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The kinetic chain concept

« Extremities consist of several bony
segments linked by a series of joints

_  Chain



1) Open-kinetic chain

 When the distal end of the extremity Is not
fixed to any surface.

« Allows any joint in the extremity to move
without causing movement in the other
joints.

 Example: shoulder shrug



2) Closed-kinetic chain

 When the distal end of the extremity Is
fixed to a surface.

« Movement of one joint can not occur
without causing predictable movements of
the other joint in the extremity.

 Example: push-up



Why learn kinetic chain?

* For determining appropriate conditioning
exercises to improve function.

* Open-chain usually isolate one segment,
while closed-chain exercises work all
segments Iin the chain, resulting In
conditioning of the muscles crossing each

joint.



Kinetic chain

* Most sports involve closed-kinetic chain
activities in the lower limb, and open-
kinetic chain in the upper limb.



Kinematic chain

* Derived from combining degrees of
freedom at various joints to produce
movement.

e = the summation of the degrees of
freedom In adjacent joints that identifies
the total degrees of freedom available or
necessary for the performance of a
movement.
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Functional type;

Articulating
Ilustration Joint hones Structural type* movements allowed
_ Acromian process of Synovial; plane Charthatic; pliding and rotation of scapula on claicke
AGrOMI0- scapula and clavicle

clavicular

Shoulder

+ scapula and humerus

Synowial; ball and

Diarthrotic; multiaxial; flexion; extension, abduction,

(alenchumeral) socket adduction, drcumduction, ratation of humesus/am
+ Uina {and radiws) with Syncraal; hange Drarthwatic; umiasial; flesicn; extensan of fareanm

Elbow imerus
+ Radus and ukna Syncraal; preot Diarthratic; uniasial; rotation of radius around long axis

of forearm to allow pronatan and supination
Hadioulnar
{proimal Radius and ulna Synaeial; prot Diartheatic; uniasial; rotatan (comes: head of ulna
(contains articular dsc)  retates i ulnar natch of adies)
Hadioulnar
{distal)
/i
|
*Fibrous jeints indicated by orange circles, cartilaginous joints by blue circles, and synovial joints by purple circles, »>

Gapyrighl & 2007 Banjamin Cummings, an imprint of Addison Weslay Langman, Inc.
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Fu nctil.:rnal type:

Articulating
Wlustration loint bones Structural type® movements allowed
P Radius and prosdmal Synoaal; condyloid Diarthrotic; biawal: flieaan, extension, abduction,
o - 2 caipak adduction, crcumduction of hand
I
:_ \ Acliacent carpaks Synovial; plane Dharthrodic; ghiding
Campal (rapezivm) and  Synovial; saddle Diarthrotic; biawal; flexion, estension, abdudion,
metacarpal 1 adduction, arcumduction, apposition of meta
carpal 1
Carpal(s) and Synowial; plane Diarthrotic; gliding of metacanals
mitacaipal(s)
Wrist {radiocarpal) Metacapal and prosimal — Synovial; condyloid Diathrote; biagal; flexion, edenson, abdpction,
A phalanx adduction, arcumducion of fingers
ﬁﬁf"‘;}tﬂ“mﬂ ofdigl  Adjacent phalanges Synowial; hinge Diarthmotic; uniaxial; fieson, extension of fingers
i
Carpometacarpal of
digits 2-5
=r' Knuckle (melacarpo-
_}? R phalangeal)
']' ""“-—annf (interphalangeal)
*Fibrous joints indicated by orange circles, cartilaginous joints by blue cireles, and synovial joinis by purple circles. »

GCopyright & 2001 Banjamin Cummings, an imprint of Addison Wesley Langman, Inc.
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Articulating Functional type;

Hlustration Joint banes Structural type* movements allowed
Sacroiliac sacrum and cowal bone Synowial; plane ranthratic; little movement, slight gliding
poasible {mane dunng pregnancy)

Pubic symphysis  Pubic bones Cartilaginous; Amphiarthratc, slight moverment
symphysis (enhanced dunng pregnancy)

