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A Kinetic Chain Approach for Shoulder
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Objective: To introduce an approach to shoulder rehabilita-
tion that integrates the kinetic chain throughout the rehabilita-
tion program while providing the theoretical rationale for this
program.

Background: The focus of a typical rehabilitation program is
to identify and treat the involved structures. However, in
activities of sport and daily life, the body does not operate in
isolated segments but rather works as a dynamic unit. Re-
cently, rehabilitation programs have emphasized closed kinetic
chain exercises, core-stabilization exercises, and functional
programs. These components are implemented as distinct
entities and are used toward the end of the rehabilitation
program.

Description: Kinetic chain shoulder rehabilitation incorpo-
rates the kinetic link biomechanical model and proximal-to-
distal motor-activation patterns with proprioceptive neuromus-

This approach focuses on movement patterns rather than
isolated muscle exercises. Patterns sequentially use the leg,
trunk, and scapular musculature to activate weakened shoulder
musculature, gain active range of motion, and increase
strength. The paradigm of kinetic chain shoulder rehabilitation
suggests that functional movement patterns and closed kinetic
chain exercises should be incorporated throughout the rehabil-
itation process.

Clinical Advantages: The exercises in this approach are
consistent with biomechanical models, apply biomechanical
and motor control theory, and work toward sport specificity.
The exercises are designed to stimulate weakened tissue by
motion and force production in the adjacent kinetic link seg-
ments.

Key Words: glenohumeral joint, closed kinetic chain, scap-
ula, exercise, function

cular facilitation and closed kinetic chain exercise techniques.

athlete to the activity that caused the injury. Successfille legs and trunk as contributors to shoulder function and for
shoulder rehabilitation depends on an understanding géneral conditioning, but their protocols often integrate the
the cause of injury and a complete and accurate diagnosioulder with the rest of the body late in the rehabilitation
of the involved tissues. Therefore, a thorough understandingmbces<:” In kinetic chain shoulder rehabilitation, the legs and
the physical demands of the activity is a prerequisite to makingink are integrated into most of the shoulder exercises from
a complete diagnosis and returning the athlete to safe, pain-ftee onset. This reinforces normal movement patterns and
participation® The kinetic link model, a biomechanical modeteduces the challenge of learning new movements during
used to analyze many sport activities, depicts the body asehabilitation.
linked system of interdependent segments, often working in aWe present an approach to shoulder rehabilitation that
proximal-to-distal sequence, to impart a desired action at ttegrates the kinetic link model and normal synergistic mus-
distal segment:® This model illustrates the contribution ofcle-activation patterns with proprioceptive neuromuscular fa-
the entire body during sport activities rather than focusinglitation (PNF) principles. Rather than isolating the shoulder
on the action of individual segmen's. Normal, efficient mctioand gradually incorporating the rest of the body, this approach
and muscle activation are believed to occur in a proximil-ttecuses on rehabilitating the entire neuromuscular system by
dista sequenc&?* This proximal-to-distal sequencing shculdntegrating multiple body segments throughout the process.
be considered when attempting to restore function via Tdhe segmental integration follows the proximal-to-distal
rehabilitation protoccl. movement and muscle-activation sequence consistent with
The shoulder pathology is the primary factor that determinégomechanical upper extremity functidr.Clinically, kinetic
the therapeutic treatment. Traditional shoulder rehabilitati@main rehabilitation has been effective in restoring shoulder
after injury includes a phase of rest, control of inflammatioriunction when other methods of shoulder rehabilitation have
and isolated muscle strengthenfhfAdditional components failed.
of shoulder rehabilitation programs are scapular-stabilization,
proprioceptive, and closed kinetic chain exercises. However,
these exercise regimens tend to isolate the involved tisSTHEORETICAL FOUNDATION
initially while neglecting the contributions of the trunk and

The goal of most athletic rehabilitation is to return théower extremity®** Clinicians recognize the need to address

