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1  Structure and function of body systems



[image: Image] About this content area

In this content area you will learn about the body’s systems, their structures and how they function.

This will include:


	1.1  Skeletal system


	1.2  Muscular system


	1.3  Respiratory system


	1.4  Cardiovascular system


	1.5  Energy systems






1.1 Skeletal system


The skeletal system forms the framework of the body. It includes the bones of the skeleton and the joints (where bones meet) that allow movements.


Getting started

Work with a partner. Take it in turns to name and point to any of the following on the body:


	■  any bone


	■  any joint


	■  any major muscles.






1.1.1 Structure of the skeleton


[image: image]
Figure 1.1 The skeleton 


A person’s skeleton is divided into two sections, the axial and the appendicular skeleton.


[image: Image] Key terms

Axial skeleton: the central part of the skeleton containing the cranium, sternum, ribs and vertebrae.

Appendicular skeleton: the outer part of the skeleton containing the clavicle, scapula, humerus, radius, ulna, carpals, metacarpals, phalanges, pelvis, femur, tibia, fibula, tarsals, metatarsals and phalanges.



The axial skeleton is the central core of a person’s skeleton.

The axial skeleton contains the bones of the head, the cranium and the bones in the chest. The bones in the chest include the ribs, the sternum (sometimes called the breast bone) and the vertebrae (sometimes called the backbone).

The appendicular skeleton forms the arms and legs.

[image: image]
Figure 1.2 The axial skeleton


[image: image]
Figure 1.3 The appendicular skeleton 


The arms are attached to the axial skeleton by the clavicle (sometimes called the collar bone) and the scapula (sometimes called the shoulder blade).

The bones of the arm include the humerus in the upper arm, the radius and ulna in the forearm and the carpals found in the wrist. The bones in the hand are the metacarpals and those in the fingers are called phalanges.

The legs are attached to the axial skeleton by the pelvis. The bone in the thigh is called the femur. The bones in the lower leg include the tibia and the fibula. The bones in the foot are the tarsals and metatarsals and the toes are made up of phalanges.


[image: Image] Activities


	1  Find an image of the skeleton. Print two copies.


	a  On one copy, colour in the axial and appendicular skeletons using different coloured pens for each.


	b  On the other copy, name as many bones as you can by writing their names on the image.





	2  Write the names of the bones in the arms on sticky labels and attach them to your body in the correct place. Repeat this with the bones in the legs.







[image: Image] Remember


	■  There are two parts to the skeleton – the axial skeleton and the appendicular skeleton.


	■  The axial skeleton contains the cranium, the sternum, the ribs and the vertebrae.


	■  The appendicular skeleton contains the following bones in the arms and legs:


	–  Arms: clavicle, scapula, humerus, radius, ulna, carpals, metacarpals, phalanges


	–  Legs: pelvis, femur, tibia, fibula, tarsals, metatarsals, phalanges.










Test your knowledge


	1  Name the four bones in the axial skeleton.


	2  Name all the bones found in the arm.


	3  Name all the bones found in the leg.


	4  Name the bones found in the hands and feet.






1.1.2 Functions of the skeletal system

The functions of the skeleton include:


	1  Support – bones are solid and rigid. They keep people upright and hold the rest of the body (the muscles and organs) in place.


	2  Movement – the skeleton helps the body move by providing anchor points for the muscles to pull against, so when muscles contract, we move.


	3  Protection of vital organs – certain parts of the skeleton surround and protect the body’s organs from external forces. For example the cranium protects the brain and the ribs protect the heart and lungs. This function is especially important in activities that involve contact, such as rugby or boxing.


	4  Storage of minerals – bone stores several minerals, including calcium and phosphorus. These are needed to keep the bones strong to assist movement during activities.


	5  Blood cell production – the inner marrow of bones such as the sternum and ribs produce red and white blood cells. Both red and white blood cells are important. Red blood cells carry oxygen to the working muscles. White blood cells fight off infections.


	6  Shape/structure – the skeleton gives people their general shape such as height and build. Tall people have longer leg bones and larger vertebrae. People with a heavy build have larger clavicles and bigger pelvises.





