1

OCR

A LEVEL

PE

sample
chapter

FOR A LEVEL YEAR 1
Includes AS

John Honeybourne
Sarah Powell

851735_OCR_PE_A_LEVEL_Bk_01_V1.indd 1

11/05/2016 10:55

Understanding the specification
By the end of this chapter, you should be able to demonstrate
knowledge and understanding of the key roles the skeletal and
muscular systems play in the performance of physical activities
and sport. You should have knowledge and understanding of
the structure and functions of the bones, joints, muscles and
connective tissues within the skeletal system, including:
●● joints, muscles and movement patterns of the:
●● shoulder, elbow, wrist, hip, knee and ankle
●● planes of movement
●● roles of muscles
●● types of muscular contraction
●● movement analysis, including:
●● joint type, movement produced, agonist and antagonist
muscles involved, types of muscular contraction taking
place and the interpretation of data and graphs
●● structure, function and nervous stimulation of a motor unit for
muscular contraction
●● types of muscle fibre and their recruitment during exercise
and recovery:
●● slow oxidative, fast oxidative glycolytic and fast glycolytic.

The skeletal system
The skeleton
The skeleton is a shaping framework for the body which gives protection
for internal organs, is the site for blood cell production and is a mineral
store. Crucially for human movement the skeleton provides attachments
for the muscular system and acts as the levers and pivot points required to
create movement.
There are several types of bone that make up the skeleton.
●●

●●

Flat bones such as the sternum, ribs, cranium and pelvis protect internal
organs but also act as suitable sites for muscular attachment.
Long bones such as the femur, humerus, radius, tibia and phalanges act as
levers for movement and act as sites for blood cell production.

There are also irregular bones such as the vertebrae, which protect the
spinal cord, short bones such as the carpals and tarsals, which bear weight
well, and sesamoid bones such as the patella, which ease joint movement
and resist compression.
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Sternum

Scapula

Rib cage

Humerus

Vertebral column
Uina

Pelvic girdle

Radius
Carpals

Femur

Tibia

Key:
Axial
skeleton
Appendicular
skeleton

Fibula

1.1 Skeletal and muscular systems

1.1 Skeletal and muscular
systems

Talus

p Figure 1.1.1 The bones of the axial and appendicular skeleton

Study hint
You may not be asked to directly label a picture of a skeleton; however, you will
need to know the bones that articulate in key joints for human movement.

Joint type
Synovial joints are crucial in sport and exercise as they allow free
movement. They have common features but are designed differently to
allow a range of motion on one or more planes of movement.
 Table 1.1.1 Structure and function of a synovial joint

Common features
of a synovial joint

Structure

Function

Ligament

A tough band of slightly
elastic connective tissue

Connects bone to bone
and stabilises joints during
movement

Synovial fluid

Lubricating liquid contained
within the joint cavity

Reduces friction and
nourishes articular cartilage

Articular cartilage

Smooth tissue which covers
the surface of articulating
bones

Absorbs shock and allows
friction-free movement

Joint capsule

A fibrous sac with an inner
synovial membrane

Encloses and strengthens
the joint secreting synovial
fluid

Bursa

A closed, fluid-filled sac
found where tendons rub
over bones

Reduces friction between
tendons and bones

Key terms
Joint: an area of the body where
two or more bones articulate to
create human movement.
Ligament: a tough band of
fibrous, slightly elastic connective
tissue that attaches bone to bone.
Articular cartilage: smooth
tissue which covers the surface of
articulating bones to absorb shock
and allow friction-free movement.
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Articular cartilage
Capsular ligament

Pivot joint
A rounded bone articulates
with a ring-shaped bone
which restricts motion to one
plane, e.g. the radio-ulnar joint

Synovial membrane
Ligament

Head of
femur

Femur

p Figure 1.1.2 Synovial joint at the hip

Extend your knowledge

Hinge joint
A cylindrical bone articulates
with a trough-shaped bone
held tightly by ligaments
which limit sideways
movement. Motion restricted
to one plane, e.g. elbow,
knee and ankle joints

Gliding joint
Almost flat, similar-sized bones articulate
with limited motion in three planes,
e.g. the spine

Taking part in your sport will use a range of synovial joints. They all have
common features, such as synovial fluid and articular cartilage. Consider
the specific role each feature plays for lifelong participation in your sport.
Summarise your thoughts with an additional column in Table 1.1.1. For
example, the knee joint has cruciate ligaments which connect the femur
to the tibia and limit movement to prevent injury when resisting tackles
in football.

Ball and socket joint
A ball-shaped head articulates with
a cup-shaped socket to give a large
range of motion in all three planes,
e.g. hip and shoulder joints

The joint type and size and shape of articulating bones will allow a specific
range of motion at a joint: from the large range of motion possible at the
ball and socket joint of the shoulder to the limited range of motion at the
hinge joint of the ankle.

Planes of movement

Part 1 Applied anatomy and physiology

Key terms
Plane of movement: the
description of three dimensional
movements at a joint.
Movement patterns: a
description of the actions taking
place at a joint – for example,
flexion and extension of the
elbow joint.

The size and shape of the articulating bones and the joint type depict the
range of motion possible at a joint. If a person stands in the anatomical
position (feet shoulder-width apart and arms by their sides with palms
forwards) we describe their movement in three dimensions, based on
three planes:
1 The sagittal plane lies vertically. It divides the body into left and right
parts from the medial (midline) to the lateral (outside).

1.1 Skeletal and muscular systems

Pelvic girdle

Condyloid joint
Similar to a ball and socket joint
with flatter bone surfaces to allow
motion in two planes, e.g. the
wrist joint

p Figure 1.1.3 Types of synovial joint

Frontal
plane

Sagittal
plane

Transverse
plane

2 The frontal plane lies vertically. It divides the body into anterior (front)
and posterior (back) parts.
3 The transverse plane lies horizontally. It divides the body into superior
(upper) and inferior (lower) parts.
To be able to analyse movement, improve technique, train or rehabilitate
after injury, it is important we can describe the movement patterns along
these three planes.

p Figure 1.1.4 The anatomical position showing the three planes of movement
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Frontal plane

Flexion and extension are types of movement which change the angle
between articulating bones at a joint.

Abduction and adduction move an articulating bone at a joint away from
or closer to the midline of the body.

●●

Flexion decreases the joint angle, usually to the front (anterior) of
the body.

●●

Abduction of a joint moves the articulating bone away from the midline
of the body.

●●

Extension increases the joint angle, usually to the back (posterior) of
the body.

●●

Adduction of a joint moves the articulating bone closer to the midline of
the body.

Flexion: movement which
decreases the joint angle, usually
to the front of the body.
Extension: movement which
increases the joint angle, usually
to the back of the body.
Dorsi-ﬂexion: movement at the
ankle joint as the toes move up.
Plantar ﬂexion: movement
at the ankle joint as the toes
move down.

Flexion and extension can occur at the wrist when performing wrist curls,
at the elbow when performing bicep curls, at the shoulder when performing
basketball jump shots, at the hip when performing high kicks and at the
knee when performing leg curls, for example.
Dorsi-ﬂexion and plantar ﬂexion are unique to the ankle joint.
●●

Dorsi-flexion decreases the joint angle bringing the toes closer to the
tibia (toes up) – for example, when preparing to perform a jump shot
in basketball.

●●

Plantar flexion increases the joint angle moving the toes further away
from the tibia (toes down) – for example, when taking off in the
high jump.

Abduction and adduction mainly occur at the shoulder and hip joints when
performing star jumps, for example. It can also occur at other joints, such as
the wrist.

Abdu
ctio
n

Key terms

For example, when performing lateral raises, in the upward phase the
humerus moves further from the midline as abduction occurs at the
shoulder joint. In the downward phase, the humerus moves closer to the
midline as adduction occurs at the shoulder joint.

Add
uc
tio
n

For example, when performing a bicep curl, in the upward phase the radius
and ulna get closer to the humerus as flexion occurs, decreasing the angle
at the elbow joint. In the downward phase, the radius and ulna get further
from the humerus as extension occurs, increasing the angle at the
elbow joint.

p Figure 1.1.6 Lateral raises to strengthen
the shoulder joint

Key terms
Abduction: movement of the
limbs away from the midline of
the body.
Adduction: movement of the
limbs towards the midline of
the body.

1.1 Skeletal and muscular systems

Sagittal plane

Flexion

Abduction

Flexion

Part 1 Applied anatomy and physiology

Extension
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Flexion

Flexion
Extension

Extension

Adduction

p Figure 1.1.7 Movement patterns on the frontal plane: abduction and adduction at the
shoulder and hip joints

Flexion
Hyperextension
Hyperextension

Dorsiflexion

Extension
Extension

Plantar
flexion

p Figure 1.1.5 Movement patterns on the sagittal plane: flexion and extension at the wrist, elbow, shoulder, hip and knee joints, and
dorsi-flexion and plantar flexion at the ankle joint

Transverse plane
Horizontal extension and horizontal ﬂexion occur when a limb is parallel
to the ground and the articulating bone at a joint moves further from or
closer to the midline of the body.
●●

Horizontal extension of a joint moves the articulating bone away from
the midline of the body.

●●

Horizontal flexion of a joint moves the articulating bone closer to the
midline of the body.
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Horizontal extension and flexion occur at the shoulder when throwing a
discus and at the hip when performing ‘open the gate, close the gate’ warmup exercises, for example.

Activity
Draw a table with four columns titled joint, articulating bones, joint type and
movement patterns. Detail this information for the ankle, knee, hip, shoulder,
elbow and wrist joints.
For example:

Rotation also occurs at the shoulder and hip joints when an articulating bone
turns about its longitudinal axis, often referred to as a screwdriver action.
Rotation towards the body is medial and rotation away from the body is lateral.
For example, when performing a tennis forehand groundstroke with topspin,
the humerus rotates at the shoulder joint laterally in the preparation phase
and medially in the execution phase to sweep the racquet over the top of
the ball.
p Figure 1.1.8 Horizontal extension of
the shoulder joint in the backswing of a
discus

Horizontal extension: movement
of the limbs away from the
midline of the body parallel to the
ground.
Horizontal ﬂexion: movement of
the limbs towards the midline of
the body parallel to the ground.
Rotation: movement whereby
articulating bones turn about their
longitudinal axis in a screwdriver
action.

Horizontal
extension

Horizontal
extension

Part 1 Applied anatomy and physiology

Articulating bones

Joint type

Movement patterns

Ankle

Tibia, fibula, talus

Hinge

Dorsi-flexion and
plantar flexion

Extend your knowledge

The knee joint in focus
The knee joint is one of the strongest in the body, which allows movement but
also carries great weight. For this reason, it is designed to be very stable.

●●

●●

Horizontal
flexion

Horizontal
flexion

●●

p Figure 1.1.9 Movement patterns on the transverse plane: horizontal extension and
horizontal flexion

Activity
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Joint

●●

Key terms

Most pieces of gym equipment concentrate on one plane of movement.
Identify exercise stations that work on each plane of movement. For example,
squat press and close arm pull-ups use flexion and extension of the knee, hip,
elbow and shoulder on the sagittal plane. Create a circuit training session
which uses all planes of movement.
 Table 1.1.2 Overview of joint type and movement patterns possible

Joint type

Description

Plane of movement Movement pattern

Ball and
socket

Shoulder
and hip

Sagittal plane

Flexion and extension

Frontal plane

Abduction and adduction

Transverse plane

Horizontal flexion, horizontal
extension, medial and lateral
rotation

Hinge

Elbow, knee
and ankle

Sagittal plane

Flexion, extension, dorsi-flexion
and plantar flexion

Condyloid

Wrist

Sagittal plane

Flexion and extension

Frontal plane

Abduction and adduction

1.1 Skeletal and muscular systems

For example, when performing the discus, in the backwards swing the
humerus moves further from the midline parallel to the floor as horizontal
extension occurs at the shoulder joint. In the forwards swing, the humerus
moves closer to the midline parallel to the floor as horizontal flexion occurs
at the shoulder joint.

The synovial hinge joint allows flexion and extension of the lower leg. The
range of motion is limited to approximately 120° of flexion by the size
and shape of the bones locking together.
The synovial joint capsule provides strength and lubrication. Articulating
surfaces of the femur and tibia are covered in articular cartilage to allow
friction-free movement. Between the surfaces is a figure-of-eight shaped
layer of fibrocartilage known as meniscus, which acts as a shock absorber.
Many strong ligaments reinforce its structure and limit movement in a
certain direction. Medial and lateral ligaments limit sideways movement and
cruciate ligaments maintain alignment of the knee. Anterior and posterior
cruciate ligaments limit forward and backward movement; the anterior
cruciate ligament crucially preventing hyperextension of the knee joint.
Bursae surrounding the knee reduce friction between the tendons and
patella across the surface of the joint, and pads of fat help cushion the
knee and absorb the shock from external stress.

Femur

Cruciate
ligaments

Meniscus

Tibia

p Figure 1.1.10 Bones and ligaments of
the knee joint

The muscular system
The primary function of our muscular system is to create movement.
Muscles can exert tremendous power while constantly making small
adjustments for balance, whether our body is in rest or in motion. Every
sporting action performed requires the co-ordination of skeletal muscles to
contract, creating a pull force bringing two body parts closer together.
Each muscle is composed of many fibres encased in connective tissue
forming tendons at either end. Tendons attach muscles to bone and
transmit the pull force created by the muscle to move the bones they are
attached to. The points of attachment for each muscle are termed ‘origin’
and ‘insertion’:
●●

Origin: the point of muscular attachment to a stationary bone which
stays relatively fixed during muscular contraction. For example, the biceps
brachii’s origin is on the scapula during an arm curl.

●●

Insertion: the point of muscular attachment to a moveable bone which
gets closer to the origin during muscular contraction. For example, the
biceps brachii’s insertion is on the radius during an arm curl.

Key term
Tendon: a fibrous connective
tissue that attaches a muscle
to bone.
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Rear view

Trapezius
Pectolaris major
Biceps brachii

Anterior deltoid

 Table 1.1.3 The common antagonistic muscle pairings for flexion

Posterior deltoid
Teres major

Triceps brachii

Rectus
abdominis

Latissimus dorsi

External
obliques

Wrist extensors

Gluteus medius

Wrist
flexors
Adductor
longus

Gluteus
maximus

Rectus
femoris

Gastrocnemius

Antagonist

Flexion (wrist)

Wrist flexors

Wrist extensors

Flexion (elbow)

Biceps brachii

Triceps brachii

Flexion (shoulder)

Anterior deltoid

Posterior deltoid

Flexion (hip)

Ilipsoas

Gluteus maximus

Flexion (knee)

Biceps femoris (hamstring group)

Rectus femoris (quadriceps group)

A muscle uses energy to create force. It is this force that can create human
movement and even be passed onto an object such as a ball. Muscles
create this force by contracting. Just as a muscle has three potential roles to
perform, it can also contract in three different ways.

Biceps brachii
Radius

Isotonic muscle contraction is when a muscle changes length during its
contraction. This can occur in two ways:

Ulna
Triceps brachii
Humerus

 Figure 1.1.12 The elbow joint where the
biceps and triceps brachii work together to
lift and lower the forearm in a biceps curl

●●

Concentric muscle contraction is when a muscle shortens producing
tension. This produces the force to pull two bones closer together, causing
joint movement: for example, in the upwards phase of a biceps curl, the
biceps brachii concentrically contracts to lift the weight to the shoulder.

●●

Eccentric muscle contraction is when a muscle lengthens producing
tension. This resists forces, such as gravity, to control joint movement:
for example, in the downward phase of a biceps curl, the biceps brachii
eccentrically contracts to lower the weight under control.

Part 1 Applied anatomy and physiology

Key terms
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Agonist: a muscle responsible
for creating movement at a joint.
Also known as the prime mover.
Antagonist: a muscle that
opposes the agonist providing
a resistance for co-ordinated
movement.
Fixator: a muscle that stabilises
one part of a body while
another moves.
Antagonistic muscle action:
paired muscle action. As the
agonist muscle shortens to
create movement, the antagonist
lengthens to co-ordinate the action.

Gastrocnemius and soleus

Muscle contraction

p Figure 1.1.11 Major skeletal muscles

Working in pairs, use sticky labels to
locate the major muscles on each
other’s body. Extend this activity by
collecting pictures of bodybuilders
and labelling as many muscles as
you can.

Agonist

One muscle acts as the agonist for flexion and its pair co-ordinates the
action as the antagonist. If the opposing movement, extension, was
considered, the muscle pairings would swap roles. For example, when kicking
a football, in the preparation phase the biceps femoris creates flexion of the
knee joint as the agonist and the rectus femoris co-ordinates the action as
the antagonist. In the execution phase, the rectus femoris is the agonist for
knee extension and the biceps femoris is the antagonist. This is known as
antagonistic muscle action.

Soleus

Activity

Movement

Dorsi-flexion (ankle) Tibialis anterior

Biceps femoris

Tibialis anterior

When kicking a football, the quadriceps group (e.g. rectus femoris) is the
agonist responsible for creating extension of the knee by pulling the lower
leg into a straight position. The movement is co-ordinated by the hamstring
group (e.g. biceps femoris), which acts as the antagonist. The gluteus
maximus stabilises this action as the fixator.

1.1 Skeletal and muscular systems

Front view

Antagonistic muscle action
Muscles never work alone. They work in pairs or groups to produce
co-ordinated movement. Each muscle takes on a different role which,
depending on the type of movement produced, can change. There are three
main roles a muscle can adopt:
1 Agonist: a muscle responsible for creating movement at a joint. Also
known as the prime mover.
2 Antagonist: a muscle that opposes the agonist providing a resistance
for co-ordinated movement.

Isometric muscle contraction is when a muscle contracts but does not
change length: for example, the biceps brachii holding a free weight in
the hand still. The muscle will create tension as it pulls on the tendon
attachments; however, no movement is created. Posture is maintained by
muscles isometrically contracting.

Key terms
Isotonic contraction: muscular
contraction which changes length
during its contraction. This can
occur in two ways: concentric and
eccentric contraction.
Concentric contraction:
muscular contraction which
shortens while producing tension.
Eccentric contraction: muscular
contraction which lengthens while
producing tension.
Isometric contraction: muscular
contraction which stays the same
length while producing tension.

3 Fixator: a muscle that stabilises one part of a body while another
causes movement.
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Concentric contraction as the biceps brachii
shortens to create flexion of the elbow

●●

a hinge joint where the tibia, fibula and talus bones articulate

●●

plantar flexion created by the agonist, the gastrocnemius and soleus,
which concentrically contract

Isometric contraction as the biceps brachii
stays the same length to prevent movement

●●

co-ordination by the antagonist, the tibialis anterior, which resists and
controls the movement.

Eccentric contraction as the biceps brachii
lengthens to control extension of the elbow

1.1 Skeletal and muscular systems

Consider the pictures below. Can you apply your knowledge to perform a
movement analysis on the joints identified? For example, for the netball GS,
a movement analysis of the ankle joint would show:

p Figure 1.1.13 Types of muscular contraction

Extend your knowledge
Key term

Part 1 Applied anatomy and physiology

Delayed onset muscle soreness:
pain and stiffness felt in the
muscle which peaks 24–72 hours
after exercise, associated with
eccentric muscle contractions.
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Plyometrics is a strength training method used by explosive performers,
such as throwers, jumpers and sprinters. The muscle is pre-stretched with
an eccentric contraction before performing a power-producing concentric
contraction. The benefits include increased muscle elasticity, which increases
speed and power. However, it is associated with muscle damage and
the delayed onset muscle soreness (DOMS) experienced 24–72 hours
post training.

Key term

Movement analysis

Movement analysis: analysis
of the type and cause of bodily
movement, including knowledge of
the joint type, articulating bones,
movement pattern, agonist and
antagonist muscle action and
contraction type.

You will need to be able to put all the knowledge gained so far together
to analyse different movements in sport and exercise situations. This is
known as a movement analysis. You will need to be able to consider
an illustration, picture or described situation and for an individual joint
identify the:
●●

joint type

●●

articulating bones

●●

movement pattern

●●

agonist muscle

●●

antagonist muscle

●●

contraction types.

1 A netball GS takes a shot. Analyse the ankle, knee, shoulder and
elbow joints.
2 A rugby player kicks for goal. Analyse the ankle, hip and knee joints.
3 A javelin thrower prepares for release. Analyse the wrist and
shoulder joints.
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Knee

Joint type

Hinge joint

Articulating bones

Tibia, fibula and talus
Sagittal plane

Movement
Dorsi-flexion
Agonist muscles

Plantar flexion

Tibialis anterior

Joint type

Hinge joint

Articulating
bones

Femur and tibia
Sagittal plane

Movement
Flexion

Gastrocnemius and soleus

Femur

Femur

Agonist muscles

Patella

Biceps femoris, semitendinosus and
semimembranosus (hamstring group)

Extension
Rectus femoris, vastus lateralis, vastus intermedius and
vastus medialis (quadriceps group)

Posterior view
Tibia

Semitendinosus
Semimembranosus

Tibia

Rectus femoris

Biceps femoris

Vastus lateralis
Vastus
intermedius
(not visible as it
lies beneath the
rectus femoris)

Achilles
tendon
Fibula

Quadriceps
group

Vastus medialis

a) Gastrocnemius

Practical application

b) Soleus

Contemporary dancers use their feet for shaping
bodily movements. Concentrically contracting the
gastrocnemius and soleus to plantar flex the ankle joint
creates a fully extended finish to the leg in a split leap or
rising to the toes to go on pointe.

Practical
application

1.1 Skeletal and muscular systems

Ankle

The knee joint is essential for creating power in a penalty
shot in football. Concentrically contracting the biceps
femoris flexes the knee joint in the preparation phase.
Concentrically contracting the rectus femoris extends the
knee joint in the execution phase through a large range of
motion to generate a large force to apply to the football.

p Figure 1.1.15 The knee joint in detail

Part 1 Applied anatomy and physiology

p Figure 1.1.14 The ankle joint in detail
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Study hint

Activity

Study hint

Fill in the blanks of the following
paragraph:
When performing calf raises, an
athlete uses the ankle joint. This is
a __________ joint. The articulating
bones are the __________,
__________ and __________. In the
upward phase, the movement is
__________-__________. The agonist
for this action is the __________ and
__________. These muscles shorten
in length to create the movement.
This is known as a __________
contraction.

Remember the agonist muscle swaps role to the antagonist for the opposing
movement. For example, the agonist for dorsi-flexion is the tibialis anterior,
which acts as the antagonist for plantar flexion. The gastrocnemius and
soleus is the agonist for plantar flexion but swaps to the antagonist for
dorsi-flexion.
Agonist

Antagonist

Dorsi-flexion

Tibialis anterior

Gastrocnemius and soleus

Plantar flexion

Gastrocnemius and
soleus

Tibialis anterior

The quadriceps and hamstring muscle groups are not enough to secure
marks in an exam. Learn all of the muscles in each group, although a specific
example of one muscle in each group may be enough to gain marks, such as
the rectus femoris (quadriceps group) and biceps femoris (hamstring group).
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