A common biomechanical model for striking and throwing
sports is an open-linked system of segments that work in a
proximal-to-distal sequenceThe goal of these activities is to
impart a high velocity or force on the distal segment. The distal
segment may be the hand of a pitcher, the foot of a soccer
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athlete, or the hand and racquet of a tennis player. The ultimat®@duce motion and activate involved muscles throughout
velocity of the distal segment depends on the velocity of thehoulder rehabilitation.
proximal segment and the interaction of these segntént8.  Shoulder rehabilitation programs incorporate PNF tech-
The proximal segments, the legs and trunk, accelerate thigues to stimulate synergistic patterns of moveniént.
entire system and sequentially transfer the momentum to tkimetic chain rehabilitation incorporates 5 important PNF
next distal segmerftConservation of momentum explains thisoncepts. The first is that motor behavior is a sequence of total
segmental interaction. The equation for angular momentuyatterns incorporating the head, neck, trunk, and extremities.
is segment inertia times its angular velocifyThe initial This is true whether the movement is unilateral, bilateral, or
acceleration of the proximal segment encompasses all the disegiprocal?®> Motor behaviors such as baseball pitching or
segments as part of its inertia. The sequential decelerationt®fnis serving illustrate this concept by generating maximum
the proximal segments conserves momentum by transferrigfgpulder internal rotation through the transfer of forces from
segmental velocity distally along the kinetic chait? This the legs, through the trunk to the shoulder. Second, normal
proximal-to-distal linkage provides an efficient and effectivgoal-directed movement and posture depend on synergies to
system to transfer force and produce greater velocity in a dis@lance muscular activity between antagonists. Third, normal
segment. Kinetic chain rehabilitation incorporates this modgotor development occurs in a proximal-to-distal direction.
by initiating shoulder exercises through proximal segmeffurth, in movement patterns, stronger component patterns
movement. augment weaker components by the irradiation reffei,
Normal motor patterns of voluntary upper extremity move¥hich suggests that as the intensity of an applied stimulus
ments while standing include lower extremity and trunk musclacreases, the area of response incre&sés. kinetic chain
activation before the arm motidif Voluntary movements of Shoulder rehabilitation, thoracic extension can stimulate scap-

the upper extremity, such as rehabilitation exercises, 4@’ retraction. Applying resistance to thoracic extension
primarily task oriented and are controlled via motoshould increase this stimulus and elicit an increase in the

programst>-17 Motor programs are thought to exist for cateScapular retraction. Fifth, the clinician helps the athlete relearn

gories of movements, such as walking or throwing, rather thf}f normal movement patterns by selecting and applying
appropriate stimuli such as positioning, manual contact, or

each component of a movement having its own pmg%m'[ﬁgstance The clinician becomes part of the exercise environ-
Motor programs use coordinated groups of muscles and jo Ent by giving visual, auditory, and tactile feedbaak

movements, or synergies, often in a proximal-to-distal fashiorﬁ',
to simplify and perform movement tasks:*® Kinetic chain
shoulder exercises employ these natural motor programs RXTIONALE FOR KINETIC LINK REHABILITATION

focusing on the neuromuscular system rather than on isolated,. .. . A
movement and muscle activation. This method uses an inetic chain rehabilitation approaches the shoulder as part

restores normal movement patterns that are familiar to t& a kinetic link system and attempts to address shoulder

S o hction in a proximal-to-distal mannér:?*2°The proximal
neuromuscular system so the rehabilitation occurs within t ik segment, rather than the more distal arm, acts as the

