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Abstract
Shoulder impingement is a common condition presumed to contribute to rotator cuff disease.
Impingement can occur externally with the coracoacromial arch or internally with the glenoid rim.
Normal scapulothoracic motions that occur during arm elevation include upward rotation,
posterior tilting, and either internal or external rotation. These scapulothoracic motions and
positions are the result of coupled interactions between sternoclavicular and acromioclavicular
joints. The sternoclavicular and acromioclavicular joints both contribute to scapulothoracic
upward rotation. Posterior tilting is primarily an acromioclavicular joint motion. The
sternoclavicular and acromioclavicular joint motions offset one another regarding final
scapulothoracic internal/external rotation position. This manuscript discusses these coupled
interactions in relation to shoulder muscle function. Two case examples are presented to
demonstrate application of understanding these interactions and potential mechanisms of
movement abnormalities in targeting treatment interventions for movement based subgroups of
impingement patients.
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Shoulder impingement is a common condition believed to contribute to the development or
progression of rotator cuff disease (Michener et al. 2003, van der Windt et al. 1995). A
number of impingement categories have been identified including subacromial impingement
or “external impingement”; internal impingement, which can be further divided into anterior
or posterior (Edelson & Teitz 2000); and coracoid impingement. Charles Neer described
subacromial impingement as the compression and abrasion of the bursal side of the rotator
cuff beneath the anterior acromion, and developed the anterior acromioplasty as a treatment
(Neer 1983). External impingement is now understood as a much broader category than that
described by Neer, and could include compression or abrasion of the cuff tendons or tendon
of the long head of the biceps brachii beneath any aspect of the coracoacromial arch (Neer
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1983). The coracoacromial arch includes not just the acromial undersurface, but also the
coracoacromial ligament, and the undersurface of the acromioclavicular (AC) joint.

Internal impingement was first described as a condition noted in overhead athletes,
identified in part due to poor outcomes of acromioplasty in this population (Paley et al.
2000). Posterior internal impingement has been postulated to be contact or entrapment of the
articular side of the supra or infraspinatus tendons with the posterior/superior glenoid labral
complex in a position of glenohumeral abduction and external rotation (Paley et al. 2000,
Heyworth & Williams 2009). Articular surface contact of the cuff with the glenoid labral
complex can occur anterior/superiorly as well (Edelson & Teitz 2000). Articular surface
tears are also common in patients without substantive overhead sports exposure (Budoff et
al. 2003, Heyworth & Williams 2009). Impingement of the subscapularis tendon between
the coracoid process and lesser tuberosity of the humerus has also been identified as an
impingement category, although less commonly discussed in the literature (Okroro et al
2009).

All categories of impingement are potential mechanisms for the development or progression
of rotator cuff disease, or long head biceps tendinopathy (Soslowsky et al. 2002). Physical
exam findings consistent with impingement can also be associated with labral tears in
internal impingement (Budoff et al. 2003) or develop secondary to instability or as a delayed
consequence of adhesive capsulitis. There are multiple mechanisms by which impingement
may occur, including excess or reduced motion and abnormal patterns of motion at
particular portions of the range of motion (Michener et al. 2003). In addition, anatomic
abnormalities of the humerus or acromion have been implicated in impingement
(Zuckerman et al. 1992). It should be noted that rotator cuff disease can develop without
impingement, through tensile overload or intrinsic tissue degeneration (Soslowsky et al.
2002). Regardless of the initial precipitating factor, however, impingement, abnormal
shoulder motions, and associated rotator cuff disease often are found in the presence of
partial or full thickness rotator cuff tears. In other words, even if rotator cuff disease or
tearing did not initiate from impingement or abnormal motion, impingement and abnormal
motion are likely to contribute to disease progression.

The purpose of this manuscript is to identify recent advances in understanding of normal and
abnormal biomechanics of the shoulder as related to rehabilitation of shoulder impingement.
In particular, contributions of sternoclavicular (SC) and AC joint motions to overall
scapulothoracic (ST) motion during arm elevation will be discussed. How this
biomechanical knowledge can assist in planning targeted interventions for motion based
subgroups of shoulder pain patients will be illustrated with two brief case examples.

NORMAL SHOULDER MOTION
During normal motion, the scapula will upwardly rotate and posteriorly tilt on the thorax
during elevation of the arm in flexion, abduction, scapular plane abduction, or unrestricted
overhead reaching (McClure et al. 2001, Braman et al. 2009, Ludewig et al. 2009).
Throughout this manuscript, elevation will be used to refer to raising the arm overhead in
any of these planes. Scapulothoracic internal or external rotation is less consistent during
arm elevation, differing in pattern depending on what plane the arm is elevated in, and
depending on what portion of the elevation range of motion is considered (Ludewig et al.
2009). The scapula must adjust in the transverse plane for the intended plane of elevation.
For flexion, the scapula will internally rotate somewhat early in the motion, whereas for
coronal plane abduction, it will externally rotate at the initiation of the motion. Based on the
limited end range data available (McClure et al. 2001, Braman et al. 2009, Ludewig et al.
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2009), it appears some external rotation of the scapula will occur near end range for each of
these planes of elevation.

Recent investigations have added new knowledge on how SC and AC joint motions
contribute to overall ST motion (Ludewig et al. 2004, Sahara et al. 2006, Sahara et al. 2007,
Teece et al. 2008, Ludewig et al. 2009). The primary clavicular motion occurring at the SC
joint during active arm elevation in any plane except extension is 30° of posterior long axis
rotation (Sahara et al. 2007, Ludewig et al. 2009; Figure 1). Secondarily, the clavicle will
retract ~ 15° at the SC joint during elevation, even with flexion (Ludewig et al. 2009).
However, the clavicle also “adjusts” in the transverse plane (less retraction with flexion,
more with abduction) similarly to the changes in scapular internal rotation with flexion
versus abduction (Ludewig et al. 2009). Finally a small amount of clavicular elevation
(typically below 10° in healthy subjects) will occur at the SC joint with humeral elevation in
any plane (Sahara et al. 2007, Ludewig et al. 2009). Concurrent with clavicular motion
relative to the thorax, measurable motion of the scapula relative to the clavicle is also
occurring at the AC joint as the humerus is elevated in any plane (Sahara et al. 2007,
Ludewig et al. 2009; Figure 2). Primary AC joint motions include upward rotation and
posterior tilt of the scapula relative to the clavicle. Secondarily the scapula will internally
rotate relative to the clavicle at the AC joint, even while abducting the arm (Sahara et al.
2007, Ludewig et al. 2009).

Overall ST motion occurs either through motion of the clavicle relative to the thorax, motion
of the scapula relative to the clavicle, or some combination of both. During normal arm
elevation in any plane, both clavicular (SC) and scapular (AC) motions described above are
contributing to the final position of the scapula on the thorax. However, the non-parallel
alignment of the axes of rotation of the SC and AC joints makes their contributions to ST
motion challenging to visualize (Teece et al. 2008; Figure 3). The AC joint axes are aligned
consistently with how the axes are described for the scapula on the thorax, such that if the
scapula upwardly rotates, posteriorly tilts or internally rotates relative to the clavicle, there is
a 1:1 “coupling” with ST motion. In other words 5° of scapular upward rotation relative to
the clavicle would contribute to 5° of ST upward rotation. In order to understand the
coupling of clavicular motion to ST motion, it is helpful to visualize an axis of rotation
embedded along the long axis of the clavicle, and another embedded in the scapula from the
root of the scapular spine to the AC joint (Figure 3). In a superior transverse plane view, first
imagine a hypothetical situation where the clavicle and scapular axes are parallel (Figure
3B). In such a hypothetical alignment, if the clavicle were elevated about its anteriorly
directed axis 9° relative to the thorax, the scapula would upwardly rotate 9° on the thorax,
assuming no motion of the scapula relative to the clavicle at the AC joint. If the clavicle
rotated posteriorly about its long axis 30° relative to the thorax, the scapula would
posteriorly tilt 30° relative to the thorax, and if the clavicle retracted 9° relative to the
thorax, the scapula would externally rotate 9° relative to the thorax (Teece et al. 2008). Now
consider an alternative hypothetical situation where the scapula is internally rotated 90°
relative to the clavicle, such that the described axes in the transverse plane are at a 90° angle
(Figure 3C). In such a hypothetical alignment, if the clavicle were elevated about its
anteriorly directed axis 9° relative to the thorax, the scapula would anteriorly tilt 9° on the
thorax. If the clavicle rotated posteriorly about its long axis 30° relative to the thorax, the
scapula would upwardly rotate 30° on the thorax, and if the clavicle retracted 9° relative to
the thorax, the scapula would externally rotate 9° on the thorax (Teece et al. 2008). The two
scenarios completely change with regard to SC joint contributions to ST upward rotation and
tilting, but remain the same for contributions to ST external rotation.

These scenarios illustrate the changes in coupling of SC to ST motion that can occur with
changing the scapula to clavicle (AC joint) internal rotation angle. Neither of these extreme
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alignments occurs during normal motion. On average in healthy subjects, the scapula is
internally rotated 60° relative to the clavicle (Ludewig et al. 2009). Such an alignment is 2/3
of the way from the initial parallel alignment to the 90° alignment(Figure 3A).
Subsequently, the coupling that occurs during normal arm elevation in any plane is about 2/3
of what was described in the second scenario, and 1/3 of what was described in the first
scenario (Teece et al. 2008). In such an alignment, if the clavicle were elevated about its
anteriorly directed axis 9° relative to the thorax, the scapula would anteriorly tilt 6° and
upwardly rotate 3° on the thorax. If the clavicle rotated posteriorly about its long axis 30°
relative to the thorax, the scapula would upwardly rotate 20° and posteriorly tilt 10° on the
thorax. Table 1 summarizes these relative coupling relationships.

In addition to the coupling of clavicle motion to ST motion, during arm elevation in any
plane, the scapula relative to the clavicle is also moving at the AC joint. These AC joint
motions may increase or decrease the overall ST joint motion depending on whether they
complement or offset the SC joint coupled scapular motions. So in the example above for
scapular plane abduction to 120° relative to the thorax, the 20° ST upward rotation coupled
with clavicle posterior rotation on the thorax, and 3° ST upward rotation coupled with
clavicle elevation on the thorax would be complemented by an average of 11° of scapular
upward rotation relative to the clavicle across the same increment of scapular plane
abduction (Ludewig et al. 2009). The end result would be 34° of ST upward rotation. For ST
tilting, the 10° posterior tilting coupled with clavicle posterior rotation on the thorax would
be reduced by 6° anterior tilting coupled with clavicle elevation on the thorax as described
above. Subsequently, the clavicle overall contribution to ST posterior tilting would only be
4°. However, the scapula relative to the clavicle is tilting posteriorly during that scapular
plane abduction motion on average 16°, to result in overall ST motion of 20° (Ludewig et al.
2009). Finally the 9° of ST external rotation coupled with clavicle retraction on the thorax is
offset by an average of 6° scapula internal rotation relative to the clavicle, resulting in 3° of
ST external rotation. Note that final resulting scapular upward rotation motion and position
on the thorax is produced by complementary motion of the clavicle relative to the thorax and
scapula relative to the clavicle. ST tilting is produced almost exclusively by scapular motion
relative to the clavicle as the clavicle elevation and posterior rotation motions at the SC joint
are offsetting. ST external rotation is minimal due to offsetting motions of clavicle retraction
relative to the thorax and scapular internal rotation relative to the clavicle.

EFFECTS OF TRAPEZIUS AND SERRATUS ANTERIOR MUSCLE FUNCTION
Although somewhat complex to understand, these interrelationships between how SC and
AC joints contribute to overall motion of the scapula on the thorax are also important with
regard to how they influence muscle function. Based on common clinical presumptions, the
upper trapezius is often described as an ST upward rotator. However, as identified by
Johnson et al. (1994), its distal attachments are to the clavicle. The line of action of the
upper trapezius muscle attached to the distal clavicle results in it having the capability to
produce elevation and retraction of the clavicle relative to the thorax (Fey et al. 2007,
Johnson et al. 1994). We know from the coupling discussion above, that for every degree of
clavicular elevation relative to the thorax, only 1/3 of that motion results in ST upward
rotation, and 2/3 will result in ST anterior tilting. So in healthy people, the upper trapezius is
only contributing about 3° (1/3 of 9° average clavicle elevation relative to the thorax;
Ludewig et al. 2009) to overall ST upward rotation, while ST upward rotation can average
50° or more (McClure et al. 2001, Ludewig et al. 2009). As such, based on unpublished
modeling work (Fey et al. 2007,) the upper trapezius muscle does not appear to have a line
of action to be a substantive upward rotator in healthy persons, but rather likely generates
the necessary clavicle retraction relative to the thorax to prevent excessive ST internal
rotation (Johnson et al. 1994, Fey et al. 2007). Thus, if attempting to increase ST upward
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rotation in a clinical patient, targeting upper trapezius strengthening would not seem an
optimal strategy. The lower trapezius, however, with its direct attachment to the scapula, has
a line of action that appears to assist in producing ST upward rotation at the AC joint (Fey et
al. 2007).

We also know from the coupling discussion, that over 50% of the overall ST upward
rotation is occurring through clavicle posterior rotation on the thorax. It does not appear that
any of the clavicular musculature has a line of action contributing to posterior rotation
torque capability (Fey et al. 2007, Johnson et al. 1994). Because of this, it is likely that
clavicular posterior rotation on the thorax is produced secondarily by tension in the
coracoclavicular and acromioclavicular ligaments when the serratus anterior and lower
trapezius are pulling on the scapula with upward rotation torque (Ludewig et al. 2009) . The
serratus anterior has the largest moment arm for the production of scapular upward rotation
torque (Dvir & Berme 1978, Johnson et al. 1994, Phadke et al. 2009). The serratus anterior
line of action is also such that it can contribute substantively to scapular posterior titling.
The upper, middle, or lower trapezius do not appear to contribute substantively to scapular
posterior tilting torque, based on their line of action (Fey et al. 2007). In fact excess
activation of the upper trapezius, if occurring (Ludewig and Cook 2000), could result in
excess clavicular elevation on the thorax and subsequently excess ST anterior tilting though
its coupled motion. The primary role of the upper trapezius appears to be in generating
retraction of the clavicle at the SC joint and the middle and lower trapezius in generating
external rotation of the scapula at the AC joint (Fey et al. 2007, Johnson et al 1994).

ABNORMAL SHOULDER MOTION IN IMPINGEMENT
A recent review article identified scapular motion abnormalities in subjects with
impingement or rotator cuff disease (Ludewig and Reynolds 2009). Briefly, nine of 11
studies reviewed demonstrated a statistically significant scapular movement deviation in at
least 1 variable, as compared to healthy control groups (Warner et al. 1992, Lukasiewicz et
al. 1999, Ludewig & Cook 2000, Graichen et al. 2001, Endo et al. 2001, Hebert et al. 2002,
Su et al. 2004, Mell et al. 2005, McClure et al. 2006, Lin et al. 2005, Laudner et al. 2006).
The most frequent findings have been reduced ST posterior tilting, reduced ST upward
rotation, increased ST internal rotation, or increased clavicular elevation relative to the
thorax (Ludewig and Reynolds 2009). These movement alterations are believed to increase
proximity of the rotator cuff tendons to the coracoacromial arch or glenoid rim. However,
there is little direct evidence of how movement deviations contribute to reduced subacromial
space or increased internal impingement (Solem-Bertoft et al. 1993, Karduna et al. 2005).
Additionally, there are inconsistencies and contradictions in movement alterations identified
across studies (Ludewig and Reynolds 2009). Small subject samples, lack of distinction
between categories of impingement, frequent lack of distinction between rotator cuff
tendinopathy and cuff tearing in patient samples, a wide variety of measurement approaches,
and skin surface measurement methods with limited precision have prevented a full
understanding of the role of scapular movement patterns in the development or progression
of shoulder dysfunction (Ludewig and Reynolds 2009).

Additionally, increased humeral head superior or anterior translation has been found in
subjects with impingement (Deutsch et al. 1996, Ludewig & Cook 2002). These directions
of humeral head motion are believed to reduce the subacromial space and increase
impingement risk. Biomechanical evidence also supports the idea of glenohumeral internal
rotation contributing to subacromial impingement beneath the anterior structures (Flatow et
al. 1994, Werner et al. 2006, Yanai et al. 2006).
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Recent work also demonstrates how angles of humeral elevation which minimize the
subacromial space may differ from angles of humeral elevation where the rotator cuff soft
tissues are at greatest risk. The subacromial space is typically described as minimized at 90°
of humeral elevation in all planes (Bey et al. 2007). However, the portion of the humerus in
closest contact at that point in the range of motion of abduction is actually the lateral aspect
of the greater tuberosity, which has no rotator cuff soft tissue (Bey et al. 2007). The rotator
cuff tendons are actually in closest proximity to the undersurface of the acromion near 45°
of humeral abduction relative to the thorax (Bey et al. 2007). By angles past 60° humeral
abduction, the attachment sites or footprints of the cuff tendons on the greater tuberosity
have rotated past the lateral acromial undersurface (Bey et al. 2007). Patients may still have
a painful arc of motion near 90° of humeral elevation in any plane, since this is where
rotator cuff muscle forces are highest. However, pain at or above 90° of humeral elevation
relative to the thorax is unlikely a direct result of a compressive subacromial impingement
of the rotator cuff tendons. Alternatively, proximity of the undersurface of the cuff tendons
to the superior glenoid rim increases at higher angles of humeral elevation in any plane,
suggesting increased risk of internal impingement with humeral elevation above 90° relative
to the thorax (Petersen et al. 2010).

Influencing Factors in Movement Abnormalities
The previous review manuscript also described potential mechanisms by which abnormal
scapular or clavicular motions might occur (Ludewig and Reynolds 2009). These included
pain, soft tissue tightness, muscle strength or activation imbalances, muscle fatigue, and
thoracic posture (Borich et al. 2006; Borstad and Ludewig 2005; Cools et al. 2003; Cools et
al. 2004; Cools et al. 2007; Culham and Peat 1993; Ebaugh et al. 2006a; Ebaugh et al.
2006b; Endo et al. 2004; Falla et al. 2007; Kebaetse et al. 1999; Lin et al. 2005; Ludewig
and Cook 2000; McQuade et al. 1998; Tsai et al. 2003; Wadsworth and Bullock-Saxton
1997). These same factors can influence humeral motions (Harryman et al. 1990). Influences
of these factors on shoulder motion are summarized in Table 2 (adapted from Ludewig and
Reynolds 2009). In summary, there is some evidence of increased upper trapezius activation
and reduced serratus anterior activation in the same subjects who have demonstrated
reduced ST posterior tilting, increased internal rotation, and reduced upward rotation (Lin et
al. 2005; Ludewig and Cook 2000). There is also evidence of increased ST anterior tilting
and internal rotation in subjects with a relatively short resting length of the pectoralis minor
(Borstad and Ludewig 2005). Glenohumeral internal rotation deficit and experimentally
induced posterior capsule tightness have also been shown to increase ST anterior tilting and
humeral anterior translations relative to the glenoid, respectively (Borich et al. 2006;
Harryman et al. 1990). Slouched sitting, thoracic kyphosis, and increased age have also been
related to increased ST anterior tilting and internal rotation and reduced ST upward rotation
(Culham and Peat 1993; Endo et al 2004; Kebaetse et al. 1999). Although not
experimentally demonstrated, other factors including reduced rotator cuff activation and
pectoralis major tightness can be biomechanically theorized to impact ST or glenohumeral
kinematics in ways that are believed to increase impingement risk. Each of these factors
provides additional insight in planning treatment intervention approaches targeted to specific
movement deviations.

MOVEMENT BASED INTERVENTION CASE EXAMPLES
Clinical trials demonstrate that therapeutic exercise can reduce pain and improve function in
patients with shoulder impingement and rotator cuff disease (Bang and Deyle 2000; Haahr et
al. 2006; Ludewig and Borstad 2003; McClure et al. 2004; Michener et al. 2004; Senbursa et
al. 2007). However, this evidence also suggests that not all patients improve, and that most
do not return to healthy levels of function (Ludewig & Borstad 2003). Exercise protocols
vary widely across these clinical trials. We believe it is important to consider the current
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biomechanical evidence when rehabilitating patients presenting with shoulder pain and
abnormal movement patterns. Targeting stretching or strengthening exercises to the
particular movement deviations they can contribute to or alleviate may have the potential to
improve overall treatment effectiveness. Consider the application of these biomechanical
factors through the following two case examples.

In the first case, the patient presents with anterior shoulder pain, positive clinical
impingement tests, and a visually observed movement pattern during lower angles of arm
elevation including excess clavicle elevation relative to the thorax, reduced ST upward
rotation, and reduced ST posterior tilting. In such a case, we believe their movement pattern
may be contributing to subacromial shoulder impingement. Our goal is to focus on
normalizing their movement, allowing for symptomatic improvement. Given the ability of
the serratus anterior as the most mechanically effective ST upward rotator and posterior
tilter, we target this as a primary muscle for increasing activation or strengthening. Over-
activation of the upper trapezius (Ludewig & Cook 2000) can contribute to the excess
clavicle elevation on the thorax. Through elevation of the clavicle coupling with ST anterior
tilt, the excess upper trapezius activation may reduce the ability of the serratus to posteriorly
tilt the scapula relative to the clavicle at the AC joint. Subsequently, we train the patient to
reduce upper trapezius activation. Secondarily, we may also include lower trapezius exercise
for this patient. Exercises maximizing serratus anterior and lower trapezius activation while
minimizing upper trapezius activation are of primary focus. Because of the reduced ST
posterior tilt, we would also stretch the pectoralis minor and posterior capsule if tightness
were identified in these structures. Focus on stretching and strengthening exercises for these
targeted muscle groups has shown positive outcomes in subjects with shoulder pain
(Ludewig and Borstad 2003).

In the second case, an overhead thrower presents with posterior shoulder pain with humeral
elevation at and above 90° relative to the thorax. He also presents with a positive posterior
internal impingement sign, and glenohumeral internal rotation deficit. The glenohumeral
internal rotation deficit presents as soft tissue tightness rather than bony retroversion. The
subject’s movement pattern during arm elevation in any plane includes reduced ST upward
rotation, reduced clavicular retraction relative to the thorax, and increased ST internal
rotation or “winging”. In this case we also target serratus anterior strengthening due to the
ST upward rotation deficit. However, we simultaneously strengthen all components of the
trapezius: upper trapezius to improve clavicular retraction, and middle and lower trapezius
to improve scapular external rotation relative to the clavicle at the AC joint. Accordingly,
exercises capable of more global strengthening of the scapulothoracic muscles are of
primary focus. In addition to stretching the posterior capsule, we would also stretch the
pectoralis major (clavicular protractor) and pectoralis minor (scapular internal rotator) if
tightness were identified in these structures.

Clearly these are not comprehensive case studies, and illustrating all possible contributing
factors to the patients’ pain presentation is beyond the scope of this manuscript. However,
these cases briefly illustrate the application of biomechanical principles and evidence in
targeted treatment approaches for subgroups of patients with shoulder pain. Although there
is increasing evidence of ability to effectively reduce shoulder symptoms in patients with
shoulder pain, there is minimal evidence of exercise programs changing movement patterns
(McClure et al. 2004; Wang et al. 1999). This may be due to inadequate exercise intensity or
“dose”, lack of targeting exercises to specific movement abnormalities and associated
biomechanical factors, or limitations in clinical diagnosis. Linking effective exercise
programs to improvements in movement patterns is an area in great need of further
investigation.
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SUMMARY
Shoulder impingement is a common condition presumed to contribute to rotator cuff disease.
Impingement can occur externally with the coracoacromial arch or internally with the
glenoid rim. Normal ST motions that occur during arm elevation in any plane include
upward rotation, posterior tilting, and either internal or external rotation. These motions and
positions are the result of coupled interactions between SC and AC joints. Based on
consideration of these coupled interactions and modeling, the primary role of the upper
trapezius appears to be in generating retraction of the clavicle at the SC joint and the middle
and lower trapezius in generating external rotation of the scapula at the AC joint. The lower
trapezius can also assist in producing scapular upward rotation relative to the clavicle. The
serratus anterior has the largest moment arm to produce ST upward rotation, and based on
its line of action, also contributes to ST posterior tilting. Understanding these SC and AC
joint interactions, muscle function, and potential mechanisms of movement abnormalities in
impingement patients can assist the therapist in targeting treatment interventions to specific
movement problems.
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Figure 1.
Clavicular rotations relative to the thorax include protraction/retraction about a superiorly
directed axis (A), elevation/depression about an anteriorly directed axis (B), and anterior/
posterior rotation about a long axis (C). Adapted from Ludewig et al. 2009.
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Figure 2.
Scapular rotations relative to the clavicle or thorax include internal/external rotation about a
superiorly directed axis (A), upward/downward rotation about an axis perpendicular to the
plane of the scapula directed anteriorly (B), and anterior/posterior tilting about a laterally
directed axis (C). Adapted from Ludewig et al. 2009.
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Figure 3.
Coupling of sternoclavicluar joint rotations with scapular motion on the thorax. Average
position of acromioclavicular joint internal rotation angle (A), scapular and clavicular axes
marked; theoretical 0° angle as compared to average angle (B); and theoretical 90° angle as
compared to average angle (C) (reproduced from Teece et al.).
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TABLE 1

Hypothetical listing of Sternoclavicular (SC) Joint Couplings with Scapulothoracic (ST) Motion on the Thorax
at Varying Angles of Acromioclavicular (AC) Joint Internal Rotation.

AC Internal Rotation Angle 0° 90° 60°

SC Retraction 100% ST External Rotation 100% ST External Rotation 100% ST External Rotation

SC Elevation 100% ST Upward Rotation; 0%
ST Anterior Tilting

100% ST Anterior Tilting; 0% ST
Upward Rotation

75% ST Anterior Tilting; 25% ST
Upward Rotation

SC Posterior Rotation 100% ST Posterior Tilting; 0% ST
Upward Rotation

100% ST Upward Rotation; 0%
ST Posterior Tilting

75% ST Upward Rotation; 25%
ST Posterior Tilting

(reproduced from Teece et al. 2008)
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TABLE 2

Proposed Biomechanical Mechanisms of Clavicular, Scapular or Humeral Kinematic Deviations (adapted
from Ludewig and Reynolds 2009).

Mechanism Associated Effects

Inadequate serratus anterior activation Lesser scapular upward rotation and posterior tilt

Excess upper trapezius activation Greater clavicular elevation, reduced scapular posterior tilt

Pectoralis minor tightness Greater scapular internal rotation and anterior tilt

Posterior capsule tightness Greater scapular anterior tilt, glenohumeral internal rotation deficit, greater humeral
superior or anterior translation

Inadequate rotator cuff activation or partial tearing Greater humeral superior translation, lesser humeral external rotation

Pectoralis major tightness Lesser clavicular retraction, greater humeral internal rotation

Thoracic kyphosis or flexed posture Greater scapular internal rotation and anterior tilt, lesser scapular upward rotation
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