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Introduction


The human body is a subject of endless fascination; no other living thing has been investigated so thoroughly and in so many different ways. On one level, your body is a biological entity made up of some 30 trillion cells that live and die together.


On another, it can be treated as a collection of body systems, performing functions that support each other and maintain overall health and wellbeing (or at least, can be helped to do so with medical attention). What’s more, the body is also the vehicle for a person’s identity – what are you without it?


Our understanding of the human body draws on a great many fields of scientific research – biochemistry, microscopy, psychology and genetics to name just a few. Medical science seeks to understand how the body works so that we can know how best to intervene when things go wrong due to illness or injury. To do that every aspect of the body must be studied, from the individual cells and tissues to the large-scale or gross anatomy of the organs and limbs.
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We can answer many questions. How do bones and muscles create movement, and what are the mechanisms that orchestrate it all so seamlessly? How does the food we eat keep us alive, and how do nerves send electrical signals around the body? Why do we hiccup, get old, become ill and recover? How does a new human body get made, and what can the study of ancient human evolution reveal to us about why our bodies work the way they do today?


However, there is more. As complex biological entities, human bodies adopt particular behaviours that extend beyond the merely physical. We gather together in different social groups, communicate and cooperate with each other. Of particular importance is our consciousness – the internal mental life seated in the human brain. How does our obvious and startling intellect arise from a biology that we largely share with other animals, and can we be sure we are unique in this respect?


In its exploration of the human body, the goal of this book is to take a good look at ourselves. There is much to learn along the way, but our bodies still pose questions that remain unanswered and, as we shall see, there are many possibilities for the future of the human body.
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Your body


All at once the human body can appear mundane and incredible. Despite much fretting over its precise shape and size, the variation between two bodies is contained within a small range of differences. However, when we consider the feats of metabolism and physiology that our bodies perform second by second for decades, one cannot help but be amazed by this slick biological machine, more intricate than any constructed device.


Of course, we are not alone in having such a body. Animals of all stripes (and spots and tentacles) share many of the same features, and outdo us with many others. Nevertheless, we humans have some unique features that set us apart. First, we are bipedal, meaning we walk on two legs. No other mammal habitually moves like this, and our upper limbs are used instead for carrying and manipulating objects. That ability goes hand-in-hand with a second defining feature, the human brain, said (by humans) to be the most complex system in the Universe.
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The average woman


The average female human is about 15 per cent smaller than the average male human, by weight. There is a slightly lower chance of her being born, with 48.1 per cent of all births being girls. However, she is likely to live longer than her male counterpart. The global average life expectancy of a woman is currently 73 years and 6 months, although this varies widely from nearly 87 in Japan to less than 51 in Sierra Leone.


The tallest women live in Latvia, where the average female height is 170 centimetres (5 ft 6 in). By contrast the average is 149 centimetres (4 ft 10 in) in Guatemala. Average weights follow a different pattern, with women in Bangladesh averaging a 19.8 body mass index (BMI; see page 362), while those living in Kuwait average a BMI of 31.4.


The average woman gives birth 2.45 times, markedly down from five births in the 1960s. South Korean women have the fewest children (1.2 births), while in Niger the average is 7.6.
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Generally smaller in stature than males of the same population Pubic hair


The female body


Breasts


Body narrower at waist than at hips


In addition to female sex organs, adult females show a variety of secondary sexual characteristics that develop during puberty.
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The average man


The male is the largest and strongest of the human sexes, but life is, on average, shorter and more dangerous for males than for females. For every 100 girls born, approximately 108 boys are born. However, by the age of 65 the ratio has flipped to approximately 0.75 males for every female, with considerable variation between cultures. This is partly due to males being more susceptible to particular diseases, such as haemophilia, but the change is also due to risky and violent behaviours (and war), which dramatically increase the male death rate after the age of 15. The average life expectancy of a man is 68 and 6 months. In Switzerland that goes above 81, while in Sierra Leone it is 48 and 4 months.


The tallest men are from the Netherlands, who have an average height of 183 centimetres (6 ft), while the shortest live in East Timor where the average is 160 centimetres (5 ft 2 in). The thinnest men are from Eritrea, with a BMI of 20.1, while Argentinian men have the highest BMI, at an average of 28.7.
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The male body


Facial hair


Adam’s apple


Generally larger in stature than females of the same population


Body broader at shoulders than around waist and buttocks


More body hair


Pubic hair


As with females, adult males are not purely distinguished by their genitals - they show a number of secondary sexual characteristics as well.
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What is the body made of?


Until the mid-19th century, it was thought that the human body, along with other living entities, was put together by the action of a mysterious, and probably divine, ‘vital force’. This force separated the animate from the inanimate, and the ordinary processes of physical chemistry did not apply to the organic workings of the body. Then in 1828, Friedrich Wöhler produced urea – an organic chemical found in urine – in the laboratory completely by accident. This showed the world that the chemistry of life was no different to the chemistry of everything else, and the field of biochemistry was born.