framework of nqrmal fqnctlon. . . . “initiator” for appropriate shoulder motion. Based on this
Upper extremity motion follows this proximal-to-distal mo-,ina.to-distal premise, quality arm elevation and shoulder
tor program sequence. Upper extremity motion oCCurs Wifl),ion depend on trunk and scapular contrdf® Trunk
conS|§t5e£19t synergistic m“?°'e activation patterns in the Iegs a.aﬂHd scapular control exercises begin at the onset of therapeutic
trunk>"The task of rapidly reaching forward with the righty, o cise in kinetic chain shoulder rehabilitation, since neither
hand to shoulder level produces a consistent pattern of aCt'\ﬂ%’pends on arm motion. If the goal of an exercise activity is
tior_1 ar_1d deactivation .Of leg and ”“_“k musculature befo@‘:éapular movement, arm elevation is not required. However,
activation of the anterior deltoi*® This sequential pattern scapular motion and control are prerequisites for proper arm
includes deactivation of the left soleus, activation of the righlieyation27-28
tensor fascia lata and rectus femoris, activation of the left ;netic chain rehabilitation applies elements of biomechani-
semitendinous and gluteus maximus, and, finally, activation g4 and motor control theories to PNF and closed kinetic chain
the right erector spinae before initial deltoid activitinjury at  axercise techniques. By using multiple body segments in the
a distal segment can alter this proximal-to-distal contr(gyercises, adjacent segments can facilitate the activation of
Proximal hip muscle activation is delayed in patients Wilfhyolved muscles to develop appropriate shoulder mation and
severe ankle joint injury compared with noninjured contro gnction (irradiation > Adjustments of posture and the
during hip active extensioff. The possibility that injury to & amplitude of movement by proximal segments can control the
distal segment alters normal motor programs further suppofggation and intensity of the loads of a given exercise. Early in
the need to incorporate these motor programs throughout the rehabilitation, the shoulder may require a great deal of
rehabilitation process. facilitation, so the role of the adjacent segments may be
The anticipatory patterns of leg and trunk activation amgxaggerated. Decreasing the role of the facilitating segments
associated with segmental joint accelerations that effectivediter in the progression increases the load and functional
move the center of gravity forward and up toward the side @emand on the shoulder.
unilateral shoulder flexioR These proximal-to-distal synergies Successful acquisition of movement patterns is feedback
are postural adjustments to counteract the disturbance simsitive and requires consistent observation to avoid compen-
equilibrium caused by the voluntary arm movem&nt! This satory movement&2* The training of movement patterns,
pattern of proximal muscle activation before distal movemerdther than isolated muscles, often requires verbal and tactile
serves as a foundation for using the trunk and legs to drive tleedback. This immediate feedback may help the athlete to
scapula and shoulder during the rehabilitation prof€ss. identify and correct movement errors. Gradual removal of the
Kinetic chain rehabilitation incorporates these synergies teedback is a form of exercise progression as the athlete gains
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awareness of appropriate and inappropriate movement JRROXIMAL SEGMENT CONTROL
terns. The exercise goal is to find movement patterns theBased on proximal-to-distal sequencing, the arm ulti-

athlete can perform successfully while progressively Ioadiqﬂately depends on the segments proximal to it for move-

de|f|C|benIt tissue a}[r;]vwhf_re mfthe klnlet|;: chain. I __ment. Full arm elevation requires full scapular retraction,
mbalances in the action of scapular force couples may "eS{ijlich requires spinal extension, hip extension, and so

in scapular dyskinesis (abnormal scapular movement), cjle 72.5.24 The large muscles of the hips and trunk thereby
hhumer:el }(rjanslatlonl, ordrotato(rj cuff overlozd. I'I'he function elp position the thoracic spine to accommodate appropriate
the shoulder complex depends upon muscular force couples,,jar motion. In many athletic activities, these muscles
about the scapula and glenohumeral j.int. Synergistic scapyldist provide stability for effective function of the shoulder

muscle actions allow proper positioning and stability of thg'rdle.1 Normal motor patterns of forward arm elevation
scapula while maintaining the alenohumeral center Qfomonstrate ipsilateral activation of hip extensors before
rotation throughout arm moticii™*" Due to its anatomical ye|gig activatior? Kinetic chain rehabilitation attempts to
Ioca'glon on an ellipsoid thorax,_ normal _scapula_r moticn iske advantage of this by exaggerating the role of the hip
multiplanars®*="Scapular motion provides optimal M.syiensors in an athlete with limited forward elevation.
cle length-tension ratios and reduces the muscular €1efgcing hip extension by including an ipsilateral step-up
requirements of the rotator cuff during arm motiSi=™ \yith 5 shoulder-flexion exercise seems to facilitate the
Scapular function mediates the demand on the rotator ¢ goulder flexion (Figure 1). Adding a PNF technique, the
promotes energy conservation in the upper extremity: ajgra| queue to “get tall,” encourages the thoracic extension
aids in glenohumeral stabili'y: . . that is necessary for complete arm elevatféri Additional
Appropriate scapular motion requires attention to musculglgisiance to the hip extension may stimulate an irradiation

flexibility. The upper trapezius and the pectoralis minor arg ey to synergistic muscles and activate deficient shoulder
common sites of myofascial tightness and hypertonia in atfayorg24.25

letes with shoulder pain and can limit normal scapular mo- Hip and trunk motion can facilitate shoulder motion in

tion.*>** Throwing athletes commonly present with musculag e planes. Proximal-to-distal muscle activation in rota-
tightness in the external rotators of the shoufdet’ Tightness o5 patterns consistent with PNF can facilitate shoulder
of the posterior capsule and decreased infraspinatus ani t@ffStion22 These types of movement patterns pro-
minor flexibility can create excessive tilting of the scapula ithote sequential muscle activation and coordination of

protraction when the glenohumeral joint internally rotate:s ﬁ?oximal segment movement that can be built upon as

90° of abductior? These areas of inflexibility may be detri-ihe shoulder rehabilitation progresse¥. A basic exercise
mental to scapular control and mobility. The kinetic chaifha¢ jjustrates this is the “shoulder dump.” To attain right
exercises can aid in attaining flexibility, but stretching, magsqyider external rotation and scapular retraction, the ath-
sage techniques, therapeutic modalities, or joint mobilizatiopse 3ssumes a left-foot-forward stance and begins with the

may be necessary. , left hip flexed, trunk flexed and rotated to the left, and right
Scapular dyskinesis is often present with glenohurneral

pathology. such as instability and rotator cuff impingerinent
syndrome®* Muscular weakness, inflexibility, and neuromn us-
cula adaptations contribute to this loss of scapular control and
scapular dyskines £:4+“* Rotator cuff strengthening is a
necessary component of the rehabilitation of these gleno-
humeral pathologie$ 837384344 The proximal-to-distal
model suggests that effective and efficient rotator cuff
strengthening depends on scapular control. In kinetic chain
shoulder rehabilitation, intervention to normalize scapular
movement precedes attempting to load the rotator cuff.

A primary role of the rotator cuff is to compress the humn eral
head in the glenoid and provide dynamic glenohumeral stabil-
ity.*>=* To do this effectively, the rotator cuff must ope ate
from a stable scapular base and meet minimum strzngth
requirement 3*2*' Exercising the rotator cuff without scaptilar
stability could increase the risk of glenohumeral transletion,
create pain in rehabilitation, and increase the risk of further
injury. Closed kinetic chain exercises promote cocontraction of
rotator cuff musculature at submaximal lev¥Z: Applyinc
axial compression through the glenohumeral joint, as in closed-
chairi exercises;, decreases glenohumeral translation at various
levels of elevatioi?’ Therefore, closed kinetic chain exercises
have an important role in shoulder rehabilitation pro-
grams?*3°1In these exercises, the clinician can determine and
control the proximal load and scapular position by varying the
athlete’s stance and posture. Early in the rehabilitation process,
closed kinetic chain exercises promote safe, functional cacon-
tractions and can functionally strenathen the rotator cuff in
preparation for ope 1-chain exerci&z>" Figure 1. Shoulder flexion with ipsilateral anterior step-up.
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Figure 2. A, Starting position for the shoulder-dump exercise. Body weight is on the contralateral-side leg with trunk flexion and rotation.
B, Finishing position. Body weight is on the ipsilateral-side leg with thoracic extension.

