IB Sport, Exercise, and Health Science
St. Edmund Preparatory High School
Mr. J. Grillo – jgrillo@stedmundprep.org
Summer Assignment:
Analysis of Human Movement
Introduction: This course incorporates the disciplines of anatomy and physiology,
biomechanics, psychology and nutrition, which are studied within the context of sport,
exercise and health. In order to be prepared to “hit the ground running” in September, you will
be asked to complete this packet dealing with how the human body moves. The concepts
presented in this packet are going to be crucial to our understanding of the content of this
course.
Directions: You must first READ and TAKE NOTES on the material presented here. Get a
5-subject notebook that you will use for this class (and only this class). In this class, you will
not be permitted to use a device to take notes – ALL NOTES MUST BE HANDWRITTEN!
The notebook that you use for the notes on the summer assignment should be the
notebook that you use in class all year. You will responsible to complete these tasks before
the first day of school:
1. The following tables and figures MUST be copied into your notebook.
a. Figure 3.1 (the skeleton)
b. Figure 3.3 (joint types)
c. Table 3.1 (summary of synovial joint types and movement ranges)
d. Figure 3.7 (movement patterns of major joints)
e. Figure 3.10 (muscle function)
2. The definitions of the boldface vocabulary terms MUST be copied into your notebook.
*Use the last section of the 5-subject notebook for vocabulary – this will allow
you to create a “glossary” of terms throughout the year.
3. Print a copy of the following figures and attach them to the inside front and back
covers of your notebook. (Color printouts are helpful, but not necessary.)
a. Figure 3.2 (the human skeleton)
b. Figure 3.8 (superficial anterior muscles)
c. Figure 3.9 (superficial posterior muscles)
4. Complete ALL Practice Questions at the end of the packet. These should be typed
(following the school-wide writing standard) and be handed in on the first day of class.
These questions will be graded as an exam and will serve as the basis for the first section
of material that will be covered.
Additional Resources: If you need any additional help with this assignment, check out this
website: http://www.innerbody.com/ and pay attention to the sections on the Muscular
System and Skeletal System.
Feel free to contact me via e-mail at any point during the summer. Good Luck and Have Fun!
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CHAPTER 3 - ANALYSIS OF MOVEMENT
Introductory anatomy of the skeletal and
muscular systems

STUDENT NOTE
A general overview of the skeletal system is meant to be
used as an introduction, but will not be directly examined.
Your main focus for revision is on movement analysis in
relation to sporting or activity-based performances.
figure 3.1 – the skeleton

The skeletal system
• The appendicular skeletal system (figure 3.1)
consists of the shoulder girdle, skull, hip girdle, leg
and arm bones.
• The axial skeleton (figure 3.1) consists of the
skull, vertebral column, ribs and sternum.
The functions of the skeletal system are to act
as a lever system, as surface area for attachment of
muscle, tendons and ligaments, and to give shape and
support to the body. Also, red and white blood cells
are manufactured within bone marrow, and bones store
fats and minerals.
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figure 3.2 – the human skeleton

Types of bones and
principal functions
See a summary of these
terms in figure 3.1.
• Long bones, for example,
the femur (which acts as a
lever).
• Short bones, for example,
carpals (which have strength
and lightness).
• Flat bones, for example,
the pelvis (which has a large
surface area for muscle
and tendon attachments),
the cranium (which has the
function of brain protection).
• Irregular bones, for
example, the vertebrae
(which protect the spinal
cord), the patella (a sesamoid
bone which increases the
mechanical advantage of the
quadriceps tendon).
STUDENT NOTE
You need to familiarise yourself
with the names of bones in figure
3.2 that articulate at the ankle,
knee, hip, shoulder and elbow,
when you answer movement
analysis questions.
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Bony features
Protrusions and depressions act as the places on bones at which ligaments and muscle tendons attach (their shape increases
the surface area on the bone available for attachment).

Cartilage
• Hyaline (articular) cartilage has a smooth, solid matrix which sits on the ends of bones, and forms the exact surfaces
which are in contact and move across one another when a joint is used.
• White fibro-cartilage is tough and slightly flexible and exists between vertebrae.
• Yellow elastic cartilage is soft and elastic and exists in the ear lobes.

The structure and function of bone tissue
• The periosteum is an outer protective covering of bone which provides attachment for muscle tendons and ligaments. The
deeper layers of the periosteum are responsible for growth in bone width.
• The epiphyseal disc or growth plate is the segment of a bone in which an increase in bone length takes place.
• Compact bone consists of solid bone tissue, located down the shaft of a long bone and the outer layers of short, flat and
irregular bones. Its dense structure gives strength and support.
• Cancellous bone has a lattice-like or spongy appearance. It is light-weight and is located at the ends of a long bone, in
addition to providing the internal bone tissue in short, flat and irregular bones.

Types of joints and articulating bones
figure 3.3 – joint types
Articulation is defined as ‘a place where two or more
bones meet to form a joint’.

Joint types
Joint types (figure 3.3) are:
• Fibrous or immovable – for example, between bones of
the cranium.
• Cartilaginous or slightly moveable – for example, vertebral
discs.
• Synovial or freely moveable (classified in table 3.1 on page 55).

cartilaginous
or slightly
moveable

fibrous or
immovable

synovial or
freely
moveable

JOINT TYPES

Synovial joint
See figure 3.4 for the locations of the elements of a synovial joint.
• Synovial fluid reduces joint friction by lubrication, and maintains
joint stability.
• Synovial membrane encloses fluid and secretes fluid.
compact bone
• Joint capsule is a sleeve of tough, fibrous tissue surrounding
the joint.
• A ligament is an extension of the joint capsule consisting of
strong, fibrous connective tissue that provides stability by joining
bone to bone.
synovial cavity
• Articular cartilage prevents friction between bones, and
filled with
cushions the ends of bones.
synovial fluid
• Bursae prevent friction and wear.
• Pads of fat cushion the joint.
cancellous
• Menisci help bones fit together and improve stabilisation of the
bone
joint.

figure 3.4 – a synovial joint

ligament
joint capsule
synovial
membrane
articular (hyaline)
cartilage
medullary cavity
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Terms used in movement analysis
Terms of movement consist of three main sections:
• Planes of the body.
• Axes of the body.
• Movement patterns.
To help analyse movement, it is possible to imagine a series of lines and surfaces that divide the body into sections – the lines are
called axes and the surfaces called planes.

Planes of the body
The term body plane is defined as ‘an imaginary flat surface running through the centre of gravity of the body’,
and is used to assist in the understanding of movement of body segments with respect to one another. Within each plane an axis
can be identified in association with a particular joint about which the movement takes place.

Three imaginary planes
Refer to figure 3.5.
• Frontal (coronal) plane
• A vertical plane that divides the body into front and back sections.
• Movements in this plane are abduction and adduction, as for example in a
cartwheel.
• And spinal lateral flexion, as for example in side flexion trunk bends.

figure 3.5 – planes and axes
Axis A

Sagittal

Frontal

• Sagittal (median) plane
• A vertical plane that divides the body into left and right sides.
• Movements in this plane include flexion and extension, as for example in
somersaults, biceps curl, pole vault take-off, sprinting, dorsiflexion, and
plantarflexion.
• Transverse (horizontal) plane
• A horizontal plane that divides the body into upper and lower sections.
• Movements are rotational movement patterns such as supination,
pronation, and spinal rotation.
• Example movements would be twisting or turning, the spinning skater,
discus, hammer or ski turns.

Axis B
Axis C

Transverse

Axes of rotation
An axis of rotation is defined as ‘an imaginary line about which the body
rotates or spins, at right angles to the plane’ – look at figure 3.5 axes
labelled A, B and C.

Three imaginary axes
• Longitudinal axis
• Axis A on figure 3.5.
• This axis runs vertically from the top of the head to a point between the feet.
• Movements in the transverse plane about the longitudinal axis are rotational movements.
• Examples of sporting movements would be the spinning skater and the hammer throw.
• Transverse axis
• Axis B on figure 3.5. This axis runs horizontally from side to side across the body between opposite hips at right angles to
the sagittal plane.
• Movements within the sagittal plane about the transverse axis are flexion, extension, hyperextension, dorsiflexion and
plantarflexion.
• Sports movements about this axis include sit ups, and the high jump Fosbury Flop flight phase.
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• Frontal axis (sometimes called the front axis)
• Axis C on figure 3.5.
• This axis runs horizontally from front to back between belly button and lumbar spine.
• Movements in the frontal plane about the frontal axis include abduction, adduction and spinal lateral flexion.
• Examples of sports movements about this axis are a cartwheel, and the bowling action in cricket.

Joint actions
In table 3.1 the movement ranges of synovial joints are classified according to their axes of movement. This means that joints
that allow only one plane of movement are identified as a one-axis joint, a two-axes joint has movement within any two planes,
whereas a three-axes joint has movement in all three planes.
Table 3.1 – summary of synovial joint types and movement ranges
synovial joint types

movement range

example body place: articulating bones

ball and socket

3 axes, flexion / extension,
abduction / adduction,
rotation, circumduction

hip: femur, acetabulum of pelvis.
shoulder: scapula, humerus.

hinge

1 axis, flexion / extension

knee: femur, tibia.
elbow: humerus, radius, ulna.

pivot

1 axis, rotation

spine: atlas: odontoid process of axis (turns head side to side).
elbow: proximal ends of radius and ulna.

condyloid
(modified ball
and socket)

2 axes, flexion / extension,
abduction / adduction
= circumduction

knuckles: joint of fingers: metacarpals, phalanges.
wrist: radius, carpals.

saddle

2 axes, flexion / extension,
abduction / adduction
= circumduction

joint at base of thumb: carpal, metacarpal.

gliding

a little movement in all
directions

centre of chest: clavicle, sternum.
spine: articulating surfaces.
wrist: carpals.
ankle: tarsals.

Movement patterns at joints, the terminology
The possible ranges of movements within a synovial joint (figure 3.6) vary according to the shape of the articular surfaces and
therefore according to the joint type. These movement patterns have been categorised according to the relevant body planes.
Movement patterns in the sagittal (median) plane:
Flexion means to bend, resulting in a decreased angle around the joint – for example, bending of the knee.
Extension means to straighten, resulting in an increased angle around the joint – for example, straightening of the knee from a
bent-legged to straight-legged position.
Hyperextension is the forced extension of a joint beyond its normal range of motion – for example, the arched spine that is
created in the flight phase of the Fosbury Flop high jump technique.
Plantarflexion involves extending the toes thereby increasing the angle at the ankle – for example, standing on tip-toes.
Dorsiflexion describes movement of the foot towards the shin – for example, walking on one’s heels.

Joint actions 55

SECTION A –
CHAPTER 3

ANALYSIS OF MOVEMENT

Movement patterns in the frontal (coronal) plane:
Abduction means to take away and so is characterised by
movement away from the midline – for example, a cartwheel in
gymnastics.
Adduction means to bring together and so is
characterised by movement towards the midline
– for example, bringing the lower legs back
together from the inverted cartwheel.

figure 3.6 – movement patterns

rotation

supination
pronation

circumduction
elevation
flexion

Lateral flexion is sideways bending.

depression

Eversion is the joint action at the ankle
characterised by the turning of the sole of the
foot laterally outwards – for example, the kick
action in breaststroke.
				
Inversion is the joint action at the ankle
characterised by the turning of the sole of the
foot medially inwards – for example, a football
player inverts the foot to pass the ball with the
outside of his or her boot.

extension

hyper
extension

eversion
plantar
flexion

Depression describes movement of the shoulders
downwards – for example, the preparation for a dead
lift, gripping the bar.

Movement patterns in the transverse (horizontal) plane:
Horizontal abduction and adduction
Start off with your arm stretched out in front
of you parallel to the ground, whilst your
wrist joint
(flexion / extension,
shoulder is flexed. Now move your arm
abduction /
away and to the side of the body. This is
adduction)
called horizontal abduction (also known
as horizontal extension). If you return
back to your starting position you will have
elbow joint
performed horizontal adduction (also known
(flexion / extension)
as horizontal flexion). A discus thrower during
the preparatory swing (horizontal abduction)
and release of a discus (horizontal adduction)
performs these movement patterns.

Supination is characterised by the rotation
of the forearm laterally so that the hand
faces upwards – for example, the right hand
action in a hockey flick.

lateral
flexion

dorsi
flexion

Elevation describes movement of the shoulders upwards –
for example, a shoulder shrug.

Pronation is characterised by the rotation
of the forearm medially so that the hand
faces downwards – for example, a top-spin
forehand in tennis.

inversion

MOVEMENT
PATTERNS

hip joint
(flexion / extension
abduction / adduction
= circumduction +
medial / lateral
rotation)
ankle joint
(dorsiflexion /
plantarflexion,
inversion /
eversion)

horizontal
abduction
abduction
adduction

horizontal
adduction

figure 3.7 – major joints – movement patterns
radio-ulnar joint
(pronation /
supination)

shoulder joint
(flexion, extension abduction /
adduction = circumduction +
horizontal flexion / extension
medial / lateral rotation)

vertebral column
(flexion / extension
lateral flexion,
rotation)

knee joint
(flexion / extension)

Rotation is the turning of a structure around its long axis. Rotation can be inwards, hence medial rotation of the humerus with
the forearm flexed brings the hand towards the body – for example, in the breaststroke the humerus rotates medially as the
hands enter the water.
Rotation can be outwards, hence lateral rotation of the humerus describes a movement whereby the hand moves away from
the body – for example, the humerus rotates laterally in preparation for the forehand stroke in tennis.
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Circumduction is a combination of flexion, extension, abduction and adduction – for example, when the upper arm moves
(arm circling) so that it describes a cone with the shoulder joint at the apex. Circumduction is a combination of two planes –
sagittal and frontal planes.
Most movements that occur in physical activities are combinations of the movements explained in figure 3.7.

Introductory anatomy of the muscular system
Body muscles
figure 3.8 – superficial anterior muscles

figure 3.9 – superficial posterior muscles

facial muscles

sternocleidomastoid

sternocleidomastoid
trapezius

trapezius
posterior deltoid

anterior deltoid

pectoralis major

teres minor
teres major

serratus anterior

biceps brachii

rectus abdominus
flexors of wrist
and fingers
external abdominal
oblique

brachoradialis

infraspinatus

triceps brachii
latissimus dorsi
external abdominal
oblique

extensors
of wrist
and fingers

tensor fascia latae

gluteus maximus

sartorius

vastus lateralis
rectus femoris
vastus medialis

quadriceps
group

patella
patella ligament
gastrocnemius
soleus

hamstring group

adductors of thigh
pectineus
adductor longus
gracilis

gracilis

semitendinosus
biceps femoris
semimembranosus

tibialis anterior
extensor digitorum longus

gastrocnemius

lateral leg muscles

soleus
calcaneal tendon
(achilles tendon)

STUDENT NOTE
In your movement analysis you will need to identify major skeletal muscles of the human body (figures 3.8 and 3.9 above) in
relation to joint activity and muscle analysis in tables 3.2, 3.3 and 3.4 below. The muscles identified in these tables give you
plenty of choice to select from. However if you refer to your exam syllabus you may wish to focus on the muscles that your
exam board has specified.
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Table 3.2 – wrist, elbow and shoulder movements and muscles
body part / joint

movement pattern

active (agonist) muscles

movement examples

wrist

extension

extensor carpi ulnaris,
extensor digitorum

follow through in an over-arm throw

flexion

flexor carpi radialis, flexi carpi ulnaris

dumbbell wrist curls

flexion

biceps brachii, brachialis

bicep curls

extension

triceps brachii, anconeus (forearm)

follow through over-arm throw,
bench press, triceps dips

forearm /
radio-ulnar
(pivot)

supination

supinator, biceps brachii

catching the bar during a clean

pronation

pronator teres, pronator quadratus

putting top spin on a tennis ball

shoulder joint

adduction

latissimus dorsi, anterior deltoid,
teres major / minor

recovery phase in overarm throw,
triceps dips

abduction

medial deltoid, supraspinatus
supraspinatus

preparation phase shoulder pass

flexion

pectoralis major, anterior deltoid,
coracobrachialis

release phase in overarm throw,
triceps dips

extension

posterior deltoid, latissimus dorsi,
teres major

shoulder position during javelin
approach run

medial rotation

latissimus dorsi, posterior deltoid,
pectoralis major, teres major,
subscapularis
subscapularis

forehand stroke / follow through at
table tennis

horizontal adduction

pectoralis major, anterior deltoid

arm swing into the release phase of a
discus throw

horizontal abduction

posterior deltoid, trapezius,
latissimus dorsi

preparatory swing (backward) of the
arm in the discus

lateral rotators

teres minor, infraspinatus

backhand stroke / follow through at
table tennis

elevation

upper fibres of trapezius,
levator scapulae, rhomboids

a dumbbell shoulder shrug

depression

latissimus dorsi, lower fibres of
trapezius, pectoralis minor,
serratus anterior (lower fibres)

preparation for dead lift when
gripping the bar

protraction

serratus anterior

recovery phase during breaststroke

retraction

rhomboids, trapezuis

pull phase during breaststroke

upward rotation

upper fibres of trapezius,      
serratus anterior

arm recovery phase during butterfly
stroke

downward rotation

lower fibres of trapezius, rhomboids

arm pull phase during butterfly
stroke

arm / elbow

4 rotator cuff
muscles stabilise
shoulder joint

shoulder or
pectoral girdle
(scapula +
clavicle)

STUDENT NOTE
The main agonist muscle for each movement is in
red bold font type in tables 3.2, 3.3 and 3.4.
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Table 3.3 – trunk and spine movements and muscles
body part / joint

movement pattern

active (agonist) muscles

movement examples

trunk / spine

flexion

internal//external
external
rectus abdominus, internal
obliques, transversus
transversus abdominus
abdominus
obliques,

sit ups

core stability
muscles

extension /
hyperextension
supports lower back

erector spinae group - sacrospinalis /   extension - trunk position
during netball shot at goal,
multifidus (deep lumbar portion)
hyperextension - flight phase of
Fosbury Flop

rotation

external obliques, rectus abdominus,
erector spinae

hammer throw swings, barani in
trampolining / gymnastics

lateral flexion

internal obliques, rectus abdominus,
erector spinae, quadratus
lumborum, sacrospinalis

side bends, twisting trunk /
abdominal curls

Table 3.4 – hip, knee and ankle movements and muscles
body part / joint

movement
pattern

active muscles (main agonist)

movement examples

hip

flexion

iliopsoas, rectus femoris, pectineus,
sartorius, tensor fascia latae,
adductor longus and brevis

squat start (low) position, high knee
lift during sprinting, moving the
knees up into a tuck position

extension

gluteus maximus,                  
hamstring group, adductor magnus

high jump take-off, rear leg drive
during sprinting

adduction

adductor longus / magnus / brevis,
pectineus, gracilis

cross over phase during javelin runup, side footing a football

abduction

gluteus medius / minimus, sartorius,
tensor fascia latae, piriformis

movement into the inverted phase of
a cartwheel

medial rotation

gluteus medius / minimus,         
tensor fascia latae, iliopsoas, gracilis

hip movement across circle during
travel phase of a discus turn

lateral rotation

gluteus maximus, psoas major,
adductors, piriformis, sartorious

movement into a yoga stork position

extension

quadriceps group - rectus femoris /
vastus medialis / vastus intermedius /
vastus lateralis

high jump take-off, rear leg drive
during sprinting

flexion

hamstring group - biceps femoris /
semimembranosus / semitendinosus,
sartorius, gracilis, gastrocnemius

squat start (low) position, high knee
lift during sprinting, moving the
knees up into a tuck position

plantarflexion

gastrocnemius, soleus,               
tibialis posterior, peroneus,         
flexor digitorum longus

take-off phase during jumping

dorsiflexion

tibialis anterior,                      
extensor digitorum longus

landing phase from jump

knee

ankle
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Agonists and antagonists
Musculo-skeletal attachments

figure 3.10 – muscle function

Ligaments attach bone to bone to limit the range of movement of
joints.
Tendons attach muscle to bone across joints to transmit the
muscle force. They are strong and mainly inelastic – for example,
the Achilles tendon attaches the gastrocnemius muscle to the
periosteal bone tissue of calcaneus or the heel bone.

agonist

antagonist

MUSCLE
FUNCTION

Origins and insertion of muscles
The tendon at the static end of the muscle is called the origin and
the tendon at the end of the muscle closest to the joint that moves
is called the insertion of that muscle.

synergist

fixator

Antagonistic muscle action
This term describes the fact that muscles work in pairs (see the
summary in figure 3.10, and the details in figure 3.11).
• The agonist is the active muscle, the muscle under tension or doing work and functioning as the prime mover of a joint
during the desired movement.
• The antagonist relaxes to allow the agonist to work as movement occurs.
• For example, curling a bar, the agonist = biceps brachii muscle, and the antagonist = triceps brachii muscle.
A synergist muscle holds the body in position so that an agonist muscle can operate, thus preventing any unwanted movements
that might occur as the prime mover contracts. For example, the trapezius muscle holds the shoulder in place during the bar
curling exercise.
A fixator muscle by definition is a synergist muscle, but is more specifically referred to as a fixator or stabiliser when it
immobilises the bone of the prime mover’s origin, thus providing a stable base for the action of the prime mover. For example,
the deltoid muscle stabilises the scapula during a bar curl.
figure 3.11 – muscle function – curling a bar
agonist
(biceps)
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Types of muscular contraction
During muscular contraction, a muscle may shorten, lengthen or stay the same. When a muscle changes its length, the
contraction is classified as dynamic. When the muscle remains the same length, a static contraction occurs.

Static contractions – isometric muscle contraction

figure 3.12 – isometric holds

In isometric contractions (figure 3.12) the length of the muscle does not
change, but the amount of tension does increase during the contraction process.
In a training situation isometric work is done by exerting the maximum possible
force in a fixed position for sets of 10 seconds, with 60 seconds recovery.
Isometric contractions are responsible for the constant length of postural
muscles in the body and hence stabilise the trunk in many dynamic activities
such as in sprinting.

Dynamic muscle contraction – concentric and eccentric
contraction
Concentric muscle contraction
This type of contraction involves a muscle shortening
under tension (figure 3.13) and is a form of isotonic
muscle contraction. For example, in the driving upwards
phase in a jump or squat, the quadriceps muscle group
performs a concentric contraction as it shortens to
produce extension of the knee joint.

Eccentric muscle contraction
This type of contraction involves a muscle lengthening
under tension and is a form of isotonic muscle contraction.  
When a muscle contracts eccentrically it is acting as a
brake, thus controlling the movement. For example,
during the downward moving part of a jump or squat, the
quadriceps muscle group is lengthening under tension and
so the work is labelled eccentric or negative. Eccentric
muscle contraction produces the biggest overload in
a muscle, thereby enhancing its development as far
as strength is concerned. The chief practical use of
eccentric muscle contraction is in plyometric, elastic
or explosive strength work (figure 3.14).

figure 3.13 – concentric contraction

concentric muscle
contraction
(quadriceps)

figure 3.14 – eccentric contraction

For eccentric contractions, the agonist muscle is the
active muscle, which in this case is lengthening. In the
case of the landing from a jump or controlled downward
movement in a squat, the quadriceps muscle group
lengthens under tension, and is therefore the agonist.
To be the agonist in this situation, the muscle must
be under tension. The antagonist muscle during the
example of a downward squatting movement would
be the hamstring muscle group, which gets shorter and
which relaxes or acts as a fixator for the hip joints.
Many muscle contractions involve a combination of
dynamic and static work in which the muscles shorten
by some amount, and the degree of tension increases.

eccentric muscle
contraction
(quadriceps)
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Analysis of movement
STUDENT NOTE
In the following movement analysis examples, not all agonist muscles have been listed. The main agonist muscles are
outlined in red.
Note that in the flight phase of the high jump (figure 3.15, figure b) the movement takes place in the sagittal plane about the
transverse axis.
figure 3.15 – high jump take-off and flight
Table 3.5 – the high jump
After a continually accelerated run-up with a long penultimate
stride, the jumper (figure 3.15) has a very fast last take-off stride.

figure b

figure a

physical activity

joint used

articulating
bones

movement
produced

agonist muscles

type of muscular
contraction
(isotonic)

high jump at
take-off

ankle
- take-off leg

talus, tibia, fibula

plantarflexion

gastrocnemius,
soleus,
tibialis posterior,
peroneus,
flexor digitorum longus

concentric

knee
- take-off leg

tibia, femur

extension

quadriceps group:
rectus femoris,       
vastus medialis,       
vastus intermedius,
vastus lateralis

concentric

shoulder
girdle

clavicle, scapula

elevation

upper fibres of
trapezius, rhomboids,
levator scapulae

concentric

hips

femur, acetabulum
of pelvis

extension

gluteus maximus,
assisted by:
hamstring group:     
biceps femoris,  
semimembranosus,
semitendinosus

concentric

spine

vertebrae

extension /
hyperextension

erector spinae group

concentric

figure 3.15a

high jump in
flight
figure 3.15b
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Table 3.6 – sprinting leg action

figure 3.16 – sprint – a full stride

Note that the lever system at
the ankle joint (see figure 3.16)
is a second class lever with the
fulcrum (pivot) under the ball
of her foot. See the section on
page 68 later for details of lever
action at joints.

figure b

figure a

figure c

physical activity joint type

movement
produced

agonist muscles

antagonist muscles

type of muscular
contraction

leg action in
sprinting

plantarflexion

gastrocnemius,    
flexor digitorum
longus

tibialis anterior,
extensor digitorum
longus

concentric/isotonic

extension

quadriceps group

hamstring group

concentric/isotonic

hip /                  
ball and socket

flexion

iliopsoas,              
rectus femoris,   
adductor longus /
brevis

gluteus maximus,
biceps femoris,
adductor magnus

concentric/isotonic

spine /
cartilaginous

extension

erector spinae group

rectus abdominus

isometric

ankle / hinge

figure 3.16a left
leg
knee / hinge
action of hip
joint
figure 3.16b left
leg
action of the
trunk
figure 3.16c

STUDENT NOTE
The main agonist muscle for each movement is in red bold font
type. The main antagonist muscle for each movement is in blue
bold font type in table 3.6 above.
You must list all muscles in the quadriceps and hamstring groups
when you analyse the actions of the knee and hips during physical
activity in table 3.6 above.
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figure 3.17 – over arm throw

Table 3.7 – the arm action in an over arm throw – sequence
analysis
Note that the lever system operating at the elbow during this
movement is a first class lever, with fulcrum (pivot) within the elbow
joint, the effort through the triceps muscle, and the load at the hand
as force is applied to the ball.
STUDENT NOTE
The main agonist muscle for each movement is in
red bold font type in tables 3.7 and 3.8 below.

figure a

figure b

figure c

physical activity

joint used

articulating
bones

movement produced

agonist muscles

type of muscular
contraction
(isotonic)

arm action in
over arm throw

elbow

humerus,
radius, ulna

elbow joint extends as
movement progresses

triceps brachii,
anconeus

concentric

figure 3.17 a-c

shoulder  
girdle

scapula,
clavicle

elevation,  
upward rotation

elevation:          
trapezius upper fibres,
levator scapulae.
upward rotation:
trapezius upper fibres,
serratus anterior

concentric

hand joints

carpals, radius,
ulna

supination to pronation

pronator teres,
pronator quadratus

concentric

figure 3.18 – squat – down then up
Table 3.8 – the full action of the squat,
down then up

figure a

physical
activity

joint used

leg
action in
squat

knee –
tibia, femur
figures a to c

figure
3.18

movement
produced

agonist muscles

c

d

plane of
movement
movement axis
transverse

eccentric

hip –
femur,
flexion to
gluteus maximus, sagittal
figures c to e
acetabulum
extension
hamstring group
of pelvis

transverse

concentric

transverse

concentric

tibia, fibula,
talus

dorsiflexion

tibialis anterior

sagittal

e

type of muscular
contraction
(isotonic)

extension to quadriceps group sagittal
flexion

ankle –
figure c
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Table 3.9 – the full action of the push-up, down then up

figure 3.19 – push-up – down then up

figure a
STUDENT NOTE
Note that during a very controlled downward
eccentric phase in figures 3.19 a-c the agonist
muscle is the triceps brachii muscle. This is
because the triceps brachii muscle is under
extreme tension by defying gravity, and so acts
as a brake to control the downward phase of
the push-up. The same reasoning applies to the
anconeus muscle.

b

c

The push-up (d-e), at the elbow joint, takes
place within the sagittal plane and around the
transverse axis.
During the push-up (d-e), at the shoulder joint
(horizontal adduction), takes place within the
transverse plane and around the longitudinal
axis.

d

e

physical activity

joint type

movement
produced

agonist muscles

antagonist muscles

type of muscular
contraction
(isotonic)

arm action in push-up
– down movement

elbow / hinge

flexion

triceps brachii,
anconeus

biceps brachii,
brachialis

eccentric

figure 3.19 a to c
up movement

shoulder / ball horizontal
and socket
adduction

pectoralis major, trapezius,
anterior deltoid
posterior deltoid

concentric

figure 3.19 c to e

STUDENT NOTE
The main agonist muscle for each movement is in red bold font
type. The main antagonist muscle for each movement is in blue
bold font type in table 3.9 above.
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STUDENT NOTE

figure 3.20 – a kick

The main agonist muscle for each movement is
in red bold font type in table 3.10 below.
As the ankle plantarflexes, during the foot strike
of the ball, the tibialis anterior lengthens and is
under extreme tension. Then as the ball leaves
the foot this muscle will shorten (contract) and
the foot will dorsiflex.

Table 3.10 – this sequence covers the strike phase
only for the kick

physical
activity

joint type

movement
produced

leg action
in kicking
(right leg)

ankle / hinge

plantarflexion tibialis anterior

figure 3.20 knee / hinge
hip / ball and
socket

agonist muscles

body plane

body axis

type of muscular
contraction
(isotonic)

sagittal

transverse

eccentric

extension

quadriceps group

sagittal

transverse

concentric

flexion

iliopsoas,                      
rectus femoris,      
adductor longus / brevis

sagittal

transverse

concentric

Practice questions
Warm-up question 1)
Hockey involves movement at many joints in the body. Identify which bones articulate at each of the following joints:
shoulder, elbow, radio-ulnar, hip, knee, and ankle.
6 marks
Warm-up question 2)
Complete the missing gaps in table 3.11 naming the main agonist and antagonist muscles, body plane and body axis for each
of the actions identified.
6 marks
Table 3.11  – action at joints
action

main agonist

main antagonist

body plane

body axis

elevating the shoulders
extending the elbow joint
flexing the hip joint
flexing the knee joint
dorsiflexing the ankle joint
flexing the trunk
Warm up question 3)
Describe the following movement terminology, and give a physical activity for each movement: abduction, circumduction,
rotation and plantarflexion. In which plane(s) does each movement pattern occur?
12 marks
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4)

Figures 3.21 a to c show the final stride, take-off and
flight phase of a long jump.  
Use these three pictures to help you complete the
following joint analysis.
a)

b)

Name the type of muscle contraction occurring in
the leg whose foot is in contact with the ground
in figure 3.21a, name the main agonist muscle
responsible for this muscle contraction and explain
why you have selected this muscle.
3 marks

figure 3.21 – long jump take-off and flight

figure c

Complete the following joint analysis below in table
3.12 for figure 3.21b.
9 marks

Table 3.12 – joint table
joint

joint type

figure b

articulating bones

a

main agonist muscle

left ankle
left knee
left hip
c)

5)

6)

Describe the changes in movement patterns in the left ankle, knee, hip and trunk from figures 3.21 b to c. 4 marks

d)) Suggest two factors that affect the range of movement at the hip joint. 2 marks
  
Figure 3.22 shows a tennis player completing a forehand drive. Use this figure to help
you complete the following joint analysis.
a)

For the shoulder joint during horizontal adduction, identify the type of joint, the
articulating bones, the main agonist muscle and the type of muscle contraction.     
4 marks

b)

Using the muscles that create elbow flexion during the forehand drive, explain what
is meant by antagonistic muscle action.          
4 marks

c)

Name the movement pattern produced on the right hand side of the trunk and the
main agonist creating this movement.  
2 marks

d)

In which body plane and around which axis does the tennis forehand occur at the
flexed right elbow position show in figure 3.22?   
2 marks

figure 3.22 – tennis forehand

The athlete in figure 3.23 is holding a plank bridge position. Use the photograph to help
you complete the following joint analysis.
a)

Identify the joint type, articulating bones, the main agonist (prime mover) and type of muscle contraction at the hip
joint.
4 marks

b)

Explain why the muscle contraction is of this type.

1 mark

c)

Explain the role of the core muscles in relation to the plank bridge position.

2 marks

d)

There are four rotator cuff muscles that are inserted
around the cuff or cap over the proximal humerus. Name
one of these muscles and explain how these muscles
provide range of movement and yet collectively protect
the shoulder joint.
2 marks

figure 3.23 – athlete holding a plank position
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Figures 3.24 a to c show an elite sprinter completing a full running stride.
a)
b)

Analyse the action of the hip joint from the strike position of the left leg to the completion of a full running stride.
3 marks
Identify the main agonist muscles responsible for these movement patterns in figures a and b only.
2 marks

c)

At the completion of the full stride focus on the left foot plant, identify the bones that form the ankle joint, the joint
action and the main agonist responsible for this movement pattern.
4 marks

d)

Figure c shows the right knee in a recovery position. Identify the joint type, main agonist muscle group, its antagonist
muscle group and the type of muscle contraction occurring at this joint.
4 marks

e)

Explain the term ‘body plane’.

2 marks
figure 3.24 – sprint – a full stride

f)

In what plane and around
which axis does the sprint
leg action occur? 2 marks

figure a

8)
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Differentiate and give examples of concentric, static and eccentric work.

figure b

figure c

6 marks

