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A B S T R A C T

Background: The global range of motion of the arm is the result of a coordinated motion of the shoulder

complex including glenohumeral (GH), scapulothoracic, sternoclavicular and acromioclavicular joints.

Methods: This study is a non-systematic review of kinematic patterns in degenerated shoulders. It is a

based on our own research on the kinematics of the shoulder complex and clinical experience.

Results: For patients with subacromial impingement syndrome without rotator-cuff tears, most

kinematic studies showed a small superior humeral translation relative to the glenoid and decreased

scapular lateral rotation and posterior tilt. These scapular kinematic modifications could decrease the

subacromial space and favor rotator-cuff tendon injury. For patients with shoulder pain and restricted

mobility, the studies showed a significant increase in scapular lateral rotation generally seen as a

compensation mechanism of GH decreased range of motion. For patients with multidirectional GH

instability, the studies found an antero-inferior decentering of the humeral head, decreased scapular

lateral rotation and increased scapular internal rotation.

Conclusion: The clinical or instrumented assessment of the shoulder complex with a degenerative

pathology must include the analysis of scapula-clavicle and trunk movements complementing the GH

assessment. Depending on the individual clinical case, scapular dyskinesis could be the cause or the

consequence of the shoulder degenerative pathology. For most degenerative shoulder pathologies, the

rehabilitation program should take into account the whole shoulder complex and include first a scapular

and trunk postural-correcting strategy, then scapulothoracic muscle rehabilitation (especially serratus

anterior and trapezius inferior and medium parts) and finally neuromotor techniques to recover

appropriate upper-limb kinematic schemas for daily and/or sports activities.
�C 2017 Elsevier Masson SAS. All rights reserved.

Available online at

ScienceDirect
www.sciencedirect.com
1. Introduction

In the companion article, Part I, we described the kinematic
patterns of the normal shoulder complex explaining that the global
elevation range of motion (RoM) of the arm was mainly the result
of a coordinated motion between glenohumeral (GH) and
scapulothoracic (ST) movements [1]. Therefore, the major mobility
of the shoulder complex is allowed by a low congruity between the
GH joint surfaces and also the associated movement in rotation
and sliding of the scapula on the thorax. The scapular movements
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involve clavicle movements serving as a ‘‘setting wand’’. Clavicular
motion occurs at the sternoclavicular (SC) and acromioclavicular
(AC) joints contributing to the mechanical coupling between GH
and ST movements. Thus, the efficiency of the shoulder kinematics
is based on the coordinated and combined movements of the GH
and the ST ‘‘functional’’ joint including SC and AC joints
[1]. Therefore, any modification of one element of the shoulder
complex will have an impact on this ‘‘kinematic chain’’. In
particular, abnormal ST motion may be due to abnormal SC and
AC motion.

Most shoulder pathologies have a dynamic component, which
can be highlighted by the clinical examination, rather than by
usual imagery techniques that remain essentially static. The
standard clinical examination allows for assessing movements
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(not just static postures) but it is centered on the GH joint and does
not sufficiently take into account the other complex joints, in
particular the ST.

A better knowledge of the role of the ST joint in the shoulder
kinematics has modified the shoulder clinical examination and
resulted in the concept of ‘‘scapular dyskinesis’’ [2] defined as any
‘‘abnormality of the scapula posture or movement’’ whatever its
etiology. It is characterized by a premature or excessive rotation of
the scapula during elevating or lowering the arm with a posterior
displacement of its medial border and/or inferior angle from the
thoracic wall that appears as a scapula winging from the thorax [2].

Dyskinesis of the scapula is a clinical diagnosis and includes all
disorders affecting the scapular posture. Two causes of scapular
dyskinesis must be distinguished: (1) primary dyskinesis due to
the injury of one of the ST anatomic elements (scapula fracture,
clavicle, muscular rupture, bursitis, endochondromosis and/or
neuromuscular injury) [3] (Videos 1 and 2; supplementary
appendix) and (2) secondary dyskinesis due to a trunk static
pathology (scoliosis or cyphosis) or a GH degenerative pathology
[2]. However, modified scapular schemes may be secondary to
numerous shoulder chronic pathologies such as rotator-cuff
pathologies, GH osteoarthritis, adhesive capsulitis, instability,
and shoulder arthroplasty [2,4–7].

The article is based on a non-systematic search in MEDLINE via
PubMed for studies published in English from January 1994 to July
2016 with the keywords shoulder OR scapula AND kinematics AND
degenerative pathologies AND rehabilitation, our own research
and clinical experience, and relates the measurement techniques
and the consensus used to describe the 3-D kinematics movements
of the normal shoulder. In the first part, we describe the
modifications of the 3-D scapular movements linked to the main
shoulder degenerative pathologies: subacromial impingement
syndrome (SIS) or rotator-cuff tendinosis, shoulder stiffness and
shoulder instability. In the second part, we describe the clinical
consequences of the concept of scapula dyskinesis in the
rehabilitation program of the shoulder complex. In combination
with the companion article, Part I, this description aims at a
comprehensive investigation into scapular kinematics associated
with shoulder pain due to degenerative pathologies.

2. Scapular kinematics modifications and degenerative
shoulder pathologies

2.1. Scapular kinematics modifications and SIS

In total, 44% to 75% of patients who consult for a shoulder pain
have a diagnosis of SIS [8]. SIS is defined as the repeated
compression of the rotator-cuff in the subacromial space (SAS),
the interval between the coracoid-acromial arch, the antero-inferior
part of the acromion and the humeral head. Thus, SIS can be
associated or not with rotator-cuff disease: SA bursitis, tendinopa-
thy, and partial-thickness or full-thickness rotator-cuff tears [9]. SIS
is characterized by its ‘‘dynamic’’ component: the symptoms appear
in active movements, are relieved at rest and are reproducible by a
clinical active test [8]. Therefore, SIS is associated with the
biomechanical concept of the ‘‘dynamic narrowing’’ of the SAS [10].

The SIS aetiology is multifactorial and can be attributed to
2 main factors: ‘‘extrinsic’’ and ‘‘intrinsic’’. The SIS intrinsic origin is
attributed to a degenerative rotator-cuff disease due to an
inevitable age-related degenerative process of the tendons or to
excessive or repeated solicitations, constraints or micro-injuries
[9]. The SIS extrinsic origin corresponds to a mechanical
compression of the tendon by external structures related to the
acromion anatomical shape [11] or altered biomechanics of the
shoulder complex during movements (humeral-head superior
translation or lateral rotation and/or modification of the scapular
movements causing an anterior and inferior positioning of the
acromion [5,12–14].

Several studies proposed that SIS was due to the superior
translation of the humeral head relative to the glenoid during arm
elevation, which is greater in patients with SIS versus healthy
people [9,10,15]. However, a detailed analysis of these studies
showed SAS reduction only in cases of full-thickness rotator-cuff
tear, which suggests that the superior translation is a result and
not a cause of the SIS [13,16–18]. The increase in humeral-head
superior translation in patients with a rotator-cuff tear injury
could rather be linked to the decrease in rotator-cuff muscle
performance, especially the infraspinatus [19]. In any case,
biomechanical studies measuring only small superior humeral-
head translation in patients with SIS often found a correlation
with a change in the glenoid position [14]. Several studies
described modifications of the humeral-head anterior-posterior
translation in SIS without rotator-cuff tear [15]. The lack of GH
lateral axial rotation has also been described as likely causing SIS
by bringing the great tuberosity closer to the acromion. However,
only a few studies have directly measured this conflict, probably
because of the difficulty in precisely measuring the GH lateral
rotation simultaneously with the humeral-head elevation in 3-D
[11,20].

The other extrinsic cause of dynamic SIS could be the
modification of the scapular posture during arm elevation, such
as decreased scapular posterior tilt and lateral rotation [12]
(Video 3, supplementary appendix). Most studies of symptomatic
SIS without rotator-cuff tear that used radiography [22],
inclinometers [23], and 3-D kinematic measures [4,21,23–25],
found decreased scapular lateral rotation during arm elevation. In
contrast, studies including only patients with rotator-cuff tear
showed an increase in scapular lateral rotation [13,16,26]. In
addition, most studies found decreased scapular posterior tilt and
increased clavicle elevation in symptomatic shoulders with SIS
without rotator-cuff tear [4,6,21,24,27]. The link between the
scapular kinematic modifications and the decrease in SAS has
been little studied in vivo and in 3-D [6,9,10,14,28–30]. A recent
CT-scan study showed that, when the arm was actively elevated
to 908 in the scapular plane, passive immobilization of the scapula
induced a reduction in the SAS [30]. The Bdaiwi et al. ultrasound
study showed an increase in the SAS during contraction of the
muscles producing the posterior tilt (trapezius inferior part and
serratus anterior) [31].

The kinematic study from Lawrence et al., using cortical pins,
summarises well the current state of knowledge: with arm
elevation between 308 and 608, GH elevation increased about 68
simultaneously with decreased scapular lateral rotation in
10 patients with SIS as compared with healthy volunteers
[15,32]. This zone of 308 to 608 arm elevation corresponds to that
described by Giphart et al., whereby the footprint of the
supraspinatus on the greater tuberosity is most in contact with
the acromial inferior shape [15,33] (Fig. 1).

Whether dyskinesis is the cause or the consequence of the
shoulder degenerative pathology is unknown. In the absence of
trauma or systemic pathologies, the dynamic scapular factors
could favor the rotator-cuff tendon injury by increasing
shearing and compression constraints. An early correction of
these scapular abnormalities should prevent the evolution of the
rotator-cuff tear. Once the rotator-cuff tear is established, there
could be a compensatory phenomenon such as an increase in the
scapular lateral rotation [2,9,14,23,28]. This theory is supported by
McCully et al., who showed that a suprascapular engine bloc
(supra- and infraspinatus paralysis) increased lateral rotation
and decreased internal rotation during active upper-limb
elevation [34].



Fig. 1. 3-D–coupled glenohumeral (GH) and scapulothoracic (ST) movements. For

patients with subacromial impingement syndrome (SIS, shown in blue),

simultaneous increase of GH elevation and decrease of scapular lateral

rotation could be a way to decrease the subacromial space (SAS) from 308 to 608
HT elevation compared to controls.
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2.2. Scapular kinematics modifications in stiff and painful shoulders:

adhesive capsulitis or osteoarthritis

There are few kinematic studies about stiff and painful
shoulders [7,35,36]. The studies assessing patients with adhesive
capsulitis during arm elevation showed a significant increase in
scapular lateral rotation [35,36] (Video 4, supplementary appen-
dix). In addition, the Fayad et al. study showed less scapula internal
rotation in shoulders with adhesive capsulitis or osteoarthritis
than in asymptomatic ones and more lateral rotation in patients
with adhesive capsulitis than in patients with GH osteoarthritis
[7]. The scapular lateral rotation increase in stiff shoulders is
generally seen as a compensation mechanism of the GH-limited
RoM. This hypothesis is supported by Vermeulen et al., who
showed the scapular lateral rotation normalized after rehabilita-
tion. However, one can also consider that the capsule stiffness due
to intra-articular problems is the origin of the scapular monobloc
mobility during upper-limb elevation [35]. Clinical observation
favors a decrease in the posterior tilt; nevertheless, one study
assessing scapular kinematics during arm elevation found only a
trend in posterior tilt decrease [35]. Two other studies assessing
scapular kinematics during activities of daily living showed a
significant decrease in scapular posterior tilt in patients with
shoulder pain and restricted mobility [36–38]. A recent study
showed that the total range of scapular lateral rotation was
increased and scapulohumeral rhythm was reduced in patients
with anatomic and reverse total shoulder arthroplasty as
compared with age-matched controls; however, the global
scapular kinematics pattern was preserved [39] (Table 1).
Table 1
3-D kinematics in patients with degenerative pathologies compared with healthy subj

3D kinematics SIS Full-thickne

Scapula lateral rotation Decrease

[4,21,23–25]

Increase

[13,16,26]

Scapula internal rotation NSC NAD 

Scapula post-tilt Decrease

[4,6,21,24,27]

NAD 

Position of the humeral head

relative to the glenoid

No or small superior

humeral translation

[14]

Increase sup

humeral tran

[13,16–18]

SIS: subacromial impingement syndrome; MDI: multidirectional instability; SAS: suba
2.3. Scapular kinematics and shoulder instability

Three main groups of shoulder instability are distinguished:
anterior GH instability (IGHA), multidirectional GH instability
(MDI) and internal impingement. IGHA typically results from a
traumatic event imposed on a normal GH joint. MDI is a
fundamentally different pathology because it results from repeti-
tive microtrauma imposed on a congenitally lax joint capsule and
is defined by frequent symptomatic GH joint subluxations or
dislocations occurring in more than 1 direction after minor trauma
or during daily activities [40,41].

One characteristic in the clinical examination of patients with
MDI is that symptoms and instability occur for average ranges of
movements in which the stability is ensured by compression, bone
alignment and muscle activation, in contrast to extreme ranges of
movements in which stability is mainly ensured by capsule and
ligament structures [42]. Several kinematic studies found a
relation between scapular dyskinesis and MDI: 4 studies showed
a decrease of the scapula lateral rotation, and 2 an increase in
scapular internal rotation [43–45]. Von Eisenhart-Rothe et al.
studied the simultaneous position of the humeral head in the
glenoid and the glenoid in space in patients with MDI, using 3-D
open MRI, and showed humeral-head antero-inferior decentering,
decreased scapular lateral rotation and increased internal rotation
during active or passive lateral arm elevation [43]. In contrast, few
kinematic studies have specifically focused on IGHA [13,46].

With painful shoulders, with no identified traumatic disloca-
tion or rotator-cuff pathology, the diagnosis of ‘‘micro-instability’’
can be evoked. The ‘‘internal’’ mechanical or intra-articular conflict
(internal impingement) is defined by intra-articular soft-tissue
conflict including the rotator-cuff, joint capsule, brachial biceps
long portion and glenoid labrum [47–49]. There are two types of
internal impingement: posterior-superior impingement (PSI) and
anterior-superior impingement (ASI, compression of the rotator-
cuff on the anterior glenoid) [49]. The etiology of internal
impingement is not well understood and could be due to repeated
lateral arm elevation and rotation for the PSI and anterior arm
elevation and medial rotation for the ASI [50,51]. Only a few 3-D
kinematics studies have investigated internal impingement [5]. A
study of 64 throwing athletes with posterior-superior labrum
injuries showed 95% with increased scapular internal rotation [51]
(Video 5, supplementary appendix). These results show the
importance of correcting the scapula abnormal posture to prevent
or treat the GH instability or labrum injuries.

3. Implications for the rehabilitation strategy for shoulder
degenerative pathologies

Optimal rehabilitation of scapular dyskinesis requires addressing
all causative factors. Then precise assessment of scapular kinematics
may help in choosing the most appropriate physical-based
intervention dedicated to restore scapular posture and motion.
ects based on clinical and literature experience.

ss cuff tear Adhesive capsulitis MDI

Increase

[35,36]

Decrease

[43–45]

Decrease

[7]

Increase

[43–45]

Decrease?

[35]

NAD

erior

slation

NAD Antero-inferior decentering

[43]

cromial space; NSC: no significant change; NAD: no available data.
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3.1. Physical therapy for SIS with or without rotator-cuff injury

Rehabilitation programs should correct posture, improve
scapular control, and enhance arm elevation. The conservative
first-intention treatment of SIS without traumatic cuff tear consists
in a medico-functional treatment (non-steroidal anti-inflammato-
ry drugs, analgesic drugs, local infiltrations and/or rehabilitation)
[52]. Overall, 28% of these pathologies require surgery [52]. For a
few years, SIS rehabilitation has taken into account the participa-
tion of the ST and trunk [53,54]. The scapula plays an important
role as a link between the trunk and the arm: it enables the transfer
and potentiates the power, stability, and energy from the lower
limbs and the trunk to the extremity of the arm. Scapular
dyskinesis may alter the kinetic chain and cause upper-limb
injuries during prolonged daily and/or sport upper-limb activities.
In our clinical practice, the SIS rehabilitation protocol depends on
the standard shoulder clinical assessment (GH mobility, signs of
SIS and/or tendinopathy) but also on the presence of scapular
dyskinesis. The comprehensive examination (mobility, strength
and stability) includes the complete superior limb and the whole
body.
Fig. 2. Postural-correcting strategy. The correction of a slouched posture aimed to cor

Fig. 3. Scapula repositioning. Patients must correctly reproduce the s
Trunk and scapula posture both form the ‘‘stable basis’’
essential for the proper functioning of the upper-limb kinetic
chain [2]. The following are the stages of rehabilitation:

� the first step of the rehabilitation program is to correct the
posture in head anteflexion, thoracic kyphosis and global
shoulder protraction with posture and stretching exercises
(Fig. 2). A few studies showed that patients are able to correctly
reproduce the scapular repositioning movements taught by the
physiotherapist (Fig. 3). This step also includes treating stiffness
that could cause the scapula dyskinesis (GH medial rotation
limitation due to the posterior capsule and/or GH muscle
stiffness and/or retraction of the short biceps or pectoralis
minor). Numerous stretching techniques have been described
and validated for this purpose [54] (Fig. 4). In addition, dynamic
humeral centering (DHC) techniques to correct humeral-head
superior translation have been described and validated by Revel
et al. and Beaudreuil et al. [55] (Fig. 5);

� once the posture is correct, the rehabilitation of the ST muscles
can be started to restore a neuro-muscular activity and
physiological muscular ratios [2]. It is essential to strengthen
rect head anteflexion posture, thoracic kyphosis and global shoulder protraction.

capula repositioning movements taught by the physiotherapist.



Fig. 4. Treatment of posterior capsule stiffness. Upper-limb stretching to treat

stiffness of the posterior capsule and/or GH muscle stiffness and/or retraction of the

short biceps, or pectoralis minor.

Fig. 5. Dynamic humeral centering (DHC) aims to correct humeral head superior

translation. The patient is asked to push the upper part of the arm against the hand

of the physiotherapist to contract the pectoralis major and latissimus dorsi muscles

that are supposed to pull the upper part of the humerus down. This exercise can be

performed in static and dynamic conditions at different levels or arm elevation.

Fig. 6. ST muscle strengthening aims to restore neuro-muscular activity and coordinatio

inferior and medium parts and serratus anterior strengthening and correction of trape
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the trapezius inferior and medium parts and the serratus
anterior and to decrease the superior trapezius ‘‘hyperactiva-
tion’’ [56] (Fig. 6). The strengthening of the ST muscles allows for
improving the scapula dynamic stabilization and therefore must
always precede the strengthening of the rotator-cuff muscles;

� the third stage aims to recover upper-limb kinematic schemas
for daily and/or sports activities and requires neuromotor
techniques. The shoulder complex is used for both closed- and
open-chain activities. Open-chain specific scapular exercises
(leading to little articular constraints) have been described for
early-stage rehabilitation [2] (Fig. 7). Closed-chain exercises are
favourable to ST and GH dynamic stability (Fig. 8). At the last
rehabilitation stage, the patient must integrate the postural
correction and the muscular work into the target kinematic
chain. This work can be done by diagonal chain exercises that
allow maximal activation of the whole upper-limb kinetic chain
including the ST muscles [2] (Fig. 9). The progression of exercises
will consist of increasing the charge and intensity while
controlling the scapular stability (Fig. 10). This rehabilitation
program must be adapted to the patient profile: plyometric and
eccentric exercises will be added in situations of a specific sport
practice and the exercises will be specifically adapted to the
professional movements of manual workers.

Several recent randomized controlled trials (RCTs), assessing
essentially DHC techniques during rotator-cuff rehabilitation
programs, showed the efficiency of these exercises for pain and
active mobility but not mid- and long-term function [55]. More
recently, the efficiency of the scapula-based exercise program was
assessed. Most of the studies included competitive athletes and
showed improvement of the ST muscular strength and ratios
[57]. A study of patients with SIS compared an ST-centered
rehabilitation protocol to a usual one including stretching and
rotator-cuff muscular strengthening. It found a significant benefit
of the ST program on short- and midterm function [57]. Finally,
2 recent RCTs with high methodological quality compared a
complete rehabilitation program including ST, rotator-cuff exer-
cises and manual mobilization to rehabilitation placebo (ultraso-
nography) [58] or non-specific neck and shoulder exercises in
patients with chronic SIS [52]. The authors showed significant
improvements in midterm upper-limb function with the specific
rehabilitation. These studies showed better results for functional
outcome, strength and patient satisfaction with a scapula-based
rehabilitation program approach implemented in the treatment
protocol for SIS.
n between ST muscles in order to restore physiological muscular ratios: trapezius

zius superior part ‘‘hyperactivation’’.



Fig. 7. Open-chain specific scapular exercises aim to facilitate ST contraction and shoulder muscle coordination without generating high articular constraints.

Fig. 8. Closed-chain specific scapular exercises promote ST and GH dynamic

stability.

Fig. 9. Diagonal chain exercises bring maximal activation of the whole upper-limb kine

controlling scapular position.
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3.2. Physical therapy for painful and stiff shoulder

With adhesive capsulitis, the final objective could be to increase
GH RoM and decrease scapular compensation to recover a normal
kinematic pattern. Nevertheless, optimizing scapular compensa-
tion could also be used to reduce functional disability at the first
stage of the treatment.

An RCT compared the effects of 2 different exercise programs on
pain, RoM, and function in patients with adhesive capsulitis. ST
exercises in addition to GH exercises ameliorated pain at 6 weeks
and flexion RoM at 12 weeks [59].

For GH osteoarthritis, the main goal of rehabilitation depends
on the treatment planned. Increasing scapular compensation may
improve function if no surgical treatment is considered, whereas
increasing GH RoM and decreasing scapular compensation may
contribute to restoring a normal pattern if shoulder arthroplasty is
planned or carried out.
tic muscles chain (including ST muscles). In progression: increasing charge while



Fig. 10. The rehabilitation program must be adapted to the patient profile and

preferences: job, hobbies, sport activity, etc.

M.-M. Lefèvre-Colau et al. / Annals of Physical and Rehabilitation Medicine 61 (2018) 46–5352
3.3. Physical therapy for shoulder instability

The most commonly recommended treatment for MDI is non-
operative, with an emphasis on exercise-based management
[60,61]. The rationale for active exercise therapy is that strength-
ening the scapula and rotator-cuff muscles should compensate for
the lack of passive stability and assist in active control of the
shoulder. Rehabilitation consists of scapular exercises (promoting
upward rotation) and neuromuscular rotator-cuff training. A
progressive exercise program using closed-chain exercises may
be recommended. The closed-chain exercises have the advantage
of enhancing static stability through joint compression and
stimulation of the periarticular mechanoreceptors. Progressing
from static to dynamic exercises and gradually increasing the load
(body weight) on the shoulders is recommended [62,64].

In a recent systematic review of the effect of exercise-based
management for MDI, exercise appeared to be beneficial for
patients with atraumatic MDI. However, evaluating the real effects
is difficult because of the large heterogeneity and low quality of the
studies included as well as the poor definition of the exercise
protocols [40].

For patients with anterior primary dislocation, a program of
immobilization for 3 to 4 weeks followed by a structured 12-week
rehabilitation program, including RoM and GH and scapular
stability exercises, is recommended to maximize a return to
premorbid activity levels [60].

When dyskinesis is associated with joint derangement factors
or ‘‘internal impingement’’ (including labral injury, GH instability,
biceps tendinitis), exercise prescription should be based on a
clinical reasoning process during the physical examination as well
as the specific characteristics and demands of the sport for
athletes. Then, GH, ST as well as kinetic chain component exercises
should be discussed [40]:

� the first stage in rehabilitation is to restore flexibility of the
surrounding soft tissue of the scapula, in particular the
pectoralis minor, levator scapulae, rhomboid and posterior
shoulder structures. Both the ‘‘cross-body stretch’’ and the
‘‘sleeper stretch’’ can be recommended to decrease posterior
shoulder stiffness [61];

� then, exercises for scapular training and conscious muscle
control of the scapular muscles may be necessary to
improve proprioception and to normalize the scapular resting
posture. The ‘‘scapular orientation exercise’’ can increase
scapular muscle performance, focusing on muscle control and
inter- and intramuscular coordination or muscle strength and
balance [63];

� in the intermediate phase of scapular rehabilitation, exercises
may be selected depending on the specific deficits and demands
of the patient [63]. Specific exercises are described for activation
of the serratus anterior lower and middle trapezius and upper
trapezius [64];

� in the final stage of scapular rehabilitation, the treatment goal is
to exercise advanced scapular muscle control and strength
during sport-specific movements. Special attention is given to
integration of the kinetic chain into the exercise program and
implementation of sport-specific demands by performing
plyometric and eccentric exercises. Scapular control should be
automatic and integrated into all sport-specific exercises [40].

This combined approach offers new insights into the rehabilita-
tion of glenohumeral instability in the athlete with overhead sports.

4. Conclusion

The assessment of the shoulder complex must not be limited to
the GH movements but must include the associated scapula, clavicle
and trunk movements. In degenerative shoulder pathologies, the
clinical examination of the scapula as well as the GH joint could help
in the development and use of more targeted treatments. Therapists
should consider the coupled mechanics between the SC and AC
joints when observing scapulothoracic motion.

Differences in shoulder girdle kinematics exist between symp-
tomatic and asymptomatic individuals. The magnitude of differen-
ces is small and the resulting clinical implications are not yet
completely understood. Therefore, the assessment of abnormal ST
upward rotation may be an important component of a movement-
based clinical examination for patients with shoulder pain.

Therapeutic programs should target scapular motion to
facilitate function by improving the control of the kinematic chain.

The biomechanical coupling of the SC and AC joints in producing
ST motion requires further research to better understand scapular
movement deviations and to improve targeted manual therapy and
exercise-based physical therapy interventions.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.rehab.2017.09.002.
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