Analysis of the human body showed that 99 per cent of its mass was made of six elements: oxygen, carbon, hydrogen, nitrogen, calcium and phosphorus (60 per cent of the mass is water, a compound of hydrogen and oxygen). Another 56 elements are found in tiny amounts, including iron, beryllium, arsenic and radium. Of these, 15 are deemed essential (see page 354). The others may have as-yet unknown functions, or may be natural impurities.


14 YOUR BODY







page 354









[image: image]





Elements in the body


Other elements including: Calcium 1.0% Phosphorus 1.0% Potassium 0.4% Sulfur 0.3% Sodium 0.2% Chlorine 0.2% Magnesium 0.1%
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Cells


The human body is built from structural units called cells. It is estimated that the average body contains 37 trillion


of them. Making that judgement is far from easy, because body cells range in size from 4 micrometres for a granule cell in the cerebellum to 1 metre (39 in) for a motor neurone in the leg. However, human body cells still share many features.


The cell is surrounded by a membrane. This is flexible, and so the shape of the cell can change. While the membrane encloses the cell, substances can move through it in both directions, mostly via pores in its surface. Inside, the cell is filled with cytoplasm, a watery mixture of hundreds of dissolved chemicals. There is also a nucleus, which is surrounded by its own membrane. This is where the cell’s DNA (see page 286) is stored. Under the control of that DNA, the cell’s myriad chemicals are manufactured in highly folded membranous structures called the endoplasmic reticulum. Mitochondria power the cell’s activities by releasing useful energy from sugar fuel.
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Anatomy of a human cell
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Metabolism


Metabolism is the catch-all term for the chemical activity of a body. In the round, metabolism processes food and other chemicals entering the body to provide the energy for life and to help grow and maintain the body. The idea can be divided into anabolism and catabolism. The former means ‘to build up’ and the latter means ‘to break down’.


Anabolism involves taking simple, raw materials and making them into more complex and useful substances. That could be chaining amino acids into a protein. By contrast, catabolism would take a protein from food and break it into its constituents for later use. Both processes combine to form metabolic pathways that involve dozens of chemical steps heading towards a specific product – an enzyme, a hormone or a fat molecule, for example. There are 260 major pathways at work in the human body. Most steps in these pathways use energy and, therefore, perhaps the most crucial human pathway of all is glycolysis, which kick-starts the release of a life-sustaining supply of energy from sugars.
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Anabolism
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Movement and nutrient transport Waste products
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Respiration


For many, the word ‘respiration’ means breathing, but the term also relates to the metabolic pathway that extracts the energy from sugar fuel to power the body. Respiration takes place in a cell’s mitochondria, where fuel in the form of glucose is oxidized. This turns each glucose molecule into six carbon dioxide and six water molecules, with a release of energy in the process.


This reaction is the same as igniting the sugar, but the cell does it in a more gradual way. First, a 10-step pathway called glycolysis converts glucose into the chemical pyruvate, releasing energy. Pyruvate then starts the next phase, the Krebs cycle, which has 10 steps that result in water and carbon dioxide – and more energy. The cell makes use of energy carriers such as adenosine triphosphate (ATP). To transfer its energy to a metabolic reaction, ATP ejects a phosphate and forms diphosphate (ADP). During respiration ADPs and similar energy carriers receive the energy required to recharge, collect a third phosphate and form ATP again. Each glucose molecule will recharge 32 ATPs.
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C6H12O6 + 602 —> 6CO2 + 6H20 + energy


carbon dioxide glucose + oxygen +


water + energy
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Chemicals for life


The human body lives and dies by the supply of essential chemicals that are used as fuel and building materials.


In the simplest terms, the human body is built from three materials: carbohydrate, protein and fat.


Carbohydrates are compounds based on sugars such as glucose. In the human body, sugars are the primary source of energy and for storage – mostly in the liver or muscle cells – they are bundled into a complex form called glycogen. Sugars also have a structural use when linked to proteins. Proteins are the dominant material in muscles and structural elements of the skin. They are also used as enzymes, the body’s worker chemicals. All the steps in a metabolic process are facilitated by an enzyme holding and manipulating the chemicals involved. Lastly, fats are the main material in cell membranes. Fatty sheaths also coat major nerves, while oils keep skin and hair healthy and, of course, excess food intake is converted to fat as the body’s long-term energy store.
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Food group


Food sources


Key functions


Carbohydrates (sugars, starch, cellulose etc.)


