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 Preface to the 
 f ourth  e dition     

  The fi rst editi on of this book was published by Barbara Tyldesley and June Grieve in 1989 with 
the intenti on of studying anatomy combined with undertanding movement in daily living. Since 
then, subsequent editi ons have added chapters and further detail in numerous ways to promote 
and meet the original aim. 

 This new fourth editi on enhances that original aim by revising the text, revising the practi ce 
note - pads which highlight some of the common conditi ons seen in clients/pati ents that students 
and therapists will encounter, adding key terms and a conceptual overview at the beginning of 
each chapter and providing a summary at the end of each chapter. There has also been a com-
prehensive revision of the fi gures and overall additi on of colour throughout. 

 Secti on  I  introduces you to the idea of movement by looking at the basic units of structure and 
functi on, movement terminology and the structure and functi on of the central and peripheral 
nervous system that are involved in the control of movement. 

 Secti on  II  conti nues with the anatomy of movement in everyday living by examining the posi-
ti oning movements of the shoulder and elbow, the manipulati ve movements produced by the 
forearm, wrist and hand, the nerve supply to the upper limb, the role of the lower limb in support 
and propulsion, the nerve supply to the lower limb and the role of the trunk in posture and 
breathing. 

 Secti on  III  looks at the sensorimotor control of movement that includes the sensory background 
to movement and motor control. 

 Secti on  IV  turns your att enti on to Human Occupati on by fi rstly looking at occupati onal perfor-
mance skills and capaciti es. The remaining part of this secti on examines diff erent case scenarios 
where understanding anatomy, movement, the eff ects of conditi ons and how this infl uences 
human occupati ons are considered. 

 We trust this book will be useful not only to you as a student embarking on your career as an 
allied health professional, but also to practi ti oners in a variety of setti  ngs. 

 Ian R. McMillan, Gail Carin - Levy      
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  Section I  
 Introduction to movement     

     Components of the musculoskeletal and nervous system, movement terminology

    •      Basic units, structure and functi on: supporti ng ti ssues, muscle and nerves  
   •      Movement terminology  
   •      The central nervous system: the brain and spinal cord  
   •      The peripheral nervous system: cranial and spinal nerves            





Tyldesley & Grieve’s Muscles, Nerves and Movement in Human Occupati on, Fourth Editi on. Ian R. McMillan, Gail Carin-Levy. 
© 2012 Ian R. McMillan, Gail Carin-Levy, Barbara Tyldesley and June I. Grieve. Published 2012 by Blackwell Publishing Ltd.

  1 
Basic  u nits,  s tructure and 
 f unction:  s upporting  t issues, 
 m uscle and  n erve     

  
   

 Key  t erms 
 connecti ve ti ssues, arti culati ons, skeletal muscle, neurone, muscle tone 

 Conceptual  o verview 
 This chapter addresses the basic components of structure that are organised to allow movement 
at joint level. Nerves, muscles and connecti ve ti ssues work together to produce movement: con-
necti ve ti ssues which provide stability and support; skeletal muscle which changes in length and 
pulls on bones to produce movements at joints; and neurones and nerves which conduct informa-
ti on between the environmental sensors, the control centres for movement and the muscles. 
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  Framework and  s upport: the  c onnective  t issues 

 The overall functi on of connecti ve ti ssue is to unite or connect structures in the body, and to give 
support. Bone is a connecti ve ti ssue which provides the rigid framework for support. Where bones 
arti culate with each other dense fi brous connecti ve ti ssue, rich in collagen fi bres, surrounds the 
ends of the bones, allowing movement to occur while maintaining stability. Carti lage, another 
connecti ve ti ssue, is also found associated with joints, where it forms a compressible link between 
two bones, or provides a low - fricti on surface for smooth movement of one bone on another. 
Connecti ve ti ssue att aches muscles to bone, in the form of either a cord (tendon) or a fl at sheet 
(fascia). The connecti ve ti ssues may be divided into:

    •       dense fi brous ti ssue ;  
   •       carti lage ;  
   •       bone .    

