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I'm a shoulder-making man,
a shoulder-making man.
I try to stop shoulder-making,
hard as I can, but
I'm a shoulder-making man.

LAURA JANE MEGAN MATSEN
(age 4)

Proceeds from this book will be donated to the E. A. Codman Shoulder Research
Endowment at the University of Washington Department of Orthopaedics






Preface

This book presents a cost-effective ap-
proach for optimizing the function of com-
promised shoulders using simple exercises
and appropriate surgery. It presents an inte-
grated, practical method based on the fol-
lowing five precepts:

+ Normal shoulder function depends on four
basic mechanical characteristics: motion,
stability, strength, and smoothness.

+ To be surgically treatable, a disorder must
be defined in terms of disturbed mechan-
ics. Therefore, the clinician must deter-
mine both the patient’s functional deficits
and the mechanical reasons for these defi-
ciencies.

+ These determinations can usually be made
economically, using only the history, phys-
ical examination, and plain radiographs.

» The goal of treatment is the restoration of
the patient’s shoulder function. Thus, the
success of treatment must be measured in
terms of functional improvement.

« The results of surgery are dependent both
on the procedure and the surgeon perform-
ing it. Therefore, each surgeon is responsi-
ble for knowing the results of his or her
own operations.

This book is directed at the type of prac-
tice we see evolving for the coming decades,
when resources will not be as plentiful and
increasing premiums will be placed on
economy and effectiveness. In this spirit, we
emphasize what can be accomplished with
the basics: the clinical history, the physical
examination, a few plain radiographs, sim-
ple patient-conducted rehabilitation pro-
grams, and well-characterized open surgical
procedures. It is written for orthopaedic sur-
geons and all other investigators, physicians,
therapists, coaches, and trainers who seek to
understand mechanical problems of the
shoulder. Tt is intended to be practical, in-
formative, and, we hope, enjoyable.

Happy shouldering!

FREDERICK A. MATSEN III, M.D.
STEVEN B. LirpiTt, M.D.

JoHN A. SIDLES, Ph.D.
Doucras T. HARRYMAN 1I, M.D.






Foreword

With the ever increasing number of vol-
umes being written about afflictions of the
shoulder, one might ask, “Do we really need
another book on the shoulder? "’ Before read-
ing this text, the answer might well be “No.”
However, after careful perusal of this bold
and somewhat unconventional initiative, I
believe our original response would prove to
be mistaken. The salient features of this pub-
lication that distinguish it from those that
have gone before are that

1. It attempts to provide a practical, com-
mon sense, basic approach to evaluating
and managing the most important clini-
cal shoulder problems.

2. The physical examination and man-
agement recommendations are solidly
founded in basic science investigation.

The challenge of this text is that it at-
tempts to wed a practical approach to eval-
uating shoulder problems to sophisticated
laboratory investigations. If this task is ac-

complished successfully, readers have a tre-
mendous asset at their disposal for manage-
ment of this difficult anatomic region. The
authors have been able to embody the inte-
gration of clinical and research data and, in
so doing, have met this challenge ably.

The authors’ program, which starts with
the initial clinical evaluation and describes
the spectrum of shoulder pathology in terms
of the broad categories comprising motion,
strength, stability, and roughness, will ap-
peal to experienced orthopaedic surgeons as
well as to those still in training. An addi-
tional unique feature is the detailed presen-
tation of material designed to be shared with
patients to enhance their understanding of
the disease processes and management op-
tions.

It should be noted that this text does not
portend to be a comprehensive text refer-
ence on the shoulder. Rather, the authors
have achieved a practical and useful guide
to basic evaluation and management.

BERNARD F. MORREY, M.D.
President
American Academy of Orthopaedic Surgeons

Professor and Chairman
Department of Orthopaedics
Mayo Clinic

Rochester, Minnesota
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he clinician faces the challenge of iden-

tifying the best management approach
for each patient. If the patient’s shoulder
problem can be understood in mechanical
terms, effective treatment options can usu-
ally be identified. Conversely, if a mechani-
cal problem cannot be defined, surgical
treatment will be unreliable.

Each patient presenting with a shoulder
problem deserves a carefully conducted
clinical history, a good physical examina-
tion, and, if appropriate, a selected series of
plain radiographs; this basic evaluation can-
not be replaced by MRI, arthroscopy, or ex-
amination under anesthesia. Using only the
history, physical examination, and plain
radiographs, the clinician can place most
shoulder problems in one of three groups:
(1) treatable, (2) diagnosable but untreatable,
or (3) undiagnosable.

THE TREATABLE SHOULDER

There exists a group of conditions related
to the shoulder for which the underlying
process can be established and for which
dependable treatment is available. To enable
effective communication concerning the
prevalence and management of these shoul-
der problems, we must establish the neces-
sary and sufficient conditions for each of
them. In this context, ‘“necessary” means
that the diagnosis cannot be made without
meeting these criteria. “Sufficient” means
that if these criteria are met, no other infor-
mation or tests are required to establish the
diagnosis. Table 1-1 sets forth the necessary
and sufficient conditions for establishing the
diagnoses of some of the important treatable
conditions of the shoulder. It is significant
that most of these treatable disorders can be
diagnosed from the basic evaluation: the
clinical history, the physical examination,
and plain radiographs.

THE DIAGNOSABLE BUT
UNTREATABLE SHOULDER

A second group of shoulder problems ex-
ists that are diagnosable but are not amena-
ble to definitive surgical treatment. Exam-

ples include diagnoses such as brachial
neuritis, habitual dislocations, mid-sub-
stance muscle tears, anterior sternoclavicu-
lar subluxation, generalized ligamentous
laxity, instability from movement disorders,
and massive rotator cuff tears in persons
with paraplegia. In these situations we must
inform the patient of the limitations of exist-
ing treatment methods. We can then direct
the available resources to provide patient
education, exercise instruction, and voca-
tional rehabilitation.

THE UNDIAGNOSABLE
SHOULDER

Some shoulder complaints are not diag-
nosable, no matter how many tests we order.
We can spend an unlimited amount of time
and money in vain pursuit of a treatable
cause for vague shoulder problems or in in-
vestigating shoulder pain as a presentation
of job dissatisfaction. A risk in ordering di-
agnostic tests when the basic evaluation sug-
gests no shoulder pathology is that these
tests may yield “findings’ that do not relate
to the patient’s complaint. Findings of “la-
bral fraying” on arthroscopic examination,
“abnormal signals in the cuff tendons” on
MRI, or “laxity” on examination under an-
esthesia do not help in the evaluation or
management of non-specific shoulder com-
plaints. From the standpoint of resource al-
location, we must try to define which shoul-
der problems do not need expensive
diagnostic evaluations on the first encounter.
Our guideline is that when the basic evalua-
tion (a careful history and physical exami-
nation along with appropriate plain radio-
graphs) does not suggest the existence of a
definable problem, we do not proceed to ad-
vanced imaging, electrodiagnostics, arthros-
copy, or examination under anesthesia
because the yield is so low in these circum-
stances. If there is nothing in the basic eval-
uation to suggest pathology, we are likely to
tell the patient, ““After a good history, physi-
cal examination, and x-rays, we do not know
what your problem is; however, we doubt
that further tests will change the treatment
we recommend to you at this time.” Repeat
clinical examination after several months
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TABLE 1-1. Necessary and Sufficient Diagnostic Criteria for Major Chronic Conditions
of the Shoulder

