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Stabilization exercises have been a focus and mainstay of many therapeutic and performance
training programs in the past decade. Whether the focus is core stabilization for the spine or
scapular stabilization, clinicians and trainers alike have endorsed these programs, largely on the
basis of conceptual theory and anecdotal experience. The notion that an unstable scapula is
related to shoulder dysfunction and pathology is well accepted, but is it accurate? The aim of
this perspective article is to challenge the concept of scapular stabilization through the
application of biomechanical and motor control constructs. The objectives are to critically
examine current beliefs about scapular stabilization, to discuss definitions of stabilization and
stability in the context of the scapulothoracic region, and to evaluate key evidence regarding
scapular stabilization and scapular dyskinesia. Several new approaches that may affect the
understanding of normal and atypical scapula motion are explored. Finally, a historical analogy
is presented and future research and clinical directions are suggested. The aims are to lead
readers to the essential concepts implied on scapular stabilization, to increase the critical
thought process in rehabilitation practice, and to suggest some open topics to be explored in
future research.

1162 M Physical Therapy Volume 96 Number 8

August 2016

¥20Z Iudy 61 uo1senb Aq 1/81982/291 L/8/96/8191e/Ad/Wwoo dno-olwepeoe//:sdyy woly papeojumoq



Critical and Theoretical Perspective on Scapular Stabilization

he notion that an unstable scapula

is related to shoulder dysfunction

and pathology is well accepted.!-2
The prevailing theory asserts that for
proper function of the glenohumeral
joint, the scapula must provide a stable
base upon which upper extremity tasks
are accomplished.?-5> Without scapular
stability, in theory, there is increased risk
for pathologies such as impingement or
cuff tears.! Several implications are
strongly linked to the idea of scapular
stability, including the belief that dyski-
nesia? is a sign of instability and is a result
of weak or unbalanced scapulothoracic
(ST) muscles.4-'! Laboratory and clinical
approaches based on these implications
include the classification of dyskinesia
and the use of stabilization exercises,
braces, or taping to increase scapular
stability.%7-9-12

The importance of scapular stabilization
has drawn considerable attention from
research scientists, educators, and clini-
cians. However, to our knowledge, there
has been no critical evaluation of the
available literature with regard to
whether scapular stabilization is a solid
paradigm on which to build. In this per-
spective article, we explore the mecha-
nistic theory underlying the approach to
scapular stabilization and the evidence of
training efforts to improve scapular
stabilization.

Describing Scapular

Position and Movement

In the resting posture, the scapula sits on
the thorax at a 30- to 40-degree angle
anterior to the coronal plane. The ante-
rior/posterior tilt of the scapula is vari-
able and has been reported to be 10 to 13
degrees.!!3 The upward rotation of the
scapula at rest has been reported to be 4
to 10.5 degrees.!13 The position at rest
can be influenced by the functional use
of the upper limbs or by habitual pos-
tures. For example, in pitchers, the scap-
ula on the side of the dominant upper
limb has been reported to be more
upward and internally rotated and to
have greater anterior tilt than that on the
nondominant side.'4

Studies of scapula motion in groups of
people who are healthy have defined a
pattern of progressive upward rotation,

posterior tilt, and highly variable inter-
nal/external rotation''51¢ during arm
elevation in the coronal, sagittal, or scap-
ular plane. A comparison of the motion
of dominant and nondominant arms
showed that upward rotation and inter-
nal rotation of the scapula were equiva-
lent during raising of the arm and lower-
ing of the arm in the sagittal, frontal, and
scapular planes of arm motion.!> How-
ever, posterior tilt was significantly
decreased in the nondominant shoulder
during  coronal-plane abduction.!3
Importantly, scapula orientation re-
corded during these constrained planar
motions was noted to be different from
scapula orientation recorded during
functional tasks. Amasay and Karduna!”
compared scapula orientations achieved
at the same planes and elevation angles
during both constrained and functional
movements and reported angular
differences ranging from 3.2
to 9.7 degrees between movement
conditions. Therefore, any association
between shoulder pathology or dyskine-
sia and scapula orientation in studies
with constrained movement patterns
may not translate directly to functional
tasks.

Similarly, there is considerable variability
in the description of scapulohumeral
rhythm. In the 1940s, Inman et al pro-
posed the 2:1 ratio idea—in which, for
each 2 degrees of humeral elevation,
there is a corresponding 1 degree of
scapula upward rotation.!'® More recent
studies have shown that scapulohumeral
rhythm ranges from 1:1 to 6:1, depend-
ing on factors such as how kinematics
are measured, the plane of elevation of
the arm,’'® and whether there is an
external load.2%2! Other factors that
influence scapulohumeral rhythm in-
clude speed of motion,?? pain,?3 shoul-
der tightness,?* and fatigue.13.15:25.26 In
addition, accurate measurement of scap-
ular kinematics is challenged by depen-
dence on the precise notation of move-
ment conditions, coordinate systems,
and other technical 3-dimensional kine-
matic methodological issues.?” In clinical
settings, the observation of “abnormal”
motion should be described but not
assumed to represent an unstable scap-
ula because, as we discuss below, the

Figure.
lllustration of a system with multiple forces
of different magnitudes and directions.

observed abnormal motion may simply
represent normal kinematic variability.

What Does “Scapular

Stabilization” Mean?

The fundamental definition of stability is
the degree to which a system can return
to an orientation or movement trajectory
after a perturbation.?® An important con-
cept embedded in this definition is that a
system is either stable or unstable; a sys-
tem cannot be partly stable. Joint insta-
bility is characterized by mobility that
exceeds physiological limits without ade-
quate control. When applied to the ST
joint, this characterization suggests that
the orientation or trajectory of the artic-
ulation would not be recoverable after a
perturbation. Because this foundational
definition is difficult to apply directly to
the scapula, the term “scapular stability”
has come to imply “normal” scapula
movement on the thorax during upper
extremity motions. What becomes obvi-
ous is that this clinical definition is not
objective or quantifiable, presenting a
major challenge for the discussion, eval-
uation, and study of scapular stability.

Another misleading belief is that
muscle force balance plays a role in cre-
ating dynamic scapular stability or equi-
librium. For dynamic stability to be
achieved, synergistic muscles are not
required to be balanced in terms of their
activation or force generated. The idea of
multiple competing forces in a system is
illustrated in the Figure. The upper tra-
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pezius (UT) muscle force is not equalized
or balanced with the lower trapezius
(LT) and serratus anterior (SA) muscle
forces in producing an upward rotation
moment on the scapula. Rather, all that is
required is that the net moment satisfies
the Newtonian condition for dynamic
equilibrium (from Newton’s second law
of motion). This condition represents a
state of dynamic rotational equilibrium
or stability. Therefore, equal muscle
forces are not mandatory—and could be
clinically undesirable— because the mus-
cles have different moment arms and
thus different mechanical advantages for
causing angular rotation in the joint
(Figure).

The erroneous notion about expected
muscle force balance often underlies the
misinterpretation of scapular muscle
electromyographic (EMG) studies—
namely, that specific exercises must be
initiated in selected muscles because of
lower EMG responses.® Among other rea-
sons for this misinterpretation, if a mus-
cle at a particular degree of motion has a
mechanical advantage because of its
moment arm, then its motor unit activa-
tion requirements will be low even
though it is capable of generating signif-
icant torque on the scapula. Confound-
ing the issue is the fact that because the
scapula both translates and rotates in 3
dimensions, its instantaneous axis of
rotation is constantly changing, affecting
the moment that each scapular muscle
can generate to rotate the scapula.

The key point is that stability is context
specific, depending on the system and
the task being performed. The same
argument was made by Cholewicki and
McGill?® and McGill et al3° with regard to
spinal stability; they argued that no single
muscle played a dominant role in the
process and that the contribution of indi-
vidual stability springlike guide wires
constantly changed, depending on the
task.29,30

Scapular Stability Paradigm
One of our main purposes is to challenge
the notion of scapular stability or stabili-
zation. A key part of the challenge con-
sists of confronting the language used to
describe scapula function, along with the
implicit assumptions made when that

language is wused. The perspective
offered here is that the current paradigm
of scapular stabilization is flawed.

One obvious limitation of this paradigm,
already noted, is that the scapula does
not conform to the definition of stability
or joint stability. Although the scapula
has considerable movement capability,
in the normally functioning neuromuscu-
lar system, it does not move beyond its
physiological limits. The scapula returns
to static or dynamic equilibrium after
perturbations from unexpected external
forces, internal forces, or voluntary
movements, with the possible exception
of high-force trauma. Although this limi-
tation could be dismissed as simply a
semantic argument, we propose that the
implications and assumptions associated
with the term “scapular stability” influ-
ence the approach to patient care in that
clarity versus ambiguity matters. These
implications include the notions that
normal scapula motion is critical to
shoulder and upper extremity function;
that dyskinesia is a sign of muscle weak-
ness, instability, or lack of motor control;
and that stabilization exercises will
resolve symptoms and improve scapula
motion.

A second key limitation of the scapular
stability paradigm relates to the less strin-
gent definition of scapular stability pro-
posed earlier. The necessary antithesis
of the definition that normal scapula
motion indicates system stability is that
scapula movement that is not normal
(dyskinesia) indicates instability. Clini-
cians tend to use dyskinesia as the index
test for stability and to initiate scapular
stabilization exercises when dyskinesia is
present.> Importantly, this connection
between nonnormal movement and
instability has not been established, and
many people with scapular dyskinesia
maintain healthy functional use of the
extremity.

Admittedly, the argument that there is no
connection between dyskinesia and
instability is problematic because there is
no established way to measure scapular
stability. Without a method for quantify-
ing stability, the ability to test for a rela-
tionship with dyskinesia is not currently
possible. That said, the absence of an

appropriate stability test supports the
argument that the term “scapular stabil-
ity” is vulnerable to being used
indiscriminately.

Rethinking the Stable Base

Function of the Scapula

For the scapula to manage perturbations
and maintain equilibrium, it must be able
to transfer forces. But how does this hap-
pen? The scapula has minimum geomet-
ric and anatomical constraints, sits on the
thorax, and is suspended primarily by
the musculotendinous attachment of 17
muscles in addition to some load transfer
via the clavicle. Some of these muscles,
such as the trapezius, levator scapulae,
rhomboid, and SA muscles, are
axioscapular muscles and are considered
to be prime movers or pivots of the ST
articulation.? These axioscapular mus-
cles are the ones most targeted for
rehabilitation to improve scapular
stability.®31-33 Although there is some
passive suspension support for the scap-
ula via the acromioclavicular joint liga-
ments and the coracoclavicular liga-
ments, the minimum geometric and
anatomical constraints of the scapula
necessitate that forces generated in the
arm must be transferred to the axial skel-
eton primarily through the musculoten-
dinous attachments. Likewise, proxi-
mally generated forces needed for arm
function must be transferred distally
through these same musculotendinous
attachments. Although the ligamentous
connections do assist in maintaining
acromioclavicular joint congruency and
force transfer between the scapula and
the clavicle, synergistic ST muscle activa-
tion is critical for force transfer between
the arm and the trunk.

Given that there is no geometric base for
transferring loads from the wupper
extremity, an appealing model for load
transfer suggests that the scapula func-
tions as the hub of a “tensegrity” struc-
ture3435; in this scenario, forces coming
from the arm are transferred to the axial
skeleton through the soft tissues rather
than through the linked bone levers. As
in the design of a bicycle wheel, the
scapula, suspended in the “spokes” of
the attached muscles and soft tissues,
could function as a hub for the arm and
the thorax. In addition, the concept that
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the scapula, supported within a muscu-
lotendinous sling, could transfer forces
from proximal to distal or distal to prox-
imal also is plausible. In this scenario, the
stiffness of the sling elements would dic-
tate the relative ability of the system to
absorb or transfer kinetic energy.

On the basis of the preceding discussion,
it may be more accurate to conceptualize
ST function as an energy transfer system
rather than an anatomical structural base
of support. In this concept, the role of
the scapula is not so much to provide a
stable base but to maximize the overall
degrees of freedom needed to place the
hand in space and to absorb and transfer
energy to and from the upper extremity.
In particular, Hasan3¢ suggested that sta-
bility in the sense of quick resistance to
perturbation often may not be necessary
for the successful control of forces,
energy, and movement. Instead, he pro-
posed that movement variability creates
resilience, which is more desirable than
stability for the control of movement.
Similarly, “robustness” may be a more
appropriate term than “stability” because
it describes the tolerance of a system for
uncertainty, allowing for degrees of
movement variability. For the scapula,
catching a ball with uncertain trajectory
and velocity perturbs the shoulder com-
plex as forces are transferred to it from
the upper extremity. How well the ST
system tolerates that perturbation
defines its robustness, and the ability to
recover to the preperturbed state defines
its stability.

Is Dyskinesia an Indicator of
Instability?

There are several arguments against con-
sidering dyskinesia to be an indicator of
instability. First, we propose that most
observed scapular dyskinesia likely rep-
resents normal movement variability. In
walking, many movement patterns are
considered to be normal, and a single
person’s gait pattern is variable enough
to be unique and recognizable. There
seems to be much less acceptance of
such individual variability at the ST joint,
with all nonnormal movement being
identified as problematic. Similarly, it is
accepted that normal gait patterns result
from the combined motions of all of the
lower extremity joints, the pelvis, and

the trunk. However, for upper extremity
function, ST movement is often empha-
sized, with less regard for the compre-
hensive nature of the whole system.

The traditional orthopedic biomechani-
cal model has assumed that variability is
evidence of incorrect movement pat-
terns. However, a dynamic systems
approach may provide a better frame-
work for understanding scapula move-
ment. Dynamic systems theory3” argues
that variability reflects the variety of
coordination patterns used to complete a
task and suggests that variability is evi-
dence of the flexibility and adaptability
of the neuromuscular system in explor-
ing new movement solutions. Essentially,
dynamic systems theory considers cou-
pled movement patterns and their phase
relationships. In this context, dynamic
stability is characterized by the stability
of coupled movement patterns—such as
phasing or coupling of scapular posterior
tilt with other segmental motions, such
as humeral external rotation—rather
than any one position or angular magni-
tude—such as the degrees of scapular tilt
or rotation.

Second, a theoretical connection among
dyskinesia, scapular instability, and
shoulder pathology has become widely
accepted without clear evidence that
such a connection exists. The concern is
that the presence of dyskinesia may lead
to quick conclusions about pathological
mechanisms and interventions that stifle
clinical reasoning and decision making.
The notion that scapular dyskinesia is an
indicator of instability and is linked to
pathology is not supported by recent
independent literature reviews. Thomas
et al’® performed a meta-analysis of 9
studies comparing scapular kinematics in
people with and people without sub-
acromial impingement. They reported a
small overall effect size for decreased
scapula upward rotation and increased
internal rotation in people with subacro-
mial impingement but acknowledged
that the data were influenced by the
inclusion of athletes and workers who
used their arms in overhead positions in
the review. As noted earlier, repetitive
use may alter scapula position; therefore,
because of the inclusion of these groups,
the analysis may not have been applica-

ble to the general population. Ratcliffe et
al?® performed a systematic review of 10
studies evaluating the link between scap-
ula kinematics and subacromial impinge-
ment. They concluded that no ideal scap-
ula position exists and that deviations in
scapula motion do not cause or contrib-
ute to subacromial impingement.

Furthermore, Ludewig and Reynolds
noted substantial evidence for scapula
kinematic alterations in people with
impingement, yet the type and preva-
lence of alterations were inconsistent,
with a mix of both “negative” and “pos-
itive” alterations being reported.! For
example, of the 23 between-group move-
ment comparisons, only 13 (57%) were
significantly different, with 43% showing
negative scapula movement in people
with impingement and the other 14%
showing positive movement.

Overall, these reviews do not support a
consistent connection between scapular
kinematic changes (dyskinesia) and
shoulder impingement, suggesting that
dyskinesia could develop in response to
pain rather than cause it, that measure-
ments or definitions of stability currently
in use are not sensitive enough to clarify
an existing relationship, or that a high
level of scapula motion variability may be
the norm.4°

Third, normal scapula motion—if even
possible to define—is based on group
data that tend to encompass the move-
ment variability of an individual. In other
words, scapular kinematic data for peo-
ple who are healthy includes ranges of
motion that most likely encompass those
of people with nonnormal motion pat-
terns for at least one scapula rotation.
Although this dyskinesia becomes lost in
the group average, if observed in an indi-
vidual, it is interpreted as problematic.
This point becomes apparent in a study
comparing visual dyskinesia in people
with and people without impingement;
in that study, equal percentages of peo-
ple in the 2 groups displayed visible
dyskinesia.!!

Fourth, dyskinesia and lack of stability
have been said to reflect poor motor con-
trol of the scapula stabilizers,* but, as we
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discuss below, evidence is far from
conclusive.

Applying Motor Control
Theory to Scapula Control

Before the evidence is evaluated, the
parameters within which motor control
theory operates should be defined. One
parameter is that neuromuscular control
is synergistic, which means that control
clements such as muscle forces vary con-
siderably in response to perceptual infor-
mation. For example, errors in force gen-
eration in one muscle element are
automatically compensated for by other
muscle elements to perform a particular
task.4! These compensations are reflex-
ive and do not occur within any volun-
tary time frame. In the context of syner-
gistic motor control, scapula movement
variability becomes a necessary and
advantageous strategy for movement.

Another parameter is that the motor sys-
tem has built-in redundancy for motor
degrees of freedom. Especially in the
upper extremity, the motor system has
many combinations of actions and move-
ments available to achieve a given goal.
Therefore, it is possible that an exact
scapular orientation is associated with
multiple ways in which a given state can
be achieved and multiple ways in which
muscular kinetics can vary. This notion
of redundancy has been referred to as
the “degrees of freedom problem,” as
outlined by Bongaardt and Meijer.4!
Movements can have different trajecto-
ries, velocities, and muscle activation
profiles to achieve the same end result.
In this regard, the notion of presuming
normal motor control of the scapula as a
reflexive link within a kinematic chain is
a weak axiom.

With regard to scapular function, a con-
struct similar to redundancy is the idea of
optimization®* of movementrelated
criteria.#2-44 For human motion, the
question to ask is, “What needs to be
optimized?” In some cases, it may be
energy expenditure, and in other cases,
it may be energy transfer or absorption.

*In biomechanics, “optimization” is a term
used to imply that there is some parameter,
such as minimum energy expenditure or max-
imum force, that the body tries to optimize for
the most efficient function.

An emphasis on scapular stability may
not be a functionally relevant optimiza-
tion strategy of the motor system.

In general, the higher-order structures
within the nervous system have a greater
association with movement synergy than
with individual muscle control. This is
the principal rationale for why attempts
at isolated muscle contraction exercises,
such as vastus medialis obliquus muscle
exercises for patellofemoral pain syn-
drome, multifidus spinae and transversus
abdominis muscle exercises for low back
pain, and any isolated scapular muscle
exercises, have been associated with a
lack of strong biologic plausibility. This
idea is not without exceptions, however.
Holtermann and colleagues*>4¢ showed
that it is possible to use intense EMG
biofeedback training to selectively acti-
vate the UT, LT, and SA muscles. How-
ever, these observations have not been
shown to transfer to any real-life func-
tional task performance, making the
practical relevance to scapula control or
stabilization unclear.

Studies evaluating scapular motor con-
trol have involved comparisons of ST
muscle activation between groups or
after a training intervention. A frequent
assessment of motor control involves
comparing EMG activation levels in the
ST muscles, with lower UT and higher SA
and LT muscle activation levels being
considered optimal. Larsen et al%” inves-
tigated “neuromuscular control of scap-
ular muscles” in patients with subacro-
mial impingement syndrome (SIS) and a
matched control group and found no dif-
ferences in muscle activation onset or
SA/UT and UT/LT muscle amplitude
ratios between the groups. Worsley et
al#® compared the effects of a 10-week
“motor control training program” that
consisted of learning optimal scapular
orientation at rest and during active
muscle-specific exercises for the LT and
SA muscles in a group of patients with
impingement syndrome (n=16) and a
control group of people who were
healthy (n=16). Electromyographic tim-
ing deficits and improved scapular pos-
terior tilt in the patient group suggested
that the motor control training program
was effective. However, EMG timing
relied only on visual inspection; data

from the control group, which also may
have changed in an equivalent way, were
not collected at 10 weeks; the motor
control training program included other
interventions commonly used in clinical
practice to manage symptoms; and the
only observed scapular kinematic
change involved posterior tilt, which
may be affected by simple improvements
in posture.

Roy and Igbal#4 assessed the effects of
motor control and strengthening exer-
cises on shoulder function in a case
series of 8 people with SIS and reported
reduced pain and improved function;
however, they did not assess scapula
muscle strength or activation. Conscious
correction of scapula orientation during
4 different exercises designed to prop-
erly activate the UT, LT, and middle tra-
pezius (MT) muscles did not increase
favorable UT/MT and UT/LT muscle acti-
vation ratios in athletes who used their
arms in overhead positions and had dys-
kinesia.!2 However, visual biofeedback
increased the amount of posterior tilt
and decreased UT/MT, UT/LT, and
UT/SA muscle activation ratios during
scapular stabilization exercises in people
with SIS.4#° Similarly, visual EMG feed-
back resulted in the ability to selectively
activate the LT muscles in approximately
50% of people with and without SIS,
and visual feedback of the scapula posi-
tion with real-time video was shown to
increase UT and SA muscle activation
during arm elevation in people with
scapula winging.>¢

Although some of these studies sug-
gested that scapular stabilization exer-
cises influence ST muscle activation, it is
not known whether increases in ST mus-
cle activation or changes in activation
ratios translate to any lasting kinematic
pattern improvements. In total, there is
little evidence to suggest that scapula
motor control training can functionally
affect scapula muscle activation. Learn-
ing to consciously control scapula posi-
tion and using visual biofeedback appear
to be good methods for immediately
altering ST muscle activation or motion,
yet the long-term clinical significance
and transferability to daily functional
tasks remain unknown. Whether these
strategies conform to the previously
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described ideas of synergy, redundancy,
optimization, and individual muscle con-
trol should also be considered.

Finally, with regard to dyskinesia and
implied instability, exercises to improve
scapula control or strength do not
appear to normalize scapula motion. The
general idea is that if scapular muscles
are appropriately strengthened, then
observed abnormal kinematics or dyski-
nesia can be corrected, leading to
improved scapular stabilization. Only
one clinical trial favored the addition of
“scapular stabilization exercises” for
patients with SIS>!; significant increases
in scapular muscle strength and joint
position sense were reported for a scap-
ular stabilization group (n=20), relative
to a traditional shoulder exercise group
(n=20), after 6 weeks of training. Unfor-
tunately, a static measure of scapula posi-
tion was used as an outcome measure.

Several studies have involved the evalu-
ation of athletes or workers who use
their arms in overhead positions because
of their increased prevalence for scapu-
lar dyskinesia and shoulder pathology. In
one assessment, a 6-week scapular stabi-
lization exercise intervention did not
alter dynamic 3-dimensional scapula
kinematics or ST muscle strength in
swimmers.52 In another study, a 6-week
intervention involving 4 ST exercises
previously determined to “optimize”
muscle activation levels was evaluated.>3
After the intervention, athletes who used
their arms in overhead positions and had
SIS had lower UT/SA muscle activation
ratios during arm elevation in a standing
position.>4 In a subsequent study, after
participants were given instructions on
how to consciously control scapula posi-
tion, 2 of the 4 exercises (side-lying
external rotation and prone extension)
resulted in increased UT, MT, and LT
muscle activation ratios but no change in
ST muscle activation ratios.># In a similar
study of people who worked in offices
and had neck pain and scapular dyskine-
sia, maintaining a learned correct scapula
position resulted in greater LT muscle
activation during typing.>> Two other
studies failed to show any change in
scapular 3-dimensional kinematics after
a 4-week!© or a 6-week>® scapular train-
ing program. Neither of these studies

included quantification of scapular stabil-
ity or reporting of the presence of scap-
ular dyskinesia in participants before the
interventions, undermining the ability to
evaluate how the interventions may have
influenced ST stability. In summary, it
does not appear that exercise programs
focused on correcting scapula move-
ment are consistently supportive. Many
studies reporting changes in scapular
dyskinesia have been hindered by equiv-
ocal reliability of the measurement of
scapular dyskinesia®1? and the fact that
scapular dyskinesia is a poor predictor of
shoulder pain.'°

Where Is the Evidence
Leading Us, and on What
Should We Focus?

This perspective article is meant to chal-
lenge thinking and clarify concepts
related to scapula dysfunction and ther-
apy. Although there is not yet sufficient
evidence to support a new approach to
treating shoulder pathology, on the basis
of the principles discussed earlier, we
can suggest a new approach for thera-
pists and some new research directions.

Because the ST joint is located proxi-
mally, the muscles that control move-
ment are innervated by the ventromedial
descending motor control system.>7 This
descending system has limited potential
for precise voluntary control of the indi-
vidual muscles it recruits and instead
organizes activation into more global
synergy. This information suggests that
exercises intended to recruit and
strengthen individual muscles are not
likely to be effective and that global
recruitment of ST muscles should be
emphasized. If this approach is coupled
with the idea that manipulating length/
force relationships can enhance muscle
stiffness, then perhaps facilitating mus-
cle recruitment with the scapula away
from its “ideal” position may be most
effective. This notion is contrary to the
current paradigm, which suggests that
people must learn and maintain the ideal
neutral scapula position before begin-
ning any exercises.

From a motor control perspective, the
position of the scapula and its equilib-
rium very likely are low priorities for the
central nervous system. Instead, move-

ment planning and execution are
focused on the hand and how it will
interact with the environment to com-
plete a specific task. The scapula, in all
likelihood, is subservient to the hand for
most tasks. For example, several studies
have evaluated the effect of performing
scapular stabilization exercises on an
unstable surface, hypothesizing that this
approach will increase ST muscle activa-
tion.>8-61 This strategy does not increase
ST muscle activation, suggesting that
stiffness at the interface between the sur-
face and the hand is the primary empha-
sis for these tasks.

For evaluation, assessing scapula motion
remains important, but dyskinesia should
not be automatically regarded as impair-
ment; dissimilar scapula motion patterns
bilaterally could suggest normal variabil-
ity rather than impairment. It is known
that holding a weight during arm eleva-
tion often elicits dyskinesia, but the deci-
sion to define this dyskinesia as problem-
atic should be based on the required
accuracy of the functional task, not the
specific scapular orientation. In other
words, the focus needs to change from
trying to determine precise scapula
movement deviations that lead to iso-
lated interventions, such as stretching
the pectoralis minor muscle for lack of
posterior tilt or strengthening the lower
trapezius muscle, with the notion that
such interventions will improve scapula
upward rotation.

Interventions that require the shoulder
complex to function as a force absorp-
tion and transfer unit and muscle activa-
tion in functionally relevant positions
should be emphasized. Functionally rel-
evant training should be data driven, cri-
terion based, and patient specific to meet
particular activity demands. Using vari-
ous levels of resistance, speed, or both
can be considered to challenge the
robustness of the system to perform
tasks. Adding perturbations to any of
these activities also will train the system
to adequately respond to external forces
(improving stability). Approaches that
incorporate plyometric training may
facilitate stiffness adaptations via the
stretch reflex.
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Ultimately, this perspective article does
not advocate for a radical change in the
treatment approach for the ST articula-
tion as much as it challenges how clini-
cians think about, rationalize, and justify
the approach that is used. For example,
rather than attempting to change scapula
posterior tilt by 5 degrees, clinicians
should work to ensure that the scapula
has the maximum potential for move-
ment (by stretching tight tissues or
improving thoracic mobility), the maxi-
mum capability of movement (through
global muscle activation and strength),
and the maximum ability to assist the
hand in performing precise functional
tasks. Scapula movement variability
should be embraced as a central nervous
system optimization strategy rather than
as a pathological factor, and variability
should be considered in terms of cou-
pled movement patterns rather than
absolute singular scapular positions or
angles. An emphasis on managing pertur-
bations through the manipulation of
external loads, scapula position, or
movement velocity to ensure robustness
should be an underlying construct dur-
ing treatment. This approach represents
a shift from a scapula-based movement
paradigm to a muscle-based functional
paradigm. Although clinical metrics for
the assessment of stiffness control are
not currently available, it is possible to
develop stability assessments that are not
just kinematically defined (dyskinesia)
but are performance defined. For exam-
ple, new assessments could be devised
to require maintaining the arm in a func-
tional position and testing the ability of
the arm to reestablish the position (with
time and endpoint location indicators)
after unanticipated perturbations.

For researchers, direct application of
dynamic systems theory and muscle syn-
ergy decomposition analytical tech-
niques may provide better insight into
normal and abnormal coupling and neu-
romuscular coordination. Direct scapular
stiffness experiments to define stiffness
behavior under various conditions could
provide needed outcome measures to
evaluate interventions that propose to
change neuromuscular control through
the modification of muscular stiffness.
When a change in motor control is
desired, the primary control parameter

to target is muscle stiffness, yet the abil-
ity to change ST muscle stiffness has not
been demonstrated and remains an
important construct to explore. Simple
experiments to evaluate passive and
active force/displacement or torque/an-
gular displacement behavior could pro-
vide baseline metrics for interventions
that purport to alter ST muscle stiffness
behavior.

In conclusion, this perspective article
suggests that the current clinical scapu-
lar stabilization paradigm is ambiguous,
is flawed, and has limited support from
current evidence. The notion that there
is an ideal scapula orientation or that
isolated ST muscle strengthening will be
effective for people with dyskinesia is
also unsupported. Alternatively, ideas
about muscle synergy and stiffness,
motor redundancy, and coupled move-
ment pattern variability should be at the
forefront of considerations of the contri-
bution of the scapula to shoulder move-
ment and pathology. Finally, the metrics
of scapular stability should de-emphasize
the scapula and be defined by the ability
to return to or recover an orientation or
to resume a movement trajectory of the
entire upper extremity.

All authors provided concept/idea/project
design and writing. Professor de Oliveira
provided data collection.
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