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Closed Kinetic Chain
(CKC)

+ Exercise or movement pattern where the
distal aspect is fixed! to an object (static in
space)

OR

» Proximal motioniover a fixed distal

segment
OR!

» The force applied by:the body: is NOI
gheat enoughl tol GVERCOME the resistance

Steindler, 1955

Functional?

¢ CKC was
considered more
functionall,
particularly in the
=

+ OKC andl CKE used
and needed for:
function), heCoveny
andl progression

(Noyes, Barber, Tegner, Wilk;,
others)

Open Kinetic Chain
(OKC)

+ Exercise or movement pattern where the
distal aspect is not fixed to an object (free
in space)

OR

+ Distal motionfareund afixed proximal

Segment
OR

¢ The force appliedi by the body!is great

EneUgh| to oVerceme the resistance

Steindler, 1955

History.

1970's: free weights,
Schwarzenegger

1980’s: OKC

Isokinetics; Nautilus

1990’s: “Functional”

CKC

Current: Appropriate ‘
isolation), integration, s
andl combination of;

multiple exercise
methodolegies

Function Example

+ Function-serial CKC and OKC e.g.:
- Walking Gait: 65% CKC; 35% OKC
— Running Gait: 65% OKC; 35% CKC

(Wilk, Athletic Training, 1995)




Which to choose?

¢ CKC alone does not provide
adeguate stimulus te the guadriceps
fior functional recovery: after surgeny
(Snyder-Mackler, J' Sport Rehab, 1996)

+ Criticall assessment, biomechanical
knowledge, and application reguined
e all chainrapplications

(Davies; J Sports Rehab;, 1995/ andl all off us!)

OKC vs. CKC

Characteristic |Open Chain Closed Chain

1 fixed; 1 mobile Both mobile
Planes|of Motion Multiple
Muscle(s) Isolated (Group) Multiple/Cor
contraction
Pattern Usually: non- Functionr oriented
functional

Characteristic |Open Chain Closed Chain

Researchi UE Plethora Pauci

Research LE Plethora Plethora

KINETIC CHAIN:
Comparative Analysis

OKC vs. CKC

Characteristic |Open Chain Closed Chain

KINETIC CHAIN
Creates interactive moments

Forces from position/ motion of adjacent segments

& Equation for the proximal segment:

JMpp + (rpMpsinBp! + IpMasinBp + ramasin6d)App -
(rpmpcosBp! + IpmacesBp + ramacos@d)App  IMp app.

- (Ip2md' + rdipmjces@) 6pIMp app- rdlpmasin®@8p2IMp: app.

- (rdlpmdcoes@! + led + rd2md) 6d. IMp app

+ rdipmdsin® 8d2 IMp: app- (rpmpcosep! + Ipmdcosep) +
rdmdcesBd)g IMpg = (Icpi + p2mp) 6l = Ipp8p.

= Net moment on proximal segment

Putnam) 1993




CONSIDERATIONS PRIOR TO
CHAIN'APPLICATIONS

— Pathology + Correct early in rehab
— Local alterations ¢ Core/trunk > scapula
— Scapular: alterations ¢ Scapula > rotator cuff;
— Core proficiency, + NolGH shoulder motion g
— Distal alterations T possible
- - + Restore normal
physiclogyy/
proprioception

Segment Control

Link Sequencing
o

+ Link sequencing " b 4L NG
describes the | ﬂ"/r‘h

development and .
transfer of fonces in mk

serial linkage (legs, m_
trunk;, scapula, and = :
arm))toraccomplish .E!
acceleration [=-1

Kibler WB: The role of the scapula in athletic shoulder
function. Am J Sports Med 26:325 —337, 1998

Normal Scapular Motion is
Multiplanar providing:

+ Optimal muscle
length-tension
ratios

and

+ Reduces the
muscular’ energy.
neguirements of;
the notator cufi

+ Aidsiin
glenchumeral
Stability

Scapular Link

¢ Loss of scapular

protraction control
causes alterations
iR scapular: roles
Scapular'traction
control
(pro/retraction)
must be re-
established

Rotator Cuff

Compressive
action of RTC
action
Co-contraction
force couple
Most efficient
working form
stabilized,
optimally
positioned base-
THE SCAPULA




Rotator Cuff

¢ G-H emphasisi in
shoulder
rehabilitation is in
|ater stages

¢ Integrated, not
selated

+ Closed chainl when
appropriate

Chain Principles

¢ Patterns sequentially use the leg, core,
and scapular musculature to
activate/facilitate shoulder musculature

< Gailn active range ofi motion andfincrease
strength

+ EUnctional movement patterns and closed
kinetic chaini exercises couldibe
incorporated throughout the rehabilitation
process depending ontpathology.

Chain Application

+ Protocols often
integrate the
shoulder with the
nest of the body
|ate inlthe
rehabilitation
PrOCESS.

Keys to Application

+ Pelvis control over
planted leg

¢ Hip/trunk (core
stability)

+ Scapular position
» G-H retation

» Riotatorn GUli
activation

Applications and Advantages

¢ Consistent with biomechanical
models

+ Applies biomechanicall and motor
contrel activation

+ Works towarnd sport specificity.

+ Designed| to stimulate weakened
tissue by: motion and! fiorce
productioniin the adjacent Kinetic
link segments.

Kinetic Chain Shoulder
Rehabilitation
+ Legs and trunk are integrated! into
(most) shoulder exercises from onset

+ Reinforces normal movement
patterns

+ Reduces the challenge of learning
new movementsiduring
rehabilitation:



http://images.google.com/imgres?imgurl=http://van.physics.uiuc.edu/qa/questionmark.gif&imgrefurl=http://van.physics.uiuc.edu/qa/subsection.php?sub=Work,%20Energy%20&%20Momentum&h=262&w=162&sz=7&hl=en&start=135&um=1&tbnid=SwIVwwAHA8JeBM:&tbnh=112&tbnw=69&prev=/images?q=Conservation+of+momentum+&start=120&ndsp=20&svnum=10&um=1&hl=en&rls=com.microsoft:en-US&sa=N

THEORETICAL FOUNDATION

¢ Common
biomechanical
model for sports is
an open-linked
system of
segments used in a
proximal-to-distal

Motor Programs

+ Coordinated groups: of
muscles and joint
movements
(Synergies)

+ Learned behaviors

+ Often in al proximal-
to-distall fashion

+ Simplify. movement
tasks

Kinetic Chain Rehabilitation

Concepts from PNFE
+ Motor behavior is a

sequence of total
patterns

+ Goal-directed
movement and
posture depend on
SYNERgIESIto
balance muscllar
SCLIVILY,

+ Consenvation ofi

THEORETICAL FOUNDATION

+ The proximal
segments (legs and
trunk) accelerate the

entire system and
sequentially transfer
the momentum tos the
next distall segment

Momentum-Newton’s

Second! Law; E=MA

Kinetic Chain Motor Programs

+ Kinetic chain
shoulder exercises
employ these
natural motoer
programs

+ Focuses on the
neuromuscular
system rather than
on isolated
movemEenRt and
muscleractivation.

Kinetic Chain Rehabilitation

Concepts from PNF
+ Normal motor development occurs in
a proximal-to-distal direction
¢ Stronger compoenent patterns
augment weaker compomnents by the
irradiation| reflex




Kinetic Chain
Exercises Can Aid in Attaining
¢ As the intensity of an applied stimulus Flexibility but...

/ncreases, the area of response increases # Stretching
¢ Joint mobilizations

< Example: Thoeracic extension cani stimulate ¢ Massage
scapular retraction. Resistancel tojthoracic » Therapeutic
extension shieuldiincrease thisistimulus modalities
andlelicit anicrease in scapular
HELraGU O

Irradiation Reflex

Scapula Muscular Flexibility G-I-R-D r
+ Upper trapezius andl the pectoralis ¢ Gleno-humeral ‘
minor are commeon sites of + Internal Rotation
myofascial tightness and hypentonia + Deficit
in| athletes » Commonly
overlooked

UE Chain Musculature

"i’ h T . . 4
s there + Kinetic chain

rehabilitation:
exaggerating the role
of the hip extensors in
instances of limited
forwand elevation
Forcing hip extension
by including an
ipsilaterall step-up
with' a shoulder-
flexion exercise
facilitates shoulder
flexion
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Kinetic Chain Exploitation

+ Verball cue to “get
tall,” encourages
the theracic
extension
necessary. for
complete arm
elevation

+ Resistance tol hip.
extension; may.
stimulateran
IhadiationireRlex;

“Shoulder Dump”

To attain right shoulder external rotation and scapular
retraction:

¢ Assume a left-foot-forward stance

+ Begin with the left hip flexed, trunk flexed and rotated to
the left, and right arm at knee |evel

—_—
™= __| AKinetic Chain Approach for
Shoulder Rehabilitation
McMullen and Uhl, J Athl Train.

2000 Jul-Sep; 35(3): 329-337.

Exercise Adaptation

+ Determine andl control the proximal
load and scapular position by varying
stance andi posture

+ Functionally, strengthen the rotator
cUffiin: preparation for open-chain
EXENCISES

Kinetic Chain Exploitation

¢ Proximal-to-distal muscle activation
in rotational patterns consistent with
PNF can facilitate shoulder rotation.

+ Patterns promote sequential muscle
activation and coordination| ofi
proximal segment

¢ Examples "Shoeulder Dump®

Modified “Dump”

<)

A Kinetic Chain Approach for Shoulder Rehabilitation
McMullen and Uhl, J Athl Train. 2000 Jul-Sep; 35(3): 329-337.

Exercise Modification

+ Maintaining shoulder abduction at
less than 45°



http://ajs.sagepub.com/cgi/content/full/26/5/732/F2

Exercise Modification

¢ Shoulder extension at less than; 15°

2 TG

Exercise Prescription:
Functional ADL

¢ Full arm elevation
nequires full
scapular
retraction...

» Which reqguires
spinal extension...

< Whichireguires hip
EXLENSIONL::

+ Andl so: 6n...

SCAPULAR FUNCTION'AND
CONTROL

¢ Trunk rotation and
thoeracic extension
withiscapular
retraction to; inhibit
scapular elevation.

+ Manual resistance
tormedial border off
the'scapularassists
active scapular
depression and

NELaGU O .
Kibler et al,”AJSM, May 2006

Exercise Modification

¢ Hand spacing less than 1.5 times the

*

¥

bi-acromial width

Chain Function

Hips and trunk
position the thoracic
spine for appropriate
scapular motion

Core provides stability
for effective function
ofi the shoulder gjrdle.
Forwardl arm elevation
demonstrates
ipsilaterall activation| of:
hip extensors before
deltoidl activation

SCAPULAR FUNCTION AND
CONTROL

Adjustments in the
direction and amount
of trunk motion
minimize muscular
compensations
Increase trunk
rotation and thoracic
extension with s
scapular retraction| toe Single leg stance
inhibit scapular requires
elevation. compensatory trunk
rotation
for balance




Closed Chain
Exercise Prescription
¢ Accommodate
pathology.
¢ "If in doubt, leave CLOSED
it out™ KINETIC CHi
+ Paucity; ofi research EXERCISE

— Kibler et all 1995
— Ellenbecker and * Carie
Davies 2001 )
1 S0Mme ~y

SUGEESHeNS

Legs and Core

Core Hypertrophy. Stabilization Isometrics (Left)

- + Primary Muscles:

g serratus, pectorals,
deltoids, cuff,
triceps

+ Indications: early;
scap. stabjlization
+ Contra-indications:

posterion pathology;
eally repails

Stabilization (Bilateral) Closed Chain Prescription

# Primary: Muscles: + Primary Muscles:
serratus, pectorals, serratus, pectorals, |

deltoids, cuff, deltoids, cuff;,
triceps, core triceps, core
+ Indications: scap. + Indications: scap.

stabilization, i stabilization,
throwers : throwers

+ Contra-indications: + Contra-indications:
pOSterion pathology; posterion pathology;




Push Ups

¢ Primary Muscles:
serratus, pectorals,
deltoids, cuff,
triceps, core

¢ Indications: scap.
stabilization,
throwers

+ Contra-indications:
postenon pathology,

Bridge Ups

+ Primary Muscles:
pectorals, triceps,

rhomboids, traps,

lats, serratus, core
¢ Indications:

WiRgingl, gen:

strengthy, rhythm AT
stability, | 4

¢ Contra-idications: b'
aclte RiE, Imps, -

SLAP) AC

Lateral Press Up

# Primary: Muscles:
serratus, pectorals,
deltoids, cuff,
triceps, lat. core

+ Indications: scap.
Stabilization

+ Contra-indications:
tears/repairs

Ball Flys

< Primary Muscles:
serratus, pectorals,
deltoids, cuff,
triceps, core

¢ Indications: scap.
stabilization,
ChROWErS

+ Contra-indications:
POSLEROR pathology.

Triceps Dip

¢ Primary Muscles:
pectorals, triceps,
rhomboids, traps,
lats, serratus, core

¢ Indications:
wWingingl, gen:
strength, rhythm
stability;

+ Contra-indications:
aCUtE RIE, Tmpk,
SLAP, AC

Progression

& Reducing feedback
¢ Adding resistance

¢ Changing the
stabilizing surface

+ Altering the
MOVEMEN(; pattern
as gains inrotator
cuff strengthiand
scapular control
OCCUIT

10



Monitor Spine and Scapula

Summary

To progressively
load the distal
segments, the
exercises advance
from:

+ Static closed
Kinetic chaim| to:..

» Dynamicaxially:
|oaded tor:

+ Open kinetic chain

Thank You!

SN

Closed Kinetic Chain Functional
Rehabilitation

+ Monitor exercise

volume to avoid
overloading the
involved tissue when
integrating multiple
segments

Continually: monitor
scapulothoracic
rhythm (early:
indicator of a
compensation)

Not too fast!

CONCLUSIONS

+ Nontraditional approachi to
rehabilitation that concentrates on
moevement patterns

+ Proximal-to-distall kinetic link model

¢ Addresses glenohumeral motion
thrroughiscapulal centnhol

AND

+» Scapular control threugh trunk
moeVEmeEnt