Hip icoxal) Cowal bone and femur Symowial; ball Cuarthrotic; multiaual; flexion, extension, abdudtion,
and socket ackduction, rotanon, circumdocton of femur/thagh

Eg‘.':f ) Femur and fitia Synowial, Dharthrotic; biasial: flexion, extension of

R madified hinge kg, some ratation alkowed
ok Femur and patella Symonial; arthictic; gliding of patell
(femoropatellar) mur and pate yowial; plane Cranthirotic; gliding of patella

*Fibrous joints indicated by orange circles, cartilaginous joints by blue circles, and synovial joints by purple circles,
Copyright & 2001 Banjamin Cummings, an imprint of Addison Weslay Longman, Inc.
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Articulating Functional type;
lustration Joint bones Structural type*  movements allowed
Tiia and fibula (proximally) Synchial; plane Diarthratic; ghding of fitula
Tibia and fibula {distally); bath Fibrous; Synarthrot; slight “give” during
anterior and pastenar ligaments est syndesmaosis dirsfleaan of foot
Tibna and fibuls vath talus Synovial; hinge Diarthrotic; umviaxial, domsflexion and
plantar fiexion of foot
Adycent tarsals Hynovial; plane Diarthrobe; ghding; imaersion and
evarsion of oot
Tarsal(s) and metatarsal(s) Synovial; plane Diarthrotic; ghding aof metatarsals
Metatarsal and proximal phalanx Synoal; Diarthratic; biawal; flexion, exenson,
Tiblefbular condylod abduction, adduction, croumduction of
great loe
Ankle
Adyacent phalanges Synovial; hngs: Diarthrote; unasal; fesan, extension of

toes

Tos (nlerphalangeal)

*Fibrous joints indicated by orange circles, cartilaginous joints by blue circles, and synovial joints by purple circles,

Copyrighl @ 2001 Banjamin Cummings, an impeint of Addison Weslay Langman, Inc.
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Articulating Functional type;
lllustration loint bones Structural type* movements allowed

Stemoclavicular  Stemum and chawcle  Synowal shallow saddle  Diarthvotic; muliaial (allons dawce 1o mowe
(contains arbular disc) i all dwis)

Slmocostal  emumand 1 Cartlaginous; Synarthrotic; no movement
synchondicsis

Stamocostal Stemumand s 2-7 Synovidl, doubleplane  Diarthrotic gliding

*Fibrous joints indicated by orange circles, cartilaginous joints by blue circles, and synovial joints by purple circles.
Copyright @ 2001 Bangamin Cummings, an imprint of Addison Weslay Longman, Inc.



lustration loint

Articulating
bones

Structural type*

- =

Functional type;
movements allowed

Shull

Tampara-
mandibular

Atlanto-occipital

Aflantoaxial

Intervariabral

Intervartabral

Yertabrocostal

Cranial and facial bones

Filbbros; suture

Synarthrone; no movernent

Ternporal bone of skull — Synovial; modified Diarthrotc; gheling and umawal miaton; shaht

and mandible hings (ontains listeral movement, alevation, depression,
artecular disc) peotrachon and retracton of mandible

Crcpital bone of skull Synowial; condyloud Ciarthrong; biasial; fexon, exdension,

and atlas abducton, adduction, circumduction of head

on neck

Atlas {Cy), and aws () Symovial; praot Diarthrofic; wniaxal, rotation of the head

Between adjacent Cartilaginous; Amphiarthrotic; slight movement

vertebral bodies symphysis

Between amoular Symowial, plane Diarthrotic; ghding

[MOCesses

viertebrae (transverse Synovial; plane Diarthrotic; ghding of rbs

pmcesses ar bodies)

and nbs

*Fibrous joints indicated by orange circles, cartilaginous joints by bloe circles, and synovial joints by purple circles.

Capyright @ 2001 Banjamin Cummings, an imprnd of Addison Weslay Longman, Inc.



Muscle attachment

A muscle typically attaches to a bone at
both ends.

Origin= proximal attachment
Insertion = distal attachment

Muscles pull equally on both ends (both
attachment sites receive equal force).