  Dense  fi  brous  t issue 
 Dense fi brous connecti ve ti ssue unites structures in the body while sti ll allowing movement to 
occur. It has high tensile strength to resist stretching forces. This connecti ve ti ssue has few cells 
and is largely made up of fi bres of collagen and elasti n that give the ti ssue great strength. The 
fi bres are produced by fi broblast cells that lie in between the fi bres (Figure  1.1 ). The toughness 

     Figure 1.1     Dense fi brous connective tissue seen covering bone as periosteum, and forming the 
tendon of a skeletal muscle.  
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of this ti ssue can be felt when cutti  ng through stewing steak with a blunt knife. The muscle fi bres 
are easily sliced, but the covering of white connecti ve ti ssue is very tough. Examples of this ti ssue 
are as follows:

    •      The  capsule  surrounding the movable (synovial) joints which binds the bones together (see 
Figure  1.7 ).    

   •       Ligaments  form strong bands that join bone to bone. Ligaments strengthen the joint capsules 
in parti cular directi ons and limit movement.  

   •       Tendons  unite the contracti le fi bres of muscle to bone.    

 In tendons and ligaments, the collagenous fi bres lie in parallel in the directi on of greatest stress.

    •      An  aponeurosis  is a strong fl at membrane, with collagen fi bres that lie in diff erent directi ons 
to form sheets of connecti ve ti ssue. An aponeurosis can form the att achment of a muscle, 
such as the oblique abdominal muscles, which meet in the midline of the abdomen (see 
Chapter  10 , Figure  10.6 ). In the palm of the hand and the sole of the foot an aponeurosis lies 
deep to the skin and forms a protecti ve layer for the tendons underneath (see Chapter  8 , 
Figure  8.21 ).  

   •      A  reti naculum  is a band of dense fi brous ti ssue that binds tendons of muscles and prevents 
bowstring during movement. An example is the fl exor reti naculum of the wrist, which holds 
the tendons of muscles passing into the hand in positi on (see Chapter  6 , Figure  6.15 ).  

   •       Fascia  is a term used for the large areas of dense fi brous ti ssue that surround the musculature 
of all the body segments. Fascia is parti cularly developed in the limbs, where it dips down 
between the large groups of muscles and att aches to the bone. In some areas, fascia provides 
a base for the att achment of muscles, for example the thoracolumbar fascia gives att achment 
to the long muscles of the back (see Chapter  10 , Figure  10.6 ).  

   •       Periosteum  is the protecti ve covering of bones. Tendons and ligaments blend with the peri-
osteum around bone (see Figure  1.3 ).  

   •       Dura  is thick fi brous connecti ve ti ssue protecti ng the brain and spinal cord (see Chapter  3 , 
Figure  3.21 ).     

  Cartilage 
 Carti lage is a ti ssue that can be compressed and has resilience. The cells (chondrocytes) are oval 
and lie in a ground substance that is not rigid like bone. There is no blood supply to carti lage, so 
there is a limit to its thickness. The ti ssue has great resistance to wear, but cannot be repaired 
when damaged. 

  Hyaline carti lage  is commonly called gristle. It is smooth and glass - like, forming a low - fricti on 
covering to the arti cular surfaces of joints. In the elderly, the arti cular carti lage tends to become 
eroded or calcifi es, so that joints become sti ff . Hyaline carti lage forms the costal carti lages which 
join the anterior ends of the ribs to the sternum (Figure  1.2 ). In the developing foetus, most of 
the bones are formed in hyaline carti lage. When the carti laginous model of each bone reaches a 
criti cal size for the survival of the carti lage cells, ossifi cati on begins.   

   
 Refl ective  t ask 

 Look at some large animal bones from the butcher to see the carti lage covering the joint 
surfaces at the end. Note that it is bluish and looks like glass. 
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  Fibrocarti lage  consists of carti lage cells lying in between densely packed collagen fi bres (Figure 
 1.2 ). The fi bres give extra strength to the ti ssue while retaining its resilience. Examples of where 
fi brocarti lage is found are the discs between the bones of the vertebral column, the pubic sym-
physis joining the two halves of the pelvis anteriorly, and the menisci in the knee joint.  

