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The Shoulder
PROBLEM
Do you see
what is wrong
here? If not, use
your finger to
trace the outline
of the humerus,
then the
acromion, then
the coracoids,
then the ribs,
and finally the
clavicle.

If/when you see what is wrong, what
treatment would you recommend?
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The Shoulder
DISCUSSION
Ah ha. A midshaft clavicle
fracture. The most common
pediatric fracture, sometimes
sustained at time of delivery.
Nearly half occur before age
7, then most of the rest in
young men.

These almost always heal, even with minimal treatment. The treatment used to
be a figure-of-8 strap that held the shoulders retracted and reduced the overlap.
The strap was uncomfortable, and healing was no better or quicker than just
using a sling. Fixation with a plate and screws may leave less of a bump, but
leaves a scar instead, and because the hardware is immediately beneath the skin,
it often requires removal later because it is tender, sometimes even visible
through the thin, unpadded skin. Open reduction and internal fixation is
advisable for comminuted or extremely overlapped mid shaft fractures and for
3
most distal clavicle fractures.

The Shoulder
PROBLEM

1
Here are three tests for acromiohumeral
impingement.
1. Passive forward flexion
2. Passive forward flexion and repeated
internal rotation
3. Hand on opposite shoulder, resisted
elevation of elbow
Which test or combination of tests is best to
diagnosis impingement syndrome?
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3
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The Shoulder
DISCUSSION

1

2

Each test by itself has some false-positive
and false-negative findings. For instance,
if #3 is positive and the others are
negative, this suggests issues at the
acromioclavicular joint.
If the three tests together are all positive
for reproducing pain in the shoulder area,
the patient almost certainly has
impingement syndrome.
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The Shoulder
PROBLEM

Which line defines
the “anatomical”
neck of the
humerus and
which one defines
the “surgical” neck
of the humerus?
Who cares?
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The Shoulder
DISCUSSION
The yellow line defines the
“anatomical” neck. To the right of
the yellow line is the cartilagecovered head. So this line is of
anatomical interest: cartilage on
one side, bone on the other. The
bone rarely fractures along this
line.
The red line defines the “surgical” neck. This is a line through the
greater and lesser tuberosities and is of clinical significance
because fractures usually occur along this line. The terminology
stinks because even though the surgical neck has clinical
implications, many simple fractures occurring along this line heal
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without surgery.

The Shoulder
PROBLEM

Vulnerable to tearing
during anterior shoulder
dislocation

Note the glenoid ligament, today
known better as the glenoid
labrum. It is a fibrocartilage rim
that deepens the bony glenoid and
makes the ball (humeral head)
more stable in the socket
(glenoid). Since the labrum is
fibrocartilage, it does not have
much of a blood supply, so once
torn, it is unlikely to heal. What
does this mean for somebody who
tears the labrum off the bony rim
during an anterior shoulder
dislocation?
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The Shoulder
DISCUSSION
It means that the socket is thereafter shallower, the shoulder is less stable,
and it is prone to redislocate with less force and less extreme external
rotation. Bankart lesion. Bummer.
The good news is that the labrum can be reattached to re-establish near
normal stability to this highly mobile joint. The reattachment can be done
by either open or arthroscopic techniques. The results are the same. The
decision comes down to the surgeon’s preference.
MRI showing labrum and tear
Sketch showing labrum and tear

capsule

glenoid
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The Shoulder
PROBLEM
Here are sketches of an axial CT scan showing ribs, scapula, and the humeral head,
first in neutral rotation, then in internal rotation, then in external rotation. All is well.
The ball and socket joint is mobile and stable.

How would the stability be affected if the posterior portion of the humeral head
had an impacted divot?
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The Shoulder
DISCUSSION
The ball-socket stability of the shoulder, tenuous under normal circumstances, is
diminished if the humeral head has a flat or depressed area. Anterior shoulder
dislocations result from forced hyper external rotation. As the humeral head pops off of
the glenoid shelf, the glenoid rim can punch a divot in the posterior portion of the
humeral head. Later, less force and less extreme hyper extension brings this flattened
area of the humeral head into contact with the glenoid, there is no congruence, and the
head pops out again, and again, and again. This divot in the humeral head is called the
Hill-Sachs lesion, and its destabilizing effect can only be countered by surgery. This
may leave the patient with limited external rotation, which is good because the shoulder
won’t redislocate, but it can be problematic of the patient is a throwing athlete and
cannot externally rotate the shoulder to cock for throwing.

2
1
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The Shoulder
PROBLEM

Note that this boy’s right
shoulder is high riding and
has limited motion. This is
caused by a congenital
anomaly of the scapula.
What is the name of this
condition? What is his
scapula going to look like?
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The Shoulder
DISCUSSION

This is congenital high scapula or Sprengel’s
deformity. Embryologically the scapula appears as
a cervical appendage and then descends to the level
of the upper thorax by the end of the third fetal
month. For reasons poorly understood, sometimes
the shoulder blade does not descend. Scoliosis and
kyphosis from congenital vertebral deformities are
sometimes associated. Passive stretching and
strengthening should start in infancy. Various
surgeries, which are only considered in the severe
cases, are described to reposition the scapula.
Obviously this boy’s left shoulder is not normal
either, possibly related to the associated scoliosis
(see the scars from surgery).
Photos courtesy of Wm. Oppenheim, MD
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PROBLEM

The Shoulder

presentation
3 weeks
Here is a shoulder that disappeared in 3 months.
Furthermore it was entirely painless, which is the
clue to the etiology. Remember that osteoarthritis,
rheumatoid arthritis or a tumor would be painful.

3 months
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The Shoulder
DISCUSSION
You may not like pain, but it has its place. Pain
protects our joints from extreme positions and
from extreme loading conditions, either of which
would damage our cartilage and eventually the
underlying bone. Without pain, the joint doesn’t
stand a chance. The owner can beat the joint apart
and not have the slightest discomfort. There are
various neuropathic arthropathies, also known as
Charcot joints. The most common cause worldwide would likely be syphilis. Syringomyelia
could also rarely be the culprit.
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The Shoulder
PROBLEM

This shoulder hurts even
with the slightest motion or
loading. Notice the flattened
humeral head, narrowed
glenohumeral joint, and
osteophytes (arrows).
Diagnosis please.
Best surgical option?
16

The Shoulder
DISCUSSION

This is osteoarthritis. The classic x-ray signs include
cartilage narrowing, hardening of the subchondral
bone (seen as whitening of the bone adjacent to
the joint surfaces), and formation of marginal
osteophytes, which are the accumulation of bone
and cartilage debris that has been ground away
from the joint surfaces. With cartilage gone on
both sides of the joint, the best treatment would be
arthroplasty, which would relieve pain the same as
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a fusion but would provide some motion.

The Shoulder
PROBLEM
This is an axial CT section through the humeral head and glenoid
showing slow, progressive deterioration of the glenohumeral joint.
What disease causes the depicted joint narrowing, bone loss, and cyst
formation without osteophytes?

Humeral head Glenoid

Scapular body

Ribs

Lung
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The Shoulder
DISCUSSION

This is rheumatoid arthritis, where the inflamed and
prolific synovium attacks the cartilage as “foreign”.
The increased blood supply to the prolific synovium
causes the warmth and swelling. First the cartilage
then the underlying bone is softened and destroyed,
accounting for the widening and distortion of the
glenoid seen on these serial ct scans.
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PROBLEM

The Shoulder
cysts

1

2

3

4

What chronic
disease causes
progressive
joint
narrowing,
bone loss, cyst
formation, and
adjacent soft
tissue
destruction?
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The Shoulder
DISCUSSION

Rheumatoid arthritis is responsible for these changes
that are quite evident on x-ray. There is also a major
but unseen soft tissue component, synovitis and
destruction of the rotator cuff. Modern geneticallyengineered drugs (tumor necrosis factor inhibitors)
such as Enbrel and Remicade may well prevent such
devastating joint destructions in the future.
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The Shoulder
PROBLEM
Here is a humeral head replacement. What is an indication for
replacing the humeral head without replacing the glenoid?
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The Shoulder
DISCUSSION
The main indication for humeral
head replacement would be a
comminuted humeral head
fracture that was not amenable
to operative fixation. Rather
than try fixing such a fracture
and then holding the shoulder
still long enough for the fracture
to heal and making the shoulder
impossibly stiff in the meantime,
the better approach is to replace
the fractured proximal humerus
with an implant.

Osteoporotic bone,
4 major fracture fragments
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The Shoulder
PROBLEM
This is an “axillary” x-ray view of the shoulder taken as depicted in the
diagram. It is particularly useful for determining if the glenohumeral joint is
reduced or dislocated. What bony processes to the numbers represent?

5

1

X-ray cassette

2
X-ray beam

3

4
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The Shoulder
DISCUSSION
clavicle coracoids glenoid acromion

greater tuberosity

5
1
2

3

4
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The Shoulder
PROBLEM
scapular spine

coracoids

humeral
head

ribs
This is a “scapular Y” or
“tangential” view of the
shoulder, useful in determining
if the glenohumeral joint is
dislocated. Is it dislocated in
this x-ray?

scapular
blade
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The Shoulder

DISCUSSION
humeral head
x-ray
film

chest

scapula

The scapular Y view or tangential view of the shoulder
is shot tangential to the chest wall such that the scapula
is seen on edge. It helps determine if the humeral head
is located on the glenoid. The axillary view, discussed
on another poster is even more accurate but requires that
the patient to abduct their shoulder, which they might
not be able to do if it is painful. In that case, a CT scan is
the definitive test.

glenohumeral joint
is reduced
posterior dislocation

anterior dislocation
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The Shoulder
PROBLEM

Here are the extremes
of humeral head
fractures. On the left,
it is a 2-part fracture
with the greater
tuberosity minimally
displaced. On the
right, it is at least a 4part fracture, marked
comminution and
displacement. Why do
both of these injuries
benefit from surgery?
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The Shoulder
DISCUSSION

The fracture on the left would certainly
heal without surgery, but what important
muscles attach to the greater tuberosity?
Yes, the rotator cuff muscles. Securing the
greater tuberosity with a screw allows for
early and vigorous rehabilitation of the
rotator cuff and offers a better functional
outcome. Internal fixation of the severely
comminuted fracture on the right would be
impossible. It is best to remove the
shattered humeral head and replace it with
a prosthesis.
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The Shoulder
PROBLEM

This man fell and landed on his shoulder.
What is the diagnosis?
What treatment do you recommend?
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The Shoulder
DISCUSSION
The distal end of his left clavicle is sticking up in the air
unsupported by the normal ligamentous attachments. He has an
acromioclavicular separation. Some people have these operated
on to reduce the disfigurement, but function is good with or
without surgery, so if appearance is not a big issue, rest it for 3-4
days to let the pain subside, then rehab it.
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The Shoulder
PROBLEM

Both of these patients had a lymph node biopsy in their neck
and now note asymmetry of contour of their right shoulders
and weakness on shoulder elevation. What is the diagnosis?
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The Shoulder
DISCUSSION

The trapezius muscle defines the contour of the shoulder between neck and
acromion looking both from the front and the back. Of course the trapezius
stabilizes the scapula against the chest wall during all shoulder movements, and
the scapula is unstable without the trapezius. Each of these patients inadvertently
had their spinal accessory nerve cut during their lymph node biopsy and now have
a trapezius palsy—unhappy campers.
Without the trapezius covering over, the rhomboids can be seen at the arrows.

33

The Shoulder
PROBLEM

This man was
shot and the
bullet grazed his
chest wall
injuring a single
nerve. Lucky,
huh? What
nerve and what
muscle are
affected? He is
doing a push-up
against the wall.
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The Shoulder
DISCUSSION

Well, the scapula is winging, so
it could be a trapezius palsy, but
the trapezius contour from his
neck to his acromion is normal.
So it must be the other major
muscle that holds the scapula to
the chest wall—the serratus
anterior, innervated, of course,
by the long thoracic nerve.
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The Shoulder
PROBLEM
What is going on here? Aching pain at the scapular spine and
muscle wasting. What sport is most likely to cause this problem?
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The Shoulder
DISCUSSION
Those lightening bolts of pain are right on that red structure, which represents the
suprascapular nerve. And of course, the suprascapular nerve innervates the
supraspinatus and the infraspinatus, which are seen to be wasted on the right. The
motion of volleyball service aggravates the suprascapular nerve and is prone to
cause this neuritis. Sometimes a ganglion may press on the suprascapular nerve
more distally (at the ) and then wasting is limited to the infraspinatus muscle.

s.s.n.
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The Shoulder
PROBLEM

What is wrong in these two shoulders?
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The Shoulder
DISCUSSION
Here is the normal relationship
between the humeral head and
the glenoid. Obviously that
relationship is disturbed in the
two x-rays on the right. Without
a second view, it is impossible to
tell from the upper right film
whether the dislocation is
anterior or posterior. The lateral
dislocation seen on the lower
right film is from an expanding
axillary artery aneurysm that is
pushing the humeral head away
from the glenoid.
39

The Shoulder
PROBLEM
The CT scan for the
shoulder on the left is
normal, the one on the right
has a muscle problem.
Compare the ct scan to the
cross-sectional anatomy.
What is wrong with the
shoulder in the ct scan on
the right?
Humeral head
Glenoid and scapular spine

Subscapularis
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The Shoulder
DISCUSSION

In the ct scan of the shoulder on the left, the subscapularis has the same appearance
of the other muscles (dark gray) and its outline looks just like it does in the crosssectional anatomy image. In the scan on the right, the subscapularis is mottled
white, indicating a chronic tear with fatty degeneration and scarring of the muscle.
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The Shoulder
PROBLEM

Department of
Right Biceps Problems:
What is wrong with these three
patients?

42

The Shoulder
DISCUSSION

Department of Left Biceps Problems:
One has a distal biceps rupture and
the muscle belly has moved
proximally.
One has a long head of biceps
(proximal) rupture and the muscle
belly has moved distally.
One has a musculocutaneous nerve
palsy and the biceps and brachialis
are flaccid.
Which is which?
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The Shoulder
PROBLEM

This man (a
primitive tattoo
artist)
demonstrates with
a blue line the site
his pain that he
gets with certain
shoulder
movements and
even with forearm
rotation. What is
wrong?
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The Shoulder
DISCUSSION

The blue line is right over the
tendon of the long head of the
biceps, and that is where he is
tender. Pain on shoulder motion
could result from a number of
causes (impingement, bursitis,
acromioclavicular sprain, etc., etc.)
but pain at the shoulder with
resisted forearm supination while
keeping the shoulder still is a good
test for bicepital tendinitis
(Yeargson’s test).
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The Shoulder
PROBLEM

Here is what a shoulder
looks like without a
deltoid, supraspinatus,
infraspinatus,
rhomboids, teres minor
or major, triceps. (It
looks like he might
have some latissimus
dorsi bulk.)
What is the diagnosis?
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The Shoulder
DISCUSSION

Complete (or nearly complete)
brachial plexus palsy. The most
common cause would be a
motorcycle accident.
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The Shoulder
PROBLEM
This man is tender right at his greater tuberosity and active
abduction of the shoulder is painful, although passive motion is not
so bad. Here is his x-ray. What is wrong?

35
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The Shoulder
DISCUSSION

This is calcific bursitis. For reasons not well understood,
calcium is sometimes deposited in an inflamed subacromial
bursa. The standard treatment is a cortisone injection.
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The Shoulder
PROBLEM
This flag football player fell into the point of his shoulder. It hurts like
hell and there is a bone tenting the skin up. What is the diagnosis?
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The Shoulder
DISCUSSION
This is a distal clavicle fracture. On exam it may be mistaken for an
acromioclavicular dislocation because it is quite close to the joint. The
acromioclavicular and coracoclavicular ligaments hold the distal end of the clavicle
securely in place, and the weight of the arm causes inferior displacement of the
distal fragment. This usually calls for operative fixation.

Acromioclavicular
Ligament
Coracoclavicular
Ligaments

Clavicle
Fracture
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The Shoulder
PROBLEM

Yes, believe it or not, this is a
shoulder. What is going on?
What is the likely underlying
cause for this metallic
assault? How high do you
think this person can raise his
shoulder to the side? To the
front?
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The Shoulder
DISCUSSION

This is a shoulder fusion. Screws #1 fix the plate
to the scapular spine. Screw #2 fixes the
acromion to the humeral head. Screws #3 fixes
the humeral head to the glenoid. And Screws #4
fix the plate to the humeral shaft. The most likely
cause for shoulder fusion would be
unreconstructable fracture or osteoarthritis.
Today, fewer fusions are done for these
indications and more total joints are performed.
The exception would be for polio or brachial
plexus palsy where there is still some
scapulothoracic control but no glenohumeral
control. With scapulothoracic control, a patient
with a shoulder fusion can actively abduct and
flex the shoulder approximately 30 degrees.

1

2
3

4
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40

The Shoulder
PROBLEM
Here is a photo gallery of a common
condition seen on plain x-ray, ct scan,
and gross anatomical specimens.
Diagnosis please.

nl

glenoid

54

diseased
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The Shoulder
DISCUSSION

You saw osteophyte formation (causing great enlargement
of the glenoid seen on the dry bones), joint irregularity,
marked joint space narrowing, cyst formation—all
characteristic of osteoarthritis.
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The Shoulder
PROBLEM
These are two images of the same, normal x-ray. The brightness has been
adjusted to better see the humeral head on the left and to better see the clavicle
and scapula on the right. What normal structures do the numbers represent?

5
4

6
7

1
2
3
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The Shoulder
DISCUSSION
These are two images of the same, normal x-ray. The brightness has been
adjusted to better see the humeral head on the left and to better see the clavicle
and scapula on the right.

a-c joint
clavicle

acromion

greater
tuberosity

coracoids
rib

g-h joint
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The Shoulder
PROBLEM

Here is a champion high school
wrestler that is not bothered by
a congenitally absent muscle.
Which muscle?
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The Shoulder
DISCUSSION
Pectoralis major. This wrestler’s hands are normal.
Sometimes congenital absence of the pec major is
associated with webbed fingers and a small hand in
the same upper limb, which is known as Poland’s
syndrome.
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The Shoulder
PROBLEM

This man had a seizure
and afterwards
complained of left
shoulder pain for months
before the diagnosis was
made. Carefully
compare the left shoulder
to the right shoulder in
these pictures and you
should be able to make
the diagnosis.
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The Shoulder
DISCUSSION

On the posterior view, the normal contour of the left
deltoid bulges and hides the contour of the scapular
spine. On the anterior view the normal contour of the
anterior deltoid is depressed on the left. All this fits
together as a posterior shoulder dislocation, which is
rather uncommon but which is known to occur as a
result of violent muscular contractions sustained during
a seizure or electrical shock. During violent,
simultaneous contraction of all the shoulder muscles,
the large internal rotators (pec major, subscap, lat dorsi)
overpower the relatively weak external rotators (teres
minor and infraspinatus), and posterior dislocation
ensues.
This injury can be easily missed on a quickie exam or
x-ray evaluation. The patient’s main complaint is often
inability to externally rotate the shoulder.
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The Shoulder
PROBLEM

You are looking at
the back of this
patient’s shoulder. It
has been annoyingly
achy and is tender at
the tips of the
lightning bolts.
What is the gray
structure wrapping
around the humeral
neck. What is the
diagnosis?
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The Shoulder
DISCUSSION

The gray structure is the axillary nerve,
passing through the quadrilateral space
to innervate the deltoid and the
overlying skin. The quadrilateral space,
of course, is bounded by the humerus
laterally, long head of triceps medially,
teres minor superiorly, and teres major
inferiorly. When the axillary nerve gets
compressed in this area, the condition is
known as quadrilateral space syndrome.
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The Shoulder
PROBLEM

Whoa!!
What is
going on
Here?
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The Shoulder
DISCUSSION

This is a custom total shoulder
replacement. Usually with a total
shoulder replacement, only the
glenoid on the scapula side of the
shoulder joint is replaced. Here the
whole scapula has been replaced.
A malignant tumor in the glenoid
area necessitated a wide excision of
local tissues to minimize risk of
tumor recurrence. So then the
reconstruction necessitated a more
elaborate prosthesis.
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The Shoulder
PROBLEM
Which one is the total shoulder replacement and which one
is the humeral head replacement?
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The Shoulder
DISCUSSION
In both instances, the humeral head is replaced by a metallic implant. In the
case of the total shoulder replacement, the glenoid is replaced by a polyethylene
implant, which does not show up on x-ray. You can, however, vaguely see the
cement used to hold the polyethylene glenoid in place in the x-ray on the left.
The glenoid on the right looks like real bone.

67

PROBLEM

The Shoulder
CT scans have really enhanced diagnosis
of shoulder fractures.
Here are two examples of CT scans and
an anatomical cut at the same level for
comparison. What is injured in each of
the CT images?
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DISCUSSION

The Shoulder
On the left, there is a minimally
displaced glenoid rim fracture. On the
right, there is an impacted humeral head
fracture.
fracture lines
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The Shoulder
PROBLEM

Everybody knows the shoulder is a ball
and socket joint, and you can probably see
that this patient has had a total shoulder
replacement. New ball and socket, right?
But look carefully, what is strange here
about the location of the ball and the
location of the socket?
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The Shoulder
DISCUSSION

Reverse Total Shoulder Arthroplasty
Usually the humeral head is the ball, and the
glenoid is the socket. Here it is reversed. No,
the surgeon did not get mixed up. This “reverse
total shoulder replacement” is a relatively new
variation, useful for elderly, limited use patients
who have massive rotator cuff tears. In these
people, a conventional total shoulder
replacement is unstable, and without the rotator
cuff, they cannot adduct their arm, instead, firing
the deltoid just pulls the humerus superiorly.
With the reverse TSR, the configuration of the
concave humeral head prevents the deltoid from
pulling the humerus proximally and allows the
deltoid to abduct the arm!!
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The Shoulder
PROBLEM
A three-question quiz:
1. A tear along the path of the red line is known as a
SLAP lesion because
A.

the mechanism of injury often involves sudden
shoulder internal rotation and adduction, such as
when slapping

B.

Dr. Ingmar Slap first described this tear.

C.

the tear involves the superior labrum from anterior
to posterior

2. Contraction of what muscle with a nearby tendon
attachment complicates the pathology and the
symptomatology?
3. What strenuous overhead activity is associated with
the development of a SLAP lesion?
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The Shoulder
DISCUSSION

What is labeled here as GLENOID LIG. is more commonly called the glenoid labrum. It is a
fibrocartilagenous structure that deepens the glenoid and thus helps stabilize the “ball” of the humeral head in
the shallow “socket” of the scapula. Superior labrum anterior and posterior (SLAP) lesions occur most often in
throwing athletes, ie, pitchers and quarterbacks. The detachment may occur from a sudden jerk or compression
of the humerus on the glenoid or from wear and tear. As the long head of the biceps contracts during forceful
throwing, it tugs on the superior labrum and contributes to further tearing and increased symptoms.
SLAP lesions are difficult to diagnosis by history or examination because the findings often overlap
considerably with other etiologies of shoulder pain. Also, imaging studies are not particularly helpful.
Arthroscopy, however, can provide a definitive diagnosis. SLAP lesions are noted in about 6% of shoulders
during arthroscopy. Based on the mechanisms of injury, it should not be surprising that 90% of individuals
with SLAP lesions are men.
Arthroscopic treatment involves debriding any frayed portions and reattaching the remainder of the superior
labrum to the glenoid rim.
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The Shoulder
PROBLEM

How many fractures do you see
on this 3D CT reconstruction?
One? Look closer.
Three? One line is an epiphyseal
plate rather than a fracture.
How might fractures such as
these be sustained.
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The Shoulder
DISCUSSION
The fracture of the scapular body is easy to see.
The line across the proximal humerus is an
growth plate, not a fracture, so the patient is
skeletally immature.
The coracoid (so named because its
resemblance to a crow’s beak) is also broken.

Because the shoulder is well covered by
muscles and the moment arms are short, the
only way to sustain fractures on two different
portions of the scapula is from direct trauma,
probably violent, and therefore likely associated
with rib, sternal, and intrathoracic injuries.
These fractures will heal with minimal
attention, providing this young person survives.
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PROBLEM

The Shoulder

Here is a normal joint
Here is a fracture line
Does this CT scan resemble anything on this
cross-sectional image? What is broken? How
would a fracture like this occur?
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The Shoulder
DISCUSSION
You are looking at the acromioclavicular
joint and a fracture through the acromion.
The acromion is well-padded by the
overlying deltoid, so about the only way to
break the acromion is from a forceful,
downward directed blow.
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The Shoulder
PROBLEM
3

What’s wrong in this picture?

All the structures (humeral head (1),
glenoid (2), acromion (3), and coracoid
(4) are normal.
Is the humeral head seated properly in
the glenoid? Has the humerus migrated
proximally so that it is impinging
against the acromion?
Disease in what tendinous structure,
unseen here, accounts for the observed
x-ray findings?

1

4
2
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The Shoulder
DISCUSSION
no
space

non-matching
surfaces

The answers are yes, yes, and
rotator cuff.
The rotator cuff normally
occupies the ¼” or so
between the superior margin
of the humeral head and the
inferior margin of the
acromion. Here there is no
space at all—the humerus
“impinges’ on the acromion
because the rotator cuff is
torn. Get it? Impingement
syndrome.
If you see the humeral head sagging
below the glenoid rather than riding
in it, the cause is likely stroke or
other paralysis where the flaccid
muscles are not holding the ball in
the socket.

space

matching
surfaces
normal
humeral-scapular
alignment
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The Shoulder
PROBLEM
This patient had a severe asthmatic attack
that required high doses of steroids for
treatment. Now some months later he is
complaining of shoulder pain. Does the
x-ray show the likely cause of his pain?
Is the x-ray finding in any way related to
his asthma?

Here is what happens if this lesion is
neglected:
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The Shoulder
DISCUSSION
Look closely at the density of the humeral head. Do you see a wedge-shaped area of increased
density extending from the superior surface? This is avascular necrosis. This portion of the
humeral head has lost its blood supply. It is not undergoing normal bone turn over so it is denser.
The surrounding bone is also probably less dense than usual because of disuse secondary to pain.
And yes, for reasons poorly understood, high dose steroid treatment can lead to avascular
necrosis of the humeral head and even more commonly in the femoral head. Drilling holes in the
bone may allow new blood vessels to grow in. The goal is to return this wedge to healthy, strong
bone before it collapses. If the necrotic portion of the bone collapses, the joint is irregular and
only a resurfacing will help. If caught early when only the humeral head is irregular, a humeral
head replacement is in order. Later, a total shoulder replacement would be necessary.

another case:
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The Shoulder
PROBLEM
This is a line drawing of an x-ray. The x-ray was
not taken from a standard projection, so everything
probably looks pretty strange. But let’s figure it out.

See some ribs—3 to be exact?
See something that looks like a humeral head?
See the clavicle?
If you see ribs, clavicle, and humerus, the rest has
to be the scapula. It actually casts two shadows:
one consisting of the spine and acromion, the other
of the glenoid, coracoid and body.
Now that you see the bones, what is wrong? How
does the humeral head relate to the glenoid?
Which nerve might be dysfunctional?
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Ribs: black

Clavicle: green

Humerus: red

Scapula: blue

Together, they demonstrate an inferior dislocation of the shoulder. In
happier times, the humeral head should be resting on the glenoid, as
shown in the box.
Inferior dislocations occur when the arm is overhead and is forced
inferiorly or when an indirect force hyperabducts the shoulder. This is a
violent injury and usually includes a greater tuberosity fracture or tear
in the rotator cuff. 60% have an associated neurological injury, usually
the axillary nerve. Over 3% have vascular compromise. Fortunately, the
injury constitutes less than 1% of shoulder dislocations.
Overall, the good news is that the glenohumeral articulation is a
shallow ball and socket, which allows for the tremendous range of
motion. The bad news, is that the joint easily dislocates, usually with
the humeral head anterior to the glenoid, but occasionally inferiorly or
posteriorly. It really cannot dislocate superiorly because of the
acromion.
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On the left is a normal acromioclavicular joint. The one
on the right belongs to a recreational weight lifter who
has had 4 months of ache in the area. What is the
difference between the two x-rays? What’s wrong with
the weightlifter?
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Missing bone New bone
This is distal clavicular osteolysis, a somewhat mysterious condition, which is being
seen more frequently as more and more people are pumping iron. It is most likely
caused by microtrauma caused by multiple stress fractures and remodeling. Onset is
typically without an acute injury, just unilateral aching and tenderness at the
acromioclavicular joint. Bench pressing is particularly irksome. The condition is
also seen in jackhammer operators.
If somebody has these findings bilaterally, an inflammatory cause such as
rheumatoid arthritis needs consideration.

Should activity modification, heat, and NSAID treatment not relieve symptoms,
resection of the distal 4-10 mms of the clavicle, perhaps done arthroscopically, will
generally reduce symptoms, but activity modification may need to be lifelong.
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Understanding that approximately 2/3 of the
normal shoulder motion comes from the
glenohumeral joint and 1/3 from the
scapulothoracic joint, in what position would you
want your glenohumeral joint fused?
Presumably you would at times want to have that
arm rest comfortably at your side, but at times it
might be nice with the hand on that side to reach
your mouth or your opposite shoulder or into
your back pocket.
So what degree of glenohumeral abduction?
Flexion? Internal rotation?
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When the trapezius and serratus anterior are functioning (ie, there is going to be good
scapulothoracic active motion), the best position for a glenohumeral fusion is
Abduction ~30 degrees. From here further active abduction is possible using the trapezius,
and when the scapulothoracic muscles are relaxed, the arm can rest in adduction alongside
the trunk. Yes, fusion in a greater degree of abduction would allow for the arm to be raised
farther from the side, but resting the arm naturally along the trunk would cause the scapula
to wing, which would be uncomfortable.
Flexion ~20 degrees. This will allow the arm to rest by the side but favors hand activity in
front of the torso.
Internal rotation ~30 degrees. Again, the patient will be able to rest the arm comfortably by
his side, but this position will allow the patient to reach his opposite shoulder, waist and
mouth.
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Common musculoskeletal pains:

Lumbar spine
Cervical spine
Hip and knee

Thumb
Where does shoulder fit in?
In people older than 70, what percentage would you guess
have shoulder pain? Most likely related to what diagnosis?
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Shoulder pain ranks 3rd, after lumbar and cervical spine
problems, in the list of life’s most common source of
musculoskeletal symptoms.
For people over 70, one fifth will have shoulder pain, most
frequently from rotator cuff problems.
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Proximal humeral fractures account for 5% of all fractures and usually occur from a
fall on the outstretched hand. Whereas a younger person with this injury would more
likely dislocate his shoulder, elderly people with brittle bones and a tendency to fall
break their humerus. Despite fractures of various configurations, the articular surface
of the humeral head is often preserved.
So what treatment would you recommend for these two octogenarians?
What nerve is most likely injured in these types of injuries?
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Nondisplaced and minimally displaced proximal humerus fractures, which
constitute the majority of these injuries, can be managed conservatively. Use of a
sling is followed within a week by pendulum exercises and isometric
strengthening of triceps and biceps. The fracture quickly becomes sticky, so
passive shoulder flexion and external rotation can start at 3-4 weeks and overhead
pulley exercises at 4-5 weeks.
Approximately 30% of proximal humeral fractures have associated neurovascular
injuries, 8% of which will result in permanent motor loss. As with shoulder
dislocations, the axillary nerve is most frequently involved.
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Bring your shoulders forward and try to touch them together.
“Impossible!” you exclaim. Not so fast. There are people who
can touch their shoulders together as easy as you clap your
hands.
Search www.images.google.com for still photographs and
www.youtube.com for video clips. Type in “cleidocranial
dysostosis” and be prepared for amazement.
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Cleidocranial dysostosis
For the clavicle (cleido) part of the syndrome, the clavicles
are markedly hypoplastic or fail to form completely.
For the cranial part of the syndrome, these people have a
permanent soft spot on the top of their skull where the
fontanel did not close. They also have bulging foreheads and
wide-set eyes.
You may never meet such a person, but knowing what the
shoulders can do in absence of the clavicles heightens
awareness of the regional mechanics.
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For the glenohumeral joint to maintain its vast arc of motion, the joint capsule has to be extensive and
capacious. When the capsule becomes fibrotic and adherent, limited motion and pain ensue: adhesive
capsulitis, also known as frozen shoulder.
Which parts of this story are typical for frozen shoulder and which parts are atypical?
A 60 year old
Man
Has spontaneous onset of
Bilateral shoulder pain
That limits all motions but especially external rotation.
He finds the sharp, lancinating pain
Most bothersome during the day but he gets a good night’s rest.
With normal sleep patterns his mood remains good.
On exam, his passive motion exceeds his active motion in each plane.
Treatment includes ice
Forceful stretching exercises
Nonsteriodal anti-inflammatory pills
Cortisone injection
And when necessary, forceful manipulation under anesthesia.
The stiffness is typically permanent
But the pain generally subsides after several months.
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A 60 year old Yes, typically a condition of later life
Man No, condition is at least twice as common in women than in men
Has spontaneous onset of Yes, but may follow trauma, heart or lung disease, diabetes
Bilateral shoulder pain No, usually unilateral, thankfully.
That limits all motions but especially external rotation. Yes
He finds the sharp, lancinating pain No, usually a dull ache
Most bothersome during the day but he gets a good night’s rest. Pain at night, can’t get comfortable
With normal sleep patterns his mood remains good. Wrong. No sleep. Moody, depressed.
On exam, his passive motion exceeds his active motion in each plane. Nope. The capsule is tight
Treatment includes ice Nope. Heat makes the tissues more supple
Forceful stretching exercises No. Gentle, progressive stretching works
Nonsteriodal anti-inflammatory pills Yes, at least improves comfort, may reduce inflammation
Cortisone injection Yes, reduces inflammation
And when necessary, forceful manipulation under anesthesia. No. This would risk breaking the (probably
osteoporotic) humerus. As a last resort, gentle manipulation under anesthesia is attempted
The stiffness is typically permanent Fortunately not. But symptoms take an agonizing 6-36 months to resolve
As is the pain No, pain subsides too, possibly before the stiffness.

95

The Shoulder
PROBLEM
Robert
Taylor

roots

Drinks
Cold
Beer.
When you put your
finger behind your mid
clavicle and push down,
what part of your
brachial plexus are you
touching?
How about when you
hook your fingers
around your anterior
axillary fold (pectoralis
major and push up
toward your humeral
head?
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roots

You’re pushing on the trunks

You’re pushing on the cords
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Check the symmetry of these
two fellows’ shoulders. In each
instance, which side is
abnormal?
What is the abnormality?
What are likely causes?
Will their sensation be normal?
If not, where will it be
abnormal?
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These two men have both lost the normal contour of
their left shoulders. The contour is normally full and
rounded because of the deltoid. Both of these patients
have axillary nerve palsies.
This can occur from either open or arthroscopic
shoulder surgery but more commonly from a proximal
humerus fracture or shoulder dislocation. In each
instance the axillary nerve, which wraps around the
proximal humerus from posterior to anterior, gets
stretched.
The deltoid atrophy is easy to see. The axillary nerve
also supplies the teres minor, but this would be much
harder to visualize.
Sensory fibers of the axillary nerve supply the skin
over the deltoid, so these men are numb in that area.
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You know about
acromioclavicular
separations and clavicle
fractures. Both injuries
separate the upper limb
from its only bony
attachment with the axial
skeleton. From looking at
the extent and density of
ligaments that join the
medial end of the clavicle
to the manubrium and first
rib, do you think that this
end of the clavicle could
come loose?

If a sternoclavicular dislocation is possible,
do you think that the clavicle pops anterior
or punches into the chest cavity? Could it
happen bilaterally? Would it be an easy
diagnosis to make on plain x-ray films?
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Yes, sternoclavicular dislocations can occur. They can either be
anterior, where the medial end of the clavicle would make a
prominent bump on the anterior chest, or posterior, where the
medial end of the clavicle is poked behind the manubrium into the
chest cavity. And yes, they can occur bilaterally.

As you might imagine, this injury requires violent force. The
posterior dislocations can be associated with rib fractures, rupture
of the superior vena cava or trachea. In a patient with multiple
injuries, the posterior dislocation can be easily overlooked,
because the area is obscured on x-ray by the ribs and spine.
See images at www.images.google.com
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This is known as a 4-part humeral head
fracture: articular surface, greater
tuberosity, lesser tuberosity, and shaft.
What are the problems with treating this
injury closed?
What are the problems with treating this
highly comminuted fracture with open
reduction and internal fixation?
Is there an alternative?
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A 4-part humeral head fracture poses several difficulties. The first is
that the muscles attaching to the greater tuberosity (supra- and
infraspinatus and teres minor) and the lesser tuberosity (subscapularis)
tend to cause these fragments to displace. Secondly, the humeral head
fragment is completely devoid of soft tissue attachments, which means
that it has no blood supply, which means that it is slow to heal and
prone to avascular necrosis.
In younger patients, who are not osteoporotic, it is possible to
reassemble the multiple fragments and secure them with a plate and
screws and expect healing, albeit with some residual stiffness.

In older individuals, it is usually prudent to remove the head fragments
and insert a humeral head implant.
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Do you see some strange lines here? What are they? This 10-year-old boy fell off
an all terrain vehicle. What was the likely mechanism of injury—a direct blow to
the chest wall or a forced shoulder abduction external rotation injury?
Image courtesy of William Lowe, MD
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rhomboids

infraspinatus
teres minor

teres major
The line in the humerus highlighted by the yellow arrows might have first attracted you attention as being
pathologic, but once you knew that the patient is 10 years old, your recognized this as an open epiphysis,
right? The majority of the humerus’s longitudinal growth comes from the proximal growth plate, so whew, at
least the humerus can continue growing longer.
The fracture of the scapular blade probably caught your eye as well, right? The only way to get such an injury
is from a direct blow, which means the boy may also have cracked ribs with or without a pneumothorax.
Closed treatment is appropriate for two reasons: this area serves only as muscle origins (principally
subscapularis and infraspinatus, teres minor) and because the scapula here is nearly paper thin, so screws or
wire loops would pull right out.
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PROBLEM
This is a coronal section (separating front from
back) through a shoulder. “1” represents the
humerus. What are 2, 3, 4, and 5?
Notice that the space between 1 and 3 is narrow.
What tendinous structure usually passes between
1 and 3?
Notice that the space between 1 and 2 is a little
narrow. The yellow arrows point to the
consequences of this space being narrow?
What is going on?
Congenital?
Traumatic?
Degenerative?
Vascular?
Metabolic?
Infectious?
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4
3
2
1
5

Image courtesy of Bob Terrill, MD
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1 humerus
2 glenoid
3 acromion
4 distal clavicle
5 ribs
The rotator cuff normally occupies the
subacromial space, between 1 and 3. This patient
has a chronic rotator cuff tear, which allows the
humerus to migrate proximally and close the
space between the humeral head and the
acromion. This proximal migration also causes
incongruence of the glenohumeral joint, which
progresses to osteoarthritis. The arrows indicate
osteophytes on both the humeral head and the
inferior lip of the glenoid. At this point, only a
total shoulder replacement is feasible.

The Shoulder
4
3
2
1
5
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The parents brought their nearly 3-year-old boy to the doctor when then noted bumps on
both clavicles. He has full ROM and is unimpeded in crawling, climbing, and hanging
from monkey bars. The bumps are non-tender. Diagnosis? Treatment?
Images courtesy of Barry Watkins, MD
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This boy has congenital pseudoarthroses of both clavicles. This
is rare, particularly when it is bilateral. The clavicle usually
ossifies from two centers, which fuse in the middle. Here the
two ossification centers have not joined. The reason is not
known. This pseudarthrosis is typically painless and does not
limit motion. So it is best left alone.
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This motorcyclist hit a deer. In addition to this shoulder injury he has 3 rib fractures
and a 10% pneumothorax. What do these 3-D CT reconstructions show? What are the
pros and cons of open reduction and internal fixation? Was it really necessary to get
this high-tech 3-D image, or would have plain x-rays sufficed?
Images courtesy of Michael Green, MD
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Acromion
Glenoid
Coracoid

The glenoid and the coracoid have been pushed forward and downward from the rest of the scapula. Yes, the
fracture would heal by immobilization, but the glenohumeral joint would likely become impossibly stiff.
Although surgical exposure of this area is difficult, open reduction and secure internal fixation with plates
and screws would allow some early glenohumeral motion. Since the scapula is so well protected by muscle,
scapula fractures are rare, and when they do occur, it is usually the result of high-energy trauma and is
associated with multiple injuries, such as rib fractures and internal injuries. On plain x-rays, the shadows of
the ribs, clavicle, and humerus would greatly obscure the details of this complex, multi-plane injury. So the
3-D reconstruction of the CT is most helpful in planning open reduction and internal fixation.
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This injury can occur with
either anterior or posterior
displacement of the
clavicle.
Which way as the clavicle
gone here?
Which way is associated
with life threatening
complications?
What do you advise for this
fellow, who fell on his
shoulder 4 months ago?
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These amazing drawing by Leonardo da
Vince begin to demonstrate the high mobility
of the shoulder, which begins with its single
bone contact with the axial skeleton: the
sternoclavicular joint. It has little intrinsic
stability, so the ligaments support it and allow
for elevation/depression, flexion/extension,
and rotation.
If the clavicle dislocates posteriorly on the
sternum, it is pressing directly on the aorta
and trachea and can present life-threatening
complications. The anterior dislocations, if
reduced acutely, usually become stable after
several weeks wearing a sling. Merely
resecting the proximal clavicle also works.
This fellow is entirely asymptomatic, is not
fazed by the appearance, so doing nothing is
the right thing to do.
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