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ABSTRACT
The second international consensus conference on the
scapula was held in Lexington Kentucky. The purpose of
the conference was to update, present and discuss the
accumulated knowledge regarding scapular involvement
in various shoulder injuries and highlight the clinical
implications for the evaluation and treatment of shoulder
injuries. The areas covered included the scapula and
shoulder injury, the scapula and sports participation,
clinical evaluation and interventions and known
outcomes. Major conclusions were (1) scapular
dyskinesis is present in a high percentage of most
shoulder injuries; (2) the exact role of the dyskinesis in
creating or exacerbating shoulder dysfunction is not
clearly defined; (3) shoulder impingement symptoms are
particularly affected by scapular dyskinesis; (4) scapular
dyskinesis is most aptly viewed as a potential
impairment to shoulder function; (5) treatment strategies
for shoulder injury can be more effectively implemented
by evaluation of the dyskinesis; (6) a reliable
observational clinical evaluation method for dyskinesis is
available and (7) rehabilitation programmes to restore
scapular position and motion can be effective within a
more comprehensive shoulder rehabilitation programme.

INTRODUCTION
Before detailing the key elements of the consensus,
we first review the gross anatomy and basic move-
ment patterns in the shoulder, define scapular dys-
kinesis and explain why it is a superior term to
‘dyskinesia’. We discuss the clinical assessment and
argue that treatment is likely to be primarily in the
rehabilitation domain.

Gross anatomy
Effective shoulder position, motion, stability, muscle
performance and motor control are heavily depend-
ent on the scapular performance. Anatomically, the
scapula is part of both the glenohumeral (GH) joint
and the acromioclavicular (AC) joint, and is the inter-
posed bony linkage between the humerus and the
clavicle/axial skeleton. Physiologically, it is the stable
base of origin for muscles that contribute to the
dynamic GH stability and produce arm motion, and
scapular stability is needed for force production from
muscles arising from the scapula. Mechanically, the
coordinated coupled motion between the scapula
and humerus, the so-called scapulohumeral rhythm
(SHR), is needed for efficient arm movement and
allows for GH alignment to maximise joint stability.
BJSM readers may find Kibler et al1 useful for its
detailed discussion of shoulder anatomy.

Shoulder movement including scapular
dyskinesis
Knowledge regarding the role of scapula in shoul-
der function has been gradually accumulating. It
has been difficult to track scapular motion because
of the relatively deep position of the scapula, the
overlying muscles and the potentially complex
nature of the position and motion of the scapula
during planar arm motions and functional tasks.
Early studies of scapular motion in healthy indivi-
duals defined two-dimensional SHR2 3 and the
muscle force couples involved.3 4 More clinically
relevant three-dimensional motion was derived
from early motion analysis studies using surface
markers and indwelling bone pins.5–9 These studies
established the three-dimensional motion and trans-
lation patterns and the magnitudes of motions
about the established axes, and derived the norma-
tive data for scapular motions. This information
could be used to clarify the altered motions and
became the basis for clinical tools to assess normal
and altered scapular position and motion. Recent
information is being developed by the use of bipla-
nar fluoroscopy, which provides more precise mea-
surements without invasive methods.10

Altered scapular motion and position have been
termed scapular dyskinesis. The definition of dys-
kinesis is the alteration of normal scapular kine-
matics.11 ‘Dys’ (alteration of) ‘kinesis’ (motion) is a
general term that reflects the loss of normal control
of scapular motion. An alternative term that is
often used interchangeably is ‘dyskinesia’.
Dyskinesia is usually applied to abnormally active
(voluntary) movements mediated by neurologically
controlled factors such as tardive dyskinesia. Since
there are many other factors that can cause the
altered position and motion, such as clavicle frac-
tures, AC joint separations and muscle detach-
ments, the more inclusive term dyskinesis is
preferred.11 Dyskinesis by itself is not an injury or
a musculoskeletal diagnosis.12 Dyskinesis has been
hypothesised to relate to changes in GH angula-
tion, AC joint strain, subacromial space dimension,
shoulder muscle activation and humeral position
and motion.

Causes of dyskinesis
Multiple factors may cause dyskinesis. Bony causes
include thoracic kyphosis or clavicle fracture non-
union or shortened mal-union. Joint causes include
high grade AC instability, AC arthrosis and instabil-
ity and GH joint internal derangement.
Neurological causes include cervical radiculopathy,
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long thoracic or spinal accessory nerve palsy. Soft tissue mechan-
isms for scapular dyskinesis involve inflexibility (tightness) or
intrinsic muscle problems. Inflexibility and stiffness of the pectora-
lis minor and biceps short head can create anterior tilt and protrac-
tion due to their pull on the coracoid.13 Soft tissue posterior
shoulder inflexibility can lead to GH internal rotation deficit
(GIRD), which creates a ‘wind-up’ of the scapula on the thorax
with reduced humeral internal rotation and horizontal abduction.
Alterations in periscapular muscle activation are related to scapular
dyskinesis. Serratus anterior activation and strength is decreased in
patients with impingement and shoulder pain, contributing to the
loss of posterior tilt and upward rotation causing dyskinesis.14 In
addition, the upper trapezius/lower trapezius force couple may be
altered, with delayed onset of activation in the lower trapezius,
which alters scapular upward rotation and posterior tilt. Altered
scapular motion or position both decrease linear measures of the
subacromial space,15–17 increase impingement symptoms,5 18

decrease rotator cuff strength,19–21 increase strain on the anterior
GH ligaments22 and increase the risk of internal impingement.23

Clinical assessment: does this patient have scapular
dyskinesis?
Clinical assessment methods for scapular dyskinesis have been
developed, involving some type of single planar measuring
device24 (lateral scapular slide, inclinometer) or some type of
criterion-based visual observation,25–27 and sometimes including
manual modification20 21 24 (scapular assistance (SAT) and
scapular retraction/reposition tests (SRT)). The current recom-
mendation for clinical assessment based on a prior consensus
meeting11 is the use of dynamic scapular dyskinesis tests (SDTs).
Specifically, clinical observation of the medial and inferior
scapular borders for winging or medial border prominence, lack
a smooth coordinated movement as exemplified by early scapu-
lar elevation or shrugging during ascending arm forward
flexion, and rapid downward rotation during arm lowering
from full flexion. The motion is then characterised as dyskinesis
as a ‘yes’ (presence of deviation or dysrhythmia/asymmetry
bilaterally) or “no (no presence). This method has been shown
to be reliable among observers26 27 and has acceptable clinical
utility.27

Scapular dyskinesis may be found in association with many
types of shoulder pathologies,28 29 although the exact relation-
ship between dyskinesis and clinical pathology is not clear.
Scapular dyskinesis may be the cause or the result of a shoulder
injury, exacerbate shoulder symptoms or adversely affect treat-
ment or outcomes. In cases of nerve injury, fracture, AC separ-
ation or muscle detachment, the injury creates the dyskinesis
which affects shoulder function.29 In other cases, such as
rotator cuff disease, labral injury and multidirectional instability
(MDI), it may be that dyskinesis is the causative, creating patho-
mechanics that predispose the arm to injury, or it may be
response to the injury, creating pathomechanics that increase the
dysfunction.29

Treatment of scapular dyskinesis
There are numerous specific treatment strategies c to improve
shoulder pain and functional loss. To date, the large majority is
related to rehabilitation since scapular dyskinesis is likely due in
large part to alterations in muscle activity, flexibility and/or
balance.11 30–32 However, surgical treatments, either relating
directly to injuries around the scapula (scapular muscle detach-
ment, A-C separation) or indirectly to G-H joint internal
derangements may be appropriate. Much more work is needed

to be carried out to adequately understand the content and
application of the various treatment options.

We now detail the consensus statement relating to the follow-
ing four themes—scapula and shoulder injury, scapula and
sports participation, clinical evaluation of the scapula and inter-
ventions and resultant outcomes as well as summarising the clin-
ical implications and applicability of specific examination
techniques and interventions for scapular dysfunction.

SCAPULA AND SHOULDER INJURY
What is known and what is not known
There is substantial evidence of scapular kinematic abnormalities
in persons with shoulder pain,28 29 33 34 across a variety of
shoulder pathologies, and this body of literature continues to
grow.35 Three-dimensional scapular kinematic patterns during
normal arm elevation are well described to include upward rota-
tion, posterior tilting and varying internal/external rotation
dependent on the plane and angle of elevation,9 36 while
acknowledging substantial individual subject variability and var-
iations in measurement approaches. Increasingly, literature is
providing greater knowledge on scapular kinematics in specific
populations.37–40 This is casting doubt on current theories
regarding external and internal impingement.

Impingement
Greater knowledge is available regarding the three-dimensional
proximity of the rotator cuff to the acromion during arm eleva-
tion.10 41 It is increasingly apparent that two-dimensional or
three-dimensional representations of minimal acromiohumeral
distance are not fully characterising the complex relationships
between shoulder kinematics and rotator cuff mechanical
impingement risk,10 41 42 as these minimal distances are not
consistent with rotator cuff tendon proximity to potential
impinging structures. The acromiohumeral distances are typic-
ally minimised at 90° humerothoracic elevation, while the
supraspinatus humeral insertion has cleared the undersurface of
the anterolateral acromion earlier in the range of humerothor-
acic elevation.10 41 The rotator cuff is ‘available’ for impinge-
ment under the acromion below approximately 70° of arm
elevation,10 thus impingement of the tendon may occur, but no
direct imaging has confirmed this. Further mechanistic studies
are needed to determine what structures and pathomechanics
are responsible for the symptoms in patients with rotator cuff
disease. It may be that dynamic alteration of the positions of the
humeral head, rotator cuff and acromion, rather than a static
alteration like a bone spur, may create increased pressure and/or
alter the geometry of the subacromial space.43 Bursal compres-
sion rather than rotator cuff compression may be the source of
pain during positive impingement tests performed at angles of
humeral elevation above 90° of elevation. Also, internal
impingement on the glenoid may be occurring during a positive
Neer test.44

There is increasing recognition of internal impingement
beyond the throwing population, and beyond the position of
abduction external rotation in which it was originally identi-
fied.44 45 Mechanical internal impingement risk as defined by
GH contact pressure and impingement area has recently been
demonstrated to be affected by scapular position in a cadaver
model.42 In this model, a scapular position of less upward rota-
tion and increased internal rotation (protraction), commonly
seen in scapular dyskinesis, increased the area of contact of the
humerus with the posterior superior glenoid and increased
scapular internal rotation also increased the GH contact
pressure.
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In patient populations diagnosed with ‘shoulder impinge-
ment’, however, scapular kinematic deviations that have been
identified have typically been small in magnitude and inconsist-
ent in direction.34 For example, several studies have demon-
strated decreased scapular upward rotation in ‘shoulder
impingement populations as compared with controls,28 32 while
others report the increased scapular upward rotation.38 46 These
disparate findings are believed to be at least in part due to the
fact that mechanical impingement is probably a physical condi-
tion rather than a clearly identifiable diagnostic entity.
Anatomical and biomechanical investigations of clinical
impingement tests characterise inconsistent risk from the cora-
coacromial arch or glenoid-labral complex relative to specific
rotator cuff structures.44 47 Additionally, this mechanical risk
during clinical impingement testing may be no greater than
proximity risk during certain ranges of active arm elevation
motions.48 It is not clear what the source of the pain is during
positive clinical impingement testing. A diagnostic label of
‘shoulder impingement’ is very broad, incorporating a variety of
potential pathologies that range from local problems such as
rotator cuff/long-head biceps disease, bursitis and labral path-
ology to distant problems such as scapular dyskinesis. It is
increasingly advocated that this diagnosis is no more specific
than a diagnosis of anterior or posterior shoulder pain, and no
more effective in directing treatment.48–50 The diagnosis of
‘shoulder impingement’ may be one exclusion (ruling out cer-
vical referred pain, adhesive capsulitis, GH instability, etc),
while still including a complex set of clinical conditions with
multifactorial aetiology.

Activation sequencing patterns and muscle performance of
the muscles that stabilise the scapula are altered in patients
with impingement and scapular dyskinesis. Increased upper tra-
pezius activity, imbalance of upper trapezius/lower trapezius
activation so that the lower trapezius activates later than
normal and decreased serratus anterior activation have been
reported in patients with impingement.19 28 32 Increased upper
trapezius activity may be clinically observed as shrugging, a
clinical sign of dyskinesis. This activation may alter scapular
kinematics and produce symptoms consistent with impinge-
ment due to the lack of acromial elevation. Frequently, lower
trapezius activation is inhibited or is delayed, which may clinic-
ally be observed as scapular winging, with production of
impingement symptoms due to loss of acromial elevation and
posterior tilt. Serratus anterior activation has been shown to be
decreased in patients with impingement symptoms, potentially
reducing scapular external rotation and upward rotation with
arm elevation.51

A shortened pectoralis minor has been suggested to be a con-
tributing cause of symptoms in patients with impingement,52

but has been shown to alter three-dimensional scapular kine-
matics in healthy subjects only.13 This tight muscle creates a pos-
ition of scapular protraction at rest and may limit scapular
posterior tilt or external rotation upon arm motion, potentially
predisposing patients to impingement symptoms.13

Impingement is truly a syndrome, not a precise diagnosis,
with multiple possible causative factors. Alteration of scapular
kinematics can be a key component in the production of the
symptoms associated with impingement. This implies a need for
a comprehensive physical examination to evaluate all local
causative factors (subacromial/AC pathology, shoulder rotation
deficits and intra-articular pathology) and distant causative
factors (kinetic chain deficits and scapular dyskinesis) that alter
scapular motion and change the dimensions and pressures in the
subacromial space and alter SHR.43

Rotator cuff tears
Studies of patients with demonstrated rotator cuff tears have
shown increased scapular upward rotation of some magni-
tude.53 54 Also, in a large prospective study of patients with
MRI proven full thickness rotator cuff tears, scapular dyskinesis
was identified as a major factor associated with lower functional
scores.55 It is not clear whether the observed dyskinesis is a
cause, an effect or a compensation for rotator cuff pathology. If
it is a cause, it could be that the increased upward rotation and
posterior tilt alter the size of the subacromial space and change
rotator cuff clearance under the coracoacromial arch, producing
mechanical abrasion and wear; that increased anterior tilt and
internal rotation will create glenoid antetilting during arm
motion, predisposing the rotator cuff to internal impingement
or that increased strain within the rotator cuff tendon due to
decreased scapular muscle activation may increase the observed
apoptotic changes within the tendon cells.8 28 56–59 It is known
that dyskinesis causes a weakness in demonstrated rotator cuff
strength due to decreased activation and that the strength deficit
can be improved by correction of the dyskinesis.20 21 If dyskin-
esis is an effect, it is probably due to the inhibitory effect of
pain on individual muscle activation and the disruption of
normal muscle activation patterns, and on the effect of pain
avoidance upon kinematic patterns.60 If the dyskinesis is an
effect of the rotator cuff disease process, the altered mechanics
could be considered a negative decompensation and could be
expected to exacerbate the dysfunction of the entire shoulder
complex. It appears that one effect, the increased upward rota-
tion in patients with rotator cuff tears, may be a compensation
in an attempt to increase or maximise arm elevation or position-
ing in the face of weakened or absent rotator cuff activation. In
this situation, it could be considered a positive compensation.
Whatever the relationship, scapular dyskinesis has been identi-
fied in those with rotator cuff disease; therefore, it should be
identified and considered in treatment.

The clinical examination can be helpful in treatment plan-
ning. A positive SAT (see Clinical Evaluation section) will dem-
onstrate that altered scapular motion in upward rotation and
anterior/posterior tilt is part of the reason for impingement
symptoms. Treatment considerations in these patients should
include increased flexibility in pectoralis minor and short head
of the biceps, and strengthening of serratus anterior as a scapu-
lar stabiliser in retraction and lower trapezius as a retractor, if
these respective impairments are present. A scapular stability
series of exercises may be effective to achieve these goals.61 62 A
positive SRT (see Clinical Evaluation section) involves reposi-
tioning the scapula in external rotation and posterior tilt21 or
primarily retraction.20 A positive examination can indicate a
lack of scapular stability during loaded arm elevation, and thus
involvement of muscle weakness or control. Treatment is indi-
cated to improve scapular stability, rather than to the rotator
cuff, as the first step in the rehabilitation process.

Superior labral injuries
A high incidence of association of scapular dyskinesis with
labral injuries has been described.63 64 The altered position and
motion of internal rotation and anterior tilt is believed to
change GH alignment, placing increased tensile strain on the
anterior ligaments,22 increases ‘peel-back’ of the biceps/labral
complex on the glenoid,65 potentially creates pathological
internal impingement42 66 and weakens the rotator cuff cocon-
traction strength. These effects are magnified in the presence of
GIRD, which creates increased protraction due to ‘windup’ of
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the tight posterior structures in follow through. Evaluation of
dyskinesis in patients with suspected labral injury will be a key
component for rehabilitation. Correction of the symptoms of
pain found in the modified dynamic labral shear test67 can be
frequently demonstrated by the SRT. This indicates the presence
of dyskinesis as part of the pathophysiology and the need for
scapular rehabilitation to improve scapular stabilisation, includ-
ing mobilisation of tight anterior muscles and institution of the
scapular stability series of strengthening exercises. In addition,
identification of scapular dyskinesis may be an important part of
the prevention process for labral injury.28 65

AC separations
The AC joint, through both the coracoclavicular (CC) and AC
ligaments, represents the critical link in coordinated scapulocla-
vicular kinematics. A-C joint disruption or injury may disrupt
the synchronicity of motion in multiple planes by altering the
screw axis of the coordinated motion.68 This alteration may
manifest as scapular dyskinesis and the spectrum of subsequent
shoulder symptoms.

The current system of classification has led to some contro-
versy regarding the treatment of these injuries since it does not
accurately depict the pathoanatomy, does not consistently guide
treatment and is not predictive of outcomes. Traditionally, con-
servative care has been advocated yet several recent authors
have noted the shortcomings of this approach. Schlegel et al

69

reported on 20 athletes managed non-operatively and followed
up at 1 year. There were no significant differences in the range
of motion or rotational strength. Interestingly, and likely due to
loss of a stable scapular base, bench press strength was decreased
17% on average and 20% were unsatisfied with their result. In
another study, 34 patients with type 3 injuries were followed
and evaluated by defined measures at a mean 28 months by
Gumina et al.68 In total, 70.6% of patients exhibited scapular
dyskinesis, and of these 58.3% met criteria for SICK scapular
syndrome. Patients with dyskinesis achieved significantly lower
Constant and Simple Shoulder Scores.

The examination and demonstration of scapular dyskinesis
can aid in the development of treatment strategies. Patients with
A-C injuries can be evaluated with the role of the A-C joint in
coordinated scapuloclavicular motion as the foremost concern.
Careful clinical physical examination can allow discrimination
among those patients who demonstrate scapular dyskinesis and
those which do not. The clinical demonstration of scapular dys-
kinesis shows the altered scapular position and motion which
are believed to be key contributors to shoulder dysfunction after
this injury. These patients may be counselled that surgical treat-
ment can help in restoring the biomechanics and improve the
function. Surgical treatment should be directed towards restor-
ing normal A-C mechanics and SHR by repair/reconstruction of
both A-C and C-C ligaments. In clinical practice, it is assumed
that patients who demonstrate normal scapular mechanics can
usually be treated with non-operative rehabilitation.

Multidirectional instability
GH stability is based on the relative positions of the scapula and
humerus and stabilising muscle activity providing functional sta-
bility rather than static anatomic stability based on joint con-
straints. Scapular position and motion are integral to the
functional stability.

Scapular dyskinesis is frequently seen in microtraumatic or
non-traumatic types of instability such as MDI. One of the
salient features of MDI is that symptoms and instability occur in
the mid ranges of G-H motion, where concavity/compression,

GH bony alignment and muscle activation play the most import-
ant roles, rather than at end ranges of motion, where capsuloli-
gamentous restraints are most important. Patients with MDI
often have increased scapular protraction, in some cases
decreased upward rotation and simultaneous humeral head
migration away from the centre of the joint as the arm
moves.28 70 71 This position allows the humeral head to trans-
late inferiorly out of the glenoid socket creating the instability.
Altered scapular muscle activation patterns are believed to
create the abnormal scapular kinematics which produces scapu-
lar protraction. Inhibition of the subscapularis, lower trapezius
and serratus anterior, coupled with increased activation of pec-
toralis minor and latissimus dorsi, have been demonstrated to
place the scapula in a protracted position.71–73 Increased rotator
cuff activation and biceps activation occur potentially as a com-
pensation for the altered scapulo-humeral rhythm which tends
to allow the humeral head to migrate away from the joint
centre.71 The combination of capsular laxity, altered scapular
kinematics and muscle activity during elevation is believed to
cause the glenoid to be positioned on a downward angle allow-
ing the humeral head to be predisposed to escaping inferiorly.

Evaluation for the presence or absence of scapular dyskinesis
should be included as part of a comprehensive examination of
the unstable shoulder. Careful observation of the resting scapu-
lar position and dynamic motion of the scapula with arm
motion will demonstrate protraction in many cases of MDI.
This will be especially noted in the arm positions associated
with instability symptoms. The SRT, by stabilising the scapula in
retraction, alters the glenoid position and decreases latissimus
dorsi activation, and may decrease or eliminate the instability
symptoms with arm motion. This positive test directs treatment
towards the strengthening of the lower trapezius and serratus
anterior and increasing flexibility in pectoralis minor and latissi-
mus dorsi.

Scapular muscle detachment
This clinical problem is not well known or well categorised and
only preliminary results have been reported.74 The pathoanat-
omy appears to be an anatomical or physiological detachment of
the lower trapezius and rhomboids from the spine and medial
border of the scapula. The large majority of cases present after an
acute traumatic tensile load, half involving seat belt restrained
motor vehicle accidents, but there are multiple other causes such
as throwing, catching or lifting a heavy object with the arm at full
extension, pulling against a heavy object, hanging on the rim
after dunking a basketball and electrical shock such as electrocu-
tion or cardioversion. The presenting symptom cluster is very
uniform with early post-traumatic onset of localised pain along
the medial scapular border. The pain increases in intensity as the
condition evolves and averages 6.7/10 numeric pain rating at rest
and 8.3/10 upon use. There are major limitations of arm use
away from the body in forward flexion or overhead positions.
Increased upper trapezius activity and spasm, resulting from the
lack of lower trapezius activity, may create migraine-like head-
aches. Neck and shoulder joint symptoms may be present due to
dyskinesis and will often become the focus of treatment, includ-
ing surgery with infrequent positive results.

The physical examination also exhibits a consistent cluster of
findings including the localised tenderness, often a noticeable
and palpable soft tissue defect, either due to the detachment or
the muscle atrophy, altered scapular resting position as well as
dynamic dyskinesis including snapping scapula, shoulder
impingement and weakness in forward flexion and clinical
decrease or relief of symptoms with manual scapular corrective
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manoeuvrrs. MRI and CT scan have not been beneficial in
making the diagnosis. Consistency of the history and physical
examination findings allows for a reliable clinical diagnosis.
Most of these patients have had workups to rule out neuro-
logical or bony causation, and have had varying types of treat-
ment, including local or distant surgery and various
rehabilitation protocols. If they have failed an appropriate
scapular rehabilitation programme and do not demonstrate
other anatomic defects, surgical reattachment is indicated. This
is accomplished by direct reattachment through pairs of drill
holes in the medial scapular border and scapular spine.74 The
detached and scarred rhomboids are mobilised and reattached
onto the dorsal aspect of the scapula about 1 cm from the
medial edge. The lower trapezius is mobilised and reattached
along the proximal scapular spine. Preliminary results from a
2-year follow-up of a small cohort of patients (n=72) show that
pain scores following the procedure average 2.5/10, and ASES
scores improve from 39/100 to 63/100. These results are
durable at 2-year follow-up.

In summary, there is limited understanding of the relation-
ships between scapular dyskinesis (position or motion) and risk
of injury to the rotator cuff, glenoid labrum, subacromial
bursae, coracoacromial ligament or biceps long head. This area
deserves additional investigation, particularly since scapular dys-
kinesis has been associated with reduced shoulder function.75 It
is also unclear which (if any) of the anatomical structures noted
above are the source of the pain complaints. This issue of an
unknown pain generator in impingement supports the argument
for a diagnostic label of shoulder pain of unknown aetiology/
origin. There is a limited understanding of how specific tissue
pathology relates to shoulder function, as evidenced by asymp-
tomatic rotator cuff tears.76 77

Despite the large number of investigations identifying abnor-
mal scapular kinematics in patients with shoulder pathology, the
cross-sectional nature of these investigations does not allow the
determination of cause versus effect. Interestingly, recent studies
that have induced subacromial pain78 or created rotator cuff
dysfunction through experimental nerve block79 have both
demonstrated increased scapular upward rotation in response to
these ‘perturbations’. This suggests that the presence of
increased scapular upward rotation in patients may be compen-
satory, while decreased scapular upward rotation may be con-
tributory to shoulder dysfunction. This premise is further
supported by the descriptive ‘normalization’ of scapular upward
rotation after rotator cuff repair.80 Greater investigation is
necessary with regard to this question of causative versus com-
pensatory scapular alterations.

While kinematic alterations are frequently investigated, a gap
in the literature is the elucidation of anatomic alterations and
their relationship to shoulder pain. Since the ability to effect-
ively model three-dimensional effects of alterations on rotator
cuff tendon proximity to potential impinging structures is
lacking, the specific influences of shoulder anatomical alterations
have not been investigated. Anatomical alterations alone, or in
combination with scapular kinematic changes, may have effects
on mechanical impingement risk. Finally, there is a lack of
knowledge regarding whether deficits in the complex three-
dimensional motion of the scapula are most important in affect-
ing shoulder dysfunction. Current clinically based evaluation
protocols are not sensitive enough to discriminate precisely.

Future directions
While understanding that the pain generator(s) is of scientific
interest, it is uncertain that this pursuit will be the most effective

in the near term in optimising treatment intervention effective-
ness for patients with shoulder pain. Characterising the relation-
ships between kinematic abnormalities and shoulder function/
dysfunction may be more effective in improving intervention
outcomes. This pursuit may also assist the diagnostic challenges
surrounding shoulder pain of unknown aetiology. It is increas-
ingly apparent that the diagnostic label of ‘shoulder impinge-
ment syndrome’ is too broad to effectively guide treatment
planning. Subgrouping shoulder pain patients by specific tissue
pathologies may assist in surgical treatment planning50;
however, subgrouping based on movement-based diagnostic cat-
egories43 may be more effective for rehabilitative interventions.
For example, subgroups of patients with posterior shoulder
tightness81 would have a differentially targeted conservative
treatment approach than those with GH microinstability or
scapular dyskinesis.82 Clinical providers should recognise their
‘training bias’, for example, surgeons are trained to look for
pathoanatomical contributors to pain and dysfunction, while
rehabilitation professions look for movement-related contribu-
tors. Yet, these different professions use the same diagnostic
label (‘shoulder impingement’) with different underlying under-
standing of the problems. In order to allow preventive and
effective rehabilitative interventions, greater understanding of
the mechanisms of rotator cuff/long-head biceps disease, labral
pathology, bursitis and anterior or posterior shoulder pain is
needed. Mechanical impingement is likely a physical phenom-
enon internally or under the coracoacromial arch; however,
better methods are needed to clearly identify the relatively small
group of patients who truly have mechanical compression as the
primary source of their impingement symptoms. The complex
relationships between kinematic and anatomical mechanisms of
soft tissue stress in the GH joint should be scientifically investi-
gated using the most current technologies available through
high resolution imaging and three-dimensional musculoskeletal
modelling.

SCAPULA AND SPORTS PARTICIPATION
What is known and what is not known
The scapula plays a major role in sports participation perform-
ance as a central segment in the kinetic chain.65 66 83–87

Overhead tasks are performed through the utilisation and inte-
gration of multiple body segments and muscles. Sequential acti-
vation of specific muscle groups resulting in the performance of
a specific dynamic action is known as kinetic chain function.88

During throwing and serving tasks, the scapula is the pivotal
link between the larger centralised body segments that produce
stability and generate force and the smaller localised segments
of the arm that produce mobility and apply force to the ball or
racquet. It is the link within the kinetic chain which allows the
transfer of energy from the pelvic and trunk muscles to the
overhead moving arm.

Proper utilisation of the kinetic chain allows the multiple
body segments to optimally contribute to the performance or
execution of the specific task. In the tennis serve, a specific set
of sequential actions have been described which begin distally at
the lower extremity and cease with the segments of the upper
extremity.83 89 The most effective serve motion creates adequate
knee flexion, trunk rotation and core stability which allows the
scapula to fully retract for increased energy storage and transfer-
ence.83 88 Similar use of the kinetic chain is necessary for over-
head throwing in baseball.83 The scapula is positioned between
the trunk and the arm; to maximise its potential while minimis-
ing injury risk requires the kinetic chain links preceding the arm
to be utilised appropriately. To achieve optimal scapular control,
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an overhead thrower must control the trunk over the back leg,
have the forearm pronated during cocking, the front leg and
hips directed at the target, and hip/trunk move synchronously in
rotation towards the target.83 This will allow maximal scapular
retraction to occur resulting in the ability to fully horizontally
abduct and externally rotate the shoulder, increasing the ability
to develop maximal velocity.83 In both scenarios, the larger
muscles and segments serve as the initiators and regulators of
function. However, the alteration of a particular segment in the
kinetic chain can result in either altered performance or injury
to a more distal segment.90 91

Clinical implications
Sports participation results in slight differences in side-to-side
motion and in scapular resting position in overhead ath-
letes.66 84–86 The differences are increased or decreased upward
rotation, increased internal rotation and/or variable changes in
anterior/posterior tilt. Recent evidence has confirmed that some
groups of throwing athletes have specific compensations in pos-
ition, but display the same direction of motions during arm
motion.87 These findings require that side-to-side evaluation be
done to check for abnormal asymmetries, and that the observed
alterations be treated only if they are found in association with
injury. However, if alterations are found with injury, they should
be addressed since the altered scapular positions have been
hypothesised to have implications for decreases in muscle func-
tion and in injury.19–21 28 30 32 51 66 92–94 Muscle activation is
coordinated in task-specific balanced force patterns to for stabil-
isation and control of dynamic coupled motion. The key scapu-
lar muscles for scapular stability and mobility are the upper and
lower trapezius muscles and serratus anterior.

Swimming
Scapular muscle weakness or imbalance in overhead athletes has
been shown to negatively affect the muscle’s performance95 96

as well as neuromuscular control.93 97 In swimmers who have
no shoulder pain, the prevalence of scapular dyskinesis
increased during one single training session to 82%.96 Weakness
of the scapular muscles leads to excessive protraction of the
scapula, presenting as medial border prominence and forward
rounded shoulder posture, which can alter rotator cuff muscle
output during arm elevation.19–21 This deleterious position also
is presumed to reduce the subacromial space leading to
increased symptoms of impingement. The medial border prom-
inence appears to be the result of abnormal muscle activations,
either due to muscle involvement of shoulder rotation tightness,
pectoralis minor inflexibility, weakness, fatigue or nerve injury,
and is usually treated by rehabilitation.11 In addition to the
altered scapular position, abnormal scapular motion can occur
when muscle function is suboptimal.

Throwing athletes
Scapular dyskinesis is important as a component of the disabled
throwing shoulder.65 It is associated with labral tears,65 98

internal impingement (the combination of partial rotator cuff
injury and labral tears)42 99 and elbow injuries.100 It is consid-
ered as a part of the shoulder at risk, and should be checked as
a part of the routine preparticipation evaluation. Common
causative factors for shoulder pain in sports participation are
the GIRD or total range of motion. These range of motion
alterations can result from capsular, muscular and possible
osseous alterations.101 They create scapular dyskinesis in the
form of scapular protraction due to a wind up effect as the arm,
while continuing into forward flexion, internal rotation and

horizontal adduction in follow through, pulls the scapula into
internal rotation and anterior tilt. Since optimised scapular func-
tion is a key factor in optimal sports participation, recognition
of dyskinesis and restoration of scapular retraction capability
should be a standard part of injury prevention strategies. Also,
scapular dyskinesis resulting from fatigue was shown to be an
important factor in producing errors of arm proprioception.102

However, the exact relationship between scapular position and/
or motion and injury is unclear. Abnormal scapular motion or
scapular dyskinesis has been described as a non-specific response
to a painful condition in the shoulder rather than a specific
response to or a definite cause of specific GH pathology.31

Various shoulder soft tissue pathologies including impingement
(internal and external),23 anterior capsular laxity,22 labral
injury65 and rotator cuff weakness83 have been found in associ-
ation with scapular dyskinesis in overhead athletes complaining
of shoulder pain.65 103 However, the confounding issue is that
scapular asymmetries have been noted in overhead athletes that
are asymptomatic as well as those injured. At this time, it is
unknown if scapular dysfunction is a cause and/or an effect of
shoulder injury in overhead athletes.

Future directions
More information is required regarding the precise role of the
scapula in each sport. This could help in determining specific
evaluation and treatment strategies.

CLINICAL EVALUATION
What is known and what is not known
Acknowledgement: Portions of the ‘Examination’ section of this
paper were taken and modified with permission from McClure
P, Greenberg E, Kareha S. Evaluation and management of scapu-
lar dysfunction. Sports Med Arthrosc 2012;20:39–48.

The goal of scapular assessment is to identify abnormal scapu-
lar motion (dyskinesis), determine any relationship between
altered motion and symptoms and identify the underlying causa-
tive factors of the movement dysfunction.11 31 104 Clinical
assessment of scapular dyskinesis is inherently challenging due
to the three-dimensional nature of scapular movement and soft
tissue surrounding the scapula obscuring direct measurement of
bony positioning. Several methods of identifying scapular dys-
kinesis have been described; although many of these tests have
been shown to possess adequate levels of reliability, the validity
of most tests remains questionable due to a lack of direct correl-
ation with symptoms.11 12 Clinical evaluation of scapular dys-
function in patients with shoulder pain should include three
basic elements: (1) visual observation to determine the presence
or absence of scapular dyskinesis, (2) the effect of manual cor-
rection of the scapular dysfunction on symptoms and (3) evalu-
ation of surrounding anatomic structures that may be
responsible for the observable dyskinesis.11

The Lateral Scapular Slide Test (LST) is a static measurement
of the side-to-side difference of the distance from the inferior
angle of the scapula to the adjacent spinous process.24 The val-
idity of this test has been questioned due to the findings that
both symptomatic and asymptomatic individuals will demon-
strate asymmetry when measured in this manner.105 106

Additionally, it is possible to have symmetrical pathological dys-
kinesis so validity is questionable when comparison is made
only to the contralateral side. A lack of validity was also found
in a systematic review,12 which found that the LSTwas unable to
differentiate between those with and without shoulder
pain.107 108 The static and two-dimensional nature of this test
fails to fully assess the dynamic three-dimensional motion found
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to occur with scapular movement.26 105 109 This inadequacy of
measurement along with questionable validity of results requires
the use of other methods of scapular assessment during clinical
examination.

Visual dynamic assessment schemes of classifying the presence
of scapular dyskinesis during shoulder motion have been devel-
oped in an attempt to resolve the issues with linear or static
measures.25–27 These methods are considered more functional
and more inclusive with the ability to judge scapular movement
in three-dimensional patterns. Kibler et al25 were the first to
describe a visually based system for rating scapular dysfunction
that defined three different types of motion abnormality and
one normal type. Reliability values for this system were too low
to support clinical use and the test was subsequently refined in
two later studies using a simplified method of classification.26 27

The SDT26 is a visually based test for scapular dyskinesis that
involves a patient performing weighted shoulder flexion and
abduction movements while scapular motion is visually
observed. This test consists of characterising scapular dyskinesis
as absent or present and each side is rated separately. Dyskinesis
is defined as the presence of either winging (prominence of any
portion of the medial border or inferior angle away from the
thorax) or dysrhythmia (premature, or excessive, or stuttering
motion during elevation and lowering). Good inter-rater reli-
ability of this test (75–82% agreement; weighted κ=0.48–0.61)
was achieved after brief standardised online training http://www.
arcadia.edu/academic/default.aspx?id=15080. Concurrent valid-
ity was demonstrated in a large group of overhead athletes,
finding those judged as demonstrating abnormal motion using
this system also demonstrated decreased scapular upward rota-
tion, less clavicular elevation and less clavicular retraction when
measured with three-dimensional motion tracking.109 These
results support the assertion that shoulders visually judged as
having dyskinesis utilising this system demonstrate distinct
alterations in three-dimensional scapular motion, particularly
during flexion. However, while visually observed dyskinesis
resulted in altered three-dimensional motion, those with dyskin-
esis were no more likely to report symptoms.109

Another dynamic test developed by Uhl et al27 used essen-
tially the same criteria as the SDT (winging or dysrhythmia) to
classify an abnormality in scapular motion into the ‘yes’ classifi-
cation and normal movement was classified as ‘no’. They
studied both symptomatic patients with various soft tissue path-
ologies as well as an asymptomatic group. The ‘yes/no’ test was
found to have superior inter-rater reliability (79% agreement;
κ=0.41) and demonstrated better specificity and sensitivity
values when using asymmetry found with three-dimensional
testing as a gold standard.27 An important finding in this study
was a higher frequency of multiple-plane dyskinesis during
shoulder flexion in patients (54%) compared with asymptomatic
subjects (14%), while no differences between groups were
detected during scapular plane elevation. It appears that the
optimum position for evaluating scapular dyskinesis dynamically
is in forward flexion. Another interesting finding was that the
prevalence of overall scapular dyskinesis was essentially equal
between those with and without shoulder pain, respectively,
76% and 77% in scaption and 71% and 71% in flexion.

The presence of scapular dyskinesis or abnormal scapular pos-
ition is not able to diagnose the presence or absence of shoulder
pain, as reported in a recent systematic review.12 In this system-
atic review, the diagnostic accuracy values indicated that some
tests had moderate-to-high specificity or sensitivity, but no test
provided value in shifting the pretest probability when the test
was used. This is likely due in large part to the common finding

of scapular dyskinesis in those with and without shoulder pain.
Moreover, scapular asymmetry (side-to-side differences) is a
common finding in healthy individuals,27 86 110 further compli-
cating the ability to identify when scapular motion or position
is abnormal. Based on evidence to date, scapular dyskinesis
(dynamic) and position (static) tests are not helpful tests to com-
pletely diagnose shoulder pain. These tests should be considered
as impairment assessment tools.

Since scapular dyskinesis is a common finding, a basic
problem in evaluation is deciding if the presence of scapular
dyskinesis is an important abnormality-perpetuating symptom.
The possibility exists that alterations of scapular motion could
be compensatory strategies to avoid stress on pain-sensitive
tissue. Symptom alteration tests have been developed as a way
to infer scapular mal-position is driving symptoms by manually
correcting scapular movement during provocation testing. If
altering scapular position causes an immediate decrease in symp-
toms, this provides direct evidence that scapular dyskinesis is a
contributing factor to shoulder symptoms. The two main
symptom alteration tests are the SAT test24 111 and the SRT.20 21

The SAT involves manually assisting scapular upward rotation
during shoulder elevation and determining the effect on pain.63

This test was later modified by Rabin incorporating scapular
posterior tilting as well.111 A positive test is when pain with ele-
vation is either decreased or abolished during the assisted man-
oeuvre. This test has demonstrated acceptable levels of
reliability.111 It is unknown if the SAT can identify those who
have scapular dyskinesis or mal-position that is perpetuating
their symptoms.

The SRT involves manually positioning and stabilising the
medial border of the scapula with simultaneous posterior tilting
in a slightly retracted position on the thorax.20 21 This test was
developed in order to help in identifying patients in whom
strength loss in shoulder elevation may be due to a loss of prox-
imal stability of the scapula or that the scapular mal-position may
be promoting pain. The test is considered positive when the
patient demonstrates a reduction of pain or an increase in shoul-
der elevation strength when the scapula is stabilised during iso-
metric arm elevation in the scapular plane at 90°.31 63 Kibler
et al20 studied this test in symptomatic and asymptomatic subjects
and found no change in pain, and all subjects had improved
strength output regardless of the symptoms. The SRT was also
studied in overhead athletes, where roughly half of those with
pain (46/98) during impingement testing had reduced pain and
26% had a substantial increase in isometric elevation strength.21

It is unclear if the SRT is helpful based on these equivocal find-
ings,20 21 and future studies are needed to confirm if this test can
identify a subset of patients with shoulder pathology that may
benefit from interventions designed to improve scapular muscle
function.

Examination of the surrounding tissue should be performed
in order to identify those impairment factors that may be
responsible for causing the altered scapular motion. Implicated
as possible contributors to the development of scapular dyskin-
esis are the deficits in strength or motor control of
scapular-stabilising muscles,11 21 24 112 postural abnormal-
ities113–115 and impaired flexibility.13 98 A comprehensive exam-
ination of these components is necessary.

Muscle strength of key scapular stabilisers can be assessed uti-
lising standard positions and procedures described by Kendall
et al.116 The key muscles to test are the serratus anterior, middle
trapezius and lower trapezius, as these are muscles that have
been identified with key roles for scapular stabilisation and
movement.14 31 51 93 112 117 An important concept in testing
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these muscles is that even though resistance is applied through
the arm, weakness is identified by early ‘breaking’ of the scapula
rather than the arm. In patients with rotator cuff or deltoid
weakness, the arm may need to be supported and resistance
applied directly to the scapula118 to accurately determine scapu-
lar muscle weakness.

Many authors have suggested that forward head posture and
increased thoracic kyphosis may contribute to scapular protrac-
tion and lead to adaptive shortening of postural muscles or mus-
cular strength imbalances.113 115 119 120 A protracted scapular
position may be associated with a narrowed subacromial
space,121 122 upright posture with increased subacromial
space123 and a flexed thoracic spine and forward shoulder pos-
ition alters scapular motion and results in diminished force
output with elevation.113 Adaptive shortening of the pectoralis
minor muscle has been identified as a contributor to abnormal
scapular kinematics and implicated as a factor that may contrib-
ute to shoulder impingement syndrome.13 124 Sahrmann has
described an assessment method for pectoralis minor length that
involves taking a linear measurement with the patient supine
from the treatment table to the posterior aspect of the acro-
mion, with any measurement greater than 2.54 cm suggesting
tightness. Although highly reliable, the validity of this method is
questioned as it failed to discriminate those with shoulder
pain.125 Another assessment method that has been described
involves using a tape measure or calipre to record the linear dis-
tance between the anatomic origin and insertion of the pectora-
lis minor muscle.126 This measure was found to have
satisfactory intrarater reliability (intraclass coefficient=0.82–
0.87) and good concurrent validity, but practicality for routine
clinical use is questionable. This linear measure requires careful
palpation and must be normalised to the size of the individual,
but a threshold for ‘tightness’ has not been established.

Posterior shoulder tightness (capsular or rotator cuff) has
been associated with excessive scapular protraction127 and may
contribute to scapular dyskinesis.98 Three methods of assessing
posterior shoulder tightness are (1) internal rotation at 90°
abduction,128 129 (2) spinal level reached with reaching behind
the back130 and (3) horizontal adduction with the arm at 90°
flexion and the scapula blocked from moving into abduction.127

These methods have demonstrated acceptable levels reliability
for clinical use. Gerber et al131 showed that different parts of
the posterior capsule restrict internal rotation with the arm by
the side versus 90°. Therefore, authors have recommended that
clinicians utilise multiple assessment methods in order to allow
for a more comprehensive assessment of posterior shoulder
tightness.132 Measurements of shoulder internal rotation are
affected by humeral and glenoid version and therefore make it
difficult to distinguish between soft-tissue tightness and bony
alterations causing diminished internal rotation.

Future directions
Much more data need to be assembled to make the clinical
evaluation more diagnostic and more specific for treatment.
While these data are being assembled, the fairly comprehensive
evaluation protocol outlined should be used to create a clinical
picture of the variety of alterations that can be demonstrated to
be part of scapular dyskinesis. This examination should be
included as a routine part of the shoulder examination.

REHABILITATION
What is known and what is not known
Optimal rehabilitation of scapular dyskinesis requires addressing
all of the causative factors that can create the dyskinesis and

then restoring the balance of muscle forces that allow scapular
position and motion.30 Causative factors can be grouped into:
(1) neurological factors include long thoracic, spinal accessory
and dorsal scapular nerve palsies, evaluated by appropriate
muscle testing, typical scapular position and diagnostic electro-
myography studies133; (2) joint derangement factors include
labral injury, GH instability, biceps tendinitis and A-C separa-
tions31; (3) bone factors include clavicle and scapular frac-
tures29; (4) inflexibility factors include shoulder rotation
tightness (GIRD and Total Range of Motion Deficit)101 and pec-
toralis minor inflexibility13; (5) muscular factors include lower
trapezius and serratus anterior weakness, upper trapezius hyper-
activity or scapular muscle detachment11 29 and (6) kinetic
chain factors include hip/leg weakness and core weakness.88 The
bone and joint internal derangement factors may require surgi-
cal repair before rehabilitation may be maximally effective.
They may have to be healed before restoration of muscle
performance.

Restoration of the scapular muscle force couples requires core
strength and facilitation by kinetic chain activation.61 134 This
establishes the proximal stability to prevent postural perturb-
ation and force generation and maximises activation sequencing
for the scapular retraction muscles. Once the stable proximal
base is established, scapular rehabilitation can proceed along
specific guidelines. An algorithm guideline has been proposed
that is based on restoration of soft tissue inflexibilities and maxi-
mising muscle performance.135

Several principles guide the progression through the algo-
rithm. Acquisition of flexibility in the muscles and joints is
usually required first because the tight muscles and capsule can
inhibit strength activation. Also, muscles should be trained in
sport or activity specific patterns. Research has demonstrated
maximal scapular muscle activation when muscles are activated
in functional patterns (vs isolated), when the muscles are acti-
vated in specific diagonal patterns using kinetic chain sequen-
cing.136 Also, the activation is facilitated when the scapula is
placed in a retracted position, thus increasing serratus anterior
and lower trapezius activation as stabilisers in retraction.20 21

Exercises should also emphasise lower trapezius and serratus
anterior activation and reduce upper trapezius activation.

Using these principles, many rehabilitation interventions can be
considered.61 134–136 A reasonable programme could start with
standing low-load/low-activation exercises with the arm below
shoulder level, to meaningfully activate the scapular retractors
(>20% maximal voluntary isometric contraction) without putting
the arm in an impingement position.62 It could then progress to
prone and side-lying exercises that increase the load, but still
emphasise lower trapezius and serratus anterior activation over
upper trapezius activation.14 Additional loads and activations can
be stimulated by integrating ipsilateral and contralateral kinetic
chain activation and adding distal resistance.14 Final optimisation
of activation can occur through weight training emphasising
proper retraction and stabilisation.135

Although the guidelines, principles and protocols may appear
to be straightforward, the actual rehabilitation process is fre-
quently complicated and prolonged. Many patients come into
rehabilitation with well-established flexibility deficits, muscle
activation patterns and compensatory motions so that overcom-
ing these obstacles requires a prolonged rehabilitation course.
The lower trapezius is frequently inhibited in activation, and
specific effort may be required to ‘jump start’ it. Tightness,
spasm and hyperactivity in the upper trapezius, pectoralis minor
and latissimus dorsi are frequently associated with lower trapez-
ius inhibition, and specific therapy should address these muscles.
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Finally, special attention should be paid to the GH joint because
internal derangements can inhibit scapular muscle activation
that may not correct until the internal derangement is corrected.

REHABILITATION OUTCOMES
What is known and what is not known
Multiple studies have identified methods to activate scapular
muscles that control scapular motion and have identified effect-
ive body and scapular positions that allow optimal activa-
tion.14 61 62 135–139 Scapular muscle performance is improved
and clinical symptoms are decreased with the use of these exer-
cises, but equivocal results regarding a change in scapular
motion, position or dyskinesis occur in patients with shoulder
pain.33 140–142 Only two randomised clinical trials have exam-
ined the effects of a scapular focused programme by comparing
it to a general shoulder rehabilitation, and the findings indicate
the use of scapular exercises result in higher patient-rated
outcomes.82 143

Multiple clinical trials have incorporated scapular exercises
within their rehabilitation programmes and have found positive
patient-rated outcomes in patients with impingement syn-
drome.144 Studies in other populations are also starting to indi-
cate positive outcomes. A multicentre study of patients with
chronic full-thickness rotator cuff tears showed that an exercise
programme that included scapular exercises reduced symptoms
and patients opted for no surgery in 80% of the patients.145

Three studies documented that a rehabilitation programme that
included scapular exercises improved symptoms and function
and avoided surgery in up to 50% of patients with superior
labral tears.146–148

It appears that it is not only the scapular exercises but also
the inclusion of the scapular exercises as part of a rehabilitation
programme that may include the use of the kinetic chain is what
achieves positive outcomes. When the scapular exercises are pre-
scribed, multiple components must be emphasised, including
activation sequencing, force couple activation, concentric/eccen-
tric emphasis, strength, endurance and avoidance of unwanted
patterns.

Future directions
The effects of scapular-focused exercise programmes have not
been studied across all relevant shoulder diagnoses. The use of
scapular exercises in the rehabilitation sequence varies in pub-
lished protocols. Most place scapular emphasis at the beginning,
but some do not advocate scapular exercise until later in the
rehabilitation programme. Studies need to determine if there is
an optimal placement, and to determine progression of exercise.
It is not known why scapular dyskinesis is not consistently abol-
ished in patients who improve scapular muscle performance. It
is also not precisely known how improvements in strength,
motor control or scapular motion (if altered) relate to change in
symptoms and function. Finally, the exact ‘dose’ and load of the
exercises is not known. It may be best to emphasise high-
repetition/low-weight exercises,149 but more information needs
to be developed. More information is needed to guide treatment
decision-making.

CONCLUSIONS
Biomechanical and clinical knowledge regarding the role of the
scapula in shoulder function and dysfunction is growing, and
the concepts regarding how to evaluate and treat scapular dys-
kinesis are evolving. There is enough information to emphasise
the clinical implications for treating shoulder patients.

This consensus conference revealed that scapular involvement
in almost all types of shoulder pathology may play an import-
ant, but as of now not a completely understood role in creating
or exacerbating the shoulder dysfunction. Shoulder impinge-
ment symptoms in particular appear to be affected by scapular
position and motion. Scapular dyskinesis is probably most aptly
viewed as a potential impairment to optimum shoulder function
and shoulder be evaluated and treated as part of the comprehen-
sive treatment protocol.

Evaluation for scapular dyskinesis is primarily by clinical
observation. A specific methodology has been identified with
the tests showing to be reliable, but not specific. It can provide a
good picture of the variety of alterations that can be associated
with scapular dyskinesis.

Scapular rehabilitation protocols have been developed that
have the potential to improve scapular muscle strength, alter
scapular position and alter shoulder symptoms. They are best
utilised within a comprehensive programme and should be
implemented when all of the causative factors for scapular dys-
kinesis have been identified and addressed.

Correction notice This article has been corrected since it was published Online
First. The list of collaborators was omitted in the original version.

Collaborators List of Scapular Summit meeting participants: Klaus Bak, David
Ebaugh, W Ben Kibler, Paula Ludewig, Jed Kuhn, Phil McClure, Augustus Mazzocca,
Lori Michener, Lane Bailey, Aaron D Sciascia, John Borstad, Amee Seitz, Ann Cools,
Tim Uhl, Mark Cote.

Competing interests None.

Provenance and peer review Not commissioned; internally peer reviewed.

REFERENCES
1 Kibler WB, Sciascia AD, Wilkes T. Disorders of the scapula: winging and snapping.

In press, Iannotti JP, Williams GR, eds. Diagnosis of the shoulder: diagnosis and
management. Vol. 3rd edn. Philadelphia: Lippincott Williams and Wilkins, 2013.

2 Inman VT, Saunders JB, Abbott LC. Observations of the function of the shoulder.
Clin Orthop Relat Res 1996;330:3–13.

3 Bagg SD, Forrest WJ. A biomechanical analysis of scapular rotation during arm
abduction in the scapular plane. Am J Phys Med Rehabil 1988;67:238–45.

4 Speer KP, Garrett WE. Muscular control of motion and stability about the pectoral
girdle. In: Matsen FA III, Fu F, Hawkins RJ, eds. The shoulder: a balance of
mobility and stability. Rosemont: American Academy of Orthopaedic Surgeons,
1994:159–73.

5 Lukasiewicz AC, McClure P, Michener L, et al. Comparison of 3-dimensional
scapular position and orientation between subjects with and without shoulder
impingement. J Orthop Sports Phys Ther 1999;29:574–86.

6 Ludewig PM, Cook TM, Nawoczenski DA. Three-dimensional scapular orientation
and muscle activity at selected positions of humeral elevation. J Orthop Sports
Phys Ther 1996;24:57–65.

7 Ludewig PM, Behrens SA, Meyer SM, et al. Three-dimensional clavicular motion
during arm elevation: reliability and descriptive data. J Orthop Sports Phys Ther
2004;34:140–9.

8 Teece RM, Lunden JB, Lloyd AS, et al. Three-dimensional acromioclavicular joint
motions during elevation of the arm. J Orthop Sports Phys Ther 2008;38:181–90.

9 McClure PW, Michener LA, Sennett BJ, et al. Direct 3-dimensional measurement of
scapular kinematics during dynamic movements in vivo. J Shoulder Elbow Surg
2001;10:269–77.

10 Giphart JE, van der Meijden OA, Millett PJ. The effects of arm elevation on the
3-dimensional acromiohumeral distance: a biplane fluoroscopy study with
normative data. J Shoulder Elbow Surg 2012;21:1593–600.

11 Kibler WB, Ludewig PM, McClure PW, et al. Scapula summit 2009. J Orthop
Sports Phys Ther 2009;39:A1–13.

12 Wright AA, Wassinger CA, Frank M, et al. Diagnostic accuracy of scapular physical
examination tests for shoulder disorders: a systematic review. Br J Sports Med
Published Online First: 18 October 2012 doi:10.1136/bjsports-2012-091573

13 Borstad JD, Ludewig PM. The effect of long versus short pectoralis minor resting
length on scapular kinematics in healthy individuals. J Orthop Sports Phys Ther
2005;35:227–38.

14 Cools AM, Dewitte V, Lanszweert F, et al. Rehabilitation of scapular muscle
balance. Am J Sports Med 2007;35:1744–51.

15 Seitz AL, McClure P, Lynch SS, et al. Effects of scapular dyskinesis and scapular
assistance test on subacromial space during static arm elevation. J Shoulder Elbow
Surg 2012;21:631–40.

Kibler WB, et al. Br J Sports Med 2013;47:877–885. doi:10.1136/bjsports-2013-092425 9 of 12

Consensus statement

 group.bmj.com on February 4, 2014 - Published by bjsm.bmj.comDownloaded from 

http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://group.bmj.com/
http://group.bmj.com/


16 Atalar H, Yilmaz C, Polat O, et al. Restricted scapular mobility during arm
abduction: implications for impingement syndrome. Acta Orthopaedica Belgica
2009;75:19–24.

17 Silva RT, Hartmann LG, Laurino CF, et al. Clinical and ultrasonographic correlation
between scapular dyskinesia and subacromial space measurement among junior
elite tennis players. Br J Sports Med 2010;44:407–10.

18 Tsai NT, McClure P, Karduna AR. Effects of muscle fatigue on 3-dimensional
scapular kinematics. Arch Phys Med Rehabil 2003;84:1000–5.

19 Smith J, Kotajarvi BR, Padgett DJ, et al. Effect of scapular protraction and
retraction on isometric shoulder elevation strength. Arch Phys Med Rehabil
2002;83:367–70.

20 Kibler WB, Sciascia AD, Dome DC. Evaluation of apparent and absolute
supraspinatus strength in patients with shoulder injury using the scapular
retraction test. Am J Sports Med 2006;34:1643–7.

21 Tate AR, McClure P, Kareha S, et al. Effect of the scapula reposition test on
shoulder impingement symptoms and elevation strength in overhead athletes.
J Orthop Sports Phys Ther 2008;38:4–11.

22 Weiser WM, Lee TQ, McQuade KJ. Effects of simulated scapular protraction on
anterior glenohumeral stability. Am J Sports Med 1999;27:801–5.

23 Mihata T, McGarry MH, Kinoshita M, et al. Excessive glenohumeral horizontal
abduction as occurs during the late cocking phase of the throwing motion can be
criticial for internal impingement. Am J Sports Med 2010;38:369–82.

24 Kibler WB. The role of the scapula in athletic function. Am J Sports Med
1998;26:325–37.

25 Kibler WB, Uhl TL, Maddux JWQ, et al. Qualitative clinical evaluation of scapular
dysfunction: a reliability study. J Shoulder Elbow Surg 2002;11:550–6.

26 McClure PW, Tate AR, Kareha S, et al. A clinical method for identifying scapular
dyskinesis: part 1: reliability. J Athl Train 2009;44:160–4.

27 Uhl TL, Kibler WB, Gecewich B, et al. Evaluation of clinical assessment methods
for scapular dyskinesis. Arthroscopy 2009;25:1240–8.

28 Ludewig PM, Reynolds JF. The association of scapular kinematics and
glenohumeral joint pathologies. J Orthop Sports Phys Ther
2009;39:90–104.

29 Kibler WB, Sciascia A, Wilkes T. Scapular dyskinesis and its relation to shoulder
injury. J Am Acad Orthop Surg 2012;20:364–72.

30 Kibler WB, McMullen J. Scapular dyskinesis and its relation to shoulder pain. J Am
Acad Orthop Surg 2003;11:142–51.

31 Kibler WB, Sciascia AD. Current concepts: scapular dyskinesis. Br J Sports Med
2010;44:300–5.

32 Ludewig PM, Cook TM. Alterations in shoulder kinematics and associated muscle
activity in people with symptoms of shoulder impingement. Phys Ther
2000;80:276–91.

33 Struyf F, Nijs J, Baeyens JP, et al. Scapular positioning and movement in
unimpaired shoulders, shoulder impingement syndrome, and glenohumeral
instability. Scand J Med Sci Sports 2011;21:352–8.

34 Timmons MK, Thigpen CA, Seitz AL, et al. Scapular kinematics and subacromial
impingement syndrome: a meta-analysis. J Sport Rehabil 2012;21:354–70.

35 Green RA, Taylor NF, Watson L, et al. Altered scapular position in elite young
cricketers with shoulder problems. J Sci Med Sport 2013;16:22–7.

36 Ludewig PM, Phadke V, Braman JP, et al. Motion of the shoulder complex during
multiplanar humeral elevation. J Bone Joint Surg (Am) 2009;91A:378–89.

37 Morrow MM, Kaufman KR, An KN. Scapular kinematics and associated
impingement risk in manual wheelchair users during propulsion and a weight
relief lift. Clin Biomech 2011;26:352–7.

38 Nawoczenski DA, Riek LM, Greco L, et al. Effect of shoulder pain on shoulder
kinematics during weight-bearing tasks in persons with spinal cord injury. Arch
Phys Med Rehabil 2012;93:1421–30.

39 Wassinger CA, Myers JB, Sell TC, et al. Scapulohumeral kinematic assessment of
the forward kayak stroke in experienced whitewater kayakers. Sports Biomech
2011;10:98–109.

40 Konda S, Yanai T, Sakurai S. Scapular rotation to attain the peak shoulder external
rotation in tennis serve. Med Sci Sports Exerc 2010;42:1745–53.

41 Bey MJ, Brock SK, Beierwaltes WN, et al. In vivo measurement of subacromial
space width during shoulder elevation: technique and preliminary results in
patients following unilateral rotator cuff repair. Clin Biomech 2007;22:767–73.

42 Mihata T, Jun BJ, Bui CN, et al. Effect of scapular orientation on shoulder internal
impingement in a cadaveric model of the cocking phase of throwing. J Bone Joint
Surg (Am) 2012;94:1576–83.

43 Kibler WB, Sciascia AD. What went wrong and what to do about it: pitfalls in the
treatment of shoulder impingement. In: Duwelius PJ, Azar FM, eds. Instructional
course lectures, vol. 57, Rosemont: American Academy of Orthopaedic Surgeons,
2008:103–12.

44 Pappas GP, Blemker SS, Beaulieu CF, et al. In vivo anatomy of the neer and
hawkins sign positions for shoulder impingement. J Shoulder Elbow Surg
2006;15:40–9.

45 Garofalo R, Karlsson J, Nordenson U, et al. Anterior-superior internal impingement
of the shoulder: an evidence-based review. Knee Surg Sports Traumatol Arthrosc
2010;18:1688–93.

46 McClure P, Michener LA, Karduna AR. Shoulder function and 3-dimensional
scapular kinematics in people with and without shoulder impingement syndrome.
Phys Ther 2006;86:1075–90.

47 Yamamoto N, Muraki T, Sperling JW, et al. Impingement mechanisms of the Neer
and Hawkins signs. J Shoulder Elbow Surg 2009;18:942–7.

48 Sarkar S, Seeley S, Beranek K, et al. Rotator cuff proximity to potential impinging
structures during clinical impingement tests. Paper presented at: IXth Conference
of the International Shoulder Group. Wales, UK, 2012.

49 Schellingerhout JM, Verhagen AP, Thomas S, et al. Lack of uniformity in diagnostic
labeling of shoulder pain: time for a different approach. Man Ther
2008;13:478–83.

50 Papadonikolakis A, McKenna M, Warme W III, et al. Published evidence relevant
to the diagnosis of impingement syndrome of the shoulder. J Bone Joint Surg
(Am) 2011;93:1827–32.

51 Cools AM, Witvrouw EE, DeClercq GA, et al. Scapular muscle recruitment pattern:
trapezius muscle latency with and without impingement symptoms. Am J Sports
Med 2003;31:542–9.

52 Host HH. Scapular taping in the treatment of anterior shoulder impingement.
Phys Ther 1995;75:803–11.

53 Mell AG, LaScalza S, Guffey P, et al. Effect of rotator cuff pathology on shoulder
rhythm. J Shoulder Elbow Surg 2005;14:S58–64.

54 Deutsch A, Altchek DW, Schwartz E, et al. Radiologic measurement of superior
displacement of the humeral head in the impingement syndrome. J Shoulder
Elbow Surg 1996;5:186–93.

55 Dunn W, Jones G. Factors associated with low outcomes scores in patients with
full thickness rotator cuff tears. Paper presented at: American Academy of
Orthopaedic Surgeons Annual Meeting, San Diego, CA, 2011.

56 Graichen H, Stammberger T, Bonel H, et al. Three-dimensional analysis of shoulder
girdle and supraspinatus motion patterns in patients with impingement syndrome.
J Orthop Res 2001;19:1192–8.

57 Michener LA, McClure PW, Karduna AR. Anatomical and biomechanical
mechanisms of subacromial impingement syndrome. Clin Biomech
2003;18:369–79.

58 Hebert LJ, Moffet H, Dufour M, et al. Acromiohumeral distance in a seated
position in persons with impingement syndrome. J Magen Reson Imaging
2003;18:72–9.

59 Karduna AR, Kerner PJ, Lazarus MD. Contact forces in the subacromial space:
effects of scapular orientation. J Shoulder Elbow Surg 2005;14:393–9.

60 Falla D, Farina D, Graven-Nielsen T. Experimental muscle pain results in
reorganization of coordination among trapezius muscle subdivisions during
repetitive shoulder flexion. Exp Brain Res 2007;178:385–93.

61 McMullen J, Uhl TL. A kinetic chain approach for shoulder rehabilitation. J Athl Train
2000;35:329–37.

62 Kibler WB, Sciascia AD, Uhl TL, et al. Electromyographic analysis of specific
exercises for scapular control in early phases of shoulder rehabilitation. Am J
Sports Med 2008;36:1789–98.

63 Burkhart SS, Morgan CD, Kibler WB. Shoulder injuries in overhead athletes.
Clin Sports Med 2000;19:125–58.

64 Myers JB, Laudner KG, Pasquale MR, et al. Glenohumeral range of motion deficits
and posterior shoulder tightness in throwers with pathologic internal impingement.
Am J Sports Med 2006;34:385–91.

65 Burkhart SS, Morgan CD, Kibler WB. The disabled throwing shoulder: spectrum of
pathology part i: pathoanatomy and biomechanics. Arthroscopy 2003;19:404–20.

66 Laudner KG, Myers JB, Pasquale MR, et al. Scapular dysfunction in throwers with
pathologic internal impingement. J Orthop Sports Phys Ther 2006;36:485–94.

67 Kibler WB, Sciascia AD, Dome DC, et al. Clinical utility of new and traditional
exam tests for biceps and superior glenoid labral injuries. Am J Sports Med
2009;37:1840–7.

68 Gumina S, Carbone S, Postacchini F. Scapular dyskinesis and SICK scapula
syndrome in patients with chronic type III acromioclavicular dislocation.
Arthroscopy 2009;25:40–5.

69 Schlegel TF, Burks RT, Marcus RL, et al. A prospective evaluation of untreated
acute grade 3 acromioclavicular seperations. Am J Sports Med 2001;29:699–703.

70 Ogston JB, Ludewig PM. Differences in 3-dimensional shoulder kinematics between
persons with multidirectional instability and asymptomatic controls. Am J Sports Med
2007;35:1361–70.

71 Illyes A, Kiss RM. Kinematic and muscle activity characteristics of multidirectional
shoulder joint instability during elevation. Knee Surg Sports Traumatol Arthrosc
2006;14:673–85.

72 Morris AD, Kemp GJ, Frostick SP. Shoulder electromyography in multidirectional
instability. J Shoulder Elbow Surg 2004;13:24–9.

73 Barden JM, Balyk R, Raso VJ. Atypical shoulder muscle activation in
multidirectional instability. Clin Neurophysiol 2005;116:1846–57.

74 Kibler WB. Scapular surgery I-IV. In: Reider B, Terry MA, Provencher MT, eds.
Sports medicine surgery. Philadelphia: Elsevier Saunders, 2010:237–67.

75 Michener LA, Lopes-Albers AD, Timmons MK. Scapular Dyskinesis: Kinematic and
Muscle Activity Alterations in Patients with Rotator Cuff Disease Scapula Summit
2012. Lexington, KY, 2012.

10 of 12 Kibler WB, et al. Br J Sports Med 2013;47:877–885. doi:10.1136/bjsports-2013-092425

Consensus statement

 group.bmj.com on February 4, 2014 - Published by bjsm.bmj.comDownloaded from 

http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://group.bmj.com/
http://group.bmj.com/


76 Sher JS, Uribe JW, Posada A, et al. Abnormal findings on magnetic resonance
images of asymptomatic shoulders. J Bone Joint Surg (Am) 1995;77:10–15.

77 Moosmayer S, Smith HJ, Tariq AR, et al. Prevalance and characteristics of
asymptomatic tears of the rotator cuff: an ultrasonographic and clinical study.
J Bone Joint Surg (Br) 2009;91:196–200.

78 Wassinger CA, Sole G, Osborne H. Clinical measurement of scapular upward
rotation in response to acute subacromial pain. J Orthop Sports Phys Ther
2013;43:199–203.

79 McCully SP, Suprak DN, Kosek P, et al. Suprascapular nerve block disrupts the
normal pattern of scapular kinematics. Clin Biomech 2006;21:545–53.

80 Paletta GA, Warner JJP, Warren RF, et al. Shoulder kinematics with two-plane
x-ray evaluation in patients with anterior instability or rotator cuff tears. J Shoulder
Elbow Surg 1997;6:516–27.

81 Tyler TF, Nicholas SJ, Lee SJ, et al. Correction of posterior shoulder tightness is
associated with symptom resolution in patients with internal impingement. Am J
Sports Med 2010;38:114–19.

82 Baskurt Z, Baskurt F, Gelecek N, et al. The effectiveness of scapular stabilization
exercise in the patients with subacromial impingement syndrome. J Musculoskelet
Rehabil 2011;24:173–9.

83 Lintner D, Noonan TJ, Kibler WB. Injury patterns and biomechanics of the athlete’s
shoulder. Clin Sports Med 2008;27:527–52.

84 Myers JB, Laudner KG, Pasquale MR, et al. Scapular position and orientation in
throwing athletes. Am J Sports Med 2005;33:263–71.

85 Laudner KG, Stanek JM, Meister K. Differences in scapular upward rotation between
baseball pitchers and position players. Am J Sports Med 2007;35:2091–5.

86 Oyama S, Myers JB, Wassinger CA, et al. Asymmetric resting scapular posture in
healthy overhead athletes. J Athl Train 2008;43:565–70.

87 Seitz AL, Reinold M, Schneider RA, et al. No effect of scapular position on
3-dimensional scapular in the throwing shoulder of healthy professional pitchers.
J Sport Rehabil 2012;21:186–93.

88 Sciascia AD, Thigpen CA, Namdari S, et al. Kinetic chain abnormalities in the
athletic shoulder. Sports Med Arthrosc Rev 2012;20:16–21.

89 Ellenbecker TS, Roetert EP, Kibler WB, et al. Applied biomechanics of tennis. In:
Magee DJ, Manske RC, Zachazewski JE, Quillen WS, eds. Athletic and sport issues
in musculoskeletal rehabilitation. St. Louis: Elsevier, 2011:265–86.

90 Putnam CA. Sequential motions of body segments in striking and throwing skills:
description and explanations. J Biomech 1993;26:125–35.

91 Kibler WB. Biomechanical analysis of the shoulder during tennis activities. Clin
Sports Med 1995;14:79–85.

92 Cools A, Johansson FR, Cambier DC, et al. Descriptive profile of scapulothoracic
position, strength, and flexibility variables in adolescent elite tennis players. Br J
Sports Med 2010;44:678–84.

93 Ebaugh DD, McClure PW, Karduna AR. Effects of shoulder muscle fatigue caused
by repetitive overhead activities on scapulothoracic and glenohumeral kinematics.
J Electromyogr Kinesiol 2006;16:224–35.

94 Borich MR, Bright JM, Lorello DJ, et al. Scapular angular positioning at end range
internal rotation in cases of glenohumeral internal rotation deficit. J Orthop Sports
Phys Ther 2006;36:926–34.

95 Cools AM, Witvrouw EE, Mahieu NN, et al. Isokinetic scapular muscle
performance in overhead athletes with and without impingement symptoms. J Athl
Train 2005;40:104–10.

96 Madsen PH, Bak K, Jensen S, et al. Training induces scapular dyskinesis in
pain-free competitive swimmers: a reliability and observational study. Clin J Sport
Med 2011;21:109–13.

97 Cools AM, Witvrouw EE, DeClercq GA, et al. Evaluation of isokinetic force
production and associated muscle activity in the scapular rotators during a
protraction-retraction movement in overhead athletes with impingement symptoms.
Br J Sports Med 2004;38:64–8.

98 Burkhart SS, Morgan CD, Kibler WB. The disabled throwing shoulder: spectrum of
pathology Part III: the SICK scapula, scapular dyskinesis, the kinetic chain, and
rehabilitation. Arthroscopy 2003;19:641–61.

99 Kibler WB, Dome DC. Internal impingement: concurrent superior labral and rotator
cuff injuries. Sports Med Arthrosc Rev 2012;20:30–3.

100 Dines JS, Frank JB, Akerman M, et al. Glenohumeral internal rotation deficits in
baseball players with ulnar collateral ligament insufficiency. Am J Sports Med
2009;37:566–70.

101 Kibler WB, Sciascia AD, Thomas SJ. Glenohumeral internal rotation deficit:
pathogenesis and response to acute throwing. Sports Med Arthrosc Rev
2012;20:34–8.

102 Tripp B, Uhl TL, Mattacola CG, et al. Functional multijoint position reproduction
acuity in overhead athletes. J Athl Train 2006;41:146–53.

103 Warner JJP, Micheli LJ, Arslanian LE, et al. Scapulothoracic motion in normal
shoulders and shoulders with glenohumeral instability and impingement syndrome.
Clin Orthop Relat Res 1992;285:199.

104 Tate AR, McClure PW. Examination and management of scapular dysfunction. In:
Skirven TM, ed. Rehabilitation of the hand and upper extremity, 6th ed.
Philadelphia: Mosby/Elsevier, 2011:1209–24.

105 Koslow PA, Prosser LA, Strony GA, et al. Specificity of the lateral scapular slide
test in asmptomatic competitive athletes. J Orthop Sports Phys Ther
2003;33:331–6.

106 Nijs J, Roussel N, Vermeulen K, et al. Scapular positioning in patients with
shoulder pain: a study examining the reliability and clinical importance pf 3 clinical
tests. Arch Phys Med Rehabil 2005;86:1349–55.

107 Odom CJ, Taylor AB, Hurd CE, et al. Measurement of scapular asymmetry and
assessment of shoulder dysfunction using the lateral scapular slide test: a reliability
and validity study. Phys Ther 2001;81:799–809.

108 Shadmehr A, Bagheri H, Ansari NN, et al. The reliability measurements of lateral
scapular slide test at three different degrees of shoulder abduction. Br J Sports
Med 2010;44:289–93.

109 Tate AR, McClure PW, Kareha S, et al. A clinical method for identifying scapular
dyskinesis: part 2: Validity. J Athl Train 2009;44:165–73.

110 Morais NV, Pascoal AG. Scapular positioning assessment: is side-to-side
comparison clinically acceptable? Man Ther 2013;18:46–56.

111 Rabin A, Irrgang JJ, Fitzgerald GK, et al. The intertester reliability of the scapular
assistance test. J Orthop Sports Phys Ther 2006;36:653–60.

112 Ludewig PM, Hoff MS, Osowski EE, et al. Relative balance of serratus anterior and
upper trapezius muscle activity during push-up exercises. Am J Sports Med
2004;32:484–93.

113 Kebaetse M, McClure PW, Pratt N. Thoracic position effect on shoulder range of
motion, strength, and three-dimensional scapular kinematics. Arch Phys Med
Rehabil 1999;80:945–50.

114 Lynch SS, Thigpen CA, Mihalik JP, et al. The effects of an exercise intervention on
forward head and rounded shoulder postures in elite swimmers. Br J Sports Med
2010;44:376–81.

115 Thigpen CA, Padua DA, Michener LA, et al. Head and shoulder posture affect
scapular mechanics and muscle activity in overhead tasks. J Electromyogr Kinesiol
2010;20:701–9.

116 Kendall FP, McCreary EK, Provance PG. Muscles: testing and function, vol. 4.
Baltimore: Williams & Wilkins, 1993.

117 Cools AM, Geerooms E, Van den Berghe DF, et al. Isokinetic scapular muscle
performance in young elite gymnasts. J Athl Train 2007;42:458–63.

118 Michener LA, Boardman ND III, Pidcoe PE, et al. Scapular muscle tests in subjects
with shoulder pain and functional loss: reliability and construct validity. Phys Ther
2005;85:1128–38.

119 Lewis JS, Wright C, Green A. Subacromial impingement syndrome: the effect of
changing posture on shoulder range of movement. J Orthopa Sports Phys Ther
2005;35:72–87.

120 Lewis JS, Valentine RE. Clinical measurement of thoracic kyphosis: a study of the
intra-rater reliability in subjects with and without shoulder pain. BMC
Musculoskelet Disord 2010;11:39.

121 Seitz AL, McClure PW, Finucane S, et al. Mechanisms of rotator cuff tendinopathy:
intrinsic, extrinsic, or both? Clin Biomech 2011;26:1–12.

122 Solem-Bertoft E, Thuomas KA, Westerberg CE. The influence of scapular retraction
and protraction on the width of the subacromial space. Clin Orthop Relat Res
1993;296:99–103.

123 Kalra N, Seitz AL, Boardman ND III, et al. Effect of posture on acromiohumeral
distance with arm elevation in rotator cuff disease using ultrasonography. J Orthop
Sports Phys Ther 2010;40:633–40.

124 Sahrmann S. Diagnosis and treatment of movement impairment syndromes.
St Louis: Mosby, 2001.

125 Lewis JS, Valentine RE. The pectoralis minor length test: a study of the intra-rater
reliability and diagnostic accuracy in subjects with and without shoulder symptoms.
BMC Musculoskelet Disord 2007;8:64.

126 Borstad JD. Measurement of pectoralis minor muscle length: validation and clinical
application. J Orthop Sports Phys Ther 2008;38:169–74.

127 Laudner KG, Moline MT, Meister K. The relationship between forward scapular
posture and posterior shoulder tightness among baseball players. Am J Sports Med
2010;38:2106–12.

128 Awan R, Smith J, Boon AJ. Measuring shoulder internal rotation range of motion:
a comparison of 3 techniques. Arch Phys Med Rehabil 2002;83:1229–34.

129 Ellenbecker TS, Roetert EP, Bailie DS, et al. Glenohumeral joint total range of
motion in elite tennis players and baseball pitchers. Med Sci Sports Exerc
2002;34:2052–6.

130 Edwards TB, Bostick RD, Greene CC, et al. Interobserver and intraobserver
reliability of the measurement of shoulder internal rotation by vertebral level.
J Shoulder Elbow Surg 2002;11:40–2.

131 Gerber C, Werner CM, Macy JC, et al. Effect of selective capsulorrhaphy on the
passive range of motion of the glenohumeral joint. J Bone Joint Surg (Am)
2003;85:48–55.

132 McClure P, Balaicuis J, Heiland D, et al. A randomized controlled comparison of
stretching procedures for posterior shoulder tightness. J Orthop Sports Phys Ther
2007;37:108–14.

133 Kuhn J, Plancher K, Hawkins R. Scapular winging. J Am Acad Orthop Surg
1995;3:319–25.

Kibler WB, et al. Br J Sports Med 2013;47:877–885. doi:10.1136/bjsports-2013-092425 11 of 12

Consensus statement

 group.bmj.com on February 4, 2014 - Published by bjsm.bmj.comDownloaded from 

http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://group.bmj.com/
http://group.bmj.com/


134 Sciascia A, Cromwell R. Kinetic chain rehabilitation: a theoretical framework.
Rehabil Res Pract 2012;2012:1–9.

135 Ellenbecker TS, Cools A. Rehabilitation of shoulder impingement syndrome and
rotator cuff injuries: an evidence-based review. Br J Sports Med 2010;44:319–27.

136 De May K, Danneels L, Cagnie B, et al. Are kinetic chain rowing exercises relevant
in shoulder and trunk injury prevention training? Br J Sports Med 2011;
45:320–1.

137 De May K, Danneels L, Cagnie B, et al. Conscious correction of scapular
orientation in overhead athletes performing selected shoulder rehabilitation
exercises: the effect on trapezius muscle activation measured by surface
electromyography. J Orthop Sports Phys Ther 2013;43:3–10.

138 Michener LA, Walsworth MK, Burnet EN. Effectiveness of rehabilitation for patients
with subacromial impingement syndrome. J Hand Ther 2004;17:152–64.

139 De May K, Danneels L, Cagnie B, et al. Scapular muscle rehabilitation exercises in
overhead athletes with impingement symptoms: effect of a 6-week training
program on muscle recruitment and functional outcome. Am J Sports Med
2012;40:1906–15.

140 Roy JS, Moffet H, Hebert LJ, et al. Effect of motor control and strengthening
exercises on shoulder function in persons with impingement syndrome: a
single-subject study design. Man Ther 2009;14:180–8.

141 McClure PW, Bialker J, Neff N, et al. Shoulder function and 3-dimensional
kinematics in people with shoulder impingement syndrome before and after a
6-week exercise program. Phys Ther 2004;84:832–48.

142 Worsley P, Warner M, Mottram S, et al. Motor control retraining exercises for
shoulder impingement: effects on function, muscle activation, and biomechanics in
young adults. J Shoulder Elbow Surg 2013;22:e11–9.

143 Struyf F, Nijs J, Mollekens S, et al. Scapular-focused treatment in patients with shoulder
impingement syndrome: a randomized clinical trial. Clin Rheumatol 2013;32:73–85.

144 Kromer TO, Tautenhahn UG, de Bie RA, et al. Effects of physiotherapy in patients
with shoulder impingement syndrome: a systematic review of the literature.
J Rehabil Med 2009;41:870–80.

145 Network MOO. Effectiveness of Physical Therapy in Treating Atraumatic Full
Thickness Rotator Cuff Tears. A Multi-Center Prospective Cohort Study. The
American Shoulder and Elbow Surgeons open meeting. San Diego, CA, 2011.

146 Edwards SL, Lee JA, Bell JE, et al. Nonoperative treatment of superior labrum
anterior posterior tears: improvements in pain, function, and quality of life. Am J
Sports Med 2010;38:1456–61.

147 Moore SD, Uhl TL, Sciascia AD, et al. Clinical Predictive Factors for Successful
Outcome of Rehabilitation in Patients with SLAP Tears. The Disabled Throwing
Shoulder: Spectrum of Pathology. Lexington, KY, 2011.

148 Fedoriw WW, Ramkumar P, Lintner DM. Nonsurgical and Surgical Treatment
of Superior Labral Tears in Professional Baseball Players. American Orthopaedic
Society for Sports Medicine. Baltimore, MD, 2012.

149 Osteras H, Torstensen TA, Osteras B. High-dosage medical exercise therapy in
patients with long-term subacromial shoulder pain: a randomized controlled trial.
Physiother Res Int 2010;15:232–42.

12 of 12 Kibler WB, et al. Br J Sports Med 2013;47:877–885. doi:10.1136/bjsports-2013-092425

Consensus statement

 group.bmj.com on February 4, 2014 - Published by bjsm.bmj.comDownloaded from 

http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://group.bmj.com/
http://group.bmj.com/


doi: 10.1136/bjsports-2013-092425
2013

 2013 47: 877-885 originally published online April 11,Br J Sports Med
 
W Ben Kibler, Paula M Ludewig, Phil W McClure, et al.
 
statement from the 'scapular summit'
in shoulder injury: the 2013 consensus 
Clinical implications of scapular dyskinesis

 http://bjsm.bmj.com/content/47/14/877.full.html
Updated information and services can be found at: 

These include:

References

 http://bjsm.bmj.com/content/47/14/877.full.html#related-urls
Article cited in: 
 

 http://bjsm.bmj.com/content/47/14/877.full.html#ref-list-1
This article cites 134 articles, 36 of which can be accessed free at:

service
Email alerting

the box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in

Collections
Topic

 (364 articles)Musculoskeletal syndromes    
 (193 articles)Degenerative joint disease    

 (182 articles)Editor's choice    
 
Articles on similar topics can be found in the following collections

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 4, 2014 - Published by bjsm.bmj.comDownloaded from 

http://bjsm.bmj.com/content/47/14/877.full.html
http://bjsm.bmj.com/content/47/14/877.full.html
http://bjsm.bmj.com/content/47/14/877.full.html#ref-list-1
http://bjsm.bmj.com/content/47/14/877.full.html#ref-list-1
http://bjsm.bmj.com/content/47/14/877.full.html#related-urls
http://bjsm.bmj.com/content/47/14/877.full.html#related-urls
http://bjsm.bmj.com/cgi/collection/editors_choice
http://bjsm.bmj.com/cgi/collection/editors_choice
http://bjsm.bmj.com/cgi/collection/degenerative_joint_disease
http://bjsm.bmj.com/cgi/collection/degenerative_joint_disease
http://bjsm.bmj.com/cgi/collection/musculoskeletal_syndromes
http://bjsm.bmj.com/cgi/collection/musculoskeletal_syndromes
http://group.bmj.com/group/rights-licensing/permissions
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://group.bmj.com/subscribe/
http://bjsm.bmj.com/
http://bjsm.bmj.com/
http://group.bmj.com/
http://group.bmj.com/