[image: Image] Key terms

Organ: a part of the body with a specific role, for example the heart pumps blood.

Marrow: the core of a long bone that produces blood cells.

Red blood cells: carry oxygen in the blood.




[image: Image] Activities


	1  Find and print an image of the skeleton. Label the diagram to identify the six different functions of bones.


	2  Copy and complete the table:












	
Function


	
How it does this


	
Example





	
Support


	
	



	
	
Muscles are attached to the skeleton and can pull bones


	



	
	
	
The cranium protects the brain





	
	
Some long bones contain bone marrow


	



	
Shape/structure


	
	






	3  Use the first letter of the six functions of the skeleton and create a mnemonic (a saying or abbreviation) that uses those six letters.







[image: Image] Remember


	■  There are six functions of the skeleton: support, movement, protection, mineral storage, blood cell production and shape.







Test your knowledge


	1  Name the six functions of the skeleton.


	2  Name the type of blood cells produced by bones such as the ribs.


	3  Name two bones that protect vital organs.


	4  Name the minerals stored in bones.






1.1.3 Types of bones

There are five types of bones in the human body: long bones, short bones, flat bones, sesamoid bones and irregular bones.

Long bones

Long bones include the longest bones in the body such as the humerus, femur, clavicle, radius, ulna, metacarpals, metatarsals, tibia, fibula and the phalanges.

[image: image]
Figure 1.4 Front and back view of the femur



[image: image]
Figure 1.5 Front and back view of the humerus




Long bones are mainly used for movement. The ends of long bones are covered in cartilage to absorb shock and help protect the bone. Several long bones contain bone marrow which produces red and white blood cells.

Flat bones

Flat bones are strong, flat plates of bone. Their main function is to protect the body’s vital organs and to be anchor points for muscle attachment. The flat bones in the body are the scapula, sternum, pelvis, cranium and ribs. In adults, most red blood cells are formed in flat bones.

[image: image]
Figure 1.6 The scapula



[image: image]
Figure 1.7 The ribs and sternum




Short bones

Short bones are roughly as wide as they are long. Their main function is to provide support and stability with little movement. Examples of short bones are the carpals in the wrist and the tarsals in the foot.

[image: image] 
Figure 1.8 Carpals  



[image: image]
Figure 1.9 Tarsals




Sesamoid bones

Sesamoid bones are small round bones found within tendons. The patella or knee cap is the largest sesamoid bone in the body. It covers and protects the knee joint.


[image: Image] Key term

Tendons: attach muscles to bones.




[image: image]
Figure 1.10 Patella




Irregular bones

These are bones in the body which do not fall into any other category, due to their non-uniform shape. The vertebrae, which come in several different shapes, are examples of these. They protect the spinal cord.


[image: image]
Figure 1.11 Vertebrae





[image: Image] Activities


	1  Find and print an image of the skeleton. Label the diagram to identify the location of the five types of bone.


	2  Copy and complete the table:












	
Types of bone


	
Function


	
Example





	
	
	
Femur, tibia, humerus





	
Short bones


	
	



	
	
Provide large area for muscles to attach to and protect organs


	



	
Irregular bones


	
	



	
	
	
Patella








	3  Use the first letter of the five types of bone and create a mnemonic (saying or abbreviation) that uses those five letters.







[image: Image] Remember


	■  There are five types of bone in the skeleton: long, flat, short, sesamoid and irregular.







Test your knowledge


	1  Name the five types of bone.


	2  Name two examples of long bones.


	3  Name the main functions of short bones.


	4  Name three flat bones.






1.1.4 Types of joints

A joint is where two or more bones meet. There are three main types of joints: fixed joints, slightly moveable joints and synovial joints.


[image: Image] Key term

Joint: where two or more bones meet.



Fixed joints

Some of your joints, like those in your skull and in your pelvis, are fixed and don’t allow any movement. The bones that form the joint are held together with fibrous connective tissue.