  Bone 
 Bone is the ti ssue that forms the rigid supports for the body by containing a large proporti on of 
calcium salts (calcium phosphate and carbonate). It must be remembered that bone is a living 
ti ssue composed of cells and an abundant blood supply. It has a greater capacity for repair aft er 
damage than any other ti ssue in the body, except for blood. The strength of bone lies in the thin 
plates (lamellae), composed of collagen fi bres with calcium salts deposited in between. The lamel-
lae lie in parallel, held together by fi bres, and the bone cells or  osteocytes  are found in between. 
Each bone cell lies in a small space or lacuna, and connects with other cells and to blood capil-
laries by fi ne channels called canaliculi (Figure  1.3 ).   

 In  compact bone , the lamellae are laid down in concentric rings around a central canal contain-
ing blood vessels. Each system of concentric lamellae (known as a Haversian system or an osteon) 

     Figure 1.2     Microscopic structure of hyaline and fi brocartilage, location in the skeleton of the 
trunk.  
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lies in a longitudinal directi on. Many of these systems are closely packed to form the dense 
compact bone found in the shaft  of long bones (Figure  1.3 ).   

     Figure 1.3     A section of the shaft of a long bone.  
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 Practice note - pad 1A: osteoporosis 

    Osteoporosis is literally a conditi on of porous bones, largely due to a depleti on of calcium 
from the body. For a number of reasons, calcium loss exceeds calcium absorpti on from the 
diet, causing bone mass to decrease excessively. This leads to fractures occurring as a result 
of normal mechanical stresses upon the skeleton which it would normally withstand. 
Spontaneous fractures may also occur.  

 In  cancellous  or trabeculate bone, the lamellae form plates arranged in diff erent directi ons to 
form a mesh. The plates are known as trabeculae and the spaces in between contain blood capil-
laries. The bone cells lying in the trabeculae communicate with each other and with the spaces 
by canaliculi. The expanded ends of long bones are fi lled with cancellous bone covered with a 
thin layer of compact bone. The central cavity of the shaft  of long bones contains bone marrow. 
This organisati on of the two types of bone produces a structure with great rigidity without exces-
sive weight (Figure  1.4 ). Bone has the capacity to remodel in shape in response to the stresses 
on it, so that the structure lines of the trabeculae at the ends of the bone follow the lines of force 
on the bone. For example, the lines of trabeculae at the ends of weight - bearing bones, such as 
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the femur, provide maximum strength to support the body weight against gravity. Remodelling of 
bone is achieved by the acti vity of bone - forming cells known as osteoblasts, and bone - destroying 
cells known as osteoclasts; both types of cell are found in bone ti ssue. The calcium salts of bone 
are constantly interchanging with calcium ions in the blood, under the infl uence of hormones 
(parathormone and thyrocalcitonin). Bone is a living, constantly changing connecti ve ti ssue that 
provides a rigid framework on which muscles can exert forces to produce movement.   

     

     Figure 1.4     Gross structure of long bone: longitudinal and transverse sections.  
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 Refl ective  t ask 

 Look at any of the following examples of connecti ve ti ssue that are available to you:

   (1)     Microscopic slides of dense fi brous ti ssue, carti lage and bone, noti ng the arrangement 
of the cellular and fi bre content.  

  (2)     Dissected material of joints and muscles which include tendons, ligaments, aponeu-
rosis and retinaculum.  

  (3)     Fresh butcher ’ s bone: note the pink colour (blood supply), and the central cavity in 
the shaft of long bones.  

  (4)     Fresh red meat to see fi brous connective tissue around muscle.    
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  Articulations 

 Where the rigid bones of the skeleton meet, connecti ve ti ssues are organised to bind the bones 
together and to form joints. It is the joints that allow movement of the segments of the body rela-
ti ve to each other. The joints or arti culati ons between bones can be divided into three types based 
on the parti cular connecti ve ti ssues involved. The three main classes of joint are  fi brous ,  carti -
laginous  and  synovial . 

  Fibrous  j oints 
 Here, the bones are united by dense fi brous connecti ve ti ssue. 

 The  sutures  of the skull are fi brous joints that allow no movement between the bones. The 
edge of each bone is irregular and interlocks with the adjacent bone, a layer of fi brous ti ssue 
linking them (Figure  1.5 a).   

