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Preface

For more than two decades, I have immersed myself in unraveling the mysteries 
nestled within our shoulders. Ironically, the term “shoulder complex” perfectly cap-
tures its intricacy. The shoulder, composed of interconnected joints and bone struc-
tures, operates as a harmonious system to execute specific tasks. Typically, these 
involve positioning our hands—whether bringing food to our mouths, discarding 
items, retrieving something from a shelf, or opening a door. Our hands are linked to 
our torsos through the elbow and further to the shoulder. Therefore, the shoulder 
plays a crucial role in enabling our hands to perform their functions in the right 
place and at the right time.

As you hold this book, imagine your hand, elbow, shoulder, and even your entire 
body maintaining equilibrium under the weight of the book. Muscles around your 
shoulder work to stabilize your upper arm, allowing the elbow to position your hand 
correctly and keeping the book at the appropriate height and distance from your 
eyes. In essence, the shoulder enables you to fully enjoy the book—how fitting. In 
other words, our shoulders are integral to our daily lives, providing a stable founda-
tion for handshakes and requiring the necessary mobility to throw a ball or wave to 
a neighbor.

Our shoulder serves as the link between the hand and torso, directed by our 
brains. While our entire body is undoubtedly complex, it is the combination of sta-
bility, mobility, and the substantial force our shoulders can generate that renders 
them unique and complex. Furthermore, even our hormonal and metabolic systems 
impact how our shoulders feel.

Much of our knowledge about the shoulder has been challenged in the last two 
decades. The mechanism behind the most common shoulder disorder, shoulder 
impingement syndrome, is under thorough scrutiny. Treating patients with shoulder 
instability extends beyond simply contracting muscles around the shoulder, and a 
frozen shoulder is being reconsidered from a new perspective. More than ever, the 
biopsychosocial model takes precedence: our body, our thoughts, and our societal 
well-being matter. This is not a mere castle in the air but a foundation to build upon. 
Effective communication is crucial in your interaction with a patient experiencing 
shoulder pain, serving as the cornerstone for understanding, trust, and collaborative 
decision-making—all of which are immensely important.

Amidst this complexity, with scientific research proliferating, we found our-
selves slowly losing sight of the forest for the trees. The simplicity of the previous 
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century turned into a complex entanglement, leading us to believe that only a super-
brain could say something meaningful about shoulder function. Due to its complex-
ity, we sometimes overlook the essence, causing both patients and healthcare 
providers to hesitate out of fear of making a mistake. It is time to zoom out and 
describe how the cookie crumbles, or in this case, how the upper arm fits into 
its socket.

I must acknowledge that truth is not absolute. The information in this book may 
not be exhaustive and may need adjustment with evolving insights. Therefore, it is 
advisable to verify this information using additional sources before drawing conclu-
sions or making decisions. The ultimate responsibility for clinical decision-making 
still rests with the clinician and not with a book or other sources of information.

This book is intended as a valuable resource to aid in further developing your 
expertise and better assisting your patients. Let the insights and information shared 
herein inspire and empower you to confidently tackle the challenges in shoulder 
assessment. Together, we are building a future where patient care always takes 
precedence.

Enjoy reading!

Wilrijk, Belgium� Filip Struyf  
October 2024

Preface
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In this book, I aim to make existing scientific findings on the clinical assessment of 
the shoulder accessible. I translate them into an accessible handbook with practical 
tips. The book covers general information that is not specifically tailored to an indi-
vidual patient or a particular medical situation. I’m a physical therapist and 
researcher; I do not provide medical advice but primarily address healthcare provid-
ers. The information in this book is not intended as a substitute for services or infor-
mation from trained (medical) professionals and is certainly not intended as a tool 
for self-diagnosis.

Disclaimer
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Introduction

Shoulder pain and impairments are common and a typical reason for a visit to the 
primary care physician or specialist. Shoulder pain significantly affects the patient’s 
daily life, hobbies, work, and sleep. Historically, the shoulder is viewed as a crucial 
link in human evolution. We may primarily think of grasping or hanging, but this 
also pertains to our throwing ability. The prominent journal Nature published 
research comparing the throwing ability of primates, including chimpanzees, with 
that of humans [1]. One of the most remarkable conclusions was that, thanks to 
certain anatomical features enabling elastic energy storage in the shoulder, humans 
have developed an enormous ability to throw at very high speeds. Did you know that 
we can throw a ball up to 100 miles/h? The researchers further suggest that our 
development of throwing as a means of hunting likely played a crucial role in our 
species’ evolution. One could almost argue that it is thanks to the evolution of the 
shoulder that our species still roams this planet. Logically, one might respond that 
our brains probably played an equally important role. After all, who other than our 
brains would ensure that the successful throwing technique is programmed into our 
minds? And who crafted the spear to hit the prey? Fortunately, we need not start a 
debate on this, but it anecdotally illustrates how important both elements are for the 
optimal functioning of our shoulder: our brains and our shoulder. Without an ana-
tomically healthy shoulder, we could not hunt, but likewise, without the guiding 
brain, we could not either. We sometimes describe this as the two wings of a bird. 
Without both wings, there is no flight. Our shoulders operate in a similar manner. 
Additionally, we must mention that when we throw a ball at 100 miles/h, this hap-
pens not only due to the energy storage in our shoulder. Our torso and lower limbs 
contribute equally to the entire throwing motion. Therefore, the shoulder must keep 
the feet on the ground.

Our shoulder functions only when there is a harmonious interplay of various 
bone structures. But what if a shoulder doesn’t function as it should? This can be 
due to pain, but it can also be a restriction in movement or an unstable feeling in the 
shoulder. Shoulder pain can start suddenly or worsen gradually. The shoulder may 
hurt when trying to take something from a cabinet, or even when sitting still in a 
chair. Sometimes, the patient specifically points out where the pain is, but just as 
often, the pain extends across the entire shoulder, even reaching the neck, forearm, 
and hand.
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Although research has advanced, the explanation for the cause of pain symptoms 
is often still unclear. The shoulder’s high degree of complexity and the potential 
mismatch between the injury and pain perception contribute to the ambiguity in the 
shoulder world. Nevertheless, progress has been made at various levels regarding 
the scientific background of different shoulder conditions, and uncertainties are giv-
ing way to opportunities in treating shoulder pain.

Given the multitude of tests available to examine the shoulder and the variety of 
conditions, it is essential to proceed methodically. The clinical examination should 
inform us about the patient’s possible condition, specifically identifying anatomical 
disorders, functional impairments, activity limitations, participation problems, fac-
tors that inhibite recovery, and factors that promote recovery. The more precise the 
location, nature, and manifestation of the injury, the more precise the treatment 
goals and plans can be developed, catering to the patient’s needs. Throughout this 
process, effective communication forms the essential foundation, where possessing 
the necessary knowledge alone is not sufficient. We must convey this knowledge in 
a meaningful, respectful, sensitive, and effective manner. Listening to the personal 
story is crucial for healthcare providers as it enables us to tailor our communication 
to individual needs. Communication permeates every aspect of healthcare, involv-
ing building relationships, creating trust, and forging a strong therapeutic bond.

We begin this book with the epidemiology of shoulder pain and a detailed over-
view of shoulder anatomy, followed by  its  biomechanics and motion analysis. 
Consequently, we delve into clinical problem-solving methods, the use of question-
naires to assess patient outcomes, and the process of screening for potential condi-
tions. The book covers a range of shoulder pathologies, from rotator cuff-related 
pain and labral injuries to more complex issues like frozen shoulder and glenohu-
meral instability. With in-depth discussions on diagnostic tools, clinical examina-
tions, and imaging techniques, the book also emphasizes effective communication 
with patients, highlighting the importance of listening and providing reassurance. 

However, it is by no means the intention to be exhaustive. Rare conditions related 
to the shoulder—such as shoulder pain due to vascular dysfunction—are not dis-
cussed or are discussed very briefly. With this book, I aim to provide insight into 
some of the most common shoulder conditions. Insight that you can then apply to 
clinically examine your patient with shoulder pain. Insight that you can also convey 
to your patient, positively influencing the recovery process. Because when the 
patient understands the problem well, they are much more prone to follow your 
professional advice. Moreover, this will mean a lot more to the patient because 
understanding something is the basis for being understood. And it is the foundation 
for change.

I approach the various shoulder conditions using a consistent and practical 
method. I address each shoulder condition with the same structure, based on the 
following questions: what is it, and how can you recognize it in practice?

Introduction
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1Epidemiology of Shoulder Pain

Gaining a profound understanding of the epidemiology of shoulder pain is essential 
for developing effective prevention and treatment strategies and for improving care 
and reducing the impact this condition has on individuals and society.

When we refer to shoulder pain, we are not only talking about the specific pain 
in the shoulder but also its consequences. Patients often experience complaints that 
go far beyond, such as poor sleep. They wake up when turning on the affected 
shoulder or struggle to fall asleep due to pain. Sometimes, they withdraw from cer-
tain social activities, hobbies, or work. Their daily activities may be affected, includ-
ing cooking, bathing, dressing, driving, cycling, and more. Additionally, we must 
not overlook the fact that family members can also “suffer” with the patient, either 
because they must take on various household tasks or because witnessing their fam-
ily members suffer affects them emotionally.

But what exactly is shoulder pain? A precise definition of shoulder pain does not 
exist, and as a result, it is described in many different ways, sometimes based on 
location, other times on the presumed cause, and perhaps based on the consequences 
of the complaint. All these variations result in a variety in describing the occurrence 
of shoulder pain.

The epidemiology of shoulder pain provides insight into the prevalence and inci-
dence of this condition. Shoulder pain is presumed to be the third most common 
musculoskeletal condition, with an estimated prevalence ranging from 2.5% to 
55.2%, depending on the duration of symptoms (average 18%) [2–5]. Only lower 
back pain and osteoarthritis are more prevalent. Approximately 1–3% of adults con-
sult a general practitioner annually with shoulder pain [3, 4]. So, 1–3% of the adult 
population on Earth would range between 49 million and 147 million people, every 
year. And this is an underestimation since not everyone with shoulder pain seeks 
help. It affects people of all ages and genders, but it occurs slightly more frequently 
in women and in adults aged 45 and older.

Shoulder pain is also a significant cause of prolonged work absenteeism and dis-
ability, resulting in a substantial economic loss. This is not surprising, considering 
that about 67% of the population will report shoulder complaints at some point in 
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their lives, often leading to an inability to work or perform household tasks, thus 
causing absenteeism, with an estimated annual global financial burden of shoulder 
pain at around 3 billion dollars [5–8]. In Sweden, the average annual cost per pri-
mary care patient (physical therapist or general practitioner) was €4139 (US$4923) 
based on 2009 tariffs [9]. In the Netherlands, the annual cost of shoulder pain is 
estimated at €345 million (US$369 million), with absenteeism accounting for 
around 80% of the total [10]. Inefficiencies in healthcare further add to this eco-
nomic burden. In Australia, the average annual societal cost for a patient with shoul-
der pain on waiting lists was AU$7563 (US$4900). For employed patients, this cost 
increased, ranging from AU$13,885 (US$8995) to AU$22,378 (US$14,500) [11]. 
However, caution must be applied when translating these figures to other countries 
due to significant differences in healthcare systems and the wide variation in 
incurred expenses. The economic cost of shoulder pain can, therefore, vary widely. 
It is important to note that most epidemiological studies have been conducted in 
Western Europe, with a few in Asia, Australia, and South America. We lack a sig-
nificant amount of information from regions such as Africa, Eastern Europe/Russia, 
and North America.

Furthermore, shoulder pain tends to become chronic in about half of the patients, 
bringing significant limitations to daily activities and a reduced quality of life. 
Fortunately, shoulder pain often resolves, and a large portion of patients recover 
within a few weeks after the onset of symptoms. About half of all patients with 
shoulder pain achieve full recovery within 6 months of the onset of their complaints, 
and an additional 10% recover in the following 6 months [10]. However, a signifi-
cant portion of patients (40%) still experiences persistent pain after 1 year. Some 
studies have attempted to determine which patients have a longer duration of illness, 
but prediction models were rarely validated or found useful for clinical practice. 
One thing is certain: the patient’s prognosis depends on more than just structural 
damage to the shoulder. Consider lifestyle factors, the presence of comorbidities, 
and psychosocial factors. There is clearly much work to be done in developing vali-
dated prognostic prediction models that can take all these different factors into 
account to identify the most at-risk patients. This could then inform us about tai-
lored advice, approaches, and referrals.

1  Epidemiology of Shoulder Pain



3© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2024
F. Struyf, Shoulder Pain, https://doi.org/10.1007/978-3-031-82228-5_2

2Anatomy

In this chapter, we discuss the anatomy of the shoulder in a concise manner, particu-
larly with a focus on what is important for clinical examination. It is by no means 
the intention to present the complete anatomy of the shoulder. For this purpose, 
there are other and more comprehensive reference works.

The shoulder joint is the bony link between the upper limb and our trunk. The 
bone structures that make up the shoulder girdle include the sternum, the clavicle 
(Fig. 2.1), the scapula (Fig. 2.2), and the humerus (Fig. 2.3).

The following joints are addressed sequentially: the glenohumeral joint, sterno-
clavicular joint, acromioclavicular joint, and the scapulothoracic gliding surface, 
along with their associated musculature. The extensive mobility in our shoulder is 
only achievable when all these bone structures and joints work together. We begin 
by describing the anatomy of the glenohumeral joint and the labrum.
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Fig. 2.1  The clavicle

Fig. 2.2  The scapula in front view (right) and rear view (left)

2  Anatomy
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Fig. 2.3  The humerus in frontal view (left) and rear view (right)

�The Glenohumeral Joint

The glenohumeral joint is a ball-and-socket joint and consists of the glenoid on the 
scapula and the humeral head. This joint allows the humerus to move within the 
glenoid. Both parts have cartilage. The glenoid is much smaller than the humeral 
head and is oval. The humeral head is three times larger than the glenoid cavity [12]. 
The diameter is largest in the vertical direction, giving it a somewhat pear-shaped 
appearance. This contributes to significant mobility, further enhanced by the simul-
taneous movements of the scapula. To deepen the glenoid and provide a better fit 
with the humeral head, there is a cartilaginous ring around the glenoid called the 
labrum. The labrum increases the depth of the glenoid by as much as 50% [13]. The 
labrum is usually less firmly attached at the upper part and more strongly attached 
at the lower part of the glenoid. The labrum serves various functions, with three 
being particularly noteworthy: increasing the contact surface between the humeral 
head and glenoid, contributing to the “viscoelastic suction effect” (including 
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intra-articular negative pressure), and providing attachment points for stabilizing 
structures such as the capsule, glenohumeral ligaments, and the long head of the 
biceps brachii muscle. When an injury occurs, these functions of the labrum are 
disrupted. Additionally, the labrum serves as an attachment site for various muscles 
and ligaments. Researchers have even found mechanoreceptors in the labrum, sug-
gesting that the labrum may provide proprioceptive feedback and thus also dynami-
cally contribute to the stability of the glenohumeral joint [14].

The humeral head has a spherical shape and is positioned at an angle of approxi-
mately 130 degrees relative to the shaft of the humerus. Additionally, the humeral 
head is somewhat tilted backward (about 30 degrees) [15]. This largely aligns with 
the anteriorly oriented glenoid cavity. However, the glenoid cavity is insufficiently 
concave and too small to be fully congruent with the convex humeral head. Even 
with the inclusion of an indentation in the socket with elastic cartilage—the glenoid 
labrum—it is impossible for the entire surface of the humeral head to come into 
contact with the socket. Sometimes, the analogy of a golf ball on a tee is used. This 
incongruity of the joint surfaces is additionally compensated for by the joint cap-
sule, ligaments, and muscles.

Surrounding this ball-and-socket joint is a joint capsule (Fig. 2.4), the glenohu-
meral capsule or “capsula glenohumeralis”. This capsule is composed of connective 
tissue, lined internally with a synovial membrane and filled with synovial fluid. The 
glenohumeral capsule attaches to the outer edge of the labrum and around the ana-
tomical neck of the humerus while remaining highly flexible. This flexibility is a 
key factor in the shoulder joint’s mobility.

The glenohumeral capsule is reinforced by several ligaments: the coracohumeral 
ligament (extending from the coracoid process to the greater tubercle of the 
humerus) (Fig. 2.5), the glenohumeral ligament (consisting of three parts, from the 
glenoid to the lesser tubercle of the humerus), and the transverse ligament (connect-
ing the greater tubercle to the lesser tubercle, crossing the intertubercular groove, 
and passing over the long head of the biceps brachii muscle).

The glenohumeral capsule varies in thickness. Generally, it is quite thin (<1 mm), 
but it does have some thickened areas, such as in the rotator interval. The rotator 
cable in the rotator interval is described as a crescent-shaped area at the insertion 
point of the supraspinatus and infraspinatus muscles [16]. This region exhibits a 
thickening, likely to transfer forces from the supraspinatus and infraspinatus. It is 
often compared to a suspension bridge that prevents damage to the attachment 
points, indicating a protective role.  It also stabilizes the long head of the biceps 
brachii tendon.

These thickened portions in the glenohumeral capsule also serve as attachment 
points for the rotator cuff. However, the ligaments only contribute additional static 
stability during extreme shoulder movements. The labrum, ligaments, and glenohu-
meral capsule are often collectively referred to as the static stabilizers of the gleno-
humeral joint. Nonetheless, it should not be overlooked that, like the labrum, 
mechanoreceptors have been found in the capsule and ligaments, suggesting that 
they also play a role in dynamic stability.

2  Anatomy
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Fig. 2.4  The glenohumeral joint in frontal view

Fig. 2.5  The cavitas 
glenoidalis in lateral view

The Glenohumeral Joint
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The significance of this region is increasingly highlighted in the literature due to 
the relationship between injuries to the rotator cable and patient complaints. The 
extent of this relationship, however, is not yet strongly proven. There is suspicion 
that rotator cuff tears affecting the rotator cable also have an increased risk of recur-
rence after recovery. The integrity of the rotator cable is also linked to the phenom-
enon of pseudoparalysis, where patients have limited active mobility. Dynamic 
stability, on the other hand, is provided by a series of muscles, notably the rotator 
cuff. The rotator cuff consists of four muscles: the supraspinatus muscle, infraspina-
tus muscle, teres minor muscle, and subscapularis muscle. These muscles originate 
laterally on the humeral head and converge with the fibrous glenohumeral joint 
capsule, as well as with each other [17]. Posteriorly, the supraspinatus, infraspina-
tus, and teres minor muscles unite just before their attachment to the greater tuber-
cle of the humerus. Anteriorly, the supraspinatus and subscapularis muscles also 
form a sheath that surrounds the long head of the biceps brachii muscle in the bicipi-
tal groove [18].

Additionally, the glenohumeral joint is enveloped by the deltoid muscle, a large 
superficial muscle with fibers on the front, back, and at the side of the shoulder. It 
originates from the lower part of the spine of the scapula, acromion, and lateral part 
of the clavicle, running to the deltoid tuberosity on the humerus. This allows the 
deltoid muscle to abduct, internally rotate, externally rotate the arm, and perform 
ante—and retroflexion with a significant lever. In addition, the long head of the 
biceps brachii (from the supraglenoid tubercle to the radius) and short head of the 
biceps brachii (from the coracoid process to the radius) (Fig. 2.6), the triceps brachii 
muscle (from the infraglenoid tubercle and posterior side of the humerus to the 
ulna) (Fig. 2.7), and the coracobrachialis muscle (from the coracoid process to the 
middle/medial side of the humerus) play a significant role in shoulder flexion and 
extension.

The long head of the biceps brachii muscle makes a considerable twist from its 
muscular belly to its attachment, especially with the arm in a neutral position. This 
region is often the site of tendinopathies affecting the long head of the biceps brachii 
muscle. Finally, the humerus is controlled by three internal rotators/adductors: the 
pectoralis major muscle (from the clavicle, sternocostal region, and sternum to the 
crest of the tubercle), latissimus dorsi muscle (Fig. 2.8) (from the transverse pro-
cesses of T7–T12, thoracolumbar fascia, and iliac crest, ribs 10–12 to the crest of 
the lesser tubercle on the humerus), and the teres major muscle (from laterally on 
the inferior angle of the scapula to the crest of the lesser tubercle).

Ruptures of the pectoralis major muscle are relatively rare injuries but are 
increasingly reported in young male patients after experiencing high loads on the 
muscle, particularly during weightlifting or bench pressing [19].

The glenohumeral joint also features a series of bursae, with the subacromial-
deltoid bursa being the most well-known among them. Bursae facilitate movements 
in areas where there might otherwise be considerable friction. Thus, we identify the 
subacromial-deltoid bursa, subscapular bursa, coracobrachial bursa, and, finally, the 
subcoracoid bursa. Little is known about most bursae, except for the subacromial-
deltoid bursa. The upper boundary of this bursa is delineated by the acromion, the 
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Fig. 2.6  The pectoralis 
major muscle, biceps 
brachii muscle, and deltoid 
muscle

Fig. 2.7  Triceps brachii 
muscle, supraspinatus 
muscle, infraspinatus 
muscle, teres minor 
muscle, and teres major 
muscle

The Glenohumeral Joint
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Fig. 2.8  The trapezius 
muscle, latissimus dorsi 
muscle, rhomboid muscles, 
and levator scapulae 
muscle

coracoid process, and the coracoacromial ligament in between. At the lower bound-
ary, the rotator cuff rests against the humeral head. The bursa itself is lined on the 
inside with a synovial membrane. The upper layer of the bursa thus runs together 
with the lower epimysium of the deltoid muscle, while the lower layer runs with that 
of the rotator cuff. Due to a thin layer with synovial fluid, there is optimal sliding 
between both muscular structures.

�The Acromioclavicular and Sternoclavicular Joints

The acromioclavicular joint (AC joint) (Fig. 2.9) is the joint between the acromion 
and the clavicle. Both ends are covered with cartilage. In some individuals, a fibro-
cartilaginous disc is found, while in others, the disc may be incomplete, smaller, or 
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Fig. 2.9  The 
acromioclavicular joint and 
the ligamentous structures 
around the glenohumeral 
joint

even absent altogether. The disc between the ends enhances congruence. Surrounding 
the AC joint, there is a robust joint capsule and a series of ligaments that further 
strengthen it: the acromiocoracoid ligament, acromioclavicular ligament, and cora-
coclavicular ligament (conoid and trapezoid ligaments). This joint connects the 
scapula (and consequently the entire arm) to the thorax.

The sternoclavicular joint (SC joint) (Fig. 2.10) is the joint between the sternum 
and the clavicle, reinforced by two ligaments: the anterior and posterior sternocla-
vicular ligament and a fibrocartilaginous disc. It is a saddle joint in terms of shape 
but could also be seen as a ball-and-socket joint due to the range of motion it per-
mits in multiple directions.

�The Scapulothoracic Joint

The scapulothoracic joint is not a synovial joint but rather a physiological joint that 
consists of the scapula and the thorax. The scapula is a large bone that serves as both 
the attachment site for various scapulothoracic and glenohumeral muscles and posi-
tions the glenoid to allow the humerus to move with sufficient congruence. The 
scapulothoracic muscles include the trapezius muscle (from the occiput, nuchal 
ligament, and the spinous processes of C7–T12 to the upper part of the spine of the 
scapula, acromion, and lateral part of the clavicle), rhomboid muscles (major and 
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Fig. 2.10  The 
sternoclavicular joints

minor; from spinous processes of C6–T4 to the medial border of the scapula), pec-
toralis minor muscle (from the costosternal junction of ribs 3–5 to the coracoid 
process), levator scapulae muscle (from transverse processes of C1–C4 to the supe-
rior angle of the scapula), and serratus anterior muscle (from ribs 1–9 to the inner 
medial border of the scapula).

�Neuroanatomy of the Shoulder Region

While most shoulder conditions are not directly related to nerve disorders, it is still 
important to have knowledge of the various nerves that pass through our shoulder 
and may give rise to a neurogenic pain pattern.

The innervation of the upper limb originates primarily from our cervical region. 
Large nerve trunks, specifically the brachial plexus (Fig. 2.11), arise from C3 to 
Th1, consisting of upper, middle, and lower trunks. Supraclavicular, various 
branches form, such as the dorsal scapular nerve and the suprascapular nerve. Below 
the clavicle, we describe a posterior, lateral, and medial bundle, leading to further 
branching. Approximately at the level of our axillary fold, these bundles divide into 
the median nerve, radial nerve, axillary nerve, ulnar nerve, and musculocutaneous 
nerve. Below is an overview of the main neurological structures around the shoul-
der. The ulnar nerve and median nerve only innervate muscles in the forearm and 
will not be further discussed here.

The accessory nerve (n. accessorius) has both sensory and motor functions, 
innervating the trapezius muscle and sternocleidomastoid muscle. Clinical manifes-
tation of its dysfunction includes head tilt and difficulty raising the arm above 90 
degrees due to a lack of scapular upward rotation.

The dorsal scapular nerve (n. dorsalis scapulae) innervates the rhomboideus 
major, rhomboideus minor, and levator scapulae muscles. Damage to the dorsal 
scapular nerve may result in scapular dyskinesia and limited movement due to a 
lack of scapular contribution to overall shoulder movement.

The long thoracic nerve (n. thoracicus longus) innervates the serratus anterior 
muscle. The serratus anterior muscle primarily functions to stabilize the scapula 
against the thorax but also to upwardly rotate the scapula. Injury, such as a fall on 
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Fig. 2.11  Overview of the brachial plexus

the ribs with an extended arm, can lead to noticeable scapular winging, where the 
medial border of the scapula moves away from the thorax toward internal scapular 
rotation. Prolonged heavy lifting or surgical procedures are other potential causes of 
damage to the long thoracic nerve, resulting in inflammation and weakness of the 
serratus anterior muscle, potentially involving the deltoid muscle, biceps brachii, 
and part of the rotator cuff. Pain or numbness may also occur.

The axillary nerve (n. axillaris) innervates the deltoid muscle and teres minor 
muscle. It also provides sensory function around the inferior part of the deltoid 
muscle. Axillary nerve damage can occur, for example, following nerve injury from 
trauma, such as a fall on an outstretched arm while protecting the head.

The radial nerve (n. radialis) innervates the triceps brachii, brachialis, brachiora-
dialis, and various extensor muscles of the forearm. It provides sensory innervation 
to the back of the forearm and hand (excluding the pinky side). Radial nerve injury 
can be caused in various ways. Injury at the axillary fold is sometimes referred to as 
Saturday night palsy, resulting from prolonged pressure in the armpit, as seen in 
deep sleep after alcohol consumption. Patients may experience weakness in elbow 
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and wrist extension. Sensory loss may be evident on the lateral back of the forearm 
and hand (excluding the pinky side).

The musculocutaneous nerve (n. musculocutaneus) innervates the coracobra-
chialis, biceps brachii, and part of the brachialis. It provides sensation to the lateral 
side of the forearm. Overloading (trauma or microtrauma) of these muscles can lead 
to irritation or damage to this nerve, causing pain or tingling around the lateral fore-
arm. Complaints may worsen with elbow flexion, not to be confused with a tendino-
pathic condition.

The suprascapular nerve (n. suprascapularis) innervates the supraspinatus and 
infraspinatus muscles. Clinical damage or impingement may lead to weakness and 
atrophy of these muscles, accompanied by pain on the dorsal side.

The subscapular nerve (n. subscapularis) innervates the latissimus dorsi (thora-
codorsal nerve), subscapularis, and teres major muscles.

The pectoral nerves (nn. pectorales) innervate the pectoralis major and minor 
muscles. These nerves are usually divided into lateral and medial branches. The 
lateral branch innervates the pectoralis major, while the medial branch innervates 
the pectoralis minor. Damage can occur during surgery or trauma.
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3Motion Analysis

In this chapter, we briefly address the motion analysis of the shoulder, focusing on 
what is essential for clinical examination. Building upon the anatomy, we discuss 
the glenohumeral joint, sternoclavicular joint, acromioclavicular joint, and  the 
scapulothoracic articulation.

As a general rule, more mobility often comes at the expense of stability. This is 
a characteristic phenomenon when observing the shoulder. The shoulder exhibits 
remarkable mobility, but it is evident that this comes at the cost of structural stability 
in the joint.

�The Glenohumeral Joint

The glenohumeral joint is a ball-and-socket joint. This means that the humeral head 
moves like a ball in the glenoid cavity. When you abduct your arm, the ball will roll 
upward in the cavity. If it only rolls without proper control, it can dislocate. To pre-
vent this, the humeral head makes a downward sliding movement to stay securely in 
the socket. In addition to the typically described rotations, translations are also 
observable in the glenohumeral joint. Proper functioning of the shoulder is only 
possible when the head stays within the socket. When lowering the arm, the reverse 
occurs: the humeral head rolls downward and slides upward. This upward sliding is 
often referred to as translation.

We just described superior and inferior translations, but during movements like 
internal and external rotation, as well as anteflexion and retroflexion, anterior and 
posterior translations are also necessary. During an anteflexion movement, the ante-
rior fibers of the deltoid muscle pull the humeral head forward, and then the poste-
rior cuff keeps the humeral head in place with a posteriorly oriented translational 
movement.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_3&domain=pdf
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�The Sternoclavicular and Acromioclavicular Joints

The sternoclavicular and acromioclavicular (AC) joints are smaller joints but are no 
less important for the proper functioning of the shoulder. Generally, the scapula is 
connected with the sternum via the clavicle. When we abduct the arm, our clavicle 
will move a few degrees upward (approximately 13 degrees), tilt posteriorly 
(approximately 20 degrees), and rotate posteriorly around its axis (approximately 
20 degrees) [20]. Our clavicle makes a unique movement in the joint with our ster-
num. This is a saddle joint. This means that the clavicle, as it moves upward, rolls 
superiorly and slides inferiorly, but when it tilts posteriorly, it simultaneously rolls 
and slides posteriorly. Imagine a horse rider on your clavicle looking toward your 
neck. When that rider tilts forward, they will roll forward in the saddle but slide 
backward to stay in the saddle. However, sideways does not involve the same inverse 
movement: the rider will slide/roll sideways without a counteracting motion.

At the AC joint, our clavicle lies on the acromion. Basically, the clavicle follows 
the movements of the scapula. The movements of the clavicle are essential for a 
well-functioning scapulothoracic joint and, consequently, the entire shoulder. The 
clavicle is, after all, the only bony contact between the shoulder and our torso. The 
clavicle articulates with the acromion of our scapula, thus supporting the move-
ments of the scapula. As much as one-third of our total shoulder mobility is attrib-
uted to our acromioclavicular and sternoclavicular joints [21].

�The Scapulothoracic Joint

The position of our scapula is mainly determined by the shape of our thorax, the 
muscle action around our scapula, and the AC joint. This positioning is crucial to 
centralize the humeral head and create a stable base for various shoulder move-
ments [22]. There is no ideal resting position of the scapula and no ideal scapulotho-
racic movement. Indeed, there is a significant variety that falls within the limits 
of normal.

Scapular movements are always described in relation to the thorax. During the 
upward movement of our arm, the scapula undergoes upward rotation (the cavity 
points upward). During the descent of our arm, the scapula undergoes downward 
rotation (the cavity points downward). Furthermore, during the upward lift, the 
scapula also tilts backward (posterior tilting), and, conversely, it tilts forward (ante-
rior tilting). Finally, the scapula also rotates around its axis inward and outward, but 
these movements often depend on the direction in which we move our arm. An 
anteflexion movement will mainly be characterized by scapular internal rotation, 
while an abduction movement will mostly involve scapular external rotation. We 
cannot rotate our scapula upward or downward without moving our humerus. This 
once again demonstrates the strong functional interdependence between the scapula 
and the glenohumeral joint.

The position and movements of the scapula often differ between individuals with 
and without shoulder pain [23]. This is often a consequence of shoulder pain, but it 
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can just as well be the cause of the complaints. Moreover, there can be altered 
scapular movement even when someone does not have shoulder pain. Even the 
speed of your movement can make the scapula rotate differently. You can compare 
it to our way of walking. Everyone walks a bit differently, and that does not neces-
sarily lead to complaints. But if you have a lot of pain somewhere, you may start to 
limp. And as you start walking faster or get tired, your hips, knees, and feet will also 
make different angles. In some conditions, these altered scapular movements are 
particularly evident, such as in patients with restricted glenohumeral mobility (as in 
a frozen shoulder), where they compensate by clearly making faster use of their 
scapulothoracic mobility.

�Muscle Functioning Around the Shoulder

Our shoulder consists of an extensive number of muscles and twice as many ten-
dons. Whether a muscle contributes to a shoulder movement depends on the direc-
tion of the movement, the position of the arm, and the force moment of the respective 
muscle. The rotator cuff muscles and tendons are the most frequently affected. They 
owe their name to their presumed function: rotation in the shoulder. Although they 
play a role in this function, this nomenclature can be misleading regarding their 
actual function: keeping the humeral head in the socket during various arm 
movements.

Firstly, there is a large and powerful deltoid muscle . This muscle primarily 
allows us to move our shoulder outward, forward, or backward, thanks to the many 
muscle fibers at the front and back of our shoulder. Additionally, we have the large 
pectoral muscle, the pectoralis major, which primarily adducts and internally rotates 
our arm. At the back, we have the very large latissimus dorsi muscle, a muscle that 
can also internally rotate our arm and perform retroflexion. We use the latissimus 
dorsi extensively when pulling ourselves up physically.

In a muscle layer beneath the deltoid, our rotator cuff emerges. As you have read, 
its main goal is to keep the humeral head in its socket. But why is this so crucial? 
Well, the large muscles we mentioned earlier, which attach to the upper arm, have a 
significant lever effect. This means that when these large and strong muscles con-
tract, they can, in a way, pull our humeral head out of its socket. If this were to hap-
pen, the shoulder would dislocate, rendering it practically immobile. To prevent 
this, in addition to the aforementioned static stabilizers, we have our rotator cuff. A 
well-functioning rotator cuff must be strong enough to keep the humeral head in its 
socket. However, strength alone is not enough. They must contract at the right 
moment and collaborate effectively. They are team players. During abduction, a 
well-functioning rotator cuff prevents the deltoid from moving the humerus superi-
orly. The rotator cuff also keeps the humerus centered medially in the socket.

You can compare it to a puppet on a string. The hand above is our large strong 
muscles (deltoid, pectoralis major, latissimus dorsi), and the fingers/strings are our 
rotator cuff. When the hand does nothing, the fingers should do no more than carry 
the puppet. When the hand moves left and right or up and down, the fingers must act 
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to keep the puppet stable. This is how our rotator cuff works. The more powerful our 
large muscles contract, the more powerful the rotator cuff must work. We will delve 
deeper into the rotator cuff in the chapter on its tendon problems.

We must not overlook two equally important muscles as the rotator cuff: the 
biceps brachii and the triceps brachii. Firstly, they have a function at the elbow 
level: the biceps brachii flexes the elbow and supinates our forearm; the triceps bra-
chii extends the elbow. Then, these muscles also have a function at shoulder level. 
The biceps brachii will contribute to shoulder anteflexion, and the triceps brachii, on 
the other hand, contributes to retroflexion of the upper arm. However, due to the 
intra-articular course of the long head of the biceps brachii, it will have limited 
leverage and, therefore, limited impact on these movements. The biceps’ action will 
also depend on the elbow position. When the elbow is in flexion and supination, the 
biceps brachii will have a limited ability to exert force and stabilize the glenohu-
meral joint.

In summary, it is suspected that both muscles have a role in stabilizing the 
humeral head in its socket. Especially the long head of the biceps brachii would 
assist in stabilizing the humeral head [24]. According to some researchers, this 
function becomes significant when we have already raised our arm almost to shoul-
der height, such as during overhead movements. The tendon will then change from 
a curvilinear course to a straighter course.

Finally, we have our scapulothoracic muscles. These play a crucial role in the 
movements and position of the shoulder blade. The trapezius, together with the ser-
ratus anterior, forms a force couple that upwardly rotates the scapula and dynami-
cally fixes it against the thorax. So, it is primarily these muscles that help guide the 
humeral head within the cavity and provides stability. It involves a collaboration of 
different scapulothoracic muscles, where no single muscle could perform the task 
on its own. Since the rotator cuff originates from the scapula, the scapulothoracic 
muscles also ensure that the rotator cuff always has an efficient length-tension rela-
tionship. Only in this way can the rotator cuff work efficiently and effectively, by 
keeping the humeral head nicely in its socket.

From the paragraphs above, it might almost seem that all strength, control, and 
mobility are attributed to the shoulder itself. However, there is ample evidence that 
the shoulder is part of a larger musculoskeletal system and, therefore, does not work 
in isolation. For example, half of the force generated by the upper limb during a 
tennis serve comes from the lower limbs and trunk [25]. And there is increasing 
evidence that shoulder complaints may originate elsewhere in the body [26–30]. 
The idea here stems from the energy flow from the lower limbs to the hands. 
Overhead athletes with injuries to the lower limbs indeed seem to have a higher risk 
of shoulder complaints [31]. Therefore, when evaluating a patient with shoulder 
pain, we must not overlook the impact of the entire musculoskeletal system, the so-
called kinetic chain.
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4Problem-Solving

The clinician examines and analyzes the patient’s movement and functioning pos-
sibilities, focusing on the causes of health problems and their consequences. In 
order to arrive at the most likely hypothesis, they approach it consciously, procedur-
ally, systematically, and targeted.

A targeted approach implies that the healthcare provider knows the goal they 
want to achieve. They guide their actions based on a concrete idea of the result to be 
achieved with their intervention. Preferably, they discuss this with the patient.

Consciousness indicates that the healthcare provider is aware of what is going on 
within themselves, their own values, and their norms. They are also aware of the 
patient, their situation, and the potential consequences of their actions. It is impor-
tant for the clinician to be aware that their actions can lead to unintended but desired 
effects, or intended and desired, as well as unintended and undesired effects.

Systematic means that the healthcare provider acts according to a logical 
sequence of steps related to the goals. They use certain rules or methods, relying on 
a coherent set of beliefs and principles. This allows the healthcare provider to avoid 
unnecessary interventions.

Finally, a procedural approach means that the healthcare provider understands 
the developments over time and bases their actions on them. This implies that out-
comes and data from the previous phase of the examination have implications for 
the future course of the investigation. Also, in the case of interventions, the clinician 
acts procedurally, enabling them to make an assessment for the next intervention 
based on the results of the previous one.

Patients typically come to us with a problem that needs resolution. Various strat-
egies exist for problem-solving. Using a strategy means that, based on prevailing 
circumstances, a specific plan and approach are followed to achieve a goal. First and 
foremost, it must be clear what the problem is. It must be recognized and formu-
lated. A distinction is made between the problem the patient presents—their health 
problem—and the problem the clinician faces: determining the patient’s health 
problem, understanding its structure, and how to resolve it. Possible strategies to 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_4&domain=pdf
https://doi.org/10.1007/978-3-031-82228-5_4#DOI


20

solve a problem include the hypothetico-deductive approach, pattern recognition, 
the algorithm or decision tree, and the gathering method.

�The Hypothetico-Deductive Approach

In the hypothetico-deductive approach, you formulate hypotheses right from the 
beginning regarding what the problem is and which aspects are interconnected and 
play a role in the problem. You also develop hypotheses about solutions to the prob-
lem. A hypothesis is an explicit assumption. Subsequently, the hypothesis is further 
delineated and adjusted through deduction. The hypothetico-deductive method is 
suggested to be an effective way to solve the patient’s problem.

In healthcare, complex problems are the standard. To address these problems, it 
must be clear what problem or problems are at hand (presenting problem). The 
problem is defined, and in the case of multiple issues, priorities are established. For 
problem analysis, various alternative hypotheses are initiatlly formulated, leaving 
multiple options open. Subsequently, efforts are made to investigate precisely those 
aspects that narrow down the options and establish the most probable hypothesis. A 
drawback of this method is its dependence on knowledge about the hypotheses. A 
healthcare provider with limited knowledge about hypotheses may formulate 
restricted or erroneous hypotheses.

�Pattern Recognition

Pattern recognition refers to recognizing a problem based on previous experiences. 
There is an immediate realization that the symptoms and presentation of the patient 
match those of a similar problem. Especially experienced clinicians utilize pattern 
recognition to solve the patient’s problem. Conscious pattern recognition of prob-
lems, causes, and solutions, learned through theoretical knowledge and reinforced 
by clinical experience, can be a characteristic of expert clinical practice. However, 
the danger of this approach is that only those symptoms that fit the assumed familiar 
problem are recognized, and symptoms contradicting it may be overlooked. This 
risk is relatively high not only for less experienced clinicians but also for more 
experienced colleagues, particularly after attending a specific course on a particular 
condition. After such a course, the clinician is more likely to interpret the patient’s 
complaints as fitting the pattern associated with the recently learned condition.

�The Algorithm

An algorithm or decision tree strategy refers to the clinician arriving at the correct 
conclusion or diagnosis by following a diagnostic process. In this case, the different 
paths are predefined: decision tree, flowchart, or algorithm. The decision tree con-
sists of an initial question, followed by steps such as if no, then proceed to step x, if 
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yes, then proceed to step y. For this, the steps and their various consequences must 
be clear and unambiguous. Algorithms are increasingly being developed in health-
care. Algorithms are an excellent way to visually represent the structure of a specific 
condition. Some symptoms of a particular condition are less likely to be overlooked 
using algorithms. However, there are significant limitations to this problem-solving 
method. Algorithms are particularly useful in the case of a limited number of vari-
ables, as in this traffic example: green light means go, red light means stop, and 
orange light means the algorithm splits here depending on the distance and speed at 
which you are driving. However, some additional variables need to be considered, 
such as the presence of a tram, bus, or ambulance. It becomes clear that the algo-
rithm becomes complicated and challenging to work with, especially with about a 
dozen variables. The complexity of a patient seeking help involves hundreds, per-
haps even thousands of variables. Therefore, it is logical that an algorithm provides 
a view of the actual situation that is too simplistic.

�The Gathering Method

Finally, with the gathering method, the complete medical history and the current 
state of functioning are examined (without immediately focusing on outcomes), 
ultimately leading to a diagnosis. This reduces the likelihood of overlooking some-
thing. Only when all information is obtained can a conclusion be formulated. 
However, it is an unguided method, leading to inefficient and ineffective actions, 
unnecessarily burdening patients. Such an approach is generally not 
recommended.

In summary, clinicians should strive to recognize clinical patterns (as pre-
sented in this book) but should be cautious about relying solely on them.  
A so-called tunnel vision can make it difficult to recognize new patterns. 
Therefore, we recommend maintaining a balance between pattern recognition 
and the hypothetico-deductive approach.

The Gathering Method
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5Questionnaires, PROMS, and PREMS

When a patient completes a questionnaire, you obtain a result, an outcome.  
This outcome serves as an indicator to assess changes in health status or quality  
of life. Questionnaires are often used in intervention studies or longitudinal studies, 
but they could also be an integral part of routine clinical care.

In the past, questionnaires mainly focused on biomedical factors. Nowadays, 
most outcomes for individuals with chronic conditions consist of questionnaires 
measuring multiple aspects of the consequences of the condition. In this book, a 
questionnaire is defined as a patient-reported outcome measure (PROM), which 
consolidates a series of items into a total score, subscores, or both.

When suspecting a shoulder problem, various questionnaires can be employed to 
obtain a standardized overview of the patient’s complaints. Indeed, it is advisable to 
have the patient complete such a questionnaire. The results not only provide answers 
to questions that may have been overlooked during the medical history but also offer 
a general idea of the patient’s complaints (based on the total score of the question-
naire). This general idea can then be used to estimate progress by administering the 
same questionnaire at different time points. To monitor and assess a patient’s shoul-
der condition, clinicians can use various reliable and valid PROMs for shoulder 
injuries. However, their validity is also related to the language in which they are 
provided and studied, as well as by the characteristics of the patient population. This 
means that a questionnaire validated in English may not be validated in another 
language or vice versa. In this book, we focus on questionnaires that are reliable and 
valid in English and are relevant to patients with a specific shoulder condition.

Similar to a clinical test, a questionnaire should be used with caution. In addition 
to a specific range and reliability, a questionnaire also has a standard error of mea-
surement (SEM), minimal detectable change (MDC), and minimal clinically impor-
tant difference (MCID). Without an understanding of these concepts and their 
respective values, clinical decision-making can go wrong. These concepts are sum-
marized below.

Whenever a patient completes a questionnaire, there is a chance of a measure-
ment error, the SEM. The SEM of a questionnaire is a statistical measure indicating 
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the average amount of error that typically occurs when filling out a questionnaire. 
The higher the SEM of a questionnaire, the less accurate it is. Since the SEM 
depends on the variance of scores obtained from repeated measurements, the SEM 
is calculated based on reliability (ICC) and standard deviation (SD) in the respective 
population. This shows how the patient’s score may fluctuate above or below the 
true value.

Subsequently, the SEM allows you to calculate the minimal detectable change, 
the MDC. The MDC refers to the smallest change in a measuring instrument that 
can be reliably detected and is not due to the SEM. The MDC represents the thresh-
old of change that must be exceeded to be confident that the detected change is not 
due to measurement error. Usually, the MDC is supplemented with the confidence 
interval, for example, MDC90. This means you are 90% confident that the correct 
score of the questionnaire will lie within this interval.

The MCID, on the other hand, refers to the smallest change in the score of a 
questionnaire considered meaningful to the patient. The MCID is determined 
through analyses of patient populations. In other words, the MCID objectifies at 
what change in the score on a PROM the patient actually feels better.

The difference between measurement 1 and measurement 2 must be greater  
than the MDC and MCID to avoid being the result of a systematic error and to  
be clinically relevant, respectively. It is important to note that reported values of 
SEM, MDC, and MCID may vary between different studies as they depend on the 
population under investigation.

An example:
A patient with a frozen shoulder completes the Shoulder Pain and Disability 

Index (SPADI) and scores 60/100. The MDC90 is 18.1 [32]. The MCID ranges 
between 14 and 21/100 [33]. The MDC90 informs us with 90% certainty that the 
true score lies between 41.9 and 78.1/100. When the patient notes a score of 40/100 
after a few weeks, we know that this is not due to measurement error but represents 
a genuine improvement. Moreover, the improvement exceeds the MCID.  This 
allows us to conclude that the improvement is not due to a systematic error and 
is also clinically relevant. The patient is likely to perceive it as a real and meaningful 
improvement.

In addition to well-known PROMs, there is an increasing use of patient-reported 
experience measures (PREMs). PROMs focus on assessing symptoms, functions, 
and health-related quality of life, while PREMs capture the patient’s perspective on 
how the care has been provided and evaluate the effect of care delivery [34]. 
Facilitating such communication channels promotes patient-centered care. For 

Standard error of measurement = SEM = (SDx√1 − ICC).

Minimal detectable difference = MDC90 = (1.64 × SEM × √2)

5  Questionnaires, PROMS, and PREMS



25

example, living with shoulder pain can have profound psychological consequences, 
including feelings of frustration, anxiety, reduced self-esteem, irritability, and 
depression. Consider patients with a frozen shoulder, where persistent pain and 
interrupted sleep can influence the patient’s mood. Qualitative studies suggest that 
patients with a frozen shoulder often feel that the severity of their symptoms is not 
understood. They frequently experience a lack of empathy and understanding from 
family, friends, colleagues, and healthcare providers [35]. Health workers also often 
tend to downplay the severity of symptoms and fail to acknowledge their impact. 
This can contribute to a negative self-image and feelings of hopelessness in the 
patient, which are counterproductive to the therapeutic relationship. Understanding 
the patient’s experience is crucial for effective treatment. If a patient feels that their 
struggle is understood, it can have profound positive consequences [36].  In this 
context, PREMS can be particularly useful, as they help capture the patient’s per-
spective on their care, making it easier for healthcare providers to address concerns 
and build a stronger, more empathetic therapeutic relationship.

�Questionnaires Focusing on (Shoulder) Pain

�Visual Analog Scale

A scoring system that is useful for every shoulder condition is the visual analog 
scale (VAS) (Fig. 5.1). Shoulder pain is measured on a 100 mm VAS, ranging from 
0 (no pain) to 100 (the worst imaginable pain). Since this method has been used and 
studied in a wide range of populations, the MDC and MCID can vary depending on 
the studied population. On average, the MCID for the VAS is estimated to be 14 mm 
in patients with rotator cuff complaints [37].

�Numeric Pain Rating Scale

The Numerical Pain Rating Scale (NPRS) is a patient-reported outcome measure 
(PROM) with scores ranging from 1 to 10. Unlike the VAS, the NPRS can be admin-
istered verbally. Usually, a 7-day timeframe is used, with a question like “How 
would you rate your pain on average over the last 7 days?”

The same extremes apply as with the VAS: from no pain to the worst imaginable 
pain. This scoring method is easy to handle during history taking and has proven to 
be reliable, valid, and responsive in patients with shoulder pain [38]. The MDC90 
and MCID are 2 and 1 point, respectively. The difference between two measure-
ments must be greater than 2 to avoid being attributed to measurement error and to 
be clinically relevant.

| |
No pain Worst imaginable pain

Fig. 5.1  Visual analog scale (100 mm)
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�Brief Pain Inventory

The Brief Pain Inventory (BPI) aims to assess pain intensity and the impact of pain 
on daily life (quality of life). The BPI is mainly tested in chronic pain populations, 
such as fibromyalgia or osteoarthritis, but also in postoperative painful conditions. 
The BPI is reliable, valid, and responsive, with a MCID of 2.2 in patients with MSK 
disorders [39].

 

�Combined Scoring Systems

�Constant-Murley Score

The Constant-Murley Score, or simply the Constant Score, is perhaps the most pop-
ular questionnaire that evaluates the functioning of patients with shoulder pain. It 
consists of two parts: one completed by the patient (35 points) and another part 
filled out by the healthcare provider based on clinical testing (65 points). The higher 
the score, the better the shoulder function.

Unfortunately, popularity does not guarantee quality. Many variations in  
measurement methods have been described, and the lack of standardized use has  
led to much criticism of this scoring method [40]. Additionally, there are also no 
published data on its ability to detect change (e.g., MDC or MCID). If you decide 
to use this scoring method, it is essential to ensure proper standardization of the 
second part.
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�Questionnaires Focusing on Functioning of the Shoulder or 
Upper Limb

�Shoulder Pain and Disability Index

The Shoulder Pain and Disability Index (SPADI) assesses the presence of pain 
intensity and shoulder function. This instrument is a standardized questionnaire 
consisting of 13 items, with each item scored from 0 to 10. The SPADI is divided in 
two subdomains: a pain scale and a function scale. The composite SPADI score 
ranges from 0 to 100, where higher scores indicate greater pain and reduced func-
tioning. The ability of the SPADI to detect change varies considerably depending on 
the study [41]. The minimal detectable change at 95% confidence level (MDC95) 
ranges from 13.2 to 21.5 [41]. A change in SPADI score of at least 13.2–23.1/100 
(or 43% of individual baseline values) indicates a minimal clinically important dif-
ference (MCID) [33, 41, 42].

 

�Simple Shoulder Test

The Simple Shoulder Test (SST) is a (patient)self-reported questionnaire with 12 
items that aims to evaluate the functional status of a patient with a shoulder prob-
lem. The SST was developed to assess the outcome of various shoulder surgeries but 
can also be used to evaluate shoulder function in nonoperative cases, such as the 
effectiveness of physical therapy. The SST is a brief and easy-to-administer ques-
tionnaire [43]. The MDC95 (0–100 range) was reported at 32.3, and the MCID 
ranged from 17.1 to 25 [41].
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�Western Ontario Rotator Cuff Index

The Western Ontario Rotator Cuff Index (WORC) can be specifically used to assess 
the status of the rotator cuff. This self-reported questionnaire consists of 21 items 
and measures the quality of life in patients with rotator cuff pathology [44].  
The WORC assesses five dimensions (pain, sport/recreation, work, daily living,  
and emotions), with three to six questions per domain, all measured on a VAS scale. 
The total WORC score ranges from 0 (best) to 2100 (worst), which corresponds to 
21 items × 100 mm. The MCID is estimated to be 300 [45].

 

�Disabilities of the Arm, Shoulder, and Hand Questionnaire

The Disabilities of the Arm, Shoulder, and Hand (DASH) questionnaire is a self-
reported questionnaire with 30 questions. The score ranges from 0 to 100, with 0 
indicating no disability and 100 being the worst score. The MDC95 and MCID are 
both 10 points on average [32, 46–48].

In addition to the classic DASH questionnaire, you can also use the shortened 
version, the QuickDASH.  It contains 11 instead of 30 questions and addresses 
symptoms over the past week. There are also two optional sections: sports/music 
and work. As with the classic DASH, a higher score indicates more symptoms  
and/or limitations. Both the DASH and QuickDASH are assessed using a five-point 
Likert scale. The MDC90 and MCID are on average 11.1 and 8 points, respec-
tively [38].

DASH
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�Western Ontario Shoulder Instability Index

The Western Ontario Shoulder Instability Index (WOSI) has proven to be reliable, 
valid, and responsive for patients with shoulder instability, covering four  
domains. The WOSI is a 21-item questionnaire divided into 4 domains: physical 
symptoms, sport/recreation/work function, lifestyle function, and emotional  
well-being. The scores range from no complaints (score 0) to severe complaints 
(score 100). The WOSI has an MDC95 of 23 points [49]. The MCID is 10% [50].

 

�Oxford Shoulder Instability Score

The Oxford Shoulder Instability Score (OSIS) is a 12-item questionnaire with 5 
response categories for each question. Answers are scored from 0 to 4, and the total 
score ranges from 0 (most impaired) to 48 (least impaired). The MCID (in patients 
undergoing arthroscopic Bankart repair for shoulder instability) is 8.6 [51].

QuickDASH
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�The Western Ontario Osteoarthritis of the Shoulder Index

The Western Ontario Osteoarthritis of the Shoulder (WOOS) index measures the 
impact of shoulder osteoarthritis on a patient’s quality of life. It consists of 19 items 
divided into 4 domains: physical symptoms, sport/recreation, work, and lifestyle. 
Each item is scored on a 100-point visual analog scale, with a total score ranging 
from 0 (best) to 1900 (worst), typically converted to a percentage. WOOS is recog-
nized as a reliable and valid tool; however, we must acknowledge a large lack of 
orthopedic literature regarding the psychometric properties of the WOOS [52–56]. 
For patients with glenohumeral osteoarthritis treated with an anatomical total shoul-
der arthroplasty, the MCID value for the Danish version of the WOOS is 12.3 
points [57].

 

�Oxford Shoulder Score

The Oxford Shoulder Score (OSS) is a useful questionnaire originally developed for 
use in patients after shoulder surgery. The questionnaire consists of 12 questions 
that assess pain and limitations over the past 4 weeks in the patient’s personal and 
professional life. A higher score indicates worse functioning and more pain.  
The OSS is scored from 12 to 60 points. Both the MCID and MDC95 are 6 points 
[43, 58].
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�The American Shoulder and Elbow Surgeons 
Standardized Assessment

The American Shoulder and Elbow Surgeons Standardized Assessment (ASES) 
evaluates shoulder pain and functional limitations [59]. The ASES consists of two 
subscales: one pain item scored from 0 to 10 and ten functional items using a 4-point 
Likert scale. Both pain and function contribute equally to the overall score, which 
ranges from 0 (worst) to 100 (best). While a systematic review has confirmed the 
ASES as a reliable and valid tool, further research is required to assess its respon-
siveness over time in various contexts [32]. The MDC90 is 10.5, and the MCID is 
15.5 points (15% total change) [58].

 

�Questionnaires Focusing on Psychosocial Experience

�Fear-Avoidance Beliefs Questionnaire

The Fear-Avoidance Beliefs Questionnaire (FABQ) assesses pain-related fear in 
patients with shoulder pain [60]. The FABQ consists of 16 items, each scored from 
0 to 6, where the patient indicates the degree to which they agree with the statement. 
Higher scores on the FABQ indicate greater pain and limitations experienced by the 
patient. The maximum score is 96.

Questionnaires Focusing on Psychosocial Experience
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�Tampa Scale of Kinesiophobia

The Tampa Scale of Kinesiophobia (TSK) assesses self-reported fear of movement 
[61]. It consists of two subscales: avoidance of activities influenced by fear of pain 
or injury and beliefs about a serious cause of their condition. The TSK comprises  
17 items, with a total score ranging from 17 to 68, where a higher score indicates a 
greater degree of fear of movement.

 

�Pain Catastrophizing Scale

The Pain Catastrophizing Scale (PCS) assesses the extent of catastrophic thinking, 
primarily focusing on rumination, magnification, and feelings of helplessness [62]. 
Rumination refers to the tendency to dwell repeatedly on negative thoughts or past 
events. The PCS consists of 13 items, with a total score range of 0 to 52. Each item 
is scored on a five-point scale.
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�Questionnaire Focusing on Quality of Life

For various reasons, it is important to administer a generic health status question-
naire (generic PROMs) to a patient with shoulder pain. These questionnaires are 
designed to measure a wide range of health aspects, including physical, psychologi-
cal, and social dimensions. This approach provides insight into overall health,  
well-being, and quality of life (QoL). The results from a generic questionnaire offer 
a comprehensive evaluation of the patient’s health status, helping to better under-
stand the impact of the illness or condition on different domains of life. Generally, 
these types of questionnaires tend to be somewhat less responsive compared to 
joint-specific questionnaires.

In addition to benefiting the therapist by providing a better understanding of the 
patient’s overall health, these questionnaires also offer advantages for researchers 
and policymakers. By having patients complete generic questionnaires, these stake-
holders can gain insights into the broader impact of health issues on society and 
develop interventions aimed at improving general health and quality of life.

�EuroQol 5 L-5D

The EuroQol 5L-5D (EQ-5D) is a standardized questionnaire that assesses five 
dimensions of health: mobility, self-care, daily activities, pain and discomfort, and 
anxiety and depression. Each domain can be rated across five levels of severity:  
no problems, slight problems, moderate problems, severe problems, and extreme 
problems. This questionnaire can be used alongside the SF-36 to create a profile of 
a patient’s health status. Additionally, the EQ-5D includes a VAS, where individuals 
can rate their current health status on a scale from 0 to 100, with 0 representing the 
worst imaginable health and 100 representing the best imaginable health.

The EQ-5D is easy to complete and can be used free of charge (after registration) 
in clinical practice. There is also a version for children (EQ-5D-Y). The EQ-5D 
demonstrates good reliability and validity and moderate responsiveness when used 
in orthopedic conditions of the upper extremity [63].
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�Short-Form Health Survey 36

The Short-Form Health Survey (SF-36) is a widely used questionnaire designed to 
measure health-related quality of life and is comparable to the RAND-36. It con-
tains 36 questions covering eight domains of health and well-being: physical func-
tioning, physical limitations, bodily pain, general health, vitality, social functioning, 
emotional limitations, and mental health. Each domain is scored on a scale from 0 
to 100, with higher scores indicating better health-related quality of life.

The SF-36 can be used to assess the impact of a diseases, treatments, or interven-
tions on both physical and mental health, as well as to compare the health status of 
different populations. It is intended to examine the various subdomains of the SF-36 
individually rather than provide a single total score. Similar to the EQ-5D, the SF-36 
is less responsive than shoulder-specific questionnaires. Further research is needed 
to establish the MCIDs and MDCs in shoulder populations. Additionally, it is worth 
noting that scoring the SF-36 is not so straightforward.
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35© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2024
F. Struyf, Shoulder Pain, https://doi.org/10.1007/978-3-031-82228-5_6

6Screening

When a patient presents with shoulder pain, the first step is to screen the patient. 
This process goes beyond just considering whether the patient has direct access to 
physical therapy. Direct access refers to the patient’s right to be examined and 
treated by a therapist without first consulting a physician. Even without direct 
access, patients may present with yellow and red flags, which could indicate the 
need for reassessment.

Screening should be conducted both with and without direct access. In a small 
portion of our patients with shoulder complaints, the symptoms may appear to have 
a musculoskeletal origin, but a serious underlying pathology could still be present. 
Rapid diagnosis is essential for the best outcome. Using these so-called red flags, 
the clinician can rule out these serious conditions [64].

Screening is also important due to accelerated discharge from hospitals follow-
ing surgical procedures. Therefore, therapists need to be vigilant for signs of post-
operative complications. This means that, based on the patient’s medical history and 
basic physical shoulder examination, we aim to form a general impression with an 
eye on possible red or yellow flags.

To ensure that nothing is overlooked within the screening framework, you can 
have the patient fill out a questionnaire about their health history before the initial 
examination. As a therapist, you then review this questionnaire, paying special 
attention to any risk factors or red flags that could warrant further investigation dur-
ing history taking. Indeed, a thorough patient history can significantly guide you 
toward the need for more specific screening questions or tests. Finally, the therapist 
gathers all the information from the patient history and physical examination to 
determine whether the issue that brought the patient to the clinic can be treated there.

It is important to distinguish the screening process from the diagnostic process. 
The screening process comes first and is separate from the diagnostic process. 
Diagnosis is a process in which observed data is translated into a clinical picture, 
identifying anatomical or functional impairments, potential activity limitations, or 
participation restrictions, as well as mapping out factors that promote or hinder 
recovery. The screening process, on the other hand, primarily involves identifying 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_6&domain=pdf
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risk factors or warning signs, without linking those risk factors to a clinical condi-
tion (i.e., it is not medical diagnosis). However, being alert to risk factors is not 
limited to the initial screening process; it also continues during the diagnostic pro-
cess and any follow-up sessions.

�Yellow Flags

Yellow flags are psychosocial factors that can influence a patient’s shoulder pain. 
Questionnaires have been developed to identify these yellow flags. Examples 
include a passive coping style, pain catastrophizing, fear of movement, and general 
psychological issues. All of these can negatively impact rehabilitation. Yellow flags 
do not necessarily prevent therapy, but they can affect the outcome of the treatment 
or the way it is administered. Elevated scores on the Tampa Scale of Kinesiophobia 
and the Fear-Avoidance Beliefs Questionnaire have been associated with longer 
recovery times, chronic symptoms, and loss of work in patients with shoulder 
pain. As therapists, we are well trained to treat patients with yellow flags, but it may 
also be appropriate to refer the patient to other healthcare providers for further 
treatment.

�Red Flags

A red flag indicates a warning signal due to risk factors for a serious underlying 
pathology. A symptom with a red flag therefore requires immediate attention. This 
is done by asking further screening questions and/or conducting tests or by making 
an appropriate referral. In general, we distinguish between general and specific 
red flags.

Symptoms that occur bilaterally, such as pain, numbness, and tingling, or symp-
toms that suggest the presence of a systemic disease, are always a cause for concern 
and warrant further investigation. Systemic symptoms include fever, unexplained 
sweating, nausea, fatigue, pallor, vomiting, diarrhea, unexplained weight loss, diz-
ziness, and fainting. These are not specific to the shoulder and are therefore described 
as general red flags. Such symptoms, while independent of the location of the com-
plaints, can still warrant further medical investigation.

Specific red flags have a specific relationship with the shoulder. For example, a 
history of cancer is always a red flag. Breast and lung cancers are the two most com-
mon types that metastasize to the shoulder and are associated with the presence of a 
frozen shoulder. As you can see, specific red flags can also be non-region specific.

Heart conditions can also cause shoulder pain, particularly in patients over the 
age of 50 or those with a (close) family history of heart disease. Patients with a his-
tory of angina, heart attack, or cardiac surgery have an increased likelihood of heart-
related shoulder pain, and these signs should be considered a warning to the therapist 
about the potential need for further medical evaluation. It has also been suggested 
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that pain in the shoulder region can be caused by problems in the stomach, liver, 
heart, gallbladder, pancreas, lungs, spleen, and ovaries.

To identify red flags, we primarily rely on the patient’s medical history and the 
basic physical shoulder examination. We aim to determine whether the symptoms 
are related to a musculoskeletal issue or a serious underlying condition that requires 
further investigation. Recognizing these red flags is crucial when a patient presents 
with shoulder pain (Table 6.1).

Table 6.1  Red flags for shoulder complaints

Possible condition History and examination findings
Tumor [65] History of cancer

Cancer symptoms (unexplained weight loss, 
pain independent of load, and unexplained 
fatigue)
Unexplained mass (whether painful or not), 
swelling, or deformity
Pain is described as dull and constant, 
independent of movement

Inflammatory conditions (polymyalgia 
rheumatica, rheumatoid arthritis, (pseudo-)
gout, lupus, etc.) [66, 67]

Bilateral symptoms
Pain at rest
(Possible) fever
General malaise
Weight loss
Fatigue
Reduced mobility

Infection [65] Red skin
Fever
General malaise

Fracture or unreduced dislocation [65] Obvious trauma
Convulsions
Acute limiting pain
Acute loss of mobility
Loss of normal shape

Neurological injury [65] Unexplained sensory or motor deficit
Visceral condition [65] Pain that cannot be provoked by mechanical 

loading of the shoulder
Pain or symptoms due to physical 
exhaustion or respiratory load
Pain associated with gastrointestinal 
symptoms
Scapular pain associated with the intake of 
fatty foods

Red Flags
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�When Is Medical Advice Required?

Medical advice or referral is required when a clear movement disorder cannot be 
identified or when the findings do not correspond to a neuromuscular or musculo-
skeletal problem.  Additionally, if the therapist observes any red flags—such as 
unexplained symptoms, sudden loss of function, or signs of a serious underlying 
condition—they should exercise caution and refer the patient for medical evalua-
tion. It is important to note that the therapist should keep in mind that a referral from 
a physician may be part of the medical differential diagnosis. The physician might 
refer the patient to a therapist to determine whether therapy will be beneficial or not. 
If the therapist does not have this information, they may end up sending the patient 
back to the physician.

► When you, as a therapist, observe red flags, report them to the physician 
and ask for their opinion on how to manage the situation.
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7The Patient History

As a clinician, you strive to provide optimal care. However, that optimal care should 
also be evident along the journey the patient takes to get to that care. A positive first 
impression can build trust, create a lasting impact, and serve as the foundation for 
the relationship that follows.

The manner in which a patient schedules their appointment can already influence 
their perception of care. If they feel dismissed over the phone and sense that the 
receptionist is rushed or uninterested, they may already feel disappointed by the 
lack of personal care they have received. This may also cause the patient to worry 
that it reflects the care they will receive, and such expectations can have an impact 
on the final outcome [68]. A negative first impression could weaken the patient-
provider relationship. However, when the patient is greeted professionally and the 
administrative staff take the time to be friendly and attentive, this caring and profes-
sional interaction leaves a positive impression, helping the patient feel confident 
that they made the right choice for their health.

�In the Waiting Room

The waiting room is a unique space that can serve many purposes beyond just wait-
ing and watching the clock. Following the first impression, the waiting room acts as 
an extension of that experience. The patient still has not seen or heard you, so they 
continue to form their opinion based on the waiting room. Ideally, a waiting room 
should convey professionalism and further reassure the patient that they made the 
right choice. It also presents an opportunity to provide initial information and edu-
cation, such as through flyers or short videos on a television screen. These videos 

► Try to ensure that making an appointment is a simple process, unhurried, 
patient focused, professional, and caring.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_7&domain=pdf
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could highlight the benefits of physical activity and exercise, the importance of 
sleep, stress reduction, drinking less alcohol, or quitting smoking.

Additionally, the waiting room is an ideal place to gather more information about 
the patient. Patients can begin filling out one or more (generic) questionnaires, 
unless the questionnaire requires assistance. This allows them to provide details 
about other conditions, medications, and their medical history, as well as answer 
questions related to lifestyle factors like sleep, smoking, diet, and physical activity.

�The First Meeting

At the very first meeting, I introduce myself as Filip Struyf, physical therapist. I 
keep it informal to ensure that the patient feels comfortable enough to share their 
story honestly. Introducing myself as Professor Struyf would not help this process 
at all. You can invite the patient to call you by your first name. Then, ask the patient 
how they would like to be addressed, and use that form consistently. Start by asking 
a question that has nothing to do with their complaint, such as “Was it easy for you 
to get here?” or “Did you have any trouble with the rain?” This shows that you are 
interested in the person themselves and that you care about more than just their 
shoulder.

Even before the patient enters your consultation room, they may have concerns 
that could limit them in telling their story. The patient might be anxious, wondering 
whether the physician or therapist will take them seriously. Some patients may also 
question whether factors such as their ethnicity, religion, skin color, body shape, 
lifestyle choices, or gender will affect how they are approached by the healthcare 
provider. These fears are real and are often heightened if they have already seen 
multiple providers who offered different explanations for their problem.

The patient may also be anxious about the outcomes of the consultation, such as 
potential injections, manipulations, or surgery, or they might fear that their pain will 
not go away. They might be worried about travel time and waiting periods, feeling 
rushed during the visit. The patient could be nervous and uncertain about what will 
happen during the clinical visit. The list of fears can go on. You can alleviate their 
concerns by explaining what will happen, from the interview to the examination and 
the discussion afterward.

► Do you have a report to finish? Then complete it before seeing the patient. 
Make sure your focus is entirely on them, not on your emails, smartphone, or 
anything happening outside your consultation room. In short, focus on the 
patient.

► Be aware that your patient may have various fears and remember that the 
most important person in the consultation is not the healthcare provider, but 
the patient, who was brave enough to seek help.

7  The Patient History
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�The Story of the Patient

Many conditions follow a characteristic pattern that can be recognized during his-
tory taking. Based on this, you can form an initial hypothesis. The patient history is 
therefore an interview in which you establish the patient’s medical history based on 
their own memories. Through this interview, the healthcare provider gains a more 
specific understanding of the early hypotheses. All domains of the International 
Classification of Functioning, Disability, and Health (ICF) are mapped out during 
this process. Recovery-enhancing and recovery-inhibiting factors, both personal 
and contextual, are also important.

A good history taking requires, on the one hand, knowledge of pathophysiology, 
enabling the recognition, association, and comparison of symptoms with theoretical 
probabilities and improbabilities. At this stage, the healthcare provider is seeking 
information about the patient’s perceived health problem. These hypotheses will 
guide further examination, which is carried out in the next phase.

On the other hand, the patient’s experience of the complaint and how they cope 
with it are also important. The interaction with personal and environmental factors 
plays a crucial role. It is not just about explaining the symptoms in anatomical or 
medical terms but also about understanding the complaint in a broader context, 
namely, how the patient experiences their illness and how they deal with it. This is 
why the patient history is sometimes referred to as the “story of the patient.”

No story can ever tell everything that could be said; there are always gaps. The 
story the patient tells is only a part of the whole. However, if we give the patient the 
space to tell their story, it is likely that the patient’s experience of their complaint 
will surface clearly. If we constantly interrupt the patient and only ask closed ques-
tions, important details may go unnoticed.

�How Do We Let the Patient Tell Their Story?

Living with persistent shoulder pain can be accompanied by feelings of depression, 
anxiety, isolation, and uncertainty [69]. This is especially true for unexplained pain. 
Sometimes, patients struggle to find the right words, and in such cases, the use of 
metaphors can help, particularly when we want to convey human experiences that 
are the hardest to express. Pain is one such experience. When patients try to describe 
their pain using a metaphor, we should allow and acknowledge this as a way to build 
a safe bridge to express their emotions. Patients often lack the jargon or vocabulary 
to explain how they feel. But if we give these patients the time and space to describe 
their experiences, they will often show creativity and clarify how they feel through 
a metaphor.

► It should be clear that not only what the patient says is important but also 
how they say it. Is their body language telling us something? So pay close 
attention.

How Do We Let the Patient Tell Their Story?
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Using metaphors is not only helpful for expressing feelings in words, but it also 
provides a shared way of communicating that you, as a healthcare provider, can use 
in further questioning. Additionally, recognizing metaphors demonstrates empathy 
for the patient. These metaphorical expressions can help us create some structure 
within the chaos of an uncertain pain experience.

Let us take a closer look at what patient history has to offer. For developing an 
effective treatment plan, a thorough and clear history taking is absolutely essential. 
From a good patient history, a well-considered clinical examination can be con-
ducted, aiming to confirm the information obtained during history taking.

�What Questions Should I Ask?

Start by asking one or more questions that are not related to the shoulder. Then you 
explain how the consultation will proceed and ask for the reason for the visit. To 
avoid the patient focusing solely on their shoulder, which might cause us to miss 
crucial information about the context of their problem, you might want to open the 
conversation with a general question. Think of something like “Please tell me your 
story, what is the problem?” or “How can I help you?” These questions are more 
person centered and allow you to listen to what is most important to the individual. 
When the patient begins to speak, it is important not to ask for clarification and to 
allow them to finish their initial sentences without interruption. By not interrupting, 
patients feel more valued and recognize that their concerns matter to you. After they 
finish their initial sentences, thank the patient for sharing their concerns and proceed 
with other relevant questions.

The patient history usually consists of four or five parts: administrative, specific, 
(if pain is present: pain history), additional, and social history.

�Administrative Patient History

An administrative patient history is the first part of history taking. It involves gather-
ing the patient’s administrative and demographic information. This data is impor-
tant for recording and identifying the patient in the medical file, as well as assessing 
the pre-odds of developing shoulder problems. Demographic details such as age, 
gender, occupation, and sports participation can offer valuable insights into the 
patient’s risk factors for shoulder disorders. For instance, certain age groups may be 
more prone to degenerative conditions like rotator cuff tears, while athletes or indi-
viduals in manual labor jobs might be at higher risk for acute injuries or overuse 
syndromes. Family history of joint problems may also help identify hereditary risks. 
Typical questions that can be asked during the administrative patient history include 
name, date of birth, contact details, medication use, referring physician (if any), 
insurance information, medical history, age, gender, sports, occupation, hobbies, 
previous surgeries, family history, etc. At this stage, you can also begin assessing 
the patient’s request for help.
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�Specific Patient History

In the specific patient history, the patient’s request for help is explored in greater 
depth, along with further details about functional problems and the course of the 
condition. Here, you gather specific information about the complaint, the symp-
toms, and the course of the condition. The specific patient history is crucial because 
it enables you, as a healthcare provider, to better understand the patient’s symptoms 
and complaints, make a differential diagnosis, plan an appropriate treatment, and 
evaluate progress.

The following questions can be asked:

•	 What is the location of the complaint?
•	 When did the complaints start?
•	 How has the complaint evolved over time?
•	 Does the patient experience sensory disturbances?
•	 Does the patient hear any sounds when performing a movement?
•	 Are the complaints dependent on movement or posture?
•	 Let the patient describe the complaint themselves, without providing too  

many prompts.
•	 Was there an accident? If yes:

–– What type of accident was it? (a fall, throwing motion, lifting, fighting, etc.)
–– What did you feel happen during the accident? (pain, dislocation, click, crack, 

swelling, etc.)
–– Can you describe what the arm did during the accident (mechanism of injury)?
–– Where did the accident occur? (at home, during exercise, at work, during a 

certain sport, on the motorcycle, etc.)
•	 Have you received any treatments for your complaint? If yes:

–– Medication?
–– Physical therapy?
–– Surgery?
–– Injections?
–– Complementary medicine?

•	 What are any limitations in activities and participation problems?

�Pain History

The pain history is, of course, only applicable when the patient is experiencing pain. 
Pain is one of the most common complaints for which patients seek help. Before 
discussing various typical shoulder conditions, it is important to consider the types 
of pain that the patient may report. It is evident that pain is an unpleasant sensation 
that usually makes the patient think of tissue damage. In a general sense, acute pain 
warns us of danger, while chronic pain can facilitate the healing of an injury. 
However, when patients think of pain, they most often think of suffering.
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The intensity of pain depends on various internal and external factors. The same 
stimulus can be experienced in unique ways by different people and under different 
circumstances. Even within the same person, the same stimulus may be perceived in 
various ways at different times.

However, most shoulder pain will be of nociceptive origin. This means that there 
is a local injury (e.g., to the tendon, ligaments, or muscles) that activates the pain 
receptors or nociceptors through mechanical (such as pressure or stretching) or 
chemical means (such as inflammation). Nociceptors are free nerve endings that 
respond to painful stimuli. These stimuli are converted into electrical impulses that 
are transmitted through our peripheral nervous system to our central nervous sys-
tem, where they are recognized as pain. The initial sensation of pain arises in the 
thalamus. They will then activate an emotional response to pain via the limbic sys-
tem and proceed to the cerebral cortex, where the pain is perceived and interpreted.

There are two types of nerve fibers that conduct pain: Aδ—and C-fibers. The 
large Aδ-fibers produce sharp, well-localized pain. This is the type of pain you feel 
when a needle pierces your skin or when you grab a hot cooking pot. These fibers 
transmit the signal very quickly, allowing your brain to react faster than your per-
ception of pain. For instance, you will withdraw your hand from a hot stove before 
you even fully feel the pain. After this initial pain signal via the Aδ-fibers, the 
C-fibers are also activated. However, the conduction of pain signals through C-fibers 
is much slower. The pain will be described by the patient as dull or burning and is 
less well localized. At the ends of these nerve fibers are various receptors, primarily 
opioid receptors. Moreover, there are inactive or “dormant” receptors that can be 
“awakened” by, for example, inflammation.

In summary, pain occurs in two phases: first through the fast-conducting Aδ-fibers 
and then through the C-fibers. Various factors can influence pain, such as endoge-
nous opioids (e.g., endorphins) that can inhibit pain impulses by affecting chemical 
mediators like histamine, substance P, bradykinin, and acetylcholine. Everyone has 
different levels of endorphins, so pain is experienced differently by each person. 
Psychological factors, like the threat of pain and expectations of relief, can also 
affect spinal pain transmission and change how pain is perceived.

When there is an injury to the nerve tissue, there is a chance of neuropathic pain, 
also known as neuralgia. This can be caused by external forces such as compression, 
inflammation, or even by an infection. Damage can also result from chemotherapy, 
pressure from tumors, surgical procedures, diabetes, and so on. Damage to a part of 
the nerve can lead to a local inflammatory response and thus pain. The pain may 
also be felt further distally along the course of the affected nerve. These pain signals 
do not serve a specific function other than to alert the patient that something is 
wrong with the nerve. Much neuropathic pain is chronic in nature. The patient expe-
riences the pain as shooting or burning. They may also feel tingling or a sensation 
of electric shocks.

Nociplastic pain (central sensitization) is a term used to describe a form of 
chronic pain that arises from changes in the nervous system. It is a type of pain 
where the pain experience is amplified due to alterations in our neural pathways.  
As a result, pressure pain thresholds are lowered, and the patient reports pain  
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more quickly. An example of this is allodynia. This involves the nerve becoming 
more sensitive, causing even mild or normal stimuli are experienced as painful. This 
can lead to persistent pain that does not respond well to conventional painkillers or 
treatments. Persistent pain thus shows a plasticity that can modulate both peripheral 
and central pain signals. In the case of chronic pain, it either amplifies the pain sig-
nals or makes them hypersensitive.

The location is often used to identify the exact site of the complaint. This also 
allows you to narrow down the possible causes. This is particularly useful for find-
ing the source of nociception. Unfortunately, the site of the pain is not always the 
site of the injury, so pain can be very vague. Consider rotator cuff-related com-
plaints that cause pain in the broad region of the deltoid muscle.

Additionally, referred pain is also possible. This type of pain is felt in the shoul-
der but originates from a completely different region of the body. Referred pain is 
usually the result of a misinterpretation in our brain, and it can be felt in a specific 
dermatome. Local provocation tests will typically be negative. The intensity of the 
pain the patient feels is difficult to assess. To estimate the intensity, visual analog 
scales are used to compare the pain to the most severe pain the patient has ever 
experienced. A verbal numerical scale is also an option. We have explored this fur-
ther in the chapter on questionnaires.

The duration of the complaints is somewhat easier to measure. This allows us to 
distinguish between acute and chronic complaints. This distinction is often based  
on time. In summary, pain can be acute, chronic, or intermittent. Intermittent pain 
occurs when the patient experiences an acute flare-up of a chronic complaint. Pain 
that lasts longer than 3 months is considered chronic.

Regarding the nature of pain, we refer to how the patient describes it. This allows 
us to distinguish between pain of neural origin (shooting, burning, tingling) and 
pain of vascular origin (pulsing, dull).

�Social Patient History

During the social patient history, you gather information about the social and envi-
ronmental factors that may influence the patient’s complaint. Here, you ask ques-
tions about living and work situations, as well as lifestyle. Consider questions such 
as Do you have children? What social network do you have? Do you receive any 
help at home? Do you live alone or with a partner/children? Do you experience 
stress at work? Do you enjoy your work? Do you pay attention to diet and physical 
activity? and so on. Then, have the patient indicate any other complaints they may 
have. This can be an open question or, perhaps better, a checklist of various general, 
cardiovascular, pulmonary, metabolic, lymphatic, musculoskeletal, gastrointestinal, 
neurological, urological, and psychological conditions. The patient only needs to 
review and check off any items that apply. This approach gives you greater insight 
into the broader context in which the patient functions.

The last decades, it has indeed become increasingly clear that assessing lifestyle 
plays an important role in understanding the clinical picture of the patient. Lifestyle 
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is a general term for the way a person lives. Some individuals have more control 
over their lifestyle than others. We typically refer to a lifestyle as healthy or 
unhealthy. Smoking, unhealthy eating (and drinking), lack of physical activity, poor 
sleep, obesity, and mental stress are all factors that contribute to an unhealthy life-
style. The consequences of these factors often, but not exclusively, manifest as met-
abolic problems, such as hyperlipidemia, hyperglycemia, hypertension, and obesity.

Although we are increasingly seeing lifestyle factors associated with musculo-
skeletal complaints, including shoulder pain, it remains difficult to pinpoint a causal 
relationship. For example, a patient presents with shoulder pain and depression. 
This leads to a chicken-and-egg discussion. Nevertheless, there is growing evidence 
that lifestyle factors are at least associated with the complaints. Sometimes they 
may be the cause, sometimes the effect of the complaint, and sometimes they have 
an influencing force. In any case, it seems increasingly important to understand 
these factors so that they can potentially be linked to the clinical picture and 
addressed in the recovery process.

Education about lifestyle and support for behavior change are well-known strate-
gies for patients with conditions like metabolic syndrome, but they could also be 
important for patients with musculoskeletal complaints. Some of these lifestyle fac-
tors may even underlie the musculoskeletal complaint and should therefore receive 
as much attention as a metabolic problem.

It is very possible that psychosocial factors are risk factors for the development 
of shoulder pain. Or do they only influence the experience of pain? Psychosocial 
factors can pose a barrier to recovery, potentially leading the patient into chronicity 
or keeping them in it. When a patient experiences improvement, it does not neces-
sarily indicate a change in biomechanics or structure. Expectations for recovery and 
expectations of a particular intervention can also affect the final outcome of treat-
ment [70–73]. Patients who expect a good outcome often achieve better results.

There is considerable evidence that the prognosis of chronic shoulder pain is 
influenced by psychosocial factors [70, 74, 75]. For instance, patients who tend to 
catastrophize often have a worse prognosis [74], and chronic or recurrent shoulder 
pain in some patients is associated with symptoms of depression [76]. Additionally, 
patients who show a high degree of self-efficacy and expect a positive treatment 
outcome generally recover better [70]. This may involve how patients cope with 
pain and their ability to control it on their own.

The relationship between psychological stress and cardiovascular diseases is 
well-known. However,  there also appears to be a strong association between an 
increased risk of cardiovascular conditions and the presence of rotator cuff tendi-
nopathy [77]. Pro-inflammatory cytokines play a role in this process. In response to 
psychological stress, our body produces these pro-inflammatory cytokines. During 
chronic low-grade inflammation, these cytokines are affected, leading to disrupted 
production of serotonin and dopamine, which influence our mood [78]. Both are 
neurotransmitters that contribute to a sense of well-being. The relationship between 
chronic low-grade inflammation and depression seems to go both ways: chronic 
inflammation appears to increase the likelihood of depression, and, conversely, 
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stress or continuous exposure to stress tends to increase chronic inflammation 
[79, 80].

When we think of social factors, we often consider the support patients receive 
from family and friends, how well they adhere to the therapist’s treatment programs, 
and their work situation. How family and friends perceive the patient’s complaint 
also turns out to be important. Family and friends are very close to the patient and 
can strongly influence how the patient thinks about, for example, returning to work. 
It is not that difficult to warn a patient about all the potential harm that could occur 
if they return to work, thereby instilling fear and creating dependence.

It also appears that the relationship between patient and therapist is a very impor-
tant factor. The patient must be able to trust the therapist, and the therapist, in turn, 
must show a clear interest in the patient’s needs. With this, the beliefs of the thera-
pist are essential. The beliefs and insights of patients often mirror those of their 
therapists. For example, therapists who adopt a very biomedical approach appear to 
be more hesitant about returning to work. For therapists with a more biopsychoso-
cial approach, the opposite is true [81, 82]. It is clear that, as clinicians, we need to 
be aware of any psychosocial factors that could negatively impact the shoulder com-
plaint. Only in this way can we achieve the best outcome for the patient.

�Additional Patient History

During the final part of the patient history, you gather information that has not yet 
been addressed or where additional details are needed based on previous answers. 
Think of unaddressed comorbidities such as diabetes or obesity or habits related to 
sleep, smoking, or alcohol use.

Type 2 diabetes mellitus (DM) is a chronic disease characterized by elevated 
blood glucose levels over an extended period. When DM remains untreated, it can 
cause severe long-term complications to the vascular and nervous systems. Patients 
with DM report twice as many musculoskeletal complaints compared to healthy 
controls [83], including shoulder complaints. The most frequently reported shoul-
der problem in DM is a frozen shoulder [84, 85]. However, DM is also associated 
with an increased risk of persistent rotator cuff tendinopathy [86]. Chronically ele-
vated blood glucose levels, as measured by an increase in hemoglobin-bound glu-
cose (HbA1c), may play a significant role in the high prevalence of shoulder and 
other musculoskeletal disorders in DM. Notably, there are differences in musculo-
skeletal abnormalities between type 1 and type 2 diabetics. Although HbA1c levels 
appear to be similar between type 1 and type 2 diabetes, frozen shoulder occurs 

► The opposite can also be present: a supportive and encouraging environ-
ment. In that sense, it can sometimes be useful to also ask the patient about 
what the family and friends would think of the chosen approach.
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significantly more often in type 2 diabetes. Thus, an increase in HbA1c levels prob-
ably cannot be used as the sole reason for the development of a frozen shoulder. 
Other factors, such as advanced glycation end products (AGEs), play a role. These 
AGEs are significantly more prevalent in patients with DM. It is believed that these 
substances affect the quality of tendon tissue through collagen cross-linking [87]. 
With a recent systematic review, we were able to demonstrate that the effects of DM 
are not only related to the pathogenesis of frozen shoulder [88]. Indeed, DM appears 
to result in reduced mobility around the shoulder and not only in patients with fro-
zen shoulder. There is also evidence of degenerative changes in the rotator cuff in 
patients with DM compared to healthy individuals.

Obesity is a condition characterized by an excess of body fat. “Excess” means 
that there is an increased risk of health problems. You might think that excess fat, 
aside from putting extra stress on the joints, has little effect on our health, but noth-
ing could be further from the truth. An excess of fat mass, or adiposity, should be 
considered as a functioning, dynamic organism, an organism that releases various 
active molecules, each with its influence on inflammation. Pro-inflammatory adipo-
kines have already been found in subacromial bursae [89]. If the patient presents 
with type 2 diabetes and/or obesity, it may be important to also discuss the patient’s 
physical activity and dietary habits. There are strong correlations between a poor 
diet and health problems such as obesity and type 2 diabetes. There also appears to 
be a clear link between chronic low-grade inflammation and the level of physical 
activity [90]. Physical inactivity could indeed lead to the accumulation of visceral 
fat mass and increased chronic low-grade inflammation [91].

We know that smoking is unhealthy and affects our lungs. But there are also 
important reasons to quit smoking in relation to shoulder pain. The various chemical 
substances inhaled through smoking cause an inflammatory response [92]. This not 
only leads to the development of respiratory diseases but also appears to be a risk 
factor for other lifestyle-related metabolic disorders, such as type 2 diabetes [92]. 
Smoking, and specifically nicotine, indeed increases our chronic low-grade inflam-
mation, thereby stimulating the production of pro-inflammatory cytokines [93], and 
this happens to be one of the typical characteristics of the pathogenesis of frozen 
shoulder. And not only the glenohumeral capsule but also tendons, such as the rota-
tor cuff, are negatively affected by this. Nicotine could lead to delayed regeneration 
and therefore increased degeneration of our tendon tissue, partly through tissue 
hypoxia [94, 95]. Hypoxia promotes the expression of pro-inflammatory cytokines 
and also stimulates apoptotic mediators [95]. This is why hypoxic cell damage is 
considered a possible cause of early tendinopathy. The natural balance between 
degeneration and regeneration of our rotator cuff tendons under stress is thus com-
promised [96].

Finally, an assessment of the patients’ sleep behavior can also be important for 
patients with shoulder pain. It has been frequently shown that patients with rotator 
cuff-related conditions also experience sleep problems [97]. Our sleep provides a 
crucial period for recovery—psychologically, immunologically, as well as cardio-
vascular and neuromuscular. Therefore, a lack of sleep leads to a lack of recovery 
opportunity. Not coincidentally, more pain and increased chronic low-grade 
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inflammation are observed in people with reduced sleep [98, 99]. It is clear that 
sleep problems are often considered a consequence of musculoskeletal complaints. 
For example, sleep has been found to significantly improve after rotator cuff repair 
surgery [100]. However, there is also evidence that poor sleep patterns can be a risk 
factor for the development of musculoskeletal complaints [101]. Both likely go 
hand in hand. If you have persistent shoulder pain, you will sleep poorly. If you 
sleep poorly, you will experience more shoulder pain.

► Based on this additional information, the healthcare provider can gain a 
better understanding of the patient, their needs, and expectations, and the 
request for help can be adjusted or clarified if necessary. This contributes to a 
personalized treatment plan and the selection of appropriate interventions.
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8Clinical Examination

The definition of clinical reasoning is a reflective process of investigation and analy-
sis, carried out by a healthcare professional in collaboration with the patient, with 
the aim of understanding the patient, their context, and their clinical problem(s). 
This understanding is then used to shape the treatment plan of the healthcare 
provider.

Clinical reasoning involves the combined use of medical history, the patient’s 
story, clinical examination, and potentially supplementary imaging or blood tests. It 
entails gathering and analyzing information about the patient. It is a cyclical process 
because the information obtained through patient history, physical examination, and 
follow-up consultations is continuously reassessed, and hypotheses are revised if 
necessary. The gathered information leads to hypotheses about the patient’s prob-
lem (or multiple problems) and informs the treatment strategy.

Assessing tissue irritability is also part of the patient’s clinical examination, as 
this data is needed to gauge the intensity and focus of the intervention. From the 
information collected during the examination, you should be able to gradually form 
an image of the possible pathology of the patient through logical and analytical 
reasoning. Medical imaging can provide additional information. Based on the anal-
ysis of data from the clinical examination, the clinician formulates a hypothesis. 
Even during treatment, it is important to continuously conduct limited assessments 
to evaluate the treatment’s outcomes with the patient. Based on these interim evalu-
ations, adjustments may be made to the goals to be achieved, the dosage, or the 
chosen interventions if necessary.

But why is clinical reasoning so important? Firstly, there is the vast variety of 
manifestations of a similar pathological situation, ranging from a minor injury to a 
multifactorial biopsychosocial tangle. As a clinician, you must be capable of con-
ducting an extensive assessment and analysis of all biopsychosocial factors known 
to influence health problems.

Clinical reasoning, and thus analytical thinking, inevitably leads to cognitive 
errors. By practicing clinical reasoning, you can further develop it and arrive at the 
most probable assessment and analysis. Good clinical reasoning is not easy.  
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You need to take a step back, think about questions you want answered, the informa-
tion you find important, and the conclusions you draw while remaining critical of 
your own findings and analyses. Clinical reasoning is therefore more than just per-
forming a physical examination as taught or asking questions from a checklist. 
Throughout this process of thinking about the patient’s problems, you must also 
continually reflect on whether your reasoning is truly hypothesis driven. Be careful 
of “wishful thinking” just because you think you have recognized the pattern. Stay 
critical.

Clinical reasoning is thus an exciting process that will need to grow through trial 
and error. Know that even the greatest experts still make mistakes. These mistakes 
should not deter you from continuing the search with the next patient. After all, you 
have learned from previous situations and have taken another step closer to the ideal 
scenario, if such a thing as an ideal situation even exists.

Based on the data collected during the patient history, research goals are formu-
lated before the actual examination begins. These research goals are established 
through visual assessment, palpation, and a basic physical examination. In this 
chapter, we focus on the evaluation of the shoulder girdle. However, it is crucial to 
recognize that the functions of the neck, torso, and even the elbow should also be 
evaluated, as they can significantly impact shoulder function. Musculoskeletal 
issues often do not exist in isolation; rather, they can be interconnected. Evaluating 
adjacent regions allows for a more comprehensive understanding of the patient’s 
condition, revealing underlying factors that may contribute to shoulder pain or dys-
function. By considering the entire kinetic chain, we can develop more effective 
treatment plans and improve overall outcomes.

�Visual Assessment

The purpose of the visual assessment is to observe and document visible changes in 
the patient. During the subsequent examination, you, as the practitioner, further 
analyze these changes and investigate their possible relationship to the patient’s 
complaints. The assessment begins as soon as the patient enters the treatment room 
and continues during the basic physical shoulder examination.

The general assessment includes several aspects. First, activities of daily living 
are observed, with special attention to the affected body part. Next, posture, body 
composition, the use of assistive devices, and overall presentation, including the 
patient’s psychological state, are assessed. This is followed by an evaluation of the 
static posture, where the relationships between the spine, pelvis, and lower limbs 

► As a clinician, you always conduct a general assessment from the ventral, 
dorsal, and lateral views, as well as a local assessment of the affected area.
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are assessed. Finally, the shape of the skeleton and muscles is evaluated, along with 
the condition of the skin, nails, and (body) hair.

During the local assessment, you focus on the affected region. You carefully 
examine the contours of the shoulder girdle: is there any visible atrophy, discolor-
ation, or scarring? You also pay close attention to any antalgic postures, such as an 
exaggerated elevation of the affected side. Furthermore, you assess any potential 
(sub)luxation of the acromioclavicular joint and evaluate the scapular position at 
rest and later during active movements. Compensatory movements of the scapula 
are frequently observed in combination with shoulder complaints, often defined as 
scapular dyskinesis.

Scapular dyskinesis refers to an alteration in the normal movement pattern of the 
scapula and is often observed in patients with rotator cuff-related shoulder pain. 
Although scapular dyskinesis can theoretically lead to a reduction of the subacro-
mial space and result in shoulder pain, there is no conclusive evidence that this 
movement disorder is the cause of the pain. Various studies have shown that changes 
in muscle activity due to pain can also lead to scapular dyskinesis, suggesting that it 
is more likely an effect than a cause of possible shoulder pain.

�Brief Palpation

Before and after the basic physical shoulder examination, perform a palpation, ini-
tially to assess warmth and swelling in the affected area. You can evaluate the tem-
perature by placing the back of your hand against the patient’s skin and comparing 
left and right. You can also locate any swelling and try to determine whether it is 
more likely intra-articular or extra-articular. After the basic physical shoulder exam-
ination, you can perform targeted palpation to identify sensitive areas. All of this 
provides insight into the current state of the complaints and the impact of movement 
on the condition.

�Active and Passive Movement Assessment

The evaluation of mobility is an integral part of a physical examination. Mobility 
refers to the freedom of movement in various directions. Normal mobility is 
achieved when the full (pain-free) range of motion (ROM) is attainable in all direc-
tions, there is a normal end feel, and no abnormal resistance is experienced during 
passive movements. The term “end feel” refers to the sensation of resistance encoun-
tered at the end of a joint’s range of motion during passive movement. A “normal 
end feel” indicates that the shoulder joint is functioning as expected, typically char-
acterized by either a soft or firm end feel. When examining the shoulder, a soft end 
feel is common, resulting from the approximation of soft tissues—specifically, the 
compression of muscles that limits further movement. In some cases, you may also 
encounter a firm, elastic end feel due to the stretching of ligaments. A hard end feel 
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is generally atypical for the shoulder, as it usually indicates bone-to-bone contact. 
An end feel described as empty (often associated with pain) or hard (which may 
suggest bony obstruction) can indicate potential joint issues that require further 
investigation.

The shoulder’s joint mobility is structurally limited by intra- and extra-articular 
factors. Intra-articular factors include the shape of the glenohumeral joint and the 
joint capsule (and possibly a part of the long head of the musculus biceps brachii). 
Extra-articular factors include muscles, tendons, ligaments, nerves, bursae, skin, 
blood vessels, and so on. Active range of motion (aROM) refers to the amount of 
movement possible during voluntary joint movements without external assistance. 
Active-assisted ROM is a form of aROM where an external force (e.g., manual) is 
used to further complete the movement. Passive ROM (pROM) is the range of 
motion achieved entirely with the help of an external force, such as the therapist.

Recognizing limitations in joint mobility can assist clinicians in making working 
diagnoses, measuring changes in mobility, and identifying functional impairments. 
You assess how this load affects the symptoms. Components of this functional 
assessment include, for example, an active and passive functional assessment and a 
resistance test. All structures involved in the relevant segment are included in the 
functional assessment. For instance, in the case of brachialgia, you examine from 
the cervical and thoracic region down to the fingers.

Shoulder mobility can be assessed in various ways. In addition to visual assess-
ment, a goniometer or inclinometer is a standard tool. A goniometer consists of a 
protractor-like device that can measure angles. A goniometer requires the recogni-
tion of anatomical landmarks, whereas an inclinometer uses gravity as a reference. 
Besides a goniometer or inclinometer, mobility can also be assessed using various 
questionnaires that map the patient’s problems. Think of the Disabilities of the Arm, 
Shoulder, and Hand (DASH) questionnaire or the Shoulder Pain and Disability 
Index. Although these are not direct measurement tools for shoulder mobility, they 
are widely used patient-reported outcome measures that assess the impact of upper 
extremity disability, including shoulder mobility.

In combination with the standardized local anatomical examination of the shoul-
der joint, it is also advisable to perform a functional assessment to determine which 
functions are impaired and which activities are limited, in the context of the 
ICF.  When you want to document activity limitations, have the patient perform 
several activities, preferably linked to the patient’s story. Think of simple activities 
such as weight-bearing or movements related to the patient’s work, hobbies, or 
sports. You again assess for any limitations and evaluate the presence of pain.

It is generally recommended to test anteflexion, retroflexion, abduction, external 
rotation (in 0 and 90 degrees of abduction), internal rotation (in 0 and 90 degrees of 
abduction), horizontal abduction, and horizontal adduction. Here, we will focus on 
some measurements of active ROM that have proven to be reliable. Both the incli-
nometer and the goniometer measurements have good reliability [102].
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�Anteflexion ROM

You can assess the active anteflexion ROM (Fig. 8.1a) with the patient either stand-
ing or sitting, which helps prevent compensatory extension of the spine. You can 
control this extension by providing instructions and using a wall or chair back for 
the patient to lean against. Then you ask the patient to actively lift the arm in the 
sagittal plane with the palm facing downward until the movement comes to an end. 
Next, you perform the measurement, for example, using an inclinometer (placed 
distally on the humerus, proximal to the elbow, just after the deltoid muscle inser-
tion) or a goniometer (one arm parallel to the humerus, one arm parallel to the trunk, 
with the hinge at the inferior and lateral corner of the acromion) (Fig. 8.1b).

�Abduction ROM

You can also assess the active abduction ROM (Fig. 8.2a) with the patient either 
sitting or standing. Again, you need to ensure that no lateral flexion of the spine 
occurs. Then you ask the patient to actively lift the arm in a frontal plane, with the 
thumb pointing upward toward the ceiling. Next, you perform the measurement 
again using an inclinometer (placed distally on the humerus, proximal to the elbow, 

a b

Fig. 8.1  (a) Active anteflexion ROM, (b) measurement of active anteflexion ROM with  an 
inclinometer
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a b

Fig. 8.2  (a) Active abduction ROM, (b) measurement of active abduction ROM with inclinometer

just after the deltoid muscle insertion) or a goniometer (one arm parallel to the 
humerus, one arm parallel to the trunk, with the hinge at the inferior and lateral 
corner of the acromion) (Fig. 8.2b).

�External Rotation ROM

The active external rotation ROM (Fig. 8.3a) is tested with the patient either standing/
sitting or in a supine position with the hips and knees bent to approximately 45 
degrees. The latter position is necessary when using an inclinometer. The tested arm 
is supported on the table in 90 degrees of abduction, with the elbow bent to 90 
degrees and the wrist in a neutral position. A towel can be placed under the humerus 
to ensure a neutral horizontal position. The patient is then asked to rotate the arm 
into external rotation until the end of the available mobility. The participant is 
instructed not to lift the lower back during this measurement.

Next, the measurement is performed using an inclinometer (placed distally on 
the forearm, proximal to the wrist) or a goniometer (one arm parallel to the treat-
ment table, one arm parallel to the forearm). The measurement can be conducted 
with the arm in 0 degrees and in 90 degrees of abduction (Fig. 8.3b).
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a b

Fig. 8.3  (a) Active external rotation ROM, (b) measurement of active external rotation ROM with 
inclinometer

a b

Fig. 8.4  (a) Active internal rotation ROM, (b) measurement of active internal rotation ROM with 
inclinometer

�Internal Rotation ROM

The active internal rotation ROM (Fig. 8.4a) is tested with the patient either stand-
ing/sitting or in a supine position with the hips and knees bent to approximately 45 
degrees. The latter position is necessary when using an inclinometer. The tested arm 
is supported on the table in 90 degrees of abduction, with the elbow bent to 90 
degrees and the wrist in a neutral position. A towel can be placed under the humerus 
to ensure a neutral horizontal position. You then ask the patient to rotate the arm into 
internal rotation until the end of the available mobility, making sure that the 
90-degree abduction position is maintained.

Through verbal correction, you also ensure that the scapula does not perform a 
protraction movement. The participant is instructed not to lift the lower back during 
this measurement. Next, the measurement is performed again using an inclinometer 
(placed distally on the forearm, proximal to the wrist) or a goniometer (one arm 
parallel to the treatment table, one arm parallel to the forearm). The measurement 
can be conducted with the arm in 0 degrees and in 90 degrees of abduction 
(Fig. 8.4b).
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�Resistance Testing

Evaluating muscle strength is useful for tracking the patient’s strength status and 
monitoring their progress. Measurements can be performed before, during, and 
after the intervention. They help guide the prescribed exercise protocol. Moreover, 
testing muscle strength around the shoulder allows you to quantify the isometric, 
eccentric, and concentric capacities of the shoulder muscles. Muscle strength 
assessment using valid, reliable, and clinically applicable approaches could there-
fore be a valuable part of a comprehensive physical examination of the shoulder.  
In addition to strength, resistance testing can also provide insight into potential pain 
provocation, willingness to move, and coordination.

The methods for quantifying shoulder strength are numerous. However, to be 
meaningful, clinical assessment methods must be valid and reliable. Moreover, 
these methods provide clinicians with data to assess clinically relevant changes, one 
of the key values for establishing the minimal detectable change (MDC) and the 
minimal clinically important difference (MCID). Generally, there are three typical 
methods for measuring shoulder muscle strength: manual muscle tests (MMT), 
handheld dynamometry (HHD), and isokinetic muscle strength testing (IMST). 
Below is a brief overview of their pros and cons.

�Manual Muscle Testing

Manual muscle tests (MMT) are widely used to clinically evaluate shoulder muscle 
strength. The frequent use is likely due to the ease with which the technique can  
be performed quickly and without cost. With MMT, the strength of the shoulder 
muscles can be graded as described by Hayes [103]: grade 1 indicates the absence 
of muscle contraction as determined by observation and palpation; grade 2 is scored 
when the subject is able to move the arm without gravity load; grade 3 is reported 
when the subject can move the arm against gravity; finally, grades 4, 4.5, and 5 are 
scored when the subjects can resist a load in a mid-position, defined as low, moderate, 
and high resistance, respectively.

However, MMT has been criticized for testing shoulder muscles due to its sub-
jectivity and lack of reliability, as the execution of the test depends on the experi-
ence, strength, and judgment of the examiner [103–105]. The inter-rater reliability 
of manual muscle tests resulted in intraclass correlation coefficients (ICCs)  
ranging from 0.38 to 0.72 [103]. Such low levels of reliability or reproducibility  
are generally considered insufficient for clinical use. Additionally, low correlations 
have been reported between MMT and isokinetic muscle strength tests, further 
questioning its validity [106]. Therefore, handheld dynamometry may be a better 
alternative.
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�Handheld Dynamometry

Clinicians often use handheld dynamometry (HHD), which is easy to handle and 
portable, for assessing muscle strength. Hayes et al. [106] demonstrated that HHD 
could be performed during elevation, external rotation, internal rotation, and during 
the hand-behind-the-back lift-off maneuver, all in a seated position.

During elevation, the tester places the affected arm of a seated patient in 90 
degrees and 30 degrees of elevation in the frontal plane with the thumb pointing 
medially (Fig. 8.5). The patient is asked to hold this position while the tester applies 
a downward force on the distal end of the forearm.

During internal or external rotation, the tester positions the affected arm in 90 
degrees of elbow flexion with the thumb pointing upward and the humerus along-
side the torso (Fig. 8.6a, b). The tester then applies force to the dorsal/volar side of 
the distal end of the forearm in the direction of external/internal rotation, while the 

Fig. 8.5  Handheld 
dynamometry during 
elevation

a b

Fig. 8.6  Handheld dynamometry during internal rotation (a) and external rotation (b)
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a b

Fig. 8.7  (a, b) Handheld dynamometry during the lift-off maneuver

patient is instructed to maintain their arm in the previously described position. To 
prevent compensatory movements, the tester can provide stabilization to the distal 
end of the humerus with the non-testing hand.

Finally, the lift-off maneuver is used to test internal rotation muscle strength 
(Fig. 8.7). The patient places their forearm behind their back without making con-
tact with the back. The patient is then asked to hold that position while the tester 
applies anteriorly directed resistance on the volar side of the distal forearm. The 
HHD is a reliable method for assessing shoulder muscle strength in symptomatic 
subjects [103].

�Isokinetic Muscle Strength Testing

Isokinetic muscle strength testing (IMST) is recommended because it allows for the 
objective measurement of shoulder muscle strength and can be used to guide diag-
nosis and rehabilitation [107–110]. Generally, IMST is reported to be highly accu-
rate with excellent test-retest reliability in evaluating the shoulder muscle complex 
[111, 112]. However, Edouard et  al. [113] described differences in reliability 
depending on the patient’s position (sitting, standing, or lying), the mode of contrac-
tion (concentric or eccentric), and the position of the shoulder. They concluded that 
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the sitting position with 45 degrees of shoulder abduction in the scapular plane 
resulted in the highest reliability scores. This corresponds with the position in the 
scapular plane, which offers biomechanical advantages and provides the patient 
with maximum safety and comfort during the test. Every advantage has its disad-
vantage, and that applies here as well. Despite its high accuracy, IMST requires 
expensive equipment that takes up a lot of space, which may not be feasible for 
many clinicians.

�The Role of Special Tests

After the basic physical shoulder examination, the most important part of the clini-
cal assessment has already been completed. Based on these findings and assuming 
there are no red flags, you, as a healthcare provider, may choose to perform further 
clinical tests and possibly supplement them with imaging. After the screening, you 
also make a judgment about the involvement of the shoulder joint in the complaint. 
Are the symptoms attributable to a shoulder pathology or to the cervical spine? 
Typically, having the patient move their neck in different directions, possibly sup-
plemented with neural tension tests, is sufficient to distinguish the origin of the 
complaints.

Remember that a patient may also have neck pain because of a shoulder problem. 
This is especially true for patients who elevate the shoulder (particularly scapular) 
to gain more range of motion. As a result, the upper part of the trapezius muscle can 
become painful and cause discomfort. However, in this case, it is not the neck caus-
ing the shoulder pain but the other way round.

Traditionally, we have tried to identify the anatomical structure responsible for 
the complaint. However, it is crucial to recognize that, for various reasons, this is not 
always possible—and, fortunately, it is not always necessary to map out an effective 
treatment plan. First, the shoulder is a very complex collection of structures that are 
not always easily distinguishable from one another. This complexity is particularly 
important when it comes to traumatic tears, as differentiating between the supraspi-
natus and infraspinatus muscles is vital; the surgical approach will vary significantly 
depending on which muscle is affected. However, in the case of tendinopathies or 
smaller tears, even if imaging reveals damage, such as hypoechoic areas on an ultra-
sound imaging device, the source of the complaint might still stem from another 
structure. Fortunately, this ambiguity does not need to cause frustration; we can 
often develop a conservative treatment plan even without knowing the exact origin 
of the complaint.

Several additional tests have been developed to identify specific shoulder condi-
tions. These additional tests have a sensitivity, a specificity, a positive and negative 
predictive value, a positive and negative likelihood ratio, and a reliability. Moreover, 
there is considerable variation in the findings of these values between studies. 
Additionally, the gold standard against which these tests were compared often relied 
on imaging or direct visualization during surgery. The gold standard is therefore 
based on identified tissue pathology without knowing whether the pathological 
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tissue actually caused the symptoms. In this book, we have selected tests with the 
highest evidence for practical usefulness.

Imaging procedures such as X-ray/CT, ultrasound, and MRI are also useful for 
diagnosis, as they help directly identify tissue pathology. We will discuss their value 
in a separate chapter on the role of imaging.

�Properties of a Clinical Test

When we want to make a judgment about a patient’s health condition and use tests 
for this purpose, we must recognize that these tests are sometimes imperfect or 
ambiguous. Therefore, it is important to determine the extent to which these tests 
can establish the likely presence or absence of a condition. Only then can we 
improve our decision-making using their findings.

When testing the clinimetric properties of a test, it is often compared to the gold 
standard for the same target condition. The term “gold standard” suggests that this 
initial classification is made based on a test that provides authoritative and presum-
ably indisputable evidence of whether a condition is present or not [114]. Due to 
concerns about the value of these so-called gold standards, they are increasingly 
referred to as ‘reference standards’. Based on the results of the reference standard 
(e.g., the MRI result of a rotator cuff tear) and the results of the clinical test, indi-
viduals are classified into one of the four cells A through D in Table 8.1.

The sensitivity, specificity, and positive and negative predictive values can be 
calculated from the number of individuals in each of the four cells. These properties 
are then expressed as percentages. It is important not to confuse the concepts of 
sensitivity/specificity with positive/negative predictive value. On the one hand, it is 
crucial for a test to have high sensitivity and high specificity. On the other hand, 
these values should not be used when making decisions about individual persons in 
screening situations. In that second situation, the use of predictive values is much 
more appropriate. This is explained further below.

Only when both sensitivity and specificity are very high can these concepts be 
useful. Here, the mnemonic SPIN and SNOUT can be helpful. SNOUT stands for 
Sensitive, Negative, and OUT. This means that you can very likely exclude the con-
dition when the clinical test is negative in the case of a highly sensitive test. In the 

Table 8.1  Schematic overview of the concepts of sensitivity, specificity, positive predictive value, 
and negative predictive value

Positive according to 
reference standard

Negative according to 
reference standard

Clinical test is 
positive

True positive A False positive B Positive predictive value 
(%) = (A/(A + B)) × 100

Clinical test is 
negative

False negative C True negative D Negative predictive value 
(%) = (D/(C + D)) × 100

Sensitivity (%) = (A/
(A + C)) × 100

Specificity (%) = (D/
(B + D)) × 100
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case of a very sensitive test, there are likely to be almost no false negatives (cell A 
is high, cell C is low). High sensitivity allows you to confidently assume that people 
do not have the condition if their test yields a negative result. They can, therefore, 
be “ruled out.”

SPIN stands for Specificity, Positive, and INclude. This means that you can very 
likely include the condition when the clinical test is positive in the case of a highly 
specific test. In the case of a very specific test, there are likely to be almost no false 
positives (cell D is high, cell B is low). High specificity allows you to confidently 
assume that people have the condition if their test yields a positive result. They can, 
therefore, be “ruled in.”

But again, the mnemonic SPIN and SNOUT can only be useful when both sen-
sitivity and specificity are very high. Moreover, this concept of SPIN and SNOUT 
is somewhat counterintuitive.

�Sensitivity and Positive Predictive Value

The sensitivity is the fraction of true positives among those who are injured or the 
fraction of a group of individuals with the condition being tested that are correctly 
classified as injured. If all injured individuals are labeled as “injured” (meaning they 
receive a positive test result), the sensitivity is at its maximum: 1 (or 100%).

A test with 100% sensitivity correctly identifies all patients with the disease. A 
test with 80% sensitivity detects 80% of the patients with the disease (true posi-
tives), but 20% of those with the disease remain undetected (false negatives). A high 
sensitivity is particularly important when the test is used to detect a serious disease 
(such as cancer). Tests for such conditions should be as sensitive as possible because 
we want to minimize the number of false negatives. Sensitivity is therefore typically 
described as the ability of a test to detect a truly positive result. The positive predic-
tive value is the fraction of individuals with a positive result who indeed have the 
pathology (the probability of having the condition with a positive result).

The sensitivity is a useful tool, but it primarily tells us whether someone who 
tests positive on the reference standard also has a positive or negative clinical 
test. Patients typically do not walk into a doctor’s office and say, “I’ve been diag-
nosed with this disease and want to know the likelihood that the tests will be posi-
tive.” However, what we are practically more interested in is the question, “What if 
a person tests positive on the clinical test?” This is the practical translation. While 
sensitivity focuses on the performance of the clinical test relative to the reference 
standard, the positive predictive value concerns the test’s usefulness in clinical 
practice.

Sensitivity = number of true positives/(number of true positives + number of 
false negatives)
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This distinction is already evident when you look at Table 8.1. The sensitivity is 
only based on cells A and C, meaning that all individuals in the analysis must be 
diagnosed according to the reference standard as definitely having the condition.  
In determining sensitivity, no account is taken of individuals who, according to the 
reference standard, do not have the condition in question (cells B and D). Therefore, 
if we want to make a judgment based on a positive test result about who has the 
condition and who does not, we also need information about the data in cell B and 
thus calculate the positive predictive value. Simply put, the positive predictive value 
is the probability that people with a positive clinical test result indeed have the 
condition.

�Specificity and Negative Predictive Value

The specificity is the fraction of true negatives among those who are not injured or 
the fraction of a group of individuals without the condition being tested that are  
correctly classified as not injured.

A test with 100% specificity will correctly identify all individuals without the 
disease. A test with 80% specificity correctly identifies 80% of true negatives,  
but 20% of individuals without the disease are incorrectly identified as positive  
(false positives).

The negative predictive value is the fraction of individuals with a negative result 
who indeed do not have the pathology (the probability of not having the condition 
with a negative result).

The reasoning we applied to sensitivity can now be extended to specificity and 
negative predictive value. Specificity is based on cells B and D.  In determining 
specificity, no account is taken of individuals who, according to the reference  
standard, do have the condition. However, from a practical standpoint, we are  
more interested in the question, “What does it mean if a person tests negative on  
the clinical test?” This is where the negative predictive value becomes relevant.

�Likelihood Ratios

Clinicians are quite familiar with the concepts of sensitivity, specificity, and predic-
tive values. A less well-known but equally interesting characteristic of clinical tests 
is the likelihood ratios (LR). These ratios use the concepts of specificity and sensi-
tivity to calculate the probability of a condition.

Specificity = number of true negatives/(number of true negatives + number of 
false positives)
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The LR indicates how much more likely a person with the condition is to have a 
positive test result compared to a person without the condition. The positive LR 
(LR+) is typically a number greater than 1, while the negative LR (LR-) is typically 
less than 1.

LR+ is the ratio of the probability of a positive test result in individuals with the 
pathology to the probability of a positive test result in individuals without the 
pathology. A diagnostic test becomes more informative as the LR+ increases. When 
a positive result is obtained with a high LR+, it is more likely that the pathology  
is present.

LR- is the ratio of the probability of a negative test result in individuals with the 
pathology to the probability of a negative test result in individuals without the 
pathology. A diagnostic test becomes more informative as the LR- decreases 
(approaches zero). With a negative result and a low LR-, it is much less likely that 
the pathology is present.

The following values are typically used for interpreting the likelihood ratio:

>10: Strong increase in the likelihood of a condition
5–10: Moderate increase in the likelihood of a condition
2–5: Small increase in the likelihood of a condition
1–2: Minimal increase in the likelihood of a condition
1: No change in the likelihood of a condition
0.5–1.0: Minimal decrease in the likelihood of a condition
0.2–0.5: Small decrease in the likelihood of a condition
0.1–0.2: Moderate decrease in the likelihood of a condition
<0.1: Large and often decisive decrease in the likelihood of a condition

How do you use these ratios in practice? Based on the medical history, and preva-
lence of a condition, an estimate is made of the probability of a specific shoulder 
condition. Let us take the example of glenohumeral instability, using the apprehen-
sion test. According to a study by Noorani et al. [115], the prevalence of atraumatic 
instability is estimated between 2% and 30% (with an average of 16%). The appre-
hension test has a sensitivity of 70% and a specificity of 96% for apprehension as 
the main symptom [116]. This results in an LR+ of 17.5 and an LR- of 0.31. Next, 
we plot the pretest probability on the likelihood ratios in a nomogram. As you can 
see, the pretest probability of 16% increases to about 76% posttest if the test is posi-
tive. If the test is negative, the estimated probability of glenohumeral instability 
decreases from 16% to about 6%.

Likelihood ratio positive (LR+) = sensitivity/(1 − specificity)

Likelihood ratio negative (LR−) = (1 − sensitivity)/specificity
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As you can see, much depends on the pretest probability. We have now chosen  
a general prevalence. If we also consider a patient history of clicking and fear,  
along with a history of subluxation, our pretest probability would be closer to 30%. 
This would increase the posttest probability to 90%.

The nomogram (Fig. 8.8) provides a good estimate of the posttest probability of 
a condition. If the test is positive, we estimate this at around 76%. However, if you 
want more precise figures, you can also use the pretest odds. First, you convert the 
pretest probability into pretest odds:

Next, you calculate the posttest odds:

Fig. 8.8  Nomogram of 
Salkic 2009

Pretest odds × LR+ = 0.19 × 17.5 = 3.33

Pretest probability/(1 − pretest probability) = 0.16/(1–0.16) = 0.19
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Finally, we convert the posttest odds back into a posttest probability:

In the case of a negative test, this becomes:

So with our 6% estimate, we were not too far off. In summary, we want to use a 
test with the highest possible positive likelihood ratio to confirm the condition and 
a test with the lowest possible negative likelihood ratio to rule out the condi-
tion. Although these concepts like sensitivity, specificity and likelihood ratios are 
crucial in understanding the probabilistic and stepwise nature of diagnostic reason-
ing, we must acknowledge the fact that these are not constant numbers, as they will 
vary across patient subgroups.

�Inter-rater Reliability

Inter-rater reliability refers to the degree to which the observations of two or more 
independent raters agree. The outcomes can be expressed using either the intraclass 
correlation coefficient (ICC) or kappa. Kappa, also known as Cohen’s kappa, mea-
sures the agreement between two or more raters or observers, particularly for cate-
gorical data. A kappa value of 1 indicates perfect agreement. A kappa value of 0 
indicates that the agreement is no better than what would be expected by chance. 
Generally, a kappa score greater than 0.4 indicates moderate agreement, over 0.6 is 
considered good, and above 0.8 is nearly perfect.

In addition, the ICC is used for continuous data and assesses the reliability of 
measurements made by different raters. For the ICC, we aim for a score higher than 
0.75 to be considered good, with a preference for scores above 0.9 for use in clinical 
settings. Understanding these differences is crucial for selecting the appropriate 
measure of agreement based on the type of data being analyzed.

�Tissue Irritability

The irritability of your muscles, tendons, ligaments, etc., can best be described as 
the ability of this tissue to handle physical stress. For example, how do your tendons 
and muscles respond after you have exercised? Do you experience stiff muscles 
afterward? Do your tendons become painful? How long does this last, and when did 
the pain start? All of this determines your tissue irritability.

(Posttest odds)/(posttest odds) + 1 = 3.33/4.33 = 0.77 or 77%

Pretest probability/(1 − pretest probability) = 0.16/(1 − 0.16) = 0.19
Pretest odds × LR− = 0.19 × 0.31 = 0.059
Posttest odds/(posttest odds + 1) = 0.059/1.059 = 0.056 or 5.6%
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Why is this important? It is believed that exercise programs are best structured 
based on your tissue irritability. Generally, three levels of tissue irritability are 
described:

	1.	 High tissue irritability: You experience significant pain with arm movements in 
various directions, often rating it above 7/10. Additionally, you frequently feel 
pain at rest and during the night. When the therapist moves your arm, they are 
unable to test the full range of motion due to the pain, although they can achieve 
a greater range compared to when you attempt the movement actively.

	2.	 Moderate tissue irritability: You experience moderate pain with arm movements, 
typically ranging from 4 to 6/10. You occasionally feel pain at rest and during the 
night. Your range of motion is nearly the same whether you move your arm your-
self or the therapist moves your shoulder.

	3.	 Low tissue irritability: You experience minimal pain with arm movements, typi-
cally less than 3/10, and you have no pain at rest or during the night. Your range 
of motion is consistent whether you move your arm yourself or the therapist 
moves your shoulder.

�Multidimensional Load-Capacity Model

The multidimensional load-capacity model has long been the cornerstone of our 
clinical reasoning. It aligns well with the biopsychosocial framework, offering a 
robust approach for developing explanatory models for various conditions. 
Additionally, its clarity makes it accessible for patients, facilitating effective com-
munication about their complaints.

This model is grounded in a comprehensive load-capacity analysis, where “load” 
encompasses not only the physical stress on joints but also psychological and social 
stressors.

Load can be classified as general or local. General load includes broad factors 
such as prolonged physical exertion, increased work-related stress, alcohol abuse, 
and infections. Local load, on the other hand, pertains to tissue-specific stress, such 
as the mechanical strain on the rotator cuff during work or recreational activities. 
The load is then compared to the patient’s capacity to endure it, known as general 
capacity, or to the tissue’s capacity, referred to as local capacity.

Patients may experience reduced general capacity due to factors like decreased 
fitness, fatigue, poor sleep, age, stress, or increased susceptibility to infections. 
Similarly, local capacity may be diminished due to previous trauma, anatomical 
abnormalities, scarring, degeneration, or local inflammatory processes.

�Shared Decision-Making

Once the physical examination is complete, ask the patient to take a seat. Express 
your appreciation for sharing all the information and allowing the examination of 
their shoulder. Thank them for their cooperation and openness during the process.
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Shared decision-making aims to address the asymmetrical relationship between 
clinicians and patients. This means that as a clinician, you will make a treatment 
decision together with the patient. This collaborative approach helps the patient 
engage more easily in the treatment plan afterward. In clinical reasoning, we must 
be mindful of the patient’s knowledge, experiences, and preferences so that these 
can be incorporated into the decision-making process. You will provide the patient 
with information about the available treatment options, along with their pros and 
cons. This initiates the process known as shared decision-making.

If the patient asks what you would do, be honest. Give the person the same atten-
tion and care you would give to your mother, father, child, best friend, or loved one. 
Make them feel important and cared for. Take the time to listen and understand 
them. Communicate with empathy and respect and work together to make decisions 
through shared decision-making. By doing this, you build a therapeutic relationship 
with the patient, making them feel safe and understood.

�Did the Patient Understand?

To determine whether the patient has understood your explanation, you can start by 
asking the patient who they will share the information with. Then ask what they will 
tell them. Based on the patient’s response, you can assess if the information has 
been clearly conveyed. Obviously, if this is not the case, it is up to you as clinician 
to present the information in a different way.

Finding enough time for this can sometimes be challenging. If that is the case, 
sending health information via email could be a solution. You can refer the patient 
to specifically selected informational videos or texts. During a potential follow-up 
appointment, you can discuss with the patient what they saw in the videos or under-
stood from the texts. When the patient indicates what was difficult to understand, 
you can focus on educating them about that topic, discuss it, and, if necessary, pro-
vide additional resources.

�A Schematic Overview of Shoulder Examination

In a schematic overview of the examination, we propose a framework that can pro-
vide structure for the assessment of the shoulder (Fig. 8.9). This structure ensures a 
systematic approach to evaluating symptoms of a stiff, weak, unstable, neurogenic, 
or inflammatory shoulder.

The process begins with taking a thorough history including screening for seri-
ous pathology or other non-musculoskeletal sources of shoulder pain. Next, a com-
prehensive physical examination is performed, possibly supplemented by specific 
tests. Additionally, imaging such as X-rays, MRI, or ultrasound may be used to 
further support the diagnosis.

A Schematic Overview of Shoulder Examination
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Fig. 8.9  Schematic overview of the clinical examination of the shoulder. Based on personal com-
munication with Eoin Ó Conaire (www.ebtc.ie). Abbreviations: XR X-ray, USS ultrasound scan, 
MR magnetic resonance imaging, NCS nerve conduction study, CT computed tomography, ACJ 
acromioclavicular joint, OA osteoarthritis, GHJ glenohumeral joint, PCHA posterior circumflex 
humeral artery

The framework aims to provide structure in the complexity of a patient with 
shoulder pain. A more detailed discussion of the various conditions will follow later 
in this book.
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9Rotator Cuff-Related Shoulder Pain

Let us begin with the most common shoulder condition, previously known as shoul-
der impingement syndrome, now referred to as rotator cuff-related shoulder pain 
(RCRSP) [117]. Rotator cuff disorders are the most common cause of shoulder 
pain, with a lifetime prevalence of approximately 70% [118, 119].

�What Is Rotator Cuff-Related Shoulder Pain?

RCRSP was first described in 1972 [120] as impingement of the rotator cuff under 
the “roof” of the shoulder, namely, the coracoacromial ligament and the anterior 
third of the acromion. The tendons must pass through a small space between the 
roof of the shoulder (acromion) and the head of the humerus—known as the  
subacromial space. It was often suggested that RCRSP is caused by a narrowing of 
this subacromial space, which would lead to compression of muscles and tendons 
passing through, leading to degeneration and pain. This was initially described as 
shoulder impingement syndrome, and since then, many treatments have focused on 
increasing this space.

However, the cause of RCRSP appears to be more complex and dependent on 
multiple factors, such as overloading of the rotator cuff, shoulder instability, or  
possibly a scapular movement disorder. Other causes have also been identified. The 
varied nature of these potential mechanisms suggests that RCRSP is not a homoge-
neous entity but rather a heterogeneous syndrome. A lack of understanding regard-
ing the cause often hinders us from initiating successful treatment. A critical review 
of the impingement concept is essential for gaining insight and selecting the most 
effective therapeutic option to restore normal shoulder function.

Inherent to this syndrome and its associated therapies is the widespread belief 
that the aforementioned subacromial space has become too small for the structures 
passing through it, resulting in compression and pain. But is this really the case? 
This theory has become quite controversial [121]. The subacromial space is defined 
by the acromion and coracoacromial ligament as the upper boundary and the 
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humeral head as the lower boundary. A reduction in this space can only occur if 
either the upper boundary moves downward, the lower boundary moves upward, or 
both simultaneously. The lowering of the upper boundary is described in the scien-
tific literature as either a positional change of the acromion (and thus the scapula), 
an inappropriate shape of the acromion, or osteophyte formation under the  
acromion. Let’s dive into these options.

A movement disorder of the scapula is called scapular dyskinesis. Scapular dys-
kinesis is defined as an alteration in the normal movement pattern of the scapula and 
has been observed in patients with RCRSP [23]. Due to these findings, it is often 
assumed that shoulder pain develops because of scapular dyskinesis, as these move-
ment disorders could theoretically cause a downward shift of the acromion, thereby 
reducing the subacromial space. However, it has not been proven that scapular  
dyskinesis is the cause of shoulder pain.

Several studies have followed overhead athletes, such as in tennis and handball, 
over long periods to predict shoulder pain based on the presence of scapular dyski-
nesis. While two studies [122, 123] show a significant predictive value of scapular 
dyskinesis, four other studies [124–127] do not.  Notably, the predictive value 
reported in [122] was corrected by a later study [127], which added an equivalent 
number of female athletes to the sample, while the findings in [123] are confounded 
by the inclusion of cases with traumatic onset of pain, where scapular dyskinesis is 
unlikely to be the primary cause.

It is clear that the scapula plays a crucial role in the proper functioning of the 
shoulder. However, various studies have contributed to the cause-and-effect debate 
regarding the scapula. It has been proven that muscle activity in patients with shoul-
der pain can change because of the pain [128–130]. These changes in muscle activity, 
in turn, cause a movement disorder of the scapula, making it clear that this is often a 
consequence of the pain and not necessarily the cause of any impingement.

This brings us to another possible cause of the reduction in the subacromial 
space: the shape of the acromion. It has been previously suggested that the shape of 
the acromion contributes to the narrowing of the subacromial space. Various acro-
mion shapes have been described, such as the flat, hooked, and curved type. Based 
on the mechanistic theory of impingement, it has been proposed that the hooked 
type could be a possible cause of impingement. The angle of the acromion can 
potentially irritate the rotator cuff and cause symptoms. However, strong evidence 
supporting this is currently lacking [131, 132].

Consequently, it is not surprising that after analyzing 140 patients with shoulder 
impingement symptoms using MRI—some who underwent subacromial decom-
pression and others who did not—no significant differences were found between the 
two groups in terms of the number of rotator cuff tears or changes in rotator cuff 
muscle volume after 5 years [133]. This was confirmed a few years later in a large-
scale arthroscopic study with three groups (all RCRSP): arthroscopic subacromial 
decompression, arthroscopy without intervention, and no intervention. The results 
showed that increasing the subacromial space offered no added value compared to 
arthroscopy without intervention and no clinical advantage compared to a control 
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group without surgery [134]. These findings were later reinforced by a systematic 
review with meta-analysis, which concluded that subacromial decompression as a 
standard intervention is not justified as a treatment for RCRSP [135].

Does the subacromial space actually have any relationship to shoulder pain? 
Very little, according to an ultrasound study, which showed no differences between 
patients with and without impingement symptoms in terms of the size of the sub-
acromial space [136]. Similarly, the percentage of tendon thickness relative to the 
subacromial space, referred to as the occupation ratio, is no different in RCRSP 
patients compared to healthy individuals. Therefore, the subacromial space likely 
plays only a minor, often negligible, role in the patient’s pain. However, research 
typically focuses on the “average patient,” and as we all know, that average patient 
is rarely the one who walks into your clinic. In other words, be cautious with terms 
like “never” and “always.” The subacromial space may still play a relevant role in a 
specifically selected group of patients.

Moreover, the term “impingement” might be a misrepresentation [137, 138] and 
can have a nocebo effect. The word suggests a mechanical issue that can lead to 
avoidance behaviors. I might think that if I move my shoulder, my tendons will get 
pinched and the pain will worsen and therefore avoid those movements. Makes 
sense, right? But by doing so, the muscles and tendons around the shoulder are used 
even less, losing much of their strength, quality, and thus capacity to resist load. 
This, in turn, will cause problems the next time the patient performs a household 
task. Accurately diagnosing a condition can make treatment more effective, but that 
is not always the case with anatomically based diagnoses like “impingement.”

Fortunately, recent international literature offers new opportunities. These oppor-
tunities lie in creating a patient profile based on all aspects of the International 
Classification of Functioning (ICF). From this perspective, it appears that several 
factors are linked to RCRSP [137]. First, there is an imbalance between the demands 
placed on the rotator cuff and its ability to meet them. This is referred to as an imbal-
ance between the load and capacity of the rotator cuff. It is a mechanism at the root 
of many tendon problems, including in shoulder patients with RCRSP. Indeed, RCRSP 
largely refers to a tendon problem—tendinopathy—of the rotator cuff.

But it goes beyond that. In fact, it turns out that alcohol use, hormones, genetics, 
smoking, diabetes, and psychosocial factors can all influence the development and 
persistence of RCRSP. All these factors can create a situation where even a small or 
significant overload can lead to symptoms—a perfect environment for an inflamma-
tory response. In any case, it is clear that our shoulder tendons were not prepared for 
a particular task. But how exactly do these factors influence the tendon structure and 
its ability to handle load? To understand this, we need to take a closer look at the 
composition and function of our tendons.

Our tendons consist of multiple layers and are primarily made up of water, col-
lagen, and a small amount of elastin. Rotator cuff tendon tissue is about 70% water, 
with the rest (mainly) being type I collagen bound by the interfascicular matrix. The 
latter provides structure to the tendon. Type I collagen (typically produced by fibro-
blasts) forms tendon units, which are fascicles of fiber bundles. The fiber bundles, 
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in turn, are composed of fibrils, all aligned parallel to the long axis of the tendon. 
Thick and strong muscles create thick and strong tendons. The force of a muscle 
must be transferred to the bone to create movement. As a muscle gets stronger, so 
does the tendon, to fulfill its part of the task. Our tendons must work hard daily. In 
addition to frictional and compressive forces, they primarily endure tensile forces: 
the muscle pulls on the tendon. It is clear that tendons are essential for movement in 
our bodies, and they must be strong enough to withstand these tensile forces. A 
tendon must adapt by becoming stronger when the muscle pulls on it frequently and 
powerfully but weaker when the muscle pulls on it infrequently or lightly. The ten-
don adapts like a true chameleon.

Various cells play a role in the creation and maintenance of tendons, such as 
tenocytes, tenoblasts, fibroblasts, chondrocytes, and so on. Tenoblasts are immature 
cells that later develop into tenocytes. The latter help maintain a balance between 
the breakdown and buildup of our tendons. When do tenocytes become active? 
Precisely when they detect tensile forces in the tendon. These tensile forces—a type 
of mechanical stimulus—trigger intracellular processes that enhance collagen syn-
thesis. However, tensile forces also cause some breakdown, likely as an initial 
response to the load, followed by the tenocytes’ reaction to strengthen the tissue 
again. By allowing the tendon to rest after an exercise session, the buildup will sur-
pass the breakdown, and the tendon will become stronger.

If there is an imbalance between the buildup and breakdown of tendon tissue, the 
term “tendinopathy” emerges. Tendinopathy is considered the preferred term for 
persistent tendon pain and loss of function related to mechanical load. The tendon 
will weaken. It is still unclear whether a degenerative tendon can fully heal. 
However, this does not mean that improvement cannot occur. Even in a degenerative 
tendon, there are healthy areas that have the potential to regain strength. This con-
cept is illustrated by the “donut theory.” In this analogy, the tendon is compared to 
a donut, where the hole symbolizes the tendon issue. The idea is to focus on treating 
the donut—the healthy sections of the tendon—rather than the hole.

The effect of load on a tendon can also vary depending on intrinsic risk factors 
such as genetics, obesity, age, and loading history. We also cannot ignore the sub-
stantial evidence of inflammation in and around the tendon. In the past, the term 
“tendinitis” was abandoned due to the belief that there was no real inflammation. 
However, the evidence for inflammation is quite clear. Pro-inflammatory cells are 
significantly increased in the rotator cuff tendons in cases of tendinopathy. Tendon 
disorders are highly complex. Even with the vast amount of research published on 
this topic, it remains difficult to fully understand the inflammatory response.

If the evidence for impingement of subacromial structures is lacking, and we 
have increasing evidence of an intrinsic or tendinous origin of the pain, we should 
be able to provide the patient with a clear, understandable, and above all “correct” 
explanation of their pain. This explanation might include “Your pain is likely com-
ing from the muscles and tendons in and around your shoulder. These muscles and 
tendons have insufficient capacity, which may be the reason for the pain you feel 
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when lifting your arm. This capacity, for example, refers to tendon strength. Due to 
this lack of capacity, your tendons and muscles become overloaded, resulting 
in pain.”

�How Do you Recognize Rotator Cuff-Related Shoulder Pain?

Patients aged 50 or older, those with diabetes, and individuals who frequently per-
form overhead activities are at the highest risk for rotator cuff tendinopathy [139]. 
The clinical presentation typically includes vague pain around the shoulder when 
lifting the arm, sometimes radiating to the upper arm and elbow. Other shoulder 
conditions such as frozen shoulder,  glenohumeral instability, neck pain, or pain 
from trauma should be ruled out (Table 9.1).

�Step 1: Rule Out a Frozen Shoulder

A frozen shoulder (FS) is a pathology characterized by the spontaneous onset of 
shoulder pain accompanied by gradual limitations in both active and passive shoul-
der movements [140]. Diagnosing FS can be challenging and is sometimes initially 
confused with various differential diagnoses, such as (osteo)arthritis (OA), posterior 
dislocation, subacromial shoulder pain, and postoperative shoulder stiffness [141, 
142]. For a diagnosis of FS, the ROM must be restricted by at least 25% in at least 
two planes of movement and more than 50% in external rotation (with the arm in 0 
degrees of abduction) compared to the unaffected side. The symptoms must also be 
stable or worsening for at least 1 month [143]. Have a look at the chapter on frozen 
shoulder for a more detailed discussion of this condition and its clinical 
presentation.

Table 9.1  Clinical presentation of rotator cuff-related shoulder pain

Inclusion criteria Exclusion criteria
Pain in the deltoid region and upper arm
Pain during shoulder movements Previous trauma (e.g., subluxation, 

dislocation; except for microinstability)
Preexisting pain when reaching overhead or 
bringing the hand behind the back

Pain at rest

Pain when lying on the shoulder is possible
Pain triggered by neck movements
Distal neurovascular symptoms
Significant loss of ROM
Severe loss of external rotation ROM
Decrease in external rotation ROM with 
increased abduction

Typical pain present with loading, in particular, 
in shoulder abduction and external rotation
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�Step 2: Rule Out Shoulder Pain of Cervical Origin

In an international Delphi study, physical therapists specializing in shoulder care 
have come to an agreement on important factors to consider when screening the 
spine in individuals with shoulder pain. These factors include the location of  
symptoms distal to the shoulder, any current or past neck pain, symptom changes 
associated with neck movements, and the presence of neuropathic-like symptoms. 
Although it is usually sufficient to examine the neck in patients presenting with 
shoulder pain through an active range of motion test of the neck to see if it provokes 
any shoulder pain, this Delphi study also highlighted the significance of adding  
the Spurling test and techniques for modifying symptoms related to the spine [144]. 
We refer to the chapter on neurological-related shoulder problems and more  
specifically the cervical radiculopathy section, for further reading.

�Step 3: Rule Out Trauma-Related Pain

Ruling out trauma-related pain is primarily based on history taking. If the patient 
reports such trauma, imaging may be used to rule out a shoulder fracture or disloca-
tion. On the other hand, glenohumeral instability may also be present. Shoulder 
instability often begins with a specific incident or activity, indicating a possible 
structural lesion. Both anterior and posterior instability can also involve one or more 
incidents of dislocation or subluxation.

However, international Delphi shoulder experts reached a consensus that rotator 
cuff tears in younger patients (under 40) can stem from either traumatic or atrau-
matic causes, particularly in the context of overhead sports, where microinstability 
may develop. However, the relationship between microinstability and rotator cuff 
disorders is debated, with some suggesting that this laxity might even serve as a 
protective mechanism against impingement [145].

Anterior instability is typically characterized by a positive apprehension, reloca-
tion, and release test, where the patient reports typical symptoms such as a feeling 
of instability, fear of movement, and clicking when the arm is placed in abduction 
and external rotation. We will discuss this further in the chapter on glenohumeral 
instability.

�Step 4: Eliciting the Typical Pain in RCRSP

Would you like to perform additional tests to support your diagnosis? There are 
dozens of tests available, but they come with various challenges. Strong systematic 
reviews and even meta-analyses have investigated the sensitivity, specificity,  
and likelihood ratios of different orthopedic tests for shoulder pain [146, 147].  
The results, however, are disappointing. Aside from standardizing the reproduction 
of pain, these tests do not offer much extra information. Even when combining 
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different orthopedic tests, there was only a limited increase in clinimetric accuracy 
[147]. This could be for several reasons. First, all clinical tests are positive based on 
the symptom of pain, which is a very subjective and unreliable indicator in patients 
with chronic pain syndromes. Second, imaging techniques like ultrasound, MRI, or 
arthroscopy are often used as the reference standard to assess the accuracy of clini-
cal tests [148]. However, this method is highly questioned, especially given the 
weak relationship between imaging findings and patient symptoms [136, 149–157]. 
Third, the lack of reliable diagnostic tests for RCRSP can be explained by changes 
in the mechanosensitivity of the soft tissues in the shoulder [158]. This means that 
any cause of shoulder inflammation can lead to an irritable shoulder joint, making it 
difficult to distinguish between different shoulder conditions or anatomical struc-
tures. A Delphi study among international shoulder experts also reported that no 
items reached consensus within the “special tests” diagnostic domain [145]. Finally, 
the validity of these tests can also be questioned, as they primarily aim to reduce the 
subacromial space to provoke pain. However, if the subacromial space is not the 
main cause of shoulder pain, these tests are essentially targeting a mechanism that 
may not be relevant.

Pain related to mechanical load is a key indicator of rotator cuff-related shoulder 
pain (RCRSP) in subjective assessments. While RCRSP has multiple causes,  
poor load management—such as excessive or altered loading on subacromial  
structures—appears to be a primary factor influencing its development and progres-
sion. Pain behavior in RCRSP resembles that of tendinopathies, showing variability 
based on load. This condition is particularly common among active individuals and 
those involved in overhead sports, often affecting the dominant shoulder. The Delphi 
study experts noted that pain is the most frequently reported in the deltoid region, 
with some cases extending to the forearm [145].

Due to the limited clinical value of these additional tests and the uncertainty of 
imaging in confirming a diagnosis or determining which tissues are responsible for 
the patient’s symptoms, our clinical reasoning has shifted toward identifying treat-
able factors. One such method is the use of symptom modification procedures 
[159–161]. This includes techniques like manually correcting the scapula during 
arm movements. If symptoms improve, the complaint may be attributed to the scap-
ula, giving us a treatable factor. For instance, there is the scapular retraction test 
(SRT), where you ask the patient to place their arms in the empty can position while 
the clinician stabilizes the scapula of the affected side in a posterior tilt and external 
rotation. You then apply downward pressure on the affected arm (as in the empty can 
test) and assess whether scapular retraction reduces symptoms. Symptom reduction 
is considered a positive test, possibly indicating scapular involvement? Unfortunately, 
it is not that simple. Further research of this method sometimes led to surprising 
results. A positive SRT was found to be related to the status of the rotator cuff [162]. 
Surprising but not irrational. Many scapular symptom modification tests seem to 
assist the rotator cuff in its function. Symptom reduction could therefore provide 
information about both the rotator cuff and the scapula.
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Two things are certain: first, a positive symptom modification test likely points to 
a musculoskeletal problem, which is why these tests are often positive in rotator 
cuff-related issues. However, this approach clearly requires further research. 
Second, our special clinical tests are not as special as we once thought when it 
comes to diagnosing RCRSP [163]. As previously mentioned, there is a clear lack 
of diagnostic accuracy in the special orthopedic tests commonly used for 
RCRSP. Recognizable pain should be reproduced with load/resistance tests, which 
typically involve abduction with external rotation. For this reason, provocative tests 
are valuable in standardizing the typical pain pattern in your patients.
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10Biceps Tendon Pathology

Some researchers consider the musculus biceps brachii (m. biceps brachii) and its 
long head (long head biceps tendon, LHBT) as part of the pathological picture in 
rotator cuff-related shoulder pain. Therefore, they recommend a clinical examina-
tion and a treatment plan aligned with RCRSP. While we certainly understand this 
approach, we have dedicated a separate chapter to this specific pathology due to the 
fundamental differences in anatomy, biomechanics, function, and management.

It is indeed often observed that there is concurrent rotator cuff pathology present 
with LHBT tendinopathy. Notably, there are strong associations with the tendon of 
the subscapularis  muscle (m. subscapularis). Additionally, isolated tears of 
the supraspinatus muscle (m. supraspinatus) and m. subscapularis have been found 
in combination with LHBT instability. For example, it is also common to see rotator 
cuff tears in the absence of the LHBT.

The long head of the biceps brachii muscle originates from the supraglenoid 
tubercle and the superior labrum, passing through the rotator cuff interval. This 
tendon runs intra-articular until it exits the glenohumeral capsule and continues 
through the intertubercular groove. Further down, the LHBT merges with the short 
head to form the m. biceps brachii.

Distally, there is only one tendon, which attaches at the level of the radius. The 
literature describes several anatomical variations in the m. biceps brachii, both 
proximally and distally, with frequent reports of a congenitally absent LHBT. Much 
has been written and debated about the anatomy and especially the function of the 
m. biceps brachii and the LHBT [164]. Aside from the logical activity of the m. 
biceps brachii during elbow flexion, supination, and some  shoulder anteflexion, 
there is also consensus that, in healthy shoulders, the LHBT plays a role in shoulder 
movements from 90 degrees of abduction, typically during overhead arm movements.

Multiple studies indicate that the m. biceps brachii plays a stabilizing role in the 
glenohumeral joint. However, there is limited direct evidence regarding the involve-
ment of the long head of the biceps tendon (LHBT) in shoulder proprioception. 
Conversely, shoulder pain may influence how the biceps brachii is recruited. Could 
it be the other way around?

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_10&domain=pdf
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Unfortunately, the functional role of the LHBT in the shoulder is still not well 
understood, and its contribution to shoulder movement and stability remains unclear. 
In addition, the impact of LHBT surgery on shoulder function and the progression 
of rotator cuff pathology remains unknown.

�What Are the LHBT Pathologies?

The most common pathologies associated with the LHBT are tendon instability, 
tendinopathy, tendon ruptures, and superior labrum anterior-posterior (SLAP) 
lesions. The latter will be discussed in a separate chapter.

Instability of the LHBT is a common cause of shoulder pain. We clearly see that 
the LHBT must make a sharp turn when it exits the intertubercular groove. The 
capsuloligamentous sling, consisting of the superior glenohumeral ligament (SGHL) 
and the coracohumeral ligament (CHL), plays a stabilizing and supportive role in 
this sharp bend as the LHBT moves from the intertubercular groove to the supragle-
noid tuberosity. The superior insertion of the subscapularis tendon also plays a cru-
cial role in maintaining the integrity of the LHBT. All of this prevents anteromedial 
displacement of the LHBT.

The first signs of biceps instability can be subtle, with only a slight medial dis-
placement of the LHBT. Severe subluxations or dislocations of the LHBT from the 
bicipital groove can be easily identified through imaging. Various researchers have 
developed different classification systems. The simplest describe only three patterns 
based on the direction of the luxation to medial, lateral or both [165].

The LHBT is of particular interest due to its association with the rotator cuff, 
where tendinopathy can occur from repetitive shoulder motions. Pain at the LHBT 
is no different from other tendon pain, being a complex, multifaceted experience 
initiated by noxious stimuli, involving sensory and emotional components influ-
enced by social and environmental factors [166]. Chronic LHBT pain, particularly 
associated with tendinopathy, remains poorly understood. LHBT tendinopathy 
refers to tendon pathology characterized by the disruption of normal collagen struc-
ture, often linked to overuse, resulting in pain during activity and reduced functional 
strength.

�How Do You Recognize an LHBT Pathology?

As with RCRSP, we are dealing with limited diagnostic value from individual ortho-
pedic tests. Several systematic reviews and diagnostic studies have examined the 
validity of orthopedic tests for LHBT pathology and have shown substantial vari-
ability. This variability can partly be explained by the different presentations of 
LHBT patients: reactive tendinopathy versus degenerative tendinopathy. In any 
case, the clinical picture often resembles that of RCRSP patients and frequently that 
of patients with labrum lesions as well.
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The patient will almost always report symptoms at the anterior side of the shoul-
der. During the reactive phase, the symptoms can be quite intense at night, espe-
cially when the patient lies on the affected side, and the pain is often rather sharp. In 
the more chronic phase, the pain becomes more blunted and is described as dull. 
During both the reactive and degenerative phases, symptoms can radiate along the 
anterior/lateral side of the upper arm.

Tests such as the Yergason test (LR+ 1.94 and LR− 0.74) (Fig. 10.1) and the 
uppercut maneuver (LR+ 3.38 and LR− 0.34) (Fig. 10.2) could potentially be valu-
able [167–170]. The Yergason test is particularly useful when the result is positive, 
while the uppercut maneuver is informative for both negative and positive results. 
Unfortunately, the clinimetric properties of these tests are not outstanding, resulting 
in only a slight increase or decrease in the likelihood of LHBT pathology. Combining 
these orthopedic tests does little to enhance their effectiveness [147, 171].

�The Yergason Test

During the Yergason test (see Fig. 10.1), the patient sits or stands while you, the 
practitioner, stand beside the patient on the affected side. Ask the patient to flex  
the elbow at 90 degrees and pronate the forearm. With your opposite hand, palpate 

Fig. 10.1  The 
Yergason test
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the long head of the biceps tendon in the intertubercular sulcus. Grasp the patient’s 
wrist with your corresponding hand. Ask the patient to simultaneously flex the 
elbow and supinate the forearm. You apply resistance to both movements.

The test is positive if the patient feels pain around the bicipital groove and/or if 
there is subluxation of the long head of the biceps.

�The Uppercut Maneuver

During the uppercut maneuver (Fig. 10.2a, b), the patient sits or stands while you, 
the practitioner, stand beside them on the affected side. You then ask the patient to 
actively lift their arm and bring it into slight internal rotation, with the elbow flexed, 
as if performing an uppercut, while you apply resistance throughout the entire 
movement.

The test is positive if the patient experiences pain around the bicipital groove 
and/or if there is subluxation of the long head of the biceps.

a b

Fig. 10.2  (a, b) The uppercut maneuver
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11Labral Injury

The glenoid labrum consists of a fibrous, cartilaginous, oval-shaped structure. For 
the most part, the labrum adheres closely to the edge of the glenoid. The long head 
of the biceps brachii muscle attaches to the supraglenoid tubercle and the superior 
part of the labrum. However, numerous anatomical variations have been 
described [172].

Under normal conditions, the labrum is well rounded and mobile in relation to 
the glenoid, but in some cases, part of the labrum may become detached or even be 
absent. The labrum serves as a passive stabilizer to prevent subluxation of the 
humeral head [173, 174].

�What Is a Labral Injury?

Labral injuries are often linked to issues with the long head biceps tendon (LHBT). 
This connection is due not only to their shared anatomical region but also because 
they frequently occur in the same population. In 1990, the term SLAP lesion was 
introduced [175], which stands for superior labrum, anterior to posterior.

Labral injuries are typically classified by their location. For example, Snyder 
described six labral regions (Fig. 11.1) [175].

In a stable shoulder, labral injuries primarily occur in sector 1, where the long 
head of the biceps brachii muscle attaches. Sectors 4 and 5 are rare here [176].

The main mechanisms causing labral injuries include compression trauma from 
the humeral head against the labrum [177], heavy lifting [178, 179] repetitive over-
head movements, traction trauma, or microtrauma due to a peel-back mechanism 
[175, 180, 181].

Isolated SLAP lesions are rare, and many patients have additional injuries, such 
as rotator cuff tears or instability [182]. However, having a SLAP lesion does not 
necessarily mean there is pain. These injuries are often documented in a large num-
ber of asymptomatic individuals [183, 184].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_11&domain=pdf
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Fig. 11.1  Labral locations 
based on Snyder’s 
classification [175]

�Labral Tears in Sector 1 (SLAP Lesions)

SLAP stands for superior labrum from anterior to posterior, although the location of 
these lesions typically runs from posterior to anterior. These injuries occur in the 
complex involving the labrum and the long head of the biceps brachii muscle, cor-
responding to sector 1 according to Snyder. It is estimated that the majority 
(80–90%) of labral injuries are SLAP lesions, though they are only visible in about 
6% of shoulder arthroscopies [185]. As mentioned earlier, anatomical variants can 
sometimes present a similar appearance, making interpretation challenging. SLAP 
lesions can be categorized into eight types, ranging from degenerative lesions to 
various types of labral tears depending on their shape and size.

�Labral Tears in Sector 2 and Sector 6

Sector 2 labral tears involve the anterior labrum and are often accompanied by a tear 
of the medial glenohumeral ligament.

Sector 6 labral tears are located posteriorly and are less common than sector 1 
and 2 labral tears. This type of labral tear can extend superiorly to a SLAP lesion 
and is frequently seen in overhead throwers due to the peel-back phenomenon in an 
abduction external rotation position of the shoulder [186]. The pain is often 
explained by impingement of the posterior labrum.

�Labral Tears in Sector 3 and Sector 4

These tears are located in the anterior and inferior regions and are often associated 
with anterior shoulder instability. Additionally, tears of the inferior and/or medial 
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glenohumeral ligament are commonly seen, with or without accompanying bone 
injuries in the same area. A gleno-labral articular disruption (GLAD) lesion can 
sometimes be observed here. This involves an impact injury on the anterior edge of 
the glenoid.

Bankart lesions are also found in these anterior and inferior sectors. They involve 
a detachment of the anterior labrum, which may or may not be associated with an 
accompanying anterior bone injury. A Bankart lesion can sometimes extend superi-
orly and reach a SLAP lesion.

�Labral Tears in Sector 5

Posterior and inferior labral tears are typically associated with posterior instability, 
which occurs much less frequently than anterior instability. These lesions are some-
times referred to as reverse Bankart lesions. As with anterior tears, they may also be 
accompanied by cartilage damage.

�How Do You Recognize a Labral Injury

The clinical presentation of a patient with a labral injury can be highly variable, 
making SLAP lesions difficult to diagnose. They often occur alongside other shoul-
der pathologies, and the reported diagnostic accuracy of examination tests is gener-
ally poor. Some patients may report a clicking or locking sensation, while others 
feel as though something shifts in the shoulder. Symptoms can range from instabil-
ity to stiffness, but the most common complaints are usually pain or instability. 
Also, a feeling of weakness when the arm is in 90 degrees of abduction and external 
rotation is common.

The clinical assessment of labral injuries is based on the patient’s history, physi-
cal examination, and imaging. There are some specific clinical tests that are consid-
ered reliable for detecting labral injuries [187]. However, they are often not sensitive 
or specific enough to definitively diagnose a SLAP lesion [167, 188]. More recent 
research suggests that a combination of two tests, the biceps load I (+LR: 29.09; −
LR: 0.09) and biceps load II (+LR: 26.32; −LR: 0.11) [187], may be sufficient to 
diagnose a SLAP lesion [189].

�The Biceps Load I Test

The test is performed in supine. You, the practitioner, stand beside the patient and 
hold their elbow and wrist. Bring the arm into 90 degrees of abduction and 90 
degrees of elbow flexion, with the forearm in supination. Ask the patient to relax. 
Next, move the arm into maximum external rotation while keeping the upper arm in 
90 degrees of abduction. Then instruct the patient to bend their elbow.

This test is positive if the typical pain occurs (Fig. 11.2).
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Fig. 11.2  The biceps load 
I test

Fig. 11.3  The biceps load 
II test

�The Biceps Load II Test

The test is also performed in supine. You, the practitioner, stand next to the patient 
and hold the elbow and wrist. Position the shoulder in 120 degrees of abduction and 
maximum external rotation, with the elbow at 90 degrees of flexion and the forearm 
in supination. Ask the patient to flex their elbow while you apply resistance.

This test is considered positive if pain occurs during resisted elbow flexion or if 
there is more pain when resisting elbow flexion than before (Fig. 11.3).

11  Labral Injury
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12Rotator Cuff Tears

Rotator cuff tears are quite common, but there is currently little consensus on 
whether these structural changes in the rotator cuff are actually the cause of shoul-
der pain. This is because many people with structural changes in their rotator cuff 
experience no pain [190]. For example, more than 50% of people over 80 have an 
asymptomatic rotator cuff tear.

Although rotator cuff degeneration increases rapidly in the general population 
from the age of 50–55 and peaks at 80, most shoulder pain is reported between the 
ages of 60 and 65. This suggests that there is no proportional relationship between 
the severity of degeneration and shoulder pain.

�What Is a Rotator Cuff Tear?

Rotator cuff tears can be divided into traumatic and nontraumatic tears. Traumatic 
tears tend to occur more often in younger athletes, while nontraumatic tears are 
more common in patients over 40. Nontraumatic tears are also referred to as degen-
erative tears.

But which tears cause the most pain? And does the amount of shoulder pain give 
us an idea of the size of the tear? Not really. First of all, pain is a poor indicator of 
the size of the tear. In fact, small partial tears can cause more pain than a fully torn 
tendon [191]. More importantly, the location of the tear matters. Tears in the rotator 
cable, the thick fibrous bundle that acts like a “suspension bridge” to transmit forces 
to the rotator cuff, tend to cause more discomfort than tears elsewhere in the rota-
tor cuff.

A specific subgroup of rotator cuff tears is known as massive rotator cuff tears. 
These are classified as massive when more than one tendon of the rotator cuff is torn 
[192]. Massive rotator cuff tears make up approximately 10–40% of all rotator cuff 
tears and 80% of all recurrent tears [193]. Most patients with massive tears are often 
unable to lift their hand above their head or actively raise the affected arm above 
shoulder height, a condition referred to as pseudoparalysis [194, 195].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_12&domain=pdf
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This occurs mainly when the patient has torn more than one rotator cuff tendon, 
often involving the entire posterior row of the rotator cuff. As a result, the patient 
loses control of the humerus in the glenoid cavity, causing the humerus to migrate 
superiorly and encounter the acromion. This impairs the ability to lift the shoulder, 
making it appear as though the patient is paralyzed. However, this is not a neuro-
logical issue; the nerve function is still perfectly fine. The problem lies in the rotator 
cuff’s inability to perform its primary function of keeping the humeral head cen-
tered in the glenoid. While some of these patients can be asymptomatic, many expe-
rience worsening pain and weakness in the involved shoulder and pain when they 
elevate the affected arm above shoulder height or in some cases above 45 
degrees [193].

Not all massive rotator cuff tears are irreparable. However, in elderly patients, 
the poor quality of tendon tissue can lead to high failure rates in surgical repairs. It 
is suggested to base clinical decision-making on at least four criteria: degree of 
tendon retraction, the amount of fatty infiltration, the acromiohumeral distance, and 
a positive tangent sign [193]. The latter is a sign on MRI, when the supraspinatus 
muscle does not cross a line drawn through specific anatomical landmarks.

�How Do You Recognize a Rotator Cuff Tear?

The presentation of patients with a rotator cuff tear can be very variable. Some 
patients show severe functional limitations, while others may have no symptoms at 
all [196]. Patients often experience a gradual or insidious onset of pain, typically 
worsened by activities such as overhead movements, reaching, lifting, carrying, or 
pushing.

Patients with symptomatic rotator cuff tears generally report pain, mild restric-
tions in movement, scapular dyskinesis, and increased activation of surrounding 
shoulder muscles, despite a loss of shoulder muscle strength [130, 196]. The loca-
tion of the pain resembles that of a rotator cuff-related issue, typically over the 
anterolateral shoulder, extending into the upper arm and posteriorly near the del-
toid muscle.

Positive drop or lag signs may also be present. The patient might be able to lift 
their arm to 180 degrees, but when lowering it, the arm suddenly “drops” with an 
accelerated movement, known as the drop sign. A lag sign, on the other hand, indi-
cates the patient’s inability to hold the arm in a certain position. However, the clini-
metric properties of these tests are not perfect, so they should be used with caution. In 
cases of massive tears, patients may exhibit pseudoparalysis.

Usually, a cluster of clinical tests is recommended [147, 196], such as a combina-
tion of the drop sign [197] (sensitivity 73%, specificity 77%) and an external rota-
tion lag sign (sensitivity 97%, specificity 93%) [198] or internal rotation lag sign 
(sensitivity 100%, specificity 84%) [197]. Additionally, the combination with 
age >65 years and nocturnal pain increases the likelihood. Weakness in external 
rotation can be detected with the external rotation lag sign [199]. A positive horn-
blowers sign may indicate degeneration of the teres minor muscle (sensitivity 
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17–100%, specificity 93–96%; LR+4.25) [200, 201]. However, a negative test does 
not rule out the presence of a tear.

�The Drop-Arm Sign

In the drop-arm sign (Fig. 12.1a, b), the patient is either seated on the examination 
table or standing. You, the practitioner, stand on the affected side. Bring the patient’s 
arm into 90 degrees of abduction and some external rotation (forearm can be pro-
nated as in Fig. 12.1). Then ask the patient to hold this position while you remove 
the support.

This test is positive if the patient is unable to maintain this position and cannot 
lower the arm slowly and in a controlled manner.

�The External Rotation Lag Sign

In the external rotation lag sign (Fig. 12.2a, b), the patient is either seated on the 
examination table or standing. You, the practitioner, position the patient’s arm in  
90 degrees of abduction and maximal external rotation, with the elbow at 90 degrees 

a b

Fig. 12.1  (a, b) The drop-arm sign

a b

Fig. 12.2  (a, b) The external rotation lag sign

How Do You Recognize a Rotator Cuff Tear?
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a b

Fig. 12.3  (a, b) The internal rotation lag-sign/lift off test

of flexion. Then slightly move the shoulder back to avoid elastic recoil. Ask the 
patient to maintain this position while you release their wrist. The elbow remains 
supported.

This test is positive if the shoulder moves into internal rotation after releasing 
the wrist.

�The Internal Rotation Lag Sign/Lift-Off Test

In the internal rotation lag sign (Fig. 12.3a, b), the patient is either seated on the 
examination table or standing. The shoulder is internally rotated by bringing the 
patient’s arm behind their back. The elbow is flexed to 90 degrees. The practitioner 
slightly lifts the shoulder away from the patient’s back via the elbow and wrist, stop-
ping just before maximal internal rotation. Ask the patient to hold this position and 
release the wrist. Continue to support the elbow.

This test is positive if the back of the hand falls against the back once the wrist is 
released.

�The Hornblowers Test

In the hornblowers test (Fig. 12.4), the patient sits upright in a chair. The patient 
brings the arm to 90 degrees of abduction in the scapular plane, with the elbow 
flexed at 90 degrees. Move the arm into submaximal external rotation and  
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Fig. 12.4  The 
hornblowers test

ask the patient to externally rotate the forearm against the resistance of the  
practitioner’s hand.

The test is positive if the patient is unable to externally rotate the arm.
Alternative: The same can be assessed by having the patient actively bring their 

hand toward their mouth. If there is insufficient strength for external rotation, the 
elbow will be raised during this motion.

How Do You Recognize a Rotator Cuff Tear?
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13Calcific Rotator Cuff Tendinopathy

When we think of rotator cuff-related shoulder pain, we automatically think of  
calcific tendon issues.

Calcific tendinopathy frequently occurs in the tendons of the supraspinatus 
(80%), infraspinatus (15%), and subscapularis (5%) [202, 203]. It is typically 
observed in adults between the ages of 30 and 60 [204], and X-rays show its pres-
ence in 2.7–10.3% of all adults, while ultrasound and MRI studies report even 
higher rates, around 20% [202, 205]. Women are slightly more at risk for this condi-
tion, as well as patients with hypothyroidism and diabetes.

�What Is Calcific Rotator Cuff Tendinopathy?

In the past, various terms have been used, such as calcific tendinitis, calcific periar-
thritis, and tendinosis calcarea. The term “calcific tendinopathy” is now considered 
the most appropriate.

Calcium deposits are often detected in people without shoulder pain, but when 
they cause symptoms, the condition is diagnosed as calcific rotator cuff tendinopa-
thy. Approximately 30–50% of calcified rotator cuff tendons are symptomatic. 
However, the origin of the calcification remains a mystery. Several hypotheses have 
been suggested, going from metabolic changes, mechanical overload to age-related 
changes, and genetic factors. These theories exist, but none have been fully proven. 
One theory holds steady: under normal conditions, tendon stem cells differentiate 
into tenocytes, allowing for tendon regeneration and repair. However, under altered 
conditions, tendon stem cells differentiate into chondrocytes and osteoblasts instead 
of tenocytes, leading to the formation of calcium deposits within the tendon [206]. 
The future will tell which theory is dominant or whether it is a combination of  
different theories.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_13&domain=pdf
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The condition has three stages, i.e., precalcification, calcification, and postcalci-
fication, with symptoms reportedly peaking during the calcium resorption process 
at the end of the calcification stage. The precalcification stage is considered asymp-
tomatic and is characterized by the presence of chondrocyte-like cells.

The calcification stage is divided into a formation phase, resting phase, and 
resorption phase and can last from several months to several years. During these 
phases, calcium deposits form and may spontaneously resorb at the end. It is often 
during this final phase that pain is commonly reported.

The postcalcification stage is no longer painful and involves the remodeling of 
the tendon tissue. The calcification process can also trigger an inflammatory mecha-
nism. This induces neovascularization and neo-innervation, likely responsible for 
the pain sensations and observations during power Doppler ultrasound. A positive 
power Doppler signal within the calcification is indeed strongly associated with 
pain [207].

�How Do You Recognize Calcific Rotator Cuff Tendinopathy?

It may not surprise you to hear that there are currently no specific shoulder tests 
recommended for diagnosing calcific rotator cuff tendinopathy. Diagnosis involves 
a thorough medical history and clinical examination, followed by imaging to  
confirm the presence of calcifications in the rotator cuff tendons. The uncertain 
relationship between the presence of calcifications and symptoms makes diagnosis 
challenging. How confident are we that the two are related? It turns out to be about 
50/50. At least 50% of rotator cuff calcifications are likely asymptomatic.

Clinically, we already know that most pain occurs during the resorptive phase. 
This pain can be short lived or last for several weeks [207, 208]. Additionally, 
patients often report tenderness at the rotator cuff insertion, night pain, and limited 
range of motion [209]. The pain is less likely to radiate distally compared to 
RCRSP [210].

13  Calcific Rotator Cuff Tendinopathy
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14Frozen Shoulder

A frozen shoulder is also known as adhesive capsulitis. The term “frozen shoulder” 
is preferred because it covers the entire progression of the condition. Adhesive cap-
sulitis specifically refers to an inflammatory process present only in the early stages 
of a frozen shoulder.

A frozen shoulder appears to be unique to the shoulder. Although cases of adhe-
sive capsulitis have been reported in the knee, hip, and ankle [211, 212], these are 
rare exceptions.

�What Is a Frozen Shoulder?

While no definite cause has been identified, several key mechanisms are involved in 
the pathogenesis of a frozen shoulder. The primary cell type within the glenohu-
meral capsule is the fibroblasts, which keep the capsule healthy and maintain a sup-
portive yet flexible structure. In a frozen shoulder, this typical collagen structure is 
disrupted by the gradual fibrosis of this connective tissue membrane and thickening 
of the adjacent synovial membrane. These fibrotic changes are accompanied by 
inflammation, angiogenesis/neovascularization, and neo-innervation. As a result, 
joint volume is reduced, and the capsule’s stiffness increases, leading to restricted 
movements and pain.

Thus, a frozen shoulder is characterized by tissue fibrosis of the shoulder cap-
sule, likely triggered by an immune response and modulated by cytokines, growth 
factors, and enzymes. Of these enzymes, matrix metalloproteinases (MMPs) play a 
particularly important role. MMPs are involved in the breakdown of the extracellu-
lar matrix. Tissue inhibitors of metalloproteinases (TIMPs) inhibit the activity of 
MMPs. A good balance between the two is crucial, as MMPs (and their inhibitors, 
the TIMPs) regulate matrix remodeling, which becomes dysregulated in frozen 
shoulder [213].

Frozen shoulder affects about 2–5% of the population [214, 215], typically 
between the ages of 40 and 65, with women being slightly more affected than men. 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_14&domain=pdf
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There is a characteristic peak around the age of 50 [216]. Frozen shoulder is, there-
fore, a common shoulder condition associated with pain and progressive loss of 
shoulder mobility.

In theory, a frozen shoulder can be classified as either primary or secondary. 
Primary refers to an unknown cause, while secondary is linked to trauma, surgery, 
or other pathologies such as RCRSP. The underlying cause of the entire process can 
sometimes be a minor injury or accident, a shoulder surgery, or, in some cases, no 
specific cause can be identified.

Frozen shoulder has been associated with a range of comorbidities, including 
cardiovascular diseases, Parkinson’s disease, stroke, hyperthyroidism, and espe-
cially diabetes mellitus, where the incidence of frozen shoulder can reach up to 
nearly 60% [88, 213]. Additionally, in individuals with diabetes, frozen shoulder 
tends to last longer and have a worse prognosis than in those without diabetes. This 
association is likely multifactorial due to the presence of chronic low-grade inflam-
mation in people with diabetes and the presence of advanced glycation end products 
(binding of glucose to proteins, AGEs). AGEs contribute to fibrosis and inflamma-
tion in various organ systems of people with diabetes. First, AGEs form cross-links 
between collagen molecules, leading to resistance to proteolysis and reduced tissue 
compliance. Second, AGEs stimulate the production of pro-inflammatory and pro-
fibrotic cytokines and immune cells. Lastly, AGEs can also contribute to the imbal-
anced MMP and/or TIMP activity observed in all diabetic organ systems.

Other risk factors associated with frozen shoulder include hyperlipidemia, 
Dupuytren’s disease, autoimmune diseases, smoking, obesity, and a low level of 
physical activity. These conditions are all linked to chronic low-grade inflammation, 
which has also been associated with frozen shoulder [217]. Several theories connect 
frozen shoulder to these conditions. Additionally, it is quite mysterious that once 
you have had a frozen shoulder, you are unlikely to get it again in the same shoulder. 
So, the good news is that you can only develop a frozen shoulder a maximum of two 
times in your life.

The term “frozen shoulder” primarily refers to the stiffness that develops in the 
joint as the condition progresses. A frozen shoulder typically begins with a painful 
onset, followed by severe loss of movement and stiffness, which gives the condition 
its name. Often, but not always, a frozen shoulder goes through several typical 
phases: the freezing phase, the frozen phase, and the thawing phase. That final phase 
sounds like good news to many patients.

During the freezing phase, the patient mainly experiences a lot of pain, both at 
rest and during shoulder movements. As a result of this pain, the range of motion of 
the shoulder will quickly decrease. This is likely due to an increased activity of 
myofibroblasts, cells that lie between fibroblasts and smooth muscle cells. 
Fibroblasts are responsible for the production of connective tissue, but in the case of 
myofibroblasts, they may also have a function like that of muscles, allowing them to 
contract, which could explain the rapid restriction in the first weeks after the onset 
of a frozen shoulder. The freezing phase can vary from a few weeks to an average of 
9 months. This phase is characterized by an inflammatory synovial reaction and 
hypervascular synovitis.
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During the frozen phase, the pain usually subsides, and stiffness becomes more 
prominent. Subsequently, the connective tissue structure surrounding the shoul-
der—the joint capsule—will become much stiffer, and the range of motion will 
further decrease. Intra-articularly, there is ongoing synovitis and progressive capsu-
lar contracture. During arthroscopy, hypervascular synovitis and a loss of axillary 
fold can be observed. This phase can again last 4 to 9 months.

Finally, the last phase occurs, the thawing phase, in which there is a gradual 
improvement in stiffness. Biopsy of patients with stage 3 frozen shoulder shows 
dense, hypercellular collagen tissue with a thin synovial layer, like other fibrosing 
conditions. This phase can again last several months.

In summary, a frozen shoulder usually progresses through three overlapping 
stages: the inflammatory or freezing phase (stage 1 with mostly pain and initial loss 
of motion), the frozen phase (stage 2 with mainly stiffness), and, finally, the thawing 
phase (stage 3, where symptoms gradually improve). However, not all patients 
progress neatly through the different stages. In particular, the last phase can last 
longer than hoped. One assumes that a frozen shoulder will fully recover on its own, 
supposedly being self-limiting, even if no treatment is done. Unfortunately, while it 
is typically stated that a frozen shoulder is a self-limiting condition (recovery after 
approximately 1.5 years), various studies have shown that stiffness and pain persist 
much longer [216, 218] and that there is no evidence of full recovery without guided 
treatment [219].

�How Do You Recognize a Frozen Shoulder?

A frozen shoulder is primarily characterized by pain, especially at night and during 
sudden or unexpected movements, along with a general loss of shoulder mobility 
[142]. The patient with a frozen shoulder experiences diffuse shoulder pain, mean-
ing the pain spreads across the entire shoulder and radiates to the chest, upper arm, 
and sometimes even to the elbow. Pain intensity is often higher in patients with the 
most severe restrictions. Pain is mainly localized to the anterior shoulder (derma-
tomes C5–C6) and rarely extended beyond the distal third of the arm [220]. However, 
other shoulder conditions can present a similar picture, so this alone is not spe-
cific enough.

In the absence of movement restriction, it would be difficult to distinguish it 
from a patient with rotator cuff-related shoulder pain. However, in a frozen shoul-
der, the pain is often described as constant, deep, and usually quite severe. It only 
becomes clear that it is a frozen shoulder when the shoulder stiffens. One of the 
typical restrictions in the shoulder is external rotation range of motion, likely due to 
the involvement of the coracohumeral ligament.

In the international literature [143], a frozen shoulder is defined as a loss of 
shoulder mobility (specifically in the glenohumeral joint) greater than 25% in at 
least two movement planes and more than 50% in terms of external rotation with the 
arm at the side, compared to the unaffected side. The movement restriction must be 
stable or worsening for at least 1 month (Table 14.1).

How Do You Recognize a Frozen Shoulder?
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Table 14.1  Clinical presentation of a frozen shoulder

Including characteristics Excluding characteristics
Average age between 40 and 65 years
Slow progressive pattern of increasing 
pain and stiffness
Pain and stiffness interfere with sleep, 
ADL, and reaching in stage 1

External rotation is limited with a hard end feel 
(e.g., osteoarthritis or posterior luxation)

Glenohumeral mobility is limited in all 
directions

Passive range of motion is normal

Glenohumeral external rotation is the 
most restricted

Painful abduction without a decrease in external 
rotation ROM

Glenohumeral rotations decrease in 
ROM with increasing abduction

Glenohumeral rotation ROM increases with 
increasing abduction

Passive movements towards their end 
range produce typical pain

Positive upper-limb nerve test

Assessing shoulder movement in patients with severe pain can be challenging. 
What seems like a loss of mobility may actually be due to the patient’s self-limiting 
behaviors caused by pain or fear. To get a clearer picture, it is helpful to evaluate 
movement in different positions with varying levels of support. For instance, the key 
movement of external rotation might appear reduced when the patient is standing. 
However, it should also be assessed while the patient is lying down, with support for 
the arm and trunk. A significant difference in range of motion (ROM) in these posi-
tions is more likely to indicate fear of movement rather than actual capsular restric-
tion. Assessment of the cervical spine is also essential to rule out potential 
cervicogenic pathology, such as nerve root irritation causing radicular pain. This 
will be discussed in detail in the relevant chapter.

One aspect that has not received much attention is the role of chronic or persis-
tent pain. Individuals with characteristics of anxiety and depression are at higher 
risk for prolonged symptoms and a poorer prognosis [221, 222]. This suggests that 
frozen shoulder is likely not an isolated musculoskeletal condition but rather the 
result of a complex interaction of multiple processes.

In addition to the previously mentioned interactions, a frozen shoulder is also a 
long-term condition that often falls under the category of chronic pain. Various 
mechanisms in the brain adapt due to ongoing pain, as is known in chronic pain 
conditions. Therefore, it is thought that these changes—referred to as central sensi-
tization—may contribute to prolonged shoulder pain and potentially play a larger 
role in frozen shoulder than previously considered [223–225]. Although central sen-
sitization in frozen shoulder has not been extensively studied and remains specula-
tive, it could explain why some patients are resistant to current interventions and 
might benefit from a different approach.
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15Glenohumeral Instability

Throughout evolution, the shoulder has become the most mobile joint in the human 
body. However, the incredible mobility of the shoulder joint also has a downside: 
reduced stability.

Our glenohumeral capsule, bony congruence, ligaments, labrum, and surround-
ing muscles all work to provide shoulder stability. The shoulder joint must con-
stantly balance mobility and stability, but sometimes this balance can fail, for 
example, when one of the aforementioned structures is injured. This can lead to 
glenohumeral instability, which is often defined as an abnormal increase in gleno-
humeral translation that can cause symptoms ranging from pain, subluxation, to 
complete dislocation of the humeral head.

Instability should not be confused with laxity. Laxity refers to excessive move-
ment in the joint without any associated symptoms. Individuals with laxity may be 
able to manage it and may not experience any discomfort.

Approximately 72% of all shoulder dislocations are reported in men, particularly 
in younger men under the age of 20 [226]. The incidence rates indeed show a peak 
in younger individuals and another peak in those over 70 years old. In this latter 
group, the cause is likely a reduction in rotator cuff function, combined with an 
increased incidence of falls.

The majority of dislocation mechanisms are indeed related to a fall on the shoul-
der (ca. 60%), roughly split 50/50 between accidents at home and those occurring 
during a sport or hobby [227].

�What Is Glenohumeral Instability?

In this chapter, we discuss the unstable shoulder, which can progress to subluxation 
or even luxation in extreme cases. In the introduction, you already read about the 
static and dynamic stabilizers. Each of them plays a role in the stability of our shoul-
der and can be a factor in instability. Instability can occur in the anterior, posterior, 
or in more than two directions (i.e., multidirectional instability).

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_15&domain=pdf
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The mechanism leading to glenohumeral instability is often a dislocation (in 
about 83% of instability patients) [228]. For posterior instability, this figure is much 
lower, and in most cases, the patient does not even recall an incident [229].

To ensure that researchers and clinicians are looking at the same type of injury, a 
classification system seems necessary. Shoulder instability is now commonly 
divided into different types, originating from the Stanmore Triangle Classification 
System. The Stanmore Triangle uses three classifications of shoulder instability.

�Glenohumeral Shoulder Instability Type 1

Patients classified as type 1 have experienced trauma and, as a result, exhibit struc-
tural injuries. There are various types of traumas that can lead to shoulder instabil-
ity. First, we refer to dislocations of the joint. These patients do not display abnormal 
muscle patterns. The most common direction for a shoulder dislocation is anterior, 
for example, due to a direct fall on the shoulder or following a torsion. Anterior 
dislocations account for about 90% of all shoulder dislocations [230]. Posterior 
dislocations, for instance, from a fall on a horizontally adducted arm, occur in only 
a small percentage (up to 4%) of all dislocations.

Another reported mechanism for a posterior dislocation is epileptic seizures. The 
most common structural bone injuries include a Hill-Sachs lesion or a (bony) 
Bankart lesion. A Hill-Sachs lesion is caused by the impact of the glenoid on the 
humeral head, resulting in a “dent” in the humeral head. A bony Bankart lesion, on 
the other hand, is characterized by a fracture of the anteroinferior glenoid. The 
labrum will also be affected. Typical soft tissue injuries that can occur with anterior 
dislocations include labral Bankart lesions, where the labrum detaches from the 
anteroinferior glenoid. Additionally, tears of the inferior glenohumeral ligament 
(humeral avulsion glenohumeral ligament, HAGL) or variations of different labral 
injuries may occur.

�Glenohumeral Shoulder Instability Type 2

Patients classified as type 2 have not experienced trauma but still have (less exten-
sive than type 1) a structural injury. They also do not exhibit abnormal muscle pat-
terns. These shoulders can dislocate or subluxate during normal everyday activities. 
In this group, the shoulder’s active and/or passive stabilizers are subjected to 
repeated microtrauma. Over time, this causes tissue damage and pain. Some shoul-
ders have a congenital anatomy that predisposes them to a shoulder dislocation 
(e.g., twisted humeral head or labral abnormalities), while other patients do not have 
congenital abnormalities, such as many overhead athletes.

The structural injuries can again be bony or more soft tissue in nature, as 
described above. Type 2 shoulder instability also includes hypermobile patients or 
those with connective tissue disorders.

15  Glenohumeral Instability
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Joint laxity can be associated with generalized hypermobility, but this is not 
always the case. To identify generalized joint laxity, the Beighton score is useful 
[231, 232]. Using this scoring system, we assign each individual a score between 0 
and 9 by checking the following characteristics of hypermobility:

–– Left and right pinky finger hyperextension more than 90 degrees (1 point per side)
–– Bringing the thumb to the ventral side of the forearm during wrist flexion (1 

point per side)
–– More than 10 degrees of hyperextension in the elbow (1 point per side)
–– Bending forward with straight legs and placing both flat hands on the ground 

(1 point)
–– Hyperextension at the knees, observed while standing (1 point per side)

According to the Beighton method, a score of 5 or higher indicates generalized 
hypermobility.

A relationship was found between generalized joint hypermobility and a history 
of glenohumeral joint instability, with participants who had instability showing 
higher total Beighton Scale scores and those scoring 2 or above being over twice as 
likely to have experienced previous instability episodes compared to those with 
lower scores [233].

�Glenohumeral Shoulder Instability Type 3

Type 3 shoulder instability involves patients who have not experienced trauma or 
structural injury but do experience symptoms due to abnormal muscle contractions 
(weakened or with reduced control). This is a more complex problem that occurs 
less frequently than type 1 or type 2. The cause of this instability type is still poorly 
researched and can vary greatly.

However, we prefer not to use the term “abnormal contraction” as it seems too 
vague and untreatable, but for now, we must rely on it. By “abnormal contraction,” 
we mean an unfavorable pattern of muscle contractions that do not center the 
humeral head but instead pull it out of its socket. It is suspected that primarily the 
large and strong muscles, such as the pectoralis major muscle and latissimus dorsi 
muscle, are responsible for this. The pectoralis major muscle pulls the humerus 
anteriorly out of the socket, while the latissimus dorsi muscle tends to pull the 
humeral head posteriorly out of the socket.

Strong muscle contractions can pull the shoulder out of the socket, as we have 
seen in patients with epileptic seizures. However, most abnormal muscle contrac-
tions result in a subtle sense of instability or subluxation, which can eventually lead 
to pain.

Of course, our patients do not always fit neatly into one category, and you will 
frequently encounter combinations. For example, think of a patient who has experi-
enced trauma (type 1) but already exhibits structural injuries as a result of nontrau-
matic instability (type 2).

What Is Glenohumeral Instability?
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�How Do You Recognize Glenohumeral Instability?

Generally, glenohumeral instability is associated with a feeling of instability or 
looseness in the shoulder, sometimes describing the shoulder as “wobbly.” Patients 
may also report pain or experience neurovascular consequences. Additionally, kine-
siophobia may be present. Kinesiophobia is an intense fear of movement or physical 
activity. During the patient history, the patient may describe experiencing sublux-
ations, apprehension (avoidance behavior), or a sensation of shoulder instability. 
These symptoms typically occur at the end of their range of motion.

In cases of anterior instability, pain may also occur, for example, in the anterior 
region near the long head of the biceps brachii muscle. Fatigue in the entire arm is 
also a commonly recurring symptom, and in posterior instability, pain is often one 
of the typical symptoms.

Questions we always want to have answered include those about the mechanism 
of injury, the patient’s age, the direction of the instability, the provoking move-
ments, the impact on their life, and the possible presence of hypermobility.

�Glenohumeral Instability Type 1/Anterior Shoulder Dislocation

In addition to what an X-ray can reveal, there are also clinical signs that may indi-
cate a shoulder dislocation. A dislocation primarily causes significant pain. The 
patient will also avoid moving the shoulder and may not allow passive examination. 
Furthermore, the shoulder may show altered contours. The normal rounded profile 
of the deltoid muscle may appear angular, with a visible subacromial notch (sulcus).

�Glenohumeral Instability Type 2

During history taking, patients with type 2 shoulder instability will report shoulder 
dislocation or subluxation or a feeling of instability without a history of trauma. 
Moreover, these patients are often able to relocate their shoulder on their own (or 
with minimal assistance). These are the clear type 2 instabilities. However, there are 
also many patients with more subtle symptoms, such as clicking, a slight feeling of 
instability, laxity, or some pain. These latter symptoms can resemble a rotator cuff-
related problem and often co-occur. For instance, type 2 shoulder instability can be 
the underlying cause of chronic rotator cuff tendinopathy.

Anterior instability is typically characterized by a positive apprehension (sensi-
tivity 65.6% and specificity 95.4%), relocation (sensitivity 65% and specificity 
90%), and release test (sensitivity 82% and specificity 86%), where the patient 
reports typical symptoms such as a feeling of instability, fear of movement, or click-
ing when the arm is placed in an abduction and external rotation position [146]. It is 
crucial to interpret these tests based on fear or avoidance behavior rather than 
pain [234].
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The load and shift test [235] and the sulcus sign [236] are used to assess the 
degree of laxity in a joint, not to diagnose instability. Additionally, the reliability of 
assessing movement and measuring laxity is limited due to the risk of false nega-
tives, as patients may be unable to fully relax during the tests. Therefore, these tests 
should be used with caution. Since people with generalized laxity are at a higher 
risk of multidirectional instability, the above tests are frequently used in diagnosing 
multidirectional instability. Examination of patients with multidirectional instabil-
ity often reveals generalized muscle atrophy and scapular dyskinesis.

In the case of posterior instability, clinicians must rely on a combination of a 
thorough patient history, including the injury mechanism, symptoms, and recogni-
tion of risk factors [237, 238]. With a positive likelihood ratio of 19, the posterior 
apprehension test can be of additional value. Be aware, where the apprehension sign 
was so important in anterior instability, pain will now be a key determining factor in 
posterior instability. The use of a single orthopedic special test is not recommended 
for posterior instability.

�Glenohumeral Instability Type 3

Patients with glenohumeral instability type 3 are on average often young women in 
their 20s with hypermobility (often initially classified as type 2). This group exhib-
its not only anterior instability but also posterior or inferior instability, leading to 
multidirectional instability. Additionally, psychosocial factors may play a larger 
role in these patients than in other instability patients. Some suspect that these fac-
tors underlie abnormal muscle patterns, though this has not yet been scientifically 
proven. It is possible that type 3 shoulder instability makes the patient feel unhappy, 
anxious, or worried. This presents an area for further research.

The clinical examination of type 3 shoulder instability is partly based on visual 
observation during the active movement assessment. For example, patients may 
exhibit jerky movements, as if a car were driving on square wheels. Others may 
attempt to perform the entire movement with excessive force, while still others dis-
play an abnormal scapulothoracic rhythm, where the scapula rotates upward or is 
lifted prematurely.

�The Apprehension, Relocation, and Release Test

For the apprehension, relocation, and release test, the patient lies supine on the 
treatment table with the affected arm hanging off the edge of the table. The arm is 
brought into 90 degrees of abduction, with the elbow in 90 degrees of flexion. Make 
sure that the humerus rests over treatment table, but the humeral head remains on 
the table. As the practitioner, stand on the affected side, facing the patient, and grasp 
the patient’s elbow with your contralateral hand. Move the shoulder into maximum 
external rotation and horizontal abduction. Ensure that you do not support the upper 
arm but allow it to move backward freely.

How Do You Recognize Glenohumeral Instability?
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b

Fig. 15.1  (a–c) The apprehension, relocation, and release test

The test is positive if the patient expresses recognizable fear of subluxation or if 
there is a click or activation of the pectoralis major muscle. This is the apprehension 
test. Then maintain the position from the apprehension test and apply an anterior-to-
posterior translation on the humeral head with your ipsilateral hand. The test is posi-
tive if the previously mentioned symptoms disappear or lessen. This is the 
relocation test.

Finally, remove your ipsilateral hand from the humeral head. The test is positive 
if the symptoms return. This is the release test, also known as the surprise test 
(Fig. 15.1a–c).

�The Load and Shift Test

For the load and shift test, the patient sits on the treatment table with their hands 
resting on their thighs. Using your ipsilateral hand, grasp the humerus as proximally 
as possible, while your contralateral hand stabilizes the scapula. You can then ask 
the patient to perform an isometric contraction into abduction (e.g., against your leg 
while asking to clench a fist) to center the humeral head (load).

Next, ask the patient to relax the shoulder, and with the ipsilateral hand, you can 
then push/pull the humeral head forward or backward (shift). The test is considered 
positive when there is increased movement according to the following classifica-
tion: Grade 0, minimal translation; Grade 1, translation within the glenoid socket; 
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Fig. 15.2  The load and 
shift test

Grade 2, translation to the edge of the glenoid with spontaneous reduction; and 
Grade 3, translation beyond the edge with persistent dislocation (Fig. 15.2).

�The Sulcus Sign

For the sulcus sign test, have the patient sit on the treatment table and the affected 
arm hanging relaxed. Stabilize the shoulder with your contralateral hand by placing 
your palm on the acromion and palpating the joint space with your thumb and index 
finger. With your ipsilateral hand, grasp the patient’s affected arm just proximal to 
the humeral epicondyles and apply a downward traction on the humerus.

The test is positive if a sulcus appears between the humeral head and the inferior 
border of the acromion. This can be further classified as grade 0, no sulcus; grade 1, 
a sulcus one finger-width wide; and grade 2, a sulcus two fingers-width wide. This 
test can also be performed with the patient standing, leaning forward on the treat-
ment table with the arm hanging beside the body (Fig. 15.3).
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Fig. 15.3  The sulcus 
sign test
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16Acromioclavicular, Sternoclavicular, 
and Clavicular Conditions

The acromioclavicular joint (AC joint), which connects the upper extremity to the 
axial skeleton, can be involved in shoulder issues, particularly in individuals in their 
20s and 30s and in athletes. The SC joint, which connects the shoulder blade to the 
rest of the body, has an interarticular disc that increases stability and acts as a cush-
ion between the bone ends.

The AC joint connects the upper extremity to the axial skeleton. It is estimated 
that about 9% of all shoulder problems involve the AC joint and around 11% when 
the patient is seen in the emergency department [239]. The majority of these injuries 
occur in individuals in their 20s and 30s [240], typically athletes, with men being 
two to five times more likely to suffer from an AC injury than women [241]. Most 
injuries occur during contact sports such as rugby, wrestling, and hockey [241].

The sternoclavicular (SC) joint is the only joint that connects the shoulder blade 
to the rest of the body via the clavicle. The stability of the joint is further enhanced 
by an interarticular disc that divides the joint cavity into two parts. This fibrocarti-
laginous disc not only improves stability but also acts as a cushion between the 
bone ends.

�What Is an Acromioclavicular Disorder?

Acromioclavicular (AC) disorders can arise from traumatic events, such as a direct 
fall onto the shoulder [240], or from degenerative conditions such as osteoarthritis, 
osteolysis of the distal clavicle, or post-traumatic arthritis [242]. However, direct 
trauma is the most common injury mechanism: a fall or a blow to the shoulder with 
the arm in an adducted position.

An indirect force on the AC joint can also cause injury, for example, from a fall 
onto the elbow or an outstretched arm, which can drive the humerus proximally 
against the acromion [240].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_16&domain=pdf
https://doi.org/10.1007/978-3-031-82228-5_16#DOI


108

Fig. 16.1  Rockwood classification of acromioclavicular injuries, Types I–VI. (Figure reproduced 
with permission from Lasanianos NG, Kanakaris NK, Giannoudis PV, eds. Trauma and Orthopaedic 
Classifications. London, UK: Springer-Verlag London; 2015:3–6)

One of the most commonly used and accepted classifications for various AC 
injuries is the Rockwood classification (Fig.  16.1). The Rockwood classification 
describes six types of AC injuries [243].

Type I involves a mild sprain of the AC ligament. In Type II, the AC ligament is 
torn, and the first strain occurs on the coracoclavicular ligament. Radiographically, 
not much will be visible in Type I, while in Type II, a slight elevation of the clavicle 
relative to the acromion can be seen. In Type III, the AC joint is dislocated, and the 
coracoclavicular ligaments and joint capsule are also torn. Here, the clavicle shifts 
upward, while in Type IV, the clavicle dislocates posteriorly, with involvement of 
the trapezius muscle. In Type V, the clavicle dislocates further upward, and the scap-
ula drops downward due to the detachment of both the trapezius and deltoid mus-
cles. Finally, in Type VI, the clavicle moves downward. These types can also be 
combined with a fracture of the clavicle or injuries to the sternoclavicular joint.

The acromioclavicular joint can also present with instability, but it is reported in 
only 3–4 people per 100,000 in the general population each year [244]. The cause is 
usually traumatic. Atraumatic AC instability is very rare.

�How Do You Recognize an Acromioclavicular Disorder?

A thorough medical history is crucial for identifying an AC injury. If the patient 
mentions an accident or fall, a trauma analysis should clarify whether the patient 
landed on the shoulder. Patients with an AC injury usually complain of pain at the 
top of the shoulder around the AC joint. Unlike most shoulder conditions, the pain 
is directly localized over the joint or in the surrounding muscular area (trapezius 
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muscle, deltoid muscle) [242, 245]. Additionally, swelling or deformity around the 
AC joint may be observed [246]. The pain often occurs during functional activities 
that compress or stretch the AC joint, such as washing the opposite armpit or fasten-
ing a bra [242].

Various diagnostic tests have been described for diagnosing AC joint disorders, 
but their diagnostic value is generally weak [246]. Many of these tests need to be 
used in combination to increase the likelihood ratio: the Paxinos test combined with 
the O’Brien test provides a specificity and sensitivity of over 90% [247]. Palpation 
for local AC tenderness has a high sensitivity (96%) but low specificity (10%) 
[234, 248].

�The Paxinos Test

For the Paxinos test (Fig. 16.2), the patient sits upright in a chair with the arm at 
their side. The therapist stands behind the patient, placing their hand over the 

Fig. 16.2  The Paxinos test
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a b

Fig. 16.3  (a, b) The O’Brien test

shoulder, with the thumb positioned at the postero-inferior side of the acromion and 
the index and middle fingers over the clavicle. The thumb and fingers apply oppos-
ing pressure: the thumb pushes forward and upward, while the fingers push down-
ward and backward. The test is positive if it causes pain at the AC joint.

�The O’Brien Test

For the O’Brien test (Fig. 16.3a, b), the patient sits upright in a chair or stands, with 
the arm in 90 degrees of forward flexion, 10 degrees of horizontal adduction, and 
full internal rotation. As the examiner, you apply downward pressure on the patient’s 
forearm while they try to maintain their arm in the same position. The test is then 
repeated with the arm in a neutral position.

The test is positive if it causes pain at the AC joint in the first position, with less 
discomfort in the second position.

�What Is a Sternoclavicular Disorder?

Injuries to the sternoclavicular (SC) joint are relatively rare, accounting for about 
3% of all shoulder girdle injuries. Anterior dislocations are more common than 
posterior dislocations, with a ratio of 20 to 1. Typically, clavicle fractures or acro-
mioclavicular joint dislocations occur before the SC joint is affected. The usual 
cause is direct lateral compression of the shoulder, such as from a fall onto the side 
of the shoulder.
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This type of injury is commonly seen in sports like martial arts, horseback riding, 
cycling, and rugby. When the SC joint dislocates, it moves in the opposite direction 
of the applied force. For example, a fall on the back will push the acromion anteri-
orly and move the clavicle posteriorly in the SC joint. This can sometimes be par-
ticularly dangerous due to the vital structures located behind the SC joint. Several 
important structures are near the joint, including the esophagus, trachea, lungs, 
pleura, brachial plexus, and major arteries and veins. Posterior dislocation can, 
therefore, be potentially life-threatening if severe.

Fortunately, this is quite rare, with anterior dislocations being much more com-
mon. These can occur without trauma and often cause only mild discomfort. 
Atraumatic SC instability is again very rare and strongly associated with hypermo-
bility syndromes [249].

�How Do You Recognize a Sternoclavicular Disorder?

In the initial examination of a posterior SC joint dislocation, the focus should be on 
ruling out life-threatening injury. Symptoms such as an abnormal sound caused by 
impaired airflow in the airways during breathing, bluish discoloration, speech dif-
ficulties, pulsating blood vessels, and neurological symptoms may necessitate 
immediate hospitalization.

If these symptoms are absent, the joint can be further examined. The pain is usu-
ally of a localized nature and may gradually worsen over time. Anterior SC disloca-
tion causes visible deformity, while posterior dislocation removes the usual 
prominence over the inside of the collarbone. Local swelling, crepitus, and pain 
with movement, especially horizontal flexion, may also be present.

There is insufficient research to support the use of specific tests in the assessment 
of the SC joint. The protraction test combined with local palpation is described as a 
reliable method for diagnosing degenerative SC pathology [250]. However, it 
remains unclear whether this combination is also effective in patients with SC 
instability.

Finally, musculoskeletal tumors of the distal clavicle and proximal acromion are 
uncommon but should be considered when accompanied by night pain, pain at rest, 
or systemic symptoms.

�What Is a Clavicular Disorder?

When we think of a clavicular disorder, clavicle fractures come to mind first. The 
most common mechanism is a fall onto an outstretched arm or directly onto the 
shoulder. In cases of suspected clavicle fracture, a neurovascular and pulmonary 
examination should always be conducted due to the proximity of important struc-
tures such as the subclavian artery, parts of the brachial plexus, and the upper lobe 
of the lung.
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�How Do You Recognize a Clavicular Disorder?

Typically, there is a cracking sensation at the time of injury, accompanied by imme-
diate pain at the fracture site and rapid swelling. Visible deformity may also occur. 
Fractures of the proximal and middle third of the clavicle account for approximately 
80% of these injuries. Notably, fractures at the very proximal end of the clavicle can 
be misdiagnosed as sternoclavicular dislocations. In younger individuals, particu-
larly those up to 25 years old, it is essential to consider the possibility of epiphyseal 
injury in this area. Imaging options, such as X-rays and CT scans, can be critical in 
accurately diagnosing the type and extent of the fracture, ensuring appropriate treat-
ment and preventing complications.
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17Glenohumeral Osteoarthritis

The population is aging, and this has a significant impact on the incidence of gleno-
humeral osteoarthritis. According to the most recent UN population projections 
(World Population Prospects: the 2024 Revision; https://population.un.org/wpp/), 
the number of people aged 60 or older is expected to rise from 1.2 million to 2.1 
billion by 2050, doubling and even tripling for those aged 80 and above. In addition, 
osteoarthritis ranks among the top 5 (for women) and top 10 (for men) most dis-
abling diseases in people aged 60 and over. Furthermore, the rates of obesity and 
diabetes are also increasing. Altogether, it is often suggested that the incidence of 
osteoarthritis will rise dramatically in the coming decades.

It is estimated that 2–5% of all shoulder patients have glenohumeral osteoarthri-
tis [251]. Moreover, degenerative changes in the glenohumeral joint are increas-
ingly found in patients with shoulder pain, reaching up to 17%. But these changes 
are not always the cause of the complaint [252, 253]. They are also often related to 
the presence of massive rotator cuff tears. The prevalence of glenohumeral osteoar-
thritis clearly increases with age, from 1.8% in individuals in their 40s to 27.5% in 
those in their 80s [254, 255]. Glenohumeral osteoarthritis is thus a common cause 
of shoulder pain in adults over 65 years old.

�What Is Glenohumeral Osteoarthritis?

Glenohumeral osteoarthritis is characterized by degeneration of the joint cartilage 
and subchondral bone, as well as damage to the ligaments, muscles, and synovium 
around the joint. As a result, a narrowing of the glenohumeral joint occurs. The 
pathogenesis of glenohumeral osteoarthritis is quite complex and not yet fully 
understood. It appears that several factors contribute to joint damage. In the gleno-
humeral joint, focal or general cartilage loss and subsequent subchondral bone scle-
rosis are most pronounced in the upper two-thirds of the humeral head [256].

The most common bone change in glenohumeral osteoarthritis is likely the for-
mation of osteophytes. Osteophytes mainly develop in areas where there is capsular 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_17&domain=pdf
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traction, particularly on the anterior and inferior sides of the humeral head and infe-
riorly around the glenoid [257]. Osteophytes lead to joint stiffness and are some-
times seen as the joint’s natural way of preventing pain by forming arthrodesis.

On the other hand, there are theories that attribute pain specifically to these 
osteophytes. However, it is important to remember that distinguishing between 
causes and effects based on radiological imaging can be challenging. Not all patients 
exhibit the same morphological characteristics. In the past, osteoarthritis was 
described as cartilage disease primarily caused by joint wear, often due to aging. 
Today, we know it is a condition that affects the entire joint, including the surround-
ing tissues. The pathogenesis of glenohumeral osteoarthritis is now seen as part of a 
larger process, involving specific, nonspecific, systemic, or local factors. The pro-
gression of glenohumeral osteoarthritis is likely influenced by a combination of 
genetic, behavioral, and environmental factors.

�Nonspecific General Risk Factors for Glenohumeral Osteoarthritis

Aging is likely the most significant etiological risk factor for developing glenohu-
meral osteoarthritis. As we age, the density of our cartilage decreases, making it 
more vulnerable [258]. However, hereditary factors also play a role. Some research-
ers estimate that as many as 65% of patients with osteoarthritis have a genetic pre-
disposition [259].

While weight is typically considered a risk factor for weight-bearing joints such 
as the hips and knees, its role in shoulder osteoarthritis is less clear but still signifi-
cant. Increased adipose tissue can contribute to systemic inflammation through the 
secretion of pro-inflammatory cytokines, which may negatively affect cartilage 
health in all joints, including the shoulder. This inflammatory environment can 
accelerate cartilage degradation and promote the onset of osteoarthritis. Furthermore, 
excess body fat may alter joint biomechanics, potentially leading to increased stress 
on the shoulder joint and exacerbating wear and tear. Addressing body fat levels 
may therefore play a crucial role in managing shoulder osteoarthritis and preserving 
cartilage integrity [260, 261].

�Nonspecific Local Risk Factors for Glenohumeral Osteoarthritis

Where it was once believed that excessive joint loading could lead to increased 
wear, it is now more widely accepted that an appropriate amount of movement and 
load can actually prevent cartilage degeneration [262]. The word “appropriate” is 
key here. On the one hand, insufficient load weakens our muscles and joints, while 
on the other hand, excessive load can accelerate the progression of osteoarthritis.

Excessive shoulder loading often involves heavy, overhead movements. 
Consequently, weightlifters and certain throwing athletes are at a slightly higher 
risk of developing glenohumeral osteoarthritis [263].
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�Specific Local Risk Factors for Glenohumeral Osteoarthritis

There are several shoulder conditions that increase the likelihood of developing 
glenohumeral osteoarthritis. First, we have shoulder instability, particularly after 
dislocations, both with and without surgical stabilization, where a higher degree of 
osteoarthritis-related damage is visible on radiological imaging. However, it is 
unclear whether these changes are due to direct impact injuries or persistent insta-
bility. Patients with a single glenohumeral dislocation are thought to have at least 
ten times the risk of developing radiological glenohumeral osteoarthritis [264] This 
risk increases further with multiple dislocations.

Second, fractures can damage the joint cartilage. Fractures may also trigger a 
cascade of inflammatory processes that lead to trauma-induced osteoarthritis, 
known as post-traumatic glenohumeral osteoarthritis. In addition to directly damag-
ing the cartilage, fractures of the proximal humerus and glenoid can alter biome-
chanics, potentially resulting in osteoarthritis, similar to what occurs with instability.

Third, the rotator cuff may be torn to the extent that the humeral head undergoes 
cranial migration, which can lead to degenerative changes in the glenohumeral 
joint. This is most noticeable as selective degeneration on the superior side of the 
glenoid. This condition is referred to as rotator cuff arthropathy.

Lastly, cartilage degeneration is sometimes attributed to various forms of the 
glenoid or acromion, brachial plexus palsy, or the Milwaukee shoulder. Milwaukee 
shoulder syndrome is a rare joint-destructive degenerative condition characterized 
by severe shoulder pain and limited motion, often linked to rotator cuff tears and 
advanced osteoarthritis.

�Specific Systemic Risk Factors for Glenohumeral Osteoarthritis

Systemic diseases affecting the shoulder have also been reported as risk factors for 
glenohumeral osteoarthritis. Various forms of glenohumeral arthritis are associated 
with a higher risk of osteoarthritis, particularly rheumatoid arthritis, psoriatic arthri-
tis, juvenile idiopathic arthritis, spondyloarthropathy, and lupus erythematosus. 
Rheumatoid arthritis is the most well-known and common of these conditions, 
affecting the glenohumeral joint in about half of patients with rheumatoid arthritis 
[265]. Furthermore, crystalline arthropathies such as gout can lead to inflammatory 
joint damage.

In addition to inflammatory diseases, the humeral head can be significantly 
impacted by avascular necrosis, commonly resulting from corticosteroid use, alco-
holism, or trauma. This condition, characterized by reduced blood supply to the 
bone, leads to osteonecrosis and subsequently causes a loss of joint congruence. 
Over time, this deterioration can increase the risk of developing osteoarthritis, as the 
compromised structural integrity of the humeral head can accelerate cartilage wear 
and joint degeneration, ultimately resulting in pain and functional limitations. Only 
a small percentage (ca. 5%) of all patients with glenohumeral osteoarthritis are 
thought to have this condition [266].
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Finally, endocrine diseases and neuropathic arthropathies are also described as 
possible causes of glenohumeral osteoarthritis. Cervical syringomyelia is responsi-
ble for 75% of neuropathic shoulder arthropathies. Other causes can include diabe-
tes mellitus or alcoholism [267].

�How Do You Recognize Glenohumeral Osteoarthritis?

During the patient history, the patient will primarily complain of a progressive, 
persistent pain located deep within the joint, often posteriorly. Although articular 
cartilage is relatively insensitive, the periarticular tissues, such as the synovium and 
subchondral bone, are richly innervated and therefore likely sources of nociceptive 
signals [268].

The patient will report tenderness along the joint line during palpation. 
Glenohumeral osteoarthritis causes significant pain, stiffness, reduced range of 
motion, functional impairment, and disability. The loss of passive motion is often 
most pronounced in external rotation. These patients also typically present with 
night pain and pain at rest. Muscle atrophy may also be evident. However, glenohu-
meral osteoarthritis is not the most common cause of shoulder pain. As noted, this 
presentation resembles that of a frozen shoulder. A patient with a frozen shoulder 
typically will not show any radiological abnormalities. Also, a patient suspected of 
having glenohumeral osteoarthritis is usually two decades older than one with a 
frozen shoulder. More common conditions, such as frozen shoulder, should there-
fore be ruled out first. As glenohumeral osteoarthritis worsens, other symptoms may 
develop, such as restricted movement and crepitus.
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18Neurologically Related Shoulder 
Conditions

Not all shoulder conditions have a musculoskeletal origin. We must always consider 
neurological structures in differential diagnosis, such as cervical radiculopathy, 
nerve injuries and compression neuropathies, hemiplegic shoulder pain after a 
stroke, thoracic outlet syndrome, or Parsonage-Turner syndrome.

Neuropathy refers to a condition in which there is damage, disease, or dysfunc-
tion of a nerve. Cervical radiculopathy involves nerve impairment in the neck, while 
hemiplegic shoulder pain is a common complication after a stroke. The Parsonage-
Turner syndrome is a peripheral nervous system disorder characterized by severe 
pain and muscle atrophy. Recognizing these conditions is important for timely diag-
nosis and treatment.

�What Is a Neuropathy?

A neuropathy occurs when there is damage, disease, or dysfunction of a nerve. The 
cause of neuropathies can be very complex, ranging from diabetic neuropathies, 
compression neuropathies, neuropathies caused by oncological treatments, and so 
on. Often, there is a clear trauma present as a cause, such as a car accident or a fall 
from a height resulting in neurogenic elongation. A humeral fracture that injures a 
nerve can also cause a neuropathy. But also, subtler traumas, such as a subluxating 
shoulder, can cause a peripheral neuropathy. Furthermore, a nerve injury due to 
shoulder surgery cannot always be ruled out.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_18&domain=pdf
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Compression neuropathies around the shoulder are not very common. Overhead 
athletes turn out to be a risk group, with the suprascapular nerve being the most 
frequently affected [269]. Examination of paresthesia, numbness, hyperalgesia, 
allodynia, spontaneous pain, strength  deficits, and two-point discrimination are 
essential parts of the clinical neurological assessment. Additionally, a referral for an 
EMG, nerve conduction study, or imaging can provide further clarification if neces-
sary. Unfortunately, there are no adequate neurodynamic tests available for 
this nerve.

Another potentially affected neurogenic structure is the brachial plexus. The 
causes are not always clear. In some cases, they are associated with thoracic outlet 
syndrome (TOS), breast cancer treatment (surgery, radiation, or chemotherapy), or 
a lung apex tumor (Pancoast). Differential diagnosis is crucial, as both Pancoast 
tumors and frozen shoulder can present with similar shoulder and arm pain, but they 
have vastly different underlying pathologies. One of the typical manifestations of 
neuropathy is increased mechanosensitivity of the nerve tissue, highlighting the 
importance of accurate diagnosis to guide appropriate treatment.

�How Do You Recognize Neuropathy?

Neurodynamic tests have been described to assess the increased mechanosensitivity 
of the nervous system. In the presence of increased mechanosensitivity, neurody-
namic tests are more likely to be positive. However, a negative neurodynamic test 
does not rule out a neurogenic injury, as increased mechanosensitivity may not be 
present.

Neurodynamic tests of the upper limb are commonly referred to as upper limb 
tension tests (ULTT), with specific numbering depending on the nerve being tested: 
the median nerve (ULNT1 and 2A; Figs. 18.1 and 18.2), radial nerve (ULNT2B; 
Fig. 18.3), and ulnar nerve (ULNT3; Fig. 18.4) [270]. By changing the position of 
the shoulder, neck, and elbow joints, we can selectively stretch a nerve.

It is important that the typical symptoms are reproduced. Differentiating from 
stretching of musculoskeletal structures is therefore very important.
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Fig. 18.1  ULNT1 median 
nerve

Fig. 18.2  ULNT2A 
median nerve
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Fig. 18.4  ULNT3 ulnar 
nerve

Fig. 18.3  ULNT2B radial 
nerve

�What Is Cervical Radiculopathy?

Cervical radiculopathy has an annual incidence of 107.3 per 100,000 men and 63.5 
per 100,000 women [271]. The incidence of cervical radiculopathy seems to peak 
around the ages of 40–50 [272]. The cause can be a herniated disc, spondylosis, or 
osteophytosis.

Cervical radiculopathy occurs when one or more nerves are affected at the level 
of the nerve root, resulting in various signs of pain, nerve conduction disorder, such 
as sensory loss, motor loss, reduced reflexes, or a combination of these. This often 
involves compression of the cervical nerve roots.

Compression of the cervical nerve root can occur due to protruding disc material 
or bony osteophytes that exert pressure on the cervical nerve root. Epidemiological 
studies have shown that the C7 root (C6–C7 herniation) is most commonly affected, 
followed by the C6 (C5–C6 herniation) and C8 (C7–T1 herniation) nerve roots. 
Compression of the nerve root by the disc material likely causes nerve damage, both 
mechanically and chemically. Mechanically, nerve compression can result in local 
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ischemia and nerve damage. However, equally important is the chemical reaction 
caused by the chronic pressure of nucleus pulposus on the nerve. Disc degeneration 
and local ischemia activate a pro-inflammatory response, leading to further sensiti-
zation and increased pain in the affected area [273].

However, the majority of cases of cervical radiculopathy are caused by cervical 
spondylosis. Cervical spondylosis refers to degenerative changes that occur in the 
cervical spine as one ages. In these cases, the breakdown of the disc over the years 
leads to a decrease in disc height and narrowing of the foramina.

�Risk Factors and Prognosis

Risk factors for cervical radiculopathy include smoking, previous lumbar radicu-
lopathy, lifting heavy objects, frequent diving from a diving board, working with 
vibrating equipment, and playing golf [272, 274, 275]. The course of cervical radic-
ulopathy is favorable in many cases. Almost 90% of patients with cervical radicu-
lopathy were asymptomatic or had only mild symptoms within a 4-year follow-up 
[271, 276]. Even without treatment, the majority of these patients would have a 
favorable outcome. There appears to be a favorable natural course with significant 
improvement within 4–6 months, but the time to full recovery can range from 24 to 
36 months. A small portion of those affected may experience residual pain and limi-
tations, but in most cases, full neurological recovery occurs without myelopa-
thy [274].

�How Do You Recognize Cervical Radiculopathy?

Cervical radiculopathy can present with a wide range of clinical symptoms, from 
pain to objective weakness and reduced reflexes. A thorough medical history is an 
essential first step in diagnosing radiculopathy. Healthcare providers should focus 
on the location and patterns of pain, tingling, sensory, and motor disturbances. In 
most cases, cervical radiculopathy can be diagnosed based on history alone [277]. 
Patients with cervical radiculopathy typically present with unilateral pain, which 
may radiate to the ipsilateral arm in the corresponding dermatome. However, the 
absence of arm pain does not rule out the presence of cervical radiculopathy. 
Additionally, the patient may complain of numbness in the same dermatome, weak-
ness in the corresponding myotome, and/or reduced reflexes [278].

�Spurling Neck Compression Test

Provocative tests to aid in the diagnosis of cervical radiculopathy, such as a combi-
nation of a positive Spurling test, symptom reduction with cervical axial traction, 
the shoulder abduction test, Valsalva maneuver, upper limb tension tests, and a posi-
tive arm squeeze test, increase the likelihood of diagnosing cervical radiculopathy 
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[279, 280]. Spurling’s neck compression test is the most commonly used of these 
techniques and is performed by extending the neck, bending it sideways, and rotat-
ing it to the same side, followed by applying downward axial pressure on the head.

The test is considered positive if radicular symptoms radiate into the limb on the 
same side as where the neck is bent and twisted sideways. The test appears to have 
high specificity and sensitivity (95% and 92%, respectively) [281]. This test is 
thought to narrow the neural foramen and reproduce the patient’s symptoms.

The cervical axial traction test is performed with the patient in supine, where the 
examiner applies axial traction to the neck, equivalent to 10–15  kg of force. A 
reduction in symptoms during traction and an increase or return of symptoms when 
traction is released are considered a positive outcome, indicating cervical radicu-
lopathy [282].

�Shoulder Abduction Test

The shoulder abduction test checks if symptoms decrease when the shoulder is 
abducted, which reduces the tension on the nerve. The sensitivity of this test ranges 
from 17% to 78% and the specificity from 75% to 92% [280].

�Arm Squeeze Test

The arm squeeze test is performed by squeezing the middle third of the patient’s 
upper arm, with the thumb placed on the musculus triceps and the fingers on the 
biceps brachii muscle. The test is considered positive if the pain is 3 points higher 
(on a scale of 10) compared to two other areas (the acromioclavicular joint and the 
subacromial area) [283].

In evaluating cervical radiculopathy, radiographs and advanced imaging tech-
niques, such as CT scans and MRI, are typically used. Radiographs evaluate inter-
vertebral disc height, foramina, and degenerative changes. MRI can also assess soft 
tissues that may compress nerves and show signs of myelomalacia. Finally, an EMG 
can be useful to distinguish peripheral nerve entrapment syndromes from cervical 
radiculopathy.

�What Is Hemiplegic Shoulder Pain?

A cerebrovascular accident (CVA) is a common condition worldwide. Due to upper 
motor neuron damage, a CVA causes a wide range of effects, including changes in 
muscle tone around the upper limb. Hemiplegic shoulder pain (HSP) is the most 
common painful condition in patients after a CVA and one of the four most common 
medical complications post-CVA [284, 285], with a prevalence ranging from 22% 
to 47% [286]. Incidence rates vary widely, from 16% to 84% [287–290], but a more 
recent meta-analysis estimates this at 10–22% [286]. The wide variation in HSP 
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prevalence reflects the lack of a clear definition. Unilateral shoulder pain often 
occurs 2–3 months after a CVA and is a common and disabling complication fol-
lowing a stroke. It can significantly affect the patient’s quality of life [291–293].

Typical risk factors for developing HSP include relatively younger age (under 
70  years), left-sided hemiparesis, hemorrhagic stroke, medical history, a higher-
than-average score (>14/42) on the National Institutes of Health Stroke Scale, and 
the presence of spasticity [286]. And we would almost forget that, in addition to 
these risk factors, these patients can also develop other shoulder conditions, such as 
frozen shoulder or RCRSP, or issues with the cervical spine [289].

Other factors likely contributing to HSP include shoulder dislocation [294] or a 
rotator cuff injury [295]. During recovery after a stroke, it is believed that upper 
limb spasticity, shoulder dislocation, and limited shoulder joint mobility lead to 
shoulder pain.

�How Do You Recognize Hemiplegic Shoulder Pain?

The clinical presentation of HSP shows reduced shoulder movement on the affected 
side within the first weeks after a stroke, gradually worsening after 1  month 
[296–298], along with typical neurological signs such as impaired sensation, hemis-
patial neglect, spasticity, and flaccid paralysis [299, 300]. Spasticity is one of the 
characteristic developments, usually occurring between 1 and 6 weeks after a stroke 
[301]. Spasticity is often defined as a disrupted sensorimotor regulation following 
an upper motor neuron lesion, manifesting as intermittent or continuous involuntary 
muscle activity [302]. Clinically, it presents with symptoms such as increased mus-
cle tone (hypertonia), a series of rapid muscle contractions (clonus), muscle spasms, 
spastic co-contractions, or a combination of these elements [303]. These various 
clinical manifestations of spasticity make evaluation challenging. This can also 
cause a lot of pain.

In addition to spasticity, there is often muscle weakness, accompanied by a clear 
loss of control around the shoulder [304]. This can lead to musculoskeletal issues 
such as changes in the elasticity of the surrounding muscles. Static contractures may 
develop, with a combination of increased stiffness and reduced shoulder mobility 
[305]. The vicious cycle begins with further muscle shortening, leading to an 
increase in spasticity and pain. In general, we see a pattern of contraction of the 
shoulder girdle adductors and internal rotators [284, 306], usually accompanied by 
elbow flexion [307, 308].

�What Is Parsonage-Turner Syndrome?

Neuralgic amyotrophy, also known as Parsonage-Turner syndrome (PTS) or bra-
chial neuritis, is a condition of the peripheral nervous system characterized by two 
prominent features: severe (neuropathic) pain and significant muscle atrophy. PTS 
is often not immediately recognized, with an average delay of 3–9 months before 
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diagnosis is made. Symptoms have a slow recovery process that can take months to 
years and often affect the upper extremity. In most cases, a preceding trigger or 
event can be identified.

In the mid-nineteenth century, two separate conditions were described: paralysis 
of the musculus serratus anterior muscle and postinfectious paralysis. In 1948, 
Parsonage and Turner recognized the common characteristics of these conditions 
and concluded that they were different presentations of the same disorder [309]. 
They came up with the term “neuralgic amyotrophy” to describe this syndrome, 
emphasizing its two main clinical features: severe pain and significant muscle loss.

Traditionally, PTS was considered a rare condition, with an estimated annual 
incidence of 1.64 cases per 100,000 people [310]. However, the actual incidence is 
much higher, as the condition is often under-recognized. A prospective study 
reported an incidence of 1 case per 1000 people [311]. PTS typically presents spo-
radically, usually around the age of 40, and is slightly more common in men. 
However, there is also a hereditary form, which primarily affects younger individu-
als around the age of 25 [312]. The latter accounts for approximately 10–19% of 
PTS cases [312].

�How Do You Recognize Parsonage-Turner Syndrome?

PTS primarily manifests with severe neuropathic pain, followed by local paralysis, 
ranging from isolated paralysis of the anterior interosseous nerve to severe bilateral 
paralysis of both upper limbs.

Despite this variation, a triad of symptoms is generally recognized. First, the 
symptoms often begin with a (frequently identifiable) trigger. At least 50% of PTS 
cases report a trigger, which can include minor trauma, surgery, vaccination, medi-
cation use, or even a strenuous physical exertion. But most often these are upper 
respiratory infections or a flu-like illness, though bacterial infections and other 
viruses can also cause PTS [313]. The common denominator seems to be the activa-
tion of the immune system, which subsequently leads to a selective inflammation of 
the peripheral nerves. There also often appears to be an underlying predisposition 
and susceptibility to mechanical injuries of the brachial plexus. Then there is the 
characteristic pain in the upper limbs and chest area, and, finally, weakness and 
atrophy become visible. The latter makes diagnosis easier. The neurogenic symp-
toms are almost always motor in nature. Sensory loss is a less prominent symptom 
and can often be absent [314, 315].

In 90% of patients, the first symptom is typically pain, which very often (in about 
60% of cases) occurs in the middle of the night or is noticed upon waking [312, 
316]. The pain increases in intensity over the course of several hours. Due to its 
severity, it prompts the patient to seek medical attention.
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Table 18.1  Clinical presentation of Parsonage-Turner syndrome

Including characteristics Excluding characteristics
Men with an average age around 40 years Progressively worsening pain or weakness 

lasting more than 3 months
Sudden and severe attacks of neuropathic pain 
in the upper extremity

Only limitations in passive ROM in the 
glenohumeral joint

Local paresis and atrophy in the muscles 
around the shoulder

Symmetrical distribution of muscle weakness

After a few days, local motor abnormalities 
occur, along with atrophy and possibly 
sensory deficits
Pain can come on suddenly, such as in the 
middle of the night while sleeping
Pain is usually reported laterally at the 
shoulder and in the musculus trapezius region. 
Sometimes also in the scapular area, the 
glenohumeral joint, or distally in the arm

Horner syndrome (neurological condition 
caused by damage to the sympathetic nerves, 
resulting in ptosis, miosis, and anhidrosis on 
the affected side of the face)

Antalgic posture with shoulder adduction and 
elbow flexion may be present

Head and neck movements influence 
shoulder-arm pain

The pain is usually localized in one of the arms, most often on the dominant side, 
although bilateral involvement is also common. The pain is worsened by move-
ments of the shoulder or upper extremity. Interestingly, it is not aggravated by head 
or neck movements, which distinguishes it from acute radiculopathies. After 1 or 
2 weeks, the pain diminishes or is replaced by a dull, aching pain, although some 
patients report very intense and persistent pain lasting up to about 4 weeks after the 
onset of symptoms.

Severe pain often masks muscle weakness in the early stages, as patients instinc-
tively avoid shoulder girdle movements. Consequently, any atrophy may go unno-
ticed for some time. It is only when the pain subsides and the patient begins to move 
the shoulder that motor deficits and atrophy become more evident, typically taking 
a few weeks for the atrophy to become visibly noticeable. Additionally, there is no 
clear relationship with psychological distress [317]. Finally, an EMG can be per-
formed for confirmation (Table 18.1).
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19The Role of Imaging

Imaging can play an important role in the evaluation of patients with shoulder pain, 
especially when the diagnosis of the pathology is not apparent from clinical exami-
nation. It provides healthcare providers with valuable additional information about 
the anatomical structures of the shoulder, which can assist in diagnosing and plan-
ning the appropriate treatment. The imaging techniques we will discuss include 
X-rays, ultrasound, CT scans, and magnetic resonance imaging (MRI) scans, each 
with its own advantages and disadvantages. These images can serve as objective 
information to help make a proper diagnosis.

X-rays and CT images are generated by X-rays passing through the shoulder. 
However, X-rays are a form of ionizing radiation, and it is suspected that they may 
increase the risk of cancer, though this effect on the already high-risk figures does 
not appear to be significant [318]. The radiation dose from an X-ray is very low 
(0.01 mSv), but that of a CT scan can reach 2.8 mSv. This is roughly the equivalent 
to the annual natural radiation from the sun and earth. Therefore, caution is espe-
cially required with the latter.

Ultrasound and MRI are techniques that do not use ionizing radiation and are 
therefore not subject to these risks. However, they also have disadvantages. The 
strong magnetic field of an MRI, for example, can cause metal objects inside or on 
the patient to move or heat up during the scan. It is important that the referring phy-
sician notes this when making the referral and the patient is rescreened before enter-
ing the scanner. Newer surgical prostheses (such as joint prostheses) are now MRI 
compatible. The biggest drawback now is that they cause artifacts that can obscure 
the area being scanned.

However, it is important to note that imaging is not always necessary for every 
patient with shoulder pain. It must be carefully considered and supplemented with 
a thorough clinical evaluation, including listening to the patient’s story. As previ-
ously discussed, there is a poor correlation between pain and structural pathology 
(such as rotator cuff tears) [155]. Moreover, imaging findings rarely influence non-
surgical management. Also, imaging findings can hinder patient involvement and 
increase anxiety and avoidance behavior [154].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_19&domain=pdf
https://doi.org/10.1007/978-3-031-82228-5_19#DOI
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�Rotator Cuff-Related Shoulder Pain (RCRSP)

Imaging may be required to rule out tumors, fractures, dislocations, or other red 
flags. An X-ray can be used to exclude glenohumeral osteoarthritis or calcific tendi-
nopathy. Ultrasound imaging, on the other hand, can be useful to objectify subacro-
mial bursitis, partial or complete tears, calcifications, or degenerative changes 
around the AC and/or glenohumeral joint.

MRI can also be an excellent imaging technique for observing similar abnor-
malities as ultrasound but only statically. While ultrasound imaging is likely the best 
option for detecting calcifications in tendons, MRI is better at registering articular, 
bony, and muscular pathologies.

CT scans generally do not offer much additional value compared to the afore-
mentioned imaging techniques, except perhaps for visualizing rarer bone patholo-
gies. In RCRSP patients who are following the expected improvement trajectory, 
imaging is usually not necessary, and it is only applicable for differential diagnosis.

�Biceps Tendon Disorders

Long head biceps tendon (LHBT) tendinopathy is difficult to identify through imag-
ing. There is still debate about the use of imaging in diagnosing LHBT tendinopa-
thies. When a partial or complete rupture of the LHBT is suspected, the diagnostic 
value of imaging increases significantly. Generally, ultrasound imaging reports high 
specificity for detecting dislocations (76% sensitivity and 98% specificity), partial 
tears (sensitivity ranging from 27% to 100% and 100% specificity), and complete 
ruptures (71% sensitivity and 98% specificity). Overall, the results indicate fairly 
high specificity, but sensitivity shows more variation [167].

The use of X-rays is less obvious when it comes to imaging soft tissues. However, 
X-rays are sometimes used to visualize bony abnormalities in the bicipital groove. 
Generally, the diagnostic accuracy, specificity, and sensitivity of magnetic reso-
nance arthrography (MRA) are slightly better than MRI, but both showed variabil-
ity in diagnosing LHB tendinopathy.

�Labral Injuries

Diagnosing labral injuries based solely on clinical examination is difficult. 
Additional imaging techniques such as X-rays, CT scans, and MR arthrography can 
be used. Currently, CT arthrography is the most commonly used imaging technique, 
with a sensitivity of 94–98% and a specificity of 73–88% [319]. However, MRI and 
MR arthrography are considered the gold standard. The sensitivity and specificity of 
MR arthrography range between 82–89% and 91–98%, respectively. If there is sus-
picion of an associated bone injury, CT arthrography may have advantages over MR 
arthrography.
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�A Rotator Cuff Tear

Imaging can be helpful in determining the size and location of rotator cuff tears. 
Magnetic resonance imaging (MRI) is usually the best method to visualize the exact 
location of the tear. Additionally, MRI can assess muscle quality, which is relevant 
for the decision regarding surgery. Ultrasound imaging, MRI, and MRA have simi-
lar positive and negative likelihood ratios for diagnosing partial-thickness tears 
(LR+ = approx. 11; LR− = approx. 0.3) [320]. For full-thickness tears, this increases 
to an LR+ of around 13 for ultrasound imaging and MRI and an LR− of 0.1 for 
ultrasound imaging, MRI, and MRA. The LR+ for MRA is even 18.

�Calcific Tendinopathy

To diagnose calcific tendinopathy and objectively confirm the presence of calcifica-
tions, imaging is necessary. Due to its ability to visualize calcifications without 
radiation and detect neovascularization, ultrasound imaging appears to be the pre-
ferred method [321–323]. Indeed, ultrasound imaging is a valid and practical imag-
ing technique for diagnosing calcific tendinopathy. In addition to ultrasound, 
standard X-rays can be used to visualize calcifications in the supraspinatus tendon. 
Other imaging options, such as MRI, can also be considered. Although the presence 
or absence of calcification can be determined, the clinical significance of these 
deposits remains uncertain.

�Frozen Shoulder

In practice, a working diagnosis can often be made based on a thorough patient his-
tory and clinical examination, without necessarily needing imaging in primary 
healthcare [324].

However, standard X-rays of the glenohumeral joint are often recommended for 
differential diagnosis. This is to ensure that there are no substantial degenerative 
joint changes that could also cause pain and restricted movement, such as osteoar-
thritis. Additionally, a posterior dislocation can present a similar clinical picture, 
though a trauma would typically be reported in the patient’s history. Rare humeral 
bone tumors can also be ruled out this way.

The use of advanced imaging modalities, such as MRI, has also been suggested 
for diagnosing frozen shoulder. Findings such as thickening of the axillary capsule 
and/or obliteration of the axillary recess, thickening of the coracohumeral ligament 
and the rotator interval, and/or hypervascularity are considered indicative of a fro-
zen shoulder when the imaging results match the clinical presentation [325, 326].

Although soft tissue tumors are only present in less than 1% of patients with 
frozen shoulder, advanced imaging may be of great importance for those with per-
sistent symptoms [327]. However, routine use of advanced imaging is not 

Frozen Shoulder



130

recommended, as it does not provide superior diagnostic information beyond his-
tory taking and physical examination [328].

The role of ultrasound imaging  in patients suspected of having a frozen  
shoulder is primarily in guiding subacromial and intra-articular injections or 
hydrodilatation.

�Glenohumeral Instability

In cases of traumatic dislocations, an X-ray can clearly show an anterior or posterior 
dislocated glenohumeral joint. However, it is important that these images are not 
only taken in a frontal plane. In a frontal view, the joint may appear normal if the 
humeral head is aligned with the glenoid. Other angles (such as axillary views) are 
just as important to avoid missing dislocations. A simple X-ray can also provide an 
image of any possible bony Bankart or Hill-Sachs lesion. For labral injuries, MRI 
and MR arthrography are considered the gold standard. On the other hand, func-
tional glenohumeral instability is usually diagnosed clinically and often does not 
require imaging.

�Acromioclavicular, Sternoclavicular, and Clavicular Conditions

The original Rockwood classification is based on X-ray findings, although the reli-
ability is variable and often only moderate [329, 330]. However, radiographic imag-
ing is usually necessary to rule out clavicle fractures in both AC and SC injuries.

Computed tomography does not significantly improve reliability [329]. In con-
trast, ultrasound  imaging has been shown to achieve a high degree of sensitivity 
(80%) and specificity (100%), especially for detecting detachment of the deltoid 
and trapezius muscles [331]. Ultrasound imaging can also be used to support the 
diagnostic and therapeutic effects of corticosteroid injections [247]. Lastly, MRI 
can be used to better visualize soft tissue injuries. MRI is especially helpful in sup-
porting the decision of whether surgery is necessary [332, 333].

�Glenohumeral Osteoarthritis

Clear X-rays of the shoulder are essential to confirm the diagnosis. Anteroposterior, 
lateral, and axillary views are recommended. The radiological definitions of osteo-
arthritis rely on identifying radiographic features of joint damage. However, many 
different radiographic classification systems have been described.

Radiographic changes include joint space narrowing, osteophyte formation, peri-
articular cysts, cranial migration of the humeral head, and subchondral sclerosis. It 
is clear that combining the patient’s symptoms with anatomically proven joint dam-
age leads to the most accurate diagnosis. But again, keep in mind that radiological 
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signs of damage can also be present in asymptomatic individuals [254, 334, 335]. 
Therefore, it is not recommended to diagnose a patient based solely on imaging.

In addition to X-rays, CT arthrography can also be used. This technique allows 
for the creation of a 3D image, which can provide a detailed view of glenoid mor-
phology or bone density and is recommended when considering a shoulder 
prosthesis.

For soft tissue imaging, MRI is superior. However, MRI is not routinely recom-
mended for diagnosing glenohumeral osteoarthritis, though it may be useful for a 
subset of patients with unclear diagnoses or suspected peri-articular tumors.

Glenohumeral Osteoarthritis
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20Communication with the Patient

We all understand the importance of communication, but even those who feel they 
excel at it should continue to reflect on their skills. Perfect communication is an 
illusion, and there is no one-size-fits-all approach. We all make mistakes and seek to 
improve. Hopefully, this chapter will provide some valuable insights.

The first priority is to avoid exacerbating the fear that many of your patients 
already feel. Our messages can sometimes unintentionally heighten their anxiety, 
which can make them more vulnerable and less self-reliant, outcomes we want to 
prevent. The language we use in clinical practice holds significant power. It can 
offer support but can also lead to lasting harm. The words we choose can shape how 
others think, feel, and act, ultimately affecting the clinical outcome.

Let us begin at the start. A patient arrives with a problem and describes it in their 
own words. However, patients often struggle to articulate their complaints clearly, 
relying on metaphors to give shape to their emotions. Pain can feel chaotic, and 
metaphors help impose some order in that chaos. Each person’s experience of pain 
is unique and much like exploring a new galaxy through a telescope; through com-
munication, we strive to understand the patient’s perspective.

It is important to remember that our patients do not always think like we do. They 
come from diverse backgrounds, with different beliefs, experiences, cultures, and 
vocabularies. Their world often differs significantly from ours. Despite these differ-
ences, we must make an effort to understand their experiences through our conver-
sations. When discussing our findings, we need to be mindful of our language. Our 
terminology may be unfamiliar or even interpreted negatively by the patient. Our 
words can have lasting consequences; they can offer warmth and clarity, but they 
can also cause harm.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-82228-5_20&domain=pdf
https://doi.org/10.1007/978-3-031-82228-5_20#DOI
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�Validating Versus Reassurance

Pain and its associated effects, like anxiety, are often invisible and can be described 
vaguely in a patient’s history. To truly recognize this anxiety, we need to learn how 
to listen. Try to put yourself in the patient’s shoes to better understand their perspec-
tives and experiences. This practice can help you become attuned to the unspoken 
cries for help and validate  their struggles. Additionally, give your full attention 
when others speak. Ask open-ended questions and encourage them to express them-
selves freely.

And when listening, make sure the person knows that we have heard it. It is a 
good start to look the patient in the eye and nod in affirmation, but this is often not 
enough. It is also about the follow-up questions you ask. If you let your patient 
speak for a few minutes without interruption and then focus on an element that does 
not touch on the core issue (such as the patient’s suffering), the patient may repeat 
part of their story or become frustrated, feeling they have not been truly heard.

Pay close attention to the patient’s body language as well. Are they showing 
signs of resistance? It may be that your patient does not feel heard. It is not easy. A 
good way to reduce a patient’s anxiety is through validating. Validating means tell-
ing that the patient’s story is understandable and accepting it as a reasonable possi-
bility [336]. We may be excellent at our jobs and show empathy with family and 
friends, but we often fail to show it enough to the patient. The belief that an empathic 
response (such as validating pain) would only reinforce pain behavior has already 
been dismissed as unproven [336]. Validating could just as easily translate into 
increased trust in the clinician, making the patient feel better and reducing their pain 
behavior [336]. The future will provide more clarity on this.

However, validating is not the same as reassurance. Reassurance involves giving 
optimistic messages to patients, like “You don’t need to worry. We are experienced 
and have treated this condition many times. Everything will be fine.” These kinds of 
vague promises will not convince all patients and can instead lead to anxiety and 
negative feelings.

�Listening as Therapy

This book focuses on the evaluation of shoulder complaints, not on their treatment. 
However, I cannot resist offering a small suggestion that could already benefit your 
patients. It turns out that during your history taking and clinical examination, you 
can already have an impact on the final outcome. Your assessment is also the begin-
ning of your therapy. Everyone can probably recall a moment when the very first 
consultation had a significant effect on the patient’s symptoms. Patients may even 
offer an explanation for this effect: “I feel better now that we’ve talked about my 
complaint and now that we have a plan.”

We are often quick to assume that what you said influenced the patient’s under-
standing of their illness or beliefs. And that may be true, but do not underestimate 
the power of simply listening and acknowledging the patient. The key is not always 
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in how much information you provided, and it may not even be the quality of the 
information you shared. The connection you established with your patient may have 
been the key factor. And it is precisely your communication and your attentive lis-
tening that can have a significant impact on the relationship with your patient.

► The most important thing to remember can be illustrated with a metaphor: 
When the conductor overshadows the orchestra, something is wrong. True 
harmony in communication occurs when we, as clinicians, create space for 
our patients’ melodies to be heard.

Listening as Therapy
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Stress, 46, 48, 67
Subacromial decompression, 72
Subacromial-deltoid bursa, 8
Subacromial space, 71–73
Subcoracoid bursa, 8
Subscapular bursa, 8
Subscapularis muscle, 8, 14
Sulcus, 102
Sulcus sign, 103
Superior labrum anterior-posterior 

(SLAP), 84, 85
Supraglenoid tubercle, 83
Suprascapular nerve, 12, 14
Supraspinatus muscle, 8, 14
Synovial fluid, 6, 10
Systematic, 19

T
Tampa Scale of Kinesiophobia (TSK), 32, 36
Tendinitis, 74
Tendinopathy, 46–48, 73–75, 102
Tendinosis calcarea, 93
Tenocytes, 74, 93
Teres major muscle, 8, 14
Teres minor muscle, 8, 13, 88
Thoracic outlet syndrome, 118
Thoracodorsal nerve, 14
Thorax, 11, 16, 18
Tissue inhibitors of metalloproteinases 

(TIMPs), 95, 96
Transverse ligament, 6
Trapezius muscle, 11, 12, 18, 108, 109
Trapezoid ligaments, 11
Triceps brachii, 8, 13, 18

U
Ulnar nerve, 12
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Visual analogue scale, 25
Visual assessment, 52

W
The Western Ontario Osteoarthritis of the 

Shoulder index (WOOS), 30

Western Ontario Rotator Cuff Index 
(WORC), 28

Western Ontario Shoulder Instability Index 
(WOSI), 29

Y
Yellow flags, 36
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