Rice, potatoes, cereals, fruit, vegetables Energy for rapid use, synthesis of structural materials such as glycoproteins, digestive fibre


Proteins (complex molecules formed from chains of amino-acid units)


Meat, fish, dairy products, eggs, soy, grains and cereals, legumes, nuts and fruit


Raw materials for synthesis of most body tissues, also an energy source


Fats (compounds of ‘fatty acids’ with glycerol)


Fatty meats, dairy products, plant oils and nut oils Energy for immediate use, long-term energy storage, transport of vitamins A, D, E and K in the body
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Tissues


There are about 200 different cell types in the human body, each one built to do a particular job: the red blood cell carries oxygen around the body; the nerve cell transmits signals; the goblet cell in your nose lining produces mucus. Biologists like to keep things organized, and since no cell works alone they are grouped into tissues, or a collection of similar cells that work together to perform a particular role in the body.


Of the four broad types of tissue in the human body, a group of muscle cells makes muscle tissue and the brain is built from nervous tissue. There are also connective and epithelial tissues. Connective tissues make up the structural parts of the body, and so include bone and cartilage (like ligaments or the outer ear) and also the blood vessels and blood cells. Epithelial tissues cover the surface of a body. They include hair and the outer layer of the skin, but also the linings of cavities within the body, such as the mouth and gut, the airways and the reproductive tracts.
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The glands primarily consist of epithelial tissue – specialized cells that secrete substances such as saliva, mucus and hormones.
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Organs


The human body is a highly regimented system with ranks and hierarchies. The lowliest unit is the cell, which forms groups of tissue. Tissues seldom work alone, but require input from other body parts, including other tissues. A collection of tissues that work together to fulfil a function is called an organ.


There are some obvious examples – the brain and the heart – but the term can be used for more lowly structures. The ear, nose and testicle are all organs, for example. While undesirable, it is possible for the body to survive without one or more of these organs. But it could not withstand the loss of one of the so-called vital organs: brain, heart, liver, kidneys, lungs, stomach and intestines.


The skin is also an organ – much overlooked in these lists – and one that performs a large number of important jobs. Other organs include the pancreas, the spleen and the bladder, while a pregnant mother develops a temporary organ, the placenta, as a conduit between her body and the developing fetus.
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Major organs


Brain Liver


Lungs


Heart


Stomach


Kidney (behind intestines)


Intestines
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Body systems


The organs are the largest single structures in the body, but we get a better understanding of what they do by grouping them into body systems. This method of organization is an artificial one, and there are a number of ways it can be done.


The circulatory system comprises the heart and blood vessels. It acts as a transport network for the body, and connects to the respiratory and digestive systems. The former includes the lungs and airways used to bring oxygen into the body and expel carbon dioxide. The latter is the food-management system and includes the mouth, stomach and intestines, but also the liver, which processes nutrients before they enter the bloodstream. Other body systems include the nervous system, the musculoskeletal system (often split in two), the reproductive system and the integumentary system (skin, hair, nails). There are also the lymphatic and excretory systems, which remove unwanted materials, the endocrine system, made up of hormone glands, and the immune system, which defends the body against attack.
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Circulatory system Nervous system Respiratory system


Digestive system Skeletal system Muscular system
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Support and motion


Like all vertebrates, humans have an internal skeleton that forms the rigid structure underlying their body shape.


This skeletal system is made up of bones and cartilaginous features, such as ligaments and tendons.


The skeletal system’s role is not just to create a solid shape for the body. It also provides anchor points for muscles that are then able to alter the body shape by bending it at joints. There are 340 joints in the body, 230 of which have at least one degree of freedom, meaning they can move around one axis only. Some, such as the hip or neck, are able to move in several directions. This means that the human skeleton can move in 244 independent ways.


The main purpose of altering the body shape is for locomotion. The human body is adapted best for walking, but it can also run, jump, climb and swim. Another significant motion in humans is movement of the arm and hand for manipulating objects.
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The skeleton


The adult human skeleton contains 206 bones. At birth that number is 270, but as the body grows and develops many of these fuse together. The largest bone in the skeleton is the femur, which connects the hip to the knee. The smallest is the stapes, or stirrup. This is about 3 millimetres long and is a non-structural ossicle, or ear bone, used to transmit sound.


The skeleton is divided into two parts. 80 bones comprising roughly the skull, spine and ribs form the axial skeleton. The remaining number make up the appendicular skeleton, which, as the name suggests, includes the appendages. At the top, the shoulder girdle connects to the arm bones, while the pelvic girdle joins to the legs. Further adjectives help describe various positions and directions in the skeleton. Towards the head is cranial; the rear end is caudal. The front, or chest side, is ventral; the back is dorsal. Structures at the extremities are distal; those near the core are proximal. Finally, a movement away from the body is lateral, while towards it is termed medial.
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Bone


Around 15 per cent of human body mass is bone. Besides its structural role, bone also acts as a mineral storage system and is where new blood cells are manufactured. Bone has three distinct parts: compact bone, spongy bone and bone marrow.