 A  syndesmosis  is a joint where the bones are joined by a ligament that allows some movement 
between the bones. A syndesmosis is found between the radius and the ulna (Figure  1.5 b). The 
interosseous membrane allows movement of the forearm. 

 A  gomphosis  is a specialised fi brous joint that fi xes the teeth in the sockets of the jaw (Figure 
 1.5 c).  

     Figure 1.5     Fibrous joints: (a) suture between bones of the skull; (b) syndesmosis between the 
radius and ulna; (c) gomphosis: tooth in socket.  
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  Cartilaginous  j oints 

 In these joints the bones are united by carti lage. 
 A  synchondrosis  or primary carti laginous joint is a joint where the union is composed of hyaline 

carti lage. This type of joint is also called primary carti laginous. The arti culati on of the fi rst rib with 
the sternum is by a synchondrosis. During growth of the long bones of the skeleton, there is a 
synchondrosis between the ends and the shaft  of the bone, where temporary carti lage forms the 
epiphyseal plate. These plates disappear when growth stops and the bone becomes ossifi ed 
(Figure  1.6 a).   

 A  symphysis  or secondary carti laginous joint is a joint where the joint surfaces are covered by 
a thin layer of hyaline carti lage and united by a disc of fi brocarti lage. This type of joint (someti mes 
called secondary carti laginous) allows a limited amount of movement between the bones by 
compression of the carti lage. The bodies of the vertebrae arti culate by a disc of fi brocarti lage 
(Figure  1.6 b). Movement between two vertebrae is small, but when all of the intervertebral discs 
are compressed in a parti cular directi on, considerable movement of the vertebral column occurs. 
Litt le movement occurs at the pubic symphysis, the joint where the right and left  halves of the 
pelvis meet. Movement is probably increased at the pubic symphysis in the late stage of pregnancy 
and during childbirth, to increase the size of the birth canal.  

     Figure 1.6     Cartilaginous joints: (a) synchondrosis in a child ’ s metacarpal bone, as seen on 
X - ray; (b) symphysis between the bodies of two vertebrae.  
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  Synovial  j oints 
 Synovial joints are the mobile joints of the body. There is a large number of these joints, which 
show a variety of form and range of movement. The common features of all of them are shown 
in the secti on of a typical synovial joint (Figure  1.7 ) and listed as follows:

    •       Hyaline carti lage  covers the ends of the two arti culati ng bones, providing a low - fricti on 
surface for movement between them.    

   •      A  capsule  of dense fi brous ti ssue is att ached to the arti cular margins, or some distance away, 
on each bone. The capsule surrounds the joint like a sleeve.  

   •      There is a  joint cavity  inside the capsule which allows free movement between the bones.  
   •       Ligaments , bands or cords of dense fi brous ti ssue, join the bones. The ligaments may blend 

with the capsule or they are att ached to the bones close to the joint.  
   •      A  synovial membrane  lines the joint capsule and all non - arti cular surfaces inside the joint, 

i.e. any structure within the joint not covered by hyaline carti lage.    

 One or more bursae are found associated with some of the synovial joints at a point of fricti on 
where a muscle, a tendon or the skin rubs against any bony structures. A bursa is a closed sac of 
fi brous ti ssue lined by a synovial membrane and containing synovial fl uid. The cavity of the bursa 
someti mes communicates with the joint cavity. Pads of fat, liquid at body temperature, are also 
present in some joints. Both structures have a protecti ve functi on.   

     Figure 1.7     Typical synovial joint.  
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 Practice note - pad 1B: osteoarthritis 

    Osteoarthriti s is a degenerati ve disease occurring in middle - aged and older people. There 
is a progressive loss of the arti cular carti lage in the weight - bearing joints, usually the hip 
and the knees. Bony outgrowths occur at the margins of the joint and the capsule may 
become fi brosed. The joints become sti ff  and painful.  
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 All of the large movable joints of the body, for example the shoulder, elbow, wrist, hip, knee 
and ankle, are synovial joints. The directi on and the range of their movements depend on the 
shape of the arti cular surfaces and the presence of ligaments and muscles close to the joint. The 
diff erent types of synovial joint are described in Chapter  2  where the directi ons of movement at 
joints are considered.   

  Skeletal  m uscle 
 Skeletal muscle is att ached to the bones of the skeleton and produces movement at joints. The 
basic unit of skeletal muscles is the  muscle fi bre . Muscle fi bres are bound together in bundles to 
form a whole muscle, which is att ached to bones by fi brous connecti ve ti ssue. When  tension  
develops in the muscle, the ends are drawn towards the centre of the muscle. In this case, the 
muscle is contracti ng in length and a body part moves. Alternati vely, a body part may be moved 
by gravity and/or by an added weight, for example an object held in the hand. Now the tension 
developed in the muscle may be used to resist movement and hold the object in one positi on. 

 In summary, the tension developed allows a muscle:

    •      to shorten to produce movement;  
   •      to resist movement in response to the force of gravity or an added load.    

 Furthermore, muscles may develop tension when they are increasing in length. This will be 
considered in Chapter  2 , in the secti on on types of muscle work. 

 Both muscle and fi brous connecti ve ti ssue have elasti city. They can be stretched and return to 
the original length. The unique functi on of muscle is the capacity to shorten acti vely. 

   

 Practice note - pad 1C: rheumatoid arthritis 

    Rheumatoid arthriti s is a systemic disease that can occur at any age (average 40 years) and 
it is more common in women. The peripheral joints (hands and feet) are aff ected fi rst, fol-
lowed by the involvement of other joints. Infl ammati on of the synovial membrane, bursae 
and tendon sheaths leads to swelling and pain which may be relieved by drugs. Deformity 
is the result of erosion of arti cular carti lage, stretching of the capsule and the rupture of 
tendons.  

 Refl ective  t ask 

     •      Hold a glass of water in the hand. Feel the activity in the muscles above the elbow by 
palpating them with the other hand. The tension in the muscles is resisting the weight 
of the forearm and the water.  

   •      Lift  the glass to the mouth. Feel the muscle acti vity in the same muscles as they shorten 
to lift  the glass.    
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  Structure and  f orm 

 The structure of a whole muscle is the combinati on of muscle and connecti ve ti ssues, which both 
contribute to the functi on of the acti ve muscle. In a whole muscle, groups of contracti le muscle 
fi bres are bound together by fi brous connecti ve ti ssue. Each bundle is called a fasciculus. Further 
coverings of connecti ve ti ssue bind the fasciculi together and an outer layer surrounds the whole 
muscle (Figure  1.8 ).   

     Figure 1.8     Skeletal muscle: the organisation of muscle fi bres into a whole muscle, and a 
sarcomere in the relaxed and the shortened state (as seen by an electron microscope).  
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 The total connecti ve ti ssue element lying in between the contracti le muscle fi bres is known as 
the parallel elasti c component. The tension that is built up in muscle when it is acti vated depends 
on the tension in the muscle fi bres and in the parallel elasti c component. The fi brous connecti ve 
ti ssue, for example a tendon, which links a whole muscle to bone is known as the series elasti c 
component. The initi al tension that builds up in an acti ve muscle ti ghtens the series elasti c com-
ponent and then the muscle can shorten. A model of the elasti c and contracti le parts of a muscle 
is shown in Figure  1.9 . If the connecti ve ti ssue components lose their elasti city, through lack of 
use in injury or disease, a muscle may go into contracture. Lively splints are used to maintain 
elasti city and prevent contracture while the muscle recovers.   

 The individual muscle fi bres lie within a muscle in one of the following two ways:

    •      Parallel fi bres are seen in strap and fusiform muscles (Figure  1.10 a, b). These muscles have 
long fi bres which are capable of shortening over the enti re length of the muscle, but the 
result is a less powerful muscle.    

   •      Oblique fi bres are seen in pennate muscles. The muscle fi bres in these muscles cannot 
shorten to the same extent as parallel fi bres. The advantage of this arrangement, however, 
is that more muscle fi bres can be packed into the whole muscle, so that greater power can 
be achieved.    

 The muscles with oblique fi bres are known as unipennate, bipennate or multi pennate, depend-
ing on the parti cular way in which the muscle fi bres are arranged (Figure  1.10 c, d). Some of the 
large muscles of the body combine parallel and oblique arrangements. The deltoid muscle of the 
shoulder (see Chapter  5 , Figure  5.9 ) has one group of fi bres that are multi pennate and two groups 

     Figure 1.9     Elastic components of muscle.  
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     Figure 1.10     Form of whole muscle: parallel fi bres (a) strap and (b) fusiform; oblique fi bres 
(c) multipennate and (d) unipennate and bipennate.  
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that are fusiform, which combines strength to lift  the weight of the arm with a wide range of 
movement. The form of a parti cular muscle refl ects the space available and the demands of range 
and strength of movement. 

 Muscles have a limited capacity for repair, although a small area of damage to muscle fi bres 
may regenerate. In more extensive damage, the connecti ve ti ssue responds by producing more 
collagen fi bres and a scar is formed. An intact nerve and adequate blood supply are essenti al for 
muscle functi on. If these are interrupted the muscle may never recover. Movement can then only 
be restored by other muscles taking over the functi ons of the damaged muscles. 

  Microscopic  s tructure 
 A muscle fi bre can just be seen with the naked eye. Each muscle fi bre is an elongated cell with 
many nuclei surrounded by a strong outer membrane, the sarcolemma. If one fi bre is viewed 
under a light microscope, the nuclei can be seen close to the membrane around the fi bre. The 
chief consti tuent of the fi bre is several hundreds of myofi brils, strands of protein extending from 
one end of the fi bre to the other (Figure  1.8 ). The arrangement of the two main proteins, acti n 
and myosin, that form each myofi bril presents a banded appearance. The light and dark bands in 
adjacent myofi brils coincide, so that the whole muscle fi bre is striated. 

 The electron microscope reveals the detail of the cross - striati ons in each myofi bril. A repeati ng 
unit, known as the sarcomere, is revealed along the length of the myofi bril. Each sarcomere links 
to the next one at a disc called the Z - line. The thin fi laments of acti n are att ached to the Z - line 
and project towards the centre of the sarcomere. The thicker myosin fi laments lie in between the 
acti n strands. The darkest bands of the myofi bril are where the acti n and myosin overlap in the 
sarcomere. 

 The arrangement of the myosin molecules in the thick myosin fi laments forms cross - bridges 
that link with special sites on the acti ve fi laments when the muscle fi bre is acti vated. The result 
of this linking is to allow the fi laments to slide past one another, so that each sarcomere becomes 
shorter. This, in turn, means that the myofi bril is shorter, and since all the myofi brils respond 
together, the muscle fi bre shortens. 

   

 Refl ective  t ask 

 Look at Figure  1.8 , starti ng at the bott om, to identi fy the details of the structure of a muscle: 
(1) sarcomeres lie end to end to form a myofi bril; (2) myofi brils are packed ti ghtly together 
inside a muscle fi bre; (3) muscle fi bres are bound together in a fasciculus; and (4) fasciculi 
are bound to form a whole muscle. 

 In acti ve muscles, the energy required to develop tension is released by chemical reacti ons. 
Most of these reacti ons occur in structures called  mitochondria  (Figure  1.11 ). All cells have mito-
chondria, but they are more abundant in muscle fi bres where they lie adjacent to the myofi brils. 
The breakdown of adenosine triphosphate (ATP) and a  ‘ back - up ’  phosphocreati ne provide a high 
level of energy output in the muscle. The store of ATP is replenished in the mitochondria using 
oxygen and glucose brought by the blood in the network of capillaries surrounding muscle fi bres 
(Figure  1.11 ). In this way, the muscle fi bres have a conti nuous supply of energy, as long as the 
supply of oxygen is maintained (aerobic metabolism). Glycogen is another source of energy that 
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is stored in muscle fi bres. When there is insuffi  cient oxygen to replenish ATP by oxidati ve reac-
ti ons, energy is released from breakdown of glycogen to maintain the ATP levels. This occurs 
during a short burst of high - level muscle acti vity.     

  Adaptation of  m uscles to  f unctional  u se 
 Not all muscle fi bres in one muscle are the same. Two main types have been disti nguished:

    •       Slow  fi bres, known as type I fi bres, are red because they contain myoglobin which stores 
oxygen, like the haemoglobin in the blood, and they are surrounded by many capillaries. 
Energy supply for the slow fi bres (called SO) is mainly from oxidati ve reacti ons. The slow fi bres 
respond to sti mulati on with a slow twitch and they are resistant to fati gue.  

   •       Fast  fi bres, known as type II fi bres, are white with no myoglobin and have fewer capillaries 
per fi bre. Energy is derived mainly from the breakdown of glucose and stored glycogen 
without oxygen. The fast fi bres (called FG) respond with a fast twitch, but they are easily 
fati gued when the glycogen stores are used up.    

 Slow fi bres are adapted for sustained postural acti vity, while the fast fi bres are recruited for 
rapid intense bursts of acti vity, for example running, cycling and kitchen tasks such as cutti  ng 
bread and chopping vegetables. 

 Skeletal muscle shows a remarkable capacity to adapt its structure to functi onal use. Both the 
relati ve proporti on of slow and fast fi bres and the number of sarcomeres in the myofi brils can 
change over ti me. 

 Muscle strength and bulk is increased by progressive resistance training programmes using 
weights or strength - training machines. The added strength is due to an increase in the number 
and size of the myofi brils, parti cularly in the fast muscle fi bres which hypertrophy most readily. 

     Figure 1.11     Energy for muscle contraction (simplifi ed). The  ‘ slow ’  pathway predominates in 
type I fi bres, where ATP is replenished by aerobic reactions to provide the energy for long 
periods of low - level activity. The  ‘ fast ’  pathway predominates in type II fi bres, where glycogen 
provides energy without oxygen for short bursts of high - level activity.  
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Less increase occurs in the slow fi bre type. There is litt le evidence that similar training pro-
grammes can strengthen the muscles of pati ents with chronic degenerati ve disorders of the 
neuromuscular system. Any change may depend on the number of remaining intact fi bres. For 
these pati ents, improvement in stamina rather than strength will be more useful for daily living 
in any case. Training for endurance in healthy young adults has the eff ect of changes in some fast 
fi bres, which become more like slow fi bres. The presence of these type IIA or FGO fi bres increases 
the length of ti me that the muscle can perform movement without fati gue. 

 Studies of the eff ects of ageing have shown a progressive decrease in the size of fast fi bres with 
fewer changes in slow fi bres. These changes are most likely to be the response to a less acti ve 
life. Fast fi bres can increase in size in elderly people, so that exercise programmes are benefi cial 
when there are no pathological changes present. 

 Muscles also change the number of sarcomeres in the myofi brils if a muscle is held in a short-
ened or lengthened positi on, for example by a plaster cast. Sarcomeres are lost in the shortened 
positi on and added in the lengthened positi on. This is an adaptati on to changes in the functi onal 
length of the muscle. Any benefi t, however, may be overridden by the changes in the muscle 
which lead to muscle contracture.     

 Practice note - pad 1D: myopathies 

    Neuromuscular disorders that are myopathic originate in the muscle, and may be inherited 
or acquired. There is muscle weakness in the proximal muscles, which is slowly progressive 
with muscle wasti ng. 

 Duchenne muscular dystrophy is an inherited myopathy that aff ects boys only. There is a 
rapid progression of muscle weakness that begins in childhood. 

 Acquired myopathy can result from infecti ons, or endocrine disorders, or as a complica-
ti on of steroid drug treatment.  

  Basic  u nits of the  n ervous  s ystem 
 The functi ons of the nervous system in movement are: to conduct motor commands from the 
brain to the muscles; to regulate the acti vity in the cardiovascular and respiratory systems which 
supply the muscles with essenti al nutrients and oxygen; and to monitor changes in the environ-
ment that aff ect movement. 

 The properti es of  neurones  are:

    •      excitati on: neurones generate impulses in response to sti mulati on;  
   •      conducti on of impulses between neurones (in one directi on only).    

 Neurones are organised in networks or centres in the brain and the spinal cord. Acti vity in one 
centre is directed to a parti cular end, for example the locati on of a specifi c sensati on. The output 
from one processing centre is then conducted to one or many other centres in a series of opera-
ti ons, for example from motor centres in the brain to the spinal cord. Informati on can also be 
conducted in parallel between processing centres. 

 The properti es of neural networks are:


