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A NECESSARY DISCLAIMER

Peer-review notwithstanding, this being 21st century America, we must include the following DISCLAIMER, similar to
those found in works produced by well-known authors and organizations:

This material was prepared for educational purposes only. We therefore disclaim any and all liability for any damages
resulting to any individual which may arise out of the use of the material presented here. We similarly disclaim
responsibility for any errors or omissions or for results obtained from the use of information contained here.

This material is not intended to represent the only, nor necessarily best, method or procedure appropriate for the medical
situations discussed, but rather is intended to present an approach which may be helpful to others who face similar
situations. We cannot can take any responsibility for the consequences following the application of any of the information
presented here.

The information provided here cannot substitute for the advice of a medical professional. Even if a given statement is

completely true in the abstract, it may not apply to a given patient. The information we offer is provided ‘as is” and without
warranty of any kind.
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PREFACE

Welcome to Orthopaedia!

Orthopaedia is a peer-reviewed resource in musculoskeletal medicine, distributed free of charge by The Codman
Group and The United States Bone and Joint Initiative.

You might wonder why my colleagues and | decided to produce yet one more book. Unlike George Mallory, who claimed
to have climbed Everest "because it was there,” we created Orthopaedia because it wasn't. We saw a void - the absence
of areliable, affordable text for students in musculoskeletal medicine - and Orthopaedia is our attempt at filling it.

In 1998, Kevin Freedman and | reported in The Journal of Bone and Joint Surgery that even graduates from top-
tier medical schools were inadequately prepared in the field of musculoskeletal medicine. With other collaborators,
| later discovered a possible reason for this: the majority of medical schools at that time did not mandate courses in
musculoskeletal medicine. Upon further exploration, we found that another contributing factor might be the lack of
affordable and reliable educational resources in the field.

Affordability matters a lot for a topic like musculoskeletal medicine, as any course offered is apt to be short. In my
experience, students have been hesitant to buy an expensive textbook for a one or two-week course.

Reliability is a related issue. Without a textbook in hand, it's likely that students will turn to the internet. The internet
has lots of free information, of course, but not all of that information is correct. Besides, when it comes to taking care
of patients, even “correct” information isnt very helpful unless it has been validated.

Orthopaedia solves these problems. Orthopaedia is comprehensive, with more than 100 chapters covering
musculoskeletal medicine from head to toe (or, technically speaking, the first cervical vertebra to the hallux).
Orthopaedia is peer-reviewed, with each chapter vetted and endorsed by an independent subject matter expert. And
Orthopaedia can be downloaded for the princely sum of $0.00.

That price tells you something else: there are no sales revenues to be collected and no royalties to be distributed. All
of the 300-plus Orthopaedia contributors-writers, reviewers, and editors-were volunteers. Many of the Orthopaedia
contributors are orthopaedic surgeons, but all of us came together around the belief that musculoskeletal medicine is
important for all students, regardless of what their chosen field turns out to be.

Musculoskeletal diseases are common, so all healthcare providers must know the basics. By the same token, students
who want to focus on these diseases need a goad starting point: a book that keeps things as simple as possible but no
simpler, as Einstein’s aphorism would have it. It is my hope that Orthopaedia will serve all students - and, ultimately,
the people they care for.

—Joseph Bernstein, MD
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CHAPTER 1.

GLENOHUMERAL ARTHRITIS

Glenohumeral arthritis is defined by shoulder pain and stiffness from damage to the articulation between the humeral
head and the glenoid process of the scapula. This arthritis may be idiopathic (osteoarthritis), or from autoimmune
synovial inflammation (rheumatoid arthritis). Other known causes include trauma (including microtrauma from altered
biomechanics or rotator cuff tears), gout, osteonecrosis, neuropathy (Charcot Arthropathy)and infection.

STRUCTURE AND FUNCTION

The glenohumeral joint is a ball and socket joint made by the articulation of the humeral head in the glenoid fossa of
the scapula.

With little bony constraint, the joint is the most mobile joint in the body and consequently, inherently unstable. The
joint is stabilized by static and dynamic restraints. The static restraints consist of the three glenochumeral ligaments
and the glenoid labrum. The dynamic restraints consist of the rotator cuff muscles, the rotator interval, and the tendon
of the long head of the biceps.

The glenohumeral joint has three degrees of freedom and functions to perform the following movements at the
glenohumeral articulation: flexion/extension; adduction/abduction; and internal and external rotation. Forward
flexion is also known as “elevation”, and adduction is also known as “cross body abduction” or “horizontal abduction”
(See figures 1-4).

Figure 1: Shoulder elevation. Patients should be able to
elevate the arm such that it is parallel with the torso,
i.e., about 180 degrees.
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Figure 2: Shoulder adduction. Patients should able to reach
across the midline, and ideally to be able to touch the
contralateral shoulder.

Figure 3: Shoulder internal rotation. Patients are asked
to reach behind their backs. Internal rotation can be
quantified by noting the approximate spinal level the
patient can reach with his or her thumb, as shown.
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Figure 4: Shoulder external rotation is assessed by
asking the patient to place his or her arm at the side,
flex the elbow to 90 degrees and rotate externally.
Because the scapula is not oriented perfectly with the
torso, the glenohumeral joint is already externally
rotated 30 degrees when the arm is pointing directly
forward. The normal glenohumeral joint should be able
to externally rotate an additional 60 degrees, as shown
here.

Glenoid version refers to the relationship between the glenoid cavity and the humeral head. It is a radiographic
measurement determined by the angle between the glenoid line and the line perpendicular to the scapular axis. The
glenoid is normally slightly retroverted. In addition, the humeral head and neck are also retroverted from the humeral
shaft (with the anterior plane defined by the position of the humeral epicondyles at the elbow). Normal humeral
version is 20-30° of retroversion. Deviations from normal version can disturb normal mechanics and lead to arthritic
changes.

In glenohumeral arthritis, the articular cartilage of the humeral head or glenoid or both is damaged. As in the arthritis
of many other joints, glenohumeral arthritis can affect the subchondral bone as well.

The most common etiology of glenohumeral arthritis is primary osteoarthritis (OA). OA is characterized by
progressive degeneration of articular cartilage, dense subchondral bone growth, osteophyte formation, glenoid
erosion, and displacement of the humeral head.

Additional Causes of Glenohumeral Arthritis

« Rheumatoid Arthritis (RA)- Systemic autoimmune disease of the synovium. Synovial inflammation and soft
tissue break down at the shoulder results in wear of the glenoid articular cartilage and medialization of the
humeral head.

« Post-traumatic arthritis - Disruption of the articular surface can occur after a humeral fracture or dislocation.
The damage with dislocation can be from the impact of the dislocation episode or from microtrauma
inflicted by chronic instability.

- Crystalline arthritis - Gout and Calcium Pyrophosphate Dihydrate Deposition Disease (CPPD)result in the
deposition of crystals within the joint space which cause synovial inflammation and resultant cartilage
damage.
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« Osteonecrosis - Morphological and arthritic changes result from loss of blood supply to the humeral head.
Osteonecrosis can appear from trauma, use/abuse of alcohol or steroids, hemoglobinopathies, among other
causes. It may also be idiopathic (no known cause).

« Charcot Arthropathy - Loss of sensation and proprioception in the joint results in repetitive microtrauma and
joint degeneration. Charcot Arthropathy of the shoulder is often related to cervical spine syrinx.

« Rotator cuff arthropathy - Tears of the rotator cuff tendons disturb normal biomechanics (as the rotator cuff
is an important shoulder stabilizer). Such tears produce abnormal humeral head contact, leading to breaking
down of the articular surfaces.

« Septic Arthritis - The white cell response to infection can damage articular cartilage.

PATIENT PRESENTATION

Patients with glenohumeral arthritis present with shoulder pain and stiffness. Taking a thorough history with these
patients is key as it can determine the etiology of the disease.

The clinical presentation depends on the underlying cause of the arthritis.

Patients with glenohumeral osteoarthritis are typically over 50 years old and present with a chief complaint of pain.
The pain is usually insidious in onset, progressive, chronic, and worsens with activity. Discomfort may lead to
nocturnal awakening, especially when lying on the affected side, and patients typically have functional limitations
due to a decreased range of motion. On physical exam, the affected extremity may be atrophic secondary to disuse.
Patients have tenderness over the posteriorjoint line and crepitus with maotion of the joint. The most dramatic finding
is typically decreased range of maotion which is most pronounced with external rotation.

Patients with rheumatoid arthritis present with pain, decreased range of motion, crepitation, and effusions
in multiple joints. The effects typically evolve slowly and insidiously. The shoulder is rarely the first joint affected and
it is almost never the only affected joint.

In cuff tear arthropathy, patients are usually significantly disabled and are unable to raise their affected arm.
Inspection may show hollowing around the scapula secondary to cuff muscle atrophy.

A number of other disease processes, including osteonecrosis, recurrent glenohumeral dislocations, and
posttraumatic articular incongruity can lead to destruction of the glenohumeral articular cartilage. In most cases,

this results in secondary osteoarthritis and has symptoms similar to primary osteoarthritis although the history will
suggest this secondary cause.

Of note, septic arthritis may hurt even without motion, but symptoms are worsened with activity.

OBJECTIVE EVIDENCE

Imaging of the glenohumeral joint starts with radiographs taken at three views: AP, lateral and scapular (also known as
a"Y")view. Findings on these radiographs often lead to the etiology of the arthritis (Figure 5).
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Figure 5: Osteoarthritis of the shoulder is shown, with bony sclerosis,
osteophyte formation and superior migration of the humeral head. (Case
courtesy of Radiopedia case 43425.)

Advanced imaging such as CT and MRI are indicated for pre-operative planning as they provide the surgeon with
enhanced imaging of glenoid morphology and rotator cuff pathology.

For the most part, no laboratory tests are necessary for the diagnosis of glenohumeral arthritis. However, if an
inflammatory or crystalline arthropathy is suspected, specific labs may be indicated. Namely, ESR, CRP, Rheumatoid
factor, and Anti-CCP antibodies for RA and synovial fluid analysis for crystalline arthropathies.

EPIDEMIOLOGY

Arthritis of the glenchumeral joint typically affects patients in the sixth decade of life and on. Of the large joints, the
glenohumeral joint trails the hip and knee in the incidence of arthritis-perhaps because a person can avoid using his
or her shoulder in a way not possible with the weight bearing joints. Yet because of this relative underuse potential,
the true incidence of glenohumeral arthritis remains undetermined.

DIFFERENTIAL DIAGNOSIS

Shoulder pain with decreased mobility is a common presentation. After the clinician has determined the shoulder
pain to be glenohumeral in origin, the following diagnoses, in the alternative, or in addition to arthritis should be
considered:

« Rotator cuff impingement and tendinopathy,

« Rotator cuff tear,

+ Adhesive capsulitis,

« Shoulder instability with or without bony or labral damage,

« Locked posterior dislocations in elderly patients.

Clinically, these injuries can appear identical to glenohumeral arthritis and radiographic studies are needed to
determine the etiology of the shoulder pain.
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Of note, rotator cuff tears have a 5-10% incidence with osteoarthritis of the glenohumeral joint and a 25-50%
incidence with rheumatoid arthritis.

RED FLAGS

Arthritis of the glenohumeral joint is a chronic condition that rarely requires emergency treatment. However, a patient
who presents with fever, chills, and fatigue in addition to pain, swelling, warmth, and erythema of the shoulder should
be promptly evaluated for a septic shoulder. Exuberant arthritis limited to just the shoulder{s) should prompt a cervical
examination for a syrinx.

Shoulder pain might be caused by lung cancers in the superior aspect of the lung (so-called Pancoast tumors). This
should not be missed when reviewing the radiographs.

TREATMENT OPTIONS AND OUTCOMES

Mainstays of non-operative treatment for glenohumeral arthritis consist of physical therapy, NSAIDs, activity
modification, and injections. NSAIDs reduce pain and inflammation, while physical therapy works to improve range of
motion and strengthen the surrounding musculature.

RA can be very well controlled with disease-modifying antirheumatic drugs (DMARD). Intraarticular injections of
corticosteroids act to reduce inflammation. However, arthritis is a progressive disease and medical treatment
exhausts quickly.

End stage degenerative joint disease can be treated with joint replacement: Hemiarthroplasty; Total Shoulder
Arthroplasty; and Reverse Shoulder Arthroplasty.

Hemiarthroplasty

A hemiarthroplasty involves replacing the humeral head with a stemmed prosthesis. It is indicated for patients who
have failed non-operative treatment with an intact glenoid and articular damage to the humerus. The best results are
seen in patients with concentric glenoids and intact rotator cuffs. This operation is technically easier than adding a
glenoid replacement, but usually provides less symptomatic relief. Hemiarthroplasty is also used to treat fracture of
the humeral head.

Total Shoulder Arthroplasty

In a total shoulder arthroplasty, the arthritic humeral head is replaced with a metal ball fixed to a stem inserted into the
humeral shaft and the glenoid is resurfaced with a polyethylene insert (Figure 8). This procedure is best for patients
with a moderate to low activity level. Patients need good bone stock and an intact or repairable rotator cuff. Patients
treated with total shoulder arthroplasty see good pain relief and reliable range of motion with a 10-year survival rate of
92-95%. Common complications include component loosening, infection, fracture nerve injury, and rotator cuff tear.

Figure 6: Total shoulder arthroplasty. The glenoid component is made of plastic and not readily
apparent on x-ray (unless you look for it); it is outlined in the reproduction at right. (courtesy
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3093753/)
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Reverse Shoulder Arthroplasty

In a reverse shoulder arthroplasty, the glenoid socket is replaced with a metal ball and secured to the scapula and
the humeral head is replaced with a cup attached to a stem which functions as a socket (Figure 7). This is the
opposite anatomic arrangement of the native glenohumeral joint. This arrangement provides stability in the absence
of a functioning rotator cuff. It is indicated for rotator cuff arthropathy, severe proximal humerus fractures, failed
total shoulder arthropathy, and glenohumeral deformities that cannot be reconstructed otherwise. This operation can
dramatically increase the function of the shoulder and provide excellent pain relief.

Figure 7: A reverse shoulder arthroplasty.

Shoulder Arthrodesis

An arthrodesis involves the surgical resection and fusion of the glenohumeral joint. This operation is indicated for
laborers unwilling to alter their activities, uncontrolled joint sepsis, recurrent shoulder instability, loss of rotator cuff
and deltoid musculature, brachial plexus plexopathies, and salvage for failed total shoulder arthroplasty. Because
there is a lot of motion between the scapula and thorax, this operation is tolerated better than an analogous fusion of
the hip joint. Nonetheless, most patients are happier with a joint replacement.

RISK FACTORS AND PREVENTION

Age is one of the primary risks for the development of glenchumeral arthritis. Females display higher incidences of
both OA and RA. Glenohumeral arthritis is associated with activities that put high strain on the glenohumeral joint.
However, many patients develop arthritis of the shoulder without a decipherable cause.

Lifting heavy weights, either at work or for recreation, increases the chances of developing glenohumeral
osteoarthritis.

The incidence of glenohumeral arthritis increase with a history of trauma and prior surgery to the shoulder. Certain
studies have shown that over 50% of patients with a primary anterior shoulder dislocation go on to develop some
degree of glenohumeral arthritis at 25 years follow-up.

MISCELLANY

The characteristic osteophyte of glenohumeral arthritis is termed a goat's beard (Figure 8).
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Figure 8: An inferior osteophyte suggestive of a goat’s
beard. (courtesy https://www.orthopaedicsone.com/
display/MSKMed/Arthritis+of+the+Gleno-humeral+joint)

KEY TERMS

Glenohumeral arthritis, osteoarthritis, rheumatoid arthritis, articular cartilage, arthroplasty

SKILLS

Recognize and describe the deformities of the glenohumeral joint caused by arthritis. Recognize the potential
etiologies of glenohumeral arthritis. Recognize the clinical and radiographic signs of glenohumeral arthritis. Describe
the different treatment modalities for glenohumeral arthritis.
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CHAPTER 2.

GLENOHUMERAL INSTABILITY

Glenohumeral instability is defined as an inability to maintain the humeral head centered in the glenoid fossa. This
problem is typically caused by either a traumatic rupture of the capsule and ligaments (usually following a complete
dislocation or partial dislocation/subluxation), or by generalized laxity of the soft tissue. In the case of post-
dislocation instability, the shoulder is unstable in only one plane (namely, in the direction of the dislocation), whereas
with generalized laxity, the instability is multidirectional. Patients with glenohumeral instability may suffer repeat
episades of subluxation in which the joint surfaces are damaged. In very broad terms, instability from trauma is
amenable to surgical repair, whereas multidirectional is not. Multidirectional instability is treated with physical
therapy to strengthen the rotator cuff, but this does not always stabilize the joint sufficiently.

STRUCTURE AND FUNCTION

Unlike the femoroacetabular joint of the hip and humeroulnar joint at the elbow, the glenohumeral joint has little static
stability provided by the bony anatomy. The humeral head is not constrained by the (relatively shallow) glenoid fossa;
rather, only a small portion of the humeral head articulates with the glenoid (Figure 1).

Figure 1: A CT scan of the shoulder, showing the mismatch between the size of the glenoid
(yellow) and the size of the humeral head (red). (https://radiopaedia.org/cases/
normal-ct-shoulder-2)

Accordingly, the shoulder relies on both dynamic (active) and static (passive) soft-tissue stabilizers. The main static
stabilizers of the shoulder are the ligaments and capsular tissue. Some additional static stability is provided by the
labrum, a lip of cartilage around the glenoid that deepens the socket.

There are regions of the capsule which are identified as distinct ligaments (Figure 2). The superior glenochumeral

ligament provides stability with the arm at the side, the middle glenohumeral provides restraint with the arm partially
abducted and the inferior glenohumeral ligament is the primary stabilizer with the arm fully abducted.
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Figure 2: The ligaments connecting the humerus to the scapula. The
coracohumeral ligament is shown in faint black; the capsule is outlined in red.
The capsule itself comprises the superior (green) middle (pink) and inferior
(yellow) glenohumeral ligaments. (Annotations on x-ray courtesy

of https://radiopaedia.org/cases/
external-and-internal-rotation-views-of-the-shoulder)

The rotator cuff, along with the long head of the biceps, stabilizes the glenohumeral joint actively (Figure 3). Paired
contraction of the rotator cuff muscles holds the humeral head in close approximation to the glenoid cavity.

Figure 3: As seen from the front of the body, the subscapularis (red),
supraspinatus (blue) and long head of the biceps (green) all dynamically
stabilize the glenohumeral joint. (On the posterior side, the infra-spinatus and
teres minor, not shown, provide stability as well.)

The axillary nerve is often injured with shoulder dislocations. The axillary nerve wraps around the surgical neck of the
humerus and runs below the humeral head.
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PATIENT PRESENTATION

A thorough history is essential to characterize a patient’s shoulder instability. The patient may recall a specific
traumatic instability event. Alternatively, the patient may have numerous incomplete instability events or describe
generalized laxity of both shoulders or other joints.

Anterior instability often follows an injury to the arm when it is abducted and externally rotated. In contrast, posterior
instability is often caused by a force applied to the arm when it is adducted, flexed and internally rotated. Inferior
instability is associated with a history of instability with carrying heavy loads. Although anterior instability is the most
common form, inferior, posterior and multidirectional instability must be considered.

With an acute anterior shoulder dislocation, the patient typically presents with the arm held closely at the side. Any
attempt to abduct or rotate the arm is resisted because of pain. There is loss of the normal contour of the deltoid. The
humeral head itself may be seen or felt anterior to its normal position.

The acute presentation of posterior shoulder instability is more subtle. A lack of external rotation compared to the
contralateral normal shoulder may be the only presenting sign.

The physical exam should begin with evaluation of the asymptomatic shoulder for comparison.
Two simple tests may be used even by inexperienced examiners to evaluate shoulder instability.
The sulcus sign can be elicited by applying longitudinal inferior traction of the humerus; that is, by pulling down on

the patient’s wrist with the arm held at the side. Excessive inferior displacement of the humerus relative to the lateral
border of the acromion creates a sulcus and reflects laxity of the capsule, (Figure 4).

Figure 4: The sulcus sign. The examiner
pulls down on the arm at the elbow. If
there is laxity of the shoulder, an
indentation on the skin, aka a “sulcus”,
will be seen between the acromion and
the humeral head. (with permission of
https://www.shoulderdoc.co.uk/article/
798)

The anterior apprehension test is performed by asking the patient to abduct the shoulder (blue arrow) and externally

rotate the arm (green curved arrow) - as if cocking the arm to throw a ball. A patient with anterior instability will be
apprehensive in this position or might simply refuse to perform this maneuver (Figure 5).
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Figure 5: The anterior apprehension test (see text).

More subtle anterior instability can be detected by having the supine patient abduct the shoulder and externally
rotate the arm, and the examiner can then push on the arm as if to glide the humeral head out of the joint.

Signs of generalized ligamentous laxity include the ability to touch the palms to the floor while bending at the
waist; hyperextension of the elbows, metacarpophalangeal or knee joints; and the ability to abduct the thumb to the
forearm. The presence of these so-called Beighton criteria is indicative of laxity.

OBJECTIVE EVIDENCE

To assess patients with suspected shoulder instability, obtain both an anteroposterior (AP) view (Figure 6) and an
axillary lateral view of the shoulder. It is important to obtain two orthogonal views. A dislocated shoulder might look
normal on the AP view and a dislocation may be missed if anly this view is obtained.

Figure 6: Anterior shoulder dislocation. (Case courtesy of Dr
Jeremy Jones, Radiopaedia.org, riD: 7132)

Magnetic resonance imaging (MRI) can be used to visualize the ligaments that might be torn with shoulder dislocation
(Figure 7). MRl is more sensitive for the detection of labral injury if a contrast medium such as gadolinium is injected
into the joint. MRl is especially useful for the evaluation of older patients with a dislocation as they are more likely to
have torn the rotator cuff concurrently.
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Figure 7: An MRI of the shoulder after reduction of a dislocation.
Damage to the anterior labrum and edema within the humeral
head, both caused by the dislocation, are noted with arrows. (Case
courtesy of Dr. Mandakini Siwach, Radiopaedia.org, rID: 53957)

CT scans may be helpful for evaluation of the bony anatomy and should be obtained if there is suspicion of a large
Hill-Sachs lesion or glenoid fracture.

EPIDEMIOLOGY

The annual incidence of shoulder dislocations in the United Statesis approximately 24 per 100,000 people. The
incidence rates in military personnel and athletes are considerably higher. Anterior shoulder dislocations account
for more than 95% of shoulder dislocations. Posterior dislocations account for about 4%, and inferior shoulder
dislocations represent the remaining 1%.

Multidirectional shoulder instability is frequently bilateral. Its incidence peaks in young adulthood (approximately late
teens) and is found especially in overhead athletes (pitchers, swimmers and gymnasts) or people with connective
tissue disorders such as Ehlers-Danlos or Marfan's syndrome.

DIFFERENTIAL DIAGNOSIS

When patients present with suggested glenohumeral instability, physicians must exclude the following concomitant
conditions:

« ABankart lesion(avulsion of the anterior labrum),

« A’bony Bankart” lesion (a fracture of the anterior glenoid),

« A Hill Sachs defect (impaction fracture of the humeral head, caused by contact against the glenoid during
dislocation),

« Fracture of the greater tuberosity (especially in older patients),
- Fracture of the lesser tuberosity (with posterior dislocation),

« Nerve injuries, especially axillary nerve,

+ Generalized ligamentous laxity.
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RED FLAGS

Seizures and electrocution can cause posterior shoulder dislocations and should be considered in any patients with
that history and shoulder complaints. Likewise, the presence of a posterior shoulder dislocation raises the suspicion
of an unreported seizure. Posterior shoulder dislocations are also associated with small lesser tuberosity fractures.
These fractures might be missed if the films are not examined closely.

Multidirectional shoulder instability may suggest a connective tissue disorder such as Ehlers-Danlos or Marfan's
syndrome.

Abnormal passive motion suggests that the shoulder is not reduced.

In patients older than 40 years, the orthopaedic surgeon should have a high index of suspicion for a concomitant
rotator cuff tear.

Although axillary nerve injuries are seen in only a small minority of cases, they are frequent enough (~56% of cases) that
the presence of dislocation itself is a “red flag” for a nerve injury and must be excluded on exam.

TREATMENT OPTIONS AND OUTCOMES

Acute shoulder dislocations should be reduced expeditiously. Any of a variety of reduction techniques can be
performed. The Hippocratic method for anterior dislocations uses gentle longitudinal traction applied with a
counterforce (e.g., a sheet placed in the patient’s axilla). The Milch maneuver has the patient lying prone on the exam
table with both abduction and external rotation forces applied to the arm as the physician's thumb attempts to push
the humeral head into place.

Reduction is easiest when there is full relaxation of the shoulder musculature. Therefore, all attempts at reduction are
best supplemented with either conscious sedation or an intra-articular anesthetic injection.

Radiographs after the procedure are required to verify reduction.

After reduction, a short period of immobilization is reasonable, followed by range of motion exercises and then a
strengthening program.

Physical therapy alone may be adequate treatment for traumatic instability. Surgery may be considered especially in
younger patients with a Bankart lesion or patients with a history of recurrent dislocations. Surgery is typically a repair
of the capsule, along with a “shift” to tighten the tissue.

Patients with a shoulder dislocation are considered cleared to play when strength and full range of motion have
returned to normal.

Multidirectional shoulder instability is treated with physical therapy - and then more physical therapy if that does
not work. Operative stabilization is indicated only if instability that interferes with critical activities persists after
extensive non-operative management.

Surgery for multidirectional shoulder instability attempts to plicate (that is, fold over and thereby tighten) the
redundant capsular tissue. It is key that this plication is balanced, as too much tightening on one side (anteriorly, say)
will just create more instability in the other direction.

The natural history of initial shoulder dislocations remains controversial. Recurrent dislocation is most strongly
predicted by the age of the patient. In athletes younger than 20 years of age treated non-operatively, recurrence rates
above 50% have been reported. Recurrent dislocation is less common in older patients, but in this cohort rotator cuff
tears are more common and surgery may be needed to treat that aspect of the injury.

Athletes who have had a shoulder stabilization procedure after traumatic dislocation report a far lower dislocation

recurrence rate (less than 15%) than would be expected from non-operative treatment. Most patients also report
excellent subjective and objective clinical outcome scores.

14 JOSEPH BERNSTEIN



RISK FACTORS AND PREVENTION

Patients might be at increased risk for shoulder instability for reasons under one's control (choice of sports, for
example) or for reasons beyond individual control (abnormal glenoid anatomy and ligamentous laxity, to name two).

Even if there are non-modifiable risk factors, the odds of a dislocation may be minimized by assuring adequate

strength of all muscles crossing the shoulder (including scapular-stabilizing muscles) and by keeping repetitive
shoulder stress to a minimum.

MISCELLANY
Hippocrates not only invented a method of reducing the shoulder (Figure 8), he also devised a means of repairing the

tissue injured by dislocation: namely, burning the capsule with a hot poker placed in the axilla. This method is frowned
upon by modern authorities.

Figure 8: Hippocrates’method of reducing a dislocation of
the shoulder. (https://en.wikipedia.org/wiki/
Hippocrates#/media/File:GreekReduction.jpg)

KEY TERMS

Glenohumeral instability, anterior dislocation, posterior dislocation, inferior dislocation, subluxation, humeral head,
labrum, Bankart lesion, Hill-Sachs defect

SKILLS

Recognize history and signs suggesting dislocation. Recognize dislocation on imaging, and in particular, whether
imaging is inadequate.
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CHAPTER 3.

DISORDERS OF THE GLENOID LABRUM

The glenoid labrum is a fibrocartilaginous rim attached around the margin of the glenoid cavity that serves to deepen
the cavity. (The glenoid fossa of the scapula is relatively shallow, contacting at most only a third of the head of the
humerus). The labrum is triangular in shape with a broad base and is fixed to the glenoid tapering to a thin free edge.
The tendon of the long head of the biceps brachii blends with the labrum at the apex of the glenoid. Labral tears may
result from acute injury, especially when the humeral head dislocates or subluxates, but also from traction via the
biceps. Many labral tears are degenerative and are discovered incidentally on MRI.

STRUCTURE AND FUNCTION

The major shoulder joint is the glenchumeral joint, at which the humeral head articulates with the glenoid cavity (fossa
or socket). Because the humeral head is larger than the fossa - the socket covers only a quarter of the humeral head
- it is not very stable. To augment stability, a circumferential rim of fibrocartilaginous tissue attaches to the glenoid
fossa and thereby increases the contact between the two sides of the joint (Figure 1).

Figure 1: A schematic drawing of a lateral view of the shoulder and an annotated lateral view x-ray highlight the
glenoid fossa in green, the labrum in yellow and the biceps origin in red. To locate lesions of the labrum, the
glenoid has been likened to a clock face, with the bicep’s point of origin designated as the “12 O'clock position.”
(Modified from: https://en.wikipedia.org/wiki/Glenoid_labrum and https://radiopaedia.org/cases/48080)

The labrum may be torn acutely, as in a traumatic anterior shoulder dislocation. Anterior dislocations often cause an
avulsion of the anterior labrum, called a Bankart lesion.

There are two main theories to explain sub-acute tearing of the labrum. The first theory suggests that if the humeral
head starts to subluxate (as it might tend to do, for example, if the capsule were lax), the biceps tendon would
contract to constrain the humerus. Such repetitive contraction stretches the superior glenoid labrum. A second
theory proposes that repeated motion results in cyclical compression and microtrauma to the labrum directly.

When a labral tear is above the “equator” of the glenoid it is called a SLAP tear: Superior Labrum, Anterior to Posterior.

SLAP tears are common among athletes playing a sport with high force overhead arm motion (e.g. tennis players and
baseball pitchers).
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A posteriorly directed force with the arm in a flexed, internally rotated and adducted position, e.g. weightlifters'bench
press or football line blocking, can damage the posterior labrum

The proximal biceps tendon can also tear, independent of the labrum. The long head of the biceps is vulnerable to
tearing, as it makes sharp turns as it courses out of the shoulder joint and down the arm. Tears are more common if
there is stenosis of the bicipital groove or if there is a rotator cuff tear (perhaps placing additional demands on the
biceps as a humeral head depressor).

PATIENT PRESENTATION

Acute tears are associated with overt trauma, such as falling hard onto an outstretched arm.

The symptoms of sub-acute labral tears include non-specific deep shoulder pain, a sense of catching or locking (due
to a flap of loose cartilage), and perceived instability (which may or may not be reproduced on exam). There may be
non-specific symptoms such as decreased range of motion or loss of strength. Symptoms tend to be aggravated with
reaching overhead or across one’s body.

No single physical sign or test has been shown to have both great sensitivity and specificity for SLAP tears. In O'Brien’s
active compression test, the patient stands upright with the affected arm flexed 90° and adducted 15° medial to the
sagittal plane of the body. With the arm internally rotated, the examiner pushes the arm downward. The test is then
repeated with the forearm in maximal supination. A positive test result is recorded when pain elicited by the first
maneuver is decreased by the second maneuver (Figure 2).

Figure 2: O'Brien’s test by having the patient elevate the arm to 90°
and adduct 15° across the body. With the patient's arm internally
rotated/pronated (thumb pointing down), the examiner pushes the
arm downward (arrow). The test is deemed positive if this force is
more painful than the same force applied with the patient’s arm
supinated.

Isolated degenerative disease of the proximal biceps tendon presents with symptoms similar to rotator cuff disorders,
but with the pain sometimes located in the bicipital groove.

Speed test’s (Figure 3) is positive when there is pain in the proximal biceps produced with forward elevation of the

shoulder with the elbow extended and forearm supinated. Yergason's test (Figure 4) will produce pain in the biceps
groove when a patient with biceps pathology attempts to actively supinate against the examiner’s resistance.
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Figure 3: Speed test's is performed by applying resistance (blue
arrow)when the patient attempts forward elevation of the
shoulder, with the elbow extended and forearm supinated. Pain in
the bicipital groove (black star) near the shoulder is a positive
response.

Figure 4: To perform Yergason's test, the patient and examiner
start in the handshake position. The patient then attempts to
supinate (blue arrow) the arm (turning palm facing upward) against
the examiner’s resistance. Pain localizing to the bicipital groove
(black arrow)is a positive response.

OBJECTIVE EVIDENCE

Because the labrum and proximal biceps are soft tissues, they are not seen on plain radiography. Accordingly, x-rays
are often not informative when these structures are damaged.

MRI can be diagnostic for labral tears (Figure 5), but both sensitivity and specificity increases with the injection of
contrast (creating a so-called MRI-arthrogram).
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Figure 5: An MRI showing a superior labral tear. The labrum
should be a dark triangle throughout; here there is a faint line
at the base of the triangle, where the labrum attaches to the
glenoid. (from https://openorthopaedicsjournal.com/
VOLUME/12/PAGE/314/FULLTEXT/)

A conventional MRI might show an associated paralabral cyst (Figure 8), offering a hint that there is a labral tear (that
is not seen explicitly).

Figure 6: An MRI showing a labral cyst (red arrow), suggestive
of a tear. (from https://openorthopaedicsjournal.com/
VOLUME/12/PAGE/314/FULLTEXT/)

EPIDEMIOLOGY
There are no firm data on the prevalence of labral disorders, because many people do not seek medical care. It is

known that starting at about age of 35, the superior labrum is less firmly attached to the glenoid, leading to anterior-
superior rim tears, and that at about age 60 internal age-related degenerative changes are more common.
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DIFFERENTIAL DIAGNOSIS

The main competing diagnoses (which may be present concurrently) are rotator cuff tears or degeneration and
shoulder instability.

RED FLAGS

There are no particular red flag diagnoses for the symptoms associated with labral disorders.

TREATMENT OPTIONS AND OUTCOMES

Initial treatment options for a torn labrum generally include the use of nonsteroidal anti-inflammatory drugs (NSAIDs)
and a period of rest. Physical therapy is then initiated to strengthen the rotator cuff muscles.

Surgical intervention depends on the type of labral lesion, but an arthroscopic repair is most commonly used (Figure
7). Frayed labral tears are treated with debridement.

Figure 7: Arthroscopic view of a labral tear (red line) before and after repair. (Courtesy of Fotios Tjoumakaris,
MD)

Damage to the biceps anchor can be treated with arthroscopic fixation of the superior labrum, but patients 45
years of age or older are prone to stiffness if the tear is repaired. Accordingly, fixation is considered relatively
contraindicated in these patients.

Proximal biceps tendinopathy is also first treated with NSAIDs and therapy. A steroid injection near, but not in, the
tendon may be helpful. Should that not work, surgical release (tenotomy) or repair to the humerus (tenodesis) may be
chosen. Tenotomy may cause an asymmetric bulging of the biceps in the affected arm. Tenodesis may be associated
with pain in the bicipital groove. This complication may be prevented by attaching the tendon to the bone in a more
inferior position, i.e. in the sub-pectoral region of the humerus.

Most patients with labral tears will return to their pre-injury level of shoulder function, with slightly worse results seen
among overhead throwing athletes.

The most common overt complication for surgical treatment is an injury to nerves around the shoulder, but this is
rare (less than 1% of cases)and usually resolves within 6 weeks.

Some patients, especially older ones, have lost motion, though this may be ameliorated with therapy once the tissue
repair has healed.
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RISK FACTORS AND PREVENTION

The main risk factors for labral disorders are sports demanding repetitive overhead motion (baseball, tennis,
swimming) and increasing age (due to degenerative changes in the tissue as well as risk of falls).

These risk factors are not really amenable to change, but strengthening of the rotator cuff muscles, adequate warm-
up before activity, and adequate rest intervals between episodes of intense activity can all be defended as common
sense.

MISCELLANY

About 1% of people have a congenital glenoid labrum variant where the anterosuperior labrum is absent. This variant
is known as a “Buford complex”.

KEY TERMS

Labrum, SLAP lesion, Bankart lesion, rotator cuff, arthroscopy, torn biceps

SKILLS

Categorize MRI findings of a torn labrum. Perform physical exam to identify labral pathology.
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CHAPTER 4.

DISORDERS OF THE ROTATOR CUFF

The rotator cuff comprises four muscles that originate on the scapula and insert on the humerus: the supraspinatus,
infraspinatus, teres minor and subscapularis. Although these muscles have distinct effects an the humerus (often
overlapping with non-rotator cuff muscles), the collective effect of the rotator cuff is to dynamically constrain the
humeral head. Rotator cuff tears may be sudden and traumatic or gradual and attritional over time. Treatment ranges
from benign neglect to surgical repair, depending on the functional loss of the injury and the patient’s functional
needs.

STRUCTURE AND FUNCTION

The rotator cuff is the collective term for the four muscles that originate on the scapula and insert on the humerus: the
supraspinatus, infraspinatus, teres minor and subscapularis. Because their insertion is (somewhat) confluent, they
are collectively designated a "cuff”(Figures Tand 2).

Figure 1: Drawing of the rotator cuff muscles as seen from behind. (Modified
from https://en.wikipedia.org/wiki/Rotator_cuff#/media/
File:Shoulder_joint_back-en.svg)

22 JOSEPH BERNSTEIN



Figure 2: Drawing of the rotator cuff muscles as seen from the front. There are two lines
pointing to the biceps (long head in blue, short head in red) and two lines pointing to the
supraspinatus (tendon insertion in blue, muscle belly in red). Artistic license was taken to
perform a small acromioplasty (removing the anterior edge of the acromion)to show the
path of the supraspinatus tendon, which would ordinarily be covered by some bone.
(Modified from https://en.wikipedia.org/wiki/Rotator_cuff#/media/
File:Shoulder_joint_back-en.svg)

The supraspinatus originates in the supraspinatus fossa on the posterior scapula, crosses the superior humeral head,
and inserts on the greater tuberosity.

The infraspinatus and teres minor originate in the infraspinatus fossa on the posterior scapula and insert on the
greater tuberosity as well, posterior to the insertion point of the supraspinatus.

The subscapularis originates on the anterior aspect of the scapula and inserts on the lesser tuberosity.

The primary purpose of this cuff is to constrain the humeral head and initiate abduction and elevation. Recall that
the glenoid is fairly shallow and that the shoulder is not a true ball and socket joint. If there was no constraint on the
humeral head, the pull of the deltoid muscle, for example, will simply move the humeral head in a rostral direction. The
rotator cuff primarily stabilizes the shoulder by compressing the humerus into the glenoid fossa. If the rotator cuff is
able to constrain the humerus, a fulcrum is created, and the deltoid will then elevate or abduct the arm.

Additionally, the muscles of the rotator cuff can move the humerus: the supraspinatus produces abduction in the
scapular plane; the infraspinatus and teres minor provide humeral external rotation; and the subscapularis produces
internal rotation. Note that there is redundancy with other non-cuff muscles such that a rotator cuff tear - especially
one developing chronically, over time - does not necessarily create a functional loss.

Complicating matters, it is possible to have overlapping diagnoses (some rotator cuff disorder coupled with some
arthritis, for example), and it is possible to have anatomic abnormalities of the rotator cuff that are simply not
responsible for the patient’s symptoms - at least to the extent that fixing the anatomic abnormality may not make
the patient better. This latter consideration is especially important given the recognition that highly sensitive testing
modalities such as MRI are almost certain to detect abnormalities in people middle-aged and older, and it would be
wrong to pounce upon an anatomic finding as a necessary explanation for a patient’s pain.

PATIENT PRESENTATION

Patients with symptomatic rotator cuff disorders typically report pain in the anterior or lateral shoulder (greater
tuberosity), especially with overhead activity.
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There may be a prodrome of mild symptoms, with a superimposed worsening after an acute event.

On exam, patients might demonstrate weakness and pain with arm movement in the affected tendon’s plane of motion.
Because of the great redundancy of muscles coursing from the scapula or torso to the arm, some patients may have a
so-called compensated rotator cuff tear, and have no functional loss despite losing the function of one or more rotator
cuff tendons.

The physical examination should measure active and passive motion in elevation, abduction, and internal and external
rotation. Specific maneuvers are shown in Figures 3 to 6.

Figure 3: Neer test. The patient’s scapula is
stabilized with one hand, while the arm is
internally rotated and flexed to 180 degrees.
If the patient experiences pain with flexion a
lesion of the supraspinatus is suspected.

Figure 4: The supraspinatus test. The patient attempts,
against resistance, to abduct the arms in the scapular
plane (30 anterior to the body) with the elbows
extended.
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Figure 5: Infraspinatus/teres minor examination. The
patient attempts to externally rotate the arms against
resistance while the arms are at the sides and the
elbows are flexed to 90 degrees. Holding the arms at the
sides minimizes the effect of the deltoid.

Figure 6: Lift-off test. The patient places the
dorsum of the hand against mid-lumbar
spine. The patient is asked to lift the hand
away from the back. If the patient is unable
to complete the task a lesion of the
subscapularis is suspected.

Loss of the bulk of the rotator cuff muscles on the posterior aspect of the scapula may suggest a chronic tear.
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OBJECTIVE EVIDENCE

Plain radiographs are helpful in detecting arthrosis, calcific deposits in the tendons, and bone spurs. Large and long-
standing cuff tears may also result in proximal humeral head migration relative to the glenoid.

Ultrasound is said to be both sensitive and specific for the identification of rotator cuff tears but is highly operator
dependent.

Magnetic Residence Imaging (MRI) is also thought to be sensitive for the identification of rotator cuff tears (Figure
7). This modality is particularly useful for measuring the size of any tear, if present, and the presence or absence of
tendon retraction, and muscle atrophy. The problem with MRl is that it may be too sensitive and can show things that
are not necessarily clinically significant. In particular, MRI can detect a so-called partial thickness tear, in which the
insertion of the muscle tendon unit is preserved however there is intrinsic damage to the tendon in its course. (The
phrase "partial thickness tear” uses the word "tear” as it would be used in the phrase “wear and tear”.) The relationship
between this finding and the patient’s symptoms is not assured.

Figure 7: An MRl of a torn supraspinatus. The edge of the tendons are shown in
red. (Case courtesy of Dr Ahmed Abdrabou, Radiopaedia.org, rID: 36724)

EPIDEMIOLOGY

The majority of rotator cuff tears occur secondary to age related degenerative changes in rotator cuff tissue. As a
general rule, a patient of X years of age will have an X% chance of having at least a partial rotator cuff tear on MRI, even
if he or she has neither signs nor symptoms. Thus a “positive” test may not point to a meaningful diagnosis.

Rotator cuff tears in young adults are uncommon, but may occur following traumatic injuries, such as a fall on an
outstretched arm.

DIFFERENTIAL DIAGNOSIS

Dysfunction of a rotator cuff muscle is usually indicative of a tear of that muscle-tendon unit, however a compressive
neuropathy (of the suprascapular nerve) may mimic the functional loss of a complete rotator cuff tear.
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The differential diagnosis for the symptoms overlapping with rotator cuff disorders includes subacromial bursitis,
biceps tendonitis, labral disorders, adhesive capsulitis, glenohumeral or acromioclavicular arthritis, cervical
radiculopathy, and shoulder instability.

Subacromial bursitis, also known as “impingement syndrome”, is caused by inflammation of the bursa above rotator
cuff tendons, mainly the supraspinatus. It can present with or without tendinopathy on MRI. This presentation was
called “impingement” because it was thought to be caused by pressure from the acromion, though that is a misnomer:
as noted politely in a leading journal, that theory has not withstood the test of time, based on studies that have shown
similar outcomes independent of the presence of bony impingement on the cuff.

Rotator cuff dysfunction suggestive of a complete tear may be manifest even if the tendon is in continuity because
of pain. This can be clarified by examination before and after an injection of an anesthetic (e.qg., lidocaine) in the
subacromial space. If after injection the patient no longer demonstrates weakness, preservation of the tendons’
insertion can be inferred.

Bicep tendonitis may present as a rotator cuff disorder. (The long head of the bicep functions like a fifth rotator cuff
tendon, one might say.) Bicep tendonitis can be differentiated on examination by producing pain with elbow motion
against resistance.

Adhesive capsulitis (frozen shoulder) might present with signs and symptoms suggestive of rotator cuff disorder, but
in this condition passive motion is limited as well.

Motion may also be limited with glenohumeral osteoarthritis. This condition is detected on imaging.

Cervical radiculopathy, especially involving the fifth cervical level, can cause shoulder or arm pain with muscle
weakness. In this condition, however, there is usually also decreased sensation or paresthesias, and changes in
symptoms with head and neck motion.

In young male athletes (especially weightlifters), the diagnosis of a pectoralis major (Figure 8) muscle or tendon tear
should be considered. Pectoralis major tears typically occur during eccentric contractions, e.g., decelerating the
bar in a bench press. Rupture can involve a tear of the muscle belly or tendon, or it can avulse off its insertion on
the humerus. After the pectoralis major is ruptured, the patient will have limited horizontal adduction and internal
rotation. Patients will demonstrate weakness with adduction and internal rotation, often with ecchymosis on the
medial anterior aspect of the arm.

Figure 8: The pectoralis major has two “heads,” named for their point of
origin: the clavicular head which originates from the clavicle (shown in
green)and a sternocostal head which originates from the sternum and
rib cage (shown in blue). Both insert on the humerus and serve to adduct
and flex the humerus. (https://en.wikipedia.org/wiki/
Pectoralis_major#/media/File:Pectoralis_major.png)
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RED FLAGS

Neurological red flags include sensory deficits, winged scapula, or abnormal reflexes.

Left shoulder pain may have a cardiac origin.

TREATMENT OPTIONS AND OUTCOMES

Patients with rotator cuff disorders should be segregated into those who have had acute deterioration (notably,
a sudden inability to elevate the arm) after trauma and those who are suffering from a more chronic pain-related
condition. A patient who was highly functional, sustained an injury and had an abrupt loss of rotator cuff function
is indicated for surgical repair- once imaging studies confirm the diagnosis, and that the remaining anatomy is
amenable to repair. This repair should be performed expeditiously (within a month or so of injury), to prevent retraction
of the tendon.

Tears of the pectoralis major should also be fixed, if possible.

Patients who have retained function but are limited by pain may do well with non-operative treatment. It is critical to
avoid immobilization of the shoulder during recuperation as that will likely induce stiffness.

Physical therapy focuses on stretching of the posterior and anterior joint capsule, improving scapulohumeral
coordination and strengthening the uninvolved rotator cuff. For example, if there is supraspinatus pathology, internal
and external rotation exercises can be employed; the rationale of such a strengthening program is that a stronger
infraspinatus and subscapularis may be adequate to contain the humeral head, allowing the supraspinatus to rest.

Subacromial injections may provide symptomatic relief. Because steroids are thought to weaken the tendon, by
convention no more than a few of these injections are ever given.

Surgical repairs can be performed arthroscopically (Figure 9) or through an open procedure. The torn tendon is
identified, debrided and anchored to the humerus (and if possible, sutured to the adjacent tendons as well).

Figure 9: At left, an arthroscopic view of a rotator cuff tear, denoted by the red star, no longer attached to the humeral head [HH]. The middle and
right panels show a photo and drawing of the repair, respectively. (http://www.scielo.br/
scielo.php?script=sci_arttext&pid=S0102-36162017000200164)

Most patients with rotator cuff disorders improve. It is not clear if this is necessarily from the intervention or the
natural waxing and waning of the underlying disease.

Most patients who have surgery also do well, though interestingly outcomes after rotator cuff repair are somewhat
independent of whether the tendon actually heals to bone: some patients do well even though the repair does not
“take”, whereas others with an intact tendon on postoperative imaging may have persistent symptoms.

(It is known that neglected tendon tears can lead to degenerative arthritis in the glenohumeral joint and that patients
who immobilize their shoulders during painful flares can get stiff, bolstering our confidence that interventions are
helpful, though it is certainly possible that some clinical improvement after treatment merely reflects the natural
history of the disease.)

Patients with work-related injuries and those with ongoing litigation have poor outcomes.
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RISK FACTORS AND PREVENTION

Risk factors for rotator cuff tears include increasing age, repetitive overhead activities and smoking. It has not been
proven, but it makes intuitive sense to believe that maintaining the strength of all of the shoulder muscles will prevent
dysfunction even if a given muscle were to degenerate or tear.

MISCELLANY

Mnemonic: The rotator cuff “sits” on the proximal humerus, and thus the names of the four muscles can be
remembered by the four letters S| T S. The order of the tendon insertions also follows this mnemonic, coursing around
the humeral head starting with the supraspinatus at the 12 o’clock position.

KEY TERMS

Rotator cuff, degeneration, tears, impingement, tendon repair

SKILLS

Complete upper extremity musculoskeletal exam and specific shoulder special tests. Interpret radiographs and MRls
for osseous lesions and soft tissue pathology. Demonstrate rotator cuff strengthening exercises to patients.
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CHAPTER b.

DISORDERS OF THE ACROMIOCLAVICULAR JOINT

The acromioclavicular (AC) joint is the junction between the clavicle and acromion process of the scapula.
Subluxations and dislocations of this joint are colloquially called “shoulder separations” (perhaps to preserve the
terms shoulder subluxation and shoulder dislocation for the glenohumeral joint). Patients with AC joint separations
commonly present with pain after an athletic injury or fall onto the shoulder. Injuries to the joint rarely require surgical
correction. They are generally managed non-operatively with excellent outcomes. The AC joint is also subject to early
degenerative change. Arthritis of the acromioclavicular joint is a common cause of focal pain, especially in athletes.

STRUCTURE AND FUNCTION

The acromioclavicular joint is the articulation between the distal clavicle and the acromion process of the scapula
(Figure 1).

Figure 1: An AP view of the shoulder, showing the acromion (Acr), clavicle and
the AC joint. Also labeled are the humeral head (HH), the glenoid, the coracoid
process (Cor) and the spine of the scapula (SS). (from https://radiopaedia.org/
cases/normal-acromioclavicular-joint)

The joint is stabilized by the acromioclavicular ligament (also known as the “AC”" ligament), which provides horizontal
stability. The coracoclavicular ligament (also known as the “CC" ligament) provides vertical stability. The
coracoclavicular ligament is actually a ligament complex composed of two parts: the more medial conoid ligament
and the more lateral trapezoid ligament. The trapezoid is the more lateral, inserting about 3 cm from the end of the
lateral (so-called "distal’) clavicle, and the conoid inserts about 1.5 cm medial to that (Figure 2).
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Figure 2: The ligaments of the shoulder: in gold, the coracoclavicular
ligaments (trapezoid lateral, conoid medial); in purple, the
coracoacromial ligament; in pink, the coracohumeral ligament; and in
red, the acromioclavicular ligament. The glenohumeral ligaments are not
shown. (modified from https://radiopaedia.org/cases/
normal-acromioclavicular-joint)

The coracoacromial ligament (also known as the “C-A" ligament), which runs from the coracoid process to the
acromion, forms an arch that helps constrain the humeral head.

Some additional dynamic stability is provided by the deltoid and trapezius muscles.

The AC joint is neither fixed nor rigid, allowing for small amounts of gliding movement, typically accommodating about
5 mm of translation in every plane.

The joint itself is a synaovial joint that is encased by a capsule that projects an intra-articular disc into the joint space.

If a person were to fall directly on the point of the shoulder, the acromion is forced inferiorly while the clavicle
maintains its position. If the forces are greater than the tolerance of the ligaments, the joint will separate.

PATIENT PRESENTATION

Acute AC joint separations typically present after a fall on an adducted shoulder, often playing a contact sport such as
football or hockey.

A patient will present with pain over the AC joint that limits shoulder range of motion, both passively and actively.
Possible swelling or ecchymosis can occur over the AC joint with displacement of the arm and shoulder downward and
forward causing the appearance of a prominent clavicle.

AC joint osteoarthritis presents with chronic discomfort localized to the joint. Patients may report difficulty using the
arm or sleeping on the affected shoulder. At times there is a sense of clicking or snapping during use. On physical
examination, there is tenderness to palpation of the AC joint (Figure 3), a prominence of the distal clavicle (due to
osteophytes) can be seen, and there is focal AC pain with cross body adduction of the arm (Figure 4).
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Figure 3: Palpation of the AC joint.

Figure 4: Cross body adduction of the arm is typically painful
at the AC joint if that joint is arthritic.

Often, AC joint osteoarthritis is seen in patient’s who lift weights, particularly those that axially load the shoulder (i.e.,
bench press). In some of these patients, the pain can be rather acute, the joint may be swollen, and radiographs may

demonstrate osteolysis of the end of the clavicle (regional osteopenia). This condition has been termed osteolysis of
the distal clavicle, or more commonly, “weight lifter’s shoulder.”

OBJECTIVE EVIDENCE

AC joint separations are diagnosed by clinical examination and x-ray (Figure 5).

32 JOSEPH BERNSTEIN



Figure 5: A downward force on the acromion (yellow) will tear the
coracoclavicular ligaments (red). The distal clavicle will
accordingly appear to be “high riding” but in fact the clavicle is
close to normal in its position; it is the acromion that is lower than
normal. (modified from https://www.ncbi.nlm.nih.gov/books/
NBK493188/figure/article-17117.image.f1/)

They are classified according to the amount and direction the physical separation seen between the acromion and
the clavicle (Figure 6).

« Typelinjuries are sprains or partial tears of the AC joint capsule without instability and have no visible
deformity.

« Typellinjuriesinclude complete tears of the AC ligaments without involvement of the coracoclavicular
ligaments. These injuries are characterized by slight displacement of the acromion from the clavicle.

« Type lllinjuries represent tears of both the AC and coracoclavicular ligaments and are associated with
complete displacement of the joint.

« Type Vinjuries are basically Type Il injuries with more marked displacement.

« (Therare Type IV injuries involve posterior displacement of the distal clavicle and Type Vlinjuries include
inferior displacement of the distal clavicle underneath the coracoid process.)

n,ou

It may be more useful to think of this classification as containing three broad categories: “nondisplaced”; “partially
displaced’; and “displaced”.

Figure 6: A schematic drawing showing three of the grades of AC separation. A grade |
sprain has no displacement; a grade Ill has complete tears of the ligaments but only slight
displacement; and a grade V has wide displacement. (See text for description of the even
numbered grades). (modified from https://upload.wikimedia.org/wikipedia/commons/
thumb/0/0f/ACJ_injuries_classification.svg/
2000px-ACJ_injuries_classification.svg.png)
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Radiographic assessment of the AC joint is best performed with bilateral anteroposterior (AP) views. This allows for
side to side comparison of coracoidclavicle distance.

Axillary views can determine the amount of motion occurring in the sagittal plane, but these x-rays are also useful
to make sure there is no glenohumeral joint disruption. In general, it is worth remembering that three views of the
shoulder (AP, lateral and axillary) should always be obtained.

An AP x-ray with a 15-degree tilt cephalad (a so-called Zanca view) allows for a better visualization of the AC joint by
removing the scapula from view.

AP radiographs while the patient is holding weight in each hand (“stress radiographs”) can demonstrate an injury that
is otherwise not apparent (especially separating a Type Il injury from Type Ill injury), however this has the potential
of causing further damage to an injured joint. Moreover, many physicians would offer the same treatment - non-
operative management - independent of whether stress causes further displacement. This illustrates a key point:
even a simple radiograph is a diagnostic test, and a diagnostic test should be obtained if and only if it will alter
management.

In osteolysis of the distal clavicle, there may be widening of the AC joint due to complete loss of bone at the tip of
the clavicle. The bone that remains may be tapered and osteopenic(faded, on x-ray) or have erosions and cysts. All of
these findings reflect incomplete loss of bone.

Osteoarthritis can also be diagnosed with radiographs demonstrating joint space narrowing or growth of bone spurs.

EPIDEMIOLOGY

AC joint injuries represent about 10% of shoulder injuries in the general population, with nearly 50% of these injuries
occurring in athletes. Nearly 90% of these injuries are low-grade and usually resolve within a week or two.

Osteoarthritis of the AC joint affects 5% of the adult population. Symptomatic arthritis of this joint is commonly seen
in weightlifters.

DIFFERENTIAL DIAGNOSIS

A fracture of the distal clavicle can present similarly to AC joint separation, leaving the ligaments attached distally
to the fracture site. Distal clavicle fractures can be ruled out with diagnostic x-rays although the two can occur
simultaneously after major trauma.

It must be recalled that the physis (growth plate) of the distal clavicle is the last bone to fuse, and therefore up until
age 25, a shoulder separation may actually be a growth plate fracture.

The very rare fracture of the base of the coracoid also presents with a superiorly displaced distal clavicle, but distance
between the coracoid and the clavicle remains normal, about 10 mm, in most cases.

RED FLAGS

Although a majority of AC joint separation injuries are benign, the joint is not far from very important structures,
including the subclavian vessels, brachial plexus and the lungs. High energy mechanisms of injury, especially with
displacement, demand thorough scrutiny of physical examination and imaging studies to ensure that a pulmaonary or
neurovascular injury is not missed.
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TREATMENT OPTIONS AND OUTCOMES

If the AC joint is not dislocated, non-operative treatment is recommended. Both Type | and Il injuries can be managed
with the use of a sling; the duration of course may be longer for an injury of greater severity.

Operative management is recommended for marked superior displacement, or any displacement posteriorly or
inferiorly - that is Types IV, V and VI.

Operative management may be selected for some patients with complete but not exaggerated superior displacement,
namely a Type lll injury.

Surgery typically involves joint reduction, ligament repair or replacement with a graft, and reconstruction of the fascia
that overlies the trapezius and deltoid muscles. Currently, sutures or combined suture and button constructs are
utilized to hold the clavicle in place after acute injuries to allow for primary healing, or in chronic cases until a tendon
graft has had ample time to heal. Historically, screws were used for this purpose; however, they have fallen out of favor
due to hardware complications and worse outcomes (Figure 7).

Figure 7: An AC separation is shown at left. In the x-ray to the right, arrows point to the
buttons used to anchor the suture holding the clavicle in the appropriate position during
healing. (From Montoya et al. (2019) Surgical Treatment of High Degree AC-Joint
Dislocations Using Double-Button Fixation Device. BAQJ Ortho 4: 025)

Post-operatively, patients typically use a sling forimmobilization for six weeks. Active range of motionis initiated eight
weeks after surgery, and resistance rehabilitation is started at the 12th week.

Treatment of osteoarthritis of the AC joint involves activity limitation and medication. Some may find temporary relief
with injections of glucocorticoids into the joint space, however this relief is usually short-lived. In addition, it may be
difficult to get a needle around the osteophytes(bone spurs).

A particularly symptomatic patient with arthritis of the acromioclavicular joint can be treated with resection, that is
simply cutting out a small sliver of the distal clavicle and allowing a fibrocartilage scar to replace it.

The most common complication of AC joint separation is residual pain or limitations of mobility. This can affect 30%
to 50% of patients.

Treatment of arthritis of the acromioclavicular joint with resection can provide good relief, as long as care is taken to
not remove too much medial clavicle (which, by involving the ligaments, might produce instability).

RISK FACTORS AND PREVENTION

The single biggest risk factor for separation is in participation of contact sports(football, hockey, rugby).

Likewise, the risk factor for osteoarthritis of the AC joint is participation in activities that load the joint.
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Neither of these categories of risk factors are particularly amenable to modification, though protective padding
around the shoulders for football and ice hockey players(or for any sports that involves routine tackling and falling) has
intuitive appeal.

MISCELLANY

Although the clavicle appears to be elevated in the case of an AC joint separation, what is seen, in fact, is acromial
depression(due to the weight of the arm).

KEY TERMS

Acromioclavicular joint, coracoclavicular joint, synovial joint, Rockwood classification

SKILLS

Interpret classic history and physical exam findings to confirm diagnosis. Apply the classification of AC injury to
formulate a treatment plan.

36 JOSEPH BERNSTEIN



CHAPTER 6.

ADHESIVE CAPSULITIS

Adhesive capsulitis, also known as frozen shoulder, is a condition in which inflammation within the capsule of the
glenohumeral joint leads to its contracture and, with that, significant loss of motion and pain. Primary adhesive
capsulitis describes the idiopathic presentation of these symptoms, while secondary adhesive capsulitis appears
because of trauma, infection or other medical conditions such as diabetes or hypothyroidism. The painful phase of
adhesive capsulitis usually resolves after a period of months, though some residual loss of motion remains even after
the pain abates. Histologically, adhesive capsulitis is characterized by fibroblastic proliferation of the coracohumeral
ligament and rotator interval, though very few cases progress to the point that a biopsy would be performed. Thus,
adhesive capsulitis is usually a diagnosis of exclusion: it is the diagnosis applied to shoulder pain and lost motion
where no other cause can be found.

STRUCTURE AND FUNCTION

The glenohumeral joint of the shoulder is a ball and socket joint in which the glenoid cavity of the scapula forms a
socket for the humeral head. Unlike the femoral head of hip, the humeral head in the shoulder is not truly constrained
within a socket: the glenoid is relatively shallow and thus the relationship of the humerus to the glenoid is akin to that
of a golf ball on atee(See Figure 1). This arrangement allows a far greater range of motion than is seen at the hip - with
120 degrees of unassisted flexion, the glenohumeral joint is the most mobile joint in the body. This motion, though,
comes at the price of stability.

Figure 1: The “‘cup” of the hip and shoulder are outlined in red on these x-rays. As seen, the hip joint is
considerably more constrained by the bony anatomy than the shoulder. When the shoulder capsule
becomes more rigid and bone-like, shoulder motion becomes more like that of the hip joint.

Stability of the glenohumeral joint is provided by the soft tissues. Dynamic (active) stability is a product of paired
rotator cuff contraction, which tends to compress the humeral head into the glenoid cavity. The main source of static
(passive) stability comes from the joint capsule (Figure 2) and ligaments, with some static stability coming from the
glenoid labrum, which effectively deepens the glenoid.
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Figure 2: The capsule, outlined in blue, holds the humeral head against the glenoid,
substantially augmenting the (meager) stability offered by the bony anatomy. (Modified
from Gray's Anatomy, Plate 327 https://commons.wikimedia.org/w/
index.php?curid=108237)

Adhesive capsulitis is caused by contracture of the capsule and intra-articular adhesions which physically tether the
joint capsule to surrounding bone and tissues and further limit motion.

Histologically, early adhesive capsulitis is dominated by inflammation of the synovium. With disease progression, the
inflamed synovium is replaced with diffuse fibrosis of the shoulder capsule.

Primary adhesive capsulitis is idiopathic. Adhesive capsulitis is also associated with medical conditions (such as
diabetes mellitus, thyroid disease and stroke); medical interventions (such as prolonged immobilization, cardiac
surgery and antiretroviral therapy for HIV); and injuries (such as rotator cuff tears or proximal humerus fractures).
When there is an associated cause, the condition is designated as secondary adhesive capsulitis.

PATIENT PRESENTATION

The hallmarks of adhesive capsulitis are pain and decreased motion. Needless to say, there are many conditions
which cause either pain or decreased motion or both; adhesive capsulitis can appear as an isolated condition or
accompanying another shoulder condition.

Patients with adhesive capsulitis present with gradual unilateral shoulder pain that is often diffuse and worse at
night. They also report an insidious onset of increasing stiffness. Some patients may “remember” a trivial trauma
inciting the process, though this is likely a faulty attribution.

Clinically, isolated adhesive capsulitis has 3 distinct phases, namely: the painful phase, the stiff phase, and the
resolution phases.

The Painful (or “freezing”) Phase begins gradually, with no known precipitant. This phase, which lasts weeks to
months, is characterized by diffuse, disabling pain that is worse at night.

The Stiff Phase is noted by marked stiffness that limits range of motion in multiple planes, interfering with activities
of daily living. Pain is less intense at this point. This phase can last a year or longer.

Most patients enter a Resolution (“thawing”) Phase during which motion improves, though often some limitations of
range of motion compared to the contralateral shoulder remain.

On physical exam, patients with adhesive capsulitis have significantly reduced active and passive range of motion
in two or more planes (see Figure 3 for normal ranges of motion). External rotation and abduction are the most
commonly affected movements. Patients also have difficulty internally rotating. They might report problems
scratching their back, for example, or hooking their bra from behind.
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Figures 3: At left, the normal ranges of motion for forward elevation; in the center,
internal rotation; and at right, and external rotation are shown.

The critical finding of adhesive capsulitis is a loss of the end range of passive shoulder motion that is not limited
by either pain or an intra-articular blockage. Adhesive capsulitis is a clinical diagnosis, made once radiographic
evidence of underlying rotator cuff pathology and osteoarthritis is excluded. Aninconsistent range of lost motion on
examination precludes making the diagnosis of adhesive capsulitis. Lost motion of an inconsistent degree is more
likely due to pain, malingering or other forms of active limitation, and not capsular contracture.

Anintra-articular injection of an anesthetic can help eliminate the restrictions of motion imposed by pain.

OBJECTIVE EVIDENCE

Radiologic imaging does not diagnose adhesive capsulitis, but clinicians will often obtain plain radiographs to asses
for glenohumeral arthritis or other shoulder pathologies. Plain radiography is usually normal in adhesive capsulitis.

Arthrography, in which the contracted joint is injected with contrast prior to imaging, can reliably diagnose capsular
contracture: the normal shoulder accepts 20 ml of fluid without difficulty, but with adhesive capsulitis the shoulder
usually holds less than 10 ml (Figure 4). Nonetheless, the degree of lost volume does not correlate perfectly with the
degree of lost motion.

Figure 4: An arthrogram showing a reduced volume of
contrast material within the shoulder joint. The red line
outlines the border of the normal border of the capsule.
(Modified from Radiopaedia.org, https://radiopaedia.org/
cases/7545">rID: 7545)

In primary adhesive capsulitis, there are nospecific laboratory findings. Nonetheless, lab tests are
commonly obtained once the diagnosis is made, to help identify a cause(e.qg., diabetes).
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Ultrasound can be used to rule out rotator cuff or bursal pathology. On ultrasound, thickening of the coracohumeral
ligament and increased vascularity around the intraarticular portion of the biceps tendon may be seen with adhesive
capsulitis.

Magnetic Resonance Imaging is also used to investigate the painful shoulder, as it is very sensitive for rotator cuff
disease. MRI findings in adhesive capsulitis include thickening of the coracohumeral ligament and joint capsule with
associated edema at the rotator cuff interval. MRl may demonstrate capsular thickening and decreased axillary
pouch filling (Figure 5).

Figure 5: An MRI showing decreased volume of the axillary recess
highlighted by the arrow. (Modified from https://radiopaedia.org/
cases/adhesive-capsulitis-shoulder-3)

EPIDEMIOLOGY

It is estimated that approximately 5% of the general population, and 20% of patients with diabetes, will develop
adhesive capsulitis in their lifetime. Adhesive capsulitis typically affects patients in their fifth or sixth decade, with
a predilection for women. The non-dominant side is more frequently affected, though this bias may be a function of
the patient’s ability to not use the non-dominant side, which thereby allows the soft tissues to stiffen. Symptoms will
develop in the contralateral shoulder in approximately 20% of cases.

DIFFERENTIAL DIAGNOSIS

The initial painful phase of adhesive capsulitis can overlap with subacromial bursitis/rotator cuff tendinopathy.
Isolated adhesive capsulitis is usually not associated with repetitive motion or specific overhead activities. Also,
adhesive capsulitis on physical exam is characterized by stiffness in more than one plane of motion. Adhesive
capsulitis causes lost passive motion, whereas in cuff disease the range of passive motion is normal(though painful).

Another aspect of the patient history that can be very helpful in differentiating between different pathologies is the
patients age. Primary adhesive capsulitis is rare in patients younger than 40 or older than 70 years.

Lost motion can be caused by glenohumeral arthritis, and therefore the diagnosis of adhesive capsulitis is reserved
for cases in which no significant degenerative joint disease is seen.

The pain of adhesive capsulitis is usually found at the endpoint of motion, as the capsule is stretched. Until that is
encountered, symptoms are minimal.

Sudden loss of motion may be caused by an unrecognized dislocation.
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Other notable diagnoses to consider are neck pathology, cervical spine degeneration, diaphragmatic irritation,
myocardial ischemia especially in an elderly female, or apical lung malignancy.

RED FLAGS

Night pain that awakens the patient from sleep may be due to occult malignancy that requires accurate diagnosis to
guide treatment. Chronic shoulder pain with radiculopathy may suggest cervical spine pathology.

TREATMENT OPTIONS AND OUTCOMES

Adhesive capsulitis is a self-limiting disease, yet benign neglect is usually poorly tolerated. Due to the protracted
course of adhesive capsulitis, which can take 2 years to resolve, many patients are unsatisfied with this lengthy
period of pain and disability and are not comforted by the knowledge that the condition will eventually resolve. The
pressure to “do something” is great.

The most commonly employed treatment for adhesive capsulitis is physical therapy to prevent soft-tissue
contracture as well as to improve shoulder motion. This treatment may be limited to passive motion, as the patient is
too symptomatic to do more actively.

Pharmacologic intervention is often included as empiric treatment in conjunction with therapy. Oral non-steroidal
anti-inflammatory drugs may be given to modulate shoulder pain(whether they decrease capsule inflammation is not
known).

Patients may also receive intra-articular corticosteroid injections for pain relief. The benefits of oral corticosteroids
have not been shown to outweigh their risks. Intra-articular steroid injections may better optimize local
concentrations of medicine and avoid systemic effects. Adding a large volume of saline may help lyse adhesions
and stretch the capsule (a procedure known as “infiltration brisement” or “hydro-dilution”). This has a risk of capsular
rupture, however.

