
Human musculoskeletal system option B - Joints 

Types of joint

Joint Description Image Example
Gliding joints Bones glide 

over each other 
collectively 
providing a 
wide range of 
movement.

Between 
vertebrae 
Wrist bones 
Ankle bones

Hinge joints Allow 
movement in 
one plane.

Knee 
Elbow

Ball and 
socket joints

Allows 
movement in 
more than one 
plane.

Hip 
Shoulder

Immoveable/ 
fused joints

Bones 
interlock, 
there is no 
movement.

Cranium

Joints as levers A lever system can act as either a force or a 
distance magnifier.

Type of Lever Position of FLE 
(fulcrum load effort) Examples in the body

1st order level Fulcrum in the 
middle.

Neck muscles balancing 
the load of the skull using 
the neck vertebrae as the 
fulcrum.

2nd order lever Load in the middle. Calf muscles lifting the 
load of the body using 
your toes as the fulcrum.

3rd order lever Effort in the middle. Biceps lifting your hand 
using the elbow as the 
fulcrum.

Synovial joint - This is a moveable joint. This is an elbow joint.

Synovial fluid- Acts as a shock absorber and reduces friction in the joint. It also supplies oxygen and nutrients to 
the chondrocytes in the cartilage.

Antagonistic muscles - Muscles can only pull on bones, they cannot push. Muscles therefore occur in 
antagonistic pairs.

The ends of the 
bones are covered 
with articular 
(hyaline cartilage) 
- a smooth surface 
decreasing friction 
as the ends of the 
bones glide over 
each other.

The synovial 
membrane 
encapsulates the 
joint.

Ligaments – strong 
fibrous tissue that 
links bone to bone.

Tricep

In the arm the tricep 
is the extensor 
muscle for the 
elbow. 

It has origins on the 
humerus and the 
scapula. 

Its insertion is 
on the olecranon 
process, a bony 
projection at the 
back of the elbow. 

In the arm the bicep 
is one of the flexor 
muscles that contract 
to bend the joint. 
Tendons are made 
from collagen are 
inelastic and attach 
muscles to bones. 
They do not stretch 
so all energy for 
movement from muscle 
contraction is passed 
on to the bone. 

The main insertion 
of the bicep is on 
the radius. 

The origin of 
the bicep is on 
the scapula.
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Arthritis
Disease Description Risk factors Treatment

Osteoarthritis A degenerative disease resulting the 
articular cartilage in a joint breaking 
down faster than it is replaced as a 
result of changes in the collagen and 
glycoprotein.

Repeated vigorous bending of 
a joint e.g. dancing or sporting 
activity, damage to a joint and being 
overweight.

Use of non-steroid anti-
inflammatory drugs such as aspirin. 
In severe cases, the joint may be 
replaced.

Rheumatoid 
arthritis

An auto-immune disease. 
The immune system recognises 
proteins in the tissues of the joint as 
being antigenic. This results in severe 
inflammation at the affected joint 
and it becomes swollen, painful and 
movement is severely restricted.

Environmental factors such as the 
weather (cold and damp), smoking, 
high levels of red meat in the diet and 
high intake of coffee.

Treatment includes:

• the injection of steroidal anti-
inflammatory drugs into the joint

• physiotherapy
• surgery.

Hip/Knee replacement surgery
Advantages Disadvantages

Less pain Long recovery
Fewer drugs Surgical risks e.g. 

Blood clots or 
infection

Increased mobility Failure of joint after 
15-20 years and 
increased risks with 
second replacement

Restores quality of 
life

Increased risk of hip 
dislocation



Human musculoskeletal system Option B - Skeleton

The function of the skeleton is to support the body, protect delicate organs, provide a site for muscle attachment and to store calcium and produce red blood cells.

Fractures - breaks in bones caused by high impact or stress. They could also be 
the result of a medical condition that weakens bones e.g. osteoporosis, bone cancer or 
osteogenesis imperfecta (Brittle bone disease).

Types of f racture

Simple - The skin over the bone remains 
intact.

Compound fracture - The bone penetrates 
the skin or other internal organs. 

Comminuted - The bone fragments into 
several pieces.

Non-displaced - The bone is not moved 
from its original position.

Displaced - The bone is moved from its 
original position.