arm at knee level (Figure 2A). The athlete then shifts weightunk motion, rather than isolated arm movements, helps
to the rear foot while extending and rotating the trunk to thestablish the scapular retraction. The arm can remain in a sling
right. Active retraction of the right scapula and externaluring this exercise. The starting position is one of gravity-
rotation of the right arm coincides with this weight shift andhssistec scapular protraction (Figure 3A). Scapular retriaction
trunk extension (Figure 2B). The action simulates dumpirgccompanies active spinal extension and ipsilateral ro ation
a container backward. The degree of arm elevation, or t{figure 3B). As scapular motion and control improve, redt cing
height at which the imaginary container is dumped, depengenk motion, increasing arm elevation. or adding extr nsic

on the level of recovery and functional ability. loads increases scapular muscular den®nd.
In addition to the modified shoulder dump, other scapular
SCAPULAR FUNCTION AND CONTROL exercises include sternal lifts (Figure <), tubing “fencing,”

Kinetic chai habilitati . functional (Figures 5A and 5B}, and dumbbell or tubing punch and pull.
INELC chain renabliitation EXerciSes use functional MovVieg;q ) jits involve reciprocal thoracic flexic n-extension with
ment patterns to facilitate scapular motion and then

strenathen scapular musculature. Complementar movem(tﬁgemphasis on thoracic extension and scapular retraiction. The
by th% legs anpd trunk postural.adjusit)ments axd plane- athlete should feel as though he or she is_ push?nq the st2rnum
movement modifications attempt to load scapular musculati 2 and out but avoid lumbar hyperextengion (Figurd 4). 'Ethe
and minimize muscular compensations. A common C"nicgt‘hlete has difficulty pulling the scapula inferiorly and m2di-

scapular compensation involves the substitution of the up;%.w’ It(:“? trunk and hip flexion in the reciprocal movement
trapezius, or exaggerated shoulder shrugaing, during a sca,u"ou (s .
_Tubing fencing is a frontal-plane scapular-retraction exer-

lar-retraction exercise. The kinetic chain approach deeripha : o i
size'; the upper trapezius by concentrating on scapular depfee- In the starting position, the athlete reaches for the tubing

sior with the retractio. Clinically, adjustments in the directio/th the involved arm in a lateral lunge stance (Figure 5A).
and amount of complementary trunk motion seem to minimiZd'e angle of the tubing should be horizontal or angled
or eliminate muscular compensations so the scapula remd#gnward, to encourage scapular depression. From the reach-
congruent with the thorax. One technique is to increase truffl¢ and lunging position, the athlete pushes off the leg on the
rotation and thoracic extension with scapular retraction. Othi@volved side and pulls the arm into adduction. In the finished
feedback methods such as verbal queuing to “pull dowrosition, the elbow of the involved arm is against the ipsilateral
manually tapping on the lower trapezius, or applying manuip, the shoulder is in approximately 90° of external rotation,
resistance along the medial border of the scapula may as8isél the body weight is on the leg of the uninvolved side
active scapular depression and retractbn. (Figure 5B). The movement is similar to a lunge and parry in
The first goal in obtaining scapular control and functicn ighe sport of fencing. The athlete should focus on thoracic
scapular retractior. One technigue to aid in the reeducat onextension in the concentric phase of the exercise and on pulling
this movement is a modification of the previously describeithe scapula medially without shrugging.
shoulder-dump exercise. By removing the arm movemen;, thisPunches with dumbbells are a protraction exercise that
becomes a trunk-facilitated scapular exer:ise. Complementbygds the serratus anterior concentrically and the posterior
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Figure 4. A, Sternal-lift starting position with head and trunk flexed forward. B, Finishing position emphasizing thoracic extension.

shoulder musculature eccentricelly. A complementary striidace the greatest load on the rotator cuff, extending the
accompanies the punches, and repetitions should be rhyrissistance the greatest distance from the shoulder joint.
mic to incorporate the proximal-to-distal activation and

promote reciprocal scapular motion. For example, a COR1OSED KINETIC CHAIN AND AXIALLY LOADED
tralateral forward stride accompanies a forward punch, aEQL(ERCISES

an ipsilateral lateral stride accompanies a lateral puncC

(Figure 6). The height and direction of the punch vary the In kinetic chain shoulder rehabilitation, closed kinetic chain
rotator cuff load. By punching to knee level, the punch isxercises are exercises in which the hand is relatively t¥.ed.
gravity aided and reduces the load. Horizontal punchas example of this is the scapular-clock exercise, in which
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Figure 5. A, Tubing fencing exercise starting position with body weight on the ipsilateral leg. B, Finishing position. Elbow is at the hip;

thoracic extension and scapular retraction are encouraged.

Figure 6. Lateral stride of ipsilateral leg with a lateral punch at
shoulder height.

Proper posture and proximal stability are important for these
exercises. The posture should be “athletic,” with feet shoul-
der-width apart, weight evenly distributed, slight hip and
knee flexion, back straight, and head up. By assuming an
athletic stance, the athlete can load the hips and trunk during
these static exercises to promote proximal-to-distal activa-
tion patterns (Figure 7). Closed kinetic chain exercises
should stimulate appropriate cocontractions of the shoulder
girdle musculature at safe, pain-free positions within the arc
of motion.

Kinetic chain shoulder rehabilitation includes light, axially
loaded, active-motion exercises to promote active range of
motion and as a transition to open-chain exercises. Decreasing
the weight of the arm, as in upper extremity aquatherapy,
diminishes the activation of the rotator cuff musculattfre.
Supporting the arm on a surface and lightly compressing
through the glenohumeral joint may effectively diminish the
weight of the arm as it moves through a range of motion on dry
land. This compression and unloading may decrease the
demand on weakened rotator cuff musculature during arm
motion.

Axially loaded exercises allow the distal segment, usually the
hand, to move while the athlete maintains an axial load thiough
the glenohumeral joir.. Because the distal seqment moves delib-
erately, these are not strictly closed kinetic chain exer 3fses.
Axially loaded exercises can incorporate the entire kinetic :hain
and may unload the weak shoulder girdle muscles by effectively
reducing the intrinsic weight of the aiin. This leads to incre ased
pain free shoulder active range of motion and minimized -om-

the athlete performs scapular elevation, depression, pratragnsatio 1 patterns. Exercises such as table slides, ball rollir g, and
tion. and retraction with the hand fixed on a stable suifaveall slides; (Figure 8) are axially loaded shoulder exerc ses. The
at a safe degree of elevati in. Additional closed kinetic chepoximal legs and trunk can initiate these exercises, and the
exercises include weight shifts from hand to hand, stabistiding hand can follow a flexion, abduction, diagonal, or curvi-
zatior on uneven surfaces, and modified push®s. linea’ path, depending on the exercise (joal.
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Figure 7. Athletic stance during ball-stabilization exercise. Figure 8. Axially loaded wall-slide exercise. Motion at the hips and
trunk complements the sliding pattern of the hand.

PROGRESSION GUIDELINES FOR KINETIC CHAIN

SHOULDER REHABILITATION tains appropriate distal movement may allow the athlete to
Safety and appropriate progression are major concernsdievelop an internal feedback system. The athlete learns to
any rehabilitation program. A method exists to address thesaintain the appropriate shoulder motion as the feedback
concerns in closed kinetic chain functional rehabilitation prararies and facilitating motion is reduced to normal levels. The
grams for the lower extremity>, Many of those principles are exercises, therefore, progress via this reduction in facilitation.
applicable to this upper extremity approach. The clinician The initial emphasis of this rehabilitation approach is quality
needs to monitor exercise volume to avoid overloading tld movement in integrated movement patterns. The movements
involved tissue when integrating multiple segments. Wherogress from the proximal segments to the distal segments of
scapular exercises include arm elevation, rotator cuff activatitme kinetic chain. To progressively load the distal segments, the
will increase. An exercise program may be limited to 5 or 6xercises advance from static closed kinetic chain to dynamic
integrated exercises to avoid loads that weaken tissue. axially loaded to open kinetic chain. Progressions include
It is important to continually monitor scapulothoreciaeducing feedback, adding resistance, changing the stabilizing
rhythm, since this can be an early indicator of a compens atisarface, and altering the movement pattern as the athlete gains
patterr . Reevaluation of the complete movement is necessantator cuff strength and scapular contiol. Decreasing an axial
to accurately discern local fatigue from a proximal deficienchpad moves the exercises toward open kinetic chain, effectively
as the cause for the compensation. A common proxiniatreasing the intrinsic resistance to the rotator cuff by requir-
deficiency that limits the proper performance of the should g it to control more of the arm’s weigli{. An example of this
dump is ipsilateral hip extensor or abductor weakness. Failipegression toward shoulder elevation might be standing Jpper
to achieve solid hip extension or allowing the hip to fall inteextremity weight shifts, scapular clock, rhythmic ball staoili-
adduction is a sign that hip weakness may be limiting ttmation, wall slides, and dumbbell punches. This distally fo-
athlete’s ability to perform the exercise. Including an ipsilacuseii progression would occur concurrently with a proyimal
eral-posterolateral stride in the exercise often allows the athl stapular progression that beqgins with sternal lifts (Figure 4)
to perform this shoulder movement without compensation. T aad the modified shoulder dump (Figure 3).
stride may bring a normally subconscious hip muscle- The exercises become more sport specific as scapular
activation pattern to a conscious level, or the hip may requicentrol, active range of motion, and shoulder strength approach
independent strengthening to adequately contribute to thermal. A goal of these exercises is to fully integrate the
shoulder function. A goal of kinetic chain rehabilitation e <erstrengthening of the scapular, rotator cuff, and trunk muscula-
cise! is to perform movement patterns without compensetiohs:e with sport-specific movement patterns. These exercises
Altering the dominant plane of motion, posture, resistance, are more traditional but continue to involve the kinetic chain,
tactile or verbal feedback can achieve this goal. The exercisespular control, and glenohumeral motion. Examples include
must then progress to the normal or appropriate movemestanding overhead dumbbell presses in all planes and slow and
pattern without exaggerated feedback or proximal facilitationontrolled simulated sport activities. Overhead presses with
Progressively removing this feedback while the athlete maidumbbells allow the shifting of body weight or striding to
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incorporate the proximal kinetic chain. Slow, controlled swing-5. Zattara M, Bouisset S. Posturo-kinetic organisation during the early phase
ing or throwing movements, with correct mechanics, are of voluntar){ upper limb movement, 1: normal subjectNeurol Neuro-
difficult exercises that place a premium on kinetic chain Surg Psychiatry1988;51:956-965.

stabilization during sport-specific movement patterns. EXp|0§' Brewster C, Schwab DR. Rehabilitation of the shoulder following rotator
sve pyometc aciiles,such as medcine: bl tossing,are the (T 2 0oy Ot Spots P Tes 0o e
final progression. The movement patterns of the athlete’s sport ion. In: Andrews JR, Harrelson GL, Wilk KE, edBhysical Rehabilita-

become the dominant movement patterns of these adV":“ncecfion of the Injured Athlete2nd ed. Philadelphia, PA: WB Saunders;

EXErcises. 1998:478-553.
8. Kibler WB. Shoulder rehabilitation: principles and practidded Sci
CONCLUSIONS Sports Exerc1998,30840—850

9. Lephart SM, Henry TJ. The physiological basis for open and closed kinetic

This is a nontraditional approach to the rehabilitation of the chain rehabilitation for the upper extremitydl Sport Rehabil
shoulder that concentrates on movement patterns. The kinetic1996;5:71-87.
chain approach addresses glenohumeral motion through scdp-Lephart SM, Pincivero DM, Giraldo JL, Fu FH. The role of proprioception
ular control and Scapu|ar control through trunk movement. Itis in the management and rehabilitation of athletic injurfe®.J Sports Med
consistent with the proximal-to-distal kinetic link model of 1997:25:130-137.
biomechanics and applies current concepts of motor contfdl Paine RM, Voight M. The role of the scapuleOrthop Sports Phys Ther
and closed kinetic chain exercise. 1993;18:386-391.

: . . — : ... 12. Bunn JW. Scientific Principles of CoachingEnglewood Cliffs, NJ:
The best illustration of functional kinetic chain rehabilitation P;?\?ice_Ha”?'ig;z'c rineipies of Eoaching=nglewood IS

IS a spectrum, ranging from dySfunCtl?n to fu”_ function rathef& Kreighbaum E, Barthels KM. Throwlike and pushlike movement patterns.

than a s.tep-'by-step outI|nr’€.An athlete’s exermse program is In: Biomechanics: A Qualitative Approach for Studying Human Move-

a combination of the various types of exercises gradually ment 4th ed. Boston, MA: Allyn and Bacon: 1996:335-354.

progressing along the spectrum toward full function. 14. Fleisig GS, Barrentine SW, Escamilla RF, Andrews JR. Biomechanics of
Several concepts are important to kinetic chain shoulder overhand throwing with implications for injurieSports Med 1996;21:

rehabilitation: 421-437.

15. Gordon J. Assumptions underlying physical therapy intervention: theoret-

1. For shoulder rehabllltatlon.to be trUIy functional, .the ap- ical and historical perspectives. In: Carr JH, Shepherd RB, Gordon J,
proach to the upper extremity should follow a proximal-to-  Gepsiie AM, Held JM, edsMovement Science: Foundations for Physical
distal pathway along a kinetic chain. o Therapy in RehabilitationRockville, MD: Aspen; 1997:1-30.

2. Muscles around the shoulder function synergistically ang. polit A, Bizzi E. Characteristics of motor programs underlying arm

should be integrated within a kinetic link system throughout movements in monkeys. Neurophysial 1979;42:183-194.

rehabilitation. 17. Gelfand IM, Gurvinkel VS, Tsetlin ML, Shik ML. Some problems in the
. Scapular control and coordinated rotator cuff activation are analysis of movements. In: Gelfand IM, Gurfinkel VS, Formin SV, Tsetlin

vital to successful shoulder rehabilitation and safe shoulder ML, eds. Models of the Structural-Functional Organization of Certain,

function. Biological SystemsCambridge, MA: The Massachusetts Institute of
. Graded closed kinetic chain exercises for the upper extrem- Technology Press; 1971:329-345.

ity belong in the initial phase of shoulder rehabilitation 18. Shumway-Cook A, Woollacott MH. Theories of motor control. Motor
Control: Theory and Practical Application8altimore, MD: Williams &

This article provides the theoretical background to support wilkins; 1995:3-118.
the concepts of kinetic chain rehabilitation and some basig. Bouisset S, Zattara M. A sequence of postural movements precedes
techniques. Clinically, many patients who have failed with voluntary movementNeurosci Lett 1981;22:263-270.
traditional shoulder programs have benefited from this apo. Bullock-Saxton JE. Local sensation changes and altered hip muscle
proach_ We hope this information benefits other, similar function foIIowing severe ankle spraiRhys Ther1994;7'4:l7—31.
patients and inspires scientific investigation into the current%}- Hodges PW, Richardson CA. Feedforward contraction of transversus

unsupported concepts and clinical efficacy of this approach. abdominus is not influenced by the direction of arm moveniexp. Brain
Res 1997;114:362-370.

22. Voss DE, Knott M, Kabat H. The application of neuromuscular facilitation
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