[image: image]      
Figure 1.12 Skull  



[image: image]
Figure 1.13 Pelvis




Slightly moveable joints

Bones that form slightly moveable joints are separated by a layer of fibrous connective tissue. For example, the joints formed between the vertebrae in the backbone contain discs of cartilage. This arrangement between the vertebrae allows for limited movement.


[image: image]
Figure 1.14 Slightly moveable joints between vertebrae




Synovial joints

A synovial joint joins bones together with a fibrous joint capsule and a layer of cartilage that surrounds the ends of bones forming the joint. The fibrous capsule forms a synovial cavity that encloses the ends of the bones. This cavity is filled with synovial fluid that is produced by a synovial membrane. This fluid allows synovial joints to move freely.


[image: Image] Key terms

Joint capsule: this holds bones in place.

Synovial fluid: this lubricates the joint.

Synovial membrane: this membrane produces synovial fluid.




[image: image]
Figure 1.15 Synovial joint 




There are six types of synovial joint in our skeletons.

Pivot joint

A pivot joint is where the rounded end of one bone fits into a ring formed by the other bone. This allows rotational or turning movements. An example is the joint between the first and second vertebrae of the neck, which allows the head to rotate.


[image: image]
Figure 1.16 Pivot joint




Condyloid joint

The wrist is a condyloid joint where the curved surface of the carpal bones joins with the radius of the forearm. The joint allows the wrist to move from side to side as well as forwards and back.


[image: image]
Figure 1.17 Condyloid joint




Saddle joint

The thumb forms a saddle joint, where one of the bones forming the joint is shaped like a saddle with the other bone resting on it like a rider on a horse. This allows the thumb to move towards the fingers.


[image: image]
Figure 1.18 Saddle joint




Gliding joint

Gliding joints allow some limited side to side and back and forth movements between the almost flat surfaces of the bones in the joint. The joint between the clavicle and the scapula is a gliding joint.


[image: image]
Figure 1.19 Gliding joint




Ball and socket joint

Ball and socket joints have a rounded surface of one bone moving within a depression on another bone. This allows the joint to move in three different directions, forward and back, side to side and rotation. The shoulder and hip are both examples of a ball and socket joint.


[image: image]
Figure 1.20 Ball and socket joint at the shoulder 




Hinge joint

A hinge joint is where the bones in the joint are shaped so that movement is only possible in one direction: forward and back. The elbow, knee and ankle are all examples of hinge joints.

[image: image]      
Figure 1.21 Ball and socket joint at the hip    



[image: image]
Figure 1.22 Hinge joint at the elbow


[image: image]
Figure 1.23 Hinge joint at the knee




[image: image]
Figure 1.24 Hinge joint at the ankle 



[image: Image] Activities


	1  Find and print an image of the skeleton. Label the diagram to identify the location of examples of the six types of synovial joint.


	2  Work with a partner. One writes the name of a type of synovial joint on a sticky label; their partner then adds the names of the bones forming the joint before placing the sticky label on their body to show the location of the joint.


	3  Copy and complete the table:












	
Type of synovial joint


	
Description


	
Example





	
Pivot


	
	



	
	
	
Wrist





	
	
	
Thumb





	
Gliding


	
	



	
	
Allows movement in three different directions


	



	
	
	
Elbow








	4  Use the first letter of the six types of synovial joint and create a mnemonic (saying or abbreviation) that uses those six letters.







[image: Image] Remember


	■  There are six types of synovial joints in the skeleton: pivot, gliding, saddle, condyloid, hinge and ball and socket joints.







Test your knowledge


	1  Name the six types of synovial joint.


	2  Name the type of joint found at the wrist and at the clavicle.


	3  Name an example of a pivot joint and a saddle joint.


	4  Name two examples of ball and socket joints.


	5  Name three examples of hinge joints.






1.1.5 Joint actions

Scientists use technical terms for the movements, more properly known as joint actions that have already been described in the previous pages.

Flexion

Flexion refers to movement where the angle between the bones that form the joint decreases. It is commonly known as bending. Examples of flexion include:


	■  When you bend your arm at the elbow, as when performing a biceps curl during weight-training exercise. The angle between the humerus and the ulna (and radius) decreases.


