibrosus has degenerated/weakened with age (if the intervertebral disc were a jam -->doughnut, imagine what would happen to the jam if half of the doughnut was squashed), or in an area where the anulus fibrosus is thin, with no ligamentous support (for this reason posterolateral herniations are most common). Herniation is particularly common in the lumbar and lumbosacral regions, where discs are large and the range of movement is greatest. The result is compression of the spinal nerve roots, or of the spinal cord. Compression of any of the nerve roots from L5 to S3 causes sciatica. Most commonly the L5 and/or S1 nerve roots are affected – resulting in back pain which travels down the posterior aspect of the thigh and sometimes into the foot.


















Muscles of the vertebral column


An individual's body weight, for the greater part, is anterior to their vertebral column. To support this and move the vertebral column, there are three main groups of muscles which run longitudinally on the posterior aspect of the vertebrae:




• Superficial extrinsic muscles, associated with the upper limb – trapezius, latissimus dorsi, levator scapulae and rhomboids minor and major (Chapter 3).


• Intermediate extrinsic muscles – serratus posterior superior and inferior, and levatores costarum. These connect the vertebrae and the ribs and bring about accessory respiratory movements.


• Deep intrinsic muscles of the back – this is a complex group of muscles, the most important of which are the erector spinae muscles, forming the ridges of muscle on either side of the vertebral column. The more superficial long muscles support the curves of the spine and bring about extension, and the shorter deeper muscles are involved with smaller rotatory movements.
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Ligament

Action

Anterior
longitudinal

Extends from the anterior tubercle of
C1 vertebra (the atlas) to the sacrum
Is attached to the anterior surfaces of
the vertebral bodies and intervertebral
discs. Prevents hyperextension of the
vertebral column and maintains
stabilty of the intervertebral discs.

Posterior
longitudinal

Extends from C2 vertebra to the
sacrum. Is attached to the posterior
aspect of the vertebral bodies and
intervertebral discs (therefore lines the
anterior surface of the vertebral canal)
Prevents hyperflexion of the vertebral
column and posterior protrusion of the
intervertebral discs

Supraspinous

Crosses and unites the tips of the
spinous processes from C7 to the
sacrum (between the skull and C7 this
ligament is known as the ligamentum
nuchac).

Interspinous

Ligaments uniting adjacent spinous
processes.

Ligamentum
flavum

Unites adjacent laminae; fimits flexion
of the vertebral column, assists in
extending the spine after flexion, and
helps to preserve the curvatures of the
vertebral column.
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Position

Description

Anterior In front of another structure
Posterior  Behind another structure

Superior Above another structure

Inferior Below another structure

Deep Further away from body surface
Superficial  Closer to body surface

Medial Closer to median sagittal plane
Lateral Further away from median sagittal plane
Proximal Closer to the trunk or origin

Distal Further away from the trunk o origin
Ipsiateral  The same side of the body
Contralateral  The opposite side of the body
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Vertebral
region

Movements

Cervical

The most mobile region of the vertebral
column. Flexion, extension, and lateral
flexion occur. Rotation occurs mainly at
the atlanto-axial joint. Rotation islimited
due to the shape and orientation of the
articular processes of the facet joints of
C3toCr.

Thoracic:

Rotation occurs. Flexion and extension
are inhibited by facet joint shape and
orientation, long spinous processes, the
tibs and stemum.

Lumbar

Flexion, extension, and lateral flexion
occur. Rotation s prevented by the shape:
and orientation of the articular facet
joints
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