Manipulation under anesthesia is generally regarded as a second-line treatment, chosen when non-operative
treatments fail. Some potential risks include iatrogenic humeral dislocation or fracture, and soft tissue injury such as
rotator cuff or labral tears.

Arthroscopic capsular release may be chosen in severe cases. Arthroscopic treatment has several advantages
including visualization and exclusion of other diagnoses and focal lysis of adhesions in the coracohumeral ligament,
rotator interval and inferior pouch (unlike manipulation, which stretches everything indiscriminately). Additionally,
active range of motion can be performed soon after surgery to prevent new scar formation. Despite its advantages,
arthroscopic capsular release is not without risks. Entering the joint capsule can be difficult due to a thick capsule
and reduced joint space making insertion of trocars difficult and potentially damaging to the articular cartilage if
excess force is applied.

The capsular changes in adhesive capsulitis shares some similarities to the fibrous contractures seen in Dupuytren’s
disease. The 2016 Richard A. Brand Award winning paper reported promising results using collagenase, an enzyme
used in the treatment of Dupuytren’s, to treat adhesive capsulitis.

Although adhesive capsulitis is a self-limiting disease, some patients may continue to demonstrate either shoulder
pain and/or stiffness at 7-year follow-up.

Despite widespread use of physical therapy for the treatment of adhesive capsulitis, little evidence supports its
use: a Cochrane database review was unable to confirm its benefit as a treatment. Still, retrospective case series
evidence has demonstrated 90% of patients treated with a multi-directional stretching program were satisfied with
their clinical result and given the pressure to take some action, this approach seems justified even in the face of poor
evidence.

Treatment with oral medication has no high-level evidence supporting its use for treatment of adhesive capsulitis.

One study has demonstrated that a 4-week regimen of naproxen or indomethacin had similar success for lowering
pain levels. Risks of NSAID use include Gl distress.
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RISK FACTORS AND PREVENTION
Secondary adhesive capsulitis is associated with medical conditions such as diabetes mellitus, thyroid disease and

stroke; medical interventions such as prolonged immobilization, cardiac surgery and antiretroviral therapy for HIV;
and injuries such as rotator cuff tears or proximal humerus fractures.

Prevention of adhesive capsulitis centers on maintaining motion after an event of diagnosis that is associated with
secondary adhesive capsulitis. Early shoulder mobilization after surgery is especially helpful for the retention of
motion.

MISCELLANY

EA Codman coined the name Frozen Shoulder in 1934

KEYWORDS

adhesive capsulitis, capsule

SKILLS

Recognize adhesive capsulitis and distinguish it clinically by history and physical exam from other common shoulder
pathologies. Describe treatment options for the management of adhesive capsulitis along with their risks and
benefits.
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CHAPTER 7.

CLAVICLE FRACTURES

A clavicle fracture is a common injury seen after a fall on an outstretched arm or direct impact. A large majority of all
clavicle fractures will occur in the middle third of the shaft. Traditionally, treatment was based on the premise that
malunion (or even non-union) of clavicle fractures was well tolerated and imposed little morbidity. Accordingly, these
fractures were usually treated with only a course of immobilization. Recently, that assumption has been questioned,
and a greater number of clavicular fractures are currently treated operatively. Clavicular fractures that occur far
laterally (known as distal clavicle fractures) must be considered distinctly, as they may involve the ligaments that
suspend the glenohumeral joint. Also, because the clavicular physis is among the last to close (around age 21 or later),
an apparent separation of the acromioclavicular joint in a young adult may actually represent a physeal fracture of the
clavicle.

STRUCTURE AND FUNCTION

The clavicle (known colloquially as the collarbone), is a strut between the scapula (shoulder blade) and the sternum
(breastbone).

Viewed from above, the clavicle is shaped like a capital “S”, attaching medially to the sternum at the sternoclavicular
joint, and laterally to the coracoid and the acromion. The inflexion point - the middle of the S - is the portion of the
bone most prone to fracture.

The pectoralis major, sternocleidomastoid and deltoid muscles originate from the clavicle and the trapezius inserts
onit(Figure1).

Figure 1: The left clavicle as seen from above. The sternum is medial and the acromion is lateral. The points of
muscular attachment are color-coded: medially, the sternocleidomastoid is red and the pectoralis is green;
laterally the deltoid is yellow and the trapezius is orange. (modified from https://en.wikipedia.org/wiki/
Clavicle#/media/File:Gray200.png)

When the clavicle is fractured, the proximal (medial) portion can be pulled superiorly by the sternocleidomastoid
muscles, while the distal portion is pulled inferiorly by the weight of the arm. The fracture fragments can also be
displaced superiorly or posteriorly, leading to tenting and necrosis of the overlying skin or neurovascular injury,
respectively.

The coracoclavicular ligaments, namely, the trapezoid and conoid, attach from the coracoid process to the inferior
aspect of the clavicle and help suspend the arm. The acromioclavicular ligaments resist anterior/posterior
displacement of the distal clavicle relative to the acromion. The clavicle overlies the brachial plexus, as well as the
jugular and subclavian blood vessels.
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PATIENT PRESENTATION

Clavicle fractures most commonly occur following a direct blow or after a fall on an outstretched arm. Patients will
often report feeling a snapping sensation at the time of injury. Patients may present with the relative arm held by their
other hand across the body in adduction. Movement of the arm will exacerbate the pain.

In the case of mid-shaft fractures, there may be a deformity of the fractured clavicle, with swelling and ecchymosis.
Skin tenting from anterior displacement may be present as well. The proximal portion of the fractures may be pulled
superiorly, while the distal portion may be pulled inferiorly.

Distal clavicle fractures (Figure 2) may present with no deformity, and tenderness around the acromioclavicular (AC)
joint, similar to an AC joint separation.

Figure 2: A distal (lateral) clavicle fracture (red arrow) may be in the
region (green star) of the ligaments that attached the clavicle to the
scapula. (from https://radiopaedia.org/cases/22256)

A neurovascular and respiratory exam is critical to rule out injury to the brachial plexus, subclavian vessels, or the
lungs. Strength, sensation, pulses and difficulty of breathing should be assessed.

OBJECTIVE EVIDENCE

An anteroposterior chest radiograph showing both clavicles should be obtained if a clavicle fracture is expected.
This can differentiate clavicle fractures from AC joint separations and sternoclavicular (SC) dislocations. The chest
radiograph can also be used to assess for signs of vascular damage, such as a widened mediastinum and to rule out a
pneumothorax.

Radiographs should also be obtained to rule out injuries to the glenohumeral joint and scapula. The required
radiographs include the anterior-posterior (AP), axillary, and lateral (“scapular-Y”) views. Most mid-shaft fractures can
be visualized with this view.

Anteroposterior radiographs can best assess a clavicle fracture, especially in the proximal portion of the clavicle
(Figure 3). A posteroanterior radiograph can be used to assess shortening of the clavicle for surgical planning (Figure
4). Computed tomography (CT) imaging can be utilized for evaluation of intra-articular involvement of the medial and
lateral ends of the bone; CT is not needed for acute midshaft injuries.
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Figure 3: A mid-shaft clavicle fracture. (Case courtesy of A. Prof Frank Gaillard,
https://radiopaedia.org/ From the case https://radiopaedia.org/cases/18050)

Figure 4: Shortening of the clavicle can be assessed by either of the following methods. On the left, the overlap
between the ends of the medial and lateral fragments is measured directly; this is shown in red. At right, the
entire medial-to-lateral length of both the injured and the normal clavicle are measured. As shown, the blue line
represents the length of the shortened clavicle, the green line shows the length of the normal one, and the red
line represents the difference. (from https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/
$12891-017-1881-x)

Arteriography may be helpful in evaluating vascular injury.

Clavicle fractures are classified by location. The regions of the clavicle are segmented into thirds: medial (aka
proximal), middle and lateral (distal). Mid-shaft clavicular fractures represent an overwhelming majority of these
injuries(80%). Among the distal clavicular fractures(close to the AC joint) the fractures are further classified (following
the scheme of Neer)in terms of the location of the clavicle fracture relative to the coracoclavicular ligaments. These
fractures are designated as medial to the coracoclavicular ligaments; between the two coracoclavicular ligaments
(with anintact trapezoid ligament attached to the distal lateral segment); and lateral to coracoclavicular ligaments and
thus extending into the acromioclavicular joint itself.

Clavicle fractures are also classified by the degree of displacement: nondisplaced; incompletely displaced (that is,
some overlap of the fracture edges); and completely displaced.

EPIDEMIOLOGY

Clavicle fractures account for 2-5% of fractures in adults and 10-15% of fractures in the pediatric population.
Approximately 70% of clavicle fractures occur in males. There is a bimodal distribution of age, with the highest rates
of fracture in active patients below the age of 25 years old and patients above the age of 55 years old. Falls, motor
vehicle accidents, and sports-related injuries are the most common causes of clavicle fractures in adults.
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DIFFERENTIAL DIAGNOSIS

As with many traumatic injuries, the differential diagnosis narrows considerably after radiographs are obtained: the
bone is either broken or it is not.

If there is no fracture, a clavicular contusion might be the diagnosis. The presentation is similar to that of a clavicle
fracture with swelling, ecchymosis, tenderness and limited range of motion secondary to pain. Also, a ligament injury
(especially in the form of an acromioclavicular joint separation) may be present. An acromioclavicular separation
presents as pain over the acromioclavicular joint and distal shoulder. There may or may not be displacement of
this joint. Sternaoclavicular dislocation occurs after direct trauma to the chest wall and may present with deformity
of the sternoclavicular joint and pain with arm movement. It is important to evaluate for fractures of the scapula,
including the acromion and glenoid. If both the clavicle and glenoid neck are fractured, the glenohumeral joint has
no connection to the axial skeleton. This is known as a “floating shoulder”. These injuries are associated with
neurovascular injury. Rib fractures can also occur concomitantly with clavicular fractures given the traumatic
mechanism of injury.

RED FLAGS

Posterior or inferior displacement of a segment puts neurovascular structures, as well as the lungs, at risk of injury.

Paresthesia, sensory deficits, strength deficits and/or abnormal reflexes in the relative arm may indicate an injury to
the brachial plexus or one of its nerve branches.

Pulselessness, asymmetric pulses or coldness of limb may indicate an injury of the subclavian artery or vein.

Difficulty breathing and chest pain may indicate the presence of rib fractures, a hemothorax (vascular trauma), or a
pneumothorax.

TREATMENT OPTIONS AND OUTCOMES

Immobilization is indicated for fractures that are no more than minimally displaced - the majority of clavicle fractures.
With this injury, the patientis initially placed in a sling, with gentle range of motion exercises started at ~2 weeks post
injury, when patients are able to move the arm without pain. Strengthening exercises can be started 6 to 10 weeks
after injury, when there is radiographic evidence of healing. Return to contact sports is typically allowed after 4 to 5
months, when there is radiographic evidence of fracture union.

Patients with clavicle fractures that are completely displaced and foreshortened by 2 cm or more are commanly
indicated for surgery (Figure 5). If the ends of the fracture are not in contact and the clavicle is shortened by 2 cm or
more, the risk of non-union increases. This rationale is controversial, in the sense that delayed open treatment can
be reserved for symptomatic non-unions and malunions. Also, not every patient with a displaced and foreshortened
fracture will be sufficiently symptomatic to warrant further treatment.
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Figure 5: A clavicle fracture fixed with a plate. (from
https://bmcmusculoskeletdisord.biomedcentral.com/articles/10.1186/1471-2474-15-380)

Any displacement of distal third fractures may be an indication for surgical treatment as the displacement implies a
concomitant ligament injury and higher risk of non-union.

Urgent open treatment is indicated for open fracture (or skin tenting), with subclavian artery or vein injury, or when
there is a scapular fracture as well (the so-called floating shoulder).

Polytrauma may also be an indication for open treatment for a fracture that, in isolation, would be indicated for closed
treatment.

Open reduction and internal fixation can utilize intramedullary rods, or plates and screws. After internal fixation,
patients are immobilized in a sling for 2 weeks; during this time passive range of motion exercises are performed.
Rehabilitation is similar to non-op management.

While patient satisfaction and shoulder function is typically high following non-operative immobilization, there is a risk
of malunion and nonunion. The risk of nonunion increases with increasing amounts of displacement.

Non-operative treatment is also associated with higher rates of cosmetic dissatisfaction compared to operative
treatment.

Openreductionand internal fixation is associated with shorter time to union and better functional recovery. Compared
to closed reduction and immobilization, surgical fixation results in significantly better outcomes 6 weeks after injury,
but this difference dissipates after about 6 months. Unfortunately, there is a high complication rate, as high as 34%,
and a significant reoperation rate, ranging from 18-25%. (Often, the second surgery is for hardware removal, not failure
of the first operation.)

RISK FACTORS AND PREVENTION

Athletic involvement increases the risk for clavicle fracture. The use of protective equipment when participating in
contact sports may decrease the risk of clavicle fracture.
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MISCELLANY

For about 2,390 out of the last 2400 years, non-operative treatment of clavicular fractures was the norm. In 400 BC,
Hippocrates wrote this about clavicle fractures: “Patients attach much importance to it, as supposing the mischief
greater than it really is, and the physicians bestow great pains in order that it may be properly bandaged: but in a little
time the patients, having no pain, nor finding any impediment to their walking or eating, become negligent; and the
physicians finding they cannot make the parts look well, take themselves off, and are not sorry at the neglect of the
patient, and in the meantime the callus is quickly formed.” Likewise, in 1994, Mullaji and Jupiter (Injury. 25(1):41-5, 1994
Jan)said this: “Internal fixation of the clavicle is rarely necessary.”

It was not until 2007 that the Canadian Orthopedic Trauma Society wrote: “Operative fixation of a displaced fracture of
the clavicular shaft results in improved functional outcome and a lower rate of malunion and nonunion compared with
nonoperative treatment.”(Journal of Bone & Joint Surgery - American Volume. 89(1):1-10, 2007)

Clavicle fractures are the most common fractures in newborns. Many of these injuries are diagnosed after the baby
and mother are discharged from the hospital post-partum. Brachial plexus injuries can also occur during these
fractures, but almost always resolve.

KEY TERMS

Clavicle, collar bone, fracture, open reduction, immobilization

SKILLS
Perform an upper extremity musculoskeletal exam with concern for neurovascular injury. Interpret radiographs of

the chest and shoulder for clavicle fractures, as well as other concerning signs such as rib fractures or widened
mediastinum. Apply a sling or figure-of-eight brace to a patient.
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CHAPTER 8.

DISORDERS OF THE BICEPS AND THE TRICEPS

The biceps and the triceps are the major muscles of the upper arm. Both muscles take origin from the humerus itself
but also have an origin on the scapula; both insert on the forearm, namely, the radius and ulna respectively. Distally,
both muscles are susceptible to overuse and strain, and may rupture or avulse from their insertions. Rupture of the
biceps and triceps are most commonly due to increased eccentric force through a degenerated tendon. Common
proximal biceps conditions include tendonitis, subluxation and rupture of the long head of the biceps tendon, which
takes origin from the supraglenoid tubercle of the scapula (and is therefore primarily a shoulder muscle). Proximal
triceps disease israre.

STRUCTURE AND FUNCTION

As its name implies, the biceps (Figure 1) has two proximal divisions. The long head of the biceps brachii originates
from the glenoid labrum at the supraglenoid tubercle; the short head from the coracoid process. The biceps inserts at
the radial tuberosity. It is supplied by the brachial artery and is innervated by the musculocutaneous nerve.

Figure 1: Anterior view of the biceps, with the long head in red and the
short head in green. (from https://en.wikipedia.org/wiki/Biceps)

The biceps flexes the elbow, but perhaps contrary to popular belief, it is not the mast powerful flexor of the forearm-a
role which actually belongs to the deeper brachialis muscle. Indeed, when the forearm is in pronation (the palm faces
the ground), there is only a minimal contribution from the biceps brachii to elbow flexion (Figure 2). In this position, the
main flexor of the elbow is the brachialis, with contributions from the brachioradialis and supinator as well.

The biceps brachii functions primarily as a supinator of the forearm (turning the palm upwards). This action, which

is aided by the supinator muscle, requires the elbow to be at least partially flexed. If the elbow is fully extended,
supination is then primarily carried out by the supinator muscle.
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Figure 2: With the forearm in the pronated position (left), flexing the elbow will
contract the biceps, but only with the forearm in a supinated position (right)
does the biceps fully contract to its minimum length (and maximal bulge).
(Modified from https://en.wikipedia.org/wiki/Biceps)

The triceps has three proximal divisions known as “heads”: two which originate from the posterior humerus, the lateral
head and medial head; and one, the long head, which originates from the infraglenoid tubercle of the scapula (Figure
3). These then blend together and insert on the olecranon process of the ulna. The triceps is an extensor muscle of the
elbow joint and is an antagonist of the biceps and brachialis muscles. It can also fixate the elbow joint - that is, hold
it in a fixed position - when the forearm and hand are used for fine movements. The triceps is supplied by the deep
brachial artery and posterior circumflex humeral artery and is innervated by the radial nerve.

Figure 3: Posterior view of the triceps, with long head in red,
lateral head in yellow and medial head (deep and obscured
mostly)in green. (from https://en.wikipedia.org/wiki/ Triceps)

PATIENT PRESENTATION

Patients with a distal biceps rupture present after experiencing a painful pop in the elbow after an eccentric force is
applied - that is, as the elbow is moved from flexion into extension by an external force, with the biceps attempting to
resist or slow that motion.

Patients will complain of pain and weakness, primarily in supination.
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The physical exam reveals tenderness to palpation and possibly a defect, with some proximal retraction of the muscle
belly as well, causing a “reverse Popeye sign.” Ecchymosis in the antecubital fossa may be seen too.

The hook test may reveal the absence of the normal tendon insertion (Figure 4). In this test, the examiner’s index finger
attempts to pluck or "hook” the biceps tendon in the fossa, with the patient actively flexing the elbow and supinating
the forearm.

Figure 4: The hook test. When the biceps
tendon is intact, the examiner’s finger can
grasp (or “hook”) the lateral edge of the biceps
tendon. An absence of any “hookable” tendon
suggests a rupture.

Patients with a distal triceps rupture likewise present after a painful pop, usually after a fall. (When a patient lands on
the outstretched hand, there may be a force tending to collapse, or flex, the elbow. The triceps can be injured as it
resists this force.)

The physical exam of a patient with a triceps injury usually reveals painful swelling and ecchymosis over the posterior
aspect of the elbow. Here too there may be a palpable defect. An inability to extend the elbow against resistance
suggests the diagnosis, though a partial tear may allow some motion, or may be so painful that no motion is seen
(despite having some tendon in continuity). Therefore, a modified Thompson squeeze test (similar to what is done in
the calf for suspected Achilles ruptures), in which the triceps muscle is firmly squeezed with the patient lying prone
and the arm hanging off the edge of the table, may be performed: a lack of any elbow motion with this maneuver
suggests complete disruption of triceps.

OBJECTIVE EVIDENCE
Plain radiographs will reveal any fracture; there may also be a flake of bone seen with avulsions.

MRI can be used to differentiate partial from complete rupture and to evaluate the degree of retraction.

EPIDEMIOLOGY

Distal biceps tendonitis is relatively rare; proximal lesions are far more common, representing approximately 90% of
biceps tears. Tendonitis and subluxation of the long head are very common, often seen alongside degenerative rotator
cuff tears in older patients.

Ruptures of the distal biceps occur most commonly at the point of insertion, either as a complete or partial avulsion
from the radial tuberosity. This is an almost-exclusively male condition, and almost always seen in the dominant arm.
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Ruptures of the triceps are rare (about 1% of all tendon ruptures) and affect males in a 2 to 1 ratio. This condition is
typically found in weightlifters and body builders.

Patients with ruptures of either tendon are usually in the age of 30 to 50: old enough to have degenerative change, but
young enough to exercise vigorously enough to cause damage.

DIFFERENTIAL DIAGNOSIS

Complete ruptures of the distal biceps tendon and triceps tendon should be differentiated from incomplete ruptures,
as this may dictate whether surgical or non-operative management is indicated.

An inability to move the elbow might reflect a bone injury, which would be detected or excluded on radiographs.

RED FLAGS

Tendon rupture might signify use of steroids and other banned substances. Falls in the elderly may signify underlying
disease (and risk of further falls).

TREATMENT OPTIONS AND OUTCOMES

Patients with a distal biceps rupture are indicated for surgical repair if the injury imposes significant functional loss.
Even with a distal biceps rupture, most of elbow flexion is preserved as the biceps is not the main flexor. The main
residual weakness will be with supination; and surgery is chosen with that in mind.

Non-operative treatment usually results in up to 50% lost supination strength, but only about 30% loss of flexion
strength.

Operative repair (Figure 5)is either with an anterior single or double incision technique using both an anterior incision
to prepare the tendon and a second posterior-lateral one to fix the tendon to the bone. The single incision surgery
reduces the risk of heterotopic ossification but with higher risk of nerve injury.

Figure 5: The biceps tendon prepared for surgical reattachment into a socket on the
radius is shown (photo A). A small metallic button is placed on the end of the tendon, to
lock on the opposite surface of the radius (See diagram B)(Courtesy
https://openorthopaedicsjournal.com/VOLUME/11/PAGE/1364/FULLTEXT/)

(The nerves at risk are the lateral antebrachial cutaneous and the radial nerve; injury to the former is more common,
to the latter more severe.)

Patients with a complete distal triceps rupture are typically indicated for surgical repair. The patients are immobilized
for only about 2 weeks post-operatively (to minimize contracture of the elbow) with active range of motion initiated
shortly thereafter. Non-operative treatment with splint immobilization can be chosen if only a partial tear is present
(demonstrated by an ability to extend against gravity) or if the patient has low demands and is too sick for surgery.
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The patient reported outcomes following distal biceps and triceps rupture repairs are generally very good, however,
there is the potential for significant complications. Following distal biceps tendon repairs, nerve damage, re-rupture,
and heteropic ossifications can be seen. Elbow stiffness, ulnar nerve injury, and re-rupture are the most common
complications following triceps tendon repair, although these generally occur in less than 10% of patients.

RISK FACTORS AND PREVENTION

Risk factors for acute ruptures include excessive weightlifting, anabolic steroids, renal disease, fluoroquinolone use,
and smoking.

MISCELLANY

The “Popeye” sign is named after the cartoon character due to the characteristic bulge of the muscle, yet interestingly,
Popeye himself had meager biceps; his muscle mass was mostly in the forearm (see Figure 6).

o7

Figure 6: The real Popeye did not have a “Popeye” sign.

As many bodybuilders know, the triceps accounts for approximately 60 percent of the upper arm’s muscle mass; thus
exercising this muscle, and not the biceps, is apt to produce larger arms.

KEY TERMS

Biceps, triceps, tendonitis, rupture

SKILLS

Physical examination to diagnose disorders of the biceps and triceps.
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CHAPTER 9.

PROXIMAL HUMERUS FRACTURES

The proximal humerus comprises four “parts”: the greater tuberosity, the lesser tuberosity, the humeral head and
the humeral shaft. Fractures in this area are common, especially among older patients. Among elderly patients
with osteoporotic bone, low-energy falls are the most common mechanism of injury; younger individuals sustain
fractures of the proximal humerus from high-energy trauma, and may have concomitant injuries. Many proximal
humerus fractures are amenable to nonoperative treatment. On the other hand, because displacement can upset the
mechanics of the glenohumeral joint (with or without concomitant tearing of the rotator cuff) or disrupt the blood
supply to the head, surgery may be needed in that setting. Management of displaced proximal humerus fractures
remains controversial. Surgical indications are based on multiple factors including patient age, handedness,
functional demands and evidence of pre-existing glenohumeral arthritis or rotator cuff pathology.

STRUCTURE AND FUNCTION

As shown in Figure 1and 2, there are four bony “parts” of the proximal humerus. These represent the coalescence
of distinct ossification centers and thus are prone to separation during injury. There are two regions designated
as a "neck” of the proximal humerus. The “anatomical neck”, representing the fused epiphyseal plate, is above
the tuberosities and below the articular surface. The “surgical neck” is the junction between the shaft and the
tuberosities. The region between the greater and lesser tuberosities is not a “neck”; rather, it is denoted as the
“bicipital groove.” This groove is so named because it houses the long head of the biceps as it begins its course down
the arm.

Figure 1: The four osseous segments are humeral head

and articular surface (1), greater tuberosity (2), lesser Figure 2: An x-ray highlighting the articular surface
tuberosity (3) and humeral shaft (4). The so-called (blue), greater tuberosity (red), lesser tuberosity (yellow)
anatomic neck is shown in green; this represents the and humeral shaft (green).There are multiple muscular
fused epiphyseal plate below the articular surface. The insertions on the proximal humerus. These attachments
so-called surgical neck is shown in blue. This is the typically work in tandem to produce balanced forces that
junction between the shaft and the tuberosities. The stabilize the glenohumeral joint. With a fracture, though,
bicipital groove lies between the greater and lesser they can be deforming.

tuberosities.

Important insertions include: The supraspinatus, infraspinatus, and teres minor insertion on the greater tuberosity.
These assist with abduction and external rotation and with fracture, can cause superior and posterior displacement
of the greater tuberosity.

The subscapularis inserts on the lesser tuberosity and exerts an internal rotation force. With fracture, the
subscapularis displaces the lesser tuberosity medially.
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Pectoralis major inserts on the lateral margin of the bicipital groove, distal and lateral to the lesser tuberosity and can
displace the shaft medially and anteriorly.

The deltoid inserts on the shaft distal to the greater tuberosity and abducts the humeral shaft.

The major blood supply to the proximal humerusis from the anterior and posterior humeral circumflex arteries.
Fractures of the anatomical neck can lead to osteonecrosis if the vascular supply of the humeral head is disrupted.

The axillary nerve comes off the posterior cord of the brachial plexus. It then courses in an anterior and
inferior direction lying just medial to the joint on the anterior aspect of the subscapularis. It then courses posteriorly,
inferior to the glenohumeral joint. This nerve is susceptible to injury by traction when the humeral head comes out of
place (either by fracture, dislocation or subluxation), owing to its relatively fixed position close to the inferior capsule.

PATIENT PRESENTATION

Patients present with a known history of trauma.

The mechanism of injury typically varies based on age. For elderly patients, the history usually involves a low energy
fall from a standing height. Younger patients often present following a high-energy trauma with a direct blow to the
shoulder. Less commonly, proximal humerus fractures may occur as the result of a violent muscle contraction (i.e.
during a seizure or following an electrical shock).

Initial complaints include pain and immobility of the affected upper extremity. Patients may report paresthesias or
diminished sensation distal to the injury.

Complaints of weakness may be secondary to pain inhibition or possible nerve injury.

Patients will often present with the affected upper extremity held closely to the chest by the contralateral hand (to
minimize painful motion).

Swelling of the affected limb appears within hours after injury. Bruising along the arm and chest wall (ecchymoses)
might not appear until a few days after injury.

With a fracture, inspection may reveal subtle derangement of the normal contours of the shoulder, but gross
deformity is rare.

Important elements of the history include the mechanism of injury. In the case of a fall, for instance, a syncopal event
or history suggestive of a seizure would warrant further workup.

A careful neurovascular exam should be conducted with particular attention to the axillary nerve. This may be
assessed by presence of sensation on the lateral aspect of the proximal arm overlying the deltoid. Motor testing (i.e.
assessing deltoid and teres minor function)is often not possible at initial presentation due to pain.

OBJECTIVE EVIDENCE

Three radiographs, a true A-P of the proximal humerus, a lateral (also known as a “scapular-Y” view) and an axillary
view, should be obtained.

The A-P and lateral views are best for evaluation of the humerus. The axillary view is used to exclude dislocation/
subluxation of the glenohumeral articulation.

If an axillary view cannot be obtained due to pain, Velpeau axillary view can be obtained which is done with the patient
inasling, leaning obliquely backward 45 degrees over the cassette. The beam is then directed caudally, orthogonal to
the cassette.

Radiographs are used to classify the fracture in terms of the displacement of the parts affected. According to

the system popularized by Neer (based on the original work by Codman), a broken part is designated provided it is
displaced by 1cm or more, or if there is 45 degrees or more of angulation.
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(This classification has been criticized because it is not very reliable-two readers will often disagree on how many
parts there are. On the other hand, the classification is powerful in that it reflects important clinical differences in
terms of prognosis and treatment requirements, and thus it is still widely used. Because of the difficulty with x-ray
interpretation, the text here will use line drawings and not clinical x-rays.)

“One-part fractures” (which seems to be a contradiction in terms) have no displaced fragments. A fracture without
displaced fragments is a “one-part”, regardless of the number of fracture lines.

“Two-part fractures” (Figure 3) have one displaced fragment. Typically, the displaced fragment is either the greater
tuberosity or the shaft (with a fracture across the surgical neck). Rarely, the isolated fragment is the lesser tuberosity.
This latter pattern is associated with posterior dislocation.

Figure 3: Various “two-part” fractures.

“Three-part fractures”(Figure 4) have two main fracture lines: one of the surgical neck (making the shaft one of the
“parts”) and another that usually displaces the greater tuberosity (the second “part”). The intact humeral head is then
the third “part”. (The lesser tuberosity is only very rarely the second “part” in a 3-part fracture; the figure shows the
typical configuration.)

“Four-part fractures”(Figure 5) have displacement across fracture lines between all four parts.

Figure 4: A "three-part” fracture. Figure 5: A*four-part”fracture.

In addition, injuries can include fractures of the articular surface (head-splitting fractures and impaction fractures)
and disruption of the glenohumeral articulation (fracture dislocation).

56 JOSEPH BERNSTEIN



CT-scan may be helpful in evaluating articular involvement, degree of displacement, impression fractures and glenoid
rim fractures. It can also be helpful when obtaining an axillary view is not possible.

MRl is usually not indicated unless rotator cuff integrity needs to be assessed.

Caveat: The Neer/Codman classification is used ubiquitously, though it was seen to have fairly low reliability (~50%)
inreported studies. Unfortunately, CT scans do not help much either. That might be a function of the arbitrary criteria
of 1 cm and 45 degrees. It may be best to “overcall” displacement in some cases: for example, treating a one-part
greater tuberosity fracture as a two-part fracture, as the fragment can easily impinge even if only 9mm or 40 degrees
displaced.

EPIDEMIOLOGY

Proximal humerus fractures comprise about 5% of all fractures. The incidence is 300,000 per year. Mechanism
is either through a high energy trauma in younger individuals or low-energy falls in the elderly. Older individuals
will sustain a fracture from a fall especially if there is underlying osteoporosis. More than 2/3 of proximal humeral
fractures are sustained by females. Most proximal humerus fractures (85%) are nondisplaced.

DIFFERENTIAL DIAGNOSIS

The list of possible diagnoses that could explain the typical presentation of a proximal humerus fracture include a
shoulder dislocation, an AC joint separation or a scapular, spinal or rib injury. Note that especially in high-energy
trauma patients, concomitant injuries are common. Thus, the presence of a proximal humerus fracture does not
exclude a second musculoskeletal diagnosis. It is also important to exclude the diagnosis of pneumothorax and
hemothorax; axillary, suprascapular, or brachial plexus nerve injury; and axillary artery damage. Damage to the
rotator cuff is common with displaced fractures.

RED FLAGS

Proximal humerus fractures with open wounds (or impending open-wounds, e.g. tenting of the skin by bone
fragments) require urgent orthopaedic intervention.

Patients may report paresthesias or diminished sensation due to diffuse swelling; a detailed neurovascular
assessment is warranted especially in the setting of such symptoms. The most commonly injured nerve is the axillary
nerve and it can be tested even without moving the shoulder by assessing sensation over the deltoid muscle and
verifying at least isometric deltoid contraction.

Peripheral pulses may remain palpable due to collateral circulation. A vascular injury may be suspected due to
mechanism or signs of expanding hematoma.

A fracture from a simple fall from a standing height suggests osteoporosis, as well as underlying diseases that cause
falling.

A visible indentation of the skin under the acromion (a subacromial sulcus) may suggest dislocation of the
glenohumeral joint.

TREATMENT OPTIONS AND OUTCOMES

Minimally displaced fractures (one-part fracture) can be treated with a short course of immobilization in a sling (10-14
days) with early shoulder motion in the form of pendulum exercises thereafter. Passive motion or active-assisted
range of motion therapy is best deferred until bony union has occurred (typically 6 to 12 weeks post-injury).

The treatment of two-part fractures depends on which parts are involved. Anatomic neck fractures, often associated
with disruption of the blood supply, are difficult to treat without surgery. By contrast, surgical neck and lesser
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tuberosity fractures can usually heal adequately with non-operative treatment. Greater tuberosity two-part fractures
are more likely to need surgical fixation, either to repair the rotator cuff dysfunction that accompanies the fracture
or to prevent impingement of a fragment with superior translation.

Management of three-part and four-part proximal humerus fractures is dependent on multiple factors and precise
surgical indications are not yet defined. Most displaced three-part and four-part fractures in physiologically younger
patients are managed with surgery. Non-operative management of patients with lower functional demands can be
successful as well.

Surgical treatment options include the following:

With closed reduction and percutaneous fixation, the fracture is reduced under fluoroscopic guidance and wires
are inserted percutaneously. The aim is to stabilize the fracture enough to allow motion without excessive surgical
dissection. The axillary nerve, cephalic vein and posterior humeral circumflex artery are all at risk with this technique.
Also, closed reduction and percutaneous fixation is not apt to work in osteoporotic bone or if there is comminution.
Lastly, a second operation may be necessary for pin removal.

Open reduction and internal fixation may also be used (Figure 6). Here, after the proximal humerus fracture is
exposed, the fragments are reduced. This is then followed by internal fixation with either plates or sutures.

Figure 6: A proximal humerus fracture before (left) and after (right) surgical fixation.
(courtesy of Jaimo Ahn, MD, PhD, FACS )

Locking plates are commonly used in the proximal humerus. Plate fixation is often augmented by sutures.

The use of an intramedullary device is aless invasive approach, as a full dissection is not needed; but of course it
must be recalled that inserting the nail requires violation of the supraspinatus insertion (or if a more medial starting
point is chosen, the superior articular surface itself).

Fractures that are unlikely to heal well (especially when the humeral head is not salvageable or there is extensive

pre-existing arthritis) can be addressed with conventional joint replacement or reverse total shoulder replacement
(Figures 7 and Figure 8). The latter is chosen when there is deficiency of the rotator cuff.
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Figure 7: A proximal humerus fracture treated with hemiarthroplasty. (courtesy Andrew F.
Kuntz, MD)

Figure 8: A proximal humerus fracture treated with a reverse hemiathroplasty. (courtesy
Andrew F. Kuntz, MD)Although non-operative management might result in some degree of
malunion or lost motion, a non-operative approach may still be desirable in some
low-demand patients. Non-operative management of course avoids the costs and
potential complications associated with operative intervention, and some loss of motion
or deformity is usually well-tolerated by low-demand patients.

In general, nondisplaced proximal humerus fractures heal reliably with good functional return.

Displaced fractures that require surgery have less favorable outcomes. Even with full healing, there is often some
component of arthrofibrosis and lost motion.

Four-part fractures are at especially high risk of developing osteonecrosis due to disruption of the blood supply to
the head.

Proximal humerus fractures can have a significant detrimental effect on patient’s quality of life beyond the issue of
arm function. Shoulder injuries have a tendency to disrupt sleep, for example, and it may be difficult to shower during
the period of healing.

Poor bone quality in the form of osteopenia or osteoporosis is a major risk factor for proximal humerus fracture.
Accordingly, some patients with this fracture survive the shoulder injury but then go on to have another, more
devastating fracture elsewhere (e.g., the hip).
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RISK FACTORS AND PREVENTION

Osteoporosis and falling are the prime (modifiable) risk factors for proximal humerus fracture. Risk reduction involves
maintenance of adequate bone mineral density (BMD) and decreasing the risk of falls. In osteopenic or osteoporotic
patients, pharmacological therapy including calcium and vitamin D supplementation as well as bisphosphonates
and other drug treatments have been shown to be effective in reducing the risk of fractures. For patients with
comorbidities who place them at risk of falling (such as stroke), occupational therapy can be useful.

MISCELLANY
The classification of proximal humeral fractures is often associated with Dr. Charles Neer, but Dr. Neer himself
credited E. A. Codman (Figure 9). Codman had many accomplishments (including the notion of collecting open

data, the accomplishment that The CODMAN Group [ publisher of this text] honors) but his anatomic analysis of the
proximal humerus is among the larger ones.

Figure 9: Ernest Amory Codman,
M.D. (Wikipedia)

KEY TERMS

Greater tuberosity, lesser tuberosity, surgical neck, anatomic neck, axillary nerve, osteonecrosis, closed reduction,
total shoulder arthroplasty

SKILLS

Describe fracture patterns as seen on plain x-rays. Perform a neurologic examination of the upper extremity,
assessing the relevant sensory dermatomes, and motor testing of the muscle groups associated with the radial,
median, ulnar, anterior interosseus, posterior interosseous, musculocutaneous and axillary nerves.

60 JOSEPH BERNSTEIN



CHAPTER 10.

SCAPULAR FRACTURES

Scapular fractures are rare (incidence: about 10 per 100,000 person-years) and often a consequence of high-energy
trauma. These fractures are typically accompanied by other, more serious conditions such as a spinal fracture, lung
injury, or head injury. Scapular fractures can be categorized by the affected region of the bone: namely, the coracoid,
the acromion, the glenoid, the scapular neck, and the scapular body.

Non-operative treatment in the form of sling immobilization followed by rehabilitation is indicated for the vast majority
of scapula fractures. Operative treatment is chosen for the more displaced fractures, especially if there is joint
instability present. Most scapular fractures heal without significant residuals; the patient's overall outcome is usually
dictated by the associated injuries, if present.

STRUCTURE AND FUNCTION

The scapula is a flat, irregularly shaped bone that connects the clavicle to the humerus, known in lay terms as the
“shoulder blade.” The scapula constitutes the posterior aspect of the shoulder girdle, with its ventral (anterior) surface
articulating with the posterior chest wall. It is, in essence, a sliding joint articulating with ribs two through seven.

Figure 1: Anterior view of the thorax showing the scapulae in gold (left) and posterior view showing them in red
(right). The acromion[A] coracoid [C], glenoid[G]and scapular spine [S]are identified. (Modified from
www.wikipedia.com/wiki/scapula)

The scapulais roughly triangular, but there are several bony prominences of significant importance. The glenoid is an
area of articular cartilage on the lateral aspect of the scapula, where the humeral head articulates with the scapula
to form the glenohumeral joint. The scapular spine is located on the dorsal surface of the scapula and separates the
supraspinatus and infraspinatus muscles. The acromion extends anteriorly and laterally from the scapular spine and
articulates with the clavicle, forming the acromioclavicular joint. The coracoid extends anteriorly and superiorly from
the neck of the scapula.

The borders of the scapula are the superior border, medial border, and lateral border. There are three scapular “fossae”
(plural for “fossa,” meaning “slight areas of anatomical depression”) — two on the dorsal surface and one on the ventral
surface. The dorsal fossae lie on either side of the scapular spine: the supraspinous fossa above, and the infraspinous
below. The subscapular fossa is on the ventral surface.

Seventeen muscles attach to the scapula. In general, these muscles are divided into three major groups: intrinsic,
extrinsic, and rotational/stabilization muscles.

The intrinsic muscles of the scapula include the rotator cuff muscles: supraspinatus, infraspinatus, subscapularis,
and teres minor-the first three named according to the fossa in which they reside. These muscles are responsible for
internal and external rotation of the humerus as well as abduction of the humerus.

The extrinsic muscles of the scapula include the biceps, triceps, and deltoid.

The rotational/stabilization muscles include the levator scapulae, rhomboids, trapezius, and serratus anterior.
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The scapula has six primary movements: elevation(as in shrugging the shoulders)and depression, protraction(moving
the scapula laterally and anteriorly along the chest wall) and retraction (moving the scapula medially), and rotation
upward or downward (see Figure 2).

Figure 2: A) The 4 straight motions of the scapula: elevation (purple arrow), depression (red arrow), protraction
(yellow arrow), and retraction (green arrow). B) Downward (medial) rotation of the scapula. C) Upward (lateral)
rotation of the scapula. (Modified from https://radiopaedia.org/cases/scapulothoracic-joint-movements)

The scapular movements and the muscles respansible for each are detailed in the table below.

Table 1: Six movements of the scapula and corresponding muscles involved in
accomplishing those movements.

Scapular Movement | Muscles Involved

Elevation Trapezius, rhomboid major, rhomboid minor, levator scapulae
. Serratus anterior, pectoralis major, pectoralis minor,
Depression e : . .
latissimus dorsi, trapezius. (Also powered by gravity)
Protraction Serratus anterior, pectoralis major, pectoralis minor
Retraction Trapezius, latissimus dorsi, rhomboid major, rhomboid minor

Latissimus dorsi, rhomboid major, rhomboid minor,
Downward Rotation | pectoralis major, pectoralis minor, levator scapulae (Also
powered by gravity)

Upward Rotation Serratus anterior, trapezius

PATIENT PRESENTATION

Isolated scapular fractures are exceedingly rare. Scapula fractures primarily occur in high-energy blunt force trauma;
thus the scapular fracture is usually not the primary complaint. Patients are frequently diagnosed with intracranial,
intrathoracic, or spinal injuries even prior to the orthopaedic surgeon’s evaluation. Rib fractures are seen in
conjunction with half of all cases of scapular fracture.

Motor vehicle collisions are responsible for approximately 70% of scapular fractures.
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Figure 3: X-ray of an anterior-posterior (AP) view of the right
shoulder. The red arrowhead identifies a displaced fracture
of the scapular neck. The green arrowhead identifies a
displaced mid shaft clavicle fracture. These injuries very
commonly occur together and may indicate a “floating
shoulder.”(Source: https://en.wikipedia.org/wiki/
Scapular_fracture)

In the awake patient, the chief complaint is often pain along the scapula and posterior chest wall, along with limited
range of motion of the shoulder joint itself.

In the patient who has a head injury, is intubated or is otherwise unresponsive, the only physical exam sign of a
scapular injury may be crepitus to palpation over the scapula or limited passive range of motion of the ipsilateral
shoulder. These findings are easily overlooked; it is important to scrutinize and obtain imaging studies for any area of
swelling, ecchymosis, or crepitus.

As with all fractures, the initial evaluation must look for and exclude life threatening injuries such as massive
hemorrhage which may occur due to an associated injury to the subclavian vessels.

Floating Shoulder

Afloating shoulder occurs when there are fractures of both the clavicle and scapula in which the glenohumeral joint is
completely isolated from the body of the scapula. With such a pattern of fracture, the entire upper limb no longer has
a stable connection to the axial skeleton - hence the term “floating” - and thus the affected limb displaces inferiorly by
the force of gravity (Figure 3).

Scapulothoracic Dissociation

Scapulothoracic dissociation is a very rare, but often a life-threatening injury due to either a massive traction force to
the upper extremity or blunt force to the chest. With a scapulothoracic dissociation, there is complete disruption of
the scapular articulation with the chest wall. The scapula translates laterally along the posterior chest wall, often with
severe injury of the surrounding neurovascular structures. As such, the typical presentation includes severe weakness
or numbness in the injured extremity. If there is an associated disruption of the brachial plexus, the resulting motor
and sensory loss will produce a paralyzed and insensate “flail extremity.” Plain x-rays may show lateral displacement of
the scapula along the chest wall, but often a scapulothoracic dissociation has no associated scapular fracture.
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OBJECTIVE EVIDENCE

Initial imaging is with plain radiographs (often obtained as part of a routine trauma evaluation). Indeed, most scapula
fractures are diagnosed on the initial chest radiograph (Figure 4).

CT scans, which are commonly obtained as part of the trauma investigations to evaluate the chest, will identify a
scapular fracture and assess for displacement or intra-articular extension to the glenoid (Figure 5). Three-dimensional
reconstructions of the scan are particularly helpful to assess displacement of the fracture and may aid in operative
planning (Figure 6).

Figure 4: Plain radiography showing a comminuted and displaced
fracture of the scapular body. On this x-ray, there is no clear extension of
a fracture in to the glenoid. (Figures 4-6 Case Courtesy of Ms. Kayla H,
Radiopaedia.org, rID: 72794)

Figure 5: Axial and sagittal computed tomography (CT)images of same shoulder in
Figure 4 showing an intact glenoid, but significant displacement and comminution
of the fracture.
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Figure 6: A 3D reconstruction view can help to understand the
fracture pattern.

EPIDEMIOLOGY

Scapula fractures are rare, accounting for less than 1% of all fractures and only 3-5% of fractures in the shoulder
girdle. They typically occur in white males, age 20 to 60 years, with a small cluster seen in geriatric patients.

If there is a scapular fracture, the scapular body is the most commonly affected region (50%), followed by glenoid
fractures(30%). Fractures of the acromion, scapular neck and coracoid make up the remaining 20%.

DIFFERENTIAL DIAGNOSIS

Given that scapular fractures typically present with posterior chest wall pain after high-energy trauma, posterior rib
fracture is commonly on the differential diagnosis. Plain film radiographs may be inadequate to diagnose both rib
and scapular fractures and a chest CT may be required. Patients with this high energy mechanism of injury, however,
typically meet the criteria for CT screening as part of the initial imaging protocol which also allows other associated
serious injuries to be identified in a timely manner.

Even if a CT scan of the chest is initially performed and formatted primarily to examine the lungs, it can be ‘re-
formatted” to evaluate the scapula and glenohumeral joint, obviating the need for an additional scan.

Os acromiale, an unfused accessory ossification center, is found in about 10% of people, and can be mistaken as a
scapular fracture (Figure 7).
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Figure 7: Plain film radiograph depicting an axillary lateral
view of the right shoulder. The red arrow points to the os
acromiale. The green arrow points to the area commonly
mistaken as a fracture. This area normally would fuse during
skeletal development. Note how the edges of the gap are not
jagged but rather smooth and rounded with a well-defined
denser/sclerotic margin - acute fractures typically appear
“sharp” with straighter or jagged lines and no defined
sclerotic margin. (Case courtesy of Radiopaedia.org riD:
11697)

RED FLAGS

Scapula fractures are commonly associated with other high-energy injuries. These patients typically present to the
trauma bay. Advanced trauma life support (ATLS) should be initiated immediately. It is common for a scapula fracture
to be found incidentally, that is, not because of the patient's primary complaint. Indeed, if the presenting complaint
leads to the detection of scapular fracture, the physician must recognize this as a red flag signifying high energy
trauma and initiate a proper work up to rule out other serious injuries.

Scapulothoracic dissociation is a life-threatening injury and should be suspected in a hemodynamically unstable
patient with lateral translation of the scapula on the trauma chest x-ray.

If there is a clavicle fracture in the setting of high energy trauma, the radiographs should be scrutinized to exclude a
scapular fracture/floating shoulder injury.

TREATMENT OPTIONS AND OUTCOMES

Most scapular fractures can be treated non-operatively, as the majority of injuries are minimally displaced. Patients
are briefly immobilized in a sling to help manage the pain and support the injured soft tissues. This is followed by
progressive range of motion and weight bearing/resistive exercises.

Most surgeons agree that fractures that disrupt the congruity and/or stability of the glenohumeral joint should be
treated surgically. In general, surgeons recommend operative intervention for glenoid fractures if there is 5 mm of
articular step off or if there is any instability of the gleno-humeral joint. Due to the rarity of these injuries and lack of
broad experience in any one service, robust evidence for surgical indications is lacking. Management decisions must
be guided by first principles, namely, the restoration of articular congruity and the stabilization of the joint. Apart from
cases with gross malalignment of the glenoid articular surface or an unstable gleno-humeral joint, it is reasonable
to observe the patient while the fractures heal, with a delayed procedure to correct symptomatic bony irregularity if
needed.
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A floating shoulder injury will usually require early fixation of the clavicle or scapula (or both) to reconnect the
glenohumeral unit to the axial skeleton.

The most common complications of surgical intervention are postoperative stiffness, nerve injuries and infection.
Removal of hardware and soft tissue releases are often required to improve shoulder maobility.

RISK FACTORS AND PREVENTION
Given that scapular fractures are typically a result of high-energy blunt force trauma, prevention rests on adherence

to best practice safety guidelines on the roads and in the workplace, in addition to continued improvements and
innovations of the safety features of vehicles and equipment.

MISCELLANY
The precise etymology of the waord scapula is not known - translated from Latin, it means “shoulder blade” - but may

come from aroot word meaning “shovel.” Animal scapulae might have been used as a shovel like tool in primitive times.
The word shares a similar root to the medical condition “scabies,” with connotations of “scraping.”

KEY TERMS

scapular fractures, scapulothoracic dissociation, glenoid, acromion, coracoid process, scapular spine, glenohumeral
joint, os acromiale, floating shoulder, clavicle fracture

SKILLS

Identify history and physical exam findings associated with scapular fractures. Identify “red flags” and other injuries
associated with scapular fractures. Correctly identify landmarks and possible findings on plain radiograph views of the
shoulder and scapula. Understand the role of primary trauma evaluation in the management of scapular fractures.
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CHAPTER 1.

FRACTURES OF THE HUMERAL SHAFT AND DISTAL HUMERUS

Fractures of the humerus include those near the shoulder (known as proximal humeral fractures), shaft fractures, and
fractures near the elbow (known as distal humeral fractures). Although the humerus is an analog of the femur, the
humerus is not often a weight-bearing bone and is also remarkably tolerant of post-fracture deformity. Thus, fractures
of the humeral shaft, unlike those of the femoral shaft, are usually amenable to treatment with simple immabilization
rather than surgery. One major exception is fracture of the distal humerus. Because immobilization of distal humeral
fractures might lead to intolerable elbow stiffness, and because precise anatomic reduction of articular surface might
be needed to preserve elbow motion as well, distal humeral fractures are more likely to be treated surgically.

STRUCTURE AND FUNCTION

Humeral Shaft

The humeral shaft is defined as the diaphyseal region of the bone, spanning from a point distal to the insertion of the
pectoralis major muscle and proximal to the supracondylar ridge.

The proximal portion of the humeral shaft is cylindrical. More distally, the shaft narrows and tapers to a triangular
shape with the apex anterior. (The narrowing of the distal humerus is unlike the flaring of the femoral or tibial
metaphysis and limits the use of intramedullary nails for humeral shaft fracture fixation in some cases.)

The humerus is surrounded by richly vascularized muscles, an anatomic feature which aids healing. Medial and lateral
muscular septa divide the arm into anterior and posterior muscle compartments. The median nerve,
musculocutaneous nerve, and brachial artery are in the anterior compartment. The ulnar nerve begins proximally in
the anterior compartment but passes through the medial intermuscular septum to enter the posterior compartment
near the distal third of the humerus. The radial nerve begins in the posterior compartment and crosses the posterior
aspect of the humerus obliguely in the spiral groove, (approximately 20 cm proximal to the medial epicondyle and 15
cm proximal to the lateral epicondyle), and then passes through the lateral intermuscular septum to enter the anterior
compartment just proximal to the lateral epicondyle.

Distal Humerus

The humeral diaphysis flares into medial and lateral columns. Each column has an epicondyle and a condyle. These
columns flank the olecranon fossa and distally support the trochlea — a smooth spool of articular cartilage clasped by
the proximal ulna to form the humeral side of the elbow’s hinge mechanism. The distal part of the lateral column, the
capitellum, articulates with the head of the radius to complete the elbow joint (see Figure 1).
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Figure 1: The anterior and posterior views of the humerus, with attention to the landmarks
of the distal humerus, labeled as follows: (A) capitellum; (B) lateral epicondyle; (C) radial
head; (D) coronoid process of the ulna; (E) trochlea; (F) medial epicondyle; (G) olecranon.
(Modified from https://www.researchgate.net/figure/
Anatomy-of-the-humerus-Modified-from-Wikimedia-This-file-is-licenced-under-the-Cre
ative_fig3_342476171)

The distal part of the medial column is the medial epicondyle. The ulnar nerve passes through the cubital tunnel
just distal to the medial epicondyle. The common wrist flexor muscles originate from the medial epicondyle, and the
extensor muscles from the lateral epicondyle.

PATIENT PRESENTATION

Humeral Shaft Fractures

In younger patients, humeral shaft fractures are usually due to direct high energy impact (e.qg., vehicular accident,
sporting injury, or penetrating trauma), while in the elderly they are usually low energy injuries sustained after a fall. In
that setting, owing to bone fragility, there may be other broken bones elsewhere as well.

In newborns, a humeral shaft fracture may occur because of trauma during delivery.

Patients will typically present with arm pain, swelling, weakness. Commonly there is a visible deformity and patients
often report a snapping or cracking sound at the time of injury. The pain is immediate, enduring, and exacerbated by
the slightest movements, though patients are generally comfortable if the arm is immobilized.

Displaced fractures of the humerus shaft are often associated with shortening of the upper arm due to muscle
contraction. The affected region swells, and bruising appears a day or two after the fracture.

A detailed neurovascular exam should be performed and documented. Particular attention should be paid to radial
nerve function(i.e., wrist and finger extension; dorsal forearm and hand sensation) as injury to the radial nerve is seen
in ~20% of these fractures.

Vascular injury is rare but constitutes an emergency when present and may be evidenced by a diminished pulse at the
wrist and reduced perfusion with coolness of the hand and fingertips.

Distal Humerus

Fractures of the distal humerus are less common. They make up about one-third of humeral fractures and about 2%
of all fractures in adults. Condyle-splitting (intercondylar) fractures are the most common type and are generally due
to direct impact on the flexed elbow.

Patients present with pain, deformity and swelling, making palpation of bony landmarks difficult. Any attempt at active
or passive elbow movement is very painful.

When there is a break of the skin in the setting of a fracture, further investigation should be undertaken to determine
whether the open injury communicates with the joint. If the joint has been violated the injury should be treated with
urgent administration of antibiotics, and irrigation of the wound and joint to prevent infection.
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Complete nerve injuries are rare with fractures of the distal humerus, but numbness and weakness of the small and
ring fingers, caused by compromise of the ulnar nerve, is not uncommon and should be carefully documented at initial
presentation.

OBJECTIVE EVIDENCE

Imaging is essential for diagnosis and classification of all humeral and elbow fractures. X-rays, including AP and lateral
views of the entire humerus, including the humeral head and elbow on a single radiograph, are often sufficient (see
Figure 2).

Figure 2: An oblique fracture of the humeral
shaft(red arrow). (From
https://upload.wikimedia.org/wikipedia/
commons/7/7c/MidShaftHumerousMark.png)

In cases where distal humerus fractures are suspected, standard AP, lateral, and oblique x-rays of the elbow should
be obtained. If the distal humerus is found to be comminuted on initial x-rays, CT scan may be helpful to characterize
the fracture pattern. A CT scan can also reveal violation of the joint capsule, a so-called traumatic arthrotomy, if air is
seenin the elbow joint.

Sometimes, especially in children, a distal humeral fracture may be present in the absence of obvious cortical
irregularity. In these cases, an anterior or posterior “fat pad sign” may be evident on the lateral x-ray view. A fat pad
sign is caused by bleeding into the elbow joint, displacing the layer of fat that normally lies adjacent to the bone. The
anterior fat pad sign is common and sensitive for a joint swelling but not fracture-specific’ whereas the posterior fat
pad sign, while not always present (less sensitive), is fairly fracture-specific.

Fractures of the distal humerus can be classified descriptively by location: supracondylar, intercondylar,
transcondylar, condylar, capitellar, trochlear, medial epicondylar, or lateral epicondylar.

EPIDEMIOLOGY
Humerus fractures are common. Humeral shaft fractures comprise 5-10% of all fractures in adults. There is a bimodal

distribution of these fractures, with a small peak in the third decade (especially in males) from high energy trauma and
amuch larger peak in the seventh decade (especially in females) related to osteoporosis.
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Although distal humerus fractures - particularly extra-articular supracondylar fractures - are common in children,
they are relatively rare among adults. Distal humeral fractures can occur in isolation, but they are often associated
with proximal radial and ulnar fractures or complex ligamentous injuries to the elbow as well.

DIFFERENTIAL DIAGNOSIS

Distal humerus fractures are often associated with other injuries.

Other important injuries can occur around the elbow in the absence of a distal humerus fracture and deserve mention
here. The so called terrible triad’ injury is fracture/dislocation around the elbow caused by mechanisms similar to
those which cause distal humeral fractures. It includes (1) a fracture of the radial head, (2) a fracture of the coronoid
process of ulna, and (3) a dislocation of the elbow joint.

Elbow dislocations can also occur in the absence of a fracture and will often spontaneously re-locate prior to
presentation and imaging. A high index of suspicion is therefore necessary to diagnose these injuries in combination
with a targeted history and examination. Dynamic radiography or fluoroscopy can help make the diagnosis and will
demonstrate incongruent and widened joint spaces.

Distal biceps avulsion, anterior capsular strain, and collateral ligament injury can all occur acutely in the absence of
fracture. MRl imaging is useful in diagnosing these soft tissue injuries.

RED FLAGS

Inthe elderly patient, a fall itself isared flag and needs to be investigated. Various medical comorbidities(e.g., anemia,
syncope, cardiac arrhythmias) may have contributed to the fall.

In very young patients with a broken arm, the possibility of child abuse must always be considered and carefully
excluded with extreme sensitivity.

Compartment syndrome is a potentially catastrophic complication that can occur with distal humerus fractures and
should be carefully checked for - particularly in children with supracondylar fractures.

Radial nerve palsy occurs in ~20% of distal third humerus fractures. A radial nerve palsy can develop after a splint
or brace is applied. As such, a carefully documented neurological examination must both precede and follow any
intervention.

(The strong recommendation for performing and documenting the neurological examination goes beyond the
avoidance of legal liability - liability that poor documentation can only enhance. Rather, a careful pre- and post-
treatment neurological exam can alert you to the presence of an iatrogenic injury, [i.e., an injury caused inadvertently
by the healthcare provider], which may be easily reversed by reversing the treatment [i.e., removing the splint].)

Radial nerve palsy can also result from iatrogenic injury during open reduction and internal fixation, and close post-
operative monitoring is needed in this instance as well.

TREATMENT OPTIONS AND OUTCOMES

Humeral shaft fractures can tolerate considerable angulation without compromising function or cosmetic
appearance. Further, these injuries can be said to “want to heal,” most likely because of the excellent blood supply to
the muscles that surround the bone (Figure 3). Hence, most humeral shaft fractures are successfully treated without
surgery. The wide range of motion of the shoulder joint allows the patient to compensate for up to 20 degrees of
fracture angulation, if not more; and because the arms, unlike the legs, are not impeded by a discrepancy in length, up
to 3cm of shortening is well tolerated as well.
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Figure 3: A humeral shaft fracture with callus formation (red brackets). As shown, the edges
of the fracture (green lines) do not have to touch for the healing process to begin. (Modified
from Wikipedia)

The standard non-operative treatment is initial splint immobilization followed by functional bracing once initial
swelling has subsided (Figure 4). The rationale of the brace treatment (popularized by A Sarmiento and colleaguesina
landmark 1977 paper, Functional Bracing of Fractures of the Shaft of the Humerus, hence known to many as “Sarmiento
bracing”) is that compression of the surrounding soft tissues generates hydrostatic pressure that can stabilize the
fracture itself, even though the brace does not contact the bone. The force of gravity acting on the arm helps to re-
establish length.

Figure 4: Functional bracing of the humerus. Compression of
the soft tissues in turn stabilize the bone, without need for
heavy plaster, or, for that matter, a need to immobilize the
elbow and shoulder. (Photo at left from
https://bmjopen.bmj.com/content/7/7/e014076. X-ray at
right courtesy of Christopher Domes, MD)

Functional bracing might be needed for at least 3 months for the bone to fully unite, but after 6 weeks of non-operative
treatment, there should be at least some callous (primitive bone healing, as seen on radiographs) at the fracture site.
In the absence of callous at 6 weeks, operative treatment might be considered.

Although the majority of humeral shaft fractures may be successfully treated without surgery, indications for
operative intervention, typically with surgical plate (Figure 5) might include transverse or short obligue fracture lines
(as a small fracture surface may generate inadequate callous to adequately stabilize the fracture); intraarticular
extension; segmental or open fractures, injuries associated with compartment syndrome; brachial plexus injury;
vascular injury requiring repair, and polytrauma cases, in which upper extremity weight bearing would facilitate
recovery (e.g., a humerus fracture with an associated lower extremity fracture).
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Figure 5: A humeral fracture after it has been fixed with plates and
screws. (Image courtesy of Christopher Domes, MD)

Regardless of treatment strategy, prolonged immobilization of the elbow joint should be avoided, and frequent range
of movement elbow exercises should be encouraged to prevent stiffness.

When a patient presents with a closed fracture and radial nerve palsy, immediate radial nerve exploration is not
obligatory, as approximately 85-90% of radial nerve neuropraxias will improve within 3 months of injury. Surgeons,
however, may opt for open reduction and internal fixation to ensure that the nerve is not caught up in the fracture site.
While full recovery of the nerve may require six months, if there is no evidence of recovery by 10 weeks, EMG studies
should be arranged, as the absence of nerve function on EMG suggests that further recovery will not occur without
surgical intervention.

When a patient presents with an open humeral shaft fracture and radial nerve palsy, the management will usually
include surgical debridement and fracture stabilization. During that surgery, the radial nerve should be explored. If the
nerve is lacerated, primary repair is usually possible.

Radial nerve function must be assessed immediately after surgery, to verify that the radial nerve was not compressed
by the surgical hardware (see Figure 8).

Figure 6: The radial nerve courses posterior to the humerus but then wraps around it to
emerge anterior/lateral near the distal 1/3rd of the shaft (A). Fractures near there can
entrap the nerve; also, the nerve can be inadvertently caught under a surgical plate (B,
anterior view; C lateral view). (Modified from https://www.researchgate.net/figure/
The-abridged-general-view-of-the-distalthird-diaphyseal-humerus-fracture-fixed-with_
fig2_327286667)

For distal humeral fractures the goal of treatment is stable reduction with anatomic restoration of the articular

surfaces and restoration of alignment. This often requires surgical fixation which allows early range of motion
exercises, with good-to-excellent results achieved in 70-80% of patients.
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While most patients regain a functional arc of motion, complications are not uncommon. Approximately 10% to 30%
will experience some combination of stiffness, non-union, malunion, infection, ulnar nerve palsy, or post-traumatic
arthritis. Some degree of elbow stiffness is difficult to avoid. This is usually caused by simple soft tissue contracture,
but heterotopic ossification (excess formation of calcified tissue) or post-traumatic arthritis may contribute.

In elderly patients with significant articular comminution, elbow arthroplasty (Figure 7) may be preferable to
attempted fracture repair if the articular surface and osteoporotic bone cannot be solidly fixed with sufficient stability
to allow immediate range of mation. In younger, more active patients with highly comminuted fractures that cannot
be fixed, arthrodesis (joint fusion) can be considered, as elbow arthroplasty is more likely to wear out prematurely in
this patient.

Figure 7: Lateral view comminuted distal humerus
fracture in an elderly person after total elbow
arthroplasty. (Courtesy of OrthopaedicsOne:
Treatment Options for Distal Humerus Fractures)

In the newborn, humeral shaft fractures are generally managed with a makeshift sling: pinning the long sleeve of
clothing worn on the injured arm to restrict motion.

RISK FACTORS AND PREVENTION

Contact sports such as football as well as those associated with falling, such as gymnastics, skiing, bicycling, and
skateboarding, are associated with a risk for a humeral fracture. Elbow pads can help to reduce the risk of distal
humeral fractures.

In older patients, any disease or condition that poses a risk for falling should be considered a risk for fracture. A

systematic approach to risk assessment and fall prevention, coupled with optimal medical management of bone
health, can reduce the likelihood of fracture.

MISCELLANY

The medial aspect of the distal humerus is called the “funny bone” because paresthesias ("funny feelings”) might be
produced when tapping near this area. Such tapping can press the ulnar nerve against the bone.

KEY TERMS

Humerus fracture, elbow fracture, humeral shaft fracture, distal humerus fracture, functional bracing, elbow
arthroplasty, elbow arthrodesis
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CHAPTER 12.

OSTEOCHONDRAL INJURIES OF THE ELBOW

Throwing places extremely high stresses on the elbow and thus overuse can damage the articular (cartilage) surfaces.
Two characteristic areas are affected in throwing athletes: the olecranon process of the ulna and the distal humerus
where itarticulates with the radius, namely, the capitellum. In the olecranon, valgus forces erode the surface cartilage,
and stimulate the production of bone spurs. In the distal humerus, more often the inciting pathology is ischemia of
the subchondral bone causing osteonecrosis, a condition known as osteochondritis dissecans. Most patients with
chondral injuries to the elbow recover with rest, but surgery may be needed if there are loose bodies or unstable
cartilage flaps.

STRUCTURE AND FUNCTION

The elbow joint consists of the distal end of the humerus and the proximal aspects of the radius and ulna; and has
three articulations: the ulnohumeral articulation, the radiohumeral articulation (also known as the radiocapitellar
joint) and the proximal radioulnar joint (See Figures 1, 2 and 3).

Figure 1: The three joints of the elbow: the ulnohumeral (red), radiocapitellar (blue) and proximal radioulnar (green).
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Figure 2: The bones and landmarks of the elbow joint seen on
AP view. KEY: 1. Lateral supracondylar ridge; 2. Medial
supracondylar ridge; 3. Olecranon fossa; 4. Medial
epicondyle; 5. Lateral epicondyle; 6. Capitellum; 7. Olecranon;
8. Trochlea; 9. Coronoid process of ulna; 10. Proximal
radioulnar joint; 11. Head of radius; 12. Neck of radius; 13.
Tuberosity of radius; 14. Ulna. (courtesy
www.orthopaedicsone.com)

Figure 3: The bones and landmarks of the elbow joint seen on Lateral view. KEY: 1.
Supracondylar ridge; 2. Trochlea; 3. Olecranon; 4. Trochlear notch; 5. Coronoid
process of ulna; 6. Head of radius; 7. Neck of radius; 8. Tuberosity of radius; 9. Ulna.
(courtesy www.orthopaedicsone.com)
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If a needle biopsy cannot be performed, or if it does not provide a diagnosis, open biopsy may be considered. Open
biopsies should be performed in @ manner that does not interfere with any subsequent surgery. Thus, the surgeon
should use the smallest possible incision and position it in line with any incisions that might be used in a future
procedure. Meticulous hemostasis should be maintained, with all efforts taken to not contaminate other structures.

It is advisable to obtain a frozen section at the time of the open biopsy to ensure that sufficient tissue is available,
even if a definitive diagnosis cannot be made on frozen section.

ADJUVANT TREATMENT

In many instances, patients with skeletal metastases will benefit from adjuvant treatment, that is, a treatment beyond
the primary therapeutics for the metastatic lesion itself. The adjuvant treatment typically employs chemotherapy or
radiation.

Patients with metastatic disease will frequently be on chemotherapy protocols for their primary diagnosis prior to
fracture. If so, the timing of the surgery should consider the effect of chemotherapy on marrow suppression and
wound healing. Ideally, surgery would be deferred until blood counts have rebounded to safer levels.

It is essential that once a pathologic fracture is fixed, some treatment - chemotherapy or radiation - is given to
prevent local recurrence or progression.

Radiation reliably limits tumor progression for most, but not all, metastatic lesions. Carcinomas and round cell tumors
(e.g., lymphoma and plasmacytoma)account for the vast majority of metastatic lesions and are usually radiosensitive.
Renal cell carcinomas are usually resistant to radiation. The radiation dose needed for control of metastatic lesions
(~30 Gy)is sufficiently low as to not significantly impede wound healing.

Preoperative embolization can also be used to mitigate the problem of metastatic tumor vascularity. Metastatic renal
cell carcinoma, for example, is notorious for its tremendous vascularity. It is very difficult and dangerous to operate in
the presence of excessive bleeding. Thus, a patient with a known diagnosis of metastatic renal cell carcinoma should
undergo preoperative embolization. Multiple myeloma/plasmacytoma and thyroid carcinomas can also be exceedingly
vascular. When in doubt, requesting preoperative embolization is a safe option; the interventional radiclogist will only
take action if excessive vascularity is identified.

PROPHYLACTIC FIXATION

Prophylactic fixation refers to operating on an impending pathologic fracture before it occurs to prevent the bone
from actually breaking (Figure 8). However, the decision to operate can be complex. On the one hand, unnecessary
surgeries should obviously be avoided. On the other hand, sustaining a fracture is painful, and avoiding that pain is
beneficial. In addition, prophylactic fixation surgery is usually less extensive than surgery to fix an already-broken
bone and is also likely to have a better outcome. Thus, shared decision making is imperative.
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Figure 6: An impeding fracture of the humerus is shown in the
image to the left (arrow). This was prophylactically fixed with a
locked nail, as shown in the image to the right. (Courtesy of
Treatment of Pathological Humerus-Shaft Tumoral Fractures with
Rigid Static Interlocking Intramedullary Nail-22 Years of
Experience. Rev. bras. ortop. [online]. 2019, vol.54, n.2
https://www.scielo.br/
scielo.php?script=sci_arttext&pid=S0102-36162019000200149)

To help identify patients likely to benefit from prophylactic fixation surgery, the surgeon can calculate a “Mirel's
score” (see Table 1). A score of 9 ar above (on this 12-point scale) indicates a high risk of a lesion fracturing, hence
representing an indication to fix the lesion prophylactically.

Table 1: The Mirel’s system, in which a score between 1and 3 is assigned to each of 4 categories. Thus, the total
score ranges from 4 to 12. A score of 9 or more indicates prophylactic fixation.

Variable Score
Site 1 2 3
Pain Upper Limb Lower Limb Peritrochanteric

Provided by ordinary
Lesion Mild Moderate activity (so-called
“functional pain”)

Size (relative to diameter of

bone) <1/3 <1/3-<2/3 >2/3

It is also reasonable to operate because of mechanical pain, that is, a marked increase in pain with load-bearing
stress. Especially if aninitial decision was made to not prophylactically fix a lesion, the onset of mechanical pain might
prompt surgical treatment.
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SURGICAL CONSIDERATIONS

Before surgery, a bone scan and complete radiographs of the affected bone should be obtained to detect any
additional lesions. A new fracture just beyond the edge of a prior fixation is a surgical challenge best avoided. For this
reason, a fixation device spanning the whole length of the bone, e.g., along intramedullary nail, is often chosen.

Because patients with skeletal metastases usually have short life expectancies, it is particularly important that the
surgeon establishes fixation that is strong enough for immediate weight bearing. “The surgical construction should be
so strong that patients could push their stretchers back to the recovery room,” is the traditional teaching.

Pathologic fractures can be assumed to never heal normally, so there is no role for bone grafts or other biologic agents.
Rather, all gaps should be filled with a generous application of bone cement to provide structural support.

Minimally invasive procedures have become popular for the treatment of ordinary fractures, but these techniques
are less appropriate for pathological fractures. During surgery for a pathologic fracture, open reduction with wide
exposure is often needed to understand the anatomy at the fracture site and to detect and fill gaps at the fracture site.

There are, unfortunately, instances in which the tumor has damaged the bone so much that there is inadequate
bone to hold the fixation device. In those cases, use of a segmental replacement prosthesis should be considered. A
prosthesis provides immediate structural integrity with much lower risk of failure (see Figure 7).

Figure 7: To the left is a radiograph of the left hip of a 76-year-old male patient with a
renal cell carcinoma metastasis and pathological fracture of the proximal femur. The
x-ray to the right shows a modular proximal femur replacement after resection of the
fractured proximal femur. (Reprinted from Henrichs, MP et al. Modular tumor
endoprostheses in surgical palliation of long-bone metastases: a reduction in tumor
burden and a durable reconstruction. World J Surg Onc 12, 330(2014). https://doi.org/
10.1186/1477-7819-12-330)

Surgeons should aim to perform the last operation first. A “perform the last operation first” rule does not, however,
mean that excessive and unnecessary procedures are desirable: they are not. This rule does, instead, suggest that
seemingly conservative surgery may be the riskier strategy if this minimalist approach is associated with a high risk
of failure.
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MISCELLANY

Pathological Fracture

By definition, a structure will fracture when it is subjected to a load which exceeds its strength. When bone is
weakened by disease and the amount of force required to break it is reduced, the fracture is said to be a “pathological
fracture.” In other words, a pathological fracture is one that results from a load that would not cause injury if the
bone were of normal strength. The two most common causes of pathological fracture are tumors and metabolic
bone diseases such as osteoporosis. In patients with cancer, a pathological fracture can occur because the bone is
replaced by tumor. A tumor can also weaken the remaining bone due to the actions of hormones released by or in
response to the tumor. Last, treatment of the tumor can also weaken the bone (e.qg., drug therapies such as steroids).

Mirel's score

Mirel's score was published in 1989 based on retrospective observations of patients with known lesions that did not
undergo prophylactic fixation. Patients were noted to either progress to fracture or not. The score was seen to have
high sensitivity (91%) but low specificity (35%). In other words, a low score can be used as a screening tool to identify
patients at low risk for fracture, but a high score will capture both high and low risk patients. Indeed, if the score were
used alone, up to two-thirds of patients could receive unnecessary prophylactic surgery. Furthermore, although the
site of the lesionisincludedinthe scare, further work elucidated that the site is in fact not an independent predictor of
fracture. Another major limitation is that the score can only be used for long bone metastases and not very commonly
found spinal lesions. It is likely that as imaging modalities improve and machine learning techniques are applied to
large series of patients, future protocols will be both more sensitive and more specific than the Mirel score.
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CHAPTER 108.

ORTHOPAEDIC ONCOLOGY

Musculoskeletal tumors are a diverse group of neoplasms that arise from various tissues of the musculoskeletal
system, including bone, cartilage, muscle, and connective tissue. These tumors can be benign or malignant and can
present in any age group.

The World Health Organization classifies musculoskeletal tumors (Table 1) as chondrogenic (cartilage forming),
osteogenic (bone forming), fibrogenic, vascular, those derived from the notochord (an embryonic spinal structure),
those with many osteoclastic cells, and hematopoietic neoplasms of bone. In addition, there is the large and
important category of “other mesenchymal tumors of bone”, which includes more commonly seen conditions such as
simple bone cysts, fibrous dysplasia, lipomas, and metastatic disease.

Beyond considering the cell of origin, evaluating and classifying musculoskeletal neoplasia considers the grade
and stage of the lesion. The grade represents the degree of aggressiveness of the lesion and is based primarily on
histology, but also incorporates imaging features, such as the growth and destruction associated with the tumor.
Gradingis usually on a 0 to 3-point scale: benign(0), low grade, intermediate grade, and high grade (3). Grade predicts
biological behavior and, thereby, assists in planning treatment. The stage of a tumor is based on its geographic
location(s) in the body: that is; whether it is localized to one site, has spread to nearby tissues or organs (regional
metastases) or has spread to distant sites (metastatic). These categories influence treatment decisions. A common
way of describing the stage of a tumor is the TNM system provided by the AJCC (American Joint Commission on
Cancer), where “T" is the size, “N” is the status of lymph node involvement, and “M" is the presence or absence of
metastatic disease (local or distant). In musculoskeletal neoplasia, the Enneking Staging System provides another
alternative and incorporates the tumor grade, its anatomical features, and the status of metastatic behavior.
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Table 1: The 2020 WHO Classification of Bone Tumors, with examples of benign and malignant lesions in each
category.

Chondrogenic tumors

+ Benign: chondroma; enchondroma; osteochondroma; chondroblastoma; chondromyxoid fibroma
« Malignant: chondrosarcoma

Osteogenic tumors

» Benign: osteoid osteoma
- Intermediate (locally aggressive): osteoblastoma
« Malignant: osteosarcoma

Fibrogenic tumors

« Benign: fibroma, non-ossifying fibroma
- Intermediate (locally aggressive): desmoplastic fibroma
» Malignant: fibrosarcoma

Vascular tumors of bone

+ Benign: hemangioma
« Malignant: angiosarcoma

Osteoclastic giant cell-rich tumors

« Benign: aneurysmal bone cyst; Non-ossifying fibroma
- Intermediate (locally aggressive): giant cell tumor of bone
« Malignant: giant cell tumor of bone, malignant

Notochordal tumors

« Benign: benign notochordal cell tumor
« Malignant: chordoma

Other mesenchymal tumors of bone

« Benign: simple bone cyst; fibrous dysplasia; lipoma
« Malignant: adamantinoma of long bones; leiomyosarcoma; liposarcoma; bone metastases

Hematopoietic neoplasms of bone

. plasmacytoma of bone (myeloma); lymphoma; Hodgkin disease.

EPIDEMIOLOGY

Musculoskeletal tumors are rare. Indeed, a malignant lesion found in the bone is more likely to be a metastasis from
another primary cancer than a primary bone lesion. Further, the most common oncologic condition that originates
within the bone, multiple myeloma, is of blood cell, not bone cell, origin.

The incidence of musculoskeletal tumors varies according to tumor type and age group. Osteosarcoma is the most
common primary bone cancer, followed by chondrosarcoma and Ewing sarcomas. The peak incidence of most
malignant bone tumors is associated with a specific age group. For example, Ewing sarcoma, osteosarcoma,
neuroblastoma, retinoblastoma, and rhabdomyosarcoma are the most common malignant lesions in patients under
20 years old, but relatively unlikely in adults over 40 years old.

In older patients, metastatic carcinoma, myeloma, and non-Hodgkin lymphoma are more likely than primary bone

sarcoma. Benign lesions also have age predilections, with simple bone cysts and chondroblastomas typically
occurring in skeletally immature individuals, and giant cell tumors occurring in skeletally mature individuals.
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There are exceptions to the general rules of age distribution. For example, osteosarcoma has a second peak in
adults older than 50 years who have Paget's disease, as the Pagetic bone can undergo malignant transformation.
Likewise, patients treated with radiation therapy or chemotherapy for other cancers are susceptible to developing
bone malignancies at any age.

CLINICAL FEATURES

The clinical presentation of musculoskeletal tumors can vary depending on the type and location of the tumor.
Patients may experience pain, swelling, or other non-specific complaints. A palpable mass may also be present due
to the expansion of the tumor. Tumors can compress nearby structures, especially nerves, leading to local or distal
symptoms.

When a musculoskeletal tumor grows within a bone, it can weaken the bone and make it more prone to breaking, even
with minimal trauma. This condition is known as a pathological fracture. In some cases, a fracture without significant
injury may be the first sign of a tumor’s presence.

Constitutional symptoms, such as fatigue, malaise, unexplained weight loss, fevers, and night sweats, may also
occur with musculoskeletal malignancies. Sometimes, tumors may be discovered incidentally during imaging studies
performed for other reasons, especially in the case of benign or non-aggressive tumors.

RADIOLOGIC FEATURES

Radiology plays a critical role in the diagnosis and management of musculoskeletal tumors. X-ray is often the first
imaging modality and, in conjunction with the patient’s history and clinical findings, can usually lead to a diagnosis
of alesion involving the bone. Advanced imaging studies, including computed tomography (CT), magnetic resonance
imaging (MRI), and positron emission topography (PET) scans, are used for evaluation of soft tissue musculoskeletal
malignancies and can provide more detailed information regarding tumor extent and metastases for bony lesions.

When evaluating a radiograph of a suspected bone tumor, the first feature to note is the number of foci. Multiple
lesions typically indicate osteomyelitis. However, bone islands, fibrous dysplasia, and enchondromatosis (a
proliferation of enchondromas) are also associated with multiple lesions visible on x-ray.

The next considerations are the size and location of the lesion within the bone. Size is an important diagnostic
criterion for some tumors. A tumor that would otherwise be classified as an osteoid osteoma becomes an
osteoblastoma, for example, if larger than 1.6 cm. Even in cases where size of the lesion is not part of the diagnostic
criteria, lesion size can indicate biological behavior. For instance, a thick cartilage cap on an osteochondroma
(measuring more than 1.5 - 2.0 cm) suggests that it has transformed into a chondrosarcoma.

When considering the location of a lesion, two aspects are critical: the specific bone affected and the site within the
bone where the lesion is found. Many bone tumors are associated with specific bones. For example, adamantinomais
classically found in the tibia, and osteoblastoma develops in posterior elements of spine. The site within the bone can
be defined by longitudinal descriptors (e.g. diaphyseal, metaphyseal, or epiphyseal) and transverse descriptors (e.g.
medullary, endosteal, cortical, or periosteal).

Other radiographic features indicative of aggressiveness include the margins of the lesion (also known as the “zone
of transition” between the lesion and adjacent bone), and whether there is any periosteal reaction, mineralization or
soft-tissue component associated with the lesion (Figure 1).

If a lesion has a so-called “geographic” or well-defined and narrow zone-of-transition or a sharp sclerotic margin,
it is more likely to be benign. By contrast a non-geographic, poorly-defined, poorly-marginated infiltrative lesion
with a wide zone-of-transition is more likely to be aggressive and malignant. Notably, osteomyelitis can have a
non-geographic, poorly-defined, poorly-marginated, infiltrative appearance, reflective of aggressiveness but not
malignancy.
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Figure 1: A scalloped, eccentric geographic lesion of the
proximal tibia with a sclerotic margin, is consistent with a
non ossifying fibroma. (Courtesy of
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5732632/)

The periosteum (the membrane on the cortex) can “react” to the bone lesion. Periosteal reactions have a variety
of presentations on radiographs. A solid periosteal reaction of mature new bone deposited adjacent to the cortex,
suggests a slow growing and less aggressive lesion: the solid reaction reflects the body’s ability to respond to the
lesion with new bone growth. If the periosteal reaction is disorganized, showing hair-like or sunburst patterns, a
more aggressive malignancy is likely. An “onionskin” or lamellar-appearing reaction indicates a lesion progressing
with intermittent surges of growth.

There may also be reactions within the medullary canal, causing erosion of the inner surface of the cortex, known as
endosteal scalloping. If the lesion is sufficiently slow-growing that the bone can form new tissue on the periosteal
surface in response to the neoplasm, then the bone may expand in width. Simultaneous expansion of the cortex with
endosteal scalloping may create a so-called “soap bubble” appearance. If the lesion is not slow-growing, it may simply
break through the cortex and form an extra-cortical soft tissue mass.

Tumors may be lytic (due to stimulation of osteoclasts), sclerotic (due to stimulation of osteoblasts making new
bone), or have a mixed pattern. The mineralization pattern of the matrix can help distinguish fibrous, osteoid or
chondroid lesions. For example, a chondroid matrix (Figure 2) often has linear or lobular mineralization whereas a
fluffy, cloudlike mineralization pattern suggests an osteoid matrix.
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Figure 2: A bone lesion with a chondroid matrix,
suggests chondrosarcoma. (Courtesy of
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5732632/)

The presence of an extra-osseous soft-tissue mass suggests the presence of osteosarcoma, Ewing sarcoma,
lymphoma, or infection.

CT scans are particularly useful in the evaluation of bone tumors as they provide high-resolution images of the bone
structure (Figure 3). They can help identify the location, size, and extent of a bone tumor, as well as evaluate the
involvement of adjacent soft tissues and organs. CT scans can also be used to guide a biopsy or other diagnostic
procedures. CT scanning of the chest can be used as part of the staging workup of musculoskeletal tumors such as
osteosarcoma, which are known to spread to the lungs.

Figure 3: A coronal CT image shows a cortically based lucent
non-ossifying fibroma in the proximal tibia (Courtesy of
https://link.springer.com/article/10.1007/s00256-022-04022-8)

MRI scans (Figure 4) are particularly useful in the evaluation of soft tissue tumors as they provide detailed images of
the soft tissue structures. They can help identify the location, size, and extent of a soft tissue tumor. MRl can provide
detailed information about the bone structure, including the bone marrow, cortical bone, and periosteum. It can also
help identify the degree of bone destruction caused by the tumor, as well as its relationship to adjacent soft tissues
and organs, notably the neurovascular bundles near the lesion.MRI can also be used to evaluate the response of the
tumor to treatment, such as chemotherapy or radiation therapy.
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/ i
Figure 4: A patient with chronic left knee pain, showing normal plain radiographs (left) but
the MRl images (right) showed high T2-weighted signal intensity in the bone (marrow
replacement) related to a bone lymphoma. (Courtesy of
https://insightsimaging.springeropen.com/articles/10.1007/s13244-014-0339-z)

Positron Emission Tomography (PET) scans are useful in evaluating the metabolic activity of tumors. PET scans can
help differentiate between benign and malignant tumors and identify the spread of cancer to other parts of the body.

Ultrasound can be useful in the evaluation of soft tissue tumors, particularly in the extremities. It can help identify
the location, size, and extent of a soft tissue tumor and can also be used to quide biopsy procedures.

DIFFERENTIAL DIAGNOSIS

Often the combination of patient age and radiographic appearance provides sufficient information to arrive at a
diagnosis. Nevertheless, there are many instances in which a biopsy is needed.

Tissue specimens can be obtained by fine needle aspiration, core biopsy, and open techniques. An open biopsy
is term incisional if a sample is removed; an excisional biopsy removes the entire lesion, or at least the grossly
appreciable disease.

Fine needle biopsy is a quick and minimally invasive procedure that can be guided by palpation in a superficial
location or, if necessary by ultrasound or CT. Fine needle biopsy is often used in conjunction with cytology but may
not provide enough tissue for a definitive diagnosis. As true of any biopsy approach, there is a risk of sampling error
(i.e., the tissue sample is not representative of the tumor as a whole).

Core needle biopsy attempts to increase diagnostic accuracy by using a larger gauge needle to remove a cylinder-
shaped sample of tissue, but still carries a risk of sampling error. Core biopsy may not be suitable for tumors adjacent
to organs and neurovascular bundles, even with image guidance.

Open biopsy utilizes a small incision to remove a larger sample of tissue from the tumor for analysis and might even
be able to remove the entire tumor if it is small enough (i.e. an excisional biopsy). An open biopsy is of course a more
invasive procedure with its attendant complication risks.

A biopsy will, foremost, identify the type of tumor that is present. Examination of the sample includes noting the
degree of differentiation of the tumor cells and whether they are actively dividing. (The ratio of the number of
cells undergoing mitosis to the number of cells not undergoing mitosis, the so-called mitotic index, quantifies that
parameter.) The shape, size, and arrangement of the cells can help determine the type of tumor that is present. For
example, large and irreqularly shaped cells with a high degree of nuclear pleomorphism are indicative of a high-grade
sarcoma. Gene profiling may also predict drug treatment efficacy. Special stains, such as immunohistochemistry,
can identify specific proteins or markers that are associated with particular types of tumors.

In addition to examining the cells themselves, the pathologist will also look at the extracellular matrix surrounding
the cells, i.e. the presence of collagen fibers, or demonstrating the presence of mucin or other substances within the
matrix that may be characteristic of particular types of tumors. Additional molecular testing of the biopsy sample
looks for specific genetic mutations or alterations that may be associated with particular tumors. For example, the
presence of a specific translocation involving the EWSR1 gene can help confirm a diagnosis of Ewing sarcoma.
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DISEASE COURSE: TREATMENT AND PROGNOSIS

The surgical management of bone and soft tissue tumors remains the mainstay of treatment. The surgical options
available for the management of bone and soft tissue tumors are curettage (scraping out the tumor from within
the bone), marginal resection (cutting out the tumor and a small layer of surrounding normal tissue), wide resection
(removal, but with an additional, larger layer of normal tissue around the tumor mass), and amputation. Wide
resectionis also referred to as a limb-sparing or limb-salvage approach. The choice of surgical option depends on the
location, size, and aggressiveness of the tumor, as well as the patient’s age, general health, and functional goals.

Curettage can be used to treat benign bone tumors and some low-grade malignant tumors (Figure 5). After the tumor
is removed, the cavity is filled with bone cement or bone graft. Curettage is often used in combination with adjuvant
therapies such as cryotherapy, phenolization, or high-speed burring to ensure that all neoplastic cells are destroyed.
In cases where the tumor has caused significant damage to the bone, bone grafting may help restore the structural
integrity of the bone. Internal fixation may be needed to help support the bone and prevent fracture. Curettage is a
less invasive procedure compared to resection but has a higher local recurrence rate. This approach may preserve
function, particularly around joints.

Figure 5: A) An X-ray shows an expansile lytic lesion in the right proximal humerus
consistent with a simple bone cyst. B) A post-operative x-ray after curettage and grafting
with synthetic bone substitute. (https://www.sciencedirect.com/science/article/pii/
S1726490118300911)

Resection is a surgical option for aggressive bone and soft tissue tumors. Resection involves the removal of the
tumor along with a margin of normal tissue. The extent of the resection depends on the type, size, and location of the
tumor as well as the grade (aggressiveness) of the neoplasm.

En bloc resection refers to a surgical technique in which a tumor or a portion of bone is removed intact, generally
with a rim of surrounding soft tissues, rather than being dissected out piece by piece (Figure 6). The goal of en bloc
resection is to minimize the risk of leaving behind any residual tumor cells and to prevent the spread of tumor cells
into adjacent tissues. During en bloc resection, the tissues removed may include nearby muscles, nerves, and blood
vessels, adding morbidity to the procedure in exchange for more complete removal of intermediate to high grade
tumor cells and a lower incidence of local recurrence. While en bloc resection offers the advantages of reduced risk
of local and systemic spread of disease, it is a more complex and technically demanding surgical technique that
requires specialized training and experience.
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Figure 6: En bloc marginal resection (dashed lines [right ] indicate the
osteotomy plane) with the reconstruction of the knee using an articulated
prosthesis. (Courtesy of https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5101496/figure/f5/)

Limb-sparing surgery involves the removal of the tumor while preserving as much of the affected limb as possible.
This approach is typically used for musculoskeletal tumors that are sufficiently localized and have not spread to other
parts of the body (metastasized). The goal of limb-sparing surgery is to remove the entire tumor while preserving
function, mobility, and a higher quality of life than amputation offers. The surgical procedure for limb-sparing
typically involves a combination of tumor resection, bone reconstruction, and soft tissue repair. In some cases, the
surgeon may use a bone graft or a metal implant to replace the removed bone. Following surgery, the patient may
require physical therapy and rehabilitation to regain strength, range of motion, and function. Advantages of limb-
sparing include the preservation of the affected limb and improved functional outcomes at the cost of a longer
recovery time compared to amputation. Disease-free survival is the same with amputation and a well-executed limb-
sparing procedure.

The choice between limb-sparing and amputation depends on several factors, including the type and stage of the
tumor, its location, the patient’s age and overall health, and the potential for retaining functional outcomes. In
general, limb-sparing surgery is preferred whenever possible, as it allows for the preservation of the affected limb
and better functional outcomes.

Prophylactic internal fixation of long bones affected with progressive metastatic disease can reduce the incidence
and morbidity of sustaining a fracture. The prediction of impending pathological fracture is based upon the degree of
cortical destruction caused by the tumor, and the presence of activity-related pain. Another crucial factor to consider
is the precise location of the lesion within the bone. Areas that experience particularly high forces with weight-
bearing, the calcar region of the proximal femur, for example, are at higher risk of fracture and thus may be treated
prophylactically more readily.

Radiation therapy is a non-surgical treatment option for musculoskeletal tumors that can be used alone or in
combination with surgery and chemotherapy. Radiation therapy works by preferentially damaging the DNA of highly
active cancer cells (with less impact on surrounding normal tissues). This prevents the tumor cells from dividing,
growing and metastasizing. The targeted radiation can be delivered externally, using a machine called a linear
accelerator that directs high-energy radiation beams at the tumor from outside the body, or internally, using a
radioactive source that is implanted directly into or near the tumor.

One of the challenges of radiation therapy for musculoskeletal tumors is that bone and soft tissues have different
radiation sensitivity. Bones are more resistant to radiation than soft tissues and, therefore, require a higher radiation
dose to achieve the same level of tumor cell death. This increases the risk of radiation-induced bone complications
such as osteoradionecrosis and pathologic fractures. To minimize complication risk, radiation therapy is usually
delivered in a series of daily treatments over several weeks to allow healthy tissues to recover between treatments.
The radiation dose and schedule are carefully planned by a team of radiation oncologists and medical physicists
based on specific characteristics of the tumor and the patient’s health.

In addition to killing cancer cells, radiation therapy can also cause side effects, such as skin irritation, fatigue, and

damage to surrounding healthy tissues. The severity and duration of these side effects depend on the dose and
duration of radiation therapy, as well as the patient’s individual sensitivity and overall health.
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Chemotherapy is commonly used in the treatment of musculoskeletal tumors to kill cancerous cells, reduce the
size of the tumor, or prevent spread to other parts of the body. Chemotherapy can be used as adjuvant therapy,
neoadjuvant therapy, or palliative therapy depending on the stage and type of musculoskeletal tumor.

Adjuvant chemotherapy is given after the surgical removal of the tumor, to kill any remaining cancer cells that may
not be visible on imaging or may have spread to other parts of the body. It can reduce the risk of local recurrence,
metastatic disease and improve overall survival. Adjuvant chemotherapy is commonly used for high-grade bone and
soft tissue sarcomas, as these tumors are more likely to spread to other parts of the body.

Neoadjuvant chemotherapy is given before surgery, to shrink the tumor and make it easier to remove. It can also
help determine the tumor’s responsiveness to chemotherapy, which can guide the choice of further treatment after
surgery. Neo-adjuvant chemotherapy is commonly used for locally advanced or difficult to resect tumors, to improve
the chances of successful surgical removal.

Palliative chemotherapy is given to relieve symptoms and improve quality of life in patients with advanced or

metastatic tumors, by slowing tumor growth to reduce symptom severity. Palliative chemotherapy may be given in
combination with other treatments, such as radiation therapy, to maximize patient comfort.
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CHAPTER 1089.

OSTEONECROSIS

Osteonecrosis is a disease process characterized by the ischemic death of subchondral bone, that is, bone under
the cartilage near the joint surface, culminating in the possible collapse of the bone and damage to the joint.
Osteonecrosis is distinguished from “bone infarction,” which is also characterized by ischemic death of bone - but
in the diaphyseal shaft, and thus not associated with a risk of arthritis. Osteonecrosis is also known as “avascular
necrosis” or “aseptic necrosis,” older terms that are no longer preferred. Osteonecrosis has many causes, including
trauma, sickle cell disease, corticosteroid use, and excessive alcohol intake, though in many instances a cause is not
identified. In those cases, the osteonecrosis is labeled “idiopathic.” Osteonecrosis is frequently encountered in the
femoral head, proximal humerus, medial femoral condyle, talus, scaphoid, and lunate.

STRUCTURE AND FUNCTION

Interruption of the supply of oxygen-rich blood is the key step to the development of osteonecrosis, as this causes
ischemia of the bone, though the interruption may be subtle. For example, sickled red blood cells may clog flow in
small spaces without any frank arterial occlusion. An overt interruption of blood flow via trauma, especially in bone
regions with a tenuous blood supply, can lead to osteonecrosis. Osteonecrosis can be painful, but its main clinical
significance is that death of sub-chondral bone can lead to collapse of the joint surface and end stage arthritis.

Bone remodeling - namely, the biologic processes of osteoclasts removing older, worn out pieces of bone, with
osteoblasts synthesizing new bone to replace them - requires oxygen and nutrients. When the blood supply to the
bone is interrupted, these necessary supplies are not provided, and the bone can die. However, dead bone, at the
instant of death, is structurally indistinguishable from living bone. Thus, it is the later consequences, namely the loss
of bone remodeling, that causes the joint to fail via the following cascade:

« Ischemia — cell death,

« Cell death — decreased bone remodeling,

« Lessbone remodeling — poorer structural properties of bone (notably loss of compliance),

- Decreased bone compliance — increased chance to collapse with load (see Figure 1),

« Collapse of subchondral bone — irregularities of the joint surface above that bone,

« Irreqularities of the joint surface on one side of the joint plus motion — damage to the other side of the joint.
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Figure 1: Osteonecrosis of the femoral head with subchondral
collapse. The region of dead bone and the area of collapse are
shown [black and red arrows, respectively]. Notably, the surface in
this specimen removed at surgery looks remarkably smooth [yellow
arc]yet with any loading, this sphericity can be lost.

PATIENT PRESENTATION

Most patients with osteonecrosis present because of pain, either from the infarction itself or from the resulting
arthritis. Rest pain occurs in about two-thirds of patients, while night pain occurs in about one-third of patients.
Osteonecrosis can also be asymptomatic and found incidentally on imaging. In some cases, known risk factors of
osteonecrosis are present, but not always.

The initial physical exam findings are often non-specific. As osteonecrosis progresses and joint function
deteriorates, the patient will present with the usual findings of arthrosis: swelling, tenderness, restricted motion, and
deformity.

Osteonecrosis of the hip can be caused by a femoral neck fracture or dislocation. Branches of the femoral circumflex
arteries are prone to disruption with a femoral neck fracture (see Figure 2). With a dislocation, the blood vessels
might remain in continuity but can be stretched. This stretching might damage to the inner lining (endothelium) of
the vessel, causing thrombosis and occlusion.

Osteonecrosis of the hip may be seen in patients with sickle cell disease, steroid use, and alcoholism as well. When
the etiology is not traumatic, both hips are usually involved.
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Figure 2: The medial and lateral femoral circumflex arteries branch off the
profunda femoris (blue arrow). The green arrow points to a branch from the
lateral femoral circumflex ascending the femoral neck to supply the femoral
head. Disruption of this artery in the region shown by the orange box can
cause osteonecrosis in the area of the head (pink circle). (Image modified
from https://www.cureus.com/articles/
13561-osteonecrosis-of-the-femoral-head-etiology-investigations-and-mana
gement)

Osteonecrosis of the proximal humerus may be found after fracture, but dislocation usually is not the cause. That
is because normal glenohumeral mechanics are not as tightly constrained as the hip and the nearby neurovascular
structures are more accommodating of displacement.

Patients may present with spontaneous osteonecrosis of the knee (known as "SONK”). SONK is most commonly
seen in middle-aged females, and almost always is found in the epiphysis of the medial femoral condyle. The typical
presentation is a sudden onset of severe knee pain without trauma (Figure 3).

Figure 3: MRl imaging of spontaneous osteonecrosis of the knee (SONK)
showing bone marrow edema and flattening of the medial femoral condyle.
(Case courtesy of Dr Fazel Rahman Faizi, Radiopaedia.org, rID: 66265)
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In the wrist, osteonecrosis of the scaphoid usually follows fracture. The lunate may also be affected without a
fracture, called KienbockK's Disease.

Like the scaphoid, the talus does not have any muscles/tendons inserting on it, so it too has a more tenuous blood
supply and is accordingly prone to osteonecrosis when there is a fracture.

OBJECTIVE EVIDENCE

No laboratory test findings specifically confirm the presence of osteonecrosis, though testing may identify
conditions that increase its likelihood.

Because dead bone does not have active osteoclasts, old and worn bone is not removed. This is seen on plain x-rays
asincreased density and sclerosis.

Osteonecrosis of the hip can be staged according to its appearance on imaging. There are several popular
classification systems, but all unite around a similar theme of evaluation of the lesion based on plain radiographs and
other modalities, especially MRI.

In its initial stage, osteonecrosis is not detectable. As osteonecrosis progresses, a subchondral radiolucency can be
seen. This so-called crescent sign is produced by subchondral trabecular fracture and is a sign of impending collapse
(see Figure 4).

Figure 4: Imaging of osteonecrosis of the femoral head, including MRI (left), CT (center) and plain
x-ray (right) demonstrating “crescent sign,” outlined in red. (Reproduced from
https://eor.bioscientifica.com/view/journals/eor/4/3/2058-5241.4.180036.xml)

In late stages of AVN, loss of sphericity and collapse of the femoral head, joint space narrowing, and degenerative
changes in the acetabulum can be seen.

Bone scanning can show increased bone turnover at the junction of dead and reactive bone, but it is significantly less
sensitive than MRI in diagnosing osteonecrosis.

MRI has very high sensitivity, and changes can often be seen on MRl early in the course of disease.

EPIDEMIOLOGY
There is no single demographic for osteonecrosis, but the following observations apply to the various “bones at risk™:

» Hip. The femoral head is the most commonly affected area. The US incidence is ~20,000 cases annually.
Osteonecrosis is thought to account for 10% of all total hip arthroplasties. The average age of patients with
osteonecrosis of the hip is about 50, and males are more commonly affected. Fracture or dislocation is
implicated in about 10 to 25% of cases.

« The shoulder is the second most commonly affected area. Osteonecrosis of the shoulder is often bilateral,
because systemic factors, not trauma, are the cause (Figure 5).

« Osteonecrosis of the knee commonly seen a middle-aged female without identifiable risk factors. The
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prevalence is unknown, as cases of arthritis may have been caused by undetected spontaneous
osteonecrosis.

- Osteonecrosis of the lunate (Kienbdck's disease) most commonly affects males aged 20 to 40 years old.
There is a higher incidence of Kienbdck's disease in patients with negative ulnar variance (Figure 6).

Figure 5: Osteonecrosis of the proximal humerus. (Case courtesy of Dr Jeremy Jones,
Radiopaedia.org, riD: 7404)

Figure 6: Radiograph of the wrist showing negative ulnar variance, namely, a
“short”ulna that does not reach as far distally as the radius. The blue lines
show the area where the ulna does not make contact with the lunate. This loss
of contact creates greater pressure from the radius, which is thought to be
the cause of the disease. (The articulation between the radius and the
scaphoid and lunate is shown in red.)

DIFFERENTIAL DIAGNOSIS

The differential diagnosis can be thought of in a few separate ways. That is, the clinician may wonder “why does this
person (with normal x-rays) have pain?” or “why does this fairly young person have arthritis?” or “what could be the
cause of this lesion | see on x-rays?”.

To be sure, osteonecrosis is a possible cause of pain in the setting of normal x-rays, but is likely only in patients
with known risk factors (see below). Without risk factors present, hip pain is the setting of normal x-rays is more
reasonably attributed to common causes of joint symptoms, such as sprains/strains or mild arthritis.

Labral tears of the hip may be a source of pain, but can be missed on MRI if contrast is not used [see
https://orthopaedia.com/page/Labral-Tears-of-the-Hip-and-FAl ])
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Similarly, osteonecrosis is a possible reason that a person may have premature osteoarthritis. Again, the likelihood
of this without a risk factor is low.

The differential diagnosis for an isolated lesion within the bone includes osteonecrosis but osteomyelitis and bone
tumors must be excluded.

RED FLAGS

Severe bone pain, especially in patients with known risk factors for osteonecrosis, as listed below, should prompt
consideration of a diagnosis of osteonecrosis. It is theoretically helpful to detect osteonecrosis before there is joint
collapse, as protecting the joint while the infarcted area might heal may be able to prevent end-state arthrosis.

Reperfusion and healing of the infarcted area, if there is no collapse, should lead to resolution of the condition. On the
other hand, there islittle evidence that interventions such as limiting weight bearing are actually effective to promote
healing and prevent collapse when the osteonecrosis is related to systemic factors. What is clear is that preventing
displacement of a fracture can protect the blood supply. Thus, for example, if patient falls on an outstretched hand
and has tenderness in the “anatomic snuff box”(Figure 8), such a patient should be temporarily immobilized in a splint
or cast - even if x-rays are normal. Snuff box tenderness suggests a scaphoid fracture, an injury that can be difficult
to detect on routine radiographs if there is no displacement. Immobilization of the wrist can prevent displacement,
which thus decreases the risk of osteonecrosis by protecting the scaphoid’s tenuous blood supply.

Figure 7: The white arrow points to the center of “anatomic snuff
box.” The lateral (radial/thumb sided) border of this box is formed
by the extensor pollicis brevis and abductor pollicis longus
tendons. The medial (ulnar) border is the extensor pollicis longus
tendon. The scaphoid lies directly below the skin here.