Problems of Motion

Frozen Shoulder
A. History
1. Functionally significant restriction of shoulder motion
2. Absence of history of previous major shoulder injury or surgery
B. Physical Examination
1. Limited glenohumeral motion in all directions
C. Radiographs
1. No changes in cartilaginous joint space
2. Absence of pathologic changes other than osteopenia

. Post-Traumatic or Post-Surgical Stiff Shoulder

A. History
1. Functionally significant restriction of shoulder motion
2. History of significant shoulder injury or surgery
B. Physical Examination
1. Limited glenohumeral motion
C. Radiographs
1. No changes in cartilaginous joint space

Problems of Stability

Traumatic Anterior Glenohumeral Instability
A. History
1. Mechanism of injury appropriate to cause tearing of the anterior glenohumeral ligaments, such as a major
external rotation torque applied when the arm is elevated near the coronal plane
2. Functionally significant recurrent episodes of apprehension (fear of uncontrollable glenohumeral transiations)
or instability (inability to keep the humeral head centered in the glenoid fossa) when the arm is elevated near
the coronal plane and externally rotated or extended
B. Physical Examination
1. Apprehension or instability when the arm is elevated near the coronal plane and externally rotated or extended
2. Diagnosis is supported by grinding with translation on anterior drawer test
C. Radiographs
1. Diagnosis is supported by radiographs documenting a previous anterior glenohumeral dislocation
2. Diagnosis is supported by radiographs showing a characteristic posterior lateral humeral head defect and/or
anterior inferior glenoid lip defect or calcification

. Atraumatic Instability

A. History
1. Functionally significant inability to keep the humeral head centered in the glenoid fossa, especially in positions
not at the extremes of motion
2. Absence of mechanism of injury likely to tear glenohumeral ligaments or capsule
3. Spontaneous reduction of translations
B. Physical Examination
1. Demonstration that certain glenohumeral translations duplicate the symptoms of concern to the patient
2. Diminished resistance to translation in multiple directions as compared with a normal glenohumeral joint
C. Radiographs
1. Absence of traumatic lesions

Problems of Strength

Full Thickness Rotator Cuff Tear
A. History
1. Functionally significant weakness of glenohumeral elevation and/or rotation
2. Age over 30 years, usually over 40 years
3. Diagnosis is supported by a history of sudden, unexpected loading of the arm followed by shoulder weakness
B. Physical Examination
1. Weakness on elevation and/or rotation
2. Diagnosis is supported by supraspinatus and/or infraspinatus atrophy, subacromial crepitance, and/or palpable
defect in rotator cuff
C. Radiographs
1. Diagnosis is supported by upward displacement of humeral head in relation to the acromion and by acromial
spurring
D. Definite identification of a full thickness cuff defect by an expert observer using one of the following: ultrasonog-
raphy, arthrography, MRI, arthroscopy, or open surgery

. Incomplete Thickness Cuff Lesion

A. History
1. Compromise of shoulder function in activities requiring rotator cuff function
2. Mechanism for damaging the rotator cuff, such as unanticipated eccentric load applied to the elevated arm
B. Physical Examination
1. Pain and weakness on tests of rotator cuff function, such as resisted elevation and resisted external rotation
2. Diagnosis is supported by subacromial crepitance
Table continued on following page
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TABLE 1-1. Necessary and Sufficient Diagnostic Criteria for Major Chronic Conditions
of the Shoulder Continued

C. Radiographs
1. Diagnosis is supported by upward displacement of humeral head in relation to the acromion and by acromial
spurring
D. Definite identification of an incomplete thickness cuff lesion by an expert observer using one of the following:
arthrography, arthroscopy, or open surgery

Problems of Smoothness

Subacromial Abrasion
A. History
1. Limited function with the arm in intermediate positions of elevation
B. Physical Examination
1. Subacromial crepitance that reproduces the function-limiting symptoms, particularly on rotation of the humerus
with the arm in intermediate positions of elevation
C. Radiographs
1. Diagnosis is supported by primary or secondary changes on the undersurface of the coracoacromial arch, such
as acromial sclerosis or a traction spur in the coracoacromial ligament
2. Diagnosis is supported by the coexistence of incomplete thickness cuff lesion or full thickness rotator cuff tear

. Degenerative Joint Disease (primary)

A. History
1. Absence of major joint trauma, previous surgery, or other known causes of secondary degenerative joint
disease
2. Age over 30 years, usually over 40 years
3. Limited motion and function
B. Physical Examination
1. Limited glenohumeral motion
2. Diagnosis is supported by bone on bone crepitance
C. Radiographs
1. Joint space narrowing
2. Periarticular sclerosis
3. Periarticular osteophytes
4. Absence of other pathology
5. Diagnosis is supported by posterior glenoid erosion with posterior subluxation of humeral head
Secondary Degenerative Joint Disease
A. History
1. Evidence of major joint trauma or other known causes of secondary degenerative joint disease
2. Limited motion and function
B. Physical Examination
1. Limited glenohumeral motion
2. Diagnosis is supported by bone-on-bone crepitance
C. Radiographs
1. Joint space narrowing
2. Periarticular sclerosis
3. Periarticular osteophytes
4. Diagnosis is supported by radiographic evidence of previous trauma or other known causes of secondary
degenerative joint disease

. Rheumatoid Arthritis

A. History

1. American Rheumatological Association criteria for rheumatoid arthritis

2. Limited motion and function
B. Physical Examination

1. Limited glenohumeral motion

2. Diagnosis is supported by findings of muscle atrophy and weakness and/or bone-on-bone crepitance
C. Radiographs

1. Joint space narrowing

2. Periarticular osteopenia

3. Diagnosis is supported by the absence of osteophytes and sclerosis

4. Diagnosis is supported by the presence of periarticular erosions and medial erosion of glenoid

. Avascular Necrosis (Atraumatic)

A. History

1. Limited shoulder function

2. Diagnosis is supported by the presence of risk factors, such as steroid use
B. Physical Examination

1. Diagnosis is supported by glenohumeral crepitance
C. Radiographs

1. Sclerosis within head of humerus

2. Collapse of subchondral bone of humeral head

3. Absence of other pathologic changes (e.g., tumor, cuff tear arthropathy)
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TABLE 1-1. Necessary and Sufficient Diagnostic Criteria for Major Chronic Conditions
of the Shoulder Continued

V1. Capsulorrhaphy Arthropathy
A. History

1. Functionally significant restricted glenohumeral motion
2. History of previous repair for glenohumeral instability

B. Physical Examination

1. Limited motion and function (especially external rotation)

2. Diagnosis is supported by bone-on-bone crepitance

C. Radiographs
1. Joint space narrowing
2. Periarticular sclerosis
3. Periarticular osteophytes

4. Diagnosis is supported by posterior glenoid erosion with posterior subluxation of the humeral head

VII. Cuff Tear Arthropathy
A. History
1. Limited motion and function
2. Weakness in elevation and rotation

3. Diagnosis is supported by previously confirmed cuff tear

B. Physical Examination
1. Limited glenohumeral motion
2. Evidence of large cuff defect, such as
a. Supraspinatus and infraspinatus atrophy
b. Weakness of external rotation and elevation

c. Superior position of humeral head relative to the scapula

d. Palpable rotator cuff defect
3. Bone-on-bone crepitance
C. Radiographs
1.

Superior displacement of the humeral head relative to the glenoid leading to contact with the coracoacromial

arch

2. Secondary degenerative changes of the glenohumeral joint
3. Diagnosis is supported by erosion of the greater tuberosity (“femoralization” of the proximal humerus)
4. Diagnosis is supported by a contoured coracoacromial arch and upper glenoid to produce a socket for the

proximal humerus (“acetabularization”)

5. Diagnosis is supported by the collapse of the superior subchondral bone of the humeral head

often provides additional insight into the na-
ture of the problem. The diagnosis for
“shoulder pain without identified pathol-
ogy”’ should be just that. Assigning a label
with minimal therapeutic significance, such
as fibromyalgia, myofasciitis, and trigger
points, does not help us determine a cura-
tive treatment. Usually, we can best serve
these patients by shifting the expenditure of
resources from evaluation to a program of
physical, vocational, and social support.

AGE AT PRESENTATION AS AN
AID IN DIAGNOSIS

Certain conditions are strongly age re-
lated; thus, the patient’s age is a practical
guide to the diagnostic probabilities. To ex-
plore these relationships, we recorded the
ages of a consecutive series of new patients
at the time of presentation to the University
of Washington Shoulder Team for treatment

of one of nine diagnoses that can be rigor-
ously confirmed: degenerative joint disease,
rheumatoid arthritis, capsulorrhaphy ar-
thropathy (arthritis after previous instability
repair), avascular necrosis, incomplete
thickness cuff lesions (including what is re-
ferred to by some as the “impingement syn-
drome”), full thickness cuff tears, frozen
shoulder, traumatic anterior instability, and
atraumatic instability. Table 1-2 and Figures
1~1 and 1-2 show the distribution of these
diagnoses by age at presentation to our serv-
ice. Although the numbers in some groups
are small, and the data reflect the particular
nature of the practice of the University of
Washington Shoulder Team, several obser-
vations are significant. Diagnoses other than
instability were rare in patients younger
than 30 years of age. No patient under 30
years of age had a complete cuff tear. With
advancing age, incomplete thickness cuff le-
sions became less common as full thickness
cuff lesions became more common. Degen-
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TABLE 1-2. Age at Presentation to University of Washington Shoulder Team for Patients with
Nine Major Shoulder Diagnoses

Mean Age in Years =

Diagnosis SD (range) Number
Atraumatic instability 23 +7 (13-43) 51
Traumatic anterior instability 30 + 10 (16-62) 32
Avascular necrosis 39 + 12 (27-58) 8
Capsulorrhaphy arthropathy 40 + 7 (30-48) 7
Incomplete thickness cuff lesion 41 + 11 (30-72) 18
Rheumatoid arthritis 56 + 18 (26-77) 13
Frozen shoulder 53 + 10 (35-71) 39
Degenerative joint disease 64 + 10 (39-83) 46
Full thickness rotator cuff tear 62 + 12 (31-80) 58

erative joint disease, cuff tears, and frozen
shoulder were the most common diagnoses
in patients older than 45 years of age.

Patients presenting with chronic, diagnos-
able shoulder problems fell into three age
groups (Fig. 1-3). The Young group, aged 13
to 30 years, was dominated by problems of
traumatic anterior instability and atraumatic
instability. The Middle group, aged 31 to 45
years, included representation of all the ma-
jor diagnoses. Finally, the Older group, with
age at presentation over 45 years, was domi-
nated by degenerative joint disease, cuff
tears, and frozen shoulders.

PRACTICAL CLINICAL
EVALUATION OF SHOULDER
FUNCTION: THE SIMPLE
SHOULDER TEST

It is evident that each of the conditions
potentially afflicting the shoulder may vary
substantially in severity. The diagnoses of
instability, cuff disease, arthritis, or frozen
shoulder do not, in themselves, indicate the
need for treatment. The need for treatment
arises from the effect of the condition on the
patient’s function. Furthermore, the success
of the treatment is best measured in terms of
its ability to restore function. We conclude
that a practical method for documenting the
patient’s shoulder function is essential to
planning and evaluating treatment.

The clinical course of a shoulder problem
before and after treatment can be mapped by

its effect on shoulder function. The most im-
portant and practical assessment of a shoul-
der’s function is the patient’s view of it. Fig-
ure 1-4 charts the course of a shoulder
problem. From the clinical onset of the dis-
ease, the patient’s function deteriorates. The
physician makes the diagnosis and institutes
a conservative course of treatment that re-
sults in a temporary improvement in shoul-
der function. The physician then performs
an operation that is followed by a progres-
sive improvement, maximizing after a recov-
ery period. The incremental changes in
function resulting from treatment represent
the effectiveness of the treatment.

To facilitate and standardize the patient’s
reporting of the functional status of his or
her problematic shoulder, we have devel-
oped a brief questionnaire called the Simple
Shoulder Test, or SST. The SST consists of a
minimal data set of twelve ‘“yes” or “no”
questions derived from the common com-
plaints of patients presenting to the Shoul-
der Team for evaluation. These twelve ques-
tions are the following:

1. Is your shoulder comfortable with your
arm at rest by your side?

2. Does your shoulder allow you to sleep
comfortably?

3. Can you reach the small of your back to
tuck in your shirt with your hand?

4. Can you place your hand behind your
head with the elbow straight out to the
side?

5. Can you place a coin on a shelf at the
level of your shoulder without bending
your elbow?
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% Age at Presentation for Nine Major Diagnoses
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FIGURE 1-1.

Distribution of ages at presentation for 272 consecutive patients with nine major diagnoses. The abscissa
indicates age in years. The ordinate indicates the number of patients in each decade; each ordinate mark
indicates five patients. The total numbers of patients with each diagnosis were atraumatic instability, 51;
traumatic anterior instability, 32; avascular necrosis, 8; capsulorrhaphy arthropathy, 7; incomplete cuff
lesions, 18; rheumatoid arthritis, 13; frozen shoulder, 39; degenerative joint disease, 46; and full thickness
cuff tears, 58.
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Percent Distribution by Decade of Age at Presentation
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FIGURE 1-2.

Percent distribution by decade of age at presentation for 272 consecutive patients with nine major
diagnoses. The abscissa indicates age in years. The ordinate indicates the percentage of patients in each
decade with each of the diagnoses. Each ordinate mark indicates 5 percent of the patients in the indicated
decade with the indicated diagnosis.
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Diagnoses Presenting in Three Age Groups

Patient age 13 to 30

Atraumatic Instability
Traumatic Anterior Instability
Avascular Necrosis
Capsulorrhaphy Arthropathy
incomplete Cuff Lesion
Rheumatoid Arthritis

Frozen Shoulder
Degenerative Joint Disease
Full Thickness Cuff Tear

Patient age 31 to 45

Atraumatic Instability
Traumatic Anterior Instability
Avascular Necrosis
Capsulorrhaphy Arthropathy
Incomplete Cuff Lesion
Rheumatoid Arthritis

Frozen Shoulder
Degenerative Joint Disease
Full Thickness Cuff Tear

. _/
4 )
Patient age over 45
AVYNTAI
ICLC,:A‘. P Atraumatic Instability

Traumatic Anterior Instability
Avascular Necrosis
Capsulorrhaphy Arthropathy
Incomplete Cuff Lesion
Rheumatoid Arthritis

Frozen Shoulder

| Degenerative Joint Disease

| Full Thickness Cuff Tear
\. J

FIGURE 1-3.

Diagnoses presenting in the age groups 13 to 30, 31 to 45, and over 45. In the age group 13 to 30, the
predominant diagnoses were atraumatic instability and traumatic anterior instability. In the age group 31
to 45, all nine diagnoses were substantially represented. In the age group over 45, the predominant
diagnoses were cuff tear, frozen shoulder, and degenerative joint disease.
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Hypothetical clinical course of a shoulder problem,
charted according to its effect on the patient’s view
of his or her shoulder function. Treatment “A” led to
a temporary increment in function. Treatment “B”
led to a greater improvement in function.

6. Can you lift 1 1b (a full pint container)
to the level of your shoulder without
bending your elbow?

7. Can you lift 8 1b (a full gallon container)
to the level of the top of your head with-
out bending your elbow?

8. Can you carry 20 lb at your side with
the affected extremity?

9. Do you think you can toss a softball un-
derhand 10 yards with the affected ex-
tremity?

10. Do you think you can throw a softball
overhand 20 yards with the affected ex-
tremity?

11. Can you wash the back of your opposite
shoulder with the affected extremity?

12. Would your shoulder allow you to work
full-time at your usual job?

It is important that the patient answer
these questions without assistance: it is the
patient’s own evaluation of his or her shoul-
der function that is wanted. Because the pa-
tient is the consistent evaluator of the shoul-
der, concern about interobserver variability
is eliminated. The SST reflects the status of
the shoulder in functional terms rather than
in degrees of motion, appearance of radio-
graphs, or isokinetic torque measurements.
If the situation requires, we can add ques-
tions to the original twelve, keeping the
minimal data set intact. For example, in
studying high-performance athletes, we add
to the basic SST questions such as, “Does
your shoulder allow you to pitch (or serve)
with your usual speed and control?” “Does

your shoulder allow you to swim your nor-
mal workout?” “Does your shoulder allow
you to compete at the varsity level in your
sport?”’

Prior to the clinical introduction of the
SST, we verified that almost all normal pa-
tients aged 60 to 70 years were able to per-
form the twelve basic functions (Fig. 1-5).
Subsequently, we have used the SST on
thousands of clinical occasions.

The SST has demonstrated a high degree
of reproducibility. In normal subjects, the re-
producibility is essentially 100 percent, with
almost all subjects answering “yes” to all
twelve questions. As a more stringent test,
we tested 70 patients with abnormal SSTs
and then retested them 5 to 30 days later
(average 14 days) (Figs. 1-6 and 1-7). Sixty-
three percent of the patients had identical
responses on retesting. Ninety percent of the
patients answered no more than one ques-
tion differently on retest. More than 96 per-
cent made no more than two different re-
sponses on retest. This lack of absolute
reproducibility is not a deficiency of the
SST; instead it reflects an actual day-to-day
variation in some patients’ view of their
shoulder function.

The SST provides a practical method for
determining the pretreatment shoulder func-
tion as well as the shoulder function at var-
ious intervals after the treatment (Fig. 1-8).
Sequential SSTs indicate the length of time
required to achieve maximum functional
benefit after treatment. The difference be-
tween the shoulder function before treat-
ment and after the recovery period is a meas-
ure of the effectiveness of the treatment.

The simplicity of the SST facilitates the
communication of results to patients. Pro-
spective surgical candidates are able to com-
pare their own pretreatment status with the
typical pretreatment status of others having
the same diagnosis. This information ena-
bles them to answer questions such as,
“How bad is my arthritis in comparison with
other people who have had a total shoulder
replacement?” Similarly, by reviewing the
functional results of a given treatment for
their diagnosis, patients can answer the
questions, “What are the chances that I will
be able to do these activities after the treat-
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Normal Shoulders Aged 60 to 70

Normals

[ yes

(LZO 40 60 80

[ Ino

| 80of80yes | Comfort at side

| 800of80yes | Sleep comfortably

FIGURE 1-5.

| 80 of 80 yes

| Tuck in shirt

The Simple Shoulder Test—normal
shoulders. Responses from 80 sub-

jects aged 60 to 70 years with shoul-

| 800f80yes | Hand behind head

ders that were normal by history,

physical examination, and expert
shoulder ultrasound examination to

| 80of80yes | Place coin on shelf

exclude cuff tear. The male/female

distribution was essentially equal.

| 800f80yes | Lift pint to shoulder level

Only one shoulder per subject is in-
cluded. Essentially all these subjects

answered "yes” to each of the test

[ 790f80yes | Lift gallon to head level

questions.

| 80of80yes | Carry twenty pounds

| 80of80yes | Toss softball underhand

| 77of80yes || Throw softball overhand

| 800of80yes | Wash opposite shoulder

ment?” and “How long will it take before I
see improvement?”’

A meaningful study of a treatment out-
come for a specified condition needs to cap-
ture essentially all of the patients meeting
the necessary conditions for a given diagno-
sis who are treated by the individual sur-
geon with a specified technique. Because the
patient can complete the questionnaire un-
assisted at home, the SST facilitates the in-
clusion of a maximal number of patients in
the outcome analysis without the uncontrol-
lable bias imposed by selecting only those
patients who return for followup.

It is critical for the physician to have a
pretreatment determination of the patient’s
shoulder function. For this reason, we in-
clude the SST as an integral part of our new
patient information form (Patient Informa-
tion 1-1). This form also gives the patient

an opportunity to supply the clinician with
a wealth of other information concerning his
or her shoulder problem and general health.
Finally, it establishes the precedent that di-
agnosis and treatment require a partnership
between the patient and the physician.

The outcomes for different surgeons using
apparently identical procedures are often
not the same. The surgeon is the critical de-
terminant of the procedure and its outcome:
“The surgeon is the method.” It is impor-
tant, therefore, for each surgeon to document
the functional outcomes for his or her own
surgical procedures rather than to assume
that the results will be the same as another
surgeon’s. This personal quality control fa-
cilitates the identification of problems and
suggests areas of needed improvement for
the individual surgeon. Outcome measure-
ment must not be prohibitively expensive.

Text continued on page 17



Test-retest Reproducibility of the SST

Patients
0 20 4|0
|

same answer
60 )
~~ [ different answer

Comfort at side

Sleep comfortably

|| Tuck in shirt

same| | Hand behind head

Place coin on shelf

me| | Lift pint to shoulder level
e] | Lift gallon to head level
| | Carry twenty pounds

|| Toss softball underhand

Throw softball overhand

Wash opposite shoulder

FIGURE 1-7.

Test-retest reproducibility of the over-
all Simple Shoulder Test (SST) in 70
patients with functionally abnormal
shoulders. The chart shows that 63
percent of patients answered all SST
questions the same on the retest.
Twenty-seven percent answered all
but one SST question the same; 6
percent answered all but two SST
questions the same; 3 percent an-
swered all but three questions the
same.

12

e || Work full-time regular job

One different
SST answer: 27%

FIGURE 1-6.

Test-retest reproducibility of each of
the Simple Shoulder Test (SST) ques-
tions in 70 patients with functionally
abnormal shoulders. Retests were
obtained 5 to 30 days (mean 14
days) after the first test. The chart
shows the number of patients provid-
ing the same answer to each of the
twelve SST questions.

Test-retest Reproducibility of the SST

in 70 Patients with Abnormal Shoulders

Four or more: 1%
Three: 3%
Two: 6%

All SST questions
answered identically
on repeat testing: 63%




FIGURE 1-8.

Simple Shoulder Test data before sur-
gery and sequentially after surgery
for shoulders with degenrerative joint
disease having shoulder arthroplasty.
For a specific surgeon, data such as
these indicate (1) the typical preop-
erative state of patients having shoul-
der arthroplasty for this diagnosis, (2)
the likelihood of regaining a given
function after surgery, and (3) the re-
covery time for each function.
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SST Data Before Surgery and Sequentially
Following Total Shoulder Arthroplasty

Percent "YES"
0% 20 40 60 80 100%

e —

[ ] preoperative

|| three months followup
six months followup
one-two year followup

Comfort at side

Sleep comfortably

Tuck in shirt

Hand behind head
Place coin on shelf

Lift pint to shoulder level
Lift gallon to head level
Carry twenty pounds
Toss softball underhand
Throw softball overhand

Wash opposite shoulder
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PATIENT INFORMATION 1-1

UNIVERSITY OF WASHINGTON SHOULDER INFORMATION FORM

We would appreciate your volunteering some information about you and your shoulder
to help us in its evaluation and treatment. Your complete answers to the information
below will be helpful; however, you should feel free not to respond to any of the
questions that you find objectionable. Please use the back sides of the pages as
necessary.

Your Name:
Address:
Phone:

Next of Kin:
Address:
Phone:

Date of Birth: Today’s Date:

Referring Physician
Name:
Address:
Phone:

Family/General Physician
Name:
Address:
Phone:

Occupation:
Date last worked:

Usual recreation:

Date last able to do this recreation:

Right-Handed: Left-Handed:

Shoulder Involved: Right Left

Date your shoulder problem began:

Were you hurt on the job?

Does your shoulder problem involve a legal case?

Please describe your current shoulder problem in your own words:

If you had an injury, please describe it in detail:

Do you currently have problems with any of the below? If so, please describe them.
shoulder stiffness:
shoulder weakness:
shoulder instability:
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PATIENT INFORMATION 1-1

UNIVERSITY OF WASHINGTON SHOULDER INFORMATION FORM Continued
SIMPLE SHOULDER TEST

Please answer these questions about your shoulder. Date:

. Is your shoulder comfortable with your arm at rest by your side?
Does your shoulder allow you to sleep comfortably?
Can you reach the small of your back to tuck in your shirt with your hand?
Can you place your hand behind your head with the elbow straight out to the
side?
5. Can you place a coin on a shelf at the level of your shoulder without bending
your elbow?
6. Can you lift 1 pound (a full pint container) to the level of your shoulder
without bending your elbow?
7. Can you lift 8 pounds (a full gallon container) to the level of the top of your
head without bending your elbow?
8. Can you carry 20 pounds (a bag of potatoes) at your side with the affected
extremity?
9. Do you think you can toss a softball underhand 10 yards with the affected
extremity?
10. Do you think you can throw a softball overhand 20 yards with the affected
extremity?
11. Can you wash the back of your opposite shoulder with the affected extrem-
ity?
12. Would your shoulder allow you to work full-time at your regular job?

AWM

00000000 Oooog
00000000 00003

Are there other important things you cannot do as a result of your shoulder problem?
Previous doctors you have seen about your shoulder problem:

Previous tests you have had concerning your shoulder problem:

Previous nonmedical treatment you have had for your shoulder problem:

How many cortisone, steroid, or other types of injections have you had in your shoulder?
Previous shoulder surgeries (please list which shoulder, procedure, and date):

Are there any other aspects of your shoulder problems that we should know about?

Any family history of shoulder problems?
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PATIENTANFORMATION 1-1

UNIVERSITY OF WASHINGTON SHOULDER INFORMATION FORM Continued

The following information will help us understand your overall health and how it may
relate to your shoulder problem.

Do you have any problems with joints other than the shoulder discussed above?
If so please describe them.

Any surgeries other than those listed above?
Please list:

Have you had infections, bleeding, or any other complications from previous surgeries?
Please explain:

- Family history of other health problems?
Please explain:

Smoker? . Packsperday: ________ Years of smoking:
Alcohol consumption per average day:

Have you ever used recreational drugs?

Allergies:

Current medications
(including aspirin, antacids, pain medicines; heart, lung, or kidney medicines)

Do you have any of the health concerns listed below? If yes, please describe:
Heart
Lungs
Seizures
Kidneys, bltadder
Depression
Bleeding tendencies
Tendencies for infection
Exposure to hepatitis
Exposure to HIV infection (AIDS)
Exposure to TB infection

Do you have a lot of bodily pain?

Do you feel good most of the time?

Do you get depressed sometimes?

Do you feel your health is likely to get better?
Do you have as much energy as others?

Are there any other health-related factors we should know about you?

OOOOO g

Your signature

I



The SST provides each practitioner with a
practical, consistent tool for documenting
the pretreatment and post-treatment status
of each patient.

CONCLUSION

The ability of the shoulder to perform its
functions depends on four basic mechanical
characteristics: motion, stability, strength,
and smoothness. Most of the clinically im-
portant shoulder disorders can be described
in terms of abnormalities of one or more of
these parameters. Thus, a frozen shoulder is
primarily a problem with shoulder motion.
Recurrent dislocation is primarily a problem
of glenohumeral stability. Rotator cuff tears
manifest themselves in terms of diminished
strength. Glenohumeral arthritis produces
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abnormalities of both smoothness and mo-
tion. The criteria necessary for making these
diagnoses can usually be established using
only the history, physical examination, and
plain radiographs.

Shoulder pathology that can be defined in
mechanical terms has a good chance of
being treatable. Treatment is determined not
only by the underlying process but also by
the severity of its impact on shoulder func-
tion. The Simple Shoulder Test provides an
economical method for documenting a
shoulder’s functional status. Comparing the
functional status of the shoulder before and
sequentially after an operation indicates the
procedure’s effectiveness. The Simple
Shoulder Test provides a practical tool by
which surgeons can determine the outcomes
for procedures in their own hands.
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ne of the special attributes of the shoul-

der is its ability to place the arm in a
vast range of positions with respect to the
thorax. In this chapter we focus on the range
of positions through which the shoulder can
move, how these positions are characterized
in the clinic and the laboratory, and how the
patient with a stiff shoulder can be man-
aged.

SIMPLE ASSESSMENT OF
SHOULDER RANGE OF MOTION

A patient’s range of motion can be de-
scribed in terms of the following four simple
parameters:

1. The maximal angle of humeral elevation
in relation to the thorax as viewed from
the side (Fig. 2—1).

2. The maximal angle of external rotation
with the arm at the side (zero degrees
being the position in which the forearm
of the flexed elbow points straight ahead
in the sagittal plane) (Fig. 2-2).

3. Maximal internal rotation as indicated by
the highest segment of posterior midline
anatomy that can be reached by the
thumb (Fig. 2-3).

4. Maximal cross-body adduction as indi-
cated by the minimal distance between

the antecubital fossa and the contralateral
anterior acromion (Fig. 2—4).

The values for these parameters in a pop-
ulation of 81 normal subjects aged 60 to 70
years are shown in Table 2-1.

Although these four parameters provide a
rapid overview of the range of motion,
proper study of the shoulder requires a more
specific description of the positional rela-
tionships of the humerus, the scapula, and
the thorax. In the following sections we pre-
sent a simple system for describing the rela-
tive positions of the humerus, the scapula,
and the thorax based on simple anatomic
reference lines and planes.

HUMEROTHORACIC POSITIONS

The natural reference lines for describing
humerothoracic positions are the long axis
of the humeral shaft and the longitudinal
axis of the thorax. The angle between these
lines is the angle of humerothoracic eleva-
tion.

The plane containing these two lines is
the plane of humerothoracic elevation (Fig.
2-5). The plane of elevation is identified in
relation to a reference plane, the coronal
plane of the thorax. For example, abduction
is elevation in the zero degree plane, flexion
is elevation in the plus 90 degree plane, and

Humeral Elevation

FIGURE 2-1.

Maximal elevation is meas-
ured with the patient supine
and with the opposite arm as-
sisting in elevation, if neces-
sary, to gain maximal range.

o 7 ippitt,
SLIPPY
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FIGURE 2-2. External Rotation

Maximal external rotation is
measured with the arm at the

side (zero degrees being the
position in which the forearm

of the flexed elbow points
straight ahead). We prefer to -
make this measurement with

the patient supine to help fix

the thorax.

sBL

FIGURE 2-3.

Maximal internal rotation is measured by the highest
segment of posterior anatomy reached with the
thumb, for example, L4-L5, T7, T3, or C7.

Cross Body
Adductiony

FIGURE 2-4.

Maximal cross-body adduction is measured as the
minimal distance from the antecubital fossa to the
contralateral acromion when the arm is adducted
horizontally across the body.

sBL



22 W SHOULDER MOTION / CHAPTER 2

TABLE 2-1. Values for the Four Simple
Parameters of Shoulder Motion in 81 Normal
Subjects Aged 60 to 70 Years

Males Females

7
15
2
3

Maximal elevation (degrees) 160 = 8 167
Maximal external rotation (degrees) 72 + 13 78
Maximal internal rotation (segments) T6 + 2 T5
Maximal cross-body adduction (cm) 15 =3 14

+
+ i+ 1+ 1+

elevation in a plane half way between is el-
evation in the 45 degree plane (Fig. 2—-6).
Using this simple method, we can define
any position of the humerus in reference to
the thorax with only two numbers: the angle
and the plane of humerothoracic elevation.

ACTIVITY

Position your arm to wash the back of the
opposite shoulder. Describe this humerotho-
racic position in terms of the plane and angle
of humerothoracic elevation. Do the same with
your arm positioned to tuck in a shirt in back.
See whether a colleague observing these po-
sitions independently arrives at the same val-
ues.

Normal Values for Ranges of
Humerothoracic Positions

The ranges of humerothoracic positions in
eight normal subjects were measured using
electromagnetic sensors pinned to the hu-
merus to avoid artifacts from soft tissue
movement. Table 2—2 lists the average hu-
merothoracic positions for eight common
functional positions. The data demonstrate
that the humerus functions in a wide range
of thoracic planes from minus 88 to plus 124
degrees. Maximal humerothoracic elevation
averaged 148 degrees in the plus 55 degree
thoracic plane.

More detailed measurements were made
of the positions attainable by a single sub-
ject, again using an electromagnetic sensor
pinned to the humerus. Table 2-3 displays
the maximal humeral elevation that this sub-
ject could achieve in different thoracic

planes. These data define the envelope of
humerothoracic positions available to this
individual shoulder.

This same instrumented subject per-
formed six of the functions of the Simple
Shoulder Test (SST). The planes and angles
of elevation for these activities are shown in
Table 2—4. Note that the SST requires the
humerus to function in a wide range of po-
sitions.

Humerothoracic Global Diagram

The global diagram (Fig. 2-7) is an effec-
tive method of displaying the range of shoul-
der positions because it allows presentation
of both the planes of elevation (‘longi-
tudes”) and the angles of elevation (“lati-
tudes”). The “South Pole” of the globe rep-
resents zero degrees of elevation.

Figure 2—8 is a pictorial representation of
the data from Tables 2—3 and 2—4. Note that

L 4

Humerothoracic
Elevation

3
¢

.
PEE T T =T T T an

Ve
.

FIGURE 2-5.

Humerothoracic elevation. The angle of elevation
is the angle between the humeral shaft axis and
the thoracic axis. The angle is measured in the
plane that contains these two axes, that is, the
plane of humerothoracic elevation.
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-90°

90°

FIGURE 2-6.

The plane of humerothoracic elevation can be easily defined in relation to the zero degree thoracic plane
(the coronal plane).

TABLE 2-2. Functional Humerothoracic Positions in Eight Normal Subjects*

Plane of Elevation Angle of Elevation

(degrees) (degrees)
Cross-body adduction 124 =+ 7 90 + 1
Washing axilla 104 + 12 52 + 14
Eating 87 = 29 52 + 8
Maximal elevation 55 + 17 148 = 11
Combing hair 54 + 27 112 £ 10
Maximal reach up back -69 = 11 56 + 13
Reaching perineum -86 + 13 38 = 10
Maximal extension -88 = 1 55 + 9

*Values are mean + SD.



24 m SHOULDERMOTION / CHAPTER 2

TABLE 2-3. Maximal Humerothoracic
Elevation in Specific Planes Observed in a
Selected Subject

Maximal Humerothoracic
Angle of Elevation

Humerothoracic
Plane of Elevation

(degrees) (degrees)

—-87 73
—59 81
-30 92
0 116

31 131

60 136

90 129

118 90

the maximal elevation in the different

planes defines the envelope of humerotho-
racic motion available to this shoulder. The
positions used for the SST functions lie
within this envelope.

In addition to its ability to indicate any
humerothoracic position, the global diagram
also provides a method of indicating unam-
biguously the rotational orientation of the
arm. For this purpose, an arrow indicates the
orientation of the anterior aspect of the hu-
merus (which is the direction that the fore-
arm would point if the elbow were flexed to
90 degrees).

In Figure 2-9, the rotational orientations
of the humerus in the positions of maximal
elevation are shown with arrows.

The rotational orientations for the func-
tions of the SST are seen in Figure 2-10.

The details of simple and complex mo-
tions of the humerus can be indicated on a
global diagram as a series of points and ar-
rows (Fig. 2—-11).

The global diagram is particularly useful
because it can indicate not only the position
but also the rotational orientation of the hu-
merus in any humerothoracic position. No
simple numerical system can describe these
orientations in all possible positions of the
arm. For example, a numerical system for
defining zero degrees of rotation with the
arm at the side becomes ambiguous when
the arm is elevated 90 degrees in the 45 de-
gree thoracic plane. The problem is familiar
in navigation as well: orientations such as
“north” and “west” work fine at the middle
latitudes but poorly at the poles. The confu-
sion is evident in the literature on arthro-
desis positions, in describing throwing po-
sitions, and in discussions of Codman’s
paradox. The following activity demon-
strates the value of the global system for de-
scribing humeral rotation.

ACTIVITY

CODMAN’S PARADOX

Codman proposed that the completely ele-
vated humerus could be shown to be in either
extreme external rotation or extreme internal
rotation by lowering it in either the coronal or
the sagittal plane, respectively, without allow-
ing rotation about the humeral shaft axis. We
can use the global diagram to examine Cod-
man’s paradox.

Part 1. Carry out the movement sequence
described as follows without allowing rotation
about the humeral shaft axis:

TABLE 2-4. Humerothoracic Positions Used for Simple Shoulder Test Functions
by a Selected Subject

Humerothoracic
Plane of Elevation

Humerothoracic
Angle of Elevation

(degrees) (degrees)
SST Q3 Tuck in shirt —54 57
SST Q1 Comfort at side 0 0
SST Q4 Hand behind head 13 118
SST Q7 Lift gallon to head level 66 93
SST Q5 Place coin on shelf 76 73
SST Q6 Lift pint to shoulder level 86 78
SST Q11 Wash opposite shoulder 128 71

SST Q = Simple Shoulder Test question no. See Patient Information 1-1.
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FIGURE 2-7.

Global diagrams allow the simultaneous presentation of the plane and the angle of humerothoracic
elevation. Our standard format is to include both the lateral and frontal views. Zero degrees of elevation is
at the “South Pole.” The zero degree plane of elevation, indicated with a broad line, is the coronal plane.

S SR I

/ I Lift gallon to head Ievel Lift galion to head level
l PR L

Llft pint to shoulder level

Place coin on shelf “@ l.

FIGURE 2-8.

Global diagram for one specific subject showing the maximal humerothoracic elevation in various thoracic
planes (unlabeled white dots). The labeled black dots indicate the humerothoracic positions that this
subject used to perform some of the functions from the Simple Shoulder Test.
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FIGURE 2-9.

The arrows indicate the rotational orientation of the forearm in positions of maximal humerothoracic
elevation for the selected subject.
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FIGURE 2-10.

The arrows indicate the rotational orientation of the arm in humerothoracic positions used by the subject
to perform the activities of the Simple Shoulder Test.
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The path of motion for a throw displayed as a series of points and orientations on a global diagram.

1. Place the arm at the side with the forearm
internally rotated across the stomach.

2. Elevate the arm 180 degrees in the plus 90
degree thoracic (sagittal) plane.

3. Lower the arm 180 degrees to the side in
the zero degree (coronal) plane.

Note that the forearm now points 180 de-
grees from its original position. Draw this en-
tire motion on a global diagram (Fig. 2—-12).
Determine the fraction of the surface area of
the sphere that is enclosed by this path of
motion (answer: 1/4).

This result demonstrates the relationship
between enclosed area and rotation. The area
of a unit sphere is 4. One fourth of this is ;
360 degrees of rotation is equal to 2; thus =
is equal to 180 degrees of rotation. We see
that a humeral path without rotation about the
humeral shaft axis circumscribing one fourth
of a sphere results in an induced rotation of
180 degrees.

Part 2. To further examine this relationship,
we can try another movement sequence, as
follows:

1. Place the arm at the side with the forearm
pointing straight ahead.

2. Elevate the arm 90 degrees in the plus 90
degree (anterior sagittal) plane (in this po-
sition the humerus is horizontal and the
forearm points up).

3. Keeping the forearm pointing up, move the
arm to a position of 90 degrees of elevation
in the zero degree plane (arm still horizon-
tal, forearm still pointing up).

4. Lower the arm 90 degrees to the unele-
vated position.

Note that the forearm now points 90 de-
grees from its original position. Draw this en-
tire motion on a global diagram (Fig. 2-13).
Determine the fraction of the surface area of
the sphere enclosed by this path of motion
(answer: 1/8). The area of one eighth of a
sphere is w/2, which is equivalent to 90 de-
grees of induced rotation.

This relationship between area and induced
rotation holds true for any sequence of mo-
tions in a closed path in which there is no
rotation about the humeral shaft axis. From
this relationship, we can see that the apparent
paradox of induced rotations on Codman’s
motions is a property of motion on the surface
of a sphere and not a paradox at all!

Factors Limiting Humerothoracic
Positions

The range of humerothoracic positions
may be limited by contact of the arm with
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FIGURE 2-12.
w D Codman’s paradox: induced
\\;‘ rotation of 180 degrees. If the

unelevated arm is placed in
maximal internal  rotation
across the stomach (A), then

< R elevated 180 degrees in the

e C sagittal plane without rotation
______ ‘ .~ about the humeral shaft axis
(B through D), and then low-
ered in the coronal plane

meral shaft axis (E through
G), it acquires a rotation of
180 degrees. In this motion, it
X B encloses a path of a quarter

’ without rotation about the hu-

Final Position

* of a sphere. Because a unit

’ sphere has a total area of 4,

the enclosed area is w. Be-

. cause a unit circle has a cir-

. d__ cumference of 2w, w corre-

S A sponds to a hemicircle, or
180 degrees.

180° Initial Position

Induced Rotation

FIGURE 2-13.

Codman’s paradox: induced
rotation of 90 degrees. If the
forearm of the unelevated arm
is pointed straight ahead (A),
then the arm is elevated 90
degrees in the sagittal plane
without rotation about the hu-
meral shaft axis (B), and then
moved without rotation about
the humeral shaft axis to the
coronal plane (C), and low-
ered in that plane (D), it ac-
quires a rotation of 90 de-
grees. In this motion, the arm
encloses a path of one eighth
of a sphere. Because a unit
sphere has a total area of 4,
the enclosed area is /2. Be-
cause a unit circle has a cir-
cumference of 2w, w/2 corre-
sponds to one fourth of a
circle, or 90 degrees.
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the thorax or by factors limiting either of the
component motions: that between the hu-
merus and the scapula (humeroscapular)
and that between the scapula and thorax
(scapulothoracic).

HUMEROSCAPULAR POSITIONS

Most clinical shoulder problems involve
the articulation between the humerus and
scapula; thus, evaluation of clinical shoul-
der problems requires the specific determi-
nation of humeroscapular positions and mo-
tions. As with humerothoracic positions,
humeroscapular positions are characterized
in terms of the angle and the plane of eleva-
tion. The scapular references are defined in
terms of the following clinically palpable
landmarks (Figs. 2—-14 through 2-16):

1. The inferior pole of the scapula.

2. The medial extent of the spine of the
scapula.

The posterior angle of the acromion.

4. The tip of the coracoid process.

@«

The angle of humeroscapular elevation is
the angle between the humeral shaft axis
and a parallel to the line connecting scapu-
lar reference points 1 and 2.

FIGURE 2-15.

The four scapular reference
points (see Fig. 2-14) can be
easily palpated in clinical
practice.
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FIGURE 2-14.

Four clinically palpable scapular landmarks: (1) the
inferior pole of the scapula, (2) the medial extent of
the spine of the scapula, (3) the posterior angle of
the acromion, and (4) the tip of the coracoid proc-
ess.

The plane of humeroscapular elevation is
that containing the humeral shaft axis and
the reference line connecting points 1 and 2
on the medial border of the scapula. The
plane of humeroscapular elevation is refer-
enced to the plane of the scapula. The plane
of the scapula is defined as the plane con-
taining the scapular reference line (the line
connecting points 1 and 2 on the medial
scapula) and passing half-way between
points 3 and 4 (see Fig. 2—16). Elevation of
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Scapular Reference Line

FIGURE 2-16.

\‘ \“
Angle of +, \..,
umeroscapular,_: /
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Planes of Humeroscapular Elevation
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A, The scapular reference line is the line connecting points 1 and 2 on the medial scapula. The plane of
the scapula contains points 1 and 2 and passes midway between points 3 and 4 on the scapula. B, The
angle of humeroscapular elevation is defined as the angle between a line parallel to the scapular reference
line and the humeral shaft axis in its elevated position. C, The plane of humeroscapular elevation is

referenced to the plane of the scapula.

the humerus in this plane is elevation in the
zero degree scapular plane. Elevation ante-
riorly at right angles to this plane is eleva-
tion in the plus 90 degree scapular plane.

Using these four clinically accessible
scapular reference points, we can define any
position of the humeral shaft relative to the
scapula.

Detailed measurements were made of the
humeroscapular positions attained by a sub-
ject instrumented with electromagnetic sen-
sors pinned to the humerus and the scapula.
The maximal humeral elevation that this
subject could achieve in different scapular
planes is displayed in Table 2-5, along with
the corresponding humerothoracic posi-
tions. It is critical to remember that humero-
scapular elevation is defined in relation to a
line connecting the two reference points on
the medial scapular border and not in rela-
tion to an arbitrary “initial” position with
the arm at the side. An anatomic scapular
reference is necessary because patients may
use a variety of combinations of humero-
scapular and scapulothoracic positions to
achieve a given humerothoracic position.

Thus, the only way to communicate hu-
meroscapular positions unambiguously is by
using anatomic scapular references.

The humeroscapular planes and angles
noted in this subject during performance of
the SST are shown in Table 2-6, along with
the corresponding humerothoracic planes
and angles of elevation. Note that these
functions were performed between the 70
degree anterior and the 70 degree posterior
planes and required less than 90 degrees of
humeroscapular elevation. When the arm
was at the side (humerothoracic elevation
equals zero), humeroscapular elevation was
not zero but rather 21 degrees in the plus 45
degree scapular plane.

In a series of 15 normal subjects, humero-
scapular positions were measured using a
goniometer. Clinical measurements using
the four anatomic scapular landmarks were
found to be quite reproducible among this
subject population. When the subjects’ arms
were at the side in zero degrees of humero-
thoracic elevation, the humeroscapular po-
sition averaged 25 plus or minus 12 degrees
of elevation in the 62 plus or minus 15 de-
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TABLE 2-5. Maximal Humeroscapular Elevations in Various Scapular Planes
by a Selected Subject*

Humeroscapular
Plane of Elevation

Humeroscapular
Angle of Elevation

Humerothoracic
Angle of Elevation

Humerothoracic
Plane of Elevation

(degrees) (degrees) (degrees) (degrees)
—-121 30 —-87 73
-81 46 -59 81
—49 61 —-30 92
-29 73 0 116
-5 87 31 131
8 94 60 136
21 96 90 129
43 78 118 90

*Shown with the corresponding humerothoracic planes and angles of elevation.

gree scapular plane. These results again em-
phasize that zero degrees of humerothoracic
elevation does not correspond to zero de-
grees of humeroscapular elevation because
humeroscapular elevation is defined in
terms of the scapular landmarks. Maximal
humerothoracic elevation averaged 140 plus
or minus 7 and was accomplished with an
average humeroscapular elevation of 90 plus
or minus 7 degrees in the minus 4 plus or
minus 7 degree scapular plane.

Humeroscapular Global Diagram

The global diagram is also useful for rep-
resenting humeroscapular positions (Fig. 2—
17). Figure 2—18 shows the envelope of mo-
tion available at the humeroscapular joint of
the test subject measured with the electro-

magnetic sensing system and the humero-
scapular positions used for the SST func-
tions.

Arrows have been added to Figures 2—19
and 2-20 to indicate the rotational orienta-
tion of the humerus in the different humero-
scapular positions.

ACTIVITY

Practice determining the four cardinal points
on the scapula on a friend. Use them (1) to
estimate the maximal angle of elevation in the
zero degree scapular plane, (2) to determine
the maximal angle of elevation in the plus 45
degree and minus 45 degree scapular planes,
and (3) to determine the maximal anterior
plane that can allow 45 degrees of humero-

TABLE 2-6. Humeroscapular Planes and Angles of Elevation Used by a Selected Subject to
Perform Activities of the Simple Shoulder Test*

Humeroscapular

Humeroscapular

Humerothoracic Humerothoracic

Plane of Elevation Angle of Elevation Plane of Elevation Angle of Elevation

(degrees) (degrees) (degrees) (degrees)
SST Q3 Tuck in shirt -63 27 —54 57
SST Q4 Hand behind head -13 83 13 118
SST Q7 Lift gallon to head level 11 77 66 93
SST Q5 Place coin on shelf 18 76 76 73
SST Q6 Lift pint to shoulder level 22 80 86 78
SST Q1 Comfort at side 45 21 0 0
SST Q11 Wash opposite shoulder 60 69 128 71

*Corresponding humerothoracic positions are shown for comparison.

SST Q = Simple Shoulder Test question no. See Patient Information 1-1.
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FIGURE 2-17.

The humeroscapular global diagram. Compare with the humerothoracic global diagram (see Fig. 2-7).

!
«L|ft gallon to head level f.'

Place coin on shelf
_Lift pint to sho.ulder level

FIGURE 2-18.

Global diagram showing the envelope of humeroscapular motion for a selected subject (white dots).
Maximal humeroscapular elevation of nearly 100 degrees was achieved in planes just anterior to the plane
of the scapula. Black dots indicate positions used by subject to perform some of the functions of the
Simple Shoulder Test. Compare with Figure 2-8, which shows humerothoracic positions for these same
activities.
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FIGURE 2-19.

The arrows indicate the rotational orientation of the arm in positions of maximal humeroscapular elevation
in different planes for the selected subject. Compare with Figure 2-9, which shows humerothoracic

positions for these same activities.
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Hand behind head

\ ) ‘ \
Lift gallon to head level *
R R Place coin on shelf
Lift pintto s

'

Wash opposite shoulder Wash opposite shou\lder,
\ i 7 s \\ \ \ i

FIGURE 2-20.

The arrows indicate the rotational orientation of the arm in humeroscapular positions used by the subject
to perform some of the activities of the Simple Shoulder Test. Compare with Figure 2-10, which shows

humerothoracic positions for these same activities.
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scapular elevation. Indicate these positions on
a humeroscapular global diagram. Use a
global diagram with points and arrows to indi-
cate the humeroscapular position of touching
the back of the opposite shoulder.

Humeroscapular Motion Interface

Humeroscapular motion takes place at the
diarthrodial glenohumeral joint and at a
large non-articular surface we call the hu-
meroscapular motion interface. This largely
bursa-lined interface lies between a deep
group of structures (proximal humerus, ro-
tator cuff, and biceps tendon sheath) and a
superficial group of structures (deltoid, acro-
mion, coracoacromial ligament, coracoid
process, and tendons attaching to the cora-
coid process) (Fig. 2—-21). Unrestricted mo-
tion at this interface is essential to humero-
scapular motion.

The amount of relative motion occurring
at this interface varies with the site of the
interface being observed and the humero-
scapular motion carried out. Using MRI, we
measured the relative positions of the scap-
ula, the inner surface of the deltoid, and the
external surface of the rotator cuff and hu-
merus in the shoulders of five normal living
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subjects (Fig. 2—22). From a position of max-
imal external rotation to one of maximal in-
ternal rotation about the humeral shaft axis
with the arm at the side, the relative motion
was determined among these structures at
four different levels along the humeral shaft
(the levels of the coracoid tip, the center of
the head, the distal humeral head, and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>