
 

 
 

  

 

2016  
 

 
 

ANATOMY AND PHYSIOLOGY 
2016 

 

Compiled by Laurence Hattersley 2016 



 

 

Compiled by Laurence Hattersley 2016 

i 

 

Contents 

Anatomy and Physiology ................................................................................................... 1 

Cells .................................................................................................................................. 1 

Cell membrane .................................................................................................................. 3 

Protein Synthesis ............................................................................................................ 5 

Protein structure ............................................................................................................. 6 

Cell replication (Mitosis) .................................................................................................. 7 

Meiosis ........................................................................................................................... 7 

Tissue Types ..................................................................................................................... 9 

Epithelial tissue ............................................................................................................... 9 

Connective Tissue ........................................................................................................ 13 

Muscle Tissue............................................................................................................... 15 

Nervous tissue .............................................................................................................. 21 

Myelination ................................................................................................................... 26 

Neurotransmitters ......................................................................................................... 28 

Summary of nerve impulses and synaptic transmission ................................................ 28 

Anatomical position and classification of anatomical terms .............................................. 30 

The Skeletal System ........................................................................................................ 31 

Ossification ................................................................................................................... 35 

Bone maintenance ........................................................................................................ 36 

Disorders of Bones ....................................................................................................... 38 

Joints ............................................................................................................................ 40 

Types of Joints ............................................................................................................. 40 

Fibrous  Joints .............................................................................................................. 40 

Cartilaginous Joints ...................................................................................................... 40 

Synovial Joints.............................................................................................................. 41 

Classification of Synovial joints ..................................................................................... 42 

Disorders of synovial joints ........................................................................................... 43 

The Muscular System ...................................................................................................... 44 

Muscles ........................................................................................................................ 44 

Disorders and dysfunctions........................................................................................... 46 

The Chemistry  of Muscle Energy .................................................................................... 47 

The Musculoskeletal system ............................................................................................ 49 

Bones of the head ........................................................................................................ 49 

Bones of the vertebral columnïaxial skeleton .............................................................. 49 

Joints of the Spine ........................................................................................................ 51 

Prolapsed intervertebral disc ........................................................................................ 53 

Abdominal muscles....................................................................................................... 54 

Muscles of the Spine .................................................................................................... 55 



 

 

Compiled by Laurence Hattersley 2016 

ii  

 

Vertical Muscles ........................................................................................................... 56 

Obliques ....................................................................................................................... 57 

Deepest Muscles .......................................................................................................... 58 

The Thoracic Cage .......................................................................................................... 59 

Muscles of Respiration ................................................................................................. 60 

Appendicular skeleton...................................................................................................... 60 

Shoulder ....................................................................................................................... 60 

Muscles of the shoulder ................................................................................................ 62 

The Upper Extremity ........................................................................................................ 66 

Joints ............................................................................................................................ 66 

Elbow ........................................................................................................................... 66 

Muscles moving the elbow: ........................................................................................... 67 

Wrist ............................................................................................................................. 68 

Muscles of forearm ....................................................................................................... 69 

The Hand ...................................................................................................................... 71 

Problems affecting wrist and hands .............................................................................. 72 

Lower Extremity ............................................................................................................... 74 

Hip ................................................................................................................................ 75 

The Knee ...................................................................................................................... 80 

Joints ............................................................................................................................ 80 

Muscles of the thigh ...................................................................................................... 82 

Common knee disorders ............................................................................................... 84 

Lower leg and ankle...................................................................................................... 85 

Muscles: ....................................................................................................................... 85 

The Foot ....................................................................................................................... 89 

Problems affecting the ankles and feet ......................................................................... 90 

The Nervous System ....................................................................................................... 92 

The Brain ...................................................................................................................... 92 

Cerebrospinal Fluid....................................................................................................... 94 

Ventricles ...................................................................................................................... 94 

Cerebrum ..................................................................................................................... 95 

Cerebellum (little brain) ................................................................................................. 97 

Brain stem .................................................................................................................... 97 

The Thalamus............................................................................................................... 98 

The Hypothalamus ....................................................................................................... 98 

The Spinal Cord ............................................................................................................ 98 

Spinal nerves .............................................................................................................. 100 

Reflexes ..................................................................................................................... 100 

Cranial nerves ............................................................................................................ 101 



 

 

Compiled by Laurence Hattersley 2016 

iii  

 

Spinal Tracts............................................................................................................... 101 

Autonomic nervous system: ........................................................................................ 109 

The Senses ................................................................................................................ 110 

Disorders of the nervous system................................................................................. 115 

The Skin ........................................................................................................................ 117 

Functions of the skin: .................................................................................................. 119 

Disorders of the Skin .................................................................................................. 120 

The Respiratory System ................................................................................................ 128 

The Mechanism of Respiration ................................................................................... 130 

Disorders of the Respiratory System .......................................................................... 132 

The Circulatory System .................................................................................................. 134 

Arteries ....................................................................................................................... 134 

The Heart ................................................................................................................... 136 

Arteries & Veins .......................................................................................................... 139 

Blood Pressure ........................................................................................................... 139 

Composition of Blood.................................................................................................. 141 

The Lymphatic System ............................................................................................... 142 

Disorders of the Circulatory System ............................................................................ 144 

The Immune System................................................................................................... 149 

Disorders .................................................................................................................... 156 

The Digestive System (The Gastrointestinal System) ............................................................. 160 

Organs of the Digestive System.................................................................................. 161 

The Stomach .............................................................................................................. 162 

The Small Intestine ..................................................................................................... 164 

Digestion in the Small Intestine ................................................................................... 166 

The Liver........................................................................................................................ 167 

The Gall Bladder ......................................................................................................... 168 

The Large Intestine ..................................................................................................... 168 

Disorders of the Digestive System .............................................................................. 169 

The Endocrine System................................................................................................... 173 

The Pituitary ............................................................................................................... 174 

Pineal Gland ............................................................................................................... 177 

The Thyroid gland ....................................................................................................... 178 

Parathyroid glands ...................................................................................................... 179 

Thymus Gland ............................................................................................................ 180 

Suprarenal (adrenal) glands ....................................................................................... 180 

Pancreas .................................................................................................................... 182 

The Ovaries ................................................................................................................ 183 

The Menstrual Cycle ................................................................................................... 184 



 

 

Compiled by Laurence Hattersley 2016 

iv 

 

The Testes ................................................................................................................. 186 

The Urinary System ....................................................................................................... 188 

Disorders of the Urinary System ................................................................................. 191 

The Male Reproductive System ..................................................................................... 193 

Disorders .................................................................................................................... 197 

The Female Reproductive System ................................................................................. 200 

Follicular Phase of the Menstrual Cycle ...................................................................... 201 

Ovulatory Phase of the Menstrual Cycle ..................................................................... 202 

Luteal Phase of the Menstrual Cycle .......................................................................... 202 

Disorders of the female reproductive system .............................................................. 203 

 
  



 

 

Compiled by Laurence Hattersley 2016 

v 

 

Figure 1 - Typical cell ...................................................................................................................................... 1 
Figure 2 - Fluid mosaic model of cell membrane ............................................................................................... 3 
Figure 3 - Phospholipid bilayer ......................................................................................................................... 3 
Figure 4  - Cell nucleus ..................................................................................................................................... 4 
Figure 5 - Schematic of gene transcription and translation ................................................................................. 5 
Figure 6 - Protein structure ............................................................................................................................... 6 
Figure 7 - Mitosis - Stages ................................................................................................................................ 7 
Figure 8 - Meiosis ............................................................................................................................................ 8 
Figure 9 - Stages of Meiosis ............................................................................................................................. 8 
Figure 10 - Stages of Meiosis - overview .......................................................................................................... 9 
Figure 11 - Simple squamous epithelium from above and the side ................................................................... 10 
Figure 12  - Cuboidal epithelium..................................................................................................................... 10 
Figure 13  - Columnar Epithelium ................................................................................................................... 11 
Figure 14 - Stratified Epithelium ..................................................................................................................... 11 
Figure 15  - Transitional epithelium ................................................................................................................ 11 
Figure 16 - Pseudostratified epithelium ........................................................................................................... 12 
Figure 17 - Ciliated epithelium ....................................................................................................................... 12 
Figure 18 - Endocrine and exocrine glands ...................................................................................................... 12 
Figure 19 - Loose Connective Tissue .............................................................................................................. 13 
Figure 20 - Dense fibrous connective tissue .................................................................................................... 13 
Figure 21 - Adipose tissue .............................................................................................................................. 14 
Figure 22 - Hyaline cartilage........................................................................................................................... 14 
Figure 23 - Elastic Cartilage ........................................................................................................................... 14 
Figure 24 - Fibrocartilage ............................................................................................................................... 15 
Figure 25 - Types of muscle tissue .................................................................................................................. 16 
Figure 26 - Types of muscle tissue and actions ................................................................................................ 16 
Figure 27 - A muscle fibre with the end plate of the motor nerve ..................................................................... 17 
Figure 28 ï Close-up Showing the Sarcomere with the Overlap of Protein Fibres ............................................ 18 
Figure 29 - Diagram showing aerobic and anaerobic respiration in Muscle ...................................................... 19 
Figure 30 - A Few Teased Cardiac Muscle Fibres ........................................................................................... 20 
Figure 31 - Smooth muscle, also with neurons and neuroeffector nerve junctions ............................................ 20 
Figure 32 - Classification of nervous system ................................................................................................... 22 
Figure 33 - Major structures of the nervous system ......................................................................................... 22 
Figure 34 - A typical neuron ........................................................................................................................... 23 
Figure 35 - Different types of neurons ............................................................................................................. 23 
Figure 36 - Sodium potassium ATPase pump .................................................................................................. 24 
Figure 37 - Action potential and the changes in sodium-potassium concentration ............................................. 25 
Figure 38 - Graph showing the change in polarity with an action potential ....................................................... 25 
Figure 39 - Diagrams showing Myelination of Nerve Fibres ............................................................................ 26 
Figure 40 - Diagram showing an action potential in myelinated and non-myelinated nerves ............................. 27 
Figure 41 - Synapse ........................................................................................................................................ 29 
Figure 42 - Common Neurotransmitters .......................................................................................................... 29 
Figure 43 - The Anatomical Position ............................................................................................................... 30 
Figure 44 - Cross Section of Bone Showing Haversian Systems ...................................................................... 32 
Figure 45 - Close-up of bone showing lacunae and canals ............................................................................... 33 
Figure 46 - Section of Bone Showing Osteon and Canals    ............................................................................. 33 
Figure 47 - Cross Section of Trabecular Bone ................................................................................................. 34 
Figure 48 - Section of the head of the femur .................................................................................................... 34 
Figure 49 - Ossification from a cartilaginous matrix ........................................................................................ 35 
Figure 50 - Bone Growth at the End of Long Bones ........................................................................................ 36 
Figure 51 - Diagram Showing Regions of Long Bone ..................................................................................... 37 
Figure 52 - Bone: normal compared with osteoporotic..................................................................................... 38 
Figure 53 - Common types of fracture ............................................................................................................. 38 
Figure 54 - Ricketts ........................................................................................................................................ 38 
Figure 55 - Osteosarcoma ............................................................................................................................... 39 
Figure 56 - Osteoid osteoma ........................................................................................................................... 39 
Figure 57 - Fibrous joints................................................................................................................................ 40 
Figure 58 - Cartilaginous joints - primary and secondary ................................................................................. 40 
Figure 59 - Synovial joint ............................................................................................................................... 41 
Figure 60 - Synovial Joints ............................................................................................................................. 42 

file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522427
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522429
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522430
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522431
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522432
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522433
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522434
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522436
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522437
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522440
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522441
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522442
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522443
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522445
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522446
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522452
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522456
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522459
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522460
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522461
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522474
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522477
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522478
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522479
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522481
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522482
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522483


 

 

Compiled by Laurence Hattersley 2016 

vi 

 

Figure 61 - Deformity of hand with Rheumatoid Arthritis ............................................................................... 43 
Figure 62 - X-ray of hip - normal and with osteoarthritis ................................................................................. 43 
Figure 63 - Gout, showing tophi ..................................................................................................................... 44 
Figure 64 - Glucose and its Conversion into ATP ............................................................................................ 47 
Figure 65 - Bones of the head ......................................................................................................................... 49 
Figure 66 - Ligamentum nuchae and thoracolumbar fascia .............................................................................. 50 
Figure 67 - Ligaments of the spine .................................................................................................................. 50 
Figure 68 - Typical vertebra............................................................................................................................ 51 
Figure 69 - Cross-section of spine showing disc .............................................................................................. 51 
Figure 70 - Normal curves of spine ................................................................................................................. 52 
Figure 71 - Pelvic girdle ................................................................................................................................. 52 
Figure 72 - Organic scoliosis .......................................................................................................................... 52 
Figure 73 - Prolapsed Intervertebral Disc ........................................................................................................ 53 
Figure 74 - Diagram and MRI of a prolapsed disc ........................................................................................... 53 
Figure 75 - Crush Fractures in Spine ............................................................................................................... 53 
Figure 76 - Abdominal muscles ...................................................................................................................... 54 
Figure 77 - Splenius capitis ............................................................................................................................. 55 
Figure 78 - Splenius cervicis ........................................................................................................................... 55 
Figure 79 - Iliocostalis .................................................................................................................................... 56 
Figure 80 - Longissimus ................................................................................................................................. 56 
Figure 81 - Spinalis ........................................................................................................................................ 56 
Figure 82 - Rotatores ...................................................................................................................................... 57 
Figure 83 - Multifidus..................................................................................................................................... 57 
Figure 84 - Semispinalis ................................................................................................................................. 57 
Figure 85 - Interspinales ................................................................................................................................. 58 
Figure 86 - Intertransversarii ........................................................................................................................... 58 
Figure 87 - Oblique and deepest muscles in lumbar spine ................................................................................ 58 
Figure 88 - Deepest muscles of neck ............................................................................................................... 58 
Figure 89 - Thoracic Cage and Ribs ................................................................................................................ 59 
Figure 90 - Muscles of Respiration ................................................................................................................. 60 
Figure 91 - Bones of Shoulder Girdle .............................................................................................................. 61 
Figure 92 ï Rotator Cuff muscles ................................................................................................................... 62 
Figure 93 - Muscles from trunk to scapula ...................................................................................................... 63 
Figure 94 - Muscles from Scapula to Arm ....................................................................................................... 64 
Figure 95 - Shoulder: Long Muscles ............................................................................................................... 64 
Figure 96 - Elbow joint ................................................................................................................................... 66 
Figure 97 - Elbow Flexors .............................................................................................................................. 67 
Figure 98 - Bones of Hand and Wrist .............................................................................................................. 68 
Figure 99 - Carpal tunnel ................................................................................................................................ 68 
Figure 100 - Wrist - Anterior Group - Flexors ................................................................................................. 69 
Figure 101 - Wrist - Posterior Group - Extensors ............................................................................................. 70 
Figure 102 - Bones of hand ............................................................................................................................. 71 
Figure 103 - Hand - Intrinsic Muscles ............................................................................................................. 72 
Figure 104 - Rheumatoid arthritis ................................................................................................................... 72 
Figure 105 - Colles Fracture ........................................................................................................................... 73 
Figure 106 - Heberden's Nodes and Bouchard's Nodes .................................................................................... 73 
Figure 107 - Gout in Fingers ........................................................................................................................... 73 
Figure 108 - Hip and Knee.............................................................................................................................. 74 
Figure 109 - Hip and Pelvis ............................................................................................................................ 75 
Figure 110 - Hip Joint ..................................................................................................................................... 75 
Figure 111 - Hip Flexors ................................................................................................................................. 76 
Figure 112 - Gluteal Muscles and Deep Lateral Rotators ................................................................................. 77 
Figure 113 - Adductors Muscles ..................................................................................................................... 78 
Figure 114- Osteoarthritis of Hip .................................................................................................................... 78 
Figure 115 - Fracture of Neck of Femur .......................................................................................................... 78 
Figure 116 - Slipped Epiphysis ....................................................................................................................... 79 
Figure 117 - Congenital Dislocation of the Hip ............................................................................................... 79 
Figure 118  - Hip - normal and protrusio acetabuli .......................................................................................... 79 
Figure 119 - Knee - Showing Ligaments and Menisci ..................................................................................... 80 
Figure 120 - Cross Section of Knee Showing Bursae ....................................................................................... 81 

file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522487
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522488
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522490
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522491
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522492
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522493
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522494
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522495
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522496
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522497
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522499
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522502
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522503
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522504
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522505
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522507
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522508
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522509
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522510
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522511
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522512
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522513
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522521
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522524
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522529
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522535
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522543


 

 

Compiled by Laurence Hattersley 2016 

vii  

 

Figure 121 - Adductor Muscle Group of Hip ................................................................................................... 82 
Figure 122 - Hamstring Group of Muscles ...................................................................................................... 83 
Figure 123 - X-Ray Showing Osgood Schlatter's Disease of tibial tubercle ...................................................... 84 
Figure 124 ï Osteoarthritis of Knee showing bony changes ............................................................................. 84 
Figure 125 - Tibia and fibula .......................................................................................................................... 85 
Figure 126 - Posterior Compartment Muscles.................................................................................................. 86 
Figure 127 - Anterior and Lateral Compartment MusclesProblems affecting the lower leg and ankle ......... 87 
Figure 128 - Potts Fracture ............................................................................................................................. 88 
Figure 129 - Achilles Tendinitis and Rupture .................................................................................................. 88 
Figure 130 - Foot bones .................................................................................................................................. 89 
Figure 131 - Arches of Foot ............................................................................................................................ 89 
Figure 132 - Plantar fascia .............................................................................................................................. 90 
Figure 133 - Calcaneal Spur............................................................................................................................ 90 
Figure 134 - Stress (March) Fractures ............................................................................................................. 90 
Figure 135 - Bunions ...................................................................................................................................... 90 
Figure 136 - Flat Feet - Pes Planus .................................................................................................................. 91 
Figure 137 - High Arches - Pes Cavus............................................................................................................. 91 
Figure 138 - Club Foot ................................................................................................................................... 91 
Figure 139 - Meninges around Brain and Spinal Cord ..................................................................................... 93 
Figure 140 - CSF in ventricles of brain ........................................................................................................... 95 
Figure 141 - CSF in subarachnoid space ......................................................................................................... 95 
Figure 142 - Views of the Brain from the Side and the Top ............................................................................. 96 
Figure 143 - Corpus collosum ......................................................................................................................... 96 
Figure 144 - Functional Areas of the Brain...................................................................................................... 97 
Figure 145 - Brain - showing brain stem ......................................................................................................... 97 
Figure 146 - Thalamus and hypothalamus ....................................................................................................... 98 
Figure 147 - Thalamus and hypothalamus ....................................................................................................... 98 
Figure 148 - Section through the spinal cord ................................................................................................... 99 
Figure 149 - Spinal cord ................................................................................................................................. 99 
Figure 150 - Simple reflex arc....................................................................................................................... 100 
Figure 151 - Cranial nerves chart .................................................................................................................. 101 
Figure 152 - Dorsal column lemniscal pathway ............................................................................................. 102 
Figure 153 - The Right Anterolateral System ................................................................................................ 103 
Figure 154 - Location of the Ascending Tracts, within the Spinal Cord .......................................................... 104 
Figure 155 - The Associated sensory loss with Brown-Sequard Syndrome ..................................................... 105 
Figure 156 - Schematic of the Motor System. ................................................................................................ 106 
Figure 157 - Medullary Pyramids.................................................................................................................. 106 
Figure 158 - Overview of the Anterior and Lateral Corticospinal Tract .......................................................... 106 
Figure 159 - Overview of the Right Corticobulbar Tract ................................................................................ 107 
Figure 160 - Autonomic Nerves and their Differences ................................................................................... 109 
Figure 161 - Tongue Upper Surface .............................................................................................................. 111 
Figure 162 - Smell - Olfactory Apparatus...................................................................................................... 111 
Figure 163 - Skin - Different receptors in Skin .............................................................................................. 112 
Figure 164 - Sight - Pathways to Visual Cortex ............................................................................................. 113 
Figure 165 - Eye - cross section .................................................................................................................... 113 
Figure 166 - Ear - Structures of Outer, Middle and Inner Ear ......................................................................... 114 
Figure 167 - Stroke - From Blockage or Bleed .............................................................................................. 115 
Figure 168 - Shingles - Herpes Zoster ........................................................................................................... 115 
Figure 169 - Poliomyelitis ............................................................................................................................ 115 
Figure 170 - Parkinson's disease ................................................................................................................... 116 
Figure 171 - Spina Bifida, here showing a Meningocoele .............................................................................. 116 
Figure 172 - Skin of male ............................................................................................................................. 117 
Figure 173 - Section through Skin ................................................................................................................. 118 
Figure 174 - Layers of Epidermis of Skin ...................................................................................................... 118 
Figure 175 - Eczema/Dermatitis.................................................................................................................... 120 
Figure 176 - Seborrhoeic Dermatitis ............................................................................................................. 120 
Figure 177 - Psoriasis ................................................................................................................................... 120 
Figure 178 - Verrucae and Warts .................................................................................................................. 121 
Figure 179 - Herpes Simplex (Labialis) ......................................................................................................... 121 
Figure 180 - Herpes Zoster - Shingles ........................................................................................................... 121 

file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522550
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522555
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522557
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522570
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522571
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522572
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522573
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522574
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522577
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522578
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522582
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522583
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522584
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522590
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522595
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522597
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522598


 

 

Compiled by Laurence Hattersley 2016 

viii  

 

Figure 181 - Tinea Pedis - Athlete's Foot ...................................................................................................... 122 
Figure 182 - Tinea Corporis - Ringworm ...................................................................................................... 122 
Figure 183  - Acne Vulgaris .......................................................................................................................... 122 
Figure 184 - Acre Rosaceae .......................................................................................................................... 122 
Figure 185 - Impetigo ................................................................................................................................... 123 
Figure 186 - Folliculitis ................................................................................................................................ 123 
Figure 187 - Boil - Furuncle ......................................................................................................................... 123 
Figure 188 - Vitiligo  ..................................................................................................................................... 123 
Figure 189 - Albinism................................................................................................................................... 124 
Figure 190 - Chloasma; Melasma.................................................................................................................. 124 
Figure 191 - Ephelides - Freckles .................................................................................................................. 124 
Figure 192 - Lentigo ..................................................................................................................................... 124 
Figure 193 - Mole - Naevus .......................................................................................................................... 125 
Figure 194 - Naevus Flammeus - Post Wine Stain ......................................................................................... 125 
Figure 195 - UV Damage.............................................................................................................................. 125 
Figure 196 - Urticaria - 'Nettle Rash' ............................................................................................................. 126 
Figure 197 - Contact Dermatitis .................................................................................................................... 126 
Figure 198 - Comedone - blackhead .............................................................................................................. 126 
Figure 199 - Milia - milk spots...................................................................................................................... 127 
Figure 200 - The Respiratory System ............................................................................................................ 128 
Figure 201 - Alveoli ..................................................................................................................................... 129 
Figure 202 - Muscles of Respiration ............................................................................................................. 130 
Figure 203 - Spirogram of respiration ........................................................................................................... 131 
Figure 204 - Cardiovascular system .............................................................................................................. 134 
Figure 205 - Structure of arteries and veins ................................................................................................... 135 
Figure 206 - Cross section through the heart ................................................................................................. 136 
Figure 207 - Schematics of Conduction Pathways in the Heart ...................................................................... 137 
Figure 208 - ECG with Stages of Cardiac Cycle ............................................................................................ 138 
Figure 209 - Schematic Showing Continuance of Arteries - Capillaries - Veins ............................................. 139 
Figure 210 - Calf Pump ................................................................................................................................ 139 
Figure 211 - Calf Pump Muscle Action ......................................................................................................... 140 
Figure 212 - Blood Cells and Their Origin in the Bone Marrow ..................................................................... 141 
Figure 213 - Schematic of Vascular System .................................................................................................. 142 
Figure 214 - Schematic Showing Areas of Body draining into Right and Left Subclavian Veins .................... 143 
Figure 215 - Symptoms of Anaemia .............................................................................................................. 144 
Figure 216 - Sickle cell anaemia ................................................................................................................... 144 
Figure 217 - Ischaemic Heart Disease ........................................................................................................... 145 
Figure 218 - DVT - Deep Venous Thrombosis .............................................................................................. 146 
Figure 219 - Aortic Aneurysm ...................................................................................................................... 146 
Figure 220 - External Haemorrhoids ............................................................................................................. 147 
Figure 221 - Arteriosclerosis ......................................................................................................................... 147 
Figure 222 - Section of Brain Showing CVA - Stroke ................................................................................... 147 
Figure 223 - Angina symptoms ..................................................................................................................... 148 
Figure 224 - Varicose Veins ......................................................................................................................... 148 
Figure 225 - Origin of Blood Cells ................................................................................................................ 149 
Figure 226 - Thymus Gland .......................................................................................................................... 150 
Figure 227 - Spleen ...................................................................................................................................... 150 
Figure 228 - Lymph Node............................................................................................................................. 151 
Figure 229 - Cells of the Immune Response .................................................................................................. 153 
Figure 230 - Neutrophil ................................................................................................................................ 154 
Figure 231 - Eosinophil ................................................................................................................................ 154 
Figure 232 - Basophil ................................................................................................................................... 154 
Figure 233 - Monocyte ................................................................................................................................. 154 
Figure 234- Lymphocyte .............................................................................................................................. 154 
Figure 235 - Natural killer cells .................................................................................................................... 155 
Figure 236 - Platelets from megakaryocyte ................................................................................................... 155 
Figure 237  - Tonsillitis ................................................................................................................................ 157 
Figure 238 - Infectious Mononucleosis ......................................................................................................... 158 
Figure 239 - Systemic lupus erythematosus ................................................................................................... 159 
Figure 240 - Diagram of the Digestive System .............................................................................................. 160 

file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522623
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522624
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522626
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522627
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522628
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522630
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522631
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522641
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522648
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522652
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522655
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522656
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522657
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522658
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522659
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522660
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522661
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522662
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522664


 

 

Compiled by Laurence Hattersley 2016 

ix 

 

Figure 241 - Salivary glands ......................................................................................................................... 161 
Figure 242  - Peristalsis ................................................................................................................................ 162 
Figure 243 - The Stomach............................................................................................................................. 162 
Figure 244 - The 4 regions of the stomach..................................................................................................... 163 
Figure 245 - Enzymic Action ........................................................................................................................ 164 
Figure 246 - The Duodenum, with the Pancreas lying in its Loop .................................................................. 165 
Figure 247 - Small Intestine with Brush Border Consisting of Villi ............................................................... 165 
Figure 248 - Liver, showing its relations to gall bladder and stomach ............................................................ 167 
Figure 249 - The Gall Bladder, Lying on the Underside of the Liver .............................................................. 168 
Figure 250- The Large Intestine - Colon ....................................................................................................... 168 
Figure 251 - Heartburn; gastro-oesophageal reflux ........................................................................................ 169 
Figure 252 - Peptic (stomach) ulcer............................................................................................................... 169 
Figure 253 - Gall Bladder Cut Open to Show Gallstones ............................................................................... 170 
Figure 254 - Cirrhosis of Liver ..................................................................................................................... 170 
Figure 255 - Diverticular disease .................................................................................................................. 171 
Figure 256 - Crohn's Disease ........................................................................................................................ 171 
Figure 257 - Coeliac Disease, Showing Blunting of Villi from Inflammation ................................................. 172 
Figure 258 - Cancer of the Large Intestine .................................................................................................... 172 
Figure 259 - Key Endocrine Glands .............................................................................................................. 173 
Figure 260 - Pituitary Gland ......................................................................................................................... 174 
Figure 261 - Gigantism ................................................................................................................................. 176 
Figure 262 - Acromegaly .............................................................................................................................. 176 
Figure 263 - Cushing's syndrome symptoms ................................................................................................. 177 
Figure 264 - The Thyroid Gland ................................................................................................................... 178 
Figure 265 - Gravesô disease ......................................................................................................................... 179 
Figure 266 - Myxoedema - Before and After Treatment ................................................................................ 179 
Figure 267 - Position of Parathyroids ............................................................................................................ 179 
Figure 268 - Adrenal (Suprarenal) Gland ...................................................................................................... 180 
Figure 269 - Addison's disease ...................................................................................................................... 181 
Figure 270- Cushing's Syndrome, Showing 'Moon Face' and Striae on the Skin ............................................. 182 
Figure 271 - Phaeochromocytoma - Tumour of the Adrenal Medulla ............................................................. 182 
Figure 272 - Phases of Hormone Levels over the Menstrual Cycle, Along with Change in the Endometrium .. 184 
Figure 273 - Anatomy of Female Reproductive System ................................................................................. 185 
Figure 274 - Diagram Demonstrating Hormones in Male............................................................................... 187 
Figure 275 - Anatomy of Urinary System...................................................................................................... 188 
Figure 276 - Kidney Structure ....................................................................................................................... 189 
Figure 277 - The Nephron with its Associated Blood Vessel ......................................................................... 189 
Figure 278 - The Glomerulus ........................................................................................................................ 190 
Figure 279 - Kidney stone in ureter ............................................................................................................... 192 
Figure 280 - Kidney stone after being passed in urine .................................................................................... 192 
Figure 281 - The Anatomy of the Male Reproductive System ........................................................................ 193 
Figure 282 - Male Reproductive System ....................................................................................................... 194 
Figure 283 - Testis and Epididymis ............................................................................................................... 195 
Figure 284 - Spermatozoa ............................................................................................................................. 195 
Figure 285  - Hormonal Control of the Testes ............................................................................................... 196 
Figure 286 - Anatomy of Female Reproductive System ................................................................................. 200 
Figure 287 - Female Reproductive System - Eternal and Internal ................................................................... 200 
Figure 288 - Menstrual cycle ........................................................................................................................ 203 
Figure 289 - Candida Infection ..................................................................................................................... 206 
Figure 290 - Large Fibroid ............................................................................................................................ 207 
Figure 291 - Surgical Removal of Large Ovarian Cyst .................................................................................. 207 
Figure 292 - Photos showing a normal cervix (left) and a cancer (right) ......................................................... 208 
Figure 293 - Late Stage Breast Cancer .......................................................................................................... 209 

file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522667
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522669
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522673
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522676
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522677
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522680
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522692
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522695
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522702
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522708
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522710
file:///C:/Users/toshiba/Documents/AnP%20course/Books/Anatomy%20and%20Physiology%2016.doc.docx%23_Toc463522717


 

 

Compiled by Laurence Hattersley 2016 

1 

 

 

Anatomy and Physiology 

Cells 

 

The human body is made up of many different types of cells, which are organised in different 
sorts of tissues. These tissues are arranged into organs, which make up the different 
systems  of the body. In this way the body is able to perform the different functions 
necessary for life. 

 
Essentially  all animal cells consist of a plasma membrane  which contains the cytoplasm, 
cytosol (cell fluid)  plus the organelles. Each of these  specialised  organelles  performs  a 
specific function. 

 
 

Figure 1 - Typical cell 

 
The plasma membrane consists of phospholipids  (or fats),  cholesterol and also has proteins 
embedded in it. The outer and inner surfaces of the membrane have different electrical 
charges, which helps the passage of different chemicals in and out of the cell.  

The outer surface is hydrophilic - it attracts water and the inner surface  is hydrophobic - it 
repels water. The proteins are necessary for the passage of some larger molecules in and 
out of the cell and also contribute to the immune system. 

The cell itself contains the  cytosol, which  contains various different salts in solution and 
helps to maintain a suitable environment for different metabolic processes and the 
cytoplasm, which consists of the nucleus and organelles . These are the structures within the 
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cytoplasm that have function. There is also extra cellular fluid bathing the outside of the cell. 
If the fluid composition within the cell changes outside of quite narrow parameters, the cell  
will be unable to function and will therefore die. The human body is 90% water. When we 
realise this we see how important it is to maintain sufficient levels of fluids and minerals in 
the diet.  

The following chart summarises the structures of the cell and their functions. 
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Cell membrane 

The cell membrane consists of a bilayer of phospholipid molecules. These arrange 
themselves such that the hydrophobic lipid tails point inwards and all the hydrophilic 
phosphate groups point outwards towards the water-based environment on each side. 
 

 

Within this membrane are also 
transmembrane proteins, 
glycoproteins, ion channels. The cell 
membrane is selectively permeable to 
ions and organic molecules and 
controls the movement of substances 
in and out of cells.  
 
 
 
 

 

 
Figure 3 - Phospholipid bilayer 

Cytoskeleton 

The cytoskeleton have the function  to organize and maintain the cell's shape; anchors 
organelles in place. It also helps during  endocytosis  (the uptake of external materials by a 
cell)  and cytokinesis  (the separation of daughter cells after  cell division) and moves parts 
of the cell in processes of growth and mobility. The eukaryotic cytoskeleton is composed of  
microfilaments,  intermediate filaments  and  microtubules. There are a great number of 
proteins associated with them, each controlling a cell's structure by directing, bundling, and 
aligning filaments. The prokaryotic cytoskeleton is less well-studied but is involved in the 
maintenance of cell shape, polarity and cytokinesis. 

 

 

 

Figure 2 - Fluid mosaic model of cell membrane 
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Cell Nucleus 

   The  cell nucleus  is the most 
conspicuous organelle found in a  
cell. It houses the cell's  
chromosomes, and is the place 
where almost all  DNA replication 
and  RNA  synthesis 
(transcription) occur. The nucleus 
is spherical and separated from 
the cytoplasm by a double 
membrane called the  nuclear 
envelope. The nuclear envelope 
isolates and protects a cell's DNA 
from various molecules that could 
accidentally damage its structure 
or interfere  with its processing. 
During processing,  DNA is  
transcribed, or copied into a 
special  RNA, called  messenger 

RNA  (mRNA). This mRNA is then transported out of the nucleus, where it is translated into a 
specific protein molecule. The  nucleolus  is a specialized region within the nucleus where 
ribosome subunits are assembled. In prokaryotes, DNA processing takes place in the  
cytoplasm. 

The  cell nucleus  is the most conspicuous organelle found in a  cell. It houses the cell's  
chromosomes, and is the place where almost all  DNA replication and  RNA  synthesis 
(transcription) occur. The nucleus is spherical and separated from the cytoplasm by a double 
membrane called the  nuclear envelope. The nuclear envelope isolates and protects a cell's 
DNA from various molecules that could accidentally damage its structure or interfere  with its 
processing. During processing,  DNA is  transcribed, or copied into a special  RNA, called  
messenger RNA  (mRNA). This mRNA is then transported out of the nucleus, where it is 
translated into a specific protein molecule. The  nucleolus  is a specialized region within the 
nucleus where ribosome subunits are assembled. In prokaryotes, DNA processing takes 
place in the  cytoplasm. 

The nucleus contains the  chromatids  which are  two identical copies of DNA (one set from 
the mother, one from the father) making  up a duplicated  chromosome, which are joined at 
their  centromeres, for the process of  cell division  (mitosis  or  meiosis). They are called  
sister  chromatids  as  long as they are joined by the centromeres. When they separate 
(during  anaphase  of mitosis and anaphase 2 of meiosis), the strands are called daughter 
chromosomes. 

In other words, a chromatid is "one-half of a replicated chromosome".  It should not be 
confused with the  ploidy  of an organism, which is the number of  homologous versions  of 
a chromosome. Centrosomes are paired structures on the nucleus. They involved in the 
formation of the mitotic spindle in cell division. 

 

Mitochondria - the power generators 

Mitochondria are self-replicating organelles that occur in various numbers, shapes and sizes 
in the cytoplasm of all animalsô cells. They play the primary function of generating energy 
through the process of oxidative phosphorylation, using oxygen to release energy stored in 
the nutrients we eat and converting this into the energy currency of the cellïATP 

(Adenosine Triphosphate) in a process called cellular respiration  (see your videos supplied 
on your disc). This fundamental to all active cellular processes. 

Figure 4  - Cell nucleus 
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Endoplasmic reticulum 

This occurs in two types; rough and smooth, each having its own functions.  

Rough endoplasmic reticulum  is so called  because it looks ólumpyô under the 

microscope; the lumps consist of structures called ribosomes. The  ribosome  is a large 
complex of  RNA  and  protein  molecules. They each consist of two subunits, and act as an 
assembly line where RNA from the nucleus is used to synthesise protein from amino acids. 
Ribosomes can be found either floating freely or bound to a membrane. Each cell makes 
proteins unique to its own function  (see your disc) 

Smooth endoplasmic reticulum (SER) has functions in several metabolic processes, 
including synthesis of lipids and steroids, metabolism of carbohydrates, regulation of calcium 
concentration, drug detoxification, attachment of receptors on cell membrane proteins, and  
steroid metabolism. It is connected to the nuclear envelope. It  also releases glucose into the 
bloodstream, in activates  and detoxifies drugs and potentially harmful substances. 

Golgi complex  is a layered structure consisting of a stack of between 3 ï20 flattened 

membranous sacs (called cisterns). It is here where the proteins are packages up for óexportô 
and usage.  It also forms glycoproteins and lipoproteins.  

Lysosomes are structured and formed by the Golgi complex and contain digestive 

enzymes.  Their functions are to digest old and worn out organelles and entire cells. 

Peroxisomes  are vesicles containing oxidative enzymes and peroxides that are used for 
detoxifying harmful substances. 

Protein Synthesis is a process whereby 

DNA encodes for the production of amino 
acids and proteins. 