TREATMENT OPTIONS AND OUTCOMES

Treatments of hip osteonecrosis in the pre-collapse stage include physical therapy and restricted weight-bearing,
though robust evidence of efficacy is absent. (That is, these treatments are offered empirically. Some lesions
apparently resolve spontaneously, and it cannot be known with certainty if an empirically employed intervention
actually affected the natural history of the disease.)

Various medications, such as vasodilators to promote increased blood flow, anticoagulants to prevent thrombosis,
and bisphosphonates to decrease bone resorption, have been tried.

Joint preservation surgical interventions include core decompression, bone grafts, and osteotomy. Core
decompression is a completed by drilling a channel in the femoral head, to decrease pressure and increase perfusion
(Figure 8). Some surgeons advocate using a vascularized bone graft to increase the blood supply.

Treatment of avascular necrosis of the femoral head after collapse of the articular surface is dictated by the extent of
arthritis. Osteotomies can move a collapsed region of the femoral head away from points of maximal weight-bearing
regions to less central locations. In patients with sufficiently severe signs and symptoms, total hip arthroplasty is
indicated.
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Figure 8: Core decompression of an area of osteonecrosis in the femoral head (shown in
red). (Reproduced from DOI: https://doi.org/10.1016/j.eats.2021.08.015)

In the initial stage of disease, spontaneous osteonecrosis of the knee can be treated with analgesics and protected
weight-bearing. If there is no subchondral collapse, arthroscopy, core decompression, and osteochondral autologous
transplantation have been recommended. Advanced disease is treated with either unicompartmental knee
arthroplasty or total knee arthroplasty.

For osteonecrosis of the lunate in patients with negative ulnar variance and no extensive degenerative changes,
a radial shortening osteotomy to balance the radio-lunate joint can be tried. When more extensive degenerative
changes are present, proximal row carpectomy or fusion may be needed.

RISK FACTORS AND PREVENTION

The following is a list of some of the more common causes of osteonecrosis:

- trauma
« corticosteroid use or Cushing's disease
« alcohol abuse
« Sickle cell disease/Hemoglobinopathies
« Systemic lupus erythematosus
« Antiphospholipid antibody syndrome
« metabolic diseases such as hyperlipidemia
« renal failure (in renal transplantation, medication may be responsible)
o HIV
« priorradiation therapy
« chemotherapy
- decompression sickness (diving)
- bisphosphonate use
There are no proven steps to prevent osteonecrosis, but some advice can be offered on that basis of rationale. For

instance, if corticosteroids are medically indicated, the minimum effective dose should be used, for the shortest
possible duration.

Trauma should be avoided, but if a bone at risk is injured, maximal care should be taken to help preserve the blood
supply. As noted, possible non-displaced fractures of the scaphoid should be protected. In the case of a femoral neck
fracture, open (as opposed to percutaneous) surgery for fixation may be preferable, to ensure anatomic reduction
and to decompress the fracture hematoma (which might otherwise impede blood flow via a tamponade effect).

ORTHOPAEDIA 727



Also, patients at high risk of osteonecrosis should be educated about osteonecrosis to facilitate early (and perhaps
less extensive) intervention.

MISCELLANY

Specific sites of osteonecrosis are known by eponyms, including the following: Freiberg infraction, denoting
osteonecrosis of the second metatarsal head; Legg-Calvé-Perthes disease, denoting osteonecrosis of the femoral
head in the pediatric population; Panner disease, which is osteonecrosis of the humeral capitellum; and Sever
disease, for osteonecrosis of the calcaneal epiphysis.

Acute decompression syndrome (Caisson's disease) is a neurological condition seen in divers when nitrogen gas
emerges from the blood as bubbles after ascending from underwater too rapidly, leading to decreased blood flow
to the brain and other tissues. Nitrogen bubbles can also impede blood flow to the bone, causing dysbaric
osteonecrosis.

Hyperbaric oxygen treatment may be useful for patients with osteonecrosis without collapse. Patients receiving

hyperbaric oxygen are placed in a special chamber and breathe pure oxygen at approximately double normal
atmospheric pressure. This treatment may increase oxygenation of the bone but also may modulate inflammation.

KEY TERMS

Osteonecrosis, Subchondral collapse, Bone remodeling

SKILLS

Recognize patients at risk for osteonecrosis. Describe imaging findings.
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CHAPTER 10.

OSTEOPOROSIS

Osteoporosis (Greek for “porous bone’) is a disease of decreased bone density leading to a predisposition to
fractures. Osteoporosis is extremely common, affecting more than 200 million people worldwide. Osteoporosis is
defined by having a bone mineral density that is more than 2.5 standard deviations lower than the young adult mean.
Osteoporosis most commonly affects the wrist, hips, and vertebrae. Osteoporosis is more common in women, who
have an accelerated loss of bone density after menopause due to the decline in estrogen, in addition to normal
age-related bone loss. A pre-osteoporosis state, osteopenia, is said to be present when bone mineral density is
decreased, but not to the extent that osteoporosis can be diagnosed.

STRUCTURE AND FUNCTION

Osteoporosis is a disease of imbalanced bone remodeling. “Bone remodeling” refers to the biologic processes of
osteoclasts removing older, worn out pieces of bone, with osteoblasts synthesizing new bone to replace them. There
are two phases of bone remodeling: resorption and ossification. In the bone resorption phase, osteoclasts break
down the organic tissue in bones and release minerals into the bloodstream, especially calcium, but also magnesium
and phosphate. Ossification is the process of laying down new organic matrix by osteoblasts (Figure 1).

Figure 1: A simplified depiction of bone remodeling (modified from
Wikipedia). Panel 1shows worn out bone (red); panel 2 shows osteoclasts
removing the old bone; panel 3 shows the site of bone breakdown before
restoration; panel 4 shows osteoblasts synthesizing new matrix (blue); and
panel 5 shows restored normal bone after this matrix is mineralized.
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In any given year, about 10% of the adult skeleton is remodeled. Normally, osteoblast and osteoclast activity are
tightly coupled to ensure maintenance of normal bone density. When osteoblasts are more active than osteoclasts,
more bone is formed than resorbed and bone density increases (such as with load bearing). When osteoclasts are
more active than osteoblasts, more bone is resorbed and bone density decreases.

With age, osteoblasts become less active and the osteoclasts begin to outwork the osteoblasts. Therefore, bone
resorption occurs at a faster rate than bone formation and bone density is lost. Ultimately, there is increased bone
fraqility.

At the smallest microscopic level, the bone is apparently normal, there is just less of it (see Figure 2). Notably, very
little bone has to be lost for the mechanical properties of the bone to be altered significantly. (Older readers may recall
that small perforations in a checkbook or a book of stamps allow easy removal of the check or stamp, respectively -
though the mass lost when making this perforation is very small, of course.)

Figure 2: A microscopy comparison of normal(left) and osteoporotic bone (right).
(From Wikipedia)

PATIENT PRESENTATION

Osteoporosis is considered a “silent” disease, in that a person can have it without symptoms and becomes aware
of it only when there is a fracture. In the United States, the prototypical patient is a thin, Caucasian or Asian post-
menopausal female, though osteoporosis occurs in patients of all ages, sexes, races and sizes.

The physical exam can be entirely normal in early osteoporosis. However, as the disease progresses there may be loss
of vertical height and development of kyphosis in the thoracic spine (see Figure 3). More subtle loss of vertical height
can be identified by asking the patient about their height and then measuring them (as most people do not mentally
update their height as they age, and report their young-adult maximum).
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Figure 3: A photograph of a woman with
osteoporosis showing a curved back from
thoracic compression fractures. (Reproduced
from https://en.wikipedia.org/wiki/
Osteoporosis)

There are three fractures (Figure 4) typically associated with osteoporosis: Colles’ fractures of the distal radius,
vertebral body compression fractures, and hip fractures involving the femoral neck or intertrochanteric regions.
Commonly, wrist fractures occur at age 50-60, vertebral fractures in the 60-70 window, and hip fractures after age
70.

Figure 4: Osteoporosis-related fractures. At left, a fracture of the distal radius (Case courtesy of
Radiopaedia.org, rID: 12382); in the center panel, a severe osteoporotic fracture of the T12 vertebral
body (red arrow)with a mild osteoporotic fracture of the L1vertebral body (green arrow)(courtesy of
https://qims.amegroups.com/article/view/7221/7971 James F. Griffith). At right is a fracture of the
hip (modified from Wikipedia).

OBJECTIVE EVIDENCE

X-rays are very insensitive for measuring bone mineral density. By the time thoracic osteoporosis can be identified on
a chest x-ray, for example, approximately 50% of total bone mass has already been lost. Late in the course, a lateral
chest x-ray may show anterior collapse of the thoracic vertebrae, which causes the deforming shown in Figure 2.

The U.S. Preventive Services Task Force recommends screening for women over age 65 and women of any age who
have risk factors for developing osteoporosis.
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Dual-energy X-ray absorptiometry (DEXA) of the hip (Figure 5) and lumbar spine is the test most frequently used
to measure bone mineral density. The actual density is reported in grams/cubic centimeter, but a more useful
description is a comparison to the peak bone mass achieved in young adulthood, reported as the T score.

The T score describes how many standard deviations an individual's bone density differs from the average peak bone
density of a (sex and race-matched) young adult. A T score of -1.0 means the bone is one standard deviation less
dense than the average young adult, for example. Osteoporosis is diagnosed when the lumbar T score is -2.5 or lower.
Osteopenia is said to be present when the value is 1to 2.5 standard of deviations below the reference mean.

Figure 5: Dexa scan of the hips. In this particular case, the T-score was approximately -1,
though this is not visually apparent and must be calculated. (Image courtesy of Afzelius et
al Diagnostics. 2017;7(3):41. Published 2017 Jul 9. doi:10.3390/diagnostics7030041)

The Z score is a similar score but compares the individual to a cohort of the same age. The T score is used to
diagnose or define osteoporosis whereas the Z score is used to help determine if something other than age is causing
additional bone loss. For example, a healthy 65-year-old woman with menopause-related osteoporosis and no other
illness may have a T score of -2.5 but the Z score may be close to 0.

In the absence of a secondary cause for osteoporosis, routine laboratory tests will be normal. If a recent fracture
exists, alkaline phosphatase may be elevated due to increased bone repair and remodeling. Vitamin D, calcium, and
parathyroid hormone levels should be assessed in patients sustaining low energy fragility fractures. Lab tests can be
used to rule out secondary causes of osteoporosis.

EPIDEMIOLOGY

Osteoporosis affects more than 200 million people worldwide; there are approximately 10 million fractures per year
due to osteoporosis. Although most patients with osteoporosis will be female, males can also be affected. It is
estimated that in persons older than 50 years, the prevalence of osteoporosisis 15% in women and 5% in men, though
this varies considerably by geography (for example, regions closer to the equator have lower fracture rates, likely on
the basis of greater sunlight exposure leading to greater vitamin D synthesis).

Bone mass decreases with age (see Figure 6). Women experience an accelerated rate of loss at menopause, and thus
have a distinctly higher risk at that point in the life cycle. The lifetime risk of an osteoporotic fracture is more than
double for women compared to men. Within the female population, women of northern European descent have the
highest risk of osteoporosis. In men, osteoporosis is most likely to be secondary to other underlying conditions such
as low testosterone, alcohol abuse, smoking, and steroid use.
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Figure 6: Bone mass as a function of age. (Reproduced from Wikipedia)

DIFFERENTIAL DIAGNOSIS

All forms of osteoporosis will have a low T score. Osteoporosis related to a secondary metabolic disorder can be
differentiated from senile or postmenopausal osteoporosis by noting a low Z (age-matched) score as well as alow T
score. Many underlying conditions can result in secondary osteoporosis.

Common causes of secondary osteoporosis include anorexia, chronic steroid use, HIV, hyperparathyroidism,
hyperthyroidism, hypogonadism, inflammatory bowel disease and malabsorption syndromes, multiple myeloma,
renal failure, rheumatoid arthritis, use of certain medications like proton pump inhibitors and anti-epileptic
drugs, and vitamin D/calcium deficiency.

RED FLAGS

A fracture with a low-energy mechanism of injury (e.g., a wrist or hip fracture after a fall from a standing height,
or vertebral fracture without any overt trauma at all) is a red flag for osteoporosis and fragility. A wrist fracture,
especially, should prompt a work-up for osteoporosis, as this normally precedes the hip fracture by a few decades
and timely treatment may help avert this latter complication.

Features suggesting the presence of osteoporosis include a previous fracture, excessive alcohol use, and smoking
history. Loss of height and weight and changes in posture are also signals of underlying osteoporosis.

TREATMENT OPTIONS AND OUTCOMES

The primary goal of osteoporosis management is prevention of adverse outcomes: reducing the risks of
complications, especially fractures. Lifestyle modifications are the first step. Appropriate nutrition, weight-bearing
exercise, and avoiding unhealthy habits are recommended for all patients.

In patients prone to falls, prevention programs such as exercises to improve balance (i.e., tai chi), removing area rugs
and loose wires, and adequate lighting can be helpful.

Supplementation of vitamin D and calcium is recommended especially for patients with low baseline levels. Between
diet and supplements, the daily intake of calcium should be at least 1200 mg/day; vitamin D should be between
800-2000 IU units daily. The dosage may be adjusted if indicated by labwork.

The pharmacological treatment of osteoporosis is divided in two categories: antiresorptive (reduces bone
resorption) and anabolic (increases bone formation) agents. Among antiresorptive agents, bisphosphonates are
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the most commonly used class. Bisphosphonates work by inhibiting the osteoclast activity. Common side effects
are upper gastrointestinal symptoms, myalgia, arthralgia, and hypocalcemia. Osteonecrosis of the jaw and atypical
fractures of long bones are rare.

A special characteristic of bisphosphonates is their long-term retention in bony tissue. After 5 years of oral use or
three years of IV therapy, hon-high-risk patients can be given a“drug holiday” with resumption of the medication after
re-evaluation in the following year.

RANK ligand inhibitors can be used as well. The RANK ligand is a protein which normally activates osteoclasts
to increase bone resorption. By binding to the RANK ligand, medications in this class reduce bone resorption by
preventing activation of osteoclasts. In contrast to the bisphosphonates, RANK ligand inhibitors are not retained in
bony tissue for long periods and accelerated bone resorption begins very shortly after the drug is discontinued. The
benefit of this class of medication is that it can be used in patients with renal dysfunction, whereas bisphosphonates
might be contraindicated.

Hormone replacement therapy is not a recommended treatment for osteoporosis because of its associated risks.
Estrogen is only recommended as a treatment for osteoporosis in postmenopausal women in whom other medical
therapies for osteoporosis are contraindicated.

Anabolic agents, such as parathyroid hormone receptor agonists, can stimulate osteoblast activity and increase bone
mineral density. These medicines are reserved for patients with severe osteoporosis and high risks of fracture.

In general, if osteoporosis is detected and treated early, prognosis is good. On the other hand, untreated osteoporosis
can lead to fracture. Hip fracture, in particular, has a dismal prognosis, with about only 30% of patients returning to
their pre-injury state. Vertebral fractures can also cause a loss of independence, can be painful, and can lead to a
distressing loss of height.

RISK FACTORS AND PREVENTION

Non-modifiable risk factors for osteoporosis include female sex, menopause, age, Caucasian race, and family history.
Potentially modifiable risk factors include immobility and tobacco and alcohol use. Chronic use of certain
medications (e.g., glucocorticoids and thyroid hormone) are known to cause bone mineral loss but may be
unavoidable.

Bone strength develops during childhood, but bone density accumulation is not complete until the third decade
of life. Peak bone mass acquired during this time will influence future risk of developing osteoporosis. Adequate
nutrition with supplementation of calcium and vitamin D if necessary, normal body weight, and weight-bearing

exercise can optimize bone density during this time. Avoiding excess alcohol and tobacco also plays a key role in
prevention. Underlying secondary causes of bone density loss should be addressed as well.

MISCELLANEOUS

Neurological complications from an osteoporosis-related vertebral body compression are very unlikely because the
bone essentially collapses on itself- there are no bone fragments pushed into the canal to compress the cord or nerve
roots.

KEY TERMS

Bone mineral density, Bone remodeling, Bone resorption, DEXA scan, Osteopenia, Osteoporosis

SKILLS

Identify patients in need of screening. Interpret bone densitometry. Master risk reduction, fall prevention,
exercise, and nutritional recommendations.
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CHAPTER 11.

PAGET'S DISEASE

Paget’s disease of the bone is a condition of dysrequlated bone remodeling, characterized by rapid osteoclastic
bone resorption followed by increased osteoblastic bone formation. The resulting new bone is dense but structurally
weak. The spine, skull, pelvis, femur, and tibia are the most common sites of disease. Bone overgrowth may cause
pain, arthritis, and deformities (the latter giving rise to the condition’s historical name, osteitis deformans). The bone
in Paget's disease is also susceptible to fracture. Although rare, a region of bone affected by Paget's disease can
undergo malignant transformation into a sarcoma. Many cases of Paget's disease are asymptomatic and detected
incidentally on radiographs.

STRUCTURE AND FUNCTION

Paget’s disease may affect any bone in the body, though the pelvis, spine, skull, femur, and tibia are most commonly
affected.

Paget's disease is a condition of abnormal bone remodeling. During normal bone remodeling, there is a balance
between bone resorption by osteoclasts and new bone formation by osteoblasts. In Paget’s disease, there is
increased bone resorption by osteoclasts, followed by an associated burst of osteoblast activity. While the exact
cause is unknown, a viral infection is suspected.

Paget's disease encompasses three phases: lytic, mixed, and sclerotic. During the lytic phase, osteoclastic
resorption predominates. In the mixed phase, equal rates of bone resorption and bone formation occur
simultaneously (Figure 1). In the sclerotic phase, osteoblastic bone formation predominates. All three phases of
Paget’s disease may occur simultaneously in the same bone.

Figure 1: Paget's disease under light microscopy. (Left) Low-power magnification reveals a
predominance of lamellar bone. (Right) High-power magnification reveals both prominent
osteoblastic and osteoclastic activity. Many nuclei are visible within osteoclasts. (Courtesy of Human
Pathology Reports Volume 26, November 2021, 300562)

PATIENT PRESENTATION

Individuals with Paget's disease may be asymptomatic and diagnosed incidentally. Other individuals may experience
pain and swelling of the affected extremity. Acute onset pain may be caused by pathologic fracture of the affected
bone.

The bone overgrowth seen in Paget’s disease may cause spinal stenosis, with resulting lower extremity or spinal signs
and symptoms.

Additionally, patients may present with abnormal angulation or bowing (Figure 2).
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Figure 2: Bowing of the right leg due to Paget's disease
involving the right tibia. (Courtesy of
https://www.ncbi.nlm.nih.gov/books/NBK279033/figure/
pagets-disease-bone.F2/)

Increased bone formation in the skull can lead to cranial nerve compression, resulting in hearing loss and vision
changes. Increased bone formation in the skull can also cause loosening of the teeth.

Individuals with Paget's disease may develop high-output heart failure secondary to increased blood flow within the
bones.

The most serious complication of Paget's disease is the transformation of a lesion into a malignant tumor, such as
osteosarcoma. Other tumors such as fibrosarcomas or chondrosarcomas may also develop. Thus, if a known Paget’s

patient develops acute worsening pain and swelling of the affected extremity, a clinician must suspect and rule out
malignant transformation.

OBJECTIVE EVIDENCE

X-rays are often the initial imaging modality used to evaluate patients for Paget’s disease. The affected bone may
demonstrate different radiographic findings depending on which phase is occurring.

During the lytic phase, there are regions of lucency with thinned cortices from the increased osteoclastic resorption.
These areas are often described as a “blade of grass” or “flame-shaped” (Figure 3).
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Figure 3: The "blade of grass”sign is a lucent area in a long bone seen during
the lytic phase of Paget's disease. (Courtesy of Radiopaedia.org, riD: 51018)

During the sclerotic phase, there are thickened cortices due to the increased osteoblastic activity and subsequent
bony formation.

During the mixed phase, there are regions suggestive of both the lytic and sclerotic phases(Figure 4).

Figure 4: Paget’s disease of the right femur, with cortical thickening and prominent
trabeculations. End-stage hip arthritis is present as well. (Courtesy of Radiopaedia.org,
riD: 19779)
Pathologic fractures may be identified as a result of weakened bone from increased osteoclastic resorption.

Classically, “cotton wool exudates” may be observed in the skull-a highly specific finding for Paget’s disease known as
osteoporosis circumscripta(Figure 5).
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Figure 5: Osteoporosis circumscripta with ‘cotton wool exudates” of the skull.
(Courtesy of Radiopaedia.org, riD: 7477)

If a patient is known to have Paget’s disease and a radiograph identifies cortical bony destruction with an associated
soft tissue mass, Paget’s secondary sarcoma is a likely diagnosis that must be excluded.

A bone scan may be obtained to identify the sites of disease (Figure 6). The lesions will demonstrate increased uptake
("hot lesions”) in the lytic and mixed phases secondary to increased osteoblastic activity.

Figure 6: Technetium 99m-methyl diphosphonate (99mTc MDP)
bone scan in a patient with Paget’s disease demonstrating
increased uptake (“hot lesions”) in the right humerus and left
pelvis (A=anterior P=posterior).

Routine blood tests are not particularly helpful for diagnosing Paget’s disease, as even calcium levels are often
normal. However, specialized tests, particularly alkaline phosphatase, can be useful. Alkaline phosphatase is an
enzyme of osteoblasts, and its level reflects osteoblastic synthetic activity.
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A biopsy from a Paget’s bony lesion will reveal woven bone with irregular broad trabeculae in a mosaic pattern with
interspersed fibrous vascular tissue. There will be numerous multinucleated osteoclasts with virus-like inclusion
bodies. The osteoclasts in a Paget's lesion can be distinguished from normal osteoclasts by their increased nuclei
and larger size.

EPIDEMIOLOGY

Paget’s disease is found in approximately 3% of all people over 50 years of age in the United States, with its
prevalence rising to 10% in people over 80 years of age. The disorder rarely presents before age 40, making its overall
prevalence about 1% of the entire US population. Paget’s disease is approximately four times more common in people
who have relatives with the condition. Paget’s disease is also more prevalent in countries such as England, western
Europe, and the United States, and less prevalent in countries such as China, Japan, and India. These data suggest a
genetic contribution to the risk of disease.

Lesions may occur singularly or multiply in numerous bones. The bones most commonly affected are the femur,
pelvis, tibia, skull, and spine.

DIFFERENTIAL DIAGNOSIS

If a patient presents with a bony lesion and is older than 40 years of age, a clinician must always suspect bony
metastasis, lymphoma, and myeloma. If the patient is over 50 years of age, hyperparathyroidism and bony infarcts
must also be included in the differential. Infection, as a general rule, must be considered and excluded for all bony
lesions.

RED FLAGS

Paget's disease can appear in more than one bone. If a single lesion is found, a skeletal survey (complete body
radiography) is indicated to look for other lesions. Alternatively, a bone scan can be performed first so that
radiographic examinations can be limited to sites of “hot lesions” on the scan.)

If a patient is known to have Paget’s disease and presents with an acute worsening of pain and swelling in the affected
extremity, a clinician must suspect malignant transformation. Although secondary sarcomas occur in less than 1% of
all patients with Paget’s, the rate is considerably higher than that for the general population. A bone biopsy may be
indicated.

TREATMENT OPTIONS AND OUTCOMES

Individuals who are asymptomatic may be treated with observation and supportive therapy, such as physical therapy
and anti-inflammatories.

Bisphosphonates can be used for patients with symptomatic Paget's disease. Bisphosphonates target osteoclasts
to decrease bone resorption activity. Bisphosphonates may be administered orally or intravenously. Calcitonin is
another treatment for Paget’s disease that also targets osteoclasts. Calcitonin may be administered intramuscularly
or subcutaneously.

Patients with severe knee and hip osteoarthritis may be candidates for total joint arthroplasty. Total hip replacement
in Paget's is associated with significant blood loss. Thus, preoperative medical treatment (bisphosphonates or
calcitonin) to decrease disease activity and intraoperative bleeding is indicated. The extent of preoperative disease
reduction can be assessed by monitoring serum alkaline phosphatase levels.

Patients with significant angulation or bowing of the femur or tibia may be candidates for realignment osteotomies.

Patients who have sustained pathologic fractures are candidates for operative fixation. Those with impending
fractures may be fixed prophylactically.
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RISK FACTORS AND PREVENTION

Most cases of Paget's disease occur spontaneously. Genetic mutations appear to play a role in Paget’s disease, but
the specific genes/mechanisms are not well known.

MISCELLANY

Paget's disease of the bone is named after Sir James Paget, who also described Paget’s disease of the breast, a form
of breast cancer involving the nipple.

KEY TERMS

Bone remodeling, high-output heart failure

SKILLS

Recognize Paget's disease on imaging. Recognize signs of malignant transformation.
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CHAPTER M2.

STRESS FRACTURES AND THE FEMALE ATHLETIC TRIAD

The Female Athlete Triad was initially defined as the constellation of three interrelated clinical entities typically found
in active young women: amenorrhea, osteoporosis, and disordered eating. The definition has now been broadened
to recognize that each component of the triad exists on a spectrum. Thus, menstrual irregularities (without
amenorrhea), low bone mineral density (without full-blown osteoporosis) and deficits of energy availability due to
a deficient nutrition (without a formal diagnosis of an eating disorder) may be sufficient to prompt this diagnosis.
Notably, the Triad can appear when there is not enough caloric intake to balance caloric expenditure, independent
of whether that imbalance is intentional or unintentional. For example, many runners do not realize how much to
increase intake as they ramp up their training.

The Female Athlete Triad can have significant medical ramifications outside of musculoskeletal medicine - notably
gynecological and psychological. Patients with the Female Athlete Triad usually come to attention of musculoskeletal
practitioners because of stress fractures: skeletal damage caused by repetitive loading forces that exceed the bone's
mechanical resiliency.

The Female Athlete Triad is also relevant to musculoskeletal medicine in that even without a stress fracture, patients
with this condition may fail to attain an optimal peak bone mass in adolescence -the time of maximal bone
formation- and thus place themselves at higher risk for osteoporosis later in life.

STRUCTURE AND FUNCTION

Female athletes, especially those who participate in an activity that values a thin physique, may choose to eat too
little or exercise too much. In the extreme, some may starve themselves (anorexia nervosa) or overeat and purge
(bulimia).

Insufficient nutrition has two important consequences for bone health. For one thing, a calcium deficiency may
be present. Also, decreased body fat is associated with decreased estrogen levels as well. Low estrogen can be
recognized by amenorrhea, but its deficiency can also cause clinically silent damage to the bone. Estrogenis a potent
mediator of both osteoclast and osteoblast activity. Without appropriate levels of this hormone, bone remodeling is
disrupted.

Bone remodeling is the process that repairs the (micro)damage induced by regular activity. It also adjusts the bone’s
architecture to better withstand the mechanical stresses placed on it.

Remodeling is achieved through the coupled action of osteoclasts and osteoblasts. Osteoclasts resorb bone, and
osteoblasts synthesize new bone matrix which then becomes mineralized.

Activities that apply cyclic loading forces can lead to the formation of microfractures. (Running is the prototypical
“cyclic loading forces” activity but not the only one; rowing and throwing are commonly seen causes as well.) When
the rate of damage accumulation becomes greater than the rate of remodeling, these microfractures can lengthen
and coalesce, resulting in a stress fracture.

PATIENT PRESENTATION

Patients with stress fractures will classically present with insidious onset of pain that acutely worsens with high
impact activity and improves with rest. Pain onset is often several weeks after a notable increase in a familiar physical
activity and is not associated with a specific injury. For example, a runner who recently increased her training from 5
to 10 miles per day may present with new symptoms.
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Any female athlete who presents with a stress fracture should be questioned for the presence of factors associated
with the Female Athlete Triad. The patient should first be asked about activities and nutrition. As a first
approximation, athletes should eat about 45 kCal per Kg of lean body mass, in addition to the sports-specific energy
demands (e.g., approximately 100 kCal for every mile ran). In addition, they should be asked about their menstrual
history and use of birth control pills. A history of prior stress fractures, weight changes or other diseases that may
affect bone health(e.qg., thyroid disease) should also be reviewed.

The first physical finding to assess is the body mass index (BMI). BMI is defined as the body mass divided by the square
of the body height. Because self-reporting is imprecise, formal measurement should be made. According to the 2014
Female Athlete Triad Coalition Consensus Statement, a BMI below 18.5 kg/m2 represents moderate risk and a BMI
below 17.5 kg/m2 is highrisk.

On physical exam, stress fractures often have no objective findings at all. Point tenderness or swelling may or may
not be present. If there is a high index of suspicion, a thorough exam of the implicated bone is warranted. The
3-point fulcrum test is useful in identifying femoral shaft stress fractures and is considered positive if painis elicited.
Additionally, a calcaneal squeeze test that elicits pain can indicate a calcaneal stress fracture of the foot (See Figure

1.

Figure 1: Squeezing calcaneus side to side may
reveal a stress fracture.

Soft, thin hair on the extremities (so-called “lanugo”), scarred knuckles, and parotid gland enlargement are physical
exam findings seen in patients with anorexia or bulimia nervosa. Bradycardia and low blood pressure can be signs
of malnutrition or low energy availability, but this is difficult to differentiate from a physically fit athlete with a slow
baseline resting heart rate.

OBJECTIVE EVIDENCE

In Female Athlete Triad, each of the three components can be assessed independently, which can help guide
treatment. In low energy availability states, electrolyte abnormalities such as hypokalemia, hyponatremia, or an acid-
base disturbance may be present.

Menstrual disturbances should first be assessed with a urine pregnancy test. Other lab values can provide insight on
the functioning of the hypothalamic pituitary adrenal axis including luteinizing hormone (LH) and follicle-stimulating
hormone, prolactin, and thyroid stimulating hormone (TSH).

Assessing bone mineral density with dual-energy x-ray absorptiometry (DEXA)is critically important for patients with
Female Athlete Triad, especially if she has already had a stress fracture. A Z-score less than +1.0 in a young athlete
should prompt further evaluation because bone mineral density is expected to be higher in those who regularly
participate in weight-bearing activity.
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Typically, patients with stress fractures will have normal radiographic findings. Positive findings are more likely to
be found several weeks after symptom onset. These findings include cortical radiolucency, periosteal reaction (see
Figure 2), endosteal or cortical thickening, and (in the rare case) a fracture line.

Figure 2: Stress fracture of 2nd
metatarsal identified by the surrounding
periosteal reaction. (Case courtesy of
Dr. Vikas Shah, rID 62575,
Radiopaedia.org)

MRI and technetium bone scans are the best diagnostic imaging tests for identifying occult stress fractures (see
Figure 3). T1and T2-weighted MRIs will pick up marrow edema and delineate clear fracture lines. Tc39m bone scan
will show focal uptake at the stress fracture site.

Figure 3: Stress fracture of distal tibia. Radiograph on left shows a subtle area of
sclerosis whereas the T1-weighted MRI on the right clearly demonstrates the
incomplete fracture line at the distal tibial metaphysis. (Case courtesy of Dr. Hani
Salam, rID 8720, Radiopaedia.org)
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Figure 4: Calcaneal stress fracture. A nuclear bone scan
shows tracer uptake at the stress fracture location.
(Case courtesy of Radswiki, Radiopaedia.org, riD: 11969)

EPIDEMIOLOGY

Female Athlete Triad is most commonly seen in adolescents and young adults. Sports in which a thin figure and light
weight are competitively advantageous, such as ballet, cheerleading, gymnastics, and cross-country running, are
often implicated. Athletes of any sport can develop the condition.

According to the American Academy of Pediatrics, it is difficult to estimate the true prevalence of the triad as each
of the components may be expressed in varying severity. Moreover, not all components are present simultaneously.
Beyond that, prevalence is assessed by self-reported (and possibly imprecise) metrics in cross-sectional studies.
With that caveat, the frequently used approximation is that 1% of high school athletes have all three components and
that the prevalence of at least one component may be as high 50%.

Itis also difficult to estimate the true prevalence of stress fractures, primarily because many cases do not present for
medical attention. Also, among those fractures that are seen, treatment (in the form of relative rest)is often initiated
empirically without objective confirmation. Stress fractures are most commonly seen in weight bearing bones of the
leg (e.g. the metatarsals and calcaneus most commonly). They can also occur in the tibia, fibula, navicular, femur
and bones of the upper body. Young military recruits are another population where stress fractures are commonly
identified, especially within the first several months of their training. In this population these injuries are often called
“March Fractures,” and classically occur in the 2nd metatarsal.

DIFFERENTIAL DIAGNOSIS

Lower extremity pain in an athlete without a history of overt injury suggests the diagnosis of stress fracture, but
this may also be the presentation of a simple muscle strain. Pain that does not get better with rest may suggest
more serious conditions such as bone tumors or infection. Radiographs in patients with suspicious symptoms are
essential. Because the x-ray presentation of stress fractures, tumors, and infections can be similar, MRI or other
advanced testing may be needed as well.

RED FLAGS

A diagnosis of Female Athlete Triad should be high on the differential when any of the following are present:

- Anyfemale athlete that presents with a stress fracture,

« Body massindex below 20,

« QOligomenorrhea or amenorrhea in a competitive athlete,

« Concerning comments about weight gain, weight loss, calorie restriction, or body image.

There should be a high index of suspicion for a stress fracture when any of the following are present:
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« Anathlete who presents with pain in the lower extremity without a clear history of aninjury,
« History of dramatic increase in a specific physical activity,
« Acutely worsening and localizing pain with exercise and significant relief with rest.

The Female Athlete Triad is itself a “red-flag” for the presence of other conditions that may be beyond the expertise
of a musculoskeletal medicine specialist. These include gynecological abnormalities, endocrine disorders (e.g.
polycystic ovary syndrome, hyper/hypothyroidism), complications of pharmaceuticals (both prescribed and illicit),
and psychological disorders. It is critical to make the appropriate referral to a provider with the relevant expertise.

Stress fracture of the superior femoral neck (the so-called “tension side” of the neck) can propagate and displace
the femoral head from the shaft. (This contrasts with such fractures on the inferior neck, the “‘compression side”
(see Figure b), which, should they propagate, will collapse upon themselves.) In turn, such displacement may disrupt
the blood supply to the femoral head and cause osteonecrosis. This is a rare complication of a rare condition, but
the consequences of missing it can be catastrophic. Thus, a presentation suggesting a stress fracture of the hip
demands diligent attention, prompt imaging and referral to an orthopaedic surgeon if the diagnosis is confirmed.

Figure 5: MRI showing stress fracture of the inferior femoral neck
with surrounding edema. (Courtesy of https://radiopaedia.org/
cases/femoral-neck-stress-fracture-3)

TREATMENT OPTIONS AND OUTCOMES

The primary goal in treating Female Athlete Triad is restoring energy balance, which will help restore menstrual
reqgularity and improve bone mineral density. Nutrition education, modifying diet and physical activity, and partnering
with mental health services are important methods in treating energy availability.

Calcium and vitamin D supplementations are also important in restoring bone health. Contrary to recommendations
for the older population, bisphosphonates are not recommended in treating low bone mineral density or osteoporosis
in patients with Female Athlete Triad, as their use increases the risk of stress fractures.

The treatment goal for Female Athlete Triad is restoring energy balance and improving bone mineral density. Clinical
success can be gauged by weight gain and resumption of menses. Screening and early diagnosis of this condition is
essential as bone loss during adolescence and early adulthood is not recoverable and impacts the patient’s peak bone
mineral density later in life.

The mainstay of treatment of stress fractures is rest and avoidance. Activity is restricted, and athletes cannot return
to play until pain subsides, tenderness has resolved, and radiographic findings are negative.

Stress fractures of metatarsals, femoral shaft, and tibial shaft can generally be managed with modified weight
bearing. Fractures in the calcaneus and navicular may require a stricter non-weight bearing status.
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Open reduction and internal fixation (ORIF) may be considered in elite or professional athletes who require a faster
recovery and are at high risk of complications, such as displacement or nonunion.

Operative treatment is also indicated for fractures in locations at high risk of fracture propagation or poor healing,
such as on the tension side of the femoral neck or on the anterior cortex of tibia. Surgery is also indicated when non-
operative measures have failed.

Persistent weight bearing on a stress fracture may cause arrest of bone healing or lead to a complete fracture,
increasing the risk of displacement and nonunion. Stress fractures have an overall excellent prognosis when treated

appropriately (operative vs non-operative, non-weight bearing vs modified weight bearing) and the patient is
educated on physical activity modification.

RISK FACTORS AND PREVENTION

Participation in sports that place value on thinness, either for esthetic reasons(e.g. gymnastics) or performance(e.g.
long-distance running) may increase the risk of developing the Female Athlete Triad. Another risk factor is playing a
sport in which athletes compete in weight divisions (e.g. light-weight rowing).

Lack of nutritional education in a competitive athlete is also a known risk factor.

Prevention of the Female Athlete Triad may be helped by screening and early recognition. Screening can be
accomplished during sports physicals with questionnaires or through targeted history-taking. Information such as
menstrual history, dietary habits, body image assessment, and eating behaviors can identify females at risk and aid
in the diagnosis if Female Athlete Triad is already present.

Athletes with a sudden increase in their level of activity are at risk for stress fracture: the process of bone remodeling
is overwhelmed. This can be mitigated by well-conceived training schedule.

MISCELLANY

The Female Athlete Triad is typically not denoted by the acronym FAT-perhaps because the syndrome is
characterized by a lack of fat.

KEY TERMS

Female Athlete Triad, stress fractures, low energy availability, amenorrhea, bone mineral density, osteoporosis,
insufficiency fractures, march fractures, bone remodeling

SKILLS

Identify athletes at risk of Female Athlete Triad. Obtain the relevant history in a respectful manner likely to elicit
complete information. Recognize the signs, symptoms and radiographic findings of stress fracture. Educate the
patient on activity modification and strategies to prevent future stress fractures.
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CHAPTER M3.

LYME DISEASE

Lyme disease results from infection of a tick-borne spirochete, Borrelia burgdorferi. It usually presents with a
characteristic rash (“erythema migrans”) at the site of the tick bite. Often, symptoms are limited to headache, fever,
muscle aches, and joint pain, though some patients may develop cranial nerve palsies, meningitis, or myocarditis/
pericarditis. A late manifestation of Lyme disease is arthritis, typically affecting the knee. Lyme disease is hamed for
the town in Connecticut where it was first diagnosed.

STRUCTURE AND FUNCTION

Lyme disease is a multisystem inflammatory disease caused by infection of Borrelia burgdorferi or some other
spirochete within the Borrelia genus (Figure 1). It is transmitted to humans through the bite of an infected deer tick,
most commonly Ixodes scapularis.

Figure 1: Photomicrograph of Borrelia burgdorferi. The corkscrew
shape gives rise to the designation of this bacterium as a
spirochete.

Lyme disease is a multisystem inflammatory disease caused by infection of Borrelia burgdorferior some other
spirochete within the Borrelia genus (Figure 1). It is transmitted to humans through the bite of an infected deer tick,
most commonly Ixodes scapularis.

PATIENT PRESENTATION

The first presenting sign of Lyme disease is a rash that appears one to two weeks after a tick bite. This rash, known
as erythema migrans, is found in ~75% of cases. The prototypical appearance is a“bull's eye” target, with ared macule
or papule at least 5 cm in diameter with an area of central clearing (Figure 2), though a diffuse rash without central
clearing is frequently seen as well. The rash itself typically produces no symptoms beyond mild warmth.
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Figure 2: The classic appearance of erythema migrans: a bull's eye
pattern. (Reproduced from https://commons.wikimedia.org/wiki/
Lyme_disease#/media/File:Bullseye_Lyme_Disease_Rash.jpg)

The course of Lyme disease follows three stages. Stage 1, which occurs within the first month of infection, is
characterized by nonspecific symptoms such as fever, headaches, and fatigue. Muscle aches and neck stiffness may
be present.

Stage 2, which occurs weeks to months after the original tick bite, is caused by disseminated infection. Stage 2
findings occur in about 20% of untreated patients. The stage 2 findings that prompt medical attention include
facial palsy or joint pain-at times with the patient unaware of a tick bite, rash or even exposure, for that matter.
Lymphocytic meningitis and cardiac are possible, but rare.

Stage 3 of Lyme disease is characterized by arthritis and recurrent effusions of a single large joint such as the knee
or shoulder.

OBJECTIVE EVIDENCE
The presence of a characteristic rash following recent tick exposure is sufficient evidence to diagnose Lyme disease.

In the absence of a rash or history of tick exposure, the diagnosis of Lyme disease can be made by detecting
antibodies according to a two-stage protocol. First, a sensitive enzyme-linked immunosorbent assay (ELISA) test
is performed. A negative ELISA effectively rules out the diagnosis, but because 20% of the normal population have
antibodies against Lyme, a positive test does not definitively establish the diagnosis. Thus, a more specific Western
blot is needed for confirmation. The Western blot looks for both immunoglobulin M (IgM) and IgG antibodies. IgM
antibodies usually are detected first at 2-4 weeks post-infection, while IgG antibodies appear later at the 4-6 week
point.

Notably, all patients with Lyme arthritis can be expected to have positive IgG serology as arthritis is a late
manifestation of the infection.

In the case of suspected Lyme arthritis, joint effusions can be aspirated to help exclude other diagnoses such as gout
and septic arthritis. The synovial fluid in Lyme arthritis typically shows an elevated white blood cell (WBC) count in the
range of about 10,000 WBC/mm3. This cell count is lower than what is seen in gout (~20,000-50,000 WBC/mm3) and
septic arthritis (560,000 WBC/mm3).

Culture of the synovial fluid is not sensitive, as the joint fluid itself may impede the growth of Borrelia burgdorferi.
Polymerase chain reaction (PCR) testing is sensitive for detecting Borrelia burgdorferi DNA but may be nonspecific,
especially for active infections.

Peripheral WBC counts are usually in the normal range, though the erythrocyte sedimentation rate (ESR) and C-
reactive protein (CRP) levels may be elevated.

Imaging studies are not diagnostic and only performed to exclude alternative diagnoses.
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EPIDEMIOLOGY

There are approximately 25,000 confirmed cases of Lyme disease reported in the United States each year, though
this number is thought to understate the true incidence by a factor of ten(i.e., there are 250,000 cases annually).

In the United States, Lyme disease is most prevalent in the northeast (e.g., places like Lyme, CT), though any area
with a high deer population can be affected; indeed, Lyme has been reported in every state in the continental United
States. Outside the northeast, the upper midwest (Minnesota and Wisconsin) and the west coast (northern California
and Oregon) are the areas that are most affected.

Lyme disease is more common in the months of May to September, owing to both the life cycle of the Ixodes tick as
well as the increased likelihood of people being in the woods with exposed skin.

Lyme disease is more common in children ages 5 to 15, and in adults older than 50 years. There is a slight
(approximately 3:2) female-to-male predominance.

Notably, fewer than 1% of tick bites result in Lyme disease.

Having Lyme disease does not generate enduring protective immunity; reinfection may occur.

DIFFERENTIAL DIAGNOSIS

Lyme arthritis can be distinguished from ordinary bacterial septic arthritis in that most cases of septic arthritis are
characterized by an inability to bear weight, elevated serum WBC count, and a considerably higher synovial fluid WBC
count(>50,000 versus ~10,000 for Lyme).

Lyme arthritis can also be distinguished from other forms of arthritis on clinical grounds. For example, unlike
osteoarthritis, Lyme arthritis typically causes minimal pain with motion and, unlike rheumatoid arthritis, usually
involves only a single large joint. Furthermore, unlike the chronic and progressive nature of both osteoarthritis and
rheumatoid arthritis, Lyme disease is more likely to have intermittent symptoms.

Fibromyalgia generally causes more diffuse pain and lacks objective evidence of inflammation.

Lyme disease affecting the nervous system can create radiating arm or leg pain similar to that seen with a disc

herniation, though there is no preceding history of a traumatic event as might be reported in the case of a disc
herniation.

RED FLAGS

Lyme disease can cause enduring problems if not treated, and thus an appropriate index of suspicion must be applied
to all patients presenting with a history or findings suggestive of the condition.

TREATMENT OPTIONS AND OUTCOMES

The recommended treatment of Lyme arthritis is a 28-day course of antibiotics. A typical regimen would be oral
doxycycline 100 mg twice daily or amoxicillin 500 mg 3 times daily. Doxycycline should be avoided in children.

If detected early, treatment with antibiotics is usually curative. According to the Centers for Disease Control, a
second course of the same oral antibiotic can be considered for patients with improving but persistent symptoms
after an initial course of oral antibiotics.

In addition to antibiotics, nonsteroidal anti-inflammatory drugs such as ibuprofen may be used. Intraarticular
corticosteroid injections should be avoided until antibiotic treatment is completed.

Physical therapy should be provided especially if prolonged activity modification is needed to control the effusions.
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About 5% of patients develop so-called post-treatment Lyme disease syndrome, with lingering musculoskeletal
symptoms despite treatment. More powerful medications such as hydroxychloroquine or methotrexate or
arthroscopic synovectomy can be employed in cases not responsive to first line therapies.

RISK FACTORS AND PREVENTION

The risk of Lyme disease can be reduced by minimizing contact with ticks and avoiding wooded areas, especially
during warmer months. If such exposure cannot be avoided, treating clothing and gear with an insecticide such as
permethrin can help decrease the risk of tick bites.

People in high-risk areas should wear long-sleeved shirts tucked into pants and pants tucked into socks to decrease
exposed skin. Once inside, a full body skin and clothing exam should be performed to check for any attached ticks or
tick bites (Figure 3). Showering can also help wash off unattached ticks.

Figure 3: Sites for a full body skin exam upon return from
potentially tick-infested areas. (Reproduced from
https://www.cdc.gov/lyme/prev/on_people.html)

Attached ticks should be removed as soon as possible, ideally within 36 hours. If ticks are found on the skin, they
should be removed using tweezers (Figure 4).

Figure 4: Tick removal per CDC recommendations: “Use clean,
fine-tipped tweezers to grasp the tick as close to the skin's surface
as possible; Pull upward with steady, even pressure. Don't twist or
jerk the tick; this can cause the mouth-parts to break off and
remain in the skin. After removing the tick, thoroughly clean the
bite area and your hands with rubbing alcohol or soap and water.
Never crush a tick with your fingers.”(Figure and legend from
https://www.cdc.gov/lyme/removal/index.html)

Currently, there is no available human vaccine against Borrelia burgdorferi.
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MISCELLANY

The bacteria that causes Lyme disease was named Borrelia burgdorferiin honor of Wilhelm Burgdorfer who
discovered it.

KEY TERMS

Borrelia burgdorferi, erythema migrans

SKILLS

Recognize the presenting signs and symptoms of Lyme disease. Perform an inspection for ticks.
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CHAPTER M4.

OSTEOMYELITIS

Osteomyelitis is an infection of the bone caused by bacteria, fungi, or mycobacteria. The infection can land in
the bone via the bloodstream (hematogenous spread), contiguous spread from adjacent soft tissues, or direct
inoculation during trauma, or surgery. The disease process is characterized by the progressive destruction of bone
at the center of infection and new appositional bone growth around it. Osteomyelitis is found in both adults and
children, though its presentation and prognosis are different in the two groups. Pediatric patients, whose bones have
open growth plates, are accordingly more susceptible to infection, but this infection is likewise more amenable to
antibiotic treatment. By contrast, osteomyelitis in adults often requires surgical debridement and still has poorer
outcomes, owing to both host and disease factors. The major risk factors for osteomyelitis include diseases that
compromise the immune system, IV drug use, vascular disease, diabetes mellitus, sickle cell anemia, peripheral
neuropathy, prior trauma, and retained orthopaedic implants.

STRUCTURE AND FUNCTION

Osteomyelitis in children occurs most commonly in the metaphysis of the femur or tibia due to hematogenous
seeding; that is, circulating bacteria in the bloodstream land in the bone. In children over the age of 18 months, the
metaphyseal region has straight, narrow capillaries coursing to, but not across, the growth plate. These vessels then
turn back at a 180-degree angle to drain into the veins. This “hair pin” turn decelerates the blood and allows any
bacteria within the bloodstream to escape and lodge within the bone (Figure 1).

Figure 1: Schematic drawing of the vascularization of
long bones in children between 18 months and 16 years
of age. Capillaries in the metaphysis do not cross the
physis and instead make a “hair pin”turn that allows
circulating bacteria to deposit and infect the bone.
(Modified from doi: 10.5334/jbr-btr.1300 The Many
Faces of Osteomyelitis: A Pictorial Review)

In children under 18 months, the metaphyseal capillaries extend across the physis into the epiphysis. As a result, any
circulating bacteria may not only infect the bone but seed the joint and cause septic arthritis as well.
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In healthy adults, most cases of osteomyelitis are caused by direct inoculation from trauma. Hematogenous
osteomyelitis is more prevalent among IV drug users and typically affects the vertebrae. Contiguous osteomyelitis
tends to occur in older patients with sensory neuropathy (often secondary to diabetes mellitus) or vascular
insufficiency, leading to skin ulceration and breakdown.

When bacterial seeding occurs, regardless of mechanism, a local immune response leads to increased vascular
permeability, edema, and recruitment of polymorphonuclear leukocytes. This purulence increases pressure within
the medullary canal and can further obstruct blood flow. Extrusion of purulent fluid through the bone's surface to the
periosteum, resulting in a sub-periosteal abscess, can occur as well. Increased pressure leads to ischemia and bone
necrosis. The necrotic and infected bone may become sequestered during the formation of new bone, making the
eradication of bacteria difficult or impossible without surgical excision. The new bone is called an “involucrum,” and
the infected bone it surrounds is called the “sequestrum”(Figures 2 and 3).

Figure 2: Schematic drawing of the consecutive events of acute osteomyelitis: (a)
initial metaphyseal focus, (b) lateral spread to the cortex, (c) cortical penetration
and periosteal elevation, (d) formation of a thick involucrum, (e) further expansion
of the metaphyseal focus with extensive involucrum. (Courtesy of doi: 10.5334/
jbr-btr.1300 The Many Faces of Osteomyelitis: A Pictorial Review)
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Figure 3: Plain radiograph of chronic osteomyelitis
of the femur. The focal area of increased opacity
represents necrotic bone or sequestrum (blue
arrow). (Courtesy of doi: 10.5334/jbr-btr.1300 The
Many Faces of Osteomyelitis: A Pictorial Review)

Osteomyelitis can be classified according to its duration (e.g., acute, subacute, chronic) and mode of origin (e.g.,
hematogenous, contiguous, direct inoculation). The disease can also be categorized by the Cierny-Mader
classification to be in one of four anatomic stages. In stage 1, infection is confined to the medullary cavity of the
bone. In stage 2, there is a superficial infection affecting the cortex of the bone. Stage 3 involves both cortical
and medullary bone but without loss of structural stability; in stage 4, there is loss of stability. This classification
further subdivides patients according to the presence or absence of local and systemic factors that affect the health
status of the host, such as diabetes mellitus, vascular insufficiency, malnutrition, peripheral neuropathy, smoking,
and others.

PATIENT PRESENTATION

In pediatric patients, acute osteomyelitis typically presents with fever and progressive pain. If the infection involves
the lower extremity, pelvis, or spine, the patient may limp or refuse to walk. If the upper extremity is involved, the
patient may refuse to use that extremity. On physical exam, the patient usually does not look well. The affected region
is typically swollen, warm to the touch, and tender to palpation. The patient may also experience limited range of
motion of the nearby joint.

In contrast to acute osteomyelitis, subacute and chronic osteomyelitis in pediatric patients typically presents with
pain but no fever or constitutional symptoms. The primary complaint is typically well localized pain in the metaphysis
of the long bone; however, this can also occur in the epiphysis or diaphysis. Patients typically report pain that is worse
with activity and temporarily improved with rest. On physical exam, the patient may appear well. The affected region
is typically tender to palpation with mild swelling and possible limited range of motion of the nearby joint. The patient
may also have an antalgic gait.

The signs and symptoms of osteomyelitis in adults can be subtle, so a careful history taking of the risk factors for
osteomyelitis is essential. Acute osteomyelitis may present with erythema, swelling, and pain; the presence of fever
is variable. In chronic osteomyelitis, there is also erythema, swelling, and pain typically at a site of high risk, such
as prior injury, surgery, or ulceration. If an abscess is present in the soft tissues, a fluctuant swelling with overlying
redness may be seen.
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OBJECTIVE EVIDENCE

Although osteomyelitis is associated with an elevated white blood cell (WBC) count, erythrocyte sedimentation rate
(ESR), and C-reactive protein (CRP) level, these abnormal lab tests are nonspecific. A normal ESR and CRP level can
help exclude a diagnosis of osteomyelitis. Although the white blood cell count can be elevated, a normal value does
not exclude a diagnosis of osteomyelitis. CRP levels can also be used to monitor response to treatment.

Blood cultures are helpful in pediatric osteomyelitis; they can identify the infecting organism in 40-50% of cases and
allow for targeted antibiotic therapy.

Radiographic assessment includes plain radiographs, magnetic resonance imaging (MRI), and bone scans. A plain
radiograph can help rule out other diagnoses such as fracture or metastasis. MRl is both sensitive and specific for
detecting osteomyelitis and should be ordered if the diagnosis of osteomyelitis is suspected (Figure 4).

Figure 4: (Left) Plain radiograph of osteomyelitis of the tibia demonstrating a lytic lesion
in the metaphysis (red arrow) with periosteal reaction (green arrow). (Right) Coronal
T1-weighted MRI demonstrating intramedullary bone edema. (Courtesy of BMC Infectious
Diseases volume 18, Article number: 665(2018))

Three-phase technetium-99 bone scans and tagged WBC scans are commonly used modalities. A bone biopsy is

helpful not only for making the diagnosis of osteomyelitis but also for identifying the offending pathogen and its
antibiotic susceptibilities.

EPIDEMIOLOGY

Osteomyelitis occurs in all age groups. The annual incidence of osteomyelitis in children is about 13 per 100,000
persons, with no significant difference in occurrence rates between males and females. Children with
immunodeficiency, diabetes, hemoglobinopathy, and systemic inflammatory conditions are at increased risk. The
incidence of adult osteomyelitis in the United States is estimated to be about 21 per 100,000 persons. The incidence
is slightly higher in men, perhaps related to a higher prevalence of trauma or risk factors such as comorbid disease.

Most cases of adult osteomyelitis in healthy individuals are due to open fractures or postoperative infection. Direct
spread from diabetic ulcers is also common.

DIFFERENTIAL DIAGNOSIS

Note the maxim: “What looks like a tumor might be an infection, and vice versa.” Moreover, Ewing's sarcoma, like
osteomyelitis, is frequently associated with fever.

Trauma to bone and the ensuing periosteal reaction produced by the healing process can mimic early osteomyelitis
as well.

Bone pain from a sickle cell crisis can mirror that of acute osteomyelitis.
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Sensory neuropathy leading to skin ulceration can cause both osteomyelitis and Charcot arthropathy, namely the
destruction of a joint resulting from lysis and fragmentation of the bone in the setting of neuropathy. The
radiographic appearance of a Charcot joint is similar to that of osteomyelitis and ultimate differentiation may require
biopsy and microbiological culture (Figure 5).

Figure 5: Radiographic changes in a foot with Charcot arthropathy; the
appearance is very similar to that of osteomyelitis. (Courtesy of David E. Oji,
M.D. Stanford University School of Medicine)

Scurvy, although rare in developed countries, may be seen in malnourished populations.

RED FLAGS

Because osteomyelitis in young children is often seen concurrently with septic arthritis of a nearby joint, the
presence of one requires additional workup to rule out the other.

There should be a high index of suspicion for patients with risk factors for osteomyelitis, as initial radiographs can be
normal and lab test abnormalities are usually nonspecific.

IV drug users are at increased risk for vertebral osteomyelitis. Sudden, severe back pain in a patient who uses IV drugs
should be suspected to have osteomyelitis until proven otherwise.

TREATMENT OPTIONS AND OUTCOMES

Pediatric patients are usually treated empirically with intravenous antibiotics, later tailored to the results of blood
cultures. If patients fail to improve from a clinical and laboratory standpoint after 72 hours of antibiotic therapy,
repeat imaging and surgical debridement are indicated. Otherwise, antibiotics are typically continued for four to six
weeks. The timing of transition from IV to oral antibiotics is controversial, though it is often feasible to make this
transition after several days provided that the patient is improving. With appropriate treatment, the patient’s clinical
exam should normalize over six to twelve weeks. If acute osteomyelitis is not treated, it can develop into chronic
osteomyelitis and cause destruction of bone as well as extension into surrounding tissues.

Skeletally immature patients with a history of osteomyelitis near the physis should be monitored long-term for signs
of growth arrest.

Osteomyelitis in adults is treated with antibiotics and often surgical debridement as well. Empiric antibiotic therapy
is used at first, while culture and sensitivity data are pending. Empiric antibiotic selection guided by patient-specific
factors that can point to the etiology of the osteomyelitis. For example, Staphylococcus aureus is the most common
offending organism in normal hosts, whereas salmonella is most common in individuals with sickle cell disease.
Generally, a broad-spectrum regimen against both Gram-positive and Gram-negative organisms is best.

Acute osteomyelitis in adults can be treated with antibiotics alone, if it is diagnosed within 48 hours after the onset of
symptoms and there is no abscess. If there is an abscess or avascular tissue, surgical debridement is needed to clear
the infection, as antibiotics reach necrotic bone poorly if at all. All sequestra, necrotic bone, and retained hardware
should be removed.
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Local antibiotics can also be administered by implanting polymethyl methacrylate (PMMA) or calcium sulfate that
contains and elutes antibiotics (Figure 6). Calcium sulfate is biodegradable and does not need to be removed; PMMA
cement is not resorbed and thus a subsequent procedure may be needed for its removal. On the other hand, PMMA
can provide structural support. Additional procedures such as bone grafting or soft tissue coverage may be required.

Figure 6: Surgical debridement and antibiotic placement. In the panel at left, the area of
osteomyelitis is exposed (green arrows). In the center panel, all infected bone is removed, creating a
trough (black arrows). In the panel at right, the area is filled with antibiotic-impregnated calcium
sulfate (blue arrows). (Modified from Zhou et al, Journal of Orthopaedic Surgery and Research volume
15, Article number: 201(2020))

If osteomyelitis is caused by infection of a prosthetic joint, that joint must be removed, ideally as part of a two-stage
revision (i.e., the infected arthroplasty is removed and not re-implanted until the infection clears).

In extreme cases involving extensive bone damage or irremediable vascular disease, amputation may be needed.
Even in less extreme cases, treatment of osteomyelitis is not always successful. Possible complications include
failure to eradicate the infection (about 25% of cases of chronic osteomyelitis), bone deformity (malunion), failure of
fracture healing (nonunion)(Figure 7), septic arthritis of adjacent joints, systemic or contiguous soft tissue infection,
and, inrare instances, sinus tract formation at risk for a resultant squamous cell carcinoma.

Figure 7: Radiographs demonstrating nonunion of a tibia and
fibula fracture in the setting chronic osteomyelitis. There is
increased lucency around the external fixator’s pin tracts.
(Courtesy of https://www.cureus.com/articles/
20536-chronic-osteomyelitis-revisited-a-case-report)
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RISK FACTORS AND PREVENTION

The major risk factors for osteomyelitis include diseases that compromise the immune system (either directly or
because of their associated medications), IV drug use, vascular disease, diabetes mellitus, sickle cell anemia,
peripheral neuropathy, prior trauma (especially open fractures), and retained surgical hardware such as fracture
fixation devices or joint replacement prostheses.

Children who are immunodeficient are more likely to suffer from osteomyelitis due to atypical organisms and may
benefit from vaccination. For example, individuals with sickle cell anemia can be immunized against salmonella,
though the efficacy of this approach still requires confirmation with randomized controlled trials.

Patients with diabetic neuropathy should perform daily foot exams and complete early treatment of minor foot
injuries to prevent potentially devastating complications of osteomyelitis.

KEY TERMS

Bone infection, Joint infection, Osteomyelitis

SKILLS

Recognize risk factors for osteomyelitis. Identify osteomyelitis on plain radiography.
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CHAPTER 115.

PEDIATRIC MUSCULOSKELETAL INFECTIONS

OSTEOMYELITIS

Osteomyelitis represents an infection of bone. In children, it occurs most commonly in the metaphysis of long bones.
About two-thirds of cases occur in the lower extremity, with the femur and tibia most often affected. Osteomyelitis
is subdivided based on chronicity into acute osteomyelitis (symptom duration less than two weeks), subacute
osteomyelitis (symptom duration from two to six weeks), and chronic osteomyelitis (symptom duration longer than six
weeks).

Osteomyelitis in children most commonly occurs due to hematogenous seeding, that is, circulating bacteria in the
bloodstream land in the bone. Osteomyelitis can also occur as a result of local spread of bacteria from an adjacent
infection or from direct inoculation due to an open fracture or puncture wound.

In children, the metaphyseal capillaries make a sharp hairpin turn as they approach the physis. This turn decelerates
the blood flow, which can allow bacterial seeding of bone to take place.

When bacterial seeding occurs, a local immune response leads to increased vascular permeability, edema, increased
vascularity, and recruitment of polymorphonuclear leukocytes (PMNs). This purulence increases pressure within the
medullary canal and can further obstruct blood flow. It can also cause extrusion of purulent fluid through the bone's
surface to the periosteum, resulting in a subperiosteal abscess. Increased pressure can cause venous stasis and
thrombosis, leading to necrosis of bone. The necrotic and infected bone might become sequestered by new bone
formation, making the eradication of bacteria difficult or impossible without surgical excision. (The new bone tissue
is called an “involucrum” and the infected bone it surrounds is called the "sequestrum.”) At times, an involucrum may
spontaneously break down and drain purulent fluid through a sinus tract to the skin.

In children under 18 months, the metaphyseal capillaries extend across the physis to the epiphysis. This allows
infection to possibly damage the physis and seed the joint causing septic arthritis (see below).

Osteomyelitis in pediatric patients is mast commonly caused by Staphylococcus aureus, followed by group A beta-
hemolytic Streptococcus. Haemophilus influenzae infections were previously common, however the prevalence has
decreased due to widespread immunization. Group B streptococcus and Enterobacter infections occur more
commonly in infants and very young children. Salmonella infections may occur in children with Sickle Cell disease.
Immunocompromised patients can develop infections from atypical pathogens.

The annual incidence of acute and subacute osteomyelitis in children is about 13 per 100,000, and there is no
significant difference in occurrence rates between males and females. Children with immunodeficiency, diabetes,
hemoglobinopathy, and systemic inflammatory conditions are at increased risk.

In acute osteomyelitis, patients typically present with fever and progressive pain. If the lower extremity, pelvis, or
spine is involved, it is common for the patient to have a limp or refuse to walk. If the upper extremity is involved, it is
common for the patient to refuse to use the extremity.

On physical exam, the patient usually does not look well. The affected region is typically swollen, warm to the touch,
and tender to palpation. The patient may also have limited motion of the joint adjacent to the region of pain.

In subacute and chronic osteomyelitis, patients typically present with vague discomfort, but no fever or constitutional
symptoms. Their primary complaint is typically well localized pain in the metaphysis of the long bone; however, this
can also occur in the epiphysis or diaphysis. Patients typically report pain that is worse with activity and temporarily
improved by rest. On physical exam, the patient typically does not look sick. The affected region is typically tender to
palpation with mild swelling and possible limitations in range of motion of the joint adjacent to the region of pain. The
patient may also have an antalgic gait.
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Other diagnoses to consider include other musculoskeletal or soft tissue infections (e.g. septic arthritis, pyomyositis,
cellulitis), inflammatory diseases (e.g. acute rheumatic fever), trauma, benign tumors (e.g. eosinophilic granuloma),
and malignancies(e.g. leukemia, Ewing sarcoma, osteosarcoma).

If a patient presents with findings concerning for osteomyelitis, the following should be obtained as part of an initial
work-up: a complete blood count (CBC) with differential, erythrocyte sedimentation rate (ESR or “sed rate”) and C-
reactive protein (CRP), blood cultures, and x-rays of the affected region.

The CRP will typically become elevated within eight hours of onset of the infection. The ESR may not become elevated
until 24 to 48 hours after infection onset. Although ESR and CRP are nonspecific, they are helpful in establishing a
diagnosis. CRP is also useful for monitoring response to treatment. The white blood cell (WBC) count may also be
elevated; however, a normal WBC does not exclude a diagnosis of osteomyelitis.

Blood cultures are helpful as they are able to identify the infecting organism in 40 to 50% of patients and allow
targeted antibiotic therapy.

X-rays tend to be normal or only demonstrate soft tissue swelling in the acute phase, however periosteal reaction,
osteolysis, joint space widening, and soft tissue changes may develop. X-rays are also useful to rule out other
disorders.

MRl represents the best available imaging modality for diagnosing osteomyelitis. Typical findings include bone marrow
edema manifested as increased marrow intensity of T2 sequences and decreased intensity on T1sequences. MRl may
also reveal intra-osseous or subperiosteal abscesses (Figure 1).

Figure 1: MRI of a patient with distal tibia osteomyelitis and an associated
subperiosteal abscess, outlined in red. (Image courtesy of Dan Miller, MD.)

Features of chronic osteomyelitis such as cloaca, sinus tracts, or sequestra are also well demonstrated on MRI. MRl is
particularly useful in that it has superior soft tissue contrast and can reveal other musculoskeletal pathology that may
mimic osteomyelitis (e.qg. cellulitis, pyomyositis, fracture etc.). Other modalities such as radionucleotide bone scan,
CT, or ultrasound may be useful adjuvants, particularly with patients for whom MRl is contraindicated or not feasible.

If the diagnosis of acute osteomyelitis is suspected, the patient should undergo an MRI of the involved area. The
presence of an intraosseous or subperiosteal abscess warrants surgical debridement.

Patients who do not require surgical debridement initially can be treated empirically with a trial of empiric intravenous
antibiotics which are later tailored to the results of blood cultures. If patients fail to improve from a clinical and
laboratory standpoint after 48-72 hours of empiric IV antibiotic therapy, repeat imaging and surgical debridement are
indicated (Figure 2).
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Dan Miller, MD

Figure 2: Intraoperative fluoroscopic images demonstrating corticotomy and
irrigation of the infected intraosseous space for distal tibia osteomyelitis. (Image
courtesy of Dan Miller, MD.)

Antibiotics are typically continued for four to six weeks in total assuming clinical improvement and resolution of
inflammatory markers. The timing of transition from IV to oral antibiotics is controversial, however it is often feasible
to make this transition after several days, provided the patient is clinically improved.

If acute osteomyelitis is not treated, it can develop into chronic osteomyelitis and cause destruction of bone as well
as extension of the infection to surrounding tissues.

With appropriate treatment, the patient’s clinical exam should normalize over six to twelve weeks. Skeletally immature
patients with a history of osteomyelitis near the ends of long bones should be monitored long term for signs of physeal
arrest. Other potential complications of osteomyelitis include venous thromboembolic disease, pathologic fracture,
and avascular necrosis.

SEPTIC ARTHRITIS

Septic arthritis is an infection of a joint. It occurs most commonly in the large joints of the lower extremities, such as
the knees and hips, however it can occur in other locations as well.

Septic arthritis most commonly occurs due to hematogenous seeding of the synovium from an infection elsewhere
in the body such as pneumonia, impetigo, or other skin infections. It can also occur as a result of local spread of
bacteria from an adjacent osteomyelitis. This tends to happen in the setting of metaphyseal osteomyelitis when the
metaphysis is intracapsular (hip, shoulder, elbow, ankle). Although much less common, penetrating wounds into the
joint can also cause septic arthritis.

When spread hematogenously, bacteria travel via the bloodstream to the synovial capillaries, at which point they
form microabscesses that rupture into the joint. When spread locally, bacteria in the epiphysis perforate the articular
cartilage to enter the joint. When this occurs, the patient typically presents with an acute episode of septic arthritis
and the osteomyelitis does not tend to become apparent for several days.

Once bacteria find their way into the joint, the acute synovial reaction results in the formation of a seropurulent

exudate, ultimately leading to a painful joint effusion. During the inflammatory reaction, leukocytes release proteolytic
enzymes, which can cause progressive and irreversible erosion of the articular cartilage, as well as the largely
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cartilaginous epiphysis. The increased intra-articular pressure can also reduce perfusion of the epiphysis, leading
to avascular necrosis if left untreated. If the infection is not treated, loss of articular cartilage, joint fibrosis, bony
alkalosis, bone destruction, and joint deformity can all occur.

The bacteria responsible for septic arthritis vary by the age of the patient.

In children under one month of age, the common causes are Staphylococcus aureus, Group B strep, Gram negative
organisms, and Streptococcus pneumoniae.

In children between one month and three years of age, Staphylococcus aureus and Streptococcus pneumoniae are
also common, but Streptococcus pyogenes, Kingella kingae, and Haemophilus influenza Type B are seen (the latter in
unimmunized children in particular). These bacteria, with the exception of Kingella kingae, are seen in children older
than three years of age as well.

In adolescents, the common causes are Staphylococcus aureus, Nisseria gonorrhoeae, Streptococcus pneumoniae,
and Streptococcus pyogenes.

The annual incidence of septic arthritis in children in developed countries is about 4-5 per 100,000. It is more common
in boys than girls, with a ratio of 2:1. Septic arthritis is not uncommon in healthy children, however children with
immunodeficiency are at an increased risk.