Treatments

• The bone must be realigned and 
immobilised using a splint or cast. This 
gives time for osteoblasts to produce 
new bone and for osteoclasts to 
remodel the bone.

• If the fracture affects overall mobility 
e.g. hip fracture, screws or metal 
plates may be inserted during surgery 
to further support the bone and speed 
up healing to avoid complications 
such as pressure sores, deep vein 
thrombosis and pulmonary embolism.

Vertebral column - A support for the body that is flexible to allow bending and 
twisting but provides protection for the spinal cord.

Axial skeleton Appendicular Skeleton

Skull

Sternum

Ribcage

Vertebral 
column

Pectoral girdle 
Clavicle 
(collar bone)

Scapula  
(Shoulder blade to rear)

Fore limb
Humerus 
Ulna 
Radius

Pelvic girdle

Hind limb
Femur 
Tibia 
Fibula

Cervical vertebrae
The cervical vertebrae generally have a wider vertebral canal as the 
spinal cord is wider here. All 7 cervical vertebrae have vertebroarterial 
canals carrying blood vessels to the brain and a smaller vertebral body 
as they bear less weight.

Thoracic vertebrae
The thoracic vertebrae articulate with the ribs. They have large 
transverse processes which, along with other sites, act as facets of 
articulation with the ribs. There are 12 thoracic vertebrae and 12 pairs of 
ribs.

Lumbar vertebrae
The lumbar vertebrae have the largest vertebral bodies as they must 
provide support to the body and absorb the stress of lifting and carrying.

In general, vertebrae have the following structures:

Spinous process

Transverse process

Vertebral canal

Vertebral body



Postural deformities 

Deformity Description Causes Treatment
Scoliosis Deformation of the 

spine / a sideways 
curve in the spine.

Possibly muscle 
imbalance 
A genetic mutation

Physiotherapy 
Bracing 
Surgery

Flat foot Lack of arching in 
the foot. The foot 
will roll onto its inner 
side (overpronation). 
This causes strain on 
muscles and ligaments. 
Pain in the foot ankle 
calf, knee, hip or back.

Genetic 
Congenital 
Arthritis 
Injury

Shoes to support the 
foot. 
Exercises to stretch 
the calf and Achilles 
tendon to reduce 
pronation. 
Surgery to correct 
congenital defects.

Knock knees The feet do not meet 
when the knees touch. 

Lack of vitamin D or 
calcium 

In children, the 
problem usually 
resolves naturally. A 
brace at night may 
be necessary, severe 
cases may require 
surgery.

Human musculoskeletal system Option B - Skeleton



Human musculoskeletal system Option B - Muscles

The sliding f ilament theory of muscle contraction
This theory of muscle contraction states that sarcomeres shorten during 
muscle contraction by thin actin filaments sliding in between the thick 
myosin filaments. 

The I and H bands shorten and the A band stays the same length as this 
depicts the length of the myosin filaments. 

The sarcomeres shorten, so the myofibrils shorten and the muscle fibre 
shortens.

The sliding f ilament theory

A band stays the same length

1. A nervous impulse causes Ca2+ ions to be 
released from the sarcoplasmic reticulum.

2. Ca2+ bind to troponin and changes the shape 
of the troponin molecule.

3. This causes tropomyosin to change position 
exposing the myosin binding sites on the actin.

4. Myosin heads can then form cross bridges with the 
myosin binding sites on the actin.

5. The myosin head bends pulling the actin past 
the myosin, the power stroke.

6. The cross-bridge is broken 
when the ATP attaches 
to the myosin head which 
returns to its original 
position.

7. More ATP is hydrolysed 
to ADP and Pi and a 
crossbridge forms with the 
thin filament further along.

8. The process continues 
until the Ca2+ is actively 
pumped back into the 
sarcoplasmic reticulum.

Fast and slow twitch muscle fibres - These are two different 
types of fibre in striated muscle.

Slow twitch

These fibres help athletes run marathons. They are characterised 
by:

• Aerobic respiration • fire slowly • contract for a longer time • fatigue 
slowly •have a rich blood supply • high numbers of mitochondria 
• high myoglobin • low resistance to lactic acid • low density of 
myofibrils.

Fast twitch

These fibres help sprinters. They are characterised by:

• Anaerobic respiration for ATP • short bursts of strength/speed.

Anaerobic conditions - During strenuous exercise, a lack of 
oxygen occurs. Muscles have 2 methods to deal with this. 

1. Creatine phosphate is made under aerobic conditions. 
It is a store of phosphate for the rapid phosphorylation of 
ADP to ATP when oxygen levels are insufficient for oxidative 
phosphorylation. During strenuous exercise, creatine 
phosphate will run out in around 6 seconds.

2. Anaerobic respiration, glycolysis supplies a limited amount 
of energy when the creatine phosphate has run out. It also 
creates lactic acid that builds up causing fatigue and muscle 
cramp. 

Energy sources
Glycogen stored in muscles is the main source of energy during 
muscle contraction. This releases glucose only for respiration in the 
muscle fibres.

Carbohydrate loading is practised by athletes to increase muscle 
glycogen stores.

Protein may also be used as an energy source. Both glycogen and 
protein are used before fats. 
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Cartilage - made from chondrocyte cells embedded in a matrix. There are no blood vessels in the matrix, 
nutrients and oxygen must diffuse through the matrix to the cells. 

Cartilage is: • Hard • Flexible • Compressible • Elastic.

Hyaline cartilage is 
located at the ends of 
bones, the nose and in 
the trachea.

Yellow elastic cartilage 
contains yellow elastic 
fibres located in the 
external ear.

White fibrous cartilage - many bundles 
of the protein collagen. It gives greater 
tensile strength than hyaline cartilage and 
is found in the discs between vertebrae.

StrongestWeakest

Skeletal muscle structure Skeletal muscle tissue is made of muscle fibres.

Muscle fibres - A muscle fibre is a long thin cell formed from the fusion of 
several cells and so has many nuclei. The cell membrane is the sarcolemma, 
the cytoplasm is called sarcoplasm and the endoplasmic reticulum is called 
sarcoplasmic reticulum. 

It is made of many myofibrils that give it a striated (striped) appearance. 

A band - the myosin 
filaments overlap at their 
ends with the actin.

Z line- marks the end 
of a sarcomere and the 
attachment site for actin 
filaments.

Sarcomere

M line- Where myosin 
molecules are attached.

I band actin only

H band- myosin only

Thin filaments:

• consist of two strands of globular actin molecules which 
twist around each other

• the protein tropomyosin is wrapped around the actin fibre

• the protein troponin is found at positions along the actin /
tropomyosin fibre. 

 

Thick filaments:

• made from many myosin molecules

• each myosin molecule has a tail and a head 
which projects from the surface of the thick 
filament.

Bone - The compact bone matrix consists of:

30% organic - the protein collagen helps resist fracture.

70% Inorganic - hydroxyapatite containing calcium and phosphate - 
helps prevent compression.

Compact bone is formed from Haversian systems shown below:

Haversian canal, the centre of the 
Haversian system it contains an arteriole, a 
venule, lymph vessels and nerve fibres.

Lamellae - Concentric rings of 
hydrocyapatite around the lamellae.

Lacunae - Spaces that contain osteoblast 
and osteoclast cells. These are nourished 
by diffusion through the bone matrix from 
the blood vessels at the centre. They also 
link to other cells vis canaliculi channels.

Osteoblasts- build lamellae by secreting the inorganic 
hydroxyapatite.

Osteoclasts – continually break down lamellae for rebuilding.
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Bone diseases 

Disease Cause Symptoms Treatment
Rickets (child)

Osteomalacia 
(adult)

Vitamin D is a fat soluble. It is found in butter, 
eggs and fish liver oils.  It can also be made in the 
skin when exposed to UV. Deficiency leads to the 
inability to absorb calcium from the gut and this 
leads to defective calcification of bone.

Bone tenderness, 
fractures, skeletal 
deformities.

Calcium and vitamin D 
supplements.

Brittle bone 
disease

Inherited- caused by a mutation in the gene for 
collagen causing an imbalance between the organic 
and inorganic components of bone matrix.

Loose joints, poor 
muscle tone and 
susceptibility to 
fractures.

Drugs- increase the 
mineral density in bone. 

Surgery- placing metal 
rods in long bones.

Osteoporosis Varied risk factors including age, smoking, hormone 
imbalance, poor diet, illness or alcohol misuse.

An abnormally 
fast loss of bone 
density leading to 
fractures.

Calcium and vitamin D 
supplements. 