Compact bone forms the hard, dense outer layer. Its stiffness comes from the mineral hydroxylapatite, a hydrated form of calcium phosphate. This mineral creates a solid matrix around bone cells, or osteoblasts, from a protein mixture called osteoid, which is secreted by the cells. Compact bone is very much alive; osteoblasts and their surrounding matrix are continuously replaced as other cells, called osteoclasts, break down and reabsorb older parts of the bone. Beneath the compact layer is spongy bone. Here, the matrix becomes porous and filled with spaces and so has a very large surface area. The spaces are filled with bone marrow. This is where new red and white blood cells are produced – mostly in the heads of larger bones. Each day a human skeleton produces 500 billion blood cells.
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Cartilage


The external anatomy of the human body owes much to a connective tissue called cartilage. At birth, most of the skeleton is made of cartilage, which transforms into bones over the first six years or so of life.


Cartilage is an elastic substance that is more flexible than bone, but more rigid than muscle. Like bone, it is not a mass of inanimate material, but is composed of cells, called chondrocytes. These secrete a protein mixture that forms a solid matrix around them. The matrix is made up largely of collagen – a tough fibrous substance that is the main structural protein in the body – and elastin, which provides a degree of elasticity. The proportions of these vary according to function. Tough hyaline cartilage is used to create a cushion between bones at joints. It is also in the trachea (windpipe), larynx (voice box), between the ribs and makes most of the nose. Elastic cartilage makes more flexible structures like the outer ear and epiglottis. Fibrocartilage is found in the most flexible joints like the knee, wrist and shoulder.
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Bone


Joint cavity containing synovial fluid
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Cartilage


Synovial joint in cross section
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Ligaments and tendons


The skeletal and muscular systems are held together by connective fibres called ligaments and tendons. Ligaments connect bone to bone and maintain the shape and degree of movement at joints. For example, a dislocated bone is one that is no longer held in place by its ligaments. Tendons connect muscles to bones. They are stiffer and less elastic than ligaments so the contraction of a muscle is transmitted fully to the bone, making it move. Both ligaments and tendons are examples of fibrous connective tissue, made up mostly of collagen. There is a third member of the set – fascia. Instead of being cord-like, this is a sheet of collagen that holds muscle groups together and separates them from internal organs.


Damage to ligaments and tendons can be permanent. They are able to stretch a little for a short time and then spring back to their original form, but if they are extended for long periods, such as after an injury, they begin to lose this elasticity. Further problems are likely to occur if not treated quickly.
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Joints


joint is any connection between bones. There are 340


A joints in the human body, since many of the 206 bones are connected to more than one of the others. Some joints have bones connected by cartilage, and these have very limited ranges of motion. A suture is where bone is knitted to bone with collagen, and these are more or less immobile. What most of us think of as joints are the articulated regions of the skeleton, known as synovial joints. Here the bones do not touch but are connected by a fluid-filled capsule made from cartilage.


There are six types of synovial joint: a hinge allows movement in just one plane (elbow). A pivot offers a circular, twisting motion (forearm). An ellipsoidal joint allows movement in all directions (base of the fingers), while a ball-and-socket joint is similar and allows for even larger movements (shoulder). A gliding joint, found in the wrist, allows bones to move a little from side to side without rotating. Finally, the saddle joint, which is found in the thumb, allows both a back-and-forth and side-to-side motion.
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Types of joint
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The skull


Of the 29 bones that make up the human head, the heaviest is the mandible or jawbone. Eight more bones form the rounded cranium and 14 are facial bones. Then there are six tiny ossicles – or ear bones – three each side (see page 170). The teeth, fixed to the mandible below and the maxilla bone above, are part of the skull but are not made from bone.


The mandible is the only skull bone that is articulated. It forms a joint with the temporal bones on each side of the cranium, so it can open and close the mouth. All other cranial or facial bones are connected by immobile sutures, forming a cohesive case.


Newborns have 44 bones in their skulls, with six gaps called fontanelles. These close up as the bones fuse into the adult anatomy. Even in adulthood the skull retains 22 holes, or foramina. Most are small and accommodate cranial nerves and blood vessels. At the base of the skull is the foramen magnum, through which the spinal cord connects to the hindbrain.
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The spine


The spine is made up of a column of bones called vertebrae. Most people have 33, although a 32-bone spine is not uncommon. The vertebrae are connected by cartilage – thus each one has a limited range of movement – but together they create a flexible unit at the heart of the axial skeleton.


Inherited from our four-legged cousins, the spinal column has rotated to a vertical position, but retained a curved, double-bow shape. This active posture is the primary cause of back trouble in our inactive society. The spine supports the weight of the head, about 11 pounds (5 kg), and protects the spinal cord inside a canal that runs through the centre of each vertebra. The column has five regions. The cervical spine forms the neck; the thoracic spine supports the ribcage; and the lumbar spine in the lower back contains the largest vertebrae. The end of the spine is made up of the sacrum – five vertebrae fused into one. The pelvis connects here. The very tip is the coccyx. This single bone made of fused sections is a vestigial remnant of the mammalian tail.
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The thorax


This region of the body, between the head and the belly, is a cage of bone that protects the most vital of organs – the heart and lungs – and the massive blood vessels that connect them and the rest of the body.