In septic arthritis, patients typically present with acute onset guarding of ajoint. Initially, pain is often poorly localized.
A history of mild trauma is common (and might be coincidental); patients often have a history of a viral illness in the
days to weeks prior to symptom onset.

If the lower extremity is involved, patients often have a limp or will completely refuse to bear weight on the extremity.
If the upper extremity is involved, patient will often refuse to use the extremity. Patients typically also have systemic
symptoms, such as malaise, fever, and poor appetite.

On physical exam, patients will often appear ill. They tend to hold the affected joint in a position to accommodate
joint distention. Patients with septic arthritis of the hip tend to hold the hip in a flexed, abducted, and externally
rotated position, whereas if the knee is involved, the joint is held in a slightly flexed position. Children are typically
apprehensive, and resist attempts to examine the affected extremity. Any movement of the joint is typically painful.
The joint is often tender to palpation. Joint effusions can be seen in subcutaneous joints such as the knee, elbow, and
ankle. Effusions are often difficult to appreciate in less subcutaneous joints such as the hip, shoulder, and Sl joint.

Other diagnoses to consider include transient synovitis, hemarthrosis, other infectious etiologies, inflammatory
diseases, Legg-Calve-Perthes disease, and neoplastic processes. Hemarthrosis can occur secondary to hemophilia
or trauma. Infectious etiologies to consider include osteomyelitis, pyomyositis, and Lyme disease. Inflammatory
diseases to consider include juvenile idiopathic arthritis, reactive arthritis, and rheumatic fever. Neoplastic processes
to consider include leukemia and pigmented villonodular synovitis (PVNS).

If a patient presents with findings concerning for septic arthritis, the following should be obtained as part of an initial
work-up: CBC with differential, ESR, CRP, and x-rays of the affected region. The CRP will typically become elevated
within six to eight hours of the onset of symptoms. The ESR may not be elevated until 24 to 48 hours after the onset
of symptoms. Although ESR and CRP are nonspecific, they are helpful in establishing a diagnosis. CRP is also useful
for monitoring response to treatment. WBC may be elevated; however, it is often not elevated early on. Initial x-rays
are often normal; however, they may reveal joint space widening. X-rays are also useful to rule out other disorders.
Ultrasound may be helpful to confirm the presence of a joint effusion (Figure 3). Blood cultures can also be helpful and
are able to identify the infecting organism in 40 to 50% of patients.
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Femoral neck

c/o Dan Miller, MD

Figure 3: Ultrasound of a patient with a large hip effusion. Note the elevation of the
thickened capsule off the anterior femoral neck. (Image courtesy of Dan Miller, MD.)

The Kocher criteria can be used to assist with diagnosis of septic arthritis of the hip. The four criteria are as follows:
a history of fever over 38.5 degrees Celsius, an inability to bear weight on the affected extremity, an ESR greater than
40 mm/hr, and WBC greater than 12,000 cells/microliter. If the patient has three or four of these predictors, their
predicted probability of having septic arthritis is 93.1% and 99.6% respectively. A CRP > 2.0 mg/dL is also a strong
independent predictor for septic arthritis.

If the diagnosis of septic arthritis is suspected, the patient should undergo urgent aspiration of the joint and analysis
of the joint fluid consisting of at minimum a cell count, gram stain, and cultures. A cell count of over 50,000 WBC/
mmA”3, a positive gram stain, and positive cultures are all suggestive of septic arthritis, however the absence of those
findings does not exclude this diagnosis.

Once the joint is aspirated (Figure 4) and the synovial fluid is sent for cultures, the patient should be started on
empiric IV antibiotic therapy. Antibiotic coverage should then be narrowed based upon the culture results. The patient
should then undergo urgent surgical debridement of the joint via either open arthrotomy or arthroscopic washout.
IV antibiotics are continued until the patient improves clinically, followed by oral antibiotics for another two to four
weeks.

Figure 4: Purulent material obtained from joint aspiration in a
patient with septic arthritis of the knee. Due to the appearance of
the aspirate, the patient underwent immediate arthrotomy with
irrigation and debridement. The cell count later revealed 96,000
WBC with 90% PMNs and cultures grew Methicillin Sensitive Staph
Aureus (MSSA). (Image courtesy of Dan Miller, MD.)

If septic arthritis is not treated, the release of enzymes into the joint by leukocytes to destroy the bacteria will also
destroy the articular cartilage (hence the urgent need to remove the fluid, not only for diagnosis).

The increased intra-articular pressure during the inflammatory reaction can also decrease perfusion of the epiphysis,
leading to avascular necrosis. Long-term, untreated septic arthritis can lead to joint fibrosis, bony alkalosis, bone
destruction, and joint deformity.
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With appropriate treatment, patients generally have good outcomes. Possible complications of septic arthritis
include contracture, growth disturbance, and avascular necrosis. Patients who have recovered from septic arthritis
should be monitored radiographically for sequelae of infection, particularly in cases of septic arthritis of the hip.

TRANSIENT SYNOVITIS

Transient synovitis is self-limited inflammation of the synovium. It can occur in any large joint, however it most
commoanly occurs in the hip.

The pathophysiology of transient synovitis is poorly understood, however there is thought to be a link between
transient synovitis and antecedent viral infections. Patients often have a history of a recent upper respiratory
infection.

The annual incidence of transient synovitis in children ages one to thirteen is 0.2%. It is more common in boys than
girls, with a ratio of 2:1. The average age at presentation is six. Transient synovitis is the most common cause of hip
painin children.

In transient synovitis, patients typically present with joint pain and a limp. If the lower extremity is involved, patients
may refuse to bear weight on the extremity. On physical exam, patients are usually afebrile and generally do not appear
ill. On examination of range of motion of the affected joint, pain tends to be most severe at the extremes of motion
and minimal in the middle of the range of motion arc.

Transient synovitis is a diagnosis of exclusion. If the diagnosis of transient synovitis is suspected, it is important to
ensure the patient does not have septic arthritis, in which case the patient would need |V antibiotics and an urgent
debridement of the joint in the operating room to prevent rapid joint destruction.

The Kocher criteria are useful in helping to differentiate between transient synovitis and septic arthritis of the hip. If
the patient meets one or two of the criteria, their predicted probability of having septic arthritis drops to 3% and 40%
respectively, and transient synovitis rises on the differential.

Other differential diagnoses to consider include traumatic injury, Legg-Calvé-Perthes disease, juvenile inflammatory
arthritis, Lyme arthritis, osteomyelitis, and slipped capital femoral epiphysis.

If the patient presents with findings concerning for transient synovitis, the following should be obtained as part of an
initial work-up: CBC with differential, ESR, CRP, and x-rays of the affected region. In transient synovitis, WBC, ESR,
and CRP are usually normal, however they may be slightly elevated. X-rays tend to be normal, however they are useful
torule out other disorders. If there is any suspicion for septic arthritis, the patient should undergo joint aspiration and
the synovial fluid should be sent for testing. MRI may also be useful to evaluate for osteomyelitis.

Transient synovitis is usually self-limited and spontaneously resolves in one to two weeks. Patients may be treated
symptomatically with rest and anti-inflammatories. Patients should be observed closely by a primary care physician or
pediatric orthopedic surgeon. If symptoms persist beyond a few weeks, a diagnosis of transient synovitis is less likely
and the patient should undergo work-up for other etiologies.

Symptoms of transient synovitis generally begin to improve within 24 to 48 hours; however, it may take a few weeks for
joint irritation to completely resolve. The recurrence rate of transient synovitis is as high as 20%. There are no known
long-term sequelae of transient synovitis.

LYME DISEASE

Lyme disease is anillness that affects multiple body systems. It is caused by the spirochete Borrelia burgdorferi, which
is transmitted by the Ixodes tick.

Ticks are generally located on low-lying vegetation. Once they become transmitted to the host, they attach themselves
to the host’s skin to feed on the blood. The ticks may attach to the skin on any part of the body; however, they often
attach in areas that are difficult to see such as the groin, armpits, and scalp. They must generally be attached to the
skin for 36 to 48 hours before bacteria can be transmitted.

764 JOSEPH BERNSTEIN



Ixodes ticks have a two-year life cycle consisting of four distinct developmental stages: egg, larva, nymph, and adult.
The lifecycle begins when an adult tick lays eggs in the spring. In the summer, the eggs emerge as larva, which feed
on small invertebrates such as mice and squirrels. The larvae emerge as nymphs the following spring, and also feed
on small invertebrates such as mice and squirrels. The nymphs then mold into adult ticks in the fall and feed on larger
animals, such as deer. Ixodes ticks acquire the Borrelia burgdorferi spirochete by feeding on infested animals during
the larva, nymph, and adult stages. Mice and deer are able to carry the spirochete, however they do not become
infected. Only ticks in the nymph and adult stages are able to transmit Borrelia burgdorferi. Most humans become
infected through nymph bites, as the nymphs are small (less than 2 mm) and often hard to see. Adult ticks tend to be
seen and removed before they can transmit the bacteria.

Buring an Ixodes tick bite, the tick saliva disrupts the local immune system, which creates a protective environment
for spirochete replication. Replication of the spirochetes within the dermis leads to a localized post inflammatory
response, which causes a bull's-eye rash termed erythema chronicum migrans. Over a period of days, the spirochetes
spread via the bloodstream to the joints, nervous system, and cardiac tissue. Once present in the joint, the spirochete
leads to an inflammatory response, which ultimately resulted in synovial hypertrophy and accumulation of immune
complexes in the synovial fluid.

The annual incidence of Lyme Disease is 7.9 per 100,000. The incidence is higher in the northeast (Maryland to
northern Massachusetts), the upper Midwest (Minnesota and Wisconsin), and the west (northern California and
Oregon). Lyme disease is most common in children aged five to nine, and infection most often occurs during the
summer.

Lyme disease is characterized by three distinct phases: the early localized phase, the early disseminated phase, and
the late phase.

The early localized phase tends to occur within one month of the tick bite. This phase consists of the erythema
chronicum migrans skin lesion (Figure 5). The skin lesion expands over a period of days to weeks, reaching a diameter
of up to 20 cm. At this point, patients may have systemic symptoms similar to those of a viral syndrome, including:
fatigue, fever, anorexia, headache, neck stiffness, myalgias, and arthralgias.

Figure 5: Example of the erythema migrans skin lesion associated
with Lyme disease. (Case courtesy of Dr Mark Thurston,
Radiopaedia.org, from the case riD: 55288)

The early disseminated phase tends to occur weeks to months after the tick bite. During this phase, pediatric patients
often have multiple erythema migrans skin lesions. Conjunctivitis is also common and occurs in up to 10% of patients.
Although rarer, patients may have cardiac or neurologic involvement. The most common neurologic manifestation is
a Bell's palsy, or paralysis of the facial nerve. Other neurologic abnormalities that can occur include radiculopathy,
cranial neuropathy, and meningitis. Cardiac manifestations that can occur include pericarditis and atrioventricular
heart block.

The late phase tends to occur several months to years after the tick bite. Buring this phase, patients often have
intermittent or persistent arthralgias of one or a few large joints, with the knee being most commonly affected.
Radicular pain, distal paresthesias, and Lyme encephalopathy which leads to mild cognitive difficulties can also occur.

The differential diagnosis for Lyme disease includes acute rheumatic fever, idiopathic Bell's palsy, multiple sclerosis,
peripheral neuritis, and reactive arthritis (formerly known as Reiter’s syndrome).
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If a patient presents with the classic erythema chronicum migrans rash, no further diagnostic testing is needed and
the patient can be assumed to have Lyme disease. If a patient does not have the classic rash at the time of evaluation,
however, there is concern that a patient may be in the early localized phase of Lyme disease. The following labs should
be obtained as part of an initial workup: CBC with differential, ESR, CRP, LFTs, and a Lyme enzyme immunoassay
or immunofluorescence assay. WBC may be elevated; however, a normal WBC does not exclude a diagnosis of Lyme
disease. ESR and CRP are often elevated, albeit to a lower level when compared to values reached in the setting of
septic arthritis. LFTs may demonstrate liver function abnormalities. If initial serologic tests are equivocal or positive,
a Western immunaoblot test should be obtained to confirm the diagnaosis.

If a patient is experiencing joint pain, x-rays of the affected region should be obtained. These will often be normal;
however, they are useful to rule out other disorders. Distinguishing between septic arthritis and Lyme arthritis is quite
difficult but Lyme arthritis tends to have less significant reduction in joint passive range of motion and the child will
often be willing to bear weight or use the extremity. If septic arthritis is on the differential, the joint should be aspirated
and the synovial fluid should be sent for cell count, gram stain, and cultures. In Lyme arthritis, the synovial fluid WBC
is typically elevated, but to a less significant level than in other forms of septic arthritis. It is generally very difficult to
culture Borrelia burgdorferi from the synovial fluid, and serologic tests are generally sufficient to support a diagnosis
of Lyme arthritis. An ECG should be obtained if Lyme carditis is suspected. A lumbar puncture should be obtained if
Lyme meningitis is suspected.

In the early stages of infection, Lyme disease is treated with oral antibiotics (typically doxycycline, amoxicillin, or
cefuroxime) for two to four weeks. Children under eight should not receive doxycycline. If there is no resolution in
symptoms after an initial course of antibiotics, a second course may be needed. If patients have neurologic or cardiac
involvement, they may need IV antibiotics (typically ceftriaxone, cefotaxime, or penicillin G). Patients with chronic
Lyme arthritis that does not respond to IV antibiotics may need to undergo surgical removal of the joint synovium.

If Lyme disease is not treated in the early stage, it can progress and the infection can spread to the joints, heart, and
nervous system. If Lyme disease is treated in the early stages, patients tend to recover quickly and completely without
long term sequelae. Even after treatment, patients can sometimes have Post-Treatment Lyme Disease Syndrome,
which can include persistent joint pain, fatigue, and cognitive impairment.

Currently, there is no available vaccine against Borrelia burgdorferi, however there are steps that can be taken to
decrease the risk of Ixodes tick bites. People in high risk areas can wear long sleeved shirts tucked into pants and
pants tucked into socks to decrease exposed skin. Skin and clothing can be checked for ticks once inside. Insect
repellant can also be used to decrease the risk of tick bites. If ticks are found on the skin, they should be removed
using tweezers. The tweezers should be used to pull traction on the tick until it releases the skin. Alcohol should then
be applied to the skin.
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CHAPTER 116.

SEPTIC ARTHRITIS

Septic arthritisis an infection of the joint space caused by bacteria, fungi, mycobacteria, and viruses. Septic arthritis
typically involves large joints such as the knee, hip, and shoulder, though any joint can be affected. The knee is most
commonly affected in adults, while the hip is most commonly affected in children. The bacteria responsible for septic
arthritis vary by the age of the patient, though Staphylococcus aureus is a common pathogen across all age groups.
Septic arthritis can lead to permanent joint damage unless treated expeditiously with joint irrigation and appropriate
antibiotic treatment.

STRUCTURE AND FUNCTION

A microbe can infiltrate the joint via three methods: hematogenous spread, contiguous spread, or direct inoculation.
Hematogenous spread is the most common mechanism: because the articular capsule lacks a basement membrane,
the joint space is susceptible to invasion from organisms in the bloodstream. Contiguous spread occurs when a
nearby infection, such as osteomyelitis in an adjacent bone or cellulitis of the skin overlying the joint (Figure 1),
reaches the joint. Direct inoculation of the joint space can occur either through trauma or iatrogenic causes, such as
surgeries or injections.

Figure 1: Cellulitis near the knee. Infection of the skin
overlying a joint can be a source of septic arthritis via
contiguous spread.

When the body senses the infection, it mounts an acute inflammatory response. Local macrophages and dendritic
cells are activated. These cells release molecular signals that increase blood vessel permeability and recruit
neutrophils. Neutrophils then release proteolytic enzymes that kill the invading organisms, but these enzymes are
also toxic to the native articular cartilage. Thus, treatment involves removing the joint fluid as well as directing
antibiotics against the offending organisms.

The bacteria responsible for septic arthritis vary by the age of the patient. In children under one month of age, the
common causes are Staphylococcus aureus, Group B streptococcus, Gram-negative organisms, and Streptococcus
pneumoniae. In children between one month and three years of age, Staphylococcus aureus, Streptococcus
pheumoniae, Streptococcus pyogenes, Kingella kingae, and Haemophilus influenza type B are seen. These bacteria,
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with the exception of Kingella kingae, are also seen in children older than three years of age. In adolescents, the
common causes are Staphylococcus aureus, Neisseria gonorrhoeae, Streptococcus pneumoniae, and Streptococcus
pyogenes.

Among adults, the most common organism is Staphylococcus aureus, which accounts for the majority of
cases. Neisseria gonorrhea accounts for ~20% of cases and Gram-negative bacilli such as E. coli, Klebsiella, and
Enterobacter account for another 15%.

PATIENT PRESENTATION

In pediatric septic arthritis, patients typically present with acute onset guarding of a joint. Initially, the pain is often
poorly localized. A history of mild trauma is common but might be coincidental. If the lower extremity is involved,
patients often have a limp or will refuse to bear weight. If the upper extremity is involved, patients might refuse to
use that extremity. Patients typically also have systemic symptoms, such as malaise, fever, and poor appetite.

On physical exam, the child often appears ill and will tend to hold the affected joint in a position to accommodate joint
distention. Patients with septic arthritis of the hip tend to hold the hip in a flexed, abducted, and externally rotated
position; if the knee is involved, the joint is held in a slightly flexed position. Children are typically apprehensive and
resist attempts to examine the affected extremity. Any movement of the joint is typically painful. The joint is often
tender to palpation.

Septic arthritis in the adult typically presents as an acute condition of a single joint (monoarthropathy), usually the
knee, with joint pain, swelling, warmth, and restricted movement (Figure 2).

Figure 2: A patient with septic arthritis of the right knee. The effusion filling
the supra-patellar space is easily seen (red lines), especially in comparison to
the normal contralateral side. (Courtesy of
https://www.heraldopenaccess.us/openaccess/
post-covid-19-reactive-arthritis-an-emerging-existence-in-the-spectrum-of-
musculoskeletal-complications-of-sars-cov-2-infection)

Adults suffering from septic arthritis also tend to hold the joint in a rigid position that maximizes the joint space,
thereby minimizing pressure from the effusion. Passive motion by the examiner will be very painful.

Fever can be present in septic arthritis, especially if the mode of infection is hematogenous seeding, but can be
absentin up to 40% of cases. Thus, normal temperature does not rule out the presence of septic arthritis.

Polyarticular infections occur in 20% of cases of septic arthritis. Such cases of septic arthritis involving multiple
joints are more commonly seen in patients with rheumatoid arthritis or underlying immune compromise.
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OBJECTIVE EVIDENCE

Objective evidence related to the diagnosis of septic arthritis comes from three sources: blood tests; synovial fluid
aspiration and examination; and medical imaging.

Inflammatory markers such as the peripheral white blood cell (WBC) count, erythrocyte sedimentation rate (ESR),
and C-reactive protein (CRP) level can be increased in septic arthritis but are nonspecific. These values can also be
normal early in the disease course.

Blood cultures are positive in ~25% of cases of septic arthritis. Although blood cultures neither confirm nor exclude
the diagnosis of septic arthritis, positive results can be used to confirm the infectious pathogen and tailor
antimicrobial therapy.

Joints that are suspected of having an infection should be aspirated (Figure 3). Removing the joint fluid can provide
pain relief by dissipating the pressure within the joint space. However, the main purposes of aspiration are removing
the WBCs that can damage the cartilage and providing a specimen for definitive diagnosis. The synovial fluid aspirate
of a septic joint is often yellow and turbid, though the appearance of the fluid is not diagnostic. For that reason,
laboratory analysis is routine.

Figure 3: Aspiration of the knee joint. The patella is outlined in red.
As seenin Figure 5, the joint cavity extends well above the patella,
such that fluid can be removed with a needle placed well away from
the cartilage surfaces.

The gold standard for diagnosing septic arthritis is a positive bacterial culture of synovial fluid obtained from a joint
aspiration. However, culture results may not be known for 24 to 48 hours, and waiting that long to treat can be
harmful. Thus, information that could be obtained immediately - namely, the number of WBCs per microliter - is used
as a proxy.

A common clinical decision rule is that a synovial WBC count of 50,000 cells should be treated as if an active infection
were present. However, there is an overlap in the distributions of cell counts seen in people with infection and those
without infection (Figure 4). Thus, there is an inevitable sensitivity-specificity trade-off.
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Figure 4: A hypothetical distribution of WBC counts in both normal and septic joints. As
shown, if a threshold corresponding to the orange arrow were used to signify an infection,
no cases will be missed, but this would require treating more than half of the normal
population! On the other hand, a threshold suggested by the green arrow would eliminate
all false positives, but at the price of failing to treat more than half of the truly infected. In
practice, a compromise value, as shown by the purple arrow, is often used. This value is
adjusted to suit the clinical scenario.

Although an elevated WBC count in the synovial fluid suggests septic arthritis, it can also be seen in other
inflammatory conditions such as rheumatoid arthritis. Accordingly, it may be helpful to examine the fraction of
WBCs that are polymorphonuclear leukocytes. When a borderline WBC count is composed of more than 90%
polymorphonuclear leukocytes, it is highly likely that an infection is present.

The Kocher criteria can be used to assist in diagnosing pediatric septic arthritis of the hip. The four criteria are 1) fever
over 38.5 degrees Celsius, 2) inability to bear weight on the affected extremity, 3) ESR greater than 40 mm/hr, and 4)
WBC count greater than 12,000 cells/uL. If a patient has three of these factors, the probability of septic arthritis is
more than 90%. If all four factors are present, the diagnosis of septic arthritis is a virtual certainty.

Analyzing the fluid for crystals can rule out crystal arthropathy, though a joint with gout or pseudogout can be
infected as well. Gram staining and culturing the fluid will aid in tailoring the appropriate antimicrobial therapy. Gram
stains are positive in ~70% of cases of nongonococcal septic arthritis. Cultures may be negative in the setting of
recent antibiotic use or with certain pathogens such as Neisseria gonorrhoeae.

Radiographic findings for septic arthritis are nonspecific. As septic arthritis progresses and causes more damage
and inflammation, X-rays will reveal an enlarged joint space and joint effusion. Later in the course, plain X-rays may
show juxta-articular osteopenia from hyperemia, joint space narrowing from cartilage destruction, and destruction
of subchondral bone.

Ultrasound and MRI are useful for evaluating the presence of joint effusions (Figures 5 and 6).
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Figure 5: This MRI was obtained for the patient shown in Figure 2. As shown, there is a large effusion.
(The extent of the effusion is seen more easily in the call-out figure to the right, which is a
reproduction of the figure to the left, with the joint fluid highlighted in blue.)(Courtesy of
https://www.heraldopenaccess.us/openaccess/
post-covid-19-reactive-arthritis-an-emerging-existence-in-the-spectrum-of-musculoskeletal-comp
lications-of-sars-cov-2-infection)

Femoral neck

o Dan Miller, MD

Figure 6: Ultrasound of a patient with a large hip effusion. Note the elevation
of the thickened capsule off the anterior femoral neck. (Courtesy of Dan Miller,
MD.)

EPIDEMIOLOGY
The overall incidence of septic arthritis ranges from 4 to 29 cases per 100,000 persons around the world. The

incidence in the United States is ~8 cases per 100,000 persons. While people of any age can have septic arthritis,
about half of the cases in adults occur in individuals 65 years of age or older.

DIFFERENTIAL DIAGNOSIS

In children with suspected septic arthritis, other diagnoses to consider include transient synovitis, hemarthrosis,
inflammatory diseases, Legg-Calve-Perthes disease, and neoplastic processes. Hemarthrosis can occur secondary
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to hemophilia or trauma. Other infectious etiologies to consider include osteomyelitis, pyomyositis, and Lyme
disease. Inflammatory diseases to consider include juvenile idiopathic arthritis, reactive arthritis, and rheumatic
fever. Neoplastic processes to consider include leukemia and pigmented villonodular synovitis (PVNS).

Acute monoarthropathy in the adult has a broad differential. These can be split into infectious and noninfectious
causes. Infectious causes include septic arthritis, septic bursitis, and overlying cellulitis. It is important to discern
if the infection is intra-articular before proceeding with joint aspiration. Sticking a needle through a cellulitis into a
joint and causing septic arthritis is considered poor form, to say the least.

Non-infectious causes of acute monoarthropathy include crystal arthropathy (gout and pseudogout), reactive

arthritis, rheumatoid arthritis, and osteoarthritis. Joint aspirationis required to discern septic arthritis from a crystal
arthropathy. Specific tests for Lyme disease are helpful after first taking a careful history.

RED FLAGS

Acute onset pain and reluctance to move ajoint is a red flag finding suggesting septic arthritis.

Any recent history of invasive procedures or trauma near the affected joint, IV drug use, or an immunosuppressed
state raises suspicion for septic arthritis as well.

TREATMENT OPTIONS AND OUTCOMES

Septic arthritis should be treated urgently. The treatment for septic arthritis of any joint is drainage of the fluid and
initiation of antibiotic coverage. One treatment approach is surgical: joint irrigation and drainage via arthroscopy
(see Figure 7) or (less commonly) open arthrotomy. Another option is drainage via serial needle aspirations. Both
approaches are demonstrably effective.

Figure 7: Arthroscopic photo of a shoulder joint, taken during
irrigation for septic arthritis. There is synovial inflammation and
[white] fibrin deposits seen to the right. (Image courtesy of Knee
Surg Sports Traumatol Arthrosc. 2021; 29(10): 3149-3158. doi:
10.1007/s00167-021-06525-8)

Empiric antibiotics need to be started after joint aspiration is completed. Vancomycin provides broad coverage
for gram positive bacteria. If the gram negative bacteria are suspected or identified on gram stain, a 3rd or 4th
generation cephalosporin should be added. If the patient has a history of IV drug abuse and Pseudomonas coverage
is needed, a 3rd or 4th generation cephalosporin with an aminoglycoside like gentamicin should be administered.
Antibiotics can be tailored to a specific pathogen if and when one is identified on synovial fluid cultures.
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Serial synovial fluid analyses can be monitored for WBC counts reverting to normal; additional cultures can be
obtained from that fluid as well.

The correct duration of antibiotic treatment is not known with certainty. Many physicians treat septic arthritis
with intravenous antibiotics for 2 weeks followed by another 2 weeks of oral therapy. Physical therapy is often
recommended to regain strength and full range of motion.

Outcomes from treatment depend on host factors, the offending organism, and timing. About 50% of normal hosts
will completely recover. Patients with underlying joint disease develop functional impairment in about 1/3rd of cases.
In-hospital mortality rates of 15% or greater have been cited, though it may be that the septic arthritis is simply a
manifestation of terminal decline (i.e., not the true cause of the patient's demise).

RISK FACTORS AND PREVENTION

Risks for septic arthritis include age >80 years old, diabetes mellitus, immunosuppressed states, immunosuppressive
medications, underlying arthritis but especially rheumatoid arthritis, recent exposure of the joint from trauma or
surgery, and other infections, either nearby (e.g., cellulitis and osteomyelitis) or distal. As seen, very few of these
factors are “modifiable,” and thus the true role of prevention is to prevent complications of septic arthritis by timely
diagnosis and treatment.

MISCELLANY

Septic arthritis in ajoint with a prior arthroplasty is of special concern because unless the infection is caught early, it
is extremely difficult to eradicate the bacteria and prevent failure of the arthroplasty. Most cases of prosthetic joint
infections found within the first weeks after surgery are caused by seeding at the time of implantation. Late cases
are usually secondary to hematogenous spread from oral, urinary tract or visceral infections. (This topic is beyond the
scope of this volume but the interested reader might wish to consult an open-access review such as this one: Li, C. et
al. Twenty common errors in the diagnosis and treatment of periprosthetic joint infection. International Orthopaedics
(SICOT) 44, 3-14(2020). https://doi.org/10.1007/s00264-019-04426-7.)

Staphylococcus aureus is the most common organism causing septic arthritis. Some elements of the patient’s history
can suggest other organisms, as shown in the table.

Identifying Factor Pathogen

Sexually active young adults with urethral symptoms Neisseria gonorrhea
Sickle cell disease patients Salmonella

A history of IV drug abuse or foot puncture wounds Pseudomonas aeruginosa
Cat bites Pasturella multocida
:I:Q]ﬂ:gntgtiﬁst&sg%(ﬁalql)y as seen with hand lacerations after punching Eikenella corrodens

KEY TERMS

Septic arthritis, joint aspiration, joint irrigation

SKILLS

Recognize signs and symptoms of septic arthritis. Perform joint aspiration using sterile technique.
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PART I.

STUDY GUIDE SAMPLER
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CHAPTER 1M7.

STUDY GUIDE PREFACE

What follows is a sample of the Orthopaedia Study Guide, the full contents of which are available here:
https://orthopaedia.com/page/Study-Guide.

This study quide consists of a set of questions that | have used for the Orthopaedics 200 required clerkship at the
University of Pennsylvania School of Medicine. These questions and their answers were distributed to the students on
the first day of the clerkship. The students were informed that at the end of the week they would be tested. This final
exam would be a set of six(somewhat) randomly selected questions, taken verbatim from the Guide, to be answered
in writing as a free response text. After the test was administered, the students would then remain in class for a
discussion of each of the questions.

As you see, many of these questions have “Additional Points to Consider” listed explicitly though the aim was to have
all of the questions stimulate thinking, and not pure factual requrgitation. (There was plenty of opportunity for pure
factual requrgitation on other required clerkships.) For those questions that emphasize facts, | found it useful to
compose a somewhat controversial statement and have the students debate it. For example, for the question “What
is a compartment syndrome and how is it prevented, diagnosed and treated?”, | would ask the students, Is a patient
developing a compartment syndrome from a tibia fracture in the setting of poly-trauma is MORE or LESS likely to have
his compartment syndrome missed by the treating physicians compared to a patient with an isolated leg injury? (I can
think of reasons supporting either claim.)

No doubt, in the coming years (maybe even “in the coming months”!) students will be assessed by interactive artificial
intelligence. In that brave new world, they probably will be taught by that Al system too-and not a text like
Orthopaedia. In that sense, this study quide is at risk for obsolescence, but no more so than the whole project. So use
it well, while it still counts.

-Joeseph Bernstein, MD
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CHAPTER 118.

WHY IS ARTHROSCOPIC IRRIGATION AND DEBRIDEMENT OF ARTHRITIS INEFFECTIVE?

Why is arthroscopic irrigation and debridement of arthritis ineffective?

(And more to the point, what is known about the histology of articular cartilage that could have anticipated this
discovery of ineffectiveness?)

Arthroscopic irrigation and debridement is a proposed treatment for mitigating the symptoms of osteoarthritis,
especially in the knee. Irrigation, also known as “lavage,” is essentially rinsing out the knee with fluid. Debridement
refers to surgically removing damaged tissue.

In arthritis, the joint surface is rough and irreqular, and smoothing it out should make it better. In theory, it should
decrease friction, limit mechanical symptoms such as catching/locking, and overall dampen the inflammation that
particulate debris may cause.

Arthroscopicirrigation and debridement sounds like a clear and simple solution to a complex problem. Yet as noted by
Mencken, “for every complex problem there is an answer that is clear, simple, and wrong’- arthroscopic irrigation and
debridement of arthritis is one such example. Rationales notwithstanding, debridement is an ineffective treatment.

The discovery that arthroscopic irrigation and debridement of arthritis is ineffective made it to the front page of
the New York Times on July 11, 2002 (see Figure 1). This article described a randomized trial reported in the New
England Journal of Medicine, titled A Controlled Trial of Arthroscopic Surgery for Osteoarthritis of the Knee” by J.
Bruce Moseley et al. (N Engl J Med . 2002 Jul 11;347(2):81-8. doi: 10.1056/NEJM0a013259.)

Figure 1

Investigators found “the outcomes after arthroscopic lavage or arthroscopic débridement were no better than those
after a placebo procedure.”

Interestingly, though, the study found that both real and sham surgery could provide subjective, symptomatic relief,
though neither provided objective benefit.

When considering the histology of articular cartilage, the results of the Moseley study may make more sense.
Specifically, articular cartilage is organized, such that the superficial layer is qualitatively different from the deeper
layers (Figure 2).
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The superficial (tangential) zone has the highest concentration of collagen and its collagen is oriented parallel to the
joint. This facilitates gliding and also protects the deeper layers. The intermediate zone has collagen fibers with
an oblique or random organization; and in the deep (or basal) layer, the collagen is perpendicular to the joint. This
orientation acts like a spring and allows the cartilage to accept compressive loads.

Figure 2: Here is a highly simplified representation of articular
cartilage. The superficial/tangential zone is shown in purple; the
collagen (black lines) are parallel to the joint. The intermediate
zone is in yellow and its collagen fibers are more haphazardly
arranged. The deep/basal layer, just above the subchondral bone
and shown in pink, has collagen fibers that are aligned
perpendicular to the joint.

Because articular cartilage is organized, the loss of cartilage at the surface (as seen in arthritis) is not just a
quantitative loss, it is qualitative: the remaining cartilage is deficient. The loss of the parallel fibers means that the
cartilage is more susceptible to damage as the protective layer is absent (see Figure 3).

Figure 3: A modification of Figure 2, in which there is loss of
cartilage from (primarily) the superficial (tangential) zone.
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Figure 4: A modification of Figure 3, in which the surface has
been made more smooth by debridement.

Figure 5: The inevitable recrudescence of arthritis. In this
instance, ‘recrudescence”is particularly apt, as its origin is
the Latin verb recrudescere, meaning “to become raw
again.”Making the joint “raw” again is exactly what is
happening here.

Additional Points to Consider

The finding of ineffectiveness might have been assumed by radiologists as well. They are quite aware that arthritis is
not simply a disease of the cartilage surface but also one affecting the bone. In that regard, arthroscopic irrigation

and debridement does nothing to directly affect subchondral sclerosis, subchondral cysts or problems with alignment
that also occur in arthritis.
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CHAPTER 118.

DESCRIBE THE TWO MAIN TYPES OF BONE HEALING.

Describe the two main types of bone healing.

One of the two methods looks a lot like bone formation. What are the implications of that similarity?

The two mechanisms of bone healing are primary bone healing and secondary bone healing, just as there are two
mechanisms of skin healing: you can sew it up (primary) or it can scab (secondary).

Primary bone healing involves a direct attempt by the cortex to re-establish itself after interruption, without the
formation of a fracture callus.

Just like in skin, primary healing only works when the edges are closely approximated and held there without much
motion. Because such close approximation/rigid fixation is required, primary bone healing is usually seen only after
surgical plating (Figure 1).

Figure 1: Plating a fracture [right ] is similar to suturing a laceration in that
both methods approximate the ends of the disrupted tissue, compress them
and hold them together tightly. These three conