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Rationale of Diagnostic Clusters

An accurate diagnosis is the foundation of Good Medical Practice.

The inspiration for this work has been to pull together the diagnostic knowledge,
skills, and wisdom gathered over generations by the orthopaedic fraternity practis-
ing common sense orthopaedics. The relevance and need of such common
sense-based clinical practice has been amplified by the pressures faced by the
chaotic Internet information boom, easy access to radiology, corporatization of
medical care, and the rapid pace of our life demanding binary answers to complex
questions.

In routine clinical practice, the diagnosis of a particular shoulder condition is
best made on history, clinical examination, and special tests, usually with the help
of radiological investigations. It is often the case that all these subcomponents are to
be used in conjunction with each other as “clusters” rather than in isolation. Current
textbooks are focused on physical examination techniques or radiological examina-
tion and do not take into account this cluster approach one needs to use in everyday
practice. The purpose of this book is to bridge this gap and serve as a practical guide
to diagnosis in modern day clinical practice.

We are all familiar with the patients who have had a scan which shows a “tear,”
and having done their Internet research, they present with an expectation for such a
“tear," often in the absence of relevant clinical symptoms, to be “fixed.” This book
is to serve as a reminder that a clinical diagnosis remains reliant on multiple sources.
This reminder is particularly relevant in the current vastness of medical information
available on the Internet for patients and clinicians alike. This work represents a
body of collective experience and knowledge of carefully selected shoulder sur-
geons and specialist physiotherapists, who practice the cluster approach to making
a diagnosis.

A focused history can tease out the diagnosis in a vast number of shoulder condi-
tions. Also, the conventional examination of the shoulder joint follows a sequence
of “look, feel, and move.” This sequence is in line with the orthopaedic examination
of other joints. The knowledge of shoulder conditions has vastly improved over the
past two decades, with the “shoulder subspecialty” growing at a rapid pace regard-
ing practitioner numbers, knowledge, evidence base, and procedures. One has seen
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viii Rationale of Diagnostic Clusters

the emergence of a vast variety of “special tests” to aid in the diagnosis of shoulder
conditions. In conditions such as subacromial impingement, for example, over 12
special tests have been described. The multitude of special tests means that the clini-
cian faces a vast choice of tests, with a broad range of sensitivities and specificities.
At the same time, radiological techniques have advanced rapidly over the last
decade with significant leaps in quality, speed, and indications. Such developments
are so rapid that the clinical implications of radiological findings are frequently
debated!

Hence, the four key pillars over which one constructs a diagnosis are a clinical
history, the conventional examination sequence, special tests, and radiological
investigations. Diagnosis of a particular condition relies on a varying degree of sup-
port from these individual pillars. The first section of the book defines these four key
pillars. Each of these initial chapters describes the particular Pillar and provides a
broad knowledge over which the subsequent chapters are then constructed. The reli-
ability of a diagnosis is high when individual subcomponents are aligned. Equally,
when different subcomponents are not overlapping and pointing in the same direc-
tion, the confidence in the diagnosis is lower. One needs to accept that the outcome
of diagnostic assessment may well be a “probable diagnosis” which needs further
clarification by invasive techniques such as arthroscopy (Fig. 1).

Pain, weakness, and instability are the three common reasons for which patients
seek help for their shoulders. Further sections of the book have been structured
around these three presentations rather than pathological processes. The book is a
step in the direction of patient-centred medical literature and will serve to remind us
to think about “what’s the patient in clinic for?” Within these sections, specific con-
ditions with their corresponding “clusters” comprise the bulk of the work. The
authors have painstakingly extracted the relevant components from clinical experi-
ence, published work, clinical examination textbooks, radiology textbooks, and
online resources.

This work is based out of the Wrightington Hospital, which provided a setting for
the pioneering work of our forebear Late Sir John Charnley, the father of modern
Hip Replacement. He continues to provide us with an unending source of inspira-
tion. We are honoured to have the blessings of Dr. Ben Kibler for this work, who

History Examination
History ~ Examination

Special .
Tests Special
Tests
Precise Diagnosis Probable Diagnosis Unlikely diagnosis

Fig. 1 Reliability of a diagnosis
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challenged us to think about “what’s relevant to the patient” throughout the prepara-
tion of this book. There is no doubt that you would notice a streak of common sense
orthopaedics across each chapter, a tribute to the lessons learnt from Mr. Tim
Meadows, retired Consultant Orthopaedic Surgeon, and also to our surgical trainers
spread across the globe. We are grateful to the great support from the publishers,
Springer, and in particular Liz Pope, Priya Vairamani and Andre Tournois in the
editorial team.

The overall proposed style of writing for the book is a practical, well-referenced,
easy-to-read resource for general practitioners, orthopaedic trainees, physiothera-
pists, orthopaedic surgeons, radiology trainees, radiographers, and musculoskeletal
radiologists. As with all works addressing the complexity of diagnostic decisions,
the knowledge is vast and fast evolving. We accept that any book of this nature can-
not claim to be a comprehensive guide and we would welcome feedback from the
readers. Each chapter starts with an illustrative case example signifying a “classic”
patient presentation, the detailed description of individual diagnostic clusters, and
finally a discussion of the case and a chapter summary with a tabulated summary of
clusters. Subcomponents of clusters have been chosen based on evidence, experi-
ence, and applicability. Such a subdivision is designed for a quick read-through for
a busy clinician, if they so wish.

We hope you enjoy reading this book as much as we have enjoyed compiling and
editing “The Shoulder Clusters.”

2017 Puneet Monga
Lennard Funk



Prologue: Making the Diagnosis

I 'am honoured to be asked to write a prologue for this book on diagnosis in shoulder
disorders. Any book needs a strong rationale and definite application to be relevant.
This book is relevant. It addresses an important topic at a timely point in the evolu-
tion of our knowledge of the treatment of shoulder injuries. It highlights the funda-
mental importance of the diagnosis in treatment, a point which is frequently
undervalued or underappreciated.

The diagnosis is the key and critical aspect in health care. All treatment interven-
tions are based on the information provided in the diagnosis. The diagnosis should
be able to answer the question “why is the patient in your office,” both from the
patient’s and the doctor’s point of view. Most patients report they come to the office
to be evaluated and treated for an alteration in their functional capability [1], while
most doctors report they feel the patient has come to be assessed for a particular
alteration of anatomy. The comprehensive diagnostic process can help the clinician
assemble all relevant information necessary to address the functional problem. An
effective diagnosis can be defined as “that body of information, collected through
the process of evaluating the patient’s health problem, that determines the content
and timing of the treatment of the health problem”[2]. The diagnostic process may
be short or long, may involve several steps, or may require outside consultation, but
the goal is to produce a more precise and complete understanding of the patient’s
health problem.

In the USA, the Institute of Medicine (IOM), now named the National Academy
of Medicine (NAM), has recognised the central importance of the diagnosis in
health care and the problems associated with inefficient diagnoses. In September
2015, the IOM produced the latest report in its highly regarded Quality Chasm
Series, titled “Improving diagnosis in health care” [2]. The report documented trou-
bling deficiencies in the effectiveness of developing the diagnosis in all health care
disciplines. They called these deficiencies “diagnostic errors.” Diagnostic errors
may be defined as “the failure to develop the information required to establish an
accurate and timely explanation of the patient’s health problem, and the failure to
meaningfully communicate the information to the patient” [2]. The information
must be accurate (not differing from the actual patient problem, or imprecise or
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xii Prologue: Making the Diagnosis
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Fig. 2 The Diagnostic process as presented by Balough et al. (2015)

incomplete) and timely (not delaying the correct treatment). It also must be com-
municated to the patient in understandable terms so the patient can participate in the
determination of the treatment plan. Diagnostic errors can be harmful in several
ways. They can prevent or delay appropriate treatment, they can lead to inappropri-
ate or unnecessary treatment, and/or they increase medical expenditures and waste
financial and medical resources.

In addition to documenting the presence and incidence of diagnostic errors, the
report described a general model of the diagnostic process that was designed to
systematically address the components of the diagnostic process, in order to bring a
more unified approach to the process (Fig. 2) [2].

The general suggestions made in the IOM report have specific application for
orthopaedics and shoulder surgery. There are multiple studies in the orthopaedic
literature that support the report’s conclusions regarding the imprecision and lack of
effectiveness of the diagnosis for shoulder injuries [3—11]. Also, the general model
described in the IOM report for the diagnostic process can be used as a framework
for re-envisioning the process in orthopaedics. The model is very similar to the
rationale for diagnostic clusters that forms the basis for this book. Several points can
be made regarding the applicability of the model to orthopaedics and shoulder sur-
gery, and for use in applying the principles advocated in this book. First, it is sequen-
tial, starting with the patient experiencing some alteration of their normal functional
status. In this book, the main alterations are pain, weakness, and instability, but
there may be others that need to be elucidated by interaction with the patient.
Second, it emphasises the key role for comprehensive information gathering from
multiple sources, a point emphasised strongly in this book in the four key pillars. I
would add two other supporting resources: (1) including patient-determined factors
and expectations, such as the apprehension of the injury and treatment and problems
with job status, and (2) information from arthroscopic or other surgical observations
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that can be helpful in confirming the comprehensive diagnosis. Each of these dimen-
sions must be evaluated in every patient. Third, it emphasises the involvement of
patient preferences and concerns in determining treatment after a diagnosis has
been made. Fourth, the treatment that results from the diagnosis includes content
and timing of the interventions based on the deficits found. Fifth, the treatment
results in outcomes, which the IOM report describes as patient outcomes (observed/
measured by clinicians, reported by patients) and system outcomes (quality, cost,
safety, efficiency, public confidence in the system). Finally, in this model, there is a
linear, almost cause and effect relationship between the diagnosis and the treatment
outcome. Effective treatment is therefore shown to be dependent on a comprehen-
sive diagnosis.

Unfortunately, there are well-demonstrated deficiencies in the diagnostic process
and the resulting diagnoses in many shoulder injuries. In general, the diagnostic
errors often result in imprecise and incomplete information which may frequently
lead to unreliable treatments and outcomes. The final diagnoses recorded often fail
to identify the actual anatomical lesion and the associated physiological and biome-
chanical alterations, fail to include patient-reported factors and expectations, do not
adequately define what functional loss exists, are inconsistent in guiding treatment,
and only infrequently are associated with predictability of outcomes. Examples can
be given for labral injury [3, 4], impingement [5, 6], rotator cuff disease [7, 8], AC
joint injury [9], clavicle fractures [10], and instability [11]. There is also anecdotal
but widely believed evidence of overutilization of imaging in the diagnostic process
and overdiagnosis of many shoulder problems [12]. We as clinicians must accept
responsibility for improving our diagnostic capabilities. We must ask more perti-
nent questions in the history, develop expertise in the clinical exam as we do in
surgical techniques, and must use imaging wisely. This will require a certain amount
of time and effort but must be seen as wise expenditures. Without that effort, the
patient may not receive the optimal care.

Many methods have been advocated over the years to establish a firm, reliable,
and accurate diagnosis in health care, and most doctors and medical clinicians use
specific questions, and tests they feel will develop the best information. Careful
study, however, demonstrates that in a disturbingly high percentage of cases, the
diagnostic process results in suboptimal outcomes. This book attempts to better
systematise the diagnostic process for identification of the comprehensive set of
alterations that represent the patient’s unique health problem. It makes excellent
points regarding how to effectively make the diagnosis and can give clinicians guid-
ance in improving their capabilities. Whatever method each clinician chooses to
use, I would recommend that the method adheres to a comprehensive set of princi-
ples I call the “5 A’s.” At the end of the individual patient diagnostic process the
information gathered should reflect:

— Accuracy—all anatomical, physiological, and biomechanical alterations that
accompany the health problem should be evaluated and categorised

— Assessment—patient-derived factors and expectations, and meaningful commu-
nication to ascertain patient acceptance and involvement
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— Agreement—the process should result in high inter-rater reliability for the pro-
cess and the content of the evaluation

— Applicability—the process should lead to reliable guidance for the content and
timing of all the aspects of the comprehensive treatment plan

— Accountability—the information should be able to relate to predictions of out-
come reasonably

In summary, the diagnosis is the key element in developing effective medical care.
Much effort is currently being made to identify, quantitate, and improve the value
associated with the outcomes of treatment of medical conditions. Outcomes are typi-
cally defined as how did the patient do after an intervention and may be termed
“value on the back end” of the treatment process. There has not been the same amount
of effort related to improving the process for making the diagnosis, the “value on the
front end”” upon which the treatment is based. As doctors and clinicians continue to
search for methods to improve the quality, safety, efficacy, and value of treatment,
devising better surgical techniques or more precise measurements of outcomes will
not necessarily be of maximal benefit unless equal attention is placed on improving
the diagnosis upon which the techniques and subsequent measurements depend.

W. Ben Kibler, M.D.
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Part I
Basic Ingredients



Chapter 1
Clinical History

J.A. Baxter and M. Walton

The key to successful management of a patient with shoulder symptoms is
establishing an accurate diagnosis. On occasion this is straightforward but in
diagnostic challenges, time spent teasing out a good history is always rewarded.
Taking a history, on many occasions, is a matter of pattern recognition. Most
diagnoses are made by the history with examination and investigations serving
to confirm one’s suspicions. Table 1.1 is Pain Severity from Shoulder
Conditions.

A. Demographic

Age of the patient
Hand dominance
Occupation
Leisure activities

B. Presenting Complaints
General

Duration of symptoms

Traumatic/Atraumatic

Onset—Acute/Gradual
Progression—Slow/Rapid

Loss of Function; Daily activities, Work & Sport

J.A. Baxter (PX))

St George’s University Hospitals NHS Foundation Trust, First Floor Flat,
Chiswick, London W4 1PQ, UK

e-mail: jonabaxter@doctors.org.uk

M. Walton
Consultant Shoulder Surgeon, Wrightington Hospital, Wigan, UK

© Springer International Publishing AG 2017 3
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Table 1.1 Pain severity Pathology Mean VAS
GH]J arthritis 7.83
Subacromial impingement 7.80
Calcific tendinitis 7.50
Rotator cuff tears 7.05
Instability 6.72
AC]J pathology 6.43

VAS Visual Analogue Scale, GHJ Glenohumeral joint, ACJ Acro-
mioclavicular joint [5]

Pain

Location

Radiation

Severity

Night pain, rest pain, constant/intermittent
Aggravating/Relieving factors/positions

Is the shoulder pain related to neck movements?
Red Flag Signs

Instability

History of giving way/clicks/jerks
Frequency of symptoms
Ligamentous laxity in other joints
Was there a frank dislocation?

Age of the first dislocation

Ease of reduction

Position of instability

Cumulative time in the dislocated position

Weakness

Muscular
Neurological symptoms, paraesthesias

Stiffness

Duration of onset
Preceding pain
Past injuries

C. Previous Treatment

Non-operative; medications, injections, physiotherapy
Operative; location, timing, procedure
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D. Past Medical History

Associated medical conditions

Systemic disease including diabetes and connective tissue disorders
Previous trauma

Previous surgery (problems with anaesthetic)

Smoking status

E. Patient Factors

Timelines of return to sports for athletes
Expectations from treatment

Apprehensions related to medical care

Influence of potential treatment on work and hobbies

The key questions one needs to consider when taking a clinical history are as
follows

How Old Is the Patient?

Most shoulder conditions are related to specific age groups. Pathology in children and
adolescents is almost always traumatic in origin leading to fractures around the shoul-
der girdle (usually clavicle) or less commonly dislocations. Atraumatic pain in this
age group is a concerning feature and should raise concerns for primary bone tumours.
Young adult pathology is also usually traumatic in onset and related to glenohumeral
joint and acromioclavicular joint (ACJ) instability. From middle age, one begins to
develop degenerative tendinopathy, and the more elderly suffer from degenerative
joint disease (osteoarthritis) and rotator cuff arthropathy. Rotator cuff tendinopathy is
the most common shoulder condition presenting to the general practitioner [1, 2].

How Did the Symptoms Start?

A key discriminator in shoulder pathology is be the presence of an initial traumatic
event or if the symptoms were of gradual or insidious onset. In combination with the
age of the patient, this will often separate acute from degenerative conditions.

If the patient confirms that an injury heralded the onset of symptoms, further
information should be sought. These include the date of the injury, the mechanism
including arm position, direction and magnitude of the load, whether there was a
fracture, dislocation or soft tissue injury. It is useful to ask about how it was man-
aged, by whom and was any imaging obtained at the time. The degree to which the
symptoms resolved after the initial injury is also necessary.
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Is the Shoulder the Source of the Discomfort?

It is pertinent to ascertain if the pain is arising from the shoulder girdle or referred
from adjacent or sometimes distant structures. Neck pain and radiculopathy are
often referred to the shoulder region [3]. Such referral applies in particular to the
C5/6 dermatome, and it is essential that this should be actively ruled out as a cause
of symptoms.

Neck pain is often referred to the scalp region and medial scapula. It can be asso-
ciated with trapezius muscle pain and secondary shoulder discomfort. Nerve root
impingement leads to radiculopathy, which can be felt over the shoulder itself but is
often described as radiating more distally down the arm to the elbow and into the
hand. It can be associated with altered sensation and paraesthesia and is often
described as “burning” in nature. Such pain may be exacerbated by neck movement.
Less commonly one might come across right shoulder pain due to gallbladder
inflammation and left shoulder tip pain due to cardiac pathology.

What Exacerbates the Pain?

Shoulder pain usually occurs during functional activities. Pain at rest is a signifi-
cant symptom and should trigger further enquiry about the “Red Flag” symptoms.
Pain when reaching above the head, tucking in a shirt or scratching the back is
common. The position of the arm at which any pain begins can give clues as to the
underlying cause. Such position dependent pain is often referred to as the “painful
arc” and, the range, in the mid or high zones, can be as a result of different
pathology.

Pain on elevation in the “mid-arc” of the scapular plane is commonly seen in
patients with subacromial or rotator cuff pain [4]. Pain is classically described as
beginning at 70° often easing above 130°, as the scapula is responsible for the
majority of the further movement. Often patients will complain of increased pain on
bringing their arm down from an elevated position within this arc. It will often be
made worse by internal rotational movements.

Pain at the top of elevation or “high-arc,” is often seen in those with ACJ pathol-
ogy. Patients may complain of discomfort when locking out an overhead press dur-
ing exercise or when across chest activities are being performed such as washing
under the opposite arm. This pain is usually well localised by the patient.

A painful restriction in movement is often seen in patients with adhesive capsu-
litis. The severity of pain and loss of range is variable, but typically a limitation in
external rotation is often present early in the disease process. Patients often com-
plain of difficulty during activities such as brushing their hair. The patients com-
plaining of pain and restriction on all movements, especially with associated
crepitus, may be suffering from glenohumeral joint arthritis.
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What Is the Location and Nature of Pain?

Individual conditions classically present with pain at a particular location over the
shoulder with varying degrees of referred pain to the neck or down the arm.
Shoulder pain mapping techniques have been very useful in demonstrating shoul-
der pathologies present with differing and reproducible patterns of pain distribu-
tion [5] (Table 1.1 and Figs. 1.1-1.3).

Pain from ACJ pathology is predominantly sharp and stabbing over the ACJ
itself. It tends to be well localised to the joint and not to be referred to the arm. The
presence of popping, clicking, or catching in the history should raise suspicion of
instability or the presence of a SLAP lesion [6]. The pain felt with instability is
often a mixture of sharp and dull in nature without radiation past the elbow [5].

In patients with subacromial impingement and rotator cuff tears, pain is less well
localised. It is often described as sharp in nature at the anterior aspect of the shoulder
with a dull, aching pain radiating to the upper arm and forearm. Patients with subacro-
mial impingement may describe pins and needles affecting the hand [5]. A proportion
of patients may also present with varying degrees of chronic neck pain [7]. Pain in the
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presence of calcific rotator cuff tendonitis can be severe and is often shooting in nature
over the lateral aspect of the shoulder without radiation past the elbow.

Sternoclavicular joint pathology is often described as a well localised dull ache
over the joint itself. It can, however, be referred to the ipsilateral anterior neck and
along the length of the clavicle to the shoulder [8].

Does the Shoulder Feel Weak?

In older patients, true weakness is a feature of rotator cuff dysfunction either by pain
inhibition or a structural tendon tear. In younger, active patients such as manual
workers and gym goers, subjective weakness can also be a feature of underlying
apprehension or instability. The position of weakness in this group can be associ-
ated with the direction of instability i.e. weakness in abduction, and external rota-
tion would suggest anterior instability whereas weakness in cross body adduction or
weight bearing (press-up position) is more suggestive of posterior apprehension [9].

Rarely weakness will be due to an underlying neurological or muscular disease
(myopathy). A family history is significant for this group to exclude potential inher-
ited disorders.

Does the Shoulder Feel Unstable?

The majority of shoulder dislocations are initially traumatic in origin. A clear
description of the original event, the direction of dislocation and subsequent man-
agement are essential to understanding the pathology. Following this, it is important
to ascertain what the patient means when they state that their shoulder is unstable.
They will often describe the shoulder feeling ‘loose’ as if it wants to ‘slip’ or ‘come
out’ of joint. Progressive reduction in energy required for recurrent dislocation to
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occur implies a worsening of the pathological lesion. The number of dislocations
and the cumulative time in the dislocated position may influence the amount of bone
loss, and these details should be identified in the history.

Does the Shoulder Feel Stiff?

It is important to ascertain what the patient means by the term stiffness. True stiff-
ness, as associated with frozen shoulder, degenerative joint disease and occasionally
a missed dislocation is due to a mechanical block. This leads to a reduction in the
active and passive range of motion, which cannot be overcome. Patients, however,
may use the term to describe a reduced range of active motion due to pain inhibition
in the absence of a physical block to movement. It is often challenging for the
patient to differentiate between true and apparent stiffness and the distinction
requires clinical examination. The pseudoparalysis of a cuff deficient shoulder may
also be described as stiffness by the patient.

Red Flag Signs

The “Red Flags” are signs and symptoms that raise concern that the shoulder pain is
due to a serious underlying pathology. These necessitate more expedient investigation
and management to exclude potential tumours or intra-articular infection. The signs
include severe, unremitting pain present at rest and night. Other symptoms include a
history of cancer, signs of systemic disease such as weight loss, generalised joint pains,
fever, lymphadenopathy and concerning local features such as a mass lesion [2].

Further Medical History

While the shoulder is the focus of the patient’s complaint, a complete medical his-
tory should be taken in all patients. All comorbidities should be recorded as well as
medications, allergies and problems with previous anaesthetics. Many associated
medical conditions can have a bearing on the threshold for surgical intervention and
also influence access and practicality of various treatment options. Some specific
medical conditions also increase the risk of developing certain shoulder pathology.
Adhesive capsulitis is more likely if the patient has a history of diabetes [10], thy-
roid disorder [11] or Parkinson’s disease [12]. Rotator cuff tears are more common
in the presence of obesity in both men and women. A body mass index (BMI) >30
increases the odds of having a rotator cuff tear requiring surgery. The odds are even
greater with a BMI >35 [13]. Glenohumeral joint arthritis is more likely if the
patient has a previously dislocated the shoulder [14], is aged >70 years or has a
diagnosis of knee osteoarthritis [15].



10 J.A. Baxter and M. Walton
Individual Lifestyle Factors

Once a diagnosis has been made, in order to achieve a good outcome, it is important
to have a clear understanding of the patients’ individual lifestyle requirements.
These include occupation, hand dominance, leisure activities and importantly,
expectations of treatment. These can give both clues to the diagnosis but impor-
tantly the effects of any intervention.

Certain occupations and lifestyles are associated with pathology. For exam-
ple, a diagnosis of rotator cuff tear is more likely with a history of heavy lift-
ing, above shoulder work and work involving handheld vibration tools [16].
Acromioclavicular joint arthritis is more often seen in weightlifters [17], and
posterior labral tears are more common in contact athletes such as American
football or rugby players [18].

The management of the pathology is then dictated by the required patient-spe-
cific functional requirements. Tendon ruptures to the biceps or pectoralis major may
well be treated conservatively in the low demand patient, but there is a lower thresh-
old for operative intervention in the younger, active patient to facilitate work or
recreational activities. Younger patients and those involved in contact sports may
have a lower threshold to opt for stabilisation procedures to continue with their
chosen sports. It would indeed be paramount in the scenario of the professional
athlete where injuries can be career limiting.

Similar pathologies can have different symptoms and the same interventions dif-
ferent implications. It is imperative for the clinician to spend the time to understand
how the shoulder symptoms are impacting their individual patients’ life and plan
treatment accordingly. Often neglected, but critical, are the implications of the post-
intervention rehabilitation process. The duration and limitations of which will have
a profound impact on a patient’s lifestyle and their ability to work and earn.

The process of understanding the individual’s requirements enables the clinician
and patient to share decision making in their specific management plan. Such a
process should result in realistic goals, the achievement of which, will lead to higher
patient satisfaction.

Specific Conditions Are Dealt with in the Individual Chapters in This Book, and
the Following Examples Provide Some “Classic Stories”.

Traumatic Instability/Capsulolabral Pathology

A 20-year-old male presents with shoulder discomfort. He states that he remembers
the shoulder ‘popping out’ the year before while playing rugby but he did not attend
the emergency department. He continued to improve and has returned to sports but
has lost confidence in his shoulder in certain positions. He describes the feeling that
the shoulder ‘slips out’in the absence of a frank dislocation.

Traumatic instability/labral pathology is often seen in patients aged 15-35. A
clear history of dislocation should be sought. Symptoms often include anxiety that
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the shoulder may dislocate with certain positions known as apprehension. The clas-
sic symptoms of anterior instability may follow an anterior inferior dislocation
resulting in a Bankart lesion. However, SLAP tears are often seen in those partici-
pating in contact and overhead sports. Posterior labral pathology is commonly seen
in rugby players landing on their elbow with a resultant high-energy, posteriorly
directed force, which disrupts the posterior labral complex.

Atraumatic Instability

17-year-old female presents with recurrent dislocation of both shoulders. She denies
a previous history of trauma stating that she has always been able to dislocate her
shoulders. She states that she is very flexible. She has had many days off school over
the last six months and is anxious about her upcoming examinations.

Atraumatic instability is seen in younger patients. Most commonly adolescent
females but can occur in males and older patients. Symptoms of instability are present
in the absence of a traumatic injury. This condition is often bilateral and accompanied
by general ligamentous laxity of other joints. Symptoms of pain, weakness, numbness,
crepitus on certain movements and instability that can occur at night may be present. It
may also be seen as subclinical instability in the overhead athlete. In this particular
group, an appreciation of the psychosocial elements to the symptoms is important.

Subacromial Impingement

A 40-year-old female presents with severe pain over the lateral aspect of her shoul-
der radiating down the arm. She denies previous trauma but thinks she may have
overdone her shoulder exercises in the gym. This pain has been worsening over the
past six months and now disturbs her sleep.

Impingement is commonly in patients aged 35-75. Pain is often described as
lateral to the acromion and is exacerbated by elevation. When severe the pain can
become burning in nature and affect the area distal to the lateral acromion down the
lateral aspect of the upper limb. There is often troublesome night pain. Patients may
describe abnormal sensation overlying this area, and careful differentiation between
these symptoms and those of a cervical spine radiculopathy is needed.

Rotator Cuff Tear

A 56-year-old builder presents complaining of pain and weakness in the dominant
shoulder. He states that three weeks previously he slipped on some steps and
grabbed a railing to prevent his fall. He felt a tearing sensation in the shoulder
immediately that has been replaced by a dull ache.
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Acute rotator cuff tears usually occur in patients over 40 with a history of an
recent injury preceding the symptoms. They can happen, however, in younger
patients with high-energy injuries especially contact athletes. Pain is usually
described lateral to acromion and weakness in arm elevation may be present. The
size and location of the tear will determine the symptoms present. These can range
from small tears causing impingement symptoms to large tears causing reduced
shoulder function and pseudoparalysis. Tears involving the subscapularis tendon
may present with symptoms of the long head of biceps pathology due to the effect
that these tears have on the role of this tendon in the bicipital groove.

Acromioclavicular Joint Disease

A 39-year-old gentleman presents with a gradual onset, well-localised pain over the
top of their shoulder. It has been present for approximately 12 months. He first
noticed the pain after heavy lifting in the gym but he is now restricted in most over-
head activities and when reaching across his chest.

The Acromioclavicular joint disease leads to pain that is well localised over the
AC joint itself. If it is present in isolation, the patient may point directly to this area
with one finger, but it is often associated with rotator cuff pain. ACJ discomfort is
classically exacerbated by movements such as cross body adduction and is often
worse in the high arc due to compression of the joint in these positions.

Frozen Shoulder

A 55-year-old female diabetic patient presents with a four-month history of pain
and stiffness affecting her shoulder. She is now unable to comb her hair or fasten
her bra. She struggles to sleep on the affected side at night.

Patients presenting with a frozen shoulder are usually aged between 40 and
60 years old. They describe a reduction in the active and passive range of movement
especially external rotation. An initial pain predominant phase with diffuse discom-
fort lasting between 6 weeks and 9 months often precedes the stiff phase. The stiff
phase can last over 12 months followed by the thawing phase with a gradual return
of motion over a period of 6-24 months. Associations include diabetes, thyroid dis-
orders, previous surgery (shoulder, breast, lung), prolonged immobilisation and
extended hospitalisation.

Glenohumeral Joint Arthritis

75-year-old female presents with severe pain on movements affecting her right shoul-
der. It has worsened over the past year, and she now suffers from constant background
pain including night pain. She complains of grinding within the joint on movement.



1 Clinical History 13

Patients with arthritis are often aged over 60 with reduced active and passive
range of movement especially external rotation. Unlike frozen shoulder, there is
often no acute painful phase with a gradual onset of symptoms culminating in rest
and night pain. A history of previous trauma, surgery, rheumatoid arthritis, connec-
tive tissue disease and spondyloarthropathies should be sought.

Internal Impingement

A 28-year-old female, national standard heptathlete presents with discomfort over
the posterior aspect of her shoulder when training and competing. Her pain is wors-
ened during and after throwing events.

Internal impingement is a less common cause of shoulder pain but can be seen in
the overhead or throwing athlete. The pathology affects the articular surface of the
rotator cuff but can include superior labral lesions, posterior capsular and posterior
glenoid cartilage damage. Diffuse pain develops along the posterior border of the
deltoid and may radiate to the upper arm similar to rotator cuff pain. The pain is
often exacerbated by the throwing action; with the extreme external rotation of late
cocking and early acceleration are often the positions of maximal discomfort.

Suprascapular Nerve Entrapment

A 32-year-old Olympic standard volleyball player presents with weakness affecting
the dominant shoulder. They report a general ache and think they have lost muscle
mass at the back of the shoulder.

Suprascapular nerve pathology is a rare cause of shoulder discomfort but can be
seen in the overhead athlete, in particular, volleyball players. Often the patient
reports vague posterior shoulder pain. As the nerve has both sensory and motor
function, symptoms of pain and weakness may be present depending on the level of
the nerve affected. More proximal lesions are more likely to cause pain and limited
function with atrophy of supraspinatus and infraspinatus muscles. If the nerve is
compressed at the level of the spinoglenoid notch isolated atrophy of the infraspina-
tus tendon may be evident in the presence of little pain.

Conclusion

A focused history is frequently the most important pillar leading to a diagnosis.
Pathology causing symptoms around the shoulder girdle can be split into discrete
groups based on age, the presence of trauma and the acute or gradual nature of the
onset. The chief complaints are of pain, stiffness, weakness and instability. All have
an associated loss of function the character of which is fundamental to formulating
a patient-specific management plan.
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Chapter 2
The Conventional Examination

LA. Trail

Introduction

To make the correct diagnosis for a condition of the shoulder as in other areas of
medicine is mostly based on the taking of an accurate and relevant history. Indeed
the old maxim that once the history is complete, a treating clinician should have at
the very least a differential diagnosis which is then clarified by examination or
investigation is very true.

Of all the symptoms pain is predominant. Indeed it is almost always the reason a
patient attends for treatment. As such, it is important for the clinician to spend time
getting patients to describe their discomfort. Of particular relevance being the onset,
site, radiation, precipitating or aggravating factors of the pain experience. Pain can
either be acute or chronic depending on the history of a precipitating event. Plainly
an acute onset would indicate some structural deficit and chronic would tend towards
a degenerative aetiology. The site of the pain is also important. Is the pain localised
to the acromioclavicular joint, glenohumeral joint, subacromial space or biceps ten-
don? It is also important to remember that pain from the glenohumeral joint can
radiate down the upper arm, although rarely past the elbow. Added to that, pain from
the pathology of the cervical spine can also radiate to the shoulder and then down
the arm to the fingers with associated neurological symptoms. As a consequence,
assessment of the cervical spine would be seen as mandatory when considering
pathology of the shoulder. About aggravation, it is important to note whether the
pain is present all the time or made worse by certain activities and exposure to cold.
The latter would tend to indicate a degenerative process specifically osteoarthritis,
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whereas constant pain is more likely to be due to inflammatory conditions such as
rheumatoid arthritis or frozen shoulder. Pain aggravation on elevation is more related
to a problem with the rotator cuff. Finally, it is also useful to try and grade the level
of pain. This can be done simply using a visual analogue score; 0 being no pain and
10 the worst pain ever experienced. While this can take various formats, such as pain
after activity, pain at night, etc., it is only necessary to ask one question provided
consistency is maintained. It may also be appropriate to ascertain whether the patient
is having problems sleeping and some idea of how much analgesia is being taken.
Again its changes rather than absolute measurements that are relevant.

As well as pain, it is important to ascertain stiffness or loss of movement. Global
loss of movement, particularly internal and external rotation would indicate pathol-
ogy involving the glenohumeral joint, e.g., osteoarthritis or frozen shoulder. Pain on
elevation and abduction would tend to indicate a problem with a rotator cuff.
However, this is not absolute, and cross-over is relatively common. For example,
patients with rotator cuff pathology can often have secondary capsulitis.

The experience of weakness in the shoulder, again either global or with specific
activities can be useful. For example, weakness of abduction and external rotation
may indicate upper nerve root pathology, whereas weakness on elevation and abduc-
tion would indicate a tear or non-function of the rotator cuff. Weakness on internal
rotation would mean pathology affecting subscapularis. Global weakness, however,
would tend to indicate a pathology affecting the glenohumeral joint. Finally, any
history of swelling or neurological symptoms should be taken. A record of instabil-
ity with either true dislocation or a feeling of giving away should also be noted.
Indeed patients can often describe these feelings of instability in detail, often indi-
cating the direction of instability.

Examination initially would take the form of an inspection (look), thereafter pal-
pation (feel) and finally an assessment of both active and passive movements. The
final section of an examination would be “special tests”. That is specific tests that
are positive in certain clinical scenarios.

What should not be forgotten, however, is an evaluation of the effect of the shoul-
der symptomatology on function. After pain, loss of function is of great importance
to the patient. Any assessment would involve effects on work but also household
tasks as well sporting activities etc.

Inspection (Look)

Much can be gained by the simple observation of the head, neck, scapula and shoul-
der as well as the upper arm generally. Traditionally the patients should stand with
the best views obtained from the rear. Some clinicians have the patient standing in
front of a long mirror, so they are also able to see the front and face simultaneously.
It is also useful to correct any obvious asymmetry and to note any effect this has on
patient symptomatology. Any increase in pain suggests that asymmetry has been
adopted for pain relief. Conversely, any improvement may help with future
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Fig. 2.1 Wasting of
Supraspinatus and
Infraspinatus. Image
Published under License
from www.shoulderdoc.
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treatment. In this regard assessment of the cervical, upper thoracic but also scapular
positioning is crucial. Exaggeration of the upper thoracic kyphosis and as a conse-
quence over correction by way of extension of the cervical spine would indicate a
degenerative condition affecting the cervical spine.

After that, any muscle wasting should be noted. Specifically wasting of the rota-
tor cuff muscles (supra and infraspinatus) would indicate long-standing rotator cuff
pathology (Fig. 2.1). Wasting of the deltoid can usually be clearly seen and would
again indicate long-term disuse of the glenohumeral joint. Such disuse would typi-
cally be seen in frozen shoulder or glenohumeral arthritis but also after surgery.
Generalised muscle wasting affecting both the peri-scapular and glenohumeral
musculature would represent a more proximal pathology involving the cervical
spine or brachial plexus. As would be appreciated, however, muscle wasting can
also be seen in cases of prolonged disuse. Finally, any signs of rupture of the long
head of biceps should noted. This is classically described as a ‘Popeye’ sign.

Thirdly scarring either post-traumatic or surgical should be noted. These would
be indicators of either previous pathology or ongoing treatment. Finally, any swell-
ing or redness should be noted. Swellings can include cysts arising for example
from the acromioclavicular joint but also marked effusions can sometimes be seen
with severe glenohumeral arthritis. Redness could indicate the presence of infection
and may be particularly important after previous surgical procedures.

Palpation

Palpation which elucidates localised tenderness can be extremely useful for narrow-
ing down the site of pathology (Figs. 2.2 and 2.3). This should include palpation of
the cervical and thoracic spine although it is important to remember that older
patients particularly can suffer from dual pathology. That is both problems in the
neck and shoulder. Around the scapula, localised tenderness, particularly over the
supra-medial border, may be associated with scapular dyskinesis which can include
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a cracking sensation on movement. The acromioclavicular joint, however, is the
easiest to assess by palpation. Specifically the joint is easy to identify, and localised
palpation will elicit pain and discomfort. At the glenohumeral joint palpation of the
rotator cuff and biceps tendon together with subscapularis if uncomfortable can
indicate localised pathology. Indeed the author has found localised palpation par-
ticularly useful in diagnosing bicipital tendonitis.

Range of Motion (Movement)

Any assessment of movement of the shoulder that is of both the glenohumeral and
scapular thoracic articulations should be undertaken actively and passively [1, 2].
Actively again the best position for observation is from the rear. It is, however,
important to remember when standing behind a patient that it is not possible to
monitor their face and as such acknowledge when movement is becoming painful.
It is also useful to include an examination of movements of the cervical spine. At the
shoulder, there are five modalities of movement; flexion, extension, abduction,
internal and external rotation.

Active movement is assessed by asking the patient to firstly flex or elevate the
shoulders until it becomes painful (Fig. 2.4). The degree of movement or deficit can
then be assessed by simple observation or more accurately by a goniometer. Once
extremes of active movement have been achieved then an assessment of passive
movement can be undertaken. Again it is important to remember that if an examiner
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Fig. 2.4 Forward flexion.
Image Published under
License from www.
shoulderdoc.co.uk and
www.shoulderpedia.org

is standing behind the patient, it can be difficult to assess pain. Any improvement
with passive motion is noted. If there is a significant increase with a passive exami-
nation, this will tend to indicate pathologies affecting the structures around the gle-
nohumeral joint rather than the joint itself. For the latter in conditions such as
glenohumeral arthritis, passive and active movements tend to be similar.

There are similar examination techniques for abduction (Fig. 2.5), specifically
when standing behind the patient and asking them to elevate their arms in line with
the chest. A comparison can be made with the contralateral side. Again a passive
assessment should follow. It is important, however, to remember that patients can
compensate for stiffness in the glenohumeral joint by compensatory scapulotho-
racic motion. Roughly two-thirds of shoulder abductions occur at the glenohumeral
joint and one-third at the scapular thoracic articulation. Obviously, however, this
movement is synchronous and can only be assessed by inspection from behind.
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Fig. 2.5 Abduction. Image
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The next modality of movement to be evaluated is external rotation. For this, the
patient is instructed to bend the elbows to 90° and tuck them into the side. Passive
stabilising of the arm against the trunk reveals the true glenohumeral external rotation
and eliminates scapulo-thoracic compensation (Fig. 2.6). Again it is useful to com-
pare both sides passively and actively. Passive limitation in external rotation occurs
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Fig. 2.6 Glenohumeral
External rotation. Image
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most commonly in patients with frozen shoulder or osteoarthritis. Any difference
between active and passive would indicate that the external rotators (teres minor and
teres major) of the shoulder are deficient. Next, we test for internal rotation (Fig. 2.7).
The easiest way is to ask the patient to put their hands up their back and touch their
spine. Ideally, this should be one arm at a time. A good measure is to test how high
up the spine the patients can place their hand. As you will appreciate, this not only
checks internal rotation but also elbow flexion. Again limitation in the passive move-
ment would indicate a structural abnormality of the shoulder, while the difference
between passive and active would show weakness of the internal rotators.

Specific Tests

Subacromial Impingement

Impingement syndrome is characterised by pain experienced through an arc of eleva-
tion as the shoulder abducts. It should be appreciated that this is a condition that is
associated predominantly with active movement of the shoulder. The two most com-
monly used tests for impingement are Neer’s Sign and the Hawkins-Kennedy test [2, 3].
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Fig. 2.7 . Image Published
under License from www.
shoulderdoc.co.uk and
www.shoulderpedia.org

Neer’s Sign

This sign allows demonstration of pain during passive elevation of the arm with the
scapula stabilised, the examiner lifting the arm in the scapular plane with the arm
internally rotated. As a supplementary part to this manoeuvre, the effect on the
pain following an injection of local anaesthetic placed into the subacromial space
is called Neer’s test. A significant reduction or abolition of the pain is seen as a
positive test [2].
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Hawkins-Kennedy test

This is a passive test, with the examiner positioning the patient’s arm at 90° eleva-
tion, the elbow bent to 90°, and the arm taken passively into internal rotation.
Creation of pain during this manoeuvre is indicative of a positive test [2].

Rotator Cuff Disease

A large number of tests have been described to assess the rotator cuff. However, to
evaluate individual muscles is almost impossible as there is significant overlap in func-
tion and compensation can occur [4]. The exception appears to be with subscapularis.

Pain elicited from these tests may be as a result of either tendinopathy/tear or
subacromial impingement. Differentiation between tendinopathy and a small tear
(partial thickness or full thickness) is often difficult if not impossible. Tears that
involve a significant proportion of a tendon will tend to show signs of weakness.
The clinician must be aware, however, that, even in the presence of a large or mas-
sive rotator cuff defect, the patient may still only demonstrate mild or subtle signs.
This is a result of the ability of the shoulder to compensate for the absence of part
of the rotator cuff with residual intact cuff and surrounding intact muscles [2].

Supraspinatus (Jobe’s ‘Empty Can’ Test)

This test sets out to preferentially test supraspinatus, the most commonly affected
tendon when considering degenerative cuff disease. It positions of the arm such that
the supraspinatus tendon is placed under maximal stress as the arm is pushed down,
attempting to invoke pain, weakness, or both.

The arm is flexed to 90° in the scapular plane and the forearm maximally pro-
nated, so internally rotating the shoulder joint (the classical ‘thumbs down’ posi-
tion). This position of internal rotation disadvantages the action of the deltoid, so
improving the accuracy of testing supraspinatus. Pressure is applied to the arm and
any pain or weakness recorded [2].

Infraspinatus (External Rotation Lag Sign)

This test sets out to examine the posterosuperior and posterior cuff elements. The
arm is held in slight flexion with the elbow bent to 90°. The forearm is passively
externally rotated to its maximal range and released. If the arm drops back towards
its starting position, even by a few degrees, it is said to have a lag (‘the lag sign’) [2].
Conversely, the ability of the patient to maintain the arm fully externally rotated
implies that infraspinatus is intact.
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Teres Minor

Examination of the posterior cuff is to identify the “Hornblower sign”. The arm is
placed passively by the examiner in 90° of elevation and maximal external rotation.
The patient is instructed to attempt to maintain the hand in space when the examiner
releases the hold on the wrist. If the patient’s arm falls forwards, this is a positive
test, and indicates significant weakness of infraspinatus and usually teres minor. If
the patient can maintain the position of the arm, this would suggest that teres minor
is intact [2].

Subscapularis

Testing subscapularis involves the evaluation of the patient’s ability to forcibly
internally rotate the humerus. This can be achieved either in front (the belly-press
test and bear-hug test) or behind (Gerber’s lift-off test) the body. It must be appreci-
ated that to make a satisfactory examination, the patient must be able to comfortably
position their arm in the required position [2].

Belly Press Test (Napoleon Sign)

This involves the hand being placed flat on the abdomen, and the patient is requested
to press the hand onto the stomach. If the patient is unable to maintain the elbow
forward, so extending the shoulder and flexing the wrist to achieve the desired pres-
sure, this indicates a positive test [2].

Bear-Hug Test

This involves the arm reaching across the body and, with the elbow held forward of
the body, the strength of the resistance to the hand being pulled away from the body
is evaluated [2].

Gerber’s Lift-Off Test

The dorsum of the hand is placed on the sacrum, and the patient is asked to take
the hand off the back, while the examiner maintains a fixed angle of elbow flex-
ion. In addition to this test, one needs to look for a lag sign. With the arm held
away from the sacrum by the examiner, so maximising the internal rotation of
the humerus, the patient is then asked to maintain that position as the hand is
released. If the hand falls back onto the sacrum, it indicates a weakness of sub-
scapularis [2].
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Biceps Evaluation

A biceps tendon is not always clearly palpable. The pathology involved with it
should be considered if the patient complains of tenderness in and around the ante-
rior lateral aspect of the shoulder just under the acromion. A number of provocative
tests have been described including Yergason and Speed tests.