This cage is composed of 12 pairs of curved rib bones that protrude from the vertebral column at the back. The bones do not continue all the way to the front. Instead, the final section is costal cartilage, which connects to the sternum, or breastbone. The first seven ribs connect directly to the sternum. The next three – so-called false ribs – share their cartilaginous connection, while the final two are floating ribs in that they are not connected to anything.
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ike all vertebrates, humans have an internal skeleton that
forms the rigid structure underlying their body shape.
This skeletal system is made up of bones and cartilaginous
features, such as ligaments and tendons.

The skeletal system’s role is not just to create a solid shape
for the body. It also provides anchor points for muscles that
are then able to alter the body shape by bending it at joints.
There are 340 joints in the body, 230 of which have at least
one degree of freedom, meaning they can move around one
axis only. Some, such as the hip or neck, are able to move in
several directions. This means that the human skeleton can
move in 244 independent ways.

The main purpose of altering the body shape is for locomotion.
The human body is adapted best for walking, but it can also run,
Jjump, climb and swim. Another significant motion in humans is
movement of the arm and hand for manipulating objects.
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Bone

Aound 15 per cent of human body mass is bone. Besides its
structural role, bone also acts as a mineral storage system
and is where new blood cells are manufactured. Bone has three
distinct parts: compact bone, spongy bone and bone marrow.

Compact bone forms the hard, dense outer layer. Its stiffness
comes from the mineral hydroxylapatite, a hydrated form of
calcium phosphate. This mineral creates a solid matrix around
bone cells, or osteoblasts, from a protein mixture called osteoid,
which is secreted by the cells. Compact bone is very much alive;
osteoblasts and their surrounding matrix are continuously
replaced as other cells, called osteoclasts, break down and
reabsorb older parts of the bone. Beneath the compact layer is
spongy bone. Here, the matrix becomes porous and filled with
spaces and so has a very large surface area. The spaces are
filled with bone marrow. This is where new red and white blood
cells are produced —mostly in the heads of larger bones. Each
day a human skeleton produces 500 billion blood cells.
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The skeleton

he adult human skeleton contains 206 bones. At birth that

number is 270, but as the body grows and develops many
of these fuse together. The largest bone in the skeleton is the
femur, which connects the hip to the knee. The smallest is the
stapes, or stirrup. This is about 3 millimetres long and is a non-
structural ossicle, or ear bone, used to transmit sound.

The skeleton is divided into two parts. 80 bones comprising
roughly the skull, spine and ribs form the axial skeleton. The
remaining number make up the appendicular skeleton, which,
as the name suggests, includes the appendages. At the top,
the shoulder girdle connects to the arm bones, while the

pelvic girdle joins to the legs. Further adjectives help describe
various positions and directions in the skeleton. Towards the
head is cranial; the rear end is caudal. The front, or chest side,
is ventral; the back is dorsal. Structures at the extremities are
distal; those near the core are proximal. Finally, a movement
away from the body is lateral, while towards it is termed medial.
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Ligaments and tendons

he skeletal and muscular systems are held together by
connective fibres called ligaments and tendons. Ligaments
connect bone to bone and maintain the shape and degree
of movement at joints. For example, a dislocated bone is
one that is no longer held in place by its ligaments. Tendons
connect muscles to bones. They are stiffer and less elastic
than ligaments so the contraction of a muscle is transmitted
fully to the bone, making it move. Both ligaments and tendons
are examples of fibrous connective tissue, made up mostly of
collagen. There is a third member of the set —fascia. Instead
of being cord-like, this is a sheet of collagen that holds muscle
groups together and separates them from internal organs.

Damage to ligaments and tendons can be permanent. They are
able to stretch a little for a short time and then spring back
to their original form, but if they are extended for long periods,
such as after an injury, they begin to lose this elasticity.
Further problems are likely to occur if not treated quickly.
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Cartilage

he external anatomy of the human body owes much to a

connective tissue called cartilage. At birth, most of the
skeleton is made of cartilage, which transforms into bones
over the first six years or so of life.

Cartilage is an elastic substance that is more flexible than
bone, but more rigid than muscle. Like bone, it is not a mass of
inanimate material, but is composed of cells, called chondrocytes.
These secrete a protein mixture that forms a solid matrix around
them. The matrix is made up largely of collagen —a tough fibrous
substance that is the main structural protein in the body —and
elastin, which provides a degree of elasticity. The proportions
of these vary according to function. Tough hyaline cartilage is
used to create a cushion between bones at joints. It is also in
the trachea (windpipe), larynx (voice box), between the ribs and
makes most of the nose. Elastic cartilage makes more flexible
structures like the outer ear and epiglottis. Fibrocartilage is
found in the most flexible joints like the knee, wrist and shoulder.
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The skull

f the 29 bones that make up the human head, the heaviest

is the mandible or jawbone. Eight more bones form the
rounded cranium and 14 are facial bones. Then there are six
tiny ossicles — or ear bones — three each side (see page 170).
The teeth, fixed to the mandible below and the maxilla bone
above, are part of the skull but are not made from bone.

The mandible is the only skull bone that is articulated. It forms a
Jjoint with the temporal bones on each side of the cranium, so it
can open and close the mouth. All other cranial or facial bones
are connected by immobile sutures, forming a cohesive case.

Newbaorns have 44 bones in their skulls, with six gaps called
fontanelles. These close up as the bones fuse into the adult
anatomy. Even in adulthood the skull retains 22 holes, or
foramina. Most are small and accommodate cranial nerves and
blood vessels. At the base of the skull is the foramen magnum,
through which the spinal cord connects to the hindbrain.
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Joints

Joint is any connection between bones. There are 340
Jjoints in the human body, since many of the 206 bones

are connected to more than one of the others. Some joints
have bones connected by cartilage, and these have very limited
ranges of motion. A suture is where bone is knitted to bone
with collagen, and these are more or less immobile. What most
of us think of as joints are the articulated regions of the
skeleton, known as synovial joints. Here the bones do not touch
but are connected by a fluid-filled capsule made from cartilage.

There are six types of synovial joint: a hinge allows movement in
just one plane (elbow). A pivot offers a circular, twisting motion
(forearm). An ellipsoidal joint allows movement in all directions
(base of the fingers), while a ball-and-socket joint is similar
and allows for even larger movements (shoulder). A gliding joint,
found in the wrist, allows bones to move a little from side to side
without rotating. Finally, the saddle joint, which is found in the
thumb, allows both a back-and-forth and side-to-side motion.
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The thorax

his region of the body, between the head and the belly, is a

cage of bone that protects the most vital of organs —the
heart and lungs —and the massive blood vessels that connect
them and the rest of the body.

This cage is composed of 12 pairs of curved rib bones that
protrude from the vertebral column at the back. The bones
do not continue all the way to the front. Instead, the final
section is costal cartilage, which connects to the sternum,
or breastbone. The first seven ribs connect directly to the
sternum. The next three — so-called false ribs — share their
cartilaginous connection, while the final two are floating ribs
in that they are not connected to anything.

As well as providing protection, the ribs are able to move and
are part of the process of breathing. Intercostal muscles run
between the ribs. As these contract they expand the ribcage,
helping to draw air into the lungs.
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The spine

he spine is made up of a column of bones called vertebrae.

Most people have 33, although a 32-bone spine is not
uncommon. The vertebrae are connected by cartilage — thus
each one has a limited range of movement — but together they
create a flexible unit at the heart of the axial skeleton.

Inherited from our four-legged cousins, the spinal column has
rotated to a vertical position, but retained a curved, double-bow
shape. This active posture is the primary cause of back trouble in
our inactive society. The spine supports the weight of the head,
about 11 pounds (5 kg), and protects the spinal cord inside a
canal that runs through the centre of each vertebra. The column
has five regions. The cervical spine forms the neck; the thoracic
spine supports the ribcage; and the lumbar spine in the lower
back contains the largest vertebrae. The end of the spine is
made up of the sacrum —five vertebrae fused into one. The pelvis
connects here. The very tip is the coccyx. This single bone made
of fused sections is a vestigial remnant of the mammalian tail.
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Introduction

he human body is a subject of endless fascination; no other

living thing has been investigated so thoroughly and in so
many different ways. On one level, your body is a biological entity
made up of some 30 trillion cells that live and die together.
On another, it can be treated as a collection of body systems,
performing functions that support each other and maintain
overall health and wellbeing (or at least, can be helped to do so
with medical attention). What's more, the body is also the vehicle
for a person’s identity — what are you without it?

Our understanding of the human body draws on a great

many fields of scientific research — biochemistry, microscopy,
psychology and genetics to name just a few. Medical science
seeks to understand how the body works so that we can know
how best to intervene when things go wrong due to illness or
injury. To do that every aspect of the body must be studied,
from the individual cells and tissues to the large-scale or
gross anatomy of the organs and limbs.
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We can answer many questions. How do bones and muscles
create movement, and what are the mechanisms that
orchestrate it all so seamlessly? How does the food we

eat keep us alive, and how do nerves send electrical signals
around the body? Why do we hiccup, get old, become ill and
recover? How does a new human body get made, and what can
the study of ancient human evolution reveal to us about why
our bodies work the way they do today?

However, there is more. As complex biological entities, human
bodies adopt particular behaviours that extend beyond the
merely physical. We gather together in different social groups,
communicate and cooperate with each other. Of particular
importance is our consciousness — the internal mental life
seated in the human brain. How does our obvious and startling
intellect arise from a biology that we largely share with other
animals, and can we be sure we are unique in this respect?

In its exploration of the human body, the goal of this book

is to take a good look at ourselves. There is much to learn
along the way, but our bodies still pose questions that remain
unanswered and, as we shall see, there are many possibilities
for the future of the human body.
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Your body

Il at once the human body can appear mundane and
incredible. Despite much fretting over its precise shape

and size, the variation between two bodies is contained within
a small range of differences. However, when we consider the
feats of metabolism and physiology that our bodies perform
second by second for decades, one cannot help but be amazed
by this slick biological machine, more intricate than any
constructed device.

Of course, we are not alone in having such a body. Animals of
all stripes (and spots and tentacles) share many of the same
features, and outdo us with many others. Nevertheless, we
humans have some unique features that set us apart. First,
we are bipedal, meaning we walk on two legs. No other mammal
habitually moves like this, and our upper limbs are used instead
for carrying and manipulating objects. That ability goes hand-
in-hand with a second defining feature, the human brain, said
(by humans) to be the most complex system in the Universe.

8 YOUR BODY





OEBPS/images/page012.jpg
The average man

he male is the largest and strongest of the human sexes,

but life is, on average, shorter and more dangerous for
males than for females. For every 100 girls born, approximately
108 boys are born. However, by the age of 65 the ratio has
flipped to approximately 0.75 males for every female, with
considerable variation between cultures. This is partly due to
males being more susceptible to particular diseases, such as
haemophilia, but the change is also due to risky and violent
behaviours (and war), which dramatically increase the male
death rate after the age of 15. The average life expectancy
of aman is 68 and 6 months. In Switzerland that goes above
81, while in Sierra Leone it is 48 and 4 months.

The tallest men are from the Netherlands, who have an average
height of 183 centimetres (6 ft), while the shortest live in

East Timor where the average is 160 centimetres (5 ft 2 in).
The thinnest men are from Eritrea, with a BMI of 20.1, while
Argentinian men have the highest BMI, at an average of 28.7.
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The average woman

he average female human is about 15 per cent smaller
than the average male human, by weight. There is a slightly
lower chance of her being born, with 48.1 per cent of all births
being girls. However, she is likely to live longer than her male
counterpart. The global average life expectancy of a woman
is currently 73 years and 6 months, although this varies widely
from nearly 87 in Japan to less than 51 in Sierra Leone.

The tallest women live in Latvia, where the average female
height is 170 centimetres (5 ft 6 in). By contrast the average

is 149 centimetres (4 ft 10 in) in Guatemala. Average weights
follow a different pattern, with women in Bangladesh averaging
a 19.8 body mass index (BMI; see page 362), while those living in
Kuwait average a BMI of 31.4.

The average woman gives birth 2.45 times, markedly down from
five births in the 1960s. South Korean women have the fewest

children (1.2 births), while in Niger the average is 7.6.
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Cells

he human body is built from structural units called cells.

It is estimated that the average body contains 37 trillion
of them. Making that judgement is far from easy, because
body cells range in size from 4 micrometres for a granule cell
in the cerebellum to 1 metre (39 in) for a motor neurone in the
leg. However, human body cells still share many features.

The cell is surrounded by a membrane. This is flexible, and so the
shape of the cell can change. While the membrane encloses the
cell, substances can move through it in both directions, mostly
via pores in its surface. Inside, the cell is filled with cytoplasm,
a watery mixture of hundreds of dissolved chemicals. There is
also a nucleus, which is surrounded by its own membrane. This is
where the cell's DNA (see page 286) is stored. Under the control
of that DNA, the cell's myriad chemicals are manufactured in
highly folded membranous structures called the endoplasmic
reticulum. Mitochondria power the cell's activities by releasing
useful energy from sugar fuel.
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What is the
body made of?

ntil the mid-19th century, it was thought that the human

body, along with other living entities, was put together by
the action of a mysterious, and probably divine, ‘vital force’.
This force separated the animate from the inanimate, and the
ordinary processes of physical chemistry did not apply to the
organic workings of the body. Then in 1828, Friedrich Wahler
produced urea —an organic chemical found in urine —in the
laboratory completely by accident. This showed the world
that the chemistry of life was no different to the chemistry
of everything else, and the field of biochemistry was born.

Analysis of the human body showed that 99 per cent of its mass
was made of six elements: oxygen, carbon, hydrogen, nitrogen,
calcium and phosphorus (60 per cent of the mass is water, a
compound of hydrogen and oxygen). Another 56 elements are
found in tiny amounts, including iron, beryllium, arsenic and radium.
Of these, 15 are deemed essential (see page 354). The others may
have as-yet unknown functions, or may be natural impurities.
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Metabolism

M etabolism is the catch-all term for the chemical activity
of a body. In the round, metabolism processes food and
other chemicals entering the body to provide the energy for
life and to help grow and maintain the body. The idea can be
divided into anabolism and catabolism. The former means

‘to build up’ and the latter means ‘to break down'’.

Anabolism involves taking simple, raw materials and making them
into more complex and useful substances. That could be chaining
amino acids into a protein. By contrast, catabolism would take

a protein from food and break it into its constituents for later
use. Both processes combine to form metabolic pathways that
involve dozens of chemical steps heading towards a specific
product —an enzyme, a hormone or a fat molecule, for example.
There are 260 major pathways at work in the human body. Most
steps in these pathways use energy and, therefore, perhaps the
most crucial human pathway of all is glycolysis, which kick-starts
the release of a life-sustaining supply of energy from sugars.
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Respiration

or many, the word ‘respiration’ means breathing, but the

term also relates to the metabolic pathway that extracts
the energy from sugar fuel to power the body. Respiration takes
place in a cell's mitochondria, where fuel in the form of glucose is
oxidized. This turns each glucose molecule into six carbon dioxide
and six water molecules, with a release of energy in the process.

This reaction is the same as igniting the sugar, but the cell does
it in a more gradual way. First, a 10-step pathway called glycolysis
converts glucose into the chemical pyruvate, releasing energy.
Pyruvate then starts the next phase, the Krebs cycle, which has
10 steps that result in water and carbon dioxide — and more
energy. The cell makes use of energy carriers such as adenasine
triphosphate (ATP). To transfer its energy to a metabolic
reaction, ATP ejects a phosphate and forms diphosphate (ADP).
During respiration ADPs and similar energy carriers receive
the energy required to recharge, collect a third phosphate and
form ATP again. Each glucose molecule will recharge 32 ATPs.
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Tissues

here are about 200 different cell types in the human body,

each one built to do a particular job: the red blood cell
carries oxygen around the body; the nerve cell transmits signals;
the goblet cell in your nose lining produces mucus. Biologists like
to keep things organized, and since no cell works alone they are
grouped into tissues, or a collection of similar cells that work
together to perform a particular role in the body.

Of the four broad types of tissue in the human baody, a group
of muscle cells makes muscle tissue and the brain is built
from nervous tissue. There are also connective and epithelial
tissues. Connective tissues make up the structural parts of
the body, and so include bone and cartilage (like ligaments

or the outer ear) and also the blood vessels and blood cells.
Epithelial tissues cover the surface of a body. They include hair
and the outer layer of the skin, but also the linings of cavities
within the body, such as the mouth and gut, the airways and
the reproductive tracts.
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Chemicals for life

he human body lives and dies by the supply of essential

chemicals that are used as fuel and building materials.
In the simplest terms, the human body is built from three
materials: carbohydrate, protein and fat.

Carbohydrates are compounds based on sugars such as
glucose. In the human body, sugars are the primary source of
energy and for storage — mostly in the liver or muscle cells —
they are bundled into a complex form called glycogen. Sugars
also have a structural use when linked to proteins. Proteins
are the dominant material in muscles and structural elements
of the skin. They are also used as enzymes, the body’s worker
chemicals. All the steps in a metabolic process are facilitated
by an enzyme holding and manipulating the chemicals involved.
Lastly, fats are the main material in cell membranes. Fatty
sheaths also coat major nerves, while oils keep skin and hair
healthy and, of course, excess food intake is converted to fat
as the body’s long-term energy store.
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Body systems

he organs are the largest single structures in the body, but

we get a better understanding of what they do by grouping
them into body systems. This method of organization is an
artificial one, and there are a number of ways it can be done.

The circulatory system comprises the heart and blood vessels.
It acts as a transport network for the body, and connects to the
respiratory and digestive systems. The former includes the lungs
and airways used to bring oxygen into the body and expel carbon
dioxide. The latter is the food-management system and includes
the mouth, stomach and intestines, but also the liver, which
processes nutrients before they enter the bloodstream. Other
body systems include the nervous system, the musculoskeletal
system (often split in two), the reproductive system and the
integumentary system (skin, hair, nails). There are also the
lymphatic and excretory systems, which remove unwanted
materials, the endocrine system, made up of hormone glands,
and the immune system, which defends the body against attack.
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Organs

he human body is a highly regimented system with ranks and

hierarchies. The lowliest unit is the cell, which forms groups
of tissue. Tissues seldom work alone, but require input from
other body parts, including other tissues. A collection of tissues
that work together to fulfil a function is called an organ.

There are some obvious examples —the brain and the heart — but
the term can be used for more lowly structures. The ear, nose and
testicle are all organs, for example. While undesirable, it is possible
for the body to survive without one or more of these organs.
But it could not withstand the loss of one of the so-called vital
organs: brain, heart, liver, kidneys, lungs, stomach and intestines.

The skin is also an organ — much overlooked in these lists —and
one that performs a large number of important jobs. Other
organs include the pancreas, the spleen and the bladder, while
a pregnant mother develops a temporary organ, the placenta,
as a conduit between her body and the developing fetus.
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