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!
Scott M. Lephart and Timothy J. Henry

The confusion between the woms open kinetic chain and closed Rinetic
chain becomes even greater with application to the upper extremity. Upper
extremity function is very difficull to define, due to the numerous shoulder
positions and the great velocities with which the shoulder can move. Classity-
ing exercises for rehabilitation of the upper extremity is very difficult due
to the complexity of the joint. Many definitions and classification systems
have been proposed; however, fione of these entirely encompass rehabilitation
of the upper extremity. Using previous classifications we have developed a
Functional Classification Systém that is designed 1o serve as a template for
upper cxtremity rehabilitation. This system has been designed 10 restore
functional shoulder stability, which is dependent upon proper scapulothoracic
and glenohumeral stability, and humeral control; all of these are in part
mediated by neuromuscular mechanisms. The objective of our new Functional
Classilication System is to restore functional stability of the shoulder by
reestablishing neuromuscular control for overhead activities.,

The terms open kinetic chain and closed kinetic chain have recently pro-
vided a great deal of confusion for the sport rehabilitation clinician. Each term
is defined in several different manners and can be interpreted in a variety of
ways. This is particularly true when the terms apply to the upper extremity.
These terms were first suggested by Steindler (41), who defined a kinetic chain
as a “‘combination of several successively arranged joints constituting a complex
motor unit.”” In the upper extremity, the scapulothoracic articulation and the
acromioclavicular, sternoclavicular, and glenohumeral joints can be defined as
a Kinetic chain. i

For the purpose of rehabilitation, open and closed chain exercises have
been defined in an attempt to qualify joint forces and kinematics based on a
condition of the distal extremity. Many have suggested that closed chain activities
promote coactivation of stabilizing muscles, minimize shear forces, and stimulate
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propriqceplorsﬁxc involved joints (9, 16, 21, 23, 36). But relative to the upper
extremity, these types of activities are seldom functionally specific. Therefore,
the dilemma concerning open versus closed kinetic chain exercises for the upper
extremity involves defining the condition of the exercises and determining their
functional benefit.

Much of the confusion surrounding this issue can be attributed 1o the
traditional definitions of these terms, There are numerous definitions for open
chain and closed chain activity, yet none of these are quantitatively based. In
addition, mechanics are not used to categorize the activities. Finally, and probably
most importantly, there is questionable application of these traditional definitions
to upper extremity activity.

Stability Versus Mobility

When considering upper extremity function it is imperative to consider the delicate
balance between mobility and stability (6, 10, 12, 45). It has been documented
that there are in excess of 16,000 shoulder positions and that the shoulder can
move at a velocity up to 7,.000°s (13, 28, 29, 36). This type of movement and
velocity requires an intricate integration between the static and dynamic structures
of the shoulder in order 1o maintain functional stability (9, 19, 20, 35, 37, 40,
42). Such an integration requires a balance of muscular strength and endurance,
flexibility, and neuromuscular control. Functional stability of the shoulder joint
is the result of proper scapulothoracic stabilization, glenohumeral stabilization,
and humeral control, all mediated by neuromuscular mechanisms. If any one of
these factors is compromised, functional instability results and injury occurs (6
9, 19, 20, 29, 35, 37, 40, 42). '
The roles of the static and dynamic mechanisms have been very well
dou'm?emed (6,7, 11, 13, 20, 35, 44-46). The static mechanism is provided by
the joint capsule, labrum, and ligaments, structures that serve both a mechanical
role and a sensory role. The dynamic mechanism is provided by the musculature;
muscles acting on the shoulder provide both a stabilizing role and a functional
fole. Disruption of either mechanismn can result in episodes of functional instability
in the athlete. Thus, integration of these restraining and functional characteristics
is unpc:rmive in order to maintain functional stability of the shoulder joint.
The static structures play a major role in joint kinematics by providing
mechanical restraint to abnormal joint motion (6, 43). This mechanical role has
been the primary concern with regard to injury to these structures (6). Baxendale
ct al. (4) and Kennedy et al. (24) have observed that in addition to this mechanical
role, these articular structures provide important neurological feedback that di-
rectly mediates muscular reflex stabilization about the joint (4, 6, 24). It has
been shown that following injury to the articular ligaments, neuromuscular joint
slabili.zalion is inhibited. This is due to disruption of articular mechanoreceptors
resulting in partial deafferentation of the joint. The combination of a compromised
{ne.chanical function and inhibited neuromuscular stabilization capabilities results
in functional instability, repetitive injury, and progressive decline of the joint (6
25-27). '
The normal role of the dynamic mechanism (muscle) during the overhead
throwing motion is also twofold: stabilization and humeral control. Stabilization
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occurs through the integration of force couples that act upon lhouldcr. A
force couple involves two or more muscles contracting simultaneously around a
particular joint in order to promote stability within that joint (21, 46). The dynamic
force couples increase joint compression, which in turn provides for maximum
congruency of the articulating surfahes. In the shoulder joint, this occurs as the
head of the humerus is compressed into the glenoid fossa of the scapula. This
mechanism is vital in maintaining functional stability of the shoulder joint due
to the lack of bony support and C(melex kinematics that are inherent to this
articulation. The serratus anterior and upper trapezius serve in unison to stabilize
the scapula and provide a stable base for the glenohumeral articulation. The first
force couple acting on the glenohumeral joint includes the deltoid, countered by
the infraspinatous and teres minor ﬁl(). 25, 32, 34). The second force couple is
the subscapularis, also countered b)’{ the infraspinatous and teres minor (10, 25,
32, 34, 46). '

The second role of the dynar’kic mechanisms is humeral control. The dy-
namic mechanisms responsible forl humeral control during overhead throwing
can be classified as prime movers (accelerators) or decelerators. The prime
movers, or accelerators, of the shoulder joint are the teres major, latissimus
dorsi, pectoralis major, triceps brachii, and subscapularis. These muscles act
concentrically to accelerate the humerus through a range of motion. The decelera-
tors are the deltoid, infraspinatous, and teres minor. These muscles generally act
eccentrically in order to decelerateithe humerus (1, 13, 46).

Any condition that alters the synchronized balance between the dynamic
and static mechanisms can result in shoulder dysfunction. Injury to the static
structures results in mechanical instability. With prolonged mechanical instability,
both the static and dynamic structures are predisposed to further injury. The
excessive joint laxity associated with mechanical instability and the resulting
microtrauma damage the neural recgptors within the static and dynamic structures.
These receptors are ultimately responsible for neuromuscular control of the joint
(8, 16, 25-27). This combination of mechanical instability and decreased neuro-
muscular control of the joint leads to functional instability and repetitive injury
(6, 24, 31-34). Restoration of the neuromuscular mechanisms responsible for
functional stability is necessary in qrder 1o properly return an athlete with shoulder
instability to his or her desired activity.

Classification of Open Versus Closed Chain Activity

Traditionally, rehabilitation progragms have been designed using the concepts of
open and closed kinetic chain exercises. Definitions of these terms have usually
been based on the status of the distal segment, body weight, and external resistance
(13, 17, 18). According to these criteria, an open kinetic chain would result if
the distal segment is not fixed, body weight is not supported, or the external
resistance is negligible (13, 17, 41). A closed kinetic chain occurs when the distal
segment is fixed, body weight is supported by the extremity, or the external
resistance is considerable. Steindler observed that open chain exercises exhibited
speed that involved more free movement and less stabilization, while closed chain
exercises required more stabilization and less acceleration (6, 41). According to
this classification system, examples of open chain exercise would be throwing
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a baseball, hilll tennis ball, or throwing a shot put. Closed chain exercises
would include chin-ups, push-ups, or rowing. Steindler (41), among others, admits
that classifying functional activities as either open or closed chain is sometimes
difficult using these criteria, because some activities are a combination of the
two.

Other researchers have defined open and closed chain activities in different
manners. Gray (17) defined an open chain as a system in which the distal segment
is free. He also stated that a closed chain is the result of either set of limbs
supporting the body weight. Panariello (30) defined closed chain activity of the
lower extremity as an activity in which the foot is in contact with the ground.
Likewise, Panariello (30) described an open chain activity as one in which the
foot is not in contact with the ground. Both researchers agreed that body weight
must be supported for a closed kinetic chain to exist (13). These definitions can
easily be applied to upper extremity activity.

Both closed and open chain activities are utilized in the rehabilitation
setting, with cach type of activity demonstrating different characteristics and
advantages. The characteristics commonly associated with closed chain activity
are large resistance and low acceleration, greater compressive forces, joint congru-
ency, decreased shear, stimulation of proprioceptors, and enhanced dynamic
stabilization (13, 17, 41). Each of these characteristics would appeur lo be the
direct result of the body weight being supported and the resulting joint compres-
ston. On the other hand, the characteristics of open chain activity include large
acceleration and low resistance forces, distraction and rotary forces, promotion
of a stable base, joint mechanoreceptor deformation, concentric acceleration and
eccentric deceleration, and assimilation of function (13, 17, 41). Each of these
characteristics can be associated with the extremily in a non-weight-supported
position. In traditional rehabilitation sellings, both types of exercise are used in
order to employ the desired characteristics.

As we mentioned previously, categorizing open and closed chain exercises
is very difficult. It becomes very confusing trying to classify the status of the
distal segment, resistance, supported body weight, and loading for a single exer-
cise. Dillman et al. (13) attempted to clarify this with an alternative classification
system, which is based on the mechanics of the particular exercise. The system
considers two points: the boundary condition and the external load encountered
at the distal segment. The boundary condition of the distal segment may be either
fixed or movable, while the external load may or may not be present at the distal
segment. According to the classification system, the conditions include a fixed
boundary with an externai load, a movable boundary with an external load, and
a movable boundary with no external load. Utilizing this classification system,
Dillman examined the muscle activity during each condition and found that
muscle activation was similar regardless of the boundary once the external load
became considerable.

Considering all of the previous confusion and the different classification
systems, it is difficult to determine what is really relevant to upper extremity
rehabilitation. With regard to the shoulder complex, we feel that the following
three areas need to be addressed in order to restore functional stability: scapulo-
thoracic stabilization, glenohumeral stabilization, and humeral control. Stabiliza-
tion of the scapula by dynamic mechanisms is necessary to provide a stable base
of support for the glenohumeral joint. Glenohumeral stabilization is required for
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maintaining the position of the humerus in the glenpld fossa .()’r\-e ‘s:;:l[::;le‘:
throughout movement and activity. Humeral control is nc‘u.‘.ss‘uy or s’ o
function, as the accelerators and decelerators are requircd for pertor'm'ance "-1
overhead activities. These three elements of fuqcuonul b:hf)l.lldel‘ stability mus
be integrated in order to perform complex funclnpnal .i\CIIVIfl'eS: e con.
Considering the requirements for shoulder lungnonul 5lab|‘l13y ap; ¢ con
cepts of open and closed chain exercise, we _huvc (lclufcd a num )Lr‘o‘ 'unc al
characteristics of activity. These charpcteristics are desngqed to provide a’c:nr;pl
hensive basis for defining rehabilitption protocols, .wlylcl.\ we hz'we‘ Fal ecf l‘le
Functional Classification System. The first characteristic is the dlrec.uo;\‘ 0 ! lllu‘:
force, which can be either axial or npnaxial. The sccond. is the mugmu!( ;, o'“ \:
load; a load can be either a high lodd with a low vclqcny or 'f“lmtl_ lo.;(, w?ﬂ:c.r
high velocity. The third characteridtic is !nuscle action, which L..l.l'l‘ be el het
cocontraction or acceleration and deceleration. The tpurlh clmr‘nclensl‘lclils j(” "
motion, which can be classified according to the direction of tl)e loac '| Clr::
linear or rotary. Last, neuromuscular function may be the re:\sl{lt of either vo un..‘i));
activation or reactive muscle function. We behevg'lha_t clinicians l\eg(l to Cf)l\Sl( e
these characteristics when developjng a I‘ehflhllllilll()n pmm(t‘ol 'f’f lltcl Al;P,pﬁf
extremity, as they provide a more comprehensive assessment ol. flll\-(:llf;IT.! shou
der demands than traditional definitions of open un.d closed k.mellc ¢ nn‘nl. )
As we mentioned previously the classifications b){ Dillman et .} ‘. I( :d
considered only the boundary and the external load, \A{llh the externa wﬁ:n
classified only as an external load or as no load at all. It is very clor.1.nl11()l\ whe
examining upper extremity functionito encounter a load that is {1()'nax1tfl ,(?‘( \ Jny
in nature. These types of loads differ from axu,l I():\(!s and are usuall): runc‘ i« n“"y
specific. Therefore, our clussificmiofn system is designed to be more tunctionally
ific than previous systems. - . o
Spemf}]?h?‘::u?ority of ll);e activilie§ descr‘ibed.hy the Funclngnul CI;\sslllllcld:lgl:
System should be incorporated into the functional stages of lhg re 1;; 31 .ll.fl!ll
process. Traditional elements of rehabilitation spch as range ofm()u‘()fl,l ‘ ;’?(ll'l)-l[li 3;;
and strength should be addressed before the functional stages of rehabilitatic
[y
behm.Our Functional Classification System consi(lgrs lm.un(l:u'y and load .plus
the direction in which the load is applied. The dil'CCl.l‘(.)ll of lhe‘ l})il(l‘f:llr‘\| b?s?iif&
axial or rotary, or there can be no qu(l at atl. The modified confllt_n'on? ln({ ud ;v-‘hle
boundary, external axial load; movable boundary, external a:fu}l ?L\ft. :“!‘in "‘"V
boundary, cxicrnal rotary load; movable bf)llzndary, ne !(’f-‘-‘-’ mr un...,.‘r.nl r,\.
specific exercises. We believe lhatfflhis m()(h.hcd ClilSSlflCilllOl‘\‘.Sy.le-m' ?(‘msu';cn;‘
the magnitude of load, the velocity of the motion, the neu_rm}\usunlar lelu;fo.n, H !
the muscle action associated with each condition. The majority of the cond |l.|0nsl 1
our Functional Classification System are designed to be incorporated during the
‘unctional stages of rehabilitation. o
flll\tll(’;;‘-: l;‘r:%i':)ndilion in the Functional Classificmi'on Sysl_ejn isa hxc&‘l. t;m-";(:-
ary with an external axial load. In this case lhg load is cla_ssmed as consu'er;!;:
with a slow velocity. The neuromuscular reaction can bg either active olr reac :n .
and the muscle action can be cocpnlruc(ion: acceleration, or'decellemnfn?. |f
advantages associated with this type of exercise are cocontraction of the SCJ.[)}I a
and humeral force couples, promoli:on of dyna]nlc stabilization, ‘J()lnl.colrl1[)'re‘s.s.|'(3|?,
facilitation of proprioceptors, minimal shear forces, and some functional specitic-
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ity (6, 13, 17, 41). These characteristics mainly result from the external load
being applied in an axial manner. This type of exercise is similar to a weight-
supported maneuver in the previous classification system. Examples are axial
loading of the shoulder in the tripod position on an unstable base and upper
extremity activities on the slide board.

The second condition is a movable boundary with an external axial load.
This is similar to the first condition, except that the boundary is free to move.
Once again the load is considerable, but the velocity is variable. The muscles
may function as accelerators, decelerators, or coactivators. One of the main
benefits associated with this type of movement is coactivation of scapular and
humeral force couples. This condition also promotes dynamic stabilization, joint
compression, and activation of the prime movers. Last, minimal shear forces are
reported during this type of activity (13, 17, 41). Examples of such exercises
include protraction/retraction exercise using the closed chain attachment for the
Biodex System 2 Isokinetic Dynamometer or a traditional bench press exercise.

The next condition is a movable boundary with an external rotary load. In
this type of activity the load is variable and the velocity approaches functional
speeds. The muscles involved may be the accelerators, the decelerators, or both
as coactivators. These muscles may function either actively or reactively. The
advantages associated with this type of exercise include promoting stability of
the scapulothoracic and glenohumeral base, activation of the prime movers,
functional joint kinematics, and functional motor patterns. Two commonly used
examples of this type of exercise are isokinetic exercise in a functional diagonal
pattern and exercise on a shoulder multiaxial machine.

The last condition in our Functional Classification System is a movable
boundary with no external load. This type of activity involves a variable velocity,
a negligible load, and either active or passive motion. The objective of this
condition is to promote functional movement patterns or joint position sensibility,
Functional movement patterns are utilized in order to reacquaint the athlete with
movement patterns that he or she will encounter during sport activity. Joint
position sensibility activities are utilized to enhance the athlete's ability to position
the limb during activity. The musculature may act as accelerators, as decelerators,
or passively. The benefits of this type of activity are sequential activation of
muscles proximal to distal, low muscle activation without resistance, and func-
tional specificity. This activity also promotes free movement of the distal segment.
Functional motor patterns and muscle activation patterns can be employed that
are very similar to those encountered during actual functional activity. The most
common type of these exercises is joint position sensibility training. Joint position
sensibility training includes both repositioning exercises and cognitive orientation
to joint position and can be performed both actively and passively.

The four conditions in our Functional Classification System appear to
include most of the activities commonly prescribed for rehabilitation of the upper
extremity; the system is presented in Table 1. Each condition and the activities
included within it mediate a specific aspect of the neuromuscular system in order
to adequately restore functional stability to the injured shoulder. A rehabilitation
protocol for the upper extremity may be designed more effectively using a
classification system such as the one described here.

]
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Table ! Summary of Functional Classification System, Including Name
of Classification, Characteristics ofl Each Classification, and Examples of Exercises

MM action: cxiaclivalion, accel-
eration, decdleration

Coactivation o{ force couples

Joint compression

Minimal sheariforces

Promotion of dynamic stability

Movable boundary:  Considerable 1oad, variable ve-
external, axial load locity i
MM action: coactivation, accel-
eration, decgleration

Coaclivation of force couples
Promotion of dynamic stability
Activation of prime movers
Minimal shearforces

Movable boundary:  Variable load, ’functional speeds
external, rotary NM reaction: dctive or reactive
load MM action: cdactivation, accel-

eration, decéleration
Stability of scapular and gleno-
humeral basﬁ:
Activation of prime movers
Functional joir‘!l kinematics
Functional mo‘or patterns

Movable boundary:  Negligible Ioat‘. variable ve-
no load locity ’
NM reaction: active or passive

MM action: acceleration, decel-

eration, or perceptual

Activation of muscles proximal
to distal

Low muscle activation without
resistance

Functiona! significance

Unstable platform

Closed chain protraction/retrac-
tion on an isokinetic dyna-
momeler

Traditional bench press

Rhythmic stabilization activilies

Isokinetics in functional diago-
nal patterns

Multiaxial machine

Resistive tubing exercise

Proprioceptive neuromuscular
facilitation exercise

Joinm sensibility training: active

. caiua
and passive

NM = neuromuscular; MM = muscular
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Reestablishing Neuromuscular Control

As we mentioned previously, the ultimate goal of a rehabilitation program for

the shoul'de.r is to restore functional stability. We have described the necessary
characteristics for functional stability, which include scapulothoracic stability
glenohumeral stabilization, and humeral control. The restraining and uclivatiné
roles of the shoulder complex musculature are mediated by neural mechanisms
z!nd therefore result in functional stability when the neuromuscular mechanisms
function properly. o
. Neuromuscular control is initiated by the proprioceptors, which play a very
important role in maintaining functional stability of the shoulder joint. Proprioception
bmh' mediates function of the shoulder and protects the joint. For example, proprio-
ception .uid.es in placement of the hand during activities of daily liviné as well
as positioning of the shoulder in athletic activities that involve overhead motion.
Proprioception also serves as a protector through dynamic stabilization of the humeral
head resulting in glenohumeral stabilization (6, 26, 39).

The role of proprioception in athletic performance has been very well
(locumem.ed (6, 25-27). Proprioception may be especially important for the
shogll'der. joint, a joint complex with very little inherent stability. Due to the
positioning of the shoulder joint during sports and the velocities that are imparted
on 1t, neuromuscular control and proprioception are vital to functional perfor-
mance of the shoulder joint (6, 23, 26).
o The role of proprioception in maintaining functional stability of the shoulder
is ll.lus.traled in Figure t (6, 25, 27). This paradigm suggests a cyclical pattern
!)c_gmmng with injury to the static structures, the ligaments or joint capsule. With
jury 1o the capsuloligamentous structures, the resultant instability is twolold
First, there is a mechanical instability that is commonly associated with injury ((;
these structures. This type of mechanical instability has been very well documented
throughout the literature (9, 19-21, 29, 35, 43-45). However, research has shown
that mechanical instability alone does not result in episodes of functional instability

lEgamentous Inju;I

; \‘
Instability Progl’i?.c?tptive
eficits

Functional

Decreased Neuromuscular
Instability | < Cie———

Control

Figure I — Functional stability paradigm: The paradigm depicts the progression of
functional instability of the shoulder joint due to the interaction between mechanical
instability and decreased neuromuscular control,

Upper Extremity

n all cases. Thus, functional in.s!ubi!ill.y is the result of a coupling between mechani-
cal instability and partial deafferentation of the mechanoreceptors responsible for
mediating proprioception, a coupling that occurs with capsuloligamentous trauma.
The presence of mechanoreceptors jn the capsuloligamentous structures has been
confirmed in the literature, and these receptors are damaged with injury to the
capsuloligamentous tissue. The result of the deatferentation is a reduced afferent
neural signal, described as a proprioceptive deficit. The decreased proprioceptive
signal inhibits normal motor responge and diminishes neuromuscular stabilization
of the joint. The combination of dedreased neuromuscular control and mechanical
instability results in functional instability of the shoulder joint and contributes (o
an insidious pattern of repetitive injury.

Our laboratory and others have confirmed proprioceptive deficits following
injury (2, 3, 6, 14, 15, 26, 38). IIroprioceplion is measured by assessing the
cortical pathway, the reflex pathway, and the combined peripheral, vestibular,
and visual pathways. The cortical pathway is responsible for joint position sensi-
bility and perception of joint motjon. This pathway is assessed by measuring
threshold to detection of passive joint motion and reproduction of passive position-
ing. The reflex pathway provides dynamic muscular stabilization and synchro-
nized muscle activation. The reflex pathway is assessed by electromyographical
analysis of muscle firing patterns. The combination of peripheral, vestibular, and
visual pathways provides joint afference responsible for maintaining posture
and balance. These combined pathways are assessed through balance and sway
measurements (6).

Once we have identified mechanical instability and proprioceptive deficits,
we need to correct them in order to prevent episodes of functional instability
and repetitive injury. Mechanical instability may be corrected through surgery,
but proprioceptive deficits must be addressed through rehabilitation (6). This is
necessary in order to break the insidious cycle of events leading to functional
instability and repetitive injury.

Principles of Neuromuscular Rehabilitation
|

Our Functional Classification System was designed to serve as a guide for

classification was designed specifically (o integrate all subsystems of movement
and all levels of motor control. The subsystems that should be included are the
peripheral somatosensory, the visual, and the vestibular (6, 22, 25, 27, 39). The
three levels of motor control to be included are the spinal reflex, cognitive
programming, and the brain stem (6, 22, 25, 39). These levels are summarized
in Figure 2. The Functional Classification System will enable the sport clinician
to incorporate each subsystem and level of motor control into a simple, easy-to-
follow rehabilitation program. The concept of functional specificity is included
in our Functional Classification System to allow the injured athlete to return to
the desired sport activity (6, 22, 25).

An example of an activity within the fixed boundary, external axial load
category would be an exercise in a!lripod position on an unstable plattorm (Figure
3). Another common exercise that would fit this category is upper extremity
activity on the Biodex stability sy#lem, also in the tripod position. Each of these
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| MECHANORECEPTORS | LEVELS OFMOTOR
s CONTROL
Peripheral afferents
* joinl
* muscle Spinal-reflexes
el
SeCaT J \ / \
Visual receptors | e—jp C —— Cognitive —
NS programming MUSCLE
[l/eslibular recePlor;I Brain Stem /
balance

Figure 2 — Neuromuscular control pathways.

=

Figure 3 — Fixed boundary, external axial load: exercise

. ' > on an unstable platform
enabling axial loading of the joint,

activities provides
Such activities are
(10, 46); they wor
of movement.

The second category, movable boundary with an external axial load, is
pesl‘represemed by a traditional bench press activity or exercise on the Biodex
isokinetic dynamometer with the closed chain attachment (Figure 4). Another
common example would be exercise in a push-up or modified push-up position
on a slide ‘bourd (Figure 5). These activities provide for axial loading but also
activate prime movers in order to move the boundary. These activities are similar
to those in the first category and work in much the same manner, but they also
Incorporate the movement. These exercises may also be classified as dynamic
or rhythmic stabilization exercises, and they also work at the spinal reflex level

a‘xiul loading of the shoulder complex with the hand fixed.
otlen_ referred to as dynamic or rhythmic stabilization exercises
k mainly at the spinal reflex level and combine all subsystems

o
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Figure 4 — Movable boundary, external axial load: isokinetic exercise on the Biodex
System 2 Dynamometer with the clgsed chain attachment.

as well as the cognitive level (10, 46). These types of exercises combine all
subsystems of movement. :

The third category, movable l‘)()un(lary with an external rotary load, incorpo-
rates some functional movement and motor patterns. The load during the move-
ment is variable and the velocity approaches normal functional speeds. Exercises
in this category include propriocepjive neuromuscular facilitation (PNF) patterns,
Theraband exercise, isokinetic exercise in a functional diagonal pattern, or exer-
cise on a shoulder multiaxial machine (Figure 6). Plyometric exercise for the
upper extremity may also be included in this category (Figure 7). Each of these
exercises works in functional patterns that are specific to the upper extremity,
particularly for overhead movem'gnls. Finally, sport-specific activities such as
throwing and swinging that an athlete encounters every day can be included in
this category. Each of these activities can be performed with varying loads and
at varying speeds. Activities in ihis category emphasize both the spinal and
cognitive levels of motor control. This category is designed 1o provide activiiies
that include overhead motion and to ultimately return the athlete to the desired
sport activity. Activities within this category concentrate mainly on the combina-
tion of peripheral somatosensory and visual subsystems of movement.

The last category in our Functional Classification System is movable bound-
ary with no load. These activities include joint position sensibility exercises and
can be included very early in the rehabilitation program. Position sensibility
involves glenohumeral repositioning both with and without visual input. These
exercises can be performed both actively and passively with a goniometer or on
an isokinetic dynamometer (Figure 8). This category works at the brain stem
level of motor control as well as;the cognilive level. The subsystems included
are the peripheral somatosensory and the vestibular. The visual may be included
in some activities but is not always emphasized in this category.

It is imperative that activities from each classification in our system be
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™

~

M ernal axial load: (a) exercise on a slide board in
push-up position, (b) exercise on a slide board in quadruped position.

included in the upper extremity rehabilitation program in order to fully return
the athlete to preinjury level. These categories incorporate all subsystems of
movement and all levels of motor control. Most importantly, functional specificity
is emphqsizcd throughout each of our classifications, allowing the athlete to
resume functional activity as quickly and safely as possible.

Summary

,I'ung‘l.mna.ll stability of the shoulder joint depends on proper scapulothoracic
stabilization, glenohumeral stabilization, and hwmneral motion, as well as the

1
Figure 6 — Movable boundary, external rotary load: isokinetic exercise on the Biodex
System 2 Dynamometer in a functional diagonal pattern.

integration of these through neuronjuscular control. Functional stability and neu-
romuscular control are provided by both the static and dynamic mechanisms.
With injury to the ligamentous sln_iclures, the musculature, or both, episodes of
functional instability result. Surgical intervention may restore the mechanical
restraints to the shoulder, but rehabilitation is needed to restore the dynamic
mechanism and neuromuscular control of the unstable shoulder.

Reestablishiment of neuromuscular control is best accomplished through a
combination of both open and closed kinetic chain activities. Both open and
closed chain activities possess characteristics that are important in restoring
neuromuscular control to an injured extremity. In this paper we have described
our Functional Classification System, which classilies activities according to
these functional characteristics rather than the traditional definitions of open and
closed chain exercise. In this new classification system, closed chain activities
provide for large resistance/low acceleration, great compressive forces, joint
congruency, low shear, stimulation of proprioceptors, and enhanced dynamic
stabilization. Open chain activitieg provide for large accelerationflow resistance,
distraction and rotary forces, promotion of a stable scapulothoracic base, joint
mechanoreceptor deformation, concentric acceleration, eccentric deceleration,
and assimilation of function.

Considering the complexity of the upper extremity and of any associated
rehabilitation program, we believe that a few characteristics are important for
classifying and designing rehabilitation activities. These include direction of the
force, magnitude of load, muscle ‘action, joint motion, and neuromuscular func-
tion. These general characteristics, provide the basis of our Functional Classilica-
tion System and should be C()nsii(lcrcd when choosing activities for an upper
extremity rehabilitation program.|

Ultimately, integration of th functional characteristics that provide for
neuromuscular control and propet stabilization of the scapulothoracic and gleno-
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Figure 7 — Movable boundary, external rotary load: (a) plyometric exercise for the
shoulder joint with Plyoball and pitchback, (b) plyometric exercise for the shoulder
joint with Plyoball and partner.
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Figure 8§ — Movable boundary, no load: active and passive repositioning exercises
for the upper extremity.

humeral joints, as well as humeral control, will provide functional stability in
the shoulder joint. Without integration of these arcas and proper neuromuscular
control, episodes of functional istability may occur and functional performance
will suffer. Rehabilitation of the'shoulder complex based upon the classification
system proposed here should refurn the athlete to a high level of activity.
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