	■  When you bend your knee, as when performing squats. The angle between the tibia and the femur decreases so this movement is called flexion at the knee.




Flexion can also occur at the shoulder (when you move your arm from a resting position by the side to forwards and then to a position straight above your head) and at the hip (when you move your leg forwards from a standing position).

Extension

Extension refers to movement where the angle between the bones forming the joint bones increases. It is commonly known as straightening. Examples of extension include:


	■  When doing a press-up, you straighten your arm at the elbow. The angle between the humerus and the ulna increases.


	■  When kicking a football, you straighten your leg at the knee so the angle between the femur and the tibia increases.




Extension at the shoulder is when the arm moves down from in front of the body to the side and then further back behind the body. Extension at the hip involves moving the leg from in front of the body back towards a standing position.

[image: image]
Figure 1.25 Flexion and extension 


Rotation

Rotation refers to a pivoting or twisting movement. Examples include:


	■  when you turn your head to the side


	■  when you revolve your whole leg so your foot turns inwards or outwards


	■  when you revolve your shoulder when completing an overarm throw.





[image: image]
Figure 1.26 Rotation




Abduction

Abduction is movement of part of the body to the side and away from the midline of the body. An example of an abduction movement is when you raise your arms to the side during a fitness session.


[image: Image] Key term

Fitness: the ability to cope with daily demands without suffering undue fatigue; your body is fit enough to do what it needs to do.



Adduction

Adduction is movement of part of the body from the side back towards the midline of the body. An example of adduction is lowering your arms
down to the side of the body from an outstretched position.


[image: image]
Figure 1.27 Abduction and adduction




Plantar flexion

Plantar flexion is the correct term for the extension at the ankle when you point your toes. It is the movement of the foot in a downward motion away from the body. It is common in movements involving pushing off the ground such as walking, running and jumping.

Dorsiflexion

Dorsiflexion is the opposite movement of the ankle, when you pull your toes up toward your shins. It occurs during any action requiring jumping.

[image: image]
Figure 1.28 Plantar flexion and dorsiflexion 



[image: Image] Activities


	1  Work with a partner. One of you names a movement and a joint. Your partner then demonstrates that movement at that joint.


	2  Use the first letter of the seven types of movement and create a mnemonic (saying or abbreviation) that uses those seven letters.


	3  Copy and complete the table:












	
Movement type


	
Joint involved


	
Sporting example





	
Flexion


	
	
Biceps curl





	
Extension


	
	



	
Adduction


	
Shoulder


	



	
Abduction


	
	
Bowler in cricket





	
Rotation


	
	
Tennis serve





	
Dorsiflexion


	
Ankle


	



	
	
Ankle


	
High jump take-off










[image: Image] Remember


	■  There are seven types of movement at joints: flexion, extension, adduction, abduction, rotation, plantar flexion and dorsiflexion.







Test your knowledge


	1  Name the movements possible at the elbow.


	2  Describe the movements of abduction and adduction.


	3  Demonstrate rotation of the leg.


	4  Describe the movements of the ankle.


	5  Identify the movements taking place at the hip and shoulder when performing a star jump.






1.1.6 Structure of a synovial joint

Look again at the structure of synovial joints in Figure 1.15.

Synovial joints have a fluid-filled space between smooth cartilage pads at the end of the bones that form the joint. These pads are called articulating cartilage (articulating means ‘forming a joint’). This is a smooth lubricated surface to absorb shock and aid movement.

Surrounding the joint is a tough joint capsule that is lined with a synovial membrane. The joint capsule surrounds and seals the synovial joint to provide stability. The outer layer of the joint capsule often includes ligaments that join bones to bones and stabilise the joint and prevent possible dislocations.


[image: Image] Key terms

Articulating cartilage: a protective covering on the ends of bones.

Ligaments: connective tissue that joins bones to bone; supports and reinforces joint capsule.



The synovial membrane lining the joint cavities produces synovial fluid that lubricates the joint and reduces friction and wear between the articulating cartilages.

[image: image]
Figure 1.29 Front view of right knee showing articulating cartilage and ligaments


Synovial joints are supported by the joint capsule and ligaments. Muscles also help stabilise joints because tendons connect muscles to the bones to enable movement.

For example, when the quadriceps muscle contracts, it causes extension of the knee. Although the muscle is alongside the femur, the tendon of the muscle is attached to the tibia, so when the quadriceps muscle contracts it pulls on the tibia, causing extension.


[image: Image] Key term

Quadriceps muscle: contraction of this muscle causes extension at the knee.



[image: image]
Figure 1.30 Side view of knee to show action of quadriceps muscle 


When the hamstrings muscle contracts, it causes flexion at the knee. This is because the tendons of the hamstrings muscle – although located on the back of the femur – are attached to the tibia and fibula, so when the hamstrings muscle contracts, it pulls on the tibia and fibula causing flexion.


[image: Image] Key term

Hamstrings muscle: contraction of this muscle causes flexion at the knee.



[image: image]
Figure 1.31 Side view of knee to show action of hamstrings muscle



[image: Image] Activities


	1  Use the internet to find and print a copy of an unlabelled synovial joint (for example www.220triathlon.com/training/injuries/synovial-fluid-what-is-it-and-how-does-exercise-affect-it/). Label the following on the diagram: articulating cartilage, synovial membrane, synovial fluid, joint capsule.


	2  Copy and complete the table:











	
Part of synovial joint


	
Description and role





	
Synovial membrane


	



	
	
Acts as a lubricant to reduce friction between the parts of the joint, preventing wear and tear





	
Ligament


	



	
	
Strong material that covers the ends of bones and acts as a cushion





	
Tendon


	








[image: Image] Remember


	■  Synovial joints contain an articulating capsule, synovial membrane and synovial fluid, a joint capsule, tendons and ligaments.


	■  Contraction of muscles allows tendons to pull on bones: the quadriceps muscle causes knee extension and the hamstrings muscle causes knee flexion.







Test your knowledge


	1  Draw a simple diagram to show the main parts of a synovial joint.


	2  Describe the function of the joint capsule and ligaments.


	3  Describe the function of the synovial membrane and synovial fluid.


	4  Describe the function of the articulating cartilage.


	5  Explain the action of the quadriceps muscle and the hamstrings muscle.






1.1.7 Structure of the spine

The spine is made of 33 individual bones (called vertebrae) stacked one on top of the other. The vertebrae interlock with each other to form the spine or vertebral column. The spine provides the main support for your body, allowing you to stand upright, bend and twist. It also protects the spinal cord from injury.

Strong muscles and bones, flexible tendons and ligaments contribute to a healthy spine. However, if any of these structures is affected by strain, injury, or disease, it can cause pain.

The vertebrae are divided into regions: cervical, thoracic, lumbar, sacrum and coccyx.


[image: Image] Key terms

Cervical: neck vertebrae.

Thoracic: chest vertebrae; attached to ribs.

Lumbar: lower back vertebrae; weight-bearing.

Sacrum: attached to pelvis.

Coccyx: lowest part of spine; allows attachment of ligaments and muscles.




[image: image]
Figure 1.32 The regions of the spine




The main function of the cervical vertebrae is to support the weight of the head. The neck has two specialised vertebrae that connect to the skull and provide a large range of movement. The top cervical vertebra is the atlas. This is ring-shaped and connects directly to the skull. This joint allows for the nodding or ‘yes’ motion of the head. The next vertebra down is the peg-shaped axis that allows the atlas to pivot for the side-to-side or ‘no’ motion of the head.

The main function of the thoracic vertebrae is to hold the rib cage and protect the heart and lungs. The thoracic vertebrae have a limited range of movement.

The main function of the lumbar vertebrae is to bear the weight of the body. These vertebrae are much larger than the other vertebrae to absorb the stress of lifting and carrying heavy objects.

The sacrum consists of several fused vertebrae. The main function of the sacrum is to connect the spine to the pelvis.

The coccyx contains several fused bones that provide attachment for ligaments and muscles of the pelvis.


[image: Image] Activities


	1  Use the internet to find and print a copy of an unlabelled diagram of the spine (for example www.eorthopod.com/images/ContentImages/spine/spine_lumbar/lumbar_stenosis/lumbar_stenosis_anatomy03.jpg). Label the diagram to show the different regions of the spine.


	2  Copy and complete the table:











	
Part of spine


	
Function





	
	
Has two specialised vertebrae that connect to the skull and provide a large range of movement





	
Thoracic


	



	
	
These vertebrae are much larger than other vertebrae to absorb the stress of lifting and carrying heavy objects





	
Sacrum


	



	
	
Contains several fused bones that provide attachment for ligaments and muscles of the pelvis








	3  Use the first letter of the five types of vertebrae and create a mnemonic (saying or abbreviation) that uses those five letters.







[image: Image] Remember


	■  The spine consists of five different types of vertebrae/regions: cervical, thoracic, lumbar, sacrum, coccyx.







Test your knowledge


	1  Draw a vertical line and divide it into five equal parts. Start at the top and move down the line, labelling each part as a region of the spine.


	2  Describe the function of each of the different vertebrae found in the spine.







[image: Image] Read about it

Read about the skeletal system at www.bbc.co.uk/bitesize/guides/zq3sbk7/revision/1



1.1.8 Posture

The term posture is used to describe how your body is positioned when you are sitting, standing and lying down.

Effects of posture

Good posture is important because it limits the stress on supporting ligaments, tendons and muscles. This helps prevent back ache and fatigue. Good posture allows the muscles to work efficiently, which helps improve technique and decreases wear and tear on the joints. It also decreases the risk of joint discomfort and injuries.


[image: image]
Figure 1.33 Different postures




Bad posture means the muscles and ligaments are unable to work properly and too much stress is placed on certain muscles. Bad posture can be caused by weak or tight muscles, which may prevent a person from holding their body and hips in proper alignment and cause back, neck and shoulder pain. Bad posture can impair lung function and sporting techniques.

Common causes of bad posture include sitting for too long, obesity, pregnancy and wearing high-heeled shoes

Postural changes
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1.2 Muscular system



1.2.1 Types of muscle
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Cardiac muscle










Skeletal muscle










Smooth muscle





















	
	


	


	





	


	
	
	



	


	
	
	



	


	
	
	



	


	
	
	



	


	
	
	










	

	

	

	








	

	

	

	

	

	

	

	





1.2.2 Structure of the muscular system
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Deltoid muscle


[image: image]


Trapezius muscle


Latissimus dorsi muscle


Pectorals muscle


[image: image]
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Biceps muscles



[image: image]
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Triceps muscles


Abdominal muscles
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Oblique muscles
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Quadriceps muscles
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Hamstrings muscles



[image: image]




Gastrocnemius muscle
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Gluteal muscles
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Hip flexor muscles


[image: image]


Tibialis anterior muscle
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1.2.3 Muscle movement
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1.2.4 Muscle contractions















Concentric contractions


Eccentric contractions
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1.2.5 Muscle fibre types








Type 1 slow twitch fibres



Type 2 fast twitch fibres














	


	


	





	


	
	



	


	
	



	


	
	



	


	
	










	

	

	








	

	

	

	





1.2.6 Performance of muscle fibres

















	

	








	

	





1.3 Respiratory system



1.3.1 Structure of the respiratory system
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1.3.2 Functions of the respiratory system
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1.3.3 Diffusion and gaseous exchange
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1.3.4 Respiratory measurements
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1.3.5 Respiratory changes

















1.4 Cardiovascular system



1.4.1 Structure and function of the blood vessels


Arteries
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1.4.2 Blood redistribution



















	








	

	





1.4.3 Structure of the heart
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1.4.4 The cardiac cycle
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1.4.5 Cardiovascular measurements
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1.4.6 Blood pressure



	

	




















	








	

	

	










1.5 Energy systems
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