Kent M. Van De Graaff, Human Anatomy, 5th edition. Copyright & 1998 The McGraw-Hill Companies, Inc. All rights reserved.
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Muscle attachment

 Both muscle ends can move depending on
the activity....

 Example: Psoas major
»leg raise (hip flexion)
»sit-up (trunk flexion)



1 2th thoracic

‘ vartebira

12th rib
Cluadratus lumbaram

Psoas minor

liac crest

lNiopsoas Pzoas major
lliacus

Anlarior suparior illac spine

&th lumbar

Tensor fasciae latae

Pectineus
Sartorius Adduclor longus
Quadriceps femoris Gracilis

* Rectus femoris

Adductor magnus
* Vastus lateralis
*Vastus medialis Lo
Tandon of guadriceps famons Il —

| —~ ___ Patellar

' 4 ligamenl
(@)

Copyrighl @ 2001 Banjamin Cummings, an imprint of Addison Weslay Longman, Inc.




Muscular contraction

e = active shortening of a muscle with the
distance between the two muscle
attachments decreasing

e But, muscles also produce force while
lengthening....



[ Types of muscle contraction }

. N . .
|sometric (static) |sotonic (dynamic)
when tension develops when tension develops

In a muscle, but the joint In @ muscle causing
N angles do not change ) \a change in the joint angle/

Concentric Eccentric
(shortening) (lengthening)




|sometric contraction

e Static
e Muscle force = resistance force

* Muscle tension with NO change In:
— Joint angle
— Muscle length



|sotonic contraction

 Dynamic

 Muscle force greater OR less than
resistance force

* Muscle tension with a change In:
— Joint angle
— Muscle length (shortening or lengthening)



|sotonic contraction
1) Concentric contraction

e Causes the body part to move against
gravity or resistance.

e Muscle force greater than resistance force

* Muscle tension with a change In:
— Joint angle
— Muscle length (shortening)




|sotonic contraction
2) Eccentric contraction

« Control the movement with gravity or
resistance.

e Muscle force less than resistance force

* Muscle tension with a change In:
— Joint angle
— Muscle length (lengthening)




Internal vs. external force

 Concentric contraction: internal forces
produced by the muscles are greater than
the external forces applied

e Eccentric contraction : external forces are
greater than the internal force



Contraction & movement

 Concentric contraction:
»movement occurs against gravity
»]oint moves towards the inner range

e Eccentric contraction:

»movement occurs slowly in the direction of
gravity
»Joint moves towards Its outer range



Muscle force

e Concentric contraction: produce the lowest
magnitude of muscle force......... why???

 Eccentric contraction: produce the highest
magnitude of the muscular force



Note

 If a movement occurs Iin certain direction,
slowly towards gravity, the group of
muscles that Is opposite to this direction Is
acting in an eccentric contraction.



Example

 Elbow extension in the direction of gravity:

 What Is the acting muscle group?



|sometric contraction

"he overall muscle length does not change

"he internal force produced by the muscle
equals the effects of the external forces

No joint movement is produced

No mechanical work is done, but fatigue
develops...why??

Produce intermediate magnitude of muscle
force




|sokinetic exercises

o Specific technique of exercise that may
use any of the muscle contractions.

e = dynamic exercise using concentric
and/or eccentric muscle contraction in
which (throughout the movement):

»the speed (or velocity) is constant
»muscle contraction ideally maximum



|sokinetic exercises

 Procedure: The subject Is positioned so
that the body movement to be measured Is
Isolated. The equipment Is then set at
different speeds and the force applied can
be measured throughout the range of
movement.



|sokinetic exercises

 Results: The results are often reported at
different speeds so that a
speed/strength/power relationship can
be seen. Comparison of the relative
strengths of the different sides of the body,
or agonists/antagonists
(quads/hamstrings) can show specific
limitations.



|sokinetic exercises

« Equipment required: Isokinetic testing
equipment (e.g. Biodex, Cybex)

 Advantages: nearly any joint action can
be tested by the adjustment of the
equipment.

 Disadvantages: the equipment required Is
bulky and expensive.



Passive movement

e Occurs without any muscle contraction.

« = movement produced by external forces
such as those applied by a therapist,
resistance, or the force of gravity.
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