Yergason’s Test

With this, the elbow is flexed to 90°. Holding the patient’s wrist, the patient is then
instructed to actively supinate against resistance. Localised pain over the bicipital
groove suggests pathology affecting the long head of biceps.

Speed Test

With the elbow extended and the forearm supinated, forward elevation of the
humerus is resisted. A positive result would be when this elicits pain again over the
bicipital groove.

Superior Labral Anterior and Posterior Labral Detachment

Several tests have been described to elicit symptoms related to the pathology of the
superior glenoid labral/biceps anchor. Unfortunately, while these tests often have
sensitivity, they may not always have significant specificity.

Active Compression Tests (O’Brien Test)

The examiner stands behind the patient and stabilises the shoulder. Resistance is
tested with the arm forward, flexed to 90° and adducted to 10° with the thumb point-
ing downwards. The patient is asked to determine the site of the pain. If the patient
has a superior labral detachment, the pain will be superior to the glenohumeral joint.

Glenohumeral Instability

Assessment of glenohumeral stability requires the reproduction of symptoms of
subluxation and/or apprehension by placing and stressing the shoulder in positions
of compromise [5].
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Glenohumeral Translation (Load and Shift Test)

This is assessed with the arm in 20° of abduction and slight forward flexion. The
humeral head is loaded anteriorly and posteriorly translating the head on the glenoid
fossa. An assessment of the degree of translation is then made by comparing it to the
contralateral side. Passive translation or reproduction of symptoms would be a posi-
tive sign.

Apprehension Test

The most common direction of instability is anterior. With the patient sitting, the
examiner stands behind the shoulder and externally rotates the arm with the shoul-
der at 90° abduction. Additional pressure can be applied with the thumb placed
posteriorly pushing in the humeral head anteriorly. Any feeling of apprehension
(apprehension sign) or instability would be regarded as a positive test and would
indicate a tear of the anterior labrum.

Relocation Test

The relocation test will be described as positive if the symptoms of instability and
apprehension are relieved during tests for apprehension when pressure is applied
to the front of the shoulder pressing posteriorly. In other words, the load is taken
off the anterior labrum. Again this would indicate the pathology of the anterior
labrum.

Posterior Instability

Frequently this can be demonstrated by the patient. However, posterior translation
can be easily assessed by passively translating the humeral head posteriorly on the
glenoid and comparing the contralateral side.

Inferior Instability

This is manifest when traction on the arm reproduces symptoms and demonstrates
a sulcus sign that is a gap between the acromion and humeral head.



2 The Conventional Examination 27

Scapulothoracic Muscles

Impairment of the scapula muscles can occur in isolation or association with pathol-
ogy of the glenohumeral joint, particularly the rotator cuff. Simple testing can be
undertaken. For example serratus anterior by pushing against a wall, and trapezius
by raising and rotating the scapula against gravity and load.
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Chapter 3
Special Tests

R. Steve Bale

This chapter will deal with the place of Special Tests as a pillar of diagnosis. The
subsequent chapters will go into greater detail of the use of special tests for specific
diagnoses. The value for the individual tests and clusters of tests will be discussed
on a statistical basis.

What are Special Tests?

The four main pillars of diagnosis are History, Clinical Examination, Special Tests
and Diagnostic Imaging. These pillars are essential in helping to make a correct
diagnosis and arrive at a definitive plan for treatment.

Orthopaedic Special Tests can be used to provide additional useful information
to the preceding pillars and when used appropriately can reduce the requirements
for elements of the next pillar, diagnostic imaging, which may be uncomfortable
and invasive to the patient, costly and logistically inconvenient.

How Many Special Tests Have Been Described?

There has been an enormous multiplication in the number of special tests described.
There are well over one hundred described in the literature relating to shoulder sur-
gery, but while the use of the tests is championed by the proponents, there has been
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far less critical analysis of the real value of these tests. Details on how to perform
individual tests appear in subsequent chapters respectively.

Why Are the Tests Used?

Special tests may be used singularly or in groups or clusters to confirm a diagnosis,
help with the differential diagnoses and help the clinician to distinguish between
different pathologies which may be present in different anatomic structures coinci-
dentally and also make sense of atypical presentations.

Many clinicians know a large number of tests and apply them as they feel appro-
priate without understanding how they can be used more effectively, often in spe-
cific combinations, to reach a diagnosis which has a statistically higher chance of
truly being present.

The most important consideration is the clinical utility of the special tests, and
the value of the test or combination of the tests is best considered in an evidence-
based approach.

What Is the Statistical Basis for the Special Tests?

To consider the value of special tests, it is important to understand some of the sta-
tistical methods used to evaluate the tests.

The chance of a patient having a particular condition is based on prevalence
and can be deemed the pre-test probability. Special tests are then chosen that
determine the post-test probability of the patient having the condition. Whilst
diagnostic certainty is nirvana, the clinician understands that this is not attainable.
However, the clinician strives to reach a level of certainty where it is considered
reasonable to offer treatment (Fig. 3.1). This is known as the treatment threshold.

Tests can be described as reliable when they produce information which is repro-
ducible, and tests which provide an accurate diagnosis can be used to discriminate
between patients who have the pathology from those who do not.

When considering reliability in special tests, there needs to be an agreement
between observations. This can be measured between different examiners (inter-
observer) and between the same examiner at different time points (intra-examiner).
Kappa analysis allows us to gauge the agreement between observations when
chance has been excluded such that values less than 0.1 have no reliability, ranging
from slight, fair and moderate to substantial reliability with values over 0.81.

Tests are unlikely to be 100% accurate. The accuracy is determined by the level
of agreement between the test being used and the reference standard which maybe
findings on MRI or the objective observations at surgery itself. The accuracy of a
test is described in terms of sensitivity, specificity, positive and negative predictive
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values and likelihood ratios. A typical contingency table can be used to determine
the clinical utility of a test (Table 3.1).
Accuracy is given by

100%><(a+d)/(a+b+c+d)

But overall accuracy does not determine the clinical utility of the test. PPV is the
likelihood of a person with a positive test result having the disease and NPV is the
likelihood that an individual with a negative test does not have the disease.

Sensitive tests can detect patients who actually have a problem and are good at
ruling out a problem. When a test has a high sensitivity, a negative result rules out
the problem (SNout). Likewise, tests with a high specificity are good at ruling in a
disorder when the result is positive (SPin).

Unfortunately, few tests have the combination of high sensitivity and high speci-
ficity. Therefore the use of likelihood ratios has been promoted. Likelihood ratios
can be either positive or negative with a +LR shifting the probability in favour of
having the problem while a —LR moves the probability in favour of not having the
problem. Likelihood ratios are easily calculated if the test sensitivity and specificity
are given within the description of the study results.

History ‘ Examination B ination

Special Special o
tests tests tigations
Low degree of High degree of
diagnostic confidence diagnostic confidence

Fig. 3.1 Degree of diagnostic confidence. Image Published under License from www.shoulderpedia.
org

Table 3.1 Contingency table.

+ve ref. standard —ve ref. standard
+ve clinical test True positive False positive PPV =a/(a +b)
—ve clinical test False negative True negative NPV =d/(c +d)
Sens = a/la + ¢) Spec = d/(b + d)
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+LR = sens/ (1 - spec)
—-LR = (1 - sens) / spec

Likelihood ratios less than one decrease the odds, given a negative test and val-
ues greater than one increase the odds, given a positive test. The important factors
to consider are the magnitude of the shifts. Positive LRs greater than ten and nega-
tive LRs close to zero are believed to represent significant shifts.

Consideration also needs to be given to pre-test and post-test probability. Pre-test
probability is the probability that a patient will have a disorder before the examina-
tion takes place. The value is often based on prevalence rates from the literature and
represents the clinicians’ starting point. Tests should ideally be chosen which have
the potential to modify the pre-test probability. The post-test probability is the like-
lihood of having the problem after the examination. Decisions then rest around
when the post-test probability is low enough to rule a problem out or high enough
to rule the problem to be present.

What Is the Quality of the Literature on Special Tests?

While many papers are reporting to show the diagnostic accuracy of tests, usually
by the authors proposing the use of the individual test, there is much less quality
literature to support the appropriateness of Orthopaedic Special Tests in the overall
clinical setting. Poor quality literature reporting tests showing good diagnostic
accuracy can lead to premature incorporation of tests into clinical examination per-
formance. Where functionality is not confirmed in quality follow-up studies, there
is a risk that inaccurate diagnosis can ensue resulting in poorer management
decisions.

Evidence-based medicine is the watchword for directing how we practice and
systemic reviews of literature play a vital role in that evidence gathering. Various
assessment tools have been developed to help better understand the quality of stud-
ies relating to diagnostic accuracy and reliability. QUADAS is a widely used assess-
ment tool in diagnostic accuracy studies. It was initially described in 2003 [1] and
then modified in 2011 [2]. It is a 14 point score, and ‘quality’ studies have been
considered of higher merit where scores have been between 7 and 14 though some
authors have used a higher range of scores to indicate a studies’” worth. Other useful
tools include QUAREL which is an appraisal tool for diagnostic reliability.

There is a paucity of systemic review data and meta-analysis relating to
Orthopaedic Special Tests pertaining to the shoulder. The most relevant reviews will
be summarised.

Hegedus et al. [3] published a systemic review and meta-analysis which assessed
English language papers relating to diagnostic accuracy studies specific to the
shoulder. Abstracts were reviewed and included if the reference standard was sur-
gery or MRI, at least one special test was studied, and sensitivity or specificity was
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reported or could be deduced from the data. QUADAS was used to define study
quality with scores of 10 used as the lower cut-off. Data was only pooled when both
sensitivity and specificity data was given and were available for Neer’s test for
impingement, Hawkins test and Speed’s test for labral pathology. In this study, 45
articles were assessed.

The paper reported that the Empty Can Test and the Infraspinatus Test was con-
firmatory for impingement. In the meta-analysis, only Neer’s Test and Hawkins Test
had enough data for consideration of pooling. The results showed Neer’s test to have
a sensitivity = 0.79 and specificity = 0.53, and Hawkins had sensitivity = 0.79 and
specificity = 0.59. Neither test had diagnostic utility for impingement. The Internal
Rotation Resistance Strength Test was found to improve the post-test probability of
detecting impingement by more than a moderate amount, but this was derived from
one article with a QUADAS score of less than ten.

When testing for rotator cuff integrity the External Rotation Lag Sign and Drop
Arm Test were deemed of value for cuff tears, and Supine Impingement Test was
reported to possibly rule out cuff tear when negative. Belly Press Test and Bear Hug
appear valuable when positive for ruling in a subscapularis defect. External Rotation
Lag Sign was diagnostic of Infraspinatus tear and Hornblowers Sign diagnostic of
severe degeneration or tear of teres minor.

Detecting pathology of the labrum showed diagnostic value for the use of the
Kim and Jerk Tests for posterior labral pathology and there appeared to be a value
of Biceps Load II test for SLAP tears, but caution was recommended due to poorer
performance in studies away from the originator. Meta-analysis was only possible
on pooled Speed’s Test data which showed no diagnostic utility. Apprehension,
Relocation and Anterior Release Tests appeared diagnostic in anterior instability
particularly if the feeling of apprehension was used as positive though the Anterior
Release Test was valuable when either apprehension or pain was used.

The Active Compression test was thought likely to be diagnostic of ACJ
pathology.