Transcription  occurs before the 

synthesis of a protein begins; the 
corresponding RNA molecule is produced 
by RNA transcription. One strand of the 
DNA double helix is used as a template 
by the RNA polymerase to synthesize a 
messenger RNA(mRNA). This mRNA 
migrates from the nucleus to the 
cytoplasm. During this step, mRNA goes 
through different types of maturation 
including one called  splicing  when the 
non-coding sequences are eliminated. 
The coding mRNA (messenger RNA) 
sequence can be described as a set of  
three nucleotides called a  codon.  Each 
three nucleotide codon corresponds with 
one amino acid  in the sequence that will 
ultimately make up the protein 

 

Translation 

The ribosome binds to the mRNA (transfer RNA) at the start codon (AUG) that is recognized 
only by the initiator tRNA. The ribosome proceeds to the elongation phase of protein 
synthesis. During this phase amino acids in the cytosol are recruited and joined to the chain 
as each respective codon is read. The ribosome moves from codon to codon along the 
mRNA. Amino acids are added one by one, translated into polypeptidic sequences dictated 

Figure 5 - Schematic of gene transcription and 
translation 
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by DNA and represented by mRNA. At the end, a release factor binds to the stop codon, 
terminating translation and releasing 
the complete polypeptide from the 
ribosome (see your disc) 

 
Protein structure 

The end result of this synthetic 
process is the primary structure; a 
simple  amino acid chain, but it is not 
yet a protein. To function as a protein, 
it has to take on a three dimensional 
structure, such that it can fulfil its 
function as a protein. It does this in a 
number of ways:  

 
Secondary structure 

¶ Ŭ-helixïthis is a coil-shaped 

structure 

¶ ɓ-pleated sheetïthis is zig-

zag structure (held together by 
hydrogen bonds).  

 
Tertiary structure 

This forms when bonds form between 

adjacent side-chains (by disulphide 
bonds). This results in  a three-
dimensional structure. Sometimes this is the end result. 

Quaternary structure  

This forms when other peptide units come together forming a more complex structure. 
  

Figure 6 - Protein structure 
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Cell replication (Mitosis)  

When a cell divides it goes through several cycles, 
including duplication of all DNA material, division of 
that nuclear material followed by cell division itself. 

It takes place in four phases:  

Prophase ïthis begins once all the nuclear material 
has been replicated  and chromatin has condensed.  
The amount of nuclear material is now double. The 
two round objects above the nucleus are the 
centrosomes. They separate  and microtubules 
have invaded the nuclear space. These 
microtubules can attach to kinetochores or they can 
interact with opposing microtubules. The nuclear 
membrane has degraded,  

Metaphase - The chromosomes align themselves  at 

the metaphase plate; the equator of the mitotic 
spindles  

 

Anaphase- The kinetochore microtubules shorten. 

The daughter chromatids separate  and pull  the 
separate sets of chromatin material towards the 
centrosomes  

Telophaseïthe two groups of chromatids have now 

been completely separated.  The decondensing 
chromosomes are surrounded by newly formed 
nuclear membranes.  
Cytokinesis has already begun; the pinched area is 

known as the  cleavage furrow.  

Meiosis 

This takes place only in testes and ovaries. It is a process when the number of 

chromosomes is halved and packaged up into gametes: eggs and sperm. The normal 
number of chromosomes is described as diploid; a double number (usually indicated as 2x). 
At the end of meiosis this number will be halved; haploid (x). Thus when fertilisation takes 
place, two haploid numbers comes together and form a diploid number (x + x = 2x).  It is 
also when there is a mixing up of nuclear material; of the genes, such that the children from 
such gametes will like  the parents but not be identical. 

 

Meiosis occurs in two main phases: meiosis I and meiosis II 

 

 

 

 

 

 

 

 

 

Figure 7 - Mitosis - Stages 
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Meiosis I: 

Prophase I 

DNA replication precedes the start of meiosis I. During prophase I, homologous 
chromosomes pair and form synapses (joined together at the centromere), a step unique to 
meiosis. The paired chromosomes are called bivalents, and the formation of chiasmata 
caused by genetic recombination becomes apparent.  

 

This is when there is a crossing over, a swapping, of 

genetic material. Now the male and female genes are 
mixed up, causing the offspring to possess qualities of 
both parents.  

Chromosomal condensation allows these to be viewed in 
the microscope. Note that the bivalent has two 
chromosomes and four chromatids, with one 
chromosome coming from each (original) parent. The 
nuclear membrane disappears.  

One kinetochore forms per chromosome rather than one 
per chromatid, and the chromosomes attached to spindle 
fibres  begin to move.  
 

Metaphase I 

Bivalents, each composed of two chromosomes (four 
chromatids) align at the metaphase plate. The orientation 
is random, with either parental homologue on a side. This 
means that there is a 50-50 chance for the daughter cells 
to get either the mother's or father's homologue for each 
chromosome.  

Anaphase I 

Chiasmata separate. Chromosomes, each with two 
chromatids, move to separate poles. Each of the daughter 
cells is now haploid  (23 chromosomes), but each 
chromosome has two  chromatids. The cell still has to go 
through a process to reduce this number by half.  

Telophase I 

Nuclear envelopes may reform, or the cell may quickly 
start meiosis II.  

Meiosis II  is similar to mitosis. However, there is no 

preliminary  phase  of duplication. The  chromatids of 
each chromosome are no longer identical because of recombination. Meiosis II separates 
the chromatids producing two daughter cells each with 23 chromosomes (haploid; x), and 
each chromosome has only one chromatid.  

 

Figure 9 - Stages of Meiosis 

Figure 8 - Meiosis 
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Summary  comparing meiosis with mitosis: 

Figure 10 - Stages of Meiosis - overview 

 
 
 

Tissue Types 

 
There are  four basic tissue types: 

¶ Epithelial - covering and ling membranes; type according to function; glands of both 

exocrine and endocrine type 

¶ Connective - Numerous varieties; includes bones, cartilage, ligaments, tendons, 
blood (all fluids?) areolar and adipose types 

¶ Muscular - three types: skeletal, visceral and cardiac; can be striated and unstriated; 

concerned with movement and posture as well as movement of substances in hollow 
tubes, e.g. blood, gut bladder; it is largely cellular with very little intercellular 
substance; has powers of conduction of impulses and contractibility  

¶ Nervous - has ability to conduct impulses and to secrete neurotransmitters 
 

Epithelial tissue 

Epithelial tissue is largely cellular tissue with very little intercellular substance. Epithelia are 
divided into the major divisions of covering and lining membranes, which can have the ability 
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to absorb, and the various glands  which have the ability to secrete. They are also named 
according to the cell shape they have in their side view. 

Epithelial tissues has three possible functions, sometimes only one and occasionally all 
three. The functions are: 

1. Protection 
2. Secretion 
3. Absorption 

 
Types of epithelium: 

Simple epitheliumïthis is one layer of cells on a basement membrane. The basement 

membrane is non-living intercellular substance which allows materials to pass in and out of 
the cells. 

 
Simple squamous  epithelium (squamous = scale-like) 
 

 

 
This type is very delicate and so wonôt take much wear and tear, but can be used in cases 
where secretion and absorption are needed e.g. the alveoli in the lungs need to be thin to 
allow the free exchange of gases.  

Cuboidal 

Where more protection is required, the cells can be Cuboidal; hence simple cuboidal 
epithelium is found where some protection is needed but also where secretion and 
absorption occurs, e.g. tubules of the kidney. 

Figure 12  - Cuboidal epithelium 

Figure 11 - Simple squamous epithelium from above and the side 
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Simple Columnar epithelium is found  where protection is required plus the ability to 
secrete and absorb e.g. the lining of the stomach and intestines 
 

 
  

Figure 13  - Columnar Epithelium 

Stratified epithelium occurs when protection is its main 
function. Here there are several layers of cells (stratum 
=layer) 

Figure 14 - Stratified Epithelium  

As can be seen in the diagram above, the basal layer produces the succeeding layers. It 
may be non-keratinised, as in the oesophagus (seen here on the left). If the surface layers 
become keratinized as they do in the skin, then the epithelium is tough and semi-waterproof. 
In the skin the surface layer of cells is constantly being rubbed of and a  great part of 
household dust consists of skin particles.  Keratin is a tough protein laid down in the surface 
layers of some stratified epithelia. However, an example of non-keratinized stratified 
squamous epithelium is the lining of the inside of the cheek of the mouth and the lining of the 
oesophagus. Stratified Cuboidal and columnar occur less frequently and are found in larger 
ducts in glands e.g. salivary, pancreas and mammary glands. 

Transitional epithelium  appears to be several layers thick in an unstretched organ, like the 

Figure 15  - Transitional epithelium 



 

 

Compiled by Laurence Hattersley 2016 

12 

 

empty bladder; but as it fills the walls stretch and can move sideways, giving the appearance 
of fewer layers 

Pseudostratified epithelium is not truly stratified. Only one layer 
of cells sits on the basement membrane, but some do not reach 
the top surface. 

 
 
  

 

 

Epithelia are sometimes ciliated, where ciliary action wafts something along a tube e.g. 

particles trapped in mucous are wafted up by ciliary action up the trachea; or an oocyte 
wafted by ciliated columnar epithelium 
along a fallopian tube. 

Epithelia can also have a óbrush borderô. 
This is not ciliated as such they donôt 
have the power of movement; here they 
have the function of increasing the 
surface area for absorption e.g. the 
columnar epithelium of the small intestine 
for absorption of foodstuffs; proximal 
convoluted tubule of the kidney for 
reabsorption of glucose, water and other 
substances.  

Endothelium 

All blood and lymph vessels are 
lined on their inner surfaces with 
simple squamous epithelium, here  known as endothelium. Here, though, there is no 

absorption through the walls except in the capillaries.  The larger blood vessels have blood 
vessels in their walls (in the tunica adventitia) to supply oxygen and nutrients to the vessel 
walls themselves. They are called the vasa vasorum. The endothelium of the blood vessels 

needs to very smooth to prevent blood sticking to it and clotting; this could be fatal e.g. 
coronary blood vessels, cerebral blood vessels. 

 
Glands 
Some epithelial cells have 
more specialised function 
than just lining surfaces - this 
the secretion of substances 
formed in the cell cytoplasm. 
Broadly speaking exocrine 

Figure 17 - Ciliated epithelium 

Figure 18 - Endocrine and exocrine glands 

Figure 16 - Pseudostratified epithelium 
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glands retain their ducts, whereas endocrine glands secrete directly from the cells into the 
blood. 

Connective Tissue 

Connective tissue differs markedly from the other three basic tissue types because of the 
wide variety of cell types and intercellular substances found within it.  You will not need to 
know this in great detail, but understand that it gives support, connects, separates and 
creates ópackingô and storage. 

 
Basically, connective tissue is the type of tissue that binds, unites and connects parts of the 
body: 

¶ Binds together structures which need to be held together to ensure the integrity of an 
organ 

¶ Supports structures within the body and provides rigidity where needed e.g. skeleton 

¶ Protects organs with coverings, sheaths and capsules e.g. brain, joints 

¶ Subdivides organs or regions of the body by sheets, partitions or membranes of 
varying strength and thickness  

¶ Unites dissimilar tissues e.g. muscle and bone, which could not otherwise join and 
whose action might cause them to part  

¶ Provides packing material in spaces between and around structures in the body 

 
 Types of connective tissue: 

   

Loose areolar tissue 
 

Figure 19 - Loose Connective 
Tissue 

 
 
 
 
 
 
 
 
 
 
Dense fibrous 
connective tissue 

F
i

g
u
r
  

Tendons  attach muscles to bones. It is tough, avascular (hence takes a long time to repair) 
and virtually inelastic so the work done by muscles would not be wasted.  

Ligaments  are very similar in structure but pass from bone to bone across joints and help 
stabilise them. 

Figure 20 - Dense fibrous connective 
tissue 
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Adipose tissue 

 
Adipose tissue is very cellular, the cells of which are 
used to store fats. It gets a good blood supply. In 
the diagram above each individual cell would be 
filled with fat. 

 

 

Cartilage 

There are three different types of cartilage: 

1. Hyalineïbecause the intercellular 
substance looks smooth and glass like 

2. Elastic ïbecause there are elastic fibres present in the intercellular substance as well 
as cartilage 

3. Fibro-cartilageïbecause the intercellular substance contains much  collagen. This 
often occurs in tendonsô attachments to bone, with regularly arranged bundles of 
collagen fibres. 

Hyaline  Cartilage 

This occurs widely as a precursor of bones in limbs, spine and ribs. It also forms the articular 
cartilage in synovial joints. 
 

  
 

Figure 22 - Hyaline cartilage 

In the diagram it shows chondroblasts, these are cells capable of producing chondrocytes 
(cartilage cells) and intercellular substance. When they become active they surround 
themselves with intercellular substance and become chondrocytes. They live in a ópoolô of 
tissue fluid, through which substance have to pass to reach the cells. The intercellular 
substance is non-living and in hyaline cartilage is amorphous.  

Elastic  cartilage 

Examples of where 
this is found are:  

¶ End of the 
nose 

¶ L obes of the 
ear 

 
Figure 23 - Elastic Cartilage 

 

Figure 21 - Adipose tissue 
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In addition to the collagen fibres there are elastin fibres (creating elasticity in the tissue) in 
the intercellular substance (holding it all together).  

Fibro cartilage 

This is found in intervertebral discs and the attachments of muscles to tendons, or tendons 
to the periosteum of bones 

Figure 24 - Fibrocartilage 

  

The importance of the amorphous intercellular substance 

Cartilage cells are not in close proximity  to blood vessels and it therefore called avascular.  
It can be seen, therefore that substances like oxygen, carbon dioxide and nutrition and 
waste products have to diffuse through the water of the amorphous intercellular substance in 
the lacunae. Remember that the intercellular substance is non-living; therefore the survival 
of the cartilage cells depends upon the water in the amorphous intercellular substance. If it is 
reduced or calcification occurs (as in bone formation) then the cartilage dies. This is why 
calcified cartilage cannot be a permanent tissue. Bone, on the other hand, has a highly 
organised blood supply. 

Muscle Tissue 
 
Muscle is also one of the four basic body tissues. Muscle cells have the ability to conduct 
impulses  (though slower than nerves) and to contract, hence produce movement. Muscle 
tissue is highly cellular with very little intercellular substance; there is, however, connective 
tissue which has the function of protection and of holding the muscle fibres together.  

Muscle tissue can be classified in various ways ïusually by appearance: striated or non-
striated, or whether or not it is under conscious, voluntary control.  
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Figure 25 - Types of muscle tissue 

 

Type of 
muscle 

Morphology Under conscious 
control of will or 
not 

Organs usually 
controlled 

Type of action 

Skeletal  Striated  Voluntary  Skeletal  Tonic e.g. posture 
maintenance  

Cardiac  Striated  Involuntary  Heart  Rhythmic; myogenic  

Smooth  Unstriated  Involuntary  Gut  

 

Blood vessels 

Uterus  

Rhythmic; myogenic 
and neurogenic  

Not rhythmic 

Rhythmic and 
myogenic 

Figure 26 - Types of muscle tissue and actions 

Myogenicïactivity arises from within the muscle tissue itself 

Neurogenicïactivity arises from nervous stimulation, i.e. not from within the        muscle 

itself 

Tonicïholds a degree of contraction for long periods of time e.g. holding head on shoulders 

all day. 
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Phasic ïcontraction and relaxation occurring quickly after one another e.g. picking up a 

pencil - phasic movements of fingers and wrists and some in arm. Some muscles are 
capable of both 

 
Skeletal muscle 

Skeletal muscle is under voluntary control and must have a nerve supply to work; without 
adequate nerve stimulation, the muscles do not work e.g. polio and other forms or paralysis. 

A skeletal muscle contains hundreds of muscle fibres and each muscle fibre has its own 
nerve supply. The point of contact between the nerve and the muscle is usually a motor end-
plate.  

Each muscle fibre obeys an óall or noneô law; that is the whole  fibre will respond and 
contract to a nerve stimulus, and not just any small part of it.  

 

 

Figure 27 - A muscle fibre with the end plate 

of the motor nerve 
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Figure 28 ï Close-up Showing the Sarcomere with the Overlap of Protein Fibres 

This diagram shows why skeletal muscle is termed striated ïbecause it looks like it. You will 
see later that the striations create great organisation within the muscle and hence creates 
great power when it contracts. 

The muscle fibres are complex,  elongated and multinucleate (unlike óordinary cellsô which 
have one nucleus each (mononucleate). They also have a large number of mitochondria (for 
energy production). Because of this a long muscle fibre acts (and contracts) as a single unit, 
known as a syncitium. The appearance of the striations is formed by the overlap of 
microscopic filaments: 
 
This diagram shows the functional unit of a muscle myofibril, (a length of sarcomeres). It is 
formed by overlapping protein (Actin and Myosin) filaments. When a nerve  impulse reaches 
the muscles it causes a cascade effect resulting in  these protein filaments sliding over each, 
hence the muscle contracts and shortens in length. 
 
You can see here that all the protein filaments stay the same length, but with the increase of 
overlap, the length shortens. This process needs energy, provided by ATP  (adenosine 
triphosphate), which is formed in the mitochondria from glucose breakdown.  
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Figure 29 - Diagram showing aerobic and anaerobic respiration in Muscle 

This is complicated, but basically the cell uses energy sources as per those available, and 
per the circumstances. The immediate energy source is anaerobic, it being able to proceed 
as aerobic systems 'kick in'. As O2 demand increases, aerobic respiration takes over. The 
main source of energy for aerobic respiration is glucose, here stored in long chains in the 
form of glycogen in the liver and muscle.  Aerobic respiration, as the name suggests, 
requires O2 and we begins to breathe faster and deeper to take in the oxygen and get rid of 
the CO2. Both aerobic and anaerobic will convert any stored energy into the cell's own 
energy currency, ATP. This same process applies to all of us, fit and unfit. The difference is 
the ólearnedô capability of ófitô muscle to be able to produce more energy  than unfit (see the 
video on your disc) 

Like all machines, we are not 100% efficient. Muscles are about 40% efficient and the 
excess energy is lost as heat  in this process; hence we get hot with physical work. The heat 
that is produced is not always wasted; it is used to maintain body temperature ïlike on a 
cold day when we need to move around to óget warmô (Inuit can use about 6000 calories a 
day just for heat production).  

A motor unit  is defined as a motor nerve and all the nerve fibres it supplies.  Different 

muscles have a different number of muscle fibres per nerve. For example the quadriceps 
would have a ratio of one nerve fibre to 200 muscle fibres, whereas a muscle of facial 
expression would have a ratio of one nerve fibre to 4 muscle fibres, giving an example of the 
need for greater control of individual muscles within the face.  

 
Types of muscle contraction: 

 
Isotonicïiso=equal, tonus=thing stretched  (tension). This is where in the contraction of the 

muscle, the length  changes, but the tone  stays the same. Here the muscle shortens when 
it does work, usually in movement.  It is used to build bulk in muscles 

Isometricïmetric=length, so here the length  stays the same, but the tone  changes. It 

occurs more in the work done in postural muscles.  It is used to build tone in muscles.  
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Another form of striated muscle is cardiac muscle. 

 
Figure 30 - A Few Teased Cardiac Muscle Fibres 

Note here that the muscles are striated, like skeletal muscle, but unlike skeletal muscle here 
in cardiac muscle there are individual muscle cells which are branched. The individual 
muscle cells are connected at their ends by an intercalated disc. However, when a stimulus 
spreads throughout the muscle, all the muscle cells will respond, hence it is called a 
functional syncitium. However, unlike skeletal muscle where a  muscle fibre will react as a 
single unit, in cardiac muscle the contraction spreads through it like a ówaveô and this 
contributes to the functioning of the (heart) organ as a unit. You see this later  in the 
cardiovascular system. 

Cardiac muscle is myogenic  i.e. it will contract without  an external nerve stimulation. It is 
also rhythmic  in that it will contract rhythmically. Hence the inherent rhythm of the heart is 
myogenic  in nature, but is affected  by an  external (nerve and hormonal) stimulus.  

Unstriated (smooth) muscle 

Smooth (unstriated) muscle  consists of spindle-shaped cells, each  with only one nucleus. 
They still have actin and myosin protein filaments, but they do not have the organization of 
skeletal and cardiac muscle, hence do not have a striated appearance.  The nature of their 
contraction tends to be as a wave through the muscle sheet. Consequently, their power of 
contraction is also less. 
Generally speaking, the kind of activity performed by this kind of muscle is much slower and 
more tonic than the striated types. It is found in the gut, bladder and blood vessels. The 
nerve supply to smooth muscle is less precise than skeletal muscle. As it is found in sheets 
around hollow organs the spread of the excitation  wave is slow, creating a wave  of 
contraction.  

Figure 31 - Smooth muscle, also with neurons and neuroeffector nerve junctions  
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This type of muscle can need a nerve supply (neurogenic), as with blood vessels, or have a 
myogenic rhythm, as with the gut and uterus. It will also respond to stretch as a stimulus, 
causing it to contract as in the gut or, to a lesser extent, blood vessels; whereas striated 
muscle will not.  

Smooth muscle is involuntary, as it is not under conscious control; however, this point has 
been challenged as special training (e.g. yogis) can bring blood pressure and heart rate 
under conscious control. 

Disorders and diseases of muscles 

¶ Fibrositis  (lumbago - lower back, torticollis - neck) inflammation of the muscle, 
normally as a result of spasm. 

¶ Cramp - a sudden contraction or spasm in the muscle. 

¶ Atony - loss of muscle tone 

¶ Atrophy - wastage of muscle due to disease or disuse. 

¶ Ganglion - a cyst on the tendon sheath or joint capsule. 

¶ Rupture - a tear in the muscle or the fascia. 

¶ Spasm, Sprain, Strain 

¶ Myasthenia gravis - an auto immune disease which causes defective muscle 
stimulation, leading to progressive muscular weakness. 

¶ Dystrophy 

Nervous tissue 

   

Nervous tissue is one of the four basic body tissues. It is largely cellular with very little 
intercellular substance.  

 
Nerve cells have developed: 

1. The ability to respond to stimuli e.g. irritability 
2. To conduct impulses over great distances, usually very rapidly 
3. To produce secretions (like a gland), called a neurotransmitter, across a synapse or 

to a target structure, or even released  into the blood as a hormone. 
 
The nervous system as we know it is one of the main coordinating systems of the body. The 
basic units of the nervous system are  the neuron, which is a nerve cell  and its processes  
(all its receiving and transmitting extensions), which can be very numerous, and neuroglia  
(glia ïglue).  Remember this, as you will need to know the difference between a neuron, 
nerve fibre and a nerve.  

Individual neurons need to communicate with each other and with their target structure e.g. 
a muscle or a gland. Usually they have numerous connections, sometimes thousands as in 
the case of the brain.  
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Classification of nervous tissue 

 
Figure 32 - Classification of nervous system 

 

There are a number of ways the nervous system is classified: 

1. Somatic and autonomicïsomatic supplies the muscles of the body; autonomic 

supplies the viscera e.g. heart, gut etc. 
2. Sensory and motorïsensory is to do with ófeelô; motor is to do with óactionô 
3. Central and peripheral - central is everything inside the brain and spinal cord; 

peripheral is everything outside the brain and spinal cord 

 
Figure 33 - Major structures of the nervous system 

The neuron 
The neuron  is the basic unit of the nervous system. The definition of a neuron is a nerve cell 
and its processes. There are different types  of neurons throughout the nervous system, but 
they all share the same basic structure. 
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The neuron  consists of a nerve cell body and its processes (all its cellular extensions): 

¶ A nerve cell body 

¶ Dendrons and dendrites - the receiving processes. They take impulses towards the 

cell body (sensory) 

¶ The axon - the transmitting process. It takes impulse away  from  the cell body 

(motor) 

Hence: 

¶ A nerve fibre  is any one of those processes (towards or away) 

¶ A nerve  is seen anatomically as a single unit but consists of  hundreds of  nerve 

fibres,  both sensory and motor (some myelinated, some not ïsee later) 

Also: 

¶ A ganglion (pleural - ganglia) is a collection of nerve cell bodies outside the brain 

and spinal cord 

¶ A nucleus (pleural - nuclei) is a collection of nerve cell bodies inside the brain and 

spinal cord 

 

Types of neurons 

These diagrams are somewhat simple 
and schematic, but they demonstrate 
the overview of different types of 
neurons. They are not all just like the 
typical nerve shown above. It 
demonstrates the cell  body with all its 
organelles, and its processes. 

 

 
To see how neurons etc. function, see 
the The Nervous System section 

 

Figure 35 - Different types of neurons 

Figure 34 - A typical neuron 
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Nerve impulses 

All neurons are óexcitableô because they can be stimulated and are able to propagate 
electrical impulses from one point to another along the nerve fibre. There are two types of 
ópotentialô within nervous tissue:  

¶ The resting potentialïthis is when the nerve is at rest. As was said earlier, the cell 

and processes have to  constantly work to maintain an electrical imbalance across its 
membrane. In myelinated nerves this is about -70mv, cardiac muscle is about -45mv 
and some small non-myelinated nerves it is     -30mv. At resting potential it is  ready 
is transmit an impulse, which is: 

¶ The action potential - The duration of the action potential itself is only 1-2 

milliseconds.  This can arbitrarily be seen as an electrical impulse along the nerve 
fibre, but is actually caused by a flow of sodium and potassium ions, each flowing 
down their diffusion gradients across the neuronôs membrane and taking their 
electrical charge with them. 

Sodium and potassium ions 

1. Sodium is the primary extracellular cation.  
2. Sodium is primary extracellular cation because it is actively pumped out; hence there 

is more outside than inside. The sodium pumped is held out against its concentration 
gradient (using work and energy) by the sodium/potassium ATPase pump. (The fact 

that sodium is the main ion in the fluids outside the cells of the body is the same 
throughout the body and is the reason our blood tastes salty) 

3. Potassium is the primary intracellular cation. It is the same pump that pumps sodium 
out that pumps potassium in. With this pump, for every 3 sodium ions pumped out, 2 
potassium ions are pumped in. The end result of this is there is an 'electrical 
difference' (of about -70mV) between the inside and outside of the cell (hence the 
nerve, even at rest, is constantly at work). It has to work to maintain an electrical 
charge difference across its membrane, creating a polarity. 

 

From the diagram you can see that the distribution of ions inside and outside the cell 
membrane is not the same; this difference being created and maintained by the Na/K 
ATPase pump. 
 

¶ When the nerve fibre is stimulated there is a change in the  polarity of parts of the 
membrane. The membrane needs a minimum level of stimulation (liminal) for an 
action potential  to be propagated, but when it is reached it precipitates a wave of 
electrical excitation along the fibre. This causes óvoltage gatedô (i.e. electrically 
sensitive) sodium channels to open and sodium ions flow into the cell, taking an 

electrical current with them. During this brief phase of excitation, the polarity is 

Figure 36 - Sodium potassium ATPase pump 
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neutralised (depolarisation). If it this stayed like this, equilibrium would  establish 
itself with equal concentrations  of sodium inside and outside the cell.  

 
Figure 37 - Action potential and the changes in sodium-potassium concentration 

¶ Following this, óvoltage gatedô potassium channels open and potassium flows out of 

the fibre, taking their electrical charge with them 

¶ For the brief period that the action potential is there, the inside of the fibre changes 
from negative to positive but the sodium pump kicks in again and pumps the sodium 
back out and the potassium back in. just after  the area of depolarisation is a region 
of hyperpolarisation  (just before ónormal polarisation is re-established) and non-
responsive to an ordinary stimulation. So where the action potential is and the area of 
recovery, including the period of hyperpolarisation, the nerve is unresponsive to 
stimuli and is therefore known as the refractory period.  It follows that the number of 

impulses along the nerve fibre is limited e.g. if the refractory period was 2msec then 
the cell cannot fire at more than 1000/2 = 500 impulses per second. 

 
Figure 38 - Graph showing the change in polarity with an action potential 

¶ In myelinated fibres, the same principle applies except that the ionic exchange only 
occurs at the sites of the nodes of Ranvier. 
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¶ After the action potential has passed, the sodium/potassium ATPase pump kicks in 
and pumps the sodium and potassium ions back to re-establish the resting potential. 

¶ By this process the action potential (impulse) flows along the nerve fibre. 

 

The flow of the action potential  along the nerve fibre, once started, cannot be stopped (bar 
injury) and its speed is dependent upon certain factors: 

¶ The diameter of the nerve fibre ïthe bigger the diameter, the faster it flows. 

¶ Whether or not the fibre is myelinated; if they are myelinated, the speed of the 

impulse is faster 

¶ The temperatureïthe colder it is, the slower the impulses 

Myelination  

Myelination (in the nervous system) is formed by specialised cells, Schwann cells, wrapping 

around the nerve fibres during the embryological development of the nervous system.  

 
Figure 39 - Diagrams showing Myelination of Nerve Fibres 

You will recall that the membrane of a cell consists of lipid (fat)  and Schwann cells  have 
even higher lipid content than normal;  so many layers of cell membrane will create 
óinsulationô along that segment of the nerve fibre. The end result of this is called  

This wrapping, and layers of fat, give the nerve fibre a white appearance, but on closer 
inspection there are s paces between the Schwann cells, known as Nodes of  

Ranvier. The end result of this is that only small, regular, exposed regions of the nerve fibre 

are exposed. Here, the impulse doesnôt óflowô along the nerve fibres, but jumps from node to 
node; this being known as saltatory (leaping) conduction. This greatly affects the speed of 
the action potential along the nerve fibre: 

¶ About 0.5 metres per second for non-myelinated fibres 

¶ About 200 metres per second for myelinated.  
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Non-myelinated nerve fibres 

Even though non-myelinated nerve fibres donôt have the Schwann cell wrapped around 
them, as with myelinated fibres, Schwann cells are still involved as a support system; here 
several nerve fibres would share one Schwann cell. 
 

Not only do Schwann cells assist in speeding up action potentials, but also are thought to be 
important in recovery  after injury (only in the peripheral nervous system) and to aid the 
passage of nutrients and ions to and from the enclosed neurons in their normal functioning. 

 
Figure 40 - Diagram showing an action potential in myelinated and non-myelinated nerves 

 

Synapses 
When a nerve reaches its target tissue (be it e.g. a muscle or gland), it doesnôt touch it, but 
comes into very close apposition with the target tissue, with a narrow gap between the two. 
This gap, with the adjacent nerve and target tissue, is called a synapse. It consists of: 

¶ The end of the nerve fibre,  

¶ The target tissue and  

¶ The gap ïthe synaptic cleft. 

A sequence of events occurs here: 

1. When the action potential reaches the end of the axon, the  pre-synaptic bouton, it 
affects the permeability of the membrane.  

2. It then also stimulates the release of a chemical, a neurotransmitter  substance from 
vesicles within the synaptic end bulb  

3. This chemical diffuse across the synaptic cleft ( the distance here is measured in 
thousandths of a millimetre) 

4 .  The neurotransmitter then combines with receptor sites on the post-synaptic  
5. membrane ( they occur all over the post-synaptic cell, but are concentrated at the 

synaptic sites) 

The effects of neurotransmitter release: 

 

¶ An excitatory  neurotransmitter would cause stimulation of the post-synaptic 
membrane and contribute to precipitating an action potential there. Stimulation is 
dependent upon  the temporal (frequency of impulses) and spatial  (concentration of 
synapses)  arrangement.  
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¶ An  inhibitory  neurotransmitter  has the effect of hyperpolarizing  the postsynaptic 
membrane and blocking  excitation. Target tissues can have both types of nerve 
fibres converging on them (especially in the CNS) and it is the óbalanceô of the two 
that results in the effect. 

Neurotransmitters:  

The neurotransmitters released at the synapses depend upon the target tissue, e.g.: 

¶ Acetylcholine is release at muscle end plates, at autonomic ganglia and 

parasympathetic post-ganglionic nerve endings 

¶ Nor-adrenaline is released at sympathetic post-ganglionic nerve endings 

¶ GABA (gamma-amino-butyric-acid) and dopamine are released primarily in the CNS 

¶ 5-HT (serotonin) is released in the CNS and gut 

 
After the neurotransmitter has been released, with its consequent effect, it needs to be 
removed from the synaptic cleft.  

In cholinergic  synapses, where acetylcholine (Ach) is the transmitter, there are enzymes 

near the post-synaptic membrane called cholinesterase,  which breakdown the Ach after it 
has had its effect. By removing Ach from the post-synaptic membrane receptors, it makes 
more receptors available for  the next batch of neurotransmitters in the next impulse; if the 
neurotransmitter is not removed, it effectively óblocksô the receptor site and the next lot of 
neurotransmitter will have no effect.   

In  catecholamine  synapses, the neurotransmitter could be noradrenalin  (or dopamine or 
5-HT). Here, the neurotransmitter is not broken down by post-synaptic enzymes, but is 

reabsorbed back into the synaptic bulb again and recycled.  
 

Summary of nerve impulses and synaptic transmission: 

¶ All nervous tissue is excitable has the ability to respond to stimulus, creating an  

¶ Excitation  creating a nerve impulse, or an action potential 
o This excitation is electrical in nature 
o The membranes of nerve cells and their processes are maintained at a 

resting potential with sodium and potassium the main cations involved; 
sodium being pumped out, and potassium being pumped in 

¶ With the arrival of the action potential, the cell membrane depolarises with sodium 
passing into the cell/fibre and potassium out; this action potential is propagated along 
the nerve fibre. 

¶ Immediately after the action potential has passed, the sodium pump set in and 
pumps the sodium back out of the nerve fibre, and the potassium back in to re-
establish the resting potential 

¶ When the action potential reaches the synapse at its target tissue, it stimulates the 
release of a neurotransmitter which diffuses across the synaptic cleft; effecting a 
change on the post-synaptic membrane in terms of its stimulation of inhibition 

¶ The overall effect on the post-synaptic membrane is a summation of temporal and 
spatial stimulation  

¶ After the end effect at the post-synaptic membrane, the neurotransmitter is removed 
from the synaptic cleft by enzyme breakdown, or pre-synaptic reabsorption. 
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Figure 41 - Synapse 

 
Figure 42 - Common Neurotransmitters 

Disorders of the nervous system 
 
See later in the neurological system 
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Anatomical position and classification of anatomical terms 

 
Figure 43 - The Anatomical Position 

 

Sagittal - Midline of the body in the anterior/posterior plane 
Coronal/frontal - the midline between front and back of the body. 
Transverse - divides the body half way in the horizontal plane. 
Cephalad/superior - closer to the head  or higher than another structure. 
Caudalïtowards the  tail. 
Pedad ïtowards  the feet, or lower than another structure. 
Posterior/dorsal - towards  the back. 
Anterior/ventral - towards  the front. 
Lateralïsideways, further from the sagittal plane. 
Medialïcloser to the sagittal plane. 
Proximal - referring to the limbs, closer to the trunk. 
Distal - referring to the limbs,  further from the trunk. 
Supineïbody/part lying face up. 
Proneïbody/part  lying face down. 
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The Skeletal System 

 
The skeletal  system consists of the entire framework of bones and their cartilages. The 
study of the bone themselves and their structure is osteology. 

 
The Axial  skeleton consists of the head, neck, spine, thoracic bones.  

The Appendicular skeleton consists of the bones of the shoulders, arms, 

 

Functions of the skeletal system 

¶ Support of soft tissues 

¶ Protection of internal organs 

¶ Assists in movement; attachment for muscles,  provide levers for movement 

¶ Production of red blood cells and some white 

¶ Storage of minerals; especially calcium and phosphate 

¶ Triglyceride (fat) storage 

 
Structure of bones 

 
The skeletal system consists of 206 bones, excluding the auditory bones in the ear (children 
have moreïwhy?).  

Bone is made up of -20% water, 30-40% organic matter, 40-50% inorganic matter.  
 
Types of Bones  (shapes) : 

There are 5 types of bones 

¶ Long e.g. femur, metacarpals 

¶ Short e.g. carpal and tarsal bones of wrist and foot 

¶ Irregular e.g. vertebra. 

¶ Flat  e.g. frontal bone, sternum 

¶ Sesamoid e.g. patella 

 

Development of Bone 

 
Bones start to develop in utero  and continue to do so up to the age of 25.  

¶ Long, short  and irregular  bones develop from cartilage,  

¶ Flat bones  from membranes, and  

¶ Sesamoid bones  (form within tendons)  from cartilage. 

 
First of all osteoblasts secrete Osteoid, which consists of  collagen fibres within a  

Mucopolysaccharide matrix. This  gradually replaces the óparentô tissue. Ossification  then 

occurs, when the tissues change into bone 

Osteoid may have fibres arranged in two ways: 

 
Non-lamellar  bone or woven bone contains fibres arranged in bundles. This occurs in the 

bones which arise from membranes and in the healing of fractures. 

 
Lamellar  bones have fibres arranged in Haversian canals  (longitudinally) and Volkmannôs 

canals  (radially). Bone cells fall into several categories. They all arise from the same parent 
tissue, as do the chondrocytes which form cartilage. Whether cartilage or bone develops 
depends on the oxygen supply to the tissues, bone formation needing more  oxygen. 
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Bones (structure) 

There are at least two types of bone:  

¶ Compact, hard bone ïon a microscopic level this contains small spaces which are 
filled with lymph and osteocytes. The spaces are laid down in repeating concentric 
circles. This gives the bone great strength. It is found in the shafts of long bones and 
ribs, and 

¶ Cancellous  or trabeculate bone ïis filled with red bone marrow, a mass of  

¶ Developed and developing red blood cells within a fibrous framework. The bone is 
made up of a lattice of strands. These strands are not static; they are continuously 
changing in orientation as bone undergoes constant anabolism and catabolism.  It is 
found at the ends of long bones and in the skull. 

 
Mature compact bone 

Bones is a highly organised tissue. This organisation is closely associated with the blood 
flow and drainage. The basic unit of its structure is the Haversian system. The bone 

intercellular substance consists of collagen fibres embedded in a calcified matrix of calcium 
phosphate and other salts. 

 
Figure 44 - Cross Section of Bone Showing Haversian Systems 
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Seeing one of the lacunae close up: 
 

Figure 45 - Close-up of bone showing lacunae and canals 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Section of Mature Lamellar bone 

 
Figure 46 - Section of Bone Showing Osteon and Canals  
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Figure 47 - Cross Section of Trabecular Bone 

 

Bone can be a permanent tissue because the impermeable intercellular substance is 
permeated with small canals containing blood vessels and lymphatic vessels. Hence bone is 
highly vascular, whereas cartilage is not. 
 

Cancellous or trabeculate bone 

Here the Haversian systems are not so well developed and may seem not to be present at 
all. The cells here lie in lacunae and are connected with canaliculi to spaces between the 
trabeculae where there is a vascular system. Hence it has an organisation as compact bone. 
The trabeculae have an arrangement to give the bone tensile strength along specific lines: 

 
 

Figure 48 - Section of the head of the femur, showing the trabeculae and how they direct and distribute f orces 
through the bone 

Section of the head of the femur demonstrating  the trabeculae  and how they direct and 
distribute the forces exerted through the bone. 
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Ossification 

There are two types of ossification: 

a)  Endochondral ïor intracartilaginous, from a cartilaginous matrix model 

b)  Intramembranousïwithin membrane 

Endochondral 

Here the bone forms within a cartilaginous model e.g. humerus, femur. In the embryo, 
hyaline cartilage forms the basic model and, with development, it will be replaced almost 
entirely by bone. The cartilage is covered by perichondrium. As the vascular system 
develops in the embryo, blood vessels grow towards the centre of the cartilage model and 
bone formation is stimulated. 

Hence the sequence of events is: 

1. Invasion of cartilage area by blood vessels 
2. Calcification and eventual death of cartilage 
3. Reabsorption of fragments of cartilage by phagocytic cells. Local production of 

trabeculate bone 
4. Gradual replacement of subperiosteal trabeculate bone by compact bone with 

Haversian system organ 

Centre of diaphysis eventually being cleared of bone and filled with red and yellow marrow; 
red marrow is blood-forming, yellow is fat filled. 

5. Gradual growth and remodelling of the bone begins as the muscles function to pull in 
particular directions. 

 

Figure 49 - Ossification from a cartilaginous 
matrix  
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Bone growth 

 
This takes place in two areas: 

¶ At the ends of (e.g.) long bones (epiphysis) , from activity in the epiphyseal disc 

¶ Increase in circumference from activity of the inner, osteogenic, layer of the 

periosteum of the diaphysis 

 
Figure 50 - Bone Growth at the End of Long Bones 

 

 

Cartilage is formed within the epiphyseal disc and is turned into bone. This is how the bone 
grows in length 
The modelling of the bones is from the action of the forces on the bone from its surroundings 
e.g. the pull from muscles via their tendon attachments. 

 
Intramembranous ossification 

This is bone formation where there isnôt a cartilaginous model beforehand e.g. the bones of 
the skull, sternum and ribs. 

Bone maintenance  

Bone is not a fixed substance, but undergoes constant replacement and remodelling with a 
continual turnover of osteocytes. All this is in response to the changes of forces to which the 
bone is exposed. For this to happen there needs to be a supply of calcium, phosphates and 
carbonates. There are hormones that maintain normal calcium homeostasis in the blood; 
hormones from the parathyroid and Calcitonin from the thyroid gland. These, along with 
vitamin D, affect calcium absorption form the gut and excretion via the kidneys.  

 
Bone, like skin, forms before birth but continually reforms itself. Even after reaching their 
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adult size, old bone is being continually destroyed and new bone is laid down. This is called 
remodelling; it occurs as a continual process or in the occasion of fracture, maintenance and 
repair of bone tissue is carried out by specific cells: 

Osteoblasts  occur in the deeper layers of periosteum, ossification centres of immature 

bone: the diaphysis and epiphyses, and at fracture sites. As they become trapped in the 
developed bone they stop dividing to produce new cells and become osteocytes. 

 
Osteoclasts occur under the periosteum, to maintain the shape of the bone and remove 

excess callus formation at fracture sites, and also round the walls of the medullary canal in 
the centre of the long bones to maintain the correct ratio of canal to lamellar bone. They 
control resorption.  

Both osteoblasts and osteoclasts  are not only active in growth and normal bone 
homeostasis; they are also active in healing. If there is a fracture of a bone, the fracture will 
disrupt the blood flow through the bone, causing death of bone tissue adjacent to the 
fracture site. Here osteoclasts reabsorb the dead bony tissue, whilst osteoblasts lay down 
new bone tissue. 

This normal metabolism is dependent upon several factors, including: 1) adequate minerals, 
especially calcium, phosphorus and magnesium, 2) vitamins A, C and D, 3) several 
hormones and 4) weight bearing exercises. 

 

The structure of bone consists of: 

¶ The diaphysis (growing between) ïthe main body or shaft of the bone 

¶ The epiphysis (growing  on or over ïthe distal, or proximal ends of the bone 

¶ The metaphysis (meta=between) ïthe region in a mature bone where the epiphysis 

joins the diaphysis 

¶ The articular cartilage ïthe thin layer of hyaline cartilage over the end of the 
epiphysis that forms an articulation with another bone 

¶ The periosteum  - the dense sheath of irregular connective tissue that wraps around 

the one where it isnôt covered with hyaline cartilage 

¶ The medullary cavity ïor marrow cavity, is the space in the diaphysis fat or 
Haemopoietin cells 

¶ The endosteum (endo=within) ïa thin layer of cells that line the marrow cavity. It 

contains  single layer of osteoblasts  

 
Figure 51 - Diagram Showing Regions of Long Bone 
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Disorders of Bones:  

 
Osteoporosis - a reduction of 

bone mass due to the rate of 
deposition being out stripped by 
reabsorption. It may be 
progressive or reversible 
depending on the cause. 
Cancellous bone is more easily 
affected. 

Localised osteoporosis may occur 
when a bone is immobilised due 
to a fracture, paralysis or 
conditions such as arthritis (see 
below). 

Prolonged generalised immobility 
may lead to the reabsorption of 
calcium causing kidney stones 

and this can lead to renal failure. 

Generalised osteoporosis seems 
to be due to hormonal fluctuations and is therefore more common in women than men.  

It often happens post- menopause or can happen in female athleteôs whoôs hormonal 
balance is disturbed due to excess reduction of body fat, leading to under production of 
oestrogen. There is evidence to suggest that too high a level of protein in the diet can lead to 
osteoporosis in later life. The balance between oestrogens/ androgens and glucocorticoids 
also seems important. 

Fractures: 

¶ Simple  (a clean break),  

¶ Comminuted  (several 

fractures in the same region),  

¶ Compound  (protrudes from 

the skin)  

¶ Green-stick  (more frequent in 

the softer immature bones and 
like the break of a green twig). 

¶ Stress (repetitive activity 

producing healing e.g. 
metatarsals) 

 

 

Ricke t ts  

This is due to 
vitamin D deficiency. Vitamin D is important in children for the 
absorption of Calcium from the gut; hence it occurs in children 
resulting in the bones being softer and causing them to be bowed. A 
similar condition in adults is called osteomalacia, due to incomplete 
ossification or defective deposition and reabsorption.  

     

  

Figure 52 - Bone: normal compared with osteoporotic 

Figure 54 - Ricketts 

Figure 53 - Common types of fracture 
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Osteomyelitis- microbial infection of bone due to fracture, spread from an abscess, surgery 

or infection via the blood. 

The bone may become necrotic or filled with pus or an abscess may form with a sinus which 
drains through the skin. The condition may resolve and heal completely. Alternatively the 
infection may become chronic, with delayed repair or the infection may spread into the joints 
or the blood.  

 

Tumours 

Bone tumours may be malignant, as is shown here with an osteogenic sarcoma  with its 
characteristic ósunriseô appearance 

 
Figure 55 - Osteosarcoma 

Benign tumours, like this osteoid osteoma, can challenge the bones local integrity  

Figure 56 - Osteoid osteoma 
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Joints 

A joint is  the junction of two  or more bones which allow flexibility and movement of the 
body. The most basic premise here is that all joints move; hence movement is the function of 
any joint. 

Bones are connected to one another by  ligaments.  These are strong inelastic fibrous bands 
of tissue. These pass from bone to bone stabilise joints; limiting their movement. 

Types of Joints 

Fibrous  Joints 

Indiscernible (not obvious) movement e.g. the 
skull sutures and the joints between the teeth and 
jaw, ribs and costal cartilages, lower ends of tibia 
and fibula (slight movement possible).  

 

 

Cartilaginous Joints   
Cartilaginous joints  are defined 
as óslightly movable' joints. They 
can be primary (synchondrosis), 
or secondary (symphysis) they 
contain strong ligaments and 
fibrous cartilage e.g. the pelvis, 
vertebral discs (except atlas and 
axis), manubrium and gladiolus, 
manubrium and xiphoid (these 2 
can become fixed in  later life), 
as can  the pubic symphysis. 
 

  

Figure 58 - Cartilaginous joints - primary and secondary 

Figure 57 - Fibrous joints 
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Synovial Joints 

Synovial joints are freely movable joints. There are several types of these, which allow 
different types and ranges of movement  according  to their structure (See below)  

 
They all have factors in  common: 

1. Bony ends covered in articular cartilage; hyaline cartilage. Its function is to cushion 
the impact between the two ends of bone, with movement, and to reduce obvious 
wear and tear occurring therein. . This cartilage is avascular. It structure is like a firm 
sponge; joint movement compress the sponge, squeezing out the synovial fluid (see 
below), and on release it is sucked back in again ïcreating an effective circulation 
within in the cartilage.  

2. Capsule  of the joint. This is a fibrous structure that literally encapsulates the joint, 
defining its limits. 

3. Synovial membrane. This is made up of epithelial cells, lining the inside of the 
capsule, secreting a sticky fluid, similar to egg white. This lubricates and nourishes 
the joint and holds the bones in contact, in the same way  that a water film holds two 
pieces of glass together. 

4. Ligaments.  These occur outside and inside joints, connecting bone to bone limiting 
its range of movement (i.e. preventing dislocation) and stabilising the joint. 

5. Bursae  ( singular ïbursa). These are small fluid filled sacs with a synovial 
membrane outer lining occurring only in some joints; they act as cushions and are 
positioned between tendons and bones and between tendons to reduce friction 

6. Muscles. These attach to bones via tendons and move, and stabilise, the joint when 
they contract   

7. A blood and nerve supply  [motor to the muscles; sensory from the muscle spindles, 
tendons (Golgi tendon organ), capsule and ligaments]. 

 
Figure 59 - Synovial joint  
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Classification of Synovial joints 

 
Types of Synovial Joints 

1. Gliding ïallows limited movement usually in one plane; e.g. acromioclavicular joint, 

intercarpals, inter-metacarpals, inter-metatarsals, sacroiliac joints, proximal 
tibiofibular, facet joints of vertebrae. 

2. Pivotïallows rotation movement; e.g. between atlas and axis at top of neck, 

proximal and distal ends of radius and ulna. 
3. Ball and socketïhemispherical convex surface sitting in concave surface, allowing 

flexion/extension, adduction/abduction, rotation and circumduction; e.g. hip, 
glenohumeral and talocalcaneonavicular joint.    

4. Ellipsoidal/condyloidïoval shaped with convex sitting in concave surface, allowing 

two planes of movement excluding rotation; e.g. radio-carpal, metacarpal and 
phalanges, metatarsal and phalanges,(structurally, also the tibio-femoral, TMJ and 
occipitoatlantal joints, though functionally these are hinge joints) 

5. SaddleïTwo reciprocally concave surfaces, allowing two planes of movement, 
excluding rotation; e.g. sternoclavicular, base of first metacarpal and trapezium in 
wrist. 

6. Hingeïallows only flexion/extension; e.g. knee, elbow, TMJ, O/A. 

 

   

Figure 60 - Synovial Joints 
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Disorders of synovial joints  

 
Rheumatism ïinfers any painful condition affecting 

the supporting structures of the body-bones, joints, 
tendons, ligaments etc. that is not caused by injury 

Rheumatoid arthritis ïan autoimmune disease 

affecting the joint cartilage and linings  

 

 

 
Figure 61 - Deformity of hand with Rheumatoid Arthritis  

Osteoarthritisïdegenerative joints disease characterised by deterioration of the articular 

cartilage. It results from a combination of aging, irritation of the joints, and wear and tear. It is 
distinguished from RA in that it affects the larger joints (knees and hips) first, whereas RA 
affects the smaller ones first (the carpometacarpal joints in the hands)   

Figure 62 - X-ray of hip - normal and 
with osteoarthritis 
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Osteoarthritisïdegenerative joints disease characterised by deterioration of the articular 

cartilage. It results from a combination of aging, irritation of the joints, and wear and tear. It is 
distinguished from RA in that it affects the larger joints (knees and hips) first, whereas RA 
affects the smaller ones first (the carpometacarpal joints in the hands)    

 

Gout- caused by the deposition of 
sodium uprate crystals. Phagocytes 
(macrophages) ingest the crystals but 
cannot break them down; this causes 
the macrophages cells to split and, 
consequently, inflammation then occurs. 
If uric acids levels are high due to 
overproduction, poor diet or under 
secretion by the kidneys this will occur. It 
can be repeated attacks can lead to 
permanent damage. Most commonly 

affects the base of the big toes, ankle, knee, wrist and elbow. 

Sprains ïare forced twisting or wrenching of a joint (but not a 

dislocation) affecting the ligaments 

Strains ïthis are similar injuries, but affecting the muscles 

The Muscular System 

 
Muscles  

 
We tend to see muscle as just meat, but muscle  is a specific type of tissue. It  has the 
qualities of being excitable  (can be stimulated and can contract) and of having an elastic 
quality (can be stretched); hence it can only, really, move within itself. For it to move 
anything else, it needs to be attached to it, and for this it needs connective tissue, mainly in 
the form of tendons.  

 
General structure of skeletal muscle 

 
The basic unit of skeletal muscle is the myofibril.  

¶ There  are  collections  of these muscle fibres (myofibrils) running parallel with each 
other and are  w r ap pe d  u p  connective tissue  (endomysium; endo = inside).  

¶ Bundles of these are wrapped  up in  another layer (perimysium; peri = around) 

¶ Bundles of these bundles of these are wrapped in  yet another fascial membrane 
(epimysium; epi = on).  

¶ All this connective tissue continues at the ends of the muscle forming the tendons, 
which then attaches to the periosteum of the bone. 

The types of muscle and their function was described in the tissue types section  

 
 

Skeletal muscles are usually defined in terms of: 

¶ Originïwhere it comes from 

¶ Insertion ïwhere it goes to 

¶ Action ïwhat movement occurs (usually moving insertion towards origin) 

¶ Nerve supplyïthe name and root value of the nerve supplying it. 

Figure 63 - Gout, showing tophi 
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Muscular Function 

 
All muscles work by contracting and relaxing; this creating movement.   

Contraction leads to a shortening and thickening of the muscles, whilst they  can  lengthen 
and become thinner on relaxation; a healthy muscle is also elastic, in that it has the capacity 
to be stretched.  

 Voluntary muscles work in groups; there are agonistic/antagonistic groups (working against 
each other) and synergistic groups (working with each other); thus, as one group contracts 
the other relaxes and vice versa. 

 
The all or none law of muscle contraction means that an individual fibre contracts fully along 
its length (each fibre has its  own nerve). The overall strength of muscular contraction is 
therefore governed by how many individual fibres within the muscle contract. Sustained 
muscular contraction is performed by groups of muscle fibres contracting in series. 

When a muscle contracts, 30% of the energy used is seen in muscular work, whilst the rest 
goes into producing heat. This is why we shiver when we are cold (to produce heat) and why 
muscles become more relaxed when heated externally.  

 

Reflexes 

Voluntary muscles are also under the control of reflexes, which can be simple or complex in 
nature. 

 
A simple reflex  would be that if a tendon (e.g. the knee, via the patellar ligament) is 
tapped; this causes a sudden stretch of the muscle, stimulating the muscles spindles spread 
over the surface of the muscle. This stimulation causes impulses to be sent into the spinal 
cord and a consequent motor response causing the muscle to contract.  

 
A complex reflex  would be, e.g. in response to touching a very hot surface. The reaction 

would be to draw the whole hand away, involving more than one muscle.   There are also 
the stretch reflexes  which prevent excessive joint movement when certain nerves are 
stimulated. 

 
Muscle tone - skeletal muscles are always in partial contraction in order to maintain posture 

and balance and fight the effects of gravity. However there is a learned adaptation to this 
creating an increased fascial tension 

 
Muscle fatigue  occurs when a big effort is made involving the contraction of all the fibres at 
the same time. When this happens it can only be maintained for a short time, since all the 
fibres run out of calcium at the same time. 

If muscles are weak or damaged, they need to be strengthened gradually to prevent further 
damage being done. Since the joints and muscles cannot be rearranged it is necessary to 
either use lighter loads and repeat the movement more frequently or adjust the lever length 
e.g. bend the arm. 

 
Types of muscle work 

 
Concentric - the muscles work and shorten, isotonic. 

Eccentric - it gradually stretches as it works, controlling rate of movement.  

Static - it works and remains the same length, isometric.  
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In all these cases the opposing muscles are completely relaxed. Eccentric work is the 
easiest and static, the most difficult. In normal movement concentric and eccentric work is 
done, and if done against resistance, which is with a load, it will build up strength. Static 
exercises will build muscle bulk and strength but have several disadvantages. Muscles are 
designed to work with movement. It will not increase cardiovascular fitness since no blood 
flows into the muscle - what would be the effects of this? Also there is a raise in blood 
pressure 

As was said above, muscle work in groups and these are named after their actions: 

¶ Extensor 

¶ Flexor 

¶ Adductor  

¶ Abductor 

¶ Supinator 

¶ Pronator 

¶ Rotator 

¶ Sphincter 

Disorders and dysfunctions 

¶ Fibrositis  (lumbago - lower back, torticollis -neck) inflammation of the muscle, 
normally as a result of spasm (bit of a misnomer,, as myo = muscle) 

¶ Cramp - a sudden contraction or spasm in the muscle. 

¶ Poliomyelitis - a viral infection of the nervous system causing muscle wastage. 

¶ Multiple sclerosis - demyelinating of the nerves leads to muscle weakness and to lose 
of voluntary control at times. 

¶ Atony - loss of muscle tone 

¶ Atrophy - wastage of muscle due to disease or disuse. 

¶ Ganglion - a cyst on the tendon sheath or joint capsule 

¶ Rupture - a tear in the muscle or the fascia. 

¶ Spasm, Sprain, Strain 

¶ Myasthenia gravis - an auto immune disease which causes defective muscle 
stimulation, leading to progressive muscular weakness. 

¶ Dystrophy 

  



 

 

Compiled by Laurence Hattersley 2016 

47 

 

The Chemistry  of Muscle Energy 

 
Each muscle fibre cell contains myofibrils which cause contractile. Between these lies the 
sarcoplasmic reticulum which contains a high concentration of calcium, important for 
conducting the nerve impulses which trigger  contraction. Muscles cells also contain many 
mitochondria  which produce ATP, the primary  energy  currency of cells. Within each 
myofibril lie strands of overlapping proteins, actin  and  myosin. Contraction occurs when 
these two strands slide over each other, shortening the muscle. 

Between the actin and myosin are  c ross links, much like a zip, which fasten and break to 
allow contraction. When a nerve impulse triggers the contraction,  calcium ions leach out to 
permit the contraction to take place. The main thing required for muscle contraction is for 
several linked metabolic pathways used by cells to transfer the energy released from the 
breakdown of fuel molecules (macronutrients), converting them to ATP 

The primary nutrient that supplies energy is glucose 

 

 

 
There are metabolic processes necessary for  the breakdown of glucose for energy: 

1. Pyruvate oxidation 
2. The citric acid cycle 
3. The respiratory chain (electron  transport chain) 

Figure 64 - Glucose and its Conversion into ATP 
  

 
Glycolysis 

Glycolysis  is a process whereby Glucose  (a C6 compound) is split into two; these are (2 x 
C3 compounds) called pyruvate. Glycolysis takes place in the cytosol. 

This produces some usable energy: 2ATP.Glycolysis begins glucose metabolism in all cells. 
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Glycolysis  does not require O2; it is an anaerobic  metabolic process.  

Cellular respiration  requires oxygen ïit is aerobic. Cellular respiration takes place in the 
mitochondria  where the pyruvate is converted into acetyl CoA and fed into Krebs cycle. It is 
here where the bulk of ATP is synthesised 

If there is increased need for energy, there is a greater need for Oxygen (i.e. with exercise, 
you breathe faster). However, there is a limit to how much we can breathe, and our energy 
requirements can outstrip this. Now the body is functioning at capacity for aerobic energy 
production, but it still requires more; so now it undergoes anaerobic  respiration 
(fermentation). Now glucose will still be split into pyruvic  acid, if cellular respiration in Krebs 
cycle  is going at capacity, there will be build-up of pyruvate and will cause a chemical 

imbalance. To prevent this it will be  óshifted  sidewaysô and made into lactic acid 

 
This is designed to be only a temporary side-product of anaerobic glucose breakdown, and 
about 80% of it diffuses away into the skeletal muscle. From here it is transported to the liver 
where it is changed back into glucose again. However, some of the lactic acid accumulates 
in the muscles and some exercise physiologists claim it is the reason for feeling muscle 
fatigue. In the end, though, all of the lactic acid is converted back into glucose, this process 
requiring oxygen; the oxygen required for this process is called the oxygen debt.   Hence 
after vigorous activity is over, laboured breathing continues to pay back this debt. 

 
Anaerobic respiration can only occur in skeletal muscle. Smooth muscle and cardiac muscle 
cannot metabolise glucose anaerobically; they must have oxygen. In truth, it is unlikely that 
smooth muscle will require anaerobic respiration; however cardiac muscle will encounter 
such situations in extreme exercise. Cardiac muscle only  has the ófacilityô for aerobic 
respiration; it must  a  have blood supply, it must  have oxygen.  If it doesnôt get it, it dies; 
this is a heart attack, or myocardial infarction. 
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The Musculoskeletal system 

Bones of the head 

Some consider the bones of the head in 
terms of the vault bones and the facial 
bones óhanging offô the front of them 

 
The vault bones 

¶ Frontal 

¶ Parietals 

¶ Occiput 

¶ Temporals 

¶ Sphenoid  

¶ Ethmoid  

 

The facial bones 

¶ Maxillae 

¶ Palatines 

¶ Vomer 

¶ Zygomae 

¶ Nasals 

¶ Chonchae (turbinators) 

¶ Mandible  

 

 

 

Bones of the vertebral columnïaxial skeleton 

¶ 7 cervical vertebrae 

¶ 12 thoracic  vertebrae 

¶ 5 lumbar  vertebrae 

¶ 5 (fused) sacral  vertebrae 

¶ 3 coccygeal  vertebrae 

Bones of  t h e  spine 

The bones are numbered from the top down, as per the region of the 
spine in which they occur (e.g. Cervical 2 = C2; the second bone down 
in the neck) 

  
Ligaments  of the Spine 

¶ Anterior longitudinal ligament  
o  Runs the whole length of the spine on the anterior aspect 

of the vertebrae and discs; it stabilises the front of the spine 

¶ Posterior longitudinal ligament  

o Runs the whole length of the spine on the posterior aspect of the vertebrae 
and discs; it stabilises the back of the spine. 

¶ Interspinous ligaments 

Figure 65 - Bones of the head 
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o Between the TPs of the  vertebrae; it stabilises the spine in flexion 

¶ Supraspinous ligament  
o This joins all the tips of the TPs and runs the entire length of the spine; it 

stabilises the spine in flexion 

¶ Ligamentum nuchae 

o This is a strong fibrous structure between the occiput  and C7, joining all the 
TPs.  

¶ Thoracolumbar fascia 

o This is a fibrous envelope wrapping around the lumbar erector spinae, 
extending from the sacrum up to the level of T8; it is not a ligament, per se, 
but acts as one  

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 67 - Ligaments of the spine 

Figure 66 - Ligamentum nuchae and thoracolumbar fascia 
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The common factors all vertebrae share are: 

¶ Vertebral body 

¶ Pedicles 

¶ Laminae 

¶ Transverse processes 

¶ Spinous processes 

¶ Superior and inferior articular 
processes and facets 

 

Joints of the Spine 

The primary weight-bearing  joint in the spine is the intervertebral disc . It is a cartilaginous 
joint, allowing limited movement between each bone, but summating up along the length of 
the spine. Legend would believe that these structures are discrete and can move out of 
place. This is not true. They are bound to the adjacent vertebrae and to the  longitudinal 
ligaments. 

Their structure consists of concentric 
rings of fibrous tissue (annulus 
fibrosus) with a gelatinous, almost 
liquid, centre (nucleus pulposus). This 
arrangement allows the structure to 
bear weight and allow movement (like 
a ball between two boards). However, 
the disc is not the only joint in the 
spine. Behind the disc are two facet 
joints, the plane of which defines what 
type of movement occurs at that level, 
dependent upon the plane of the 
joints, e.g. in the neck, the plane of the 
facet joints are relatively horizontal, 
allowing lots of rotation, whereas in the 
lumbar spine, they are in the sagittal 

plane allowing more 
flexion/extension, but less rotation.   

 

The common factors all vertebrae share are: 

¶ Vertebral body 

¶ Pedicles 

¶ Laminae 

¶ Transverse processes 

¶ Spinous processes 

¶ Superior and inferior articular processes and facets 

 

 

 

Figure 69 - Cross-section of spine showing disc 

Figure 68 - Typical vertebra 
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There are natural curves in the spine.  

 

 

A curve that is concave forwards is called a kyphosis, as in the thoracic spine and sacrum; 
whereas a curve that is concave backwards is called a lordosis, as in the cervical and 

lumbar spine. 

At the  base of the spine is the pelvic girdle. It consists of 3 bones and 3 joints. The bones 
are the sacrum, and two innominate bones (bone without a name). Together they form a 
most robust structure that is capable of transferring forces up into the spine from the legs, 
and vice versa.  

  
 

 

 

 

 

 

 

 

 

 

Any curvature to the side is known as a scoliosis.  

 
There are two types: 

¶ Organicïthis occurs during the personôs growth years, 

when the spine grew like it. This type is irreversible. 

¶ Functional -   This type is the result of an adaptation to 
an external situation. This type is reversible 

 

 

 

 

Figure 71 - Pelvic girdle 

Figure 70 - Normal curves of spine 

Figure 72 - Organic scoliosis 




























































































































































































































































































































