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Part 1:


Anatomy




1


General considerations
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In this chapter you will learn about:


•  what anatomy means


•  key terms used in anatomy


•  different methods of acquiring anatomical knowledge


•  the history of anatomy.
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Anatomy


The word anatomy means the cutting up of the body to examine its parts. Knowledge gained in this way is essentially regional in that one gains a familiarity with each body part, such as the arm or leg. However, every part contains the same kinds of blood vessels, nerves, bones and so on – so that, as well as regional anatomy, there is also a systemic aspect in which the body is considered to be made up of several coordinated systems such as the nervous system. Body systems are known as macroscopic or gross anatomy, and contrast with microscopic anatomy or histology, which is the study of the structure of cells and tissues.


We should also consider developmental anatomy, which is known as ontogeny, and consists of embryology, which is the growth of the individual within the womb, postnatal development from infancy to maturity, and then, towards the end of life, certain changes as one grows older called senescence.


Methods of acquiring anatomical knowledge


•  Dissection


The oldest method of acquiring anatomical knowledge is by dissection, which involves cutting body tissue and examining it. This can take place on both the living body and the recently dead through surgical explorations and autopsies respectively.
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Nugget


In the early nineteenth century it was difficult to obtain subjects for dissection; only the bodies of hanged criminals were available – in fact, their dissection was compulsory by law. However, as this source proved inadequate, the snatching of freshly buried corpses by the ‘resurrection men’ became prevalent in London, Glasgow and Edinburgh, a lucrative occupation. Increasing public anger was aroused, especially when murders were committed to obtain bodies for sale, as in the infamous Burke and Hare episode in Edinburgh. The disclosures at their trial in 1828 were ultimately responsible for the Anatomy Act of 1831, regularizing the conduct of schools of anatomy and authorizing the use of donated bodies for dissection.


[image: image]


•  Optical microscopy


This method uses electron microscopes to study microscopic anatomy of the cells and tissues which links up with the study of molecular biology.


•  Surface anatomy inspection


These methods deal with the relation of superficial landmarks to the deeper structures in the body. Inspection reveals the bulge of muscles when they contract, the pulsation of arteries and the course of veins, and the position of bony prominences. Palpation, manipulation and percussion are methods used in surface anatomy to reveal respectively the consistence of the deep structures, the movements of joints, and the boundaries of hollow air-containing or solid organs, while listening with a stethoscope – auscultation – locates organs such as the heart, lungs and bowel.


•  Endoscopy


This is the introduction of an instrument carrying an optical system, which may be connected to a videocamera, to visualize the inside of cavities such as the abdomen or hollow organs like the stomach or bladder, or the interior of joints (arthroscopy).


•  Ultrasound


This method produces images of deep-lying structures without irradiation and is routinely used for studying the foetus in pregnancy; it shows up most internal organs but without much detail.


•  Radiographic anatomy


X-rays show the skeletal system and also demonstrate hollow organs when these are filled with air, which is abnormally translucent, or with substances opaque to the rays.


•  Computed tomography (CT)


This method uses X-rays and produces ‘slices’ at selected depths and planes of various body parts and areas.


•  Magnetic resonance imaging (MRI)


MRI is a magnetic excitation of tissue hydrogen molecules without irradiation and also allows sections of any desired thickness, at any depth and in any plane of areas of the body, but remains a lengthy procedure.


Variation in human anatomy


Human beings are essentially similar, but there is a continuous variation from the standard pattern in inessential details. We vary outwardly in height and colouring, and internally there may be minor differences in the arrangement of nerves and blood vessels, bile ducts and bronchi. But just as the general catalogue – ‘item, two lips, indifferent red; item, two eyes, with lids to them; item, one neck, one chin’, and so forth – is always correct, so the femoral artery or the biceps muscle is always where we expect to find it. There are occasional grosser errors which represent a failure or misdirection of normal development, such as absence of part or whole of a limb or cleft palate.


The history of anatomy


Some prehistoric anatomical instinct is evident from the uncanny accuracy of carvings and cave drawings and indicates an acquaintance with underlying structures. The Egyptians had a body of knowledge derived from embalming, various surgical procedures and ritual divination using the entrails of animals. However, it is to the Greeks that we owe the idea of structure as a matter for deliberate investigation. The superb surface anatomy of Greek sculpture speaks for itself and various operations, such as trephining for head injuries, were common. Aristotle and Hippocrates are the great names of this period. Hippocrates worked from a practical surgical viewpoint in connection with wounds, fractures and dislocations. Aristotle, who founded comparative anatomy, did not practise human dissection but made many accurate observations of adult and embryo animals. After his death, the school at Alexandria established a discipline which included the public dissection of human bodies. There was a medical school in Rome and systematic descriptions of bones and organs began. In the second century AD, Galen was the greatest physician and anatomist of antiquity; his work was the basis of European anatomy for a thousand years, surviving the Dark Ages to reappear in translations by Arab scholars at the Renaissance.


The Middle Ages saw the rise of the great Italian universities and medical schools – Salerno, Bologna and Padua – where students were formally instructed in anatomy by professors. Leonardo da Vinci is remarkable in this period as a brilliant artist and anatomist who established principles of anatomic illustration which were developed by the invention of printing. In the sixteenth century, Vesalius replaced the traditional reliance on Galen by direct personal observation and dissection; his great work, On the Fabric of the Human Body, rejuvenated anatomy. In England, there seems to have been no dissection until the end of the fifteenth century, but some demonstrations on the corpses of criminals by the barber-surgeons were authorized under Henry VIII. During the latter part of the eighteenth century, the brothers William and John Hunter gave an immense impetus, not only to anatomy, but to its applications in surgery. John’s specimens became the nucleus of the great Hunterian Collection at the Royal College of Surgeons. By the close of the century anatomy was recognized as a basic introductory subject for medical students.
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Test yourself








  1  Which of the following is an example of systemic anatomy?


a    The heart


b    An arm


c    The nervous system


d    A kidney


  2  The term used for developmental anatomy is:


a    Regional


b    Postnatal


c    Ontogeny


d    Biology


  3  What term is used in anatomy for a person as they are getting older?


a    Senescence


b    Ontogeny


c    Palpation


d    Morphology


  4  Which of the following methods of acquiring anatomical knowledge involves cutting body tissues?


a    Endoscopy


b    Ultrasound


c    Dissection


d    Optical microscopy


  5  Which of the following methods of acquiring anatomical knowledge involves using an optical instrument to look inside joints?


a    Endoscopy


b    Athroscopy


c    Optical microscopy


d    Radiographic anatomy


  6  Which of the following methods of acquiring anatomical knowledge involves using magnetic excitation of tissue hydrogen molecules without irradiation?


a    Dissection


b    Palpation


c    Computed tomography


d    Magnetic resonance imaging


  7  Which of the following methods of acquiring anatomical knowledge involves using inspection of superficial landmarks of the body?


a    Palpation


b    Endsocopy


c    Ultrasound


d    Optical microscopy


  8  Which of the following people did not practise human dissection?


a    Aristotle


b    Hippocrates


c    Galen


d    Vesalius


  9  Which of the following people was a brilliant artist?


a    Galen


b    Leonardo da Vinci


c    John Hunter


d    Aristotle


10  What did the Greeks use trephining for?


a    Head injuries


b    Arm injuries


c    Chest injuries


d    Abdominal injuries
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Cells, DNA and tissues
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In this chapter you will learn about:


•  the different parts of a cell


•  the function of DNA


•  the different types of tissues.
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Cells


A cell can be seen using an electron microscope after it has been stained with dyes. Only the largest cell, the fertilized ovum, is just visible to the naked eye.


All the body cells have sprung from the division of the female germ cell (ovum) after fertilization by the male germ cell (spermatozoön). Different cells have widely differing life-spans. Some are rapidly replaced, others are very long-lived; but all (except the germ cells, which, given the chance, are immortal) are programmed for ageing (senescence) and death. Some, such as white blood cells and certain cells of the immune system, can move around – either carried passively in the bloodstream or migrating actively like amoebae through the tissues – but most remain where they are formed.


In the adult there are:


•  specialized cells that cannot divide and are irreplaceable, e.g. nerve and muscle cells


•  cells that divide slowly in health but are stimulated to rapid growth in case of need, e.g. connective tissue in repair after injury


•  cells that reproduce rapidly to replace those with a short life-span, e.g. the precursors of red blood cells and the outer layer of the skin.


Though the general tendency of a cell is to be spherical, many cells have bizarre shapes. Some nerve cells, though minute, send their fibres almost the length of the body. Muscles consist of elements often as long as the muscle itself. The red blood cell is modified into a flattened biconcave disc to concentrate the pigment haemoglobin at its periphery.


The essential parts of any cell are:


•  the bounding membrane


•  the cytoplasm


•  the central nucleus.


•  The bounding membrane


This is made up of lipids and proteins and is typically semi-permeable, allowing the passage of water and certain simple ions. It is not a mere envelope but an actively selective agent. Where cells are closely packed together, connecting channels allow communication of materials. At the membrane there is a resting negative electrical potential of –20 to –200 mV, i.e. an electrochemical gradient based on the different concentrations of sodium and potassium ions within and outside the cell.
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Figure 2.1   Various types of cells, showing that they can have very different shapes


The surface of each cell has characteristics of the tissue, the species and the individual. It contains proteins which reject foreign material from other organisms, i.e. it has an immunological function. It also possesses specialized receptors which ‘lock on’ to chemicals such as hormones (Chapter 21) and drugs which recognize other cells by direct contact or by electrical and chemical signalling.


•  The cytoplasm


The cytoplasm is all the material between the nucleus and the bounding membrane. It is a mass of colloidal proteins, carbohydrates and smaller molecules, and contains most of the ribonucleic acid (RNA) of the cell. It also contains a number of small discrete structures, or organelles, of various kinds.


•  The Golgi apparatus, near the nucleus, is a stack of discoid structures which receives and reroutes proteins manufactured in the cytoplasm.


•  The mitochondria are thread-like bodies. There are thousands of these in a cell and they contain enzymes for the oxidation of carbohydrates. They are the main sites for energy conversion and are prominent in very active tissues such as heart muscle and kidney tubules. They contain deoxyribonucleic acid (DNA) and RNA and replicate by simple fission.


•  The lysosomes contain enzymes concerned with digesting absorbed material and scavenging.


•  The ribosomes are dense particles of RNA-protein complexes and as such are sites of production of protein molecules.


•  The centrioles are a pair of barrel-shaped bodies at right angles to each other near the nucleus, which have an important function in cell division.


•  The microtubules radiate out from the nucleus and maintain cell shape with other organelles strung out along them.


•  The endoplasmic reticulum is a network of fine tubes and membranes studded with ribosomes providing a large area for synthesis of proteins and cell membrane constituents.
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Nugget


Mitochondria arose in the early history of life on this planet as invading bacteria which settled down in symbiosis.


[image: image]


•  The nucleus


The nucleus is sharply defined and contains chromosomes (see below) with RNA and long molecules of DNA. Certain very large cells are multinucleate, e.g. bone osteoclasts and skeletal muscle fibres. Every body cell has a nucleus except the mature red blood cell, which has a very limited life because without nuclei cells cannot form proteins, which are needed in order to survive.


Cells stick together and this facilitates their arrangement as tissues. Cancer cells, however, lose this adhesion and then invade the body.
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Nugget


The nucleus can be separated out of the cell and inserted into an emptied ovum for cloning.
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Some cells have the power of phagocytosis, i.e. they can surround and ingest foreign matter – bacteria and dead cells; this is notable in the polymorphs of the blood and the cells of connective tissue.


The chemical constituents of cells include proteins – some in colloidal solution in the cytoplasm, some particulate in the organelles – droplets of fats (lipids), and carbohydrates as simple soluble compounds or granules of complex polysaccharides. There are also pigments in cells, such as the red haemoglobin of blood, its pink myoglobin derivative in muscle, its green and red degradation products in bile and faeces, and the photosensitive visual purple of the retina.
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Figure 2.2   A diagram of a cell illustrating the structures that are essential for its survival (from A Companion to Medical Studies, Vol. 1)


The cells of different tissues may be greatly modified for their functions: the red blood cell has lost its nucleus, the nerve cell may have an enormously elongated axon process to carry stimuli, and the striated muscle cell can contract in length. Despite these modifications, the essential components remain recognizable in each case.


DNA


Every cell in the human body (except germ cells) carries within its nucleus the 46 chromosomes in 23 pairs that are characteristic of Homo sapiens. There are 22 pairs, the autosomes, not involved in sex determination and one pair of sex chromosomes. They are not clearly visible until the preliminary phase of cell division. Each DNA molecule contained in the chromosomes consists of a long pair of spirally wound strands – the double helix. This consists of a backbone of sugar (deoxyribose) and phosphate molecules with interposed purine or pyrimidine bases – adenine (A), thymine (T), guanine (G) and cytosine (C). The bases on one strand face those of the other in precise and regularly repeated fashion, like the rungs of a twisted ladder, and the order of these base pairs is:


•  A and T


•  C and G.


These contain the information or genetic code controlling protein synthesis, ensuring that the constituent amino acids are inserted in the proper places in the growing polypeptide chains (see Chapter 12).
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Figure 2.3   DNA thread of two strands round an imaginary core in an anti-parallel manner; A, T, G and C represent complementary base parts (from A Companion to Medical Studies, Vol. 1)


The organization is complex and is effected via ‘messenger’ and ‘transfer’ RNA molecules.


In RNA the sugar is ribose, thymine (T) is replaced by uracil, and the molecule is a single strand, roughly half that of a DNA molecule, with a row of single bases attached. The DNA of the cell is not all confined to the nucleus. Some is in the cytoplasm, concerned wth protein synthesis, but that of the nucleus is contained in the separate chromosomes.


A human DNA molecule is about a metre long and a twenty-millionth of a metre wide. The human genome is the total amount of DNA spread over the chromosomes of the cell, and it contains some three billion ‘letters’ of genetic code.


A gene is a segment of a DNA molecule that programmes the formation of a particular protein. The smallest gene has a sequence of about two thousand base pairs, but most genes are much larger. The total amount of information they contain, about 30,000–100,000 genes in humans, is the genome and each species of living creature has its own genome. No one genome is quite identical to another. Genes are separated by long stretches of DNA that seem to be meaningless – ‘junk’ DNA – with no discernible function. The genes control all structure and function and the transmission of inherited characteristics. In June 2000, the read-out of virtually the entire human genome was published, but much work remains to be done before this can be of any practical use.
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Nugget


It would take 9.5 years of non-stop reading out loud to read a person’s genome base by base.
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Figure 2.4   Chemical structure of DNA


In this diagram a short stretch of the familar double helix, formed by twin sugar-phosphate backbones, has been untwisted to reveal the molecule’s ladder-like structure of the four bases, adenine (A), thymine (T), cytosine (C) and guanine (G) (from Here Be Dragons by David Koerner and Simon LeVay 1999 Oxford University Press Inc., by permission)


CELL DIVISION (MITOSIS)


Cell division in humans is an elaborate process of mitosis, evolved to ensure duplication of the original cell and exact sharing of its genetic material (Figure 2.6). Most of the body cells divide to allow growth and repair, but the neurones of the central nervous system cannot do so.
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Figure 2.5   Chromosomes of a normal human male cell from a culture of peripheral blood (adapted from A Companion to Medical Studies, Vol. 1)


  1  In the resting interphase, the chromosomes are not visible as separate structures.


  2  As mitosis approaches, they become visible as threads within the nucleus (prophase).


  3  The centrioles divide and move to opposite poles of the cell, as asters from which radiates a controlling spindle of protein fibres.


  4  The nuclear membrane disappears. The chromosomes are now seen to be double and align themselves in the plane of the spindle between the asters.


  5  The two halves of each chromosome separate and are pulled by contracting spindle fibres to opposite ends of the cell to form the new chromosomes of the two daughter nuclei.


  6  The cytoplasm of the cell cleaves in two and new nuclear membranes form around each separated bundle of chromosomes, reconstituting two daughter cells and two daughter nuclei genetically identical to the parent nucleus.


Because the body cells as a whole (somatic cells) have paired chromosomes, they are called diploid, and mitosis ensures that they remain so. But in the formation of the germ cells (ovum and spermatozoön) a different mechanism is involved (see Chapter 22).
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Figure 2.6 Mitosis: (a) interphase (46 chromosomes); (b) early prophase: centriole divides, chromosomes appear as threads; (c) late prophase: centrioles separate, aster and spindles form, chromosomes seen to be double, nuclear membrane disappears; (d) metaphase: chromosomes line up in equatorial plane; (e) early anaphase: centromeres divide, chromatids begin to separate; (f) late anaphase: separation of chromatids continues, cleavage furrow forms; (g) telophase: two daughter cells each with 46 chromosomes (from A Companion to Medical Studies, Vol. 1)


Tissues


The body is composed of different tissues, each of which is an aggregation of similar cells, together with an intercellular ground substance or matrix.


There are only four essential tissues:


•  epithelium


•  connective


•  muscular


•  nervous.


These tissues may be modified in various ways but together they compose the structure of the body. All organs consist of at least two tissue types, usually more. They differ in the nature of their component cells and the matrix.


All tissues, however specialized, are repaired after injury by a fibrous connective tissue scar. The only exception, where the original structure is reproduced, is bone.


CONNECTIVE TISSUE


This is the framework of the body. It is characterized by the large amount of matrix, and the exact nature of a connective tissue depends on its matrix and the cells and fibres it contains. It includes widely different forms: bone, cartilage, fibrous tissue, elastic tissue, blood and lymph.


In simple areolar tissue there is a semi-fluid matrix containing mucopolysaccharides in which run strands of protein fibres – white (unyielding) and yellow (elastic) – together with rather sparse cells, an arrangement allowing gliding and stretching. This tissue forms the loose packing in clefts and spaces of the body, such as in the subcutaneous layer between skin and deep structures, and the interstitial framework of individual organs. This tissue contains much of the extracellular fluid of the body.


An excess of white fibres is found in the firm fibrous tissue of tendons and ligaments and sheets of membrane (fasciae). Elastic tissues predominate where stretch and recoil are important, as in the arteries. Adipose tissue is a store of triglycerides and a source of energy. It insulates against cold and buffers the internal organs, and is more developed in women. Most of the adipose tissue is located under the skin and may disappear almost entirely in starvation. It is divided into lobules by fibrous septa and is closely packed with cells, each of which is like a signet ring with its nucleus at one side and a distending fat globule.


In blood and lymph tissues the matrix is fluid, while the cells are modified to carry dissolved gases or deal with invading microorganisms. In cartilage and bone tissue the matrix has been hardened by impregnation with mineral salts.


In general, the cells of connective tissue fall into four types:


•  fibroblasts, which manufacture fibres


•  mast cells, concerned with carbohydrate metabolism, which are sentinels against foreign invasion and contain histamine to excite an inflammatory response


•  plasma cells, which form antibodies against bacteria


•  phagocytes, which engulf and devour foreign material and the debris of dead cells, and may be mobile.


Mast cells, plasma cells and phagocytes all enter connective tissue from the blood or lymph.
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Figure 2.7   A simple connective tissue


EPITHELIUM


Epithelia are sheets of cells covering body surfaces: the outer aspect of the skin and the internal surfaces lining the body cavities. In addition they line the vessels, the respiratory, digestive and urinary tracts, and the glands opening into them. Both internal and external surfaces of the body possess this intact epithelial envelope as a barrier between the outside world (including, paradoxically, the contents of the bowel and hollow organs) and the deeper intermediate structures. These inner and outer linings blend at the orifices of the various cavities – at the lips, anus, nose and urethral apertures, where the moist linings or mucous membranes of the digestive, respiratory and urinary tracts become continuous with the skin.


Epithelium is very cellular and simple in arrangement, with little ground substance. The simplest form is one cell thick, with a basement membrane. It may be squamous, arranged in mosaic or pavement fashion, as at the skin surface; columnar, with tall regimented cells; or transitional as in the bladder mucosa, where it stretches to allow distension. Any form may be stratified in row upon row of cells. The epithelium of internal organs, especially the bowel, may have villi, finger-like processes which greatly increase the area available for absorption. At the skin the outermost layer becomes cornified. In some mucous membranes, as in the airways, the outer columnar cells may bear mobile hair-like processes or cilia, which waft mucus to the exterior.


It is epithelium that gives rise to the hair, nails and teeth; endothelium is the name given to the smooth linings of blood vessels; the glistening layers that line the great body cavities, pleural and peritoneal, are called mesothelia; and a carcinoma is a form of cancer in which epithelial cells have lost their adhesions and invaded adjacent tissues. Malignant tumours arising from connective tissue in various organs are called sarcomas.
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Figure 2.8   The stratified epithelia (from A Companion to Medical Studies, Vol. 1)


GLANDS


These consist of simple or complex arrangements of epithelial cells forming useful substances in secretory cells. The simplest form is the single goblet cell of the intestinal mucosa. But they may be more complex: tubular – simple, branched or coiled – or compound, with a branching duct system ending in blind pouches or acini. Acini are either mucous or serous. The cells of mucous acini appear empty; their clear cytoplasm contains polysaccharides. The serous acinar cells are granular, have large nuclei, and manufacture protein enzymes. Glands may also produce salt and solute (sweat glands), acid (gastric mucosa), alkali (duodenal mucosa) or grease (subcutaneous glands). They may secrete continuously, or only in response to some stimulus, such as the entry of food into the stomach. They may be independent, or under nervous, chemical or hormonal control.


Exocrine glands discharge their secretion at the skin surface or into an internal organ. Endocrine glands discharge directly into the bloodstream and their hormones affect remote target organs.


[image: image]


Figure 2.9   Types of glands (adapted from A Companion to Medical Studies, Vol. 1)
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Test yourself








  1  Which cell is visible to the naked eye?


a    Spermatozoön


b    Mitochondria


c    Ovum


d    White blood cell


  2  Where is most of the ribonucleic acid (RNA) located in the cell?


a    Nucleus


b    Cytoplasm


c    Cell membrane


d    Golgi apparatus


  3  Where are chromosomes located in the cell?


a    Nucleus


b    Cytoplasm


c    Centrioles


d    Endoplasmic reticulum


  4  What type of cell does not contain a nucleus?


a    White blood cell


b    Red blood cell


c    Nerve cell


d    Muscle cell


  5  Identify which base in DNA is paired with adenine (A).


a    Thymine


b    Guanine


c    Cytosine


d    Uracil


  6  What stage of mitosis follows interphase?


a    Early prophase


b    Late prophase


c    Metaphase


d    Anaphase


  7  Which of the following is not an essential type of tissue?


a    Epithelium


b    Connective


c    Muscular


d    Cardiac


  8  What tissues are glands made of?


a    Muscular


b    Epithelial


c    Nervous


d    Connective


  9  Which glands produce salt and solute?


a    Sweat glands


b    Gastric mucosa


c    Duodenal mucosa


d    Subcutaneous glands


10  Which of the following is not a type of epithelium tissue?


a    Squamous


b    Columnar


c    Transitional


d    Fibroblast
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The skeleton
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In this chapter you will learn about:


•  the role of cartilage in the body


•  the different types of bones in the skeleton


•  bone growth


•  the different types of joints and movements permitted at each


•  the roles of the bones in the axial and appendicular skeletons.
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Cartilage


Cartilage, with bone, is a major component of the skeleton. The greater part of the skeleton is originally laid down as cartilage during intrauterine life. It is found where rigidity and resilience are needed, i.e. at the joint surfaces, the front ends of the ribs, and the supporting framework of trachea, bronchi, nose and ears. The main types of cartilage are:


  1  hyaline articular cartilage, smooth cartilage found at joint surfaces, with very low friction, giving a slippery surface


  2  tough fibrocartilage containing white fibrous tissue, found in the intervertebral discs and the plates or menisci that project into certain joints, e.g. the semilunar cartilages of the knee


  3  elastic cartilage, found in flapping structures like the external ear and epiglottis.


Cartilage is a gristly tissue, largely without blood supply, and it cannot repair itself after injury; instead it is replaced by fibrous scar tissue. It is a connective tissue whose matrix has become solidified as a firm gel bound together by fibrous proteins (collagen and elastin). Its organic content includes the complex molecule of chondromucoprotein linked with the polysaccharide chondroitin sulphate. The chondroblast or cartilage cell is plump and rounded, and distributed throughout the tissue in small groups. It is responsible for the formation of the matrix and is nourished by diffusion from the fluid of the adjacent joint, and to some extent from the underlying bone. Disuse leads to the degeneration of articular cartilage, whereas activity aids the diffusion of nutrients.


Cartilage has the property of calcification, i.e. calcium salts are deposited in it, rendering it tough and opaque. Calcification is a normal process during growth, as a preliminary to ossification of the cartilage precursors of the bones. But it is also an ageing process; in later life there may be fibrillary degeneration of joint cartilage, the wear and tear process of osteoarthritis.


Bone


Bone is a specialized connective tissue of mechanical function, though it has an important connection with mineral metabolism and houses the marrow in which new blood cells are formed.


Bone is the hardest tissue except for the teeth. It forms the framework of the body, protects the internal organs, gives attachments to the tendons and muscles, and constitutes the levers they move. Its structure combines strength with economy of material, its internal struts or trabeculae being disposed to meet maximum load. There is a considerable safety margin, e.g. the upper end of the femur can support a vertical load of a ton (900 kg) and bears three times the body weight at every step. Bone is subject to compression, tension, twisting and bending strains, and withstands these by its strength and elasticity. In old age and some diseases, this strength is impaired and fracture can occur.


Bone is a blend of:


•  an organic fibrocellular matrix or osteoid


•  a mineral matrix consisting of calcium phosphate and carbonate, magnesium and fluoride in crystalline form.


The organic component can be removed by burning, leaving a brittle mineral skeleton; the inorganic matter can be dissolved by acids, leaving decalcified flexible bone. The osteoid consists of collagen fibres, plus some ground substance containing mucopolysaccharides and protein. The mineral matrix has a rigid crystalline structure, known as hydroxyapatite, represented as Ca10 (PO4)6 (OH)2, wth variable amounts of other ions – magnesium, sodium, carbonate, citrate and fluoride. The collagen matrix acts as a site for the crystallization of minerals from the dissolved calcium and phosphate of the tissue fluids under the influence of an enzyme, phosphatase, that concentrates phosphate ions and initiates crystal growth. In health the whole of the bone substance is mineralized, and unmineralized osteoid is only found where bone is being formed rapidly, e.g. at fracture sites. In certain diseases, such as rickets, mineralization is defective, the bone is soft and yielding, and deformities occur. Sometimes, as in endemic fluorosis, mineralization is excessive and the bone is hard but brittle.


The salts of bone are in dynamic interchange with the ions of the body fluids, and this is the basis of the constant process of remodelling and replacement of bone substance. The calcium of the blood is in equilibrium with that of bone in a constant interchange to maintain the blood calcium within the narrow limits of 9–11 mg/100 ml, a process influenced by the secretions of the thyroid and parathyroid glands (Chapter 21), and by vitamin D and the local pH.


Bone contains 99% of the total calcium of the body, 88% of the phosphate, 80% of the carbonate, 70% of the citrate and 50% of the magnesium. It is constantly subject to simultaneous formation and reabsorption, more so during growth, with bone formation in the ascendant. During adult and early middle life the bone mass remains fairly constant in health, but in later life reabsorption predominates and the bone mass decreases so that it appears more translucent in X-rays – this process is known as osteoporosis. This begins earlier in women and accounts for the frequency of hip fractures in older women.


Microscopically, the dense outer cortical bone of the shafts of long bones is arranged in layers, or lamellae, containing small clefts, the lacunae, occupied by the bone cells, osteoblasts, whose processes ramify around. The lamellae are arranged around a central Haversian canal containing blood vessels and nerves, and a bone consists of a great many such Haversian systems, or osteones. This is modified near the surface of the shaft, where the lamellae run parallel and there are no canals. The osteoblasts are specialized connective tissue cells that form the organic matrix and contain alkaline phosphatase which catalyses bone formation. Wherever bone is being absorbed or remodelled, there is another type of cell, the osteoclast, a giant multinucleate cell that actively engulfs bone substance. The two types of cell work in concert to shape the internal architecture of bone in response to mechanical stress.


[image: image]


Figure 3.1   Microscopic structure of bone


The periosteum is a tough ensheathing membrane surrounding bone, except where it is covered by articular cartilage. Its outer fibrous layer is mainly supporting; it carries part of the bone’s blood supply and gives attachment to muscles and ligaments. From it, fibres penetrate into the bone. In the deeper layer of the periosteum are osteoblasts responsible for increase in girth of the bone during growth. In children the periosteum is easily peeled off the underlying bone, especially in injury or infection. The attachment is much firmer in adult life.


TYPES OF BONE


There are five main types of bone.


  1  Long bones are those of the limbs, e.g. the humerus in the arm, the femur in the thigh. They have a shaft which is roughly cylindrical, but sometimes polygonal or triangular in section, and two expanded ends, sometimes rounded off as a head or widened into condyles. The bone ends take part in the adjacent joints and are covered wth smooth articular cartilage to facilitate movement; the two ends forming a joint are enclosed in a common joint capsule. The periosteum covering the shaft becomes continuous with the capsule at the end of the bone.


Cross-section of a long bone shows the outer cortex of bony substance and the central medullary cavity. The cortex has an outer portion of dense compact bone surrounding a meshwork of spongy or cancellous bone; at the ends, where the medullary cavity stops, there is a solid mass of spongy bone (Figure 3.4).


Fatty yellow marrow occupies the medulla in the adult and the interstices of the spongy bone are filled with red marrow, responsible for formation of red and white blood cells. At birth and in the early years, red marrow occupies the whole shaft but retreats to the ends with growth. This may be reversed later if anaemia or haemorrhage makes extra demands on blood formation. In chronic anaemias, the shafts are occupied with red marrow working overtime.


In adult life, active red marrow is found mainly in the flat bones, skull, ribs, sternum (breastbone) and pelvis, and also in the vertebrae of the spinal column.


  2  Short bones are squat, cuboidal or irregular, composed entirely of spongy bone with red marrow and a thin compact shell. They occur at the wrist (carpus), the corresponding part of the foot (tarsus), and the vertebrae.


  3  Flat bones include the skull vault, ribs and scapula (shoulder-blade). They consist of two plates of compact bone sandwiching a thin spongy layer; in the skull these layers are called the inner and outer tables, with the diploë between. Certain bones of the skull are expanded by air-containing cavities replacing this spongy layer – the air sinuses.


  4  Irregular bones include the vertebrae and facila bones. They have complex individual shapes and perform a variety of functions, including protection and muscle attachment.


  5  Sesamoid bones are tiny, rounded, pebbly masses found within certain tendons at points of friction adjacent to joints; by far the largest is the patella (knee-cap).
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Figure 3.2   Diagram of cortical bone showing the structure of an osteone


These rod-shaped units of bone structure are made up of a series of lamellae (from Electrical Effects in Bone by C. Andrew L. Bassett. Copyright 1965 by Scientific American Inc. All rights reserved)


BLOOD SUPPLY OF BONE


A typical long bone has four sets of vessels (Figure 3.3). The epiphyseal vessels supply the centres of ossification at the growing ends. There is a separate set of metaphyseal vessels, which are important in connection with growth. The shaft is supplied by one or more large nutrient arteries which penetrate the cortex and enter the marrow cavity. Finally, the periosteal vessels nourish the outer layers of the shaft. If the nutrient artery is damaged, or if the periosteum is stripped off by infection or injury, much of the shaft may die. The bone surface is dotted with numerous, tiny apertures (foramina) for blood vessels, with a larger nutrient foramen for the main artery near the middle of the shaft.
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Figure 3.3   Diagram showing the arrangement of blood vessels in bone before and after the growth period


Note that the growth plate isolates the epiphyseal from the metaphyseal circulation during the growing period, but that they anastomose freely after growth has ceased The periosteal vessels supply the osteogenic layer on the bone surface during the growth period, but penetrate the cortex and supplement the nutrient artery in adult life (from A Companion to Medical Science, Vol. 1)


Development and growth of bone


In the embryo of a few weeks the central core of the primitive gelatinous connective tissue (mesenchyme) of the limb buds becomes transformed into an axial rod of cartilage. This rod is absorbed at the sites of the future joints, e.g. the elbow and knee, demarcating arm from forearm and thigh from leg, and split longitudinally in the distal segment as the forerunners of the paired radius and ulna, or tibia and fibula. Most of the skeleton is well formed in cartilage by the sixth week, and at the seventh week a centre of ossification develops in the midshaft of each long bone. Bone cells appear, the matrix is impregnated with calcium salts, and ossification spreads up and down the shaft until, at birth, the long bones are entirely ossified except for their cartilaginous ends.
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Figure 3.4   (a) Cross-section of a long bone; (b) longitudinal section of a long bone


EPIPHYSES


There now develops an arrangement, peculiar to mammals, allowing continuous growth in length (or height) during the years preceding maturity. In the first years of life, separate secondary centres of ossification appear in the bone ends, which ossify completely except for a thin cartilage growth-plate separating them from the shaft. The rounded end is called the epiphysis. The epiphyseal plate consists of longitudinal columns of cartilage cells reproducing themselves continuously on the shaft side of the plate and continuously turning into new bone, which is pushed away into the shaft, enabling it to grow in length. Meanwhile, the plate retains its integrity, until the epiphysis fuses with the shaft by ossifying across the intervening cartilage, at the age of 18–20 in men, 16–18 in women (see Figure 3.5).
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Figure 3.5   Stages in the ossification of a long bone


Although each end of a long bone is a growing end, one epiphysis appears earlier than the other and fuses later, and is more responsible for growth in length. In the arm these principal growing points are at the shoulder end of the humerus and the wrist end of the forearm bones; in the lower limb at the knee end of all three bones. The main nutrient artery of the shaft enters the bone at an angle directed away from the faster growing end. Complete destruction of an epiphysis causes cessation of growth and stunting; partial destruction causes a distortion of growth in which the limb turns away from the still active side.


A few bones, notably the skull vault, mandible and clavicle, are not preformed in cartilage, but are ossified directly in primitive membranous tissue and have no epiphyses.


•  Remodelling


The articular cartilage, or joint surface, which covers the free end of the epiphysis, persists throughout life. It is that portion of the original cartilage system that has not been replaced by bone formed in the secondary centre of ossification. The shaft of the long bone grows in thickness by the apposition of new bone within the periosteum. As bone is added externally, it is removed from the cortex internally; so the shaft remains tubular and strong without being massive, and allows room for the marrow. This process of external deposition and internal reabsorption is called remodelling. Remodelling also occurs at the metaphysis, the ‘neck’ of the bone just on the shaft side of the epiphyseal plate.


The hard bones of the dried skeleton obscure their plasticity during life, for they respond to stresses much as a tree responds to the prevailing wind. The more work put on them the more they hypertrophy, particularly in response to compression or muscle pull, and the internal arrangement of bone trabeculae is a mechanical solution to the engineering problems imposed. Electrical forces are also involved; bone formation can be promoted by electrical induction and any sudden deformation of bone produces an electric current.


GROWTH


The foetus grows continuously, but its rate of growth varies considerably. It is slow during the first two months, reaches a peak at four to five months, and slows again in late pregnancy. The rate falls rapidly after birth, and then more slowly until puberty, when a growth spurt occurs. All growth in height ceases at around eighteen years in boys and sixteen years in girls, because of epiphyseal fusion with the shafts of the long ones. The changing proportions of the different components of the body are shown in Figure 3.6. In early foetal life, the head is disproportionately large because of the precocious development of the brain; at maturity, the lower limbs make the major contribution. Before puberty, the legs grow faster than the trunk and boys are generally taller than girls because they have a longer prepubertal period. Most of the adolescent increment occurs in the trunk. In old age height decreases, due to bending and degenerative changes and collapse in the spine.
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Figure 3.6   To show the changing proportions of the body during growth and development (from A Companion to Medical Studies, Vol. 1)
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Nugget


The longest bone in the human body is the femur; the smallest bone, located in the middle ear, is called the staples and is only 2.8 millimetres long.
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•  Factors controlling bone growth


Growth in height depends on the growth in length of the long bones. This in turn depends on the growth in the epiphyseal cartilage plates, so growth rate and final stature are determined by the rate of proliferation of cartilage cells in the growth plate and its active duration. These are affected by a number of factors:


•  genetic influence, e.g. identical twins are of similar height and tall parents tend to have tall children


•  malnutrition in childhood stunts growth


•  endocrine glands affect bone growth.


The growth hormone (somatotrophin) secreted by the anterior lobe of the pituitary gland promotes growth from birth to adolescence by stimulating the reproduction of cartilage cells. An excess of secretion in childhood causes gigantism, the sufferer reaching seven or eight feet in height. Its action in the adult is less dramatic, but there is hypertrophy of the skeleton and soft tissues, especially of the hands, feet, face and tongue – the condition known as acromegaly. Deficiency of growth hormone in early childhood is one cause of dwarfism. The thyroid hormones are also important. In congenital deficiency (cretinism), there is stunting of physical and mental growth, and the epiphyses are late in appearing and unfused in middle age. Sex hormones secreted by the sex organs and adrenal glands cause the adolescent growth spurt.
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Nugget


Bones stop growing in length during puberty; however, bone density and strength change over the course of a person’s life.
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Joints and movements


TYPES OF JOINT


The articulations between the bones vary in mobility in different parts of the skeleton. Some are very mobile, some allow no movement. There are three main types.


  1  Fibrous. As a zigzag suture between the skull bones, whose interlocking irregularities are joined by a narrow fibrous strand, usually obliterated by ossification in later life; or as a syndesmosis, which allows some stretching and twisting, as in the distal tibiofibular joint; or as a broad sheet or interosseous membrane between the shafts of paired bones radius and ulna, tibia and fibula.
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Figure 3.7   Suture


  2  Cartilaginous. Here the cartilage coverings of the bone ends are united by a pad of thick fibrocartilage, e.g. the cushion between the two halves of the pelvis at the pubic symphysis (Figure 3.12), or interposed as intervertebral discs between the vertebral bodies. Movement of such a joint is very limited, but the total range over a series of vertebrae may be considerable.


  3  Synovial. These allow free movement. The bone ends are capped with smooth hyaline articular cartilage, and the joint cavity is enclosed within the sleeve formed by the fibrous joint capsule, stretching from one bone to the other and continuous with the periosteum. Ligaments made of strong fibrous tissue hold the bone ends together. Foremost of these is the main capsular ligament itself, and in addition there may be localized bands within the substance of the capsule, and accessory ligaments traversing the joint or outside it altogether. Tendons arising within a joint function as accessory ligaments, e.g. the long head of the biceps at the shoulder joint. In some cases complete or incomplete cartilage plates, or menisci, project into the joint cavity as partitions; these occur at either end of the clavicle, between the lower jaw and the skull (temporomandibular joint) and at the knee (the semilunar cartilages often torn in sports); also at the wrist at the inferior radio-ulnar joint.


Normally, the joint space is only potential, as the cartilage and soft tissue within lie everywhere in contact under a negative pressure; it becomes a reality only when the capsule is distended by fluid or air is admitted. The capsule is lined by a smooth synovial membrane, which is reflected onto the bones but disappears at the periphery of the cartilage surfaces. This synovial membrane packs the joint and secretes the lubricating synovial fluid. This is a yellowish, viscid fluid secreted from the blood, which also nourishes the cartilage; the white cells it contains scavenge the debris from the moving surfaces. Where the bones do not fit together accurately there may be fatty pads between the capsule and synovial membrane which bulge into the dead space and cushion movement. Any structure traversing the joint, such as a ligament or tendon, carries an investing sheath of synovial membrane.
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Figure 3.8   A synovial joint
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Figure 3.9   A synovial joint partitioned by a cartilage plate


STABILITY


In all joints there has to be a compromise between stability and mobility. The former is mainly due to factors the most important of which are the strength of the ligaments and the tone of surrounding muscles. Great mobility is essential at the shoulder, so the capsule is lax and the large humeral head fits poorly into the shallow socket of the scapula; but this inherent instability is countered by the tendons of the small rotator muscles blending with the capsule to compensate for the anatomic deficiency. In the hip, however, stability is all-important; the femoral head is deeply embedded in the socket of the acetabulum and the adjacent muscles do not have to blend with the capsule. Minor supportive factors are interlocking of the bone ends, not often very secure, and the cohesion produced by atmospheric pressure.


The joint surfaces are least closely fitting during the middle range of movement and close-packed at the extremes of range, when the joint resists stresses with minimal muscle guarding. There is also a rest position when it is not in use. The ligaments are important reinforcements, but have little stretch and are not intended to resist severe strain on their own or for long. This is the task of the surrounding muscles, which never completely relax during activity but pay out slack through a resisted movement as their antagonists contract, in a manner impossible for the ligaments.


MOVEMENTS PERMITTED AT SYNOVIAL JOINTS


These are classified by the shape of the bone ends and the range of possible movements.


•  The plane joint between the small flat adjacent surfaces of the carpal and tarsal bones allow minor gliding motion only.


•  The saddle joint is self-explanatory, with reciprocating surfaces, the best example bring between the thumb metacarpal and the corresponding carpal bone (Figure 6.7).


•  The hinge joint is common, as at the elbow, ankle and fingers; a convex surface is gripped within a concavity and strong collateral ligaments on each side allow motion round a transverse axis only. The capsule obviously has to be lax in front and behind to allow full flexion and extension.


•  The pivot joint has a cylindrical bone end rotating on its long axis like a door hinge in its socket, e.g. the head of the radius at the elbow in rotation of the forearm, and the odontoid process of the axis within the ring of the atlas in the neck.


•  The ball-and-socket joint of shoulder and hip has the greatest range, with one spherical and one concave surface moving on the other round an infinite number of axes. Its main movements (Figures 3.10, 3.11) are flexion and extension in an anteroposterior plane; abduction and adduction in a mediolateral plane; medial and lateral rotation in the long axis of the limb; and circumduction, in which the limb describes the boundary of a cone in a combination of all the above.
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Figure 3.10   Movements of the ball-and-socket joints of shoulder and hip


The movements of joints are rarely as extensive as the shape of the bone ends would seem to allow, i.e. actual locking is only exceptionally a limiting factor. The soft parts are usually responsible for limiting the range, as in contact of the arm and forearm in bending the elbow and tension of the hamstrings in limiting flexion of the hip.
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Figure 3.11 Rotation at the shoulder


Axial and appendicular skeleton


The skeleton is divided into the central axial portion of the head and trunk, and the peripheral appendicular portion of the limb bones.


The axial skeleton consists of the skull, mandible (lower jaw), spine, sternum (breastbone) and twelve pairs of ribs. In addition, there are the small hyoid bone in the upper part of the neck between the larynx and the floor of the mouth and three tiny ossicles in each middle ear cavity.
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Figure 3.12   The skeleton, anterior view
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Figure 3.13   The skeleton, posterior view


SPINAL COLUMN


The spine is the bony axis of the body and consists of individual vertebrae in a segmental pattern. These articulate with each other, so that the sum of the limited motion between individual pairs is considerable. The column is traversed by a central canal, which encloses and protects the spinal cord, and it supports the weight of the trunk and transmits it to the lower limbs.
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Figure 3.14   The spinal column, lateral view


•  The vertebrae


The vertebrae are grouped regionally as:














	
Cervical (neck)

	  7






	
Thoracic (chest)

	12






	
Lumbar (abdominal)

	  5






	
Sacral (hip)

	  5






	
Coccygeal (tail)

	  4







Although modified in the different regions, the essential features of a vertebra are similar everywhere (Figure 3.15). In front a massive rounded body projects forward, with upper and lower surfaces facing the vertebrae above and below. Behind is the neural arch, which, along with the back of the body, forms a complete bony ring – the neural canal for the spinal cord. The arch is attached to the body by two pillars or pedicles; projecting at either side are the two transverse processes, and the spinous process projects backward and downward from the back of the arch under the skin of the back. There is a pair of small articular facets on the upper surface of the arch and another pair below for articulation with those of the adjacent vertebra. The vertebral body consists of spongy bone with a thin outer shell.


A pair of vertebrae fit together to leave on each side an intervertebral foramen for the exit of a spinal nerve. There are 34 pairs of spinal nerves since the first cervical nerve emerges between the base of the skull and the first cervical vertebra, while there is only one coccygeal nerve below.


The cervical vertebrae are delicate, with small bodies and a very large neural canal, as the cord is thickest at its upper end before it has given off most of its roots. The transverse processes are pierced by a canal transmitting the vertebral artery, which runs up the neck from the subclavian artery and enters the foramen magnum at the skull base to supply the hindbrain. The spinous process is short and bifid. The first cervical vertebra is the atlas, supporting the head. It is a simple bony ring without a body, and its upper surface articulates with the condyles of the occipital part of the skull to form the joint at which nodding occurs. The second cervical vertebra is the axis; from its upper surface a peg-like process, the odontoid, projects upward within the atlas ring. Skull and atlas rotate on this peg to turn the head from side to side.
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Figure 3.15   Some typical vertebrae: (a) thoracic vertebra; (b) thoracic vertebra, side view; (c) cervical vertebra; (d) lumbar vertebra, side view; (e) lumbar vertebra, from above


The thoracic vertebrae increase in size downward. The bodies are heart-shaped, with a facet at each side for articulation with the heads of the ribs. A similar facet on the transverse process articulates with the neck of the rib. The neural canal is relatively small; the spinous processes project downward.


The lumbar vertebrae are under considerable load and have massive bodies. The neural canal is triangular and the squat spinous processes project horizontally backward.


The sacral vertebrae are fused into one bone, the sacrum, lodged between the innominate bones as the posterior segment of the pelvic ring. It is a large flattened triangular bone with anterior (pelvic) and posterior (subcutaneous) surfaces (Figure 3.16). The base articulates with the fifth lumbar vertebra at the lumbosacral joint, the apex with the coccyx below. It is placed obliquely, with its long axis directed backwards and the anterior surface is the hollow in which the rectum lies.
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Figure 3.16   The sacrum, pelvic aspect


Although a single mass, the general features of the component vertebrae are still obvious, the bodies being indicated by transverse ridges. Four pairs of foramina transmit the sacral nerve roots, and the body of the bone is traversed by the sacral canal, which, at this level, contains not the spinal cord (this has ended in the upper lumbar region) but a thick bundle of nerve roots, the cauda equina.


Above, the promontory of the sacrum is a prominent ridge on the anterior surface which forms the back of the pelvic brim. On each side a wing or ala reaches out to form with the innominate bone the sacroiliac joint, a large interlocking pair of rough surfaces with little or no motion. The back of the sacrum is the lowermost origin of the sacrospinalis muscle.


The coccyx is the rudimentary tail appendage, a small irregular mass of four fused vertebrae; it is triangular, angled forward at the sacrococcygeal joint and quite solid.


•  The spinal column as a whole


The vertebral bodies are separated by thick cushions of fibrocartilage, the intervertebral discs. These increase in depth down the column until in the lumbar region they are nearly 13 mm (1/2 inch). Each consists of an outer fibrous ring or annulus enclosing a gelatinous core under tension, the nucleus pulposus, which acts as a ball-bearing, The intervertebral joint consists of the disc between the bodies plus the simple plane synovial joints between the pairs of articular processes on the arches. Long strap-like ligaments bind the bodies in front and behind, the anterior and posterior longitudinal ligaments which traverse the length of the column; shorter bands connect the spinous and transverse processes, the whole being a flexible entity. The discs may rupture or prolapse backwards into the spinal canal. This occurs mainly in the lumbar region, where the extruded material presses on a sacral nerve root, causing sciatica. Extrusion higher, in the thoracic region, is rare but more serious as it endangers the spinal cord itself.


Although the spine is quite straight looked at from in front or behind, there is in side view a series of curvatures alternating in direction. The cervical and lumbar curves are forward convexities or lordoses; the thoracic and sacral curves are backward convexities or kyphoses. This arrangement of arcs, spanned by the spinal muscles, is mechanically sounder than a more rigid straight column. The child’s spine at birth does not have the cervical and lumbar curves, only the anterior concavity of the whole spine (the crouched foetal position) and of the sacrum. As the head is held up in the first six months, the cervical lordosis develops, and the lumbar curve results from sitting and standing in the second year. In the adult, the vertebral bodies are somewhat wedge-shaped to conform to the shape of the curves.
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Figure 3.17   Median section of articulating thoracic vertebrae, lateral view (from A Companion to Medical Studies, Vol. 1)
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Figure 3.18   Spinal curves at different ages


In weakening bony diseases such as osteoporosis or tuberculosis, and in old age, there is a tendency for the thoracic kyphosis to become exaggerated and form an actual hump. The disease of ankylosing spondylitis fuses the joints and obliterates spinal movement, notably in the cervical region. A sideways curvature of the spine or scoliosis, usually in the thoracic or thoracolumbar region, is always abnormal. In young girls it is often simply postural and disappears on lying down. But it may be fixed, with a lateral convexity and some rotation of the vertebral bodies, creating a kyphoscoliosis or hump. This is of unknown origin and difficult to correct surgically.


•  Spinal movements


These are:


  1  flexion, forward bending, maximal in the cervical region, nil in the thoracic region, considerable in the lumbar spine


  2  extension, backward bending, maximal in the lumbar and cervical regions
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