The first study described above looked at papers from 1966 to 2006. Hegedus
et al. [4] published a second report in 2012 to include papers from 2006 to 2012, an
additional 32 papers. Data was again pooled where appropriate, and Neer’s Test
showed sensitivity = 0.72 and specificity = 0.60 and Hawkins sensitivity = 0.79 and
specificity = 0.60.

When used appropriately the relocation test had the best sensitivity for SLAP
tear (0.52) and Yergasons had best specificity (0.95) with Compression Rotation
Test showing the best +LR (2.81). The Passive Distraction Test for SLAP with a
specificity of 0.85 and +LR more than five may rule in SLAP when positive.
Interestingly the Biceps Load II Test introduced with high diagnostic statistics
described in the first paper had no further replication of good results.

Other useful tests were emerging including the Belly-Off and Modified Belly
Press for subscapularis pathology and Bony Apprehension for bony instability. The
paper recommended the greater use of test combinations.

More recently Beiderwolf et al. [5] reviewed the literature to appreciate the util-
ity of special tests. The pre-test probability was assumed to be 50%, and ruling in a
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problem was set at a post-test probability of 80% and ruling out at 20%. Papers were
assessed from 1974 to 2013, and a score of seven on QUADAS was deemed suffi-
cient to represent adequate quality. Where papers reported different results for tests,
the inferior result was used. The pathology was divided into the cuff, Intra-articular
and extra-articular problems.

A single test was used to rule in or out for intra and extra—articular pathology.
The Internal Rotation Resisted Strength Test was used. One might notice from
Hegedus et al. (2012) above that this was reported in a paper scored at less than the
ten points used as the cut off in his series. This test had specificity of 0.96 and sen-
sitivity of 0.86 with +LR 22 and —LR 0.13 which suggested the chance of having
problems when the test was negative was 6%.

For impingement, the cluster of Hawkins, Infraspinatus Muscle Test and Painful
Arc Sign had the best utility with 95.5% if all positive and 91% if two positive.

For rotator cuff tears Drop Arm Test, Internal Rotation Lag, External Rotation
Lag and Hornblowers Signs had the best utility with post-test probabilities when
positive of 100, 92.4, 88.8 and 87.7% respectively. Many of the commonly used
tests did not meet diagnostic threshold used individually.

In anterior instability, the tests with the best utility were the Apprehension Test
and the Anterior Release Tests with post-test probabilities of 91 and 80.7%.
Diagnosing a Bankart tear was best with the cluster of Crank, Apprehension, Jobe,
Load and Shift Test with Sulcus Test with a post-test probability of 75%. The Jerk
and Kim test were deemed best at diagnosing posterior labral disruption with post-
test probabilities of 94.8 and 86.9%. SLAP tears were best diagnosed with Biceps
Load I and II tests with post-test probability of 93.8%.

Internal impingement is best diagnosed by Posterior Impingement Sign. For ACJ
pathology the cluster of ACJ Resisted Extension, Cross-body adduction and
O’Brien’s tests were best with 80.5% post-test probability when all three were
positive.

The concept of using combinations or clusters of special tests is gathering
momentum [6]. It is clear that clustering has to be used correctly to improve on post-
test probability and this recent work describes the best clusters from the literature.
For rotator cuff pathology using age more than 60, painful arc, drop test and infra-
spinatus tests the +LR was 28 and —LR 0.09. In traumatic anterior instability, appre-
hension test and relocation test gave +L.R 39.68 and —LR 0.19. Combining tests and
also using demographic and subjective data can be shown to further enhance the
diagnostic accuracy.

Summary

It is evident from the literature that excessive reliance on a single “special test” is
not recommended. Indeed, to improve diagnostic accuracy, a cluster of tests should
be used. Further research is needed to look at the utility of the special tests and is to
consider how the tests can be used in combinations to aid diagnosis. Research into
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all aspects of the main pillars of diagnosis will eventually provide the physician
with diagnostic algorithms supporting decision making, achieving thresholds for
treatment and delivery of appropriate treatment.
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Chapter 4
Radiological Investigations

S. Basu and D. Temperley

Radiological studies of the shoulder can assist in the diagnostic pathway in a wide
variety of conditions. The appropriate imaging studies will depend on the nature of
the suspected pathology, and the correct radiological investigation should be guided
by accurate clinical history and examination. Plain X-ray is frequently the initial
imaging investigation of choice, with more advanced imaging techniques e.g. ultra-
sound, MRI and CT selected, dependent upon the clinical and plain X-ray findings.
This chapter aims to highlight and review the imaging modalities available to assess
the various shoulder pathologies, describing their common indications as well as
their clinical applications.

Plain X-ray

Plain film X-ray of the shoulder is the most commonly performed initial imaging
investigation in patients presenting with shoulder trauma or chronic symptoms
including pain, weakness and instability. It is useful to diagnose or exclude common
shoulder pathologies, including fractures and dislocations in the context of acute
trauma, or arthritic and degenerative changes in the context of patients presenting
with chronic shoulder pain.

There are three commonly acquired X-ray views: anteroposterior (AP), lateral
view of the scapula and an axial view (taken from inferior to superior or superior
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and inferior with the arm in an abducted position). Modified views may need to be
performed when the patient cannot move the arm particularly in the context of
trauma and severe a result of trauma or pain.

Impingement and Rotator Cuff Tears

While plain X-ray cannot diagnose impingement or rotator cuff tears directly, there
are useful secondary signs which should be reviewed as an adjunct to the clinical
diagnosis.

Morphological changes in the shape of the acromion may have an association
with impingement or rotator cuff tears, although such associations are not univer-
sally accepted. The most commonly described variations in acromion shape are
lateral downsloping of the acromion (seen on the AP view) and variations of the
curvature in the undersurface of the acromion as seen on the lateral scapular view or
sagittal MRI sequence. Three morphological appearances to the acromion process
were described by Bigliani [1]; Type I (flat undersurface), Type II (curved/concave
undersurface), and Type III (anterior hook-shaped). Type III is said to have an
increased association with impingement and rotator cuff tears, although other
authors have not found a clear association. The presence of an unfused os acromiale
is also important in the context of impingement and should be identified on imaging
which aids the surgeon in operative planning.

Acquired degenerative changes are also important. Acromioclavicular joint
(ACJ) osteoarthritis is common and can be a significant additional pain generator as
well as associated inferior osteophytes which may be implicated in impingement to
the rotator cuff. Degenerative cystic changes in the humeral head give an assess-
ment of overall severity of the disease process.

In cases with advanced rotator cuff tear, the supraspinatus tendon tears and
retracts, allowing the humeral head to migrate superiorly, thus narrowing the normal
acromio-humeral distance. When this subacromial space is severely narrowed or
obliterated, osteoarthritis type change can develop between the superior margins of
the humeral head and the undersurface of the acromion. This is often associated
with glenohumeral joint (GHJ) osteoarthritis (Fig. 4.1). This condition is known as
‘rotator cuff arthropathy’ and signifies an irreparable rotator cuff [2].

Arthritis
Osteoarthritis
Primary osteoarthritis of the GHJ is less common than secondary degenerative

changes associated with rotator cuff disease, or ACJ osteoarthritis. As in other
joints, the typical findings of osteoarthritis are osteophyte formation, subarticular
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Fig. 4.1 X-ray rotator cuff
arthropathy

Fig. 4.2 X-ray
glenohumeral osteoarthritis

sclerosis and joint space narrowing (Fig. 4.2). Subarticular cysts, or geodes, are
often found. These defects, or erosions found in erosive arthritis, may be important
quantitatively, as they can reduce the bone stock of the glenoid and it is, therefore,
important to recognise in the context of surgical planning for shoulder
arthroplasty.

Inflammatory Arthritis

The shoulder joint may be involved in inflammatory arthritides, particularly rheu-
matoid arthritis. This is a chronic multisystem disease which most commonly
involves inflammation of the synovium with consequent bone erosion and cartilage
loss. In the shoulder, the most common manifestations are marginal erosions within
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the humeral head and GHJ space loss. Erosion of the ACJ is common, particularly
to the lateral clavicle. Also, there may also be associated rotator cuff tears.

Crystal Arthritis

Deposition of monosodium urate, calcium pyrophosphate or hydroxyapatite crys-
tals may occur in or around the shoulder, although gout of the shoulder is uncom-
mon. Of particular note is the condition Milwaukee shoulder syndrome. This is a
condition of rapidly progressive and destructive arthritis, usually found in elderly
women. It is uncommon but shows recognisable X-ray features with often gross
bony destruction particularly in the humeral head and an effusion containing amor-
phous calcification. It is associated with hydroxyapatite crystals, although these are
not necessarily causative [3].

Septic Arthritis

As with other joints, the X-ray is typically normal in the early stages of septic arthri-
tis apart from possibly showing soft tissue swelling due to effusion. With the pro-
gression of any infection, bone demineralization and erosion with a destruction of
the joint space can be seen.

Calcific Tendinitis

Calcific tendinitis results from the deposition of calcium hydroxyapatite crystals within
the substance of the rotator cuff tendons, most commonly supraspinatus. The condition
is typically encountered in the fourth and fifth decades and is usually self-limiting, as
the calcification is resorbed spontaneously. However, the condition is often painful and
may last for months or even years. X-ray shows a focus of calcification within the rota-
tor cuff tendons, usually supraspinatus (Fig. 4.3). This may be well-defined, but can be
ill-defined if there is extravasation into the overlying subacromial bursa.

Other Conditions
Instability

Assessment of instability often requires advanced imaging and in particular MRI or
MRI arthrogram investigations. The X-ray should be reviewed for signs of glenoid
fracture e.g. bony Bankart lesions, and humeral head fractures, particularly Hill-
Sach’s defects, which represent the consequence of previous dislocations. An axial
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Fig. 4.3 X-ray calcific
tendonitis

plain X-ray view of the shoulder can identify subtle displacements in position of the
humeral head in relation to the glenoid.

Adhesive Capsulitis (Frozen Shoulder)

Often, a plain X-ray of the shoulder is normal in cases of adhesive capsulitis; the
usefulness is to exclude any alternative causes e.g. Osteoarthritis, calcific tendinitis
or even tumours.

Ultrasound and MRI may show non-specific features such as thickening of the
coracohumeral ligament, and MRI may show besides, thickening to the inferior
joint capsule at the inferior axillary recess, pericapsular oedema, and soft tissue
thickening/scarring within the rotator interval, but ultimately the diagnosis is often
made clinically.

Ultrasound

Musculoskeletal ultrasound is most commonly used to assess tendon pathology and
to look for and describe excess fluid or abnormal fluid collections. Its use in the
shoulder is no exception; ultrasound is commonly used to evaluate rotator cuff
abnormalities and biceps tendon pathology, and fluid collections such as effusions,
bursal fluid collections and cysts [4]. It is sensitive in the diagnosis of rotator cuff
calcification. Ultrasound can be used to guide injections and other treatments. In the
context of the acute presentation, ultrasound can distinguish and guide the aspira-
tion of fluid collections for potential infection.
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Ultrasound is less useful in the context of pathology associated with dislocation
or instability; labral or SLAP tears will not usually be seen. While abnormalities
have been described related to adhesive capsulitis, ultrasound will not typically add
to the clinical assessment of this condition [5].

Ultrasound is a rapid examination which is performed with clinical correlation
and can be used as an adjunct to clinical examination. Unlike other imaging modali-
ties, a dynamic examination can be performed. While MRI provides a more global
assessment of the shoulder and surrounding soft tissues, ultrasound is less time
consuming and can give an answer to a focused clinical question which can be as
accurate as with MRL

Indications for Ultrasound

1. Assessment of rotator cuff pathology
Advantages

— Accurate assessment of rotator cuff tears

— Quick examination; can be performed at the time of initial clinical
assessment.

— Dynamic assessment possible (e.g. assessment of impingement)

Disadvantages

‘Operator dependent’- ultrasound images cannot be optimally reviewed inde-
pendently afterwards, so the examination is dependent on the operator’s
interpretation.

— Less accurate than MRI in diagnosing and grading muscle atrophy.

— Cannot assess intra-articular or intrinsic bony pathology.

— The examination may be limited if patient shoulder range of movement is
reduced.

2. Assessment of long head of biceps tendon pathology

— Can readily diagnose biceps tendon tears and dislocations.
— The whole biceps tendon and muscle can be assessed if necessary.

3. Assessment of calcific tendinitis.

— Ultrasound is the most sensitive imaging modality for calcific tendinitis.
— Can be used to guide therapeutic injections e.g. Barbotage procedures

4. Assessment of instability and labral pathology.

— Not useful in the intra-articular assessment of ligaments, labrum and articular
chondral surfaces.
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5. Assessment of fluid collections around the shoulder.

— Accurate in the diagnosis of effusions, fluid in the subacromial/subdeltoid
bursa and other fluid collections around the shoulder.
— Can be used to guide aspirations.

6. Ultrasound-guided interventional procedures. Common procedures include

— Injection of subacromial/subdeltoid bursa with steroid and local anaesthetic.
— ACIJ and/or GHIJ injections.

— Suprascapular nerve block or ablation.

— Injection of calcific tendinitis.

— Aspiration of collections where infection is suspected

Clinical Uses of Ultrasound
Impingement and Rotator Cuff Tears

Ultrasound of the shoulder in patients presenting with impingement or rotator cuff
tears is often undertaken when the patient has failed to respond to initial conserva-
tive management including physiotherapy and possibly injections. A high-frequency
linear array transducer is used. A full description of the technique of ultrasound is
beyond the scope of this book; briefly, the long head of biceps tendon is usually
examined first with the arm in a neutral position. The subscapularis tendon is
assessed with the arm in external rotation, while the supraspinatus is examined with
the humerus in extension and internal rotation. These changes of movement bring
the relevant tendon anterior to the humeral head, where they can be examined clear
of the acromion and clavicle. The ACJ is examined, and the muscle bellies, particu-
larly supraspinatus, are reviewed to assess for atrophy [6]. Dynamic examination
for impingement involves scanning while abducting the arm to assess for thickening
or bunching of the subdeltoid bursa as it passes under the coracoacromial
ligament.

A full-thickness cuff tear is a defect in the tendon which extends, at least for a
small area, across the height of the tendon from the articular side to the bursal aspect
of the tendon. Small full-thickness rotator cuff tears are seen as small defects in the
rotator cuff tendon or subtle loss of the normal convexity of the bursal surface of the
tendon. In large rotator cuff tears with tendon retraction, the supraspinatus tendon
may appear absent with the deltoid muscle almost apposing or sagging upon the
humeral head. Rotator cuff tears most commonly start in the supraspinatus tendon
and may extend into the other rotator cuff muscles particularly infraspinatus and
subscapularis. Assessment for subscapularis tears is of particular importance, as this
may alter the surgical approach as well as becoming an increasing recognition for
morbidity and failed shoulder surgery.
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Partial-thickness tears are identified as a defect in the tendon that does not extend
across its complete width. In rotator cuff tendinopathy, the tendon will be thickened
and amorphous, with loss of the normal low signal and striated tendon pattern.
Increased Doppler flow may be seen.

Ultrasound is accurate in the assessment of full-thickness tears, with a sensitivity
of 92% and specificity of 93% in a recent meta-analysis [7]. This is compatible to
MRI. Ultrasound is less sensitive than MRI in the detection of partial-thickness
rotator cuff tears, but with similar specificity. (Ultrasound: Sensitivity 52%, speci-
ficity 93%. MRI: Sensitivity 74%, specificity 93%).

Biceps Tendon Pathology

The long head of biceps tendon is easily visualised within the bicipital groove. In
a complete tear of the long head of biceps tendon, the tendon will not be seen in
the bicipital groove; the retracted end can be identified by scanning inferiorly.
High-grade partial-thickness tears may be difficult to distinguish from a complete
tear. The long head of biceps may sublux or dislocate from the bicipital groove;
in this case, the tendon will be identified medial to its normal site and is classi-
cally seen in the context of full-thickness subscapularis tendon tears with disrup-
tion to the overlying transverse humeral ligament. Partial-thickness tears will be
seen asa focal hypoechoic areas within the tendon. Fluid in the biceps tendon
sheath may indicate tenosynovitis of the tendon or may be part of generalised
GHJ effusion.

Calcific Tendinitis

In calcific tendinitis of the rotator cuff, calcification most commonly occurs within
the supraspinatus tendon but may happen in other rotator cuff tendons. The presence
of calcification is readily identified on ultrasound scanning, which is more sensitive
than X-ray. Calcific tendinitis presents on ultrasound as calcification at any site in
the body; usually an echogenic ‘line’ with a posterior acoustic shadowing (ultra-
sound artefact).

Ultrasound-Guided Injections

Injections can be performed under ultrasound guidance; the transducer is held in
one hand while injecting with the other. By scanning in the correct plane, the needle
tip can be seen to advance in ‘real-time’ while scanning. Thus the tip of the needle
can be placed in a fluid collection or effusion for aspiration for biochemical or
microbiological analysis, or an injection of local anaesthetic for diagnosis or of
steroid for treatment can be made into the intended site under direct visualisation.
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Ultrasound-guided injections are commonly given into the subacromial space,
bicipital tendon sheath, GHJ or ACJ. The suprascapular notch can be identified on
ultrasound, and the suprascapular nerve can be injected with local anaesthetic and
steroid for diagnosis and temporary pain relief (suprascapular nerve block) [8] or
permanently ablated using pulsed radiofrequency ablation, particularly in the con-
text of rotator cuff arthropathy.

Ultrasound can be used to guide treatment of calcific tendinitis. An attempt can
be made to aspirate the calcified deposits, or the calcification can be ‘dry needled’
by passing a needle through the calcification with several passes. This is to attempt
to break up the calcification which may encourage healing by promoting a localised
inflammatory/vascular response leading to an earlier reabsorption of the calcifica-
tion than would spontaneously occur. Ultrasound-guided needling and lavage have
been shown to give significantly better results than a subacromial corticosteroid
injection only [9].

Magnetic Resonance Imaging (MRI)

Magnetic resonance (MR) imaging provides a comprehensive and accurate assess-
ment of the osseous and soft tissue structures involving the shoulder [10]. Standard
radiography is often used as a primary imaging modality to assess the osseous anat-
omy of the shoulder however its limited capability to evaluate the soft tissues often
leads to MR imaging being utilised.

Conventional MR imaging is used to characterise a range of conditions from
rotator cuff disease and acromioclavicular (AC) joint pathology in impingement
disorders to glenoid labrum pathology and the capsular structures in instability
utilising contrast-enhanced MR arthrography.

Protocols for Imaging of the Shoulder

e Patient’s arm should be positioned with patient supine and the arm by the side
parallel to the body with the shoulder in neutral to mild external rotation.

» Coronal oblique images are performed parallel to the course of the supraspinatus
tendon.

» Coronal oblique Proton Density Fat-Suppressed sequences are sensitive to rota-
tor cuff degeneration although it can be difficult to differentiate between severe
cuff tendinosis and partial-thickness tears

e Coronal oblique or sagittal oblique T2 sequences are required to distinguish
between severe tendinosis and partial tears with the presence of fluid high signal.

* Axial sequences are used to assess the AC joint, as well as capsular and labral
anatomy.
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e Sagittal oblique sequences are used to evaluate the acromial anatomy, rotator
interval, the cuff muscles and the capsulolabral complex.

MRI Arthrography

The procedure involves the instillation of dilute gadolinium-based para-magnetic
contrast agent to distend the glenohumeral joint via needle placement under fluoro-
scopic or ultrasound guidance.

e Typically T1, proton density or T2 fat-suppressed sequences may then be per-
formed using axial, coronal oblique and sagittal oblique sequences.

e An additional abduction external rotation (ABER) view can be utilised in MR
arthrography to evaluate for labral tears or in the integrity of the post-operative
labrum.

Indications for MRI

1. Assessment of rotator cuff and long head of biceps pathology and tears.
Advantages:

— Accurate assessment of rotator cuff tendinopathy, partial-thickness and full-
thickness tears.

— Accurate assessment of biceps tears and dislocations.

— Atrophy and fatty infiltration of rotator cuff muscles can be readily viewed
and graded.

— Underlying bone and intra-articular pathology can be assessed.

Disadvantages:

— Relatively expensive and time-consuming procedure.
— Some patients cannot be scanned as a result of claustrophobia.

2. Assessment of instability and labral or articular cartilage defects.

— Accurate assessment of labral and cartilage defects, including SLAP tears
— Assessment of underlying bony pathology.

Currently, in most centres, assessment of labral pathology and SLAP tears
requires intra-articular contrast injection, turning a non-invasive examination into a
minimally invasive study. More powerful magnets (3 T and above) may obviate the
need for intra-articular injection in the future.

3. Assessment of bone tumours and infections.

— The most accurate imaging modality for assessing the extent of the pathology.
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Clinical Uses of MRI
Rotator Cuff Tears

MRI offers a detailed, global and accurate assessment of the shoulder in cases of
impingement and suspected rotator cuff tears. Full-thickness rotator cuff tears can
be accurately diagnosed and characterised, and distinguished from partial-thickness
rotator cuff tears and tendinopathy (Fig. 4.4). Rotator cuff muscle atrophy is seen,
and its severity can be graded (Fig. 4.5). Causes of impingement can be assessed;
the presence of acromion and AC joint osteophytes and the assessment of acromion
morphology are useful in the planning of surgery. Tears, tendinopathy and tenosy-
novitis of the biceps tendon are also well seen. Underlying bone pathology and
arthritis will also be visualised to advantage on MRI scanning.

MRI and ultrasound can both be used to assess for rotator cuff tears. Compared
with ultrasound, MRI offers an overall view of the shoulder and surrounding soft
tissues. MR is also better at evaluating the rotator cuff muscles for atrophy than
ultrasound, while ultrasound can be performed alongside clinical assessment, and
offers an excellent opportunity for dynamic evaluation of the shoulder.

Fig. 4.4 MRI rotator cuff tear

Fig. 4.5 MRI large rotator cuff tear with wasting and atrophy
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Cochrane review [7] shows sensitivity and specificity of 94 and 93% respectively
for full-thickness tears on MRI. For partial-thickness tears, the sensitivity and speci-
ficity values were 74 and 93% respectively. MR arthrography can also be used to
assess for rotator cuff tears. While the images may give improved detail compared
with plain MRI, the Cochrane review shows no significant advantage in the sensitiv-
ity and specificity, and for this reason, plain MRI is usually preferred to assess for
rotator cuff pathology.

Instability

Injection of dilute paramagnetic contrast into the shoulder joint before MRI (MR
arthrography) distends the shoulder joint and allows clear visualisation of the inter-
nal soft tissue structures of the shoulder joint which are sometimes not clearly dis-
tinguished on plain MRI [11]. Thus the articular cartilage, glenoid labrum, capsular
ligaments and rotator interval are better assessed with MR arthrography.

In patients with instability, tears of the glenoid labrum, articular cartilage and
capsular ligaments can be diagnosed and described before consideration of surgery
(Fig. 4.6). Studies have shown that MR arthrogram is significantly more accurate in
assessment of labral tears than plain MRI. Underlying bony glenoid and humeral
head defects can readily be seen. MR arthrogram studies can be used to assess for
associated rotator cuff tears, and it has been suggested that partial-thickness rotator
cuff tears may be more easily identified in the younger age group with MR arthro-
grams. Contrast outlines the biceps and bicipital-labral complex to also aid in the
detection of superior labral anterior to posterior (SLAP) lesions (Fig. 4.7). MRI
arthrography can also be used to assess symptomatic recurrence in the shoulder
previously operated for instability.

Fig. 4.6 MRA glenoid labral tear and Hill Sachs defect
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Fig. 4.7 MRA superior labral tear (a) compared with normal (b)
Other Clinical Indications

e MRI can be used to diagnose, describe and characterise bone and soft tissue
tumours around the shoulder.

e The assessment of infections around the shoulder joint; to distinguish fluid col-
lections from inflammation, and to assess for the presence of osteomyelitis

e In cases of complex osteoarthritis or inflammatory arthritis where X-ray does not
give sufficient information. MRI is particularly useful in the assessment of effu-
sions, fluid collections and bony involvement.

CT

CT (Computed Tomography, Computerised Tomography) involves passing X-ray
beams at different angles through the patient in an axial ‘slice’. The X-ray source
continually rotates around the patient as the patient is moved through the scanner.
X-raying the patient at multiple different angles allows the data to be reconstructed
to give a density at each point (pixel) so that a 3-D picture can be obtained.

Images are usually displayed as successive 2-D ‘slices’ to build up a 3-D image.
Modern multislice CT scanners produce images with a very thin (0.5 or 1 mm) slice
thickness, enabling coronal, sagittal or oblique reconstructions to be made from the
axial data with minimal loss of resolution. 3-D reconstructions can also be obtained,
using all the data from the scan to produce a 3-D image which can be rotated to view
from any angle.

As CT is an X-ray based imaging modality, the greatest advantage and most
common use in orthopaedic imaging is to assess bony pathology. Bone outline,
bony trabeculae and joint surfaces are easily visualised with high spatial resolution
because of the inherent density difference between bone and other tissues. In gen-
eral, there is a low difference in density between different soft tissues, and soft
tissue pathology is less well visualised than on ultrasound or MRI. However intra-
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venous iodine-based contrast administration can help particularly when MRI is con-
traindicated, and intra-articular contrast can be used as an alternative to MRI
arthrogram to study cartilage defects and labral tears.

Indications for CT

1. Fractures. 3-D assessment of complex fractures and dislocations.

2. Arthritis. Assessment of glenohumeral arthritis and rotator cuff arthropathy
preoperatively.

3. Instability. CT arthrogram can be used instead of MRI arthrogram to assess
labral and bony defects.

4. Rotator cuff disease. Useful to evaluate the bony anatomy and fatty infiltra-
tion/atrophy of the rotator cuff musculature, but not helpful in the diagnosis of rota-
tor cuff tears.

Clinical Uses of CT
Fractures

CT is ideally suited to give precise 3-D representation in cases of complex fractures
and dislocations (Fig. 4.8). Healing of fractures can be studied with CT scanning;
the degree of callus formation and bone union can be assessed in detail.

Fig.4.8 CT 3D
reconstruction of a scapula
fracture
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Arthritis

CT gives a detailed image of articular surfaces, showing joint space narrowing and
subarticular erosion associated with arthritis. Glenohumeral, A/C joint arthritis and
rotator cuff arthropathy can be assessed. CT scanning is most commonly used
before shoulder surgery and in particular joint replacement. Review of glenoid bone
stock is necessary preoperatively to evaluate the feasibility of glenoid prosthesis
implantation and technical planning. This cannot be achieved on plain X-ray but is
easily visualised on CT.

Symptomatic shoulder joint replacements can also be assessed with CT. Beam
hardening artefact degrades the image a standard CT, but utilisation of extended
Hounsfield unit scale and metal artefact reduction post-processing software should
be used to give images where, for example, subtle loosening can be seen right up to
the edge of the metallic prosthesis [12].

Instability—CT Arthrogram

Contrast medium is injected into the shoulder before a standard CT scan examina-
tion. The contrast distends the joint and outlines the articular cartilage, fibrocarti-
laginous labrum and glenohumeral ligaments. This allows defects in the structures,
including labral and SLAP tears to be diagnosed and characterised. CT arthrogra-
phy can be used as an alternative to MRI arthrography, with CT having the advan-
tage of greater spatial resolution as opposed to the higher contrast resolution of
MRI. CT is particularly useful in assessing the postoperative labrum, where MRI
might be degraded by metal artefact. CT is also the preferred choice to evaluate the
integrity of bone stabilisation procedures.

Rotator Cuff Disease

CT is not accurate in the assessment of rotator cuff tendon tears, and MRI or ultra-
sound should be used for this purpose. However, CT may be useful, especially when
MRI is contraindicated, to assess the rotator cuff muscles for atrophy in cases of
rotator cuff tears. The Goutallier classification, commonly used to determine the
degree of degeneration and fatty infiltration of rotator cuff muscles in the context of
rotator cuff tears, was initially described in shoulder CT but is also applicable to
MRI [13].
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Other Bony and Soft Tissue Pathology

CT gives explicit detail of bony erosion or destruction in cases of infection or
tumour. The glenohumeral joint and scapula can be assessed in cases of dysplasia,
particularly to look for the glenoid area, depth and version.

As discussed above, CT of the soft tissues is limited by the inherent lack of con-
trast, but masses and fluid collections can be assessed with the aid of intravenous
iodinated contrast enhancement. However, MRI or ultrasound is preferred.

Nuclear Medicine

Nuclear medicine techniques involve injecting small amounts of radioactive sub-
stances, often bound to biologically active molecules. The gamma photons pro-
duced by the radioactive isotope are detected in the gamma camera with a crystal
constructed of sodium iodide.

Technetium (Tc) 99 m MDP bone scintigraphy is the traditional isotope scanning
technique to assess for increased osteoblastic activity and has been in use since the
1960s. Increased activity will be detected in bone tumours, infections, fractures,
arthritis and other forms of increased metabolic activity such as Paget’s disease. The
investigation is, therefore, sensitive, but not specific.

Nuclear medicine imaging with!''Indium-Oxide or more recently anti-
granulocyte scintigraphy using (99 m)Tc-labeled monoclonal antibodies (MoAb)
provide a high degree of specificity in imaging osteomyelitis. In a patient presenting
with chronic shoulder symptoms (pain, weakness or instability) nuclear medicine
imaging does not have a place on the diagnostic workup unless an infection is
suspected.

Conclusion

There is a broad range of imaging techniques available to investigate patients with
shoulder pain, weakness and instability. The initial radiological investigation will
usually be with a plain X-ray. Further studies—ultrasound, MRI, MRI arthrogram
and CT scanning—will be dependent on the clinical presentation and the informa-
tion required from the scan. This chapter has given an introduction to the different
imaging modalities, their indications and the abnormal findings that can be seen
with each technique. Specific imaging pathways will be further discussed in the
relevant chapters to follow.
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Part 11
Shoulder Pain Clusters



Chapter 5
Subacromial Impingement Syndrome

Andreas Baumann and Barnes Morgan

Case Example

A 56-year-old female office worker is referred to the orthopaedic clinic by his GP
with a four-month history of right-sided shoulder pain. There was no history of
preceding trauma, but her symptoms started shortly after the patient had been re-
decorating her house. She gets pain with any activities above chest level and strug-
gles to tuck shirts in and do her bra behind her back. Pain often wakes her when she
rolls onto the affected shoulder in bed. Despite Paracetamol, her symptoms have
gradually deteriorated. She is in good health and has never had any problems with
her shoulder in the past.

Introduction

Subacromial impingement syndrome is the most commonly diagnosed painful
shoulder disorder [1]. It can be defined as symptomatic irritation of the rotator cuff
and subacromial bursa within the subacromial space. Subacromial impingement
comprises a spectrum of pathologies, ranging from subacromial bursitis to rotator
cuff tendinopathy and full-thickness rotator cuff tears. Despite its high incidence,
the aetiology of subacromial impingement syndrome remains controversial. Both
extrinsic compression and intrinsic degeneration may play a role.
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The four muscles of the rotator cuff—the subscapularis, infraspinatus, teres
minor and supraspinatus provide dynamic stability to maintain the humeral head
within the glenoid fossa and form a force couple with the deltoid. Dysfunction of
the rotator cuff can lead to pathologic contact and compression of the supraspinatus
tendon near its insertion on the greater tuberosity with the under-surface of the
anterior edge of the acromion and coracoacromial (CA) ligament—this is termed
Impingement.

In 1972 Neer proposed that mechanical compression of the rotator cuff tendons
occurred due to a narrowing of the subacromial space and he described the follow-
ing three stages of impingement (Table 5.1) [2]:

From cadaveric studies, Neer concluded that impingement of the rotator cuff
against the acromion occurs anterior rather than lateral. Acromial morphology was
analysed, and certain acromial types have been correlated with the incidence of
subacromial impingement—according to Bigliani and Morrison, a curved (type II)
and a hooked (type III) acromion predisposes to impingement (Fig. 5.1) [3].

Intrinsic factors that may lead to rotator cuff failure include poor vascularity of
the supraspinatus tendon, ageing and excessive tensile forces [4]. Lohr and Uhthoff

Table 5.1 Neer’s 3 stages of * Stage 1: Oedema and haemorrhage, age <25,
subacromial impingement reversible

* Stage 2: Fibrosis and tendinitis, age 25—40, recurrent
pain with activity

» Stage 3: Bone spurs and tendon rupture, age >40,
progressive disability

‘Articular capsule

Fig. 5.1 Acromial shapes. Image Published under License from www.shoulderdoc.co.uk
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found a hypovascular or critical zone close to the insertion of the supraspinatus
tendon into the footprint [5]. They concluded that the poor vascularity of the tendon
in this area could be a significant factor in the pathogenesis of rotator cuff degenera-
tion and that subacromial impingement develops secondary to cuff weakness where
the humeral head ascent against overlying structures.

Pillar 1: History

Patients presenting with subacromial impingement are almost always over the age
of 40 and commonly complain of night pain, which is exacerbated when lying on
the affected shoulder. There is usually an insidious onset of shoulder pain over a
period of weeks to months, and the pain is typically localised in the bursal distribu-
tion. Lateral and/or superolateral pain radiates down towards the elbow is common.
The range of motion is generally well preserved. Pain is often aggravated with an
abduction of the arm and when reaching behind the back. In some cases, minor
trauma to the shoulder or strenuous exercises precedes the onset of symptoms.

Pillar 2: The Conventional Examination

The examination should always include evaluation of the active and passive range
of motion (ROM), rotator cuff strength and provocative tests. With subacromial
impingement syndrome, inspection and palpation of the shoulder can sometimes
reveal wasting in the supraspinatus and/or infraspinatus fossa when a cuff tear is
present. ROM is generally within normal limits, but patients with impingement syn-
drome almost always have a ‘painful arc’ of shoulder abduction from about 60 to
120°. In chronic cases, capsular tightness and subacromial adhesions can develop
and lead to stiffness.

Pillar 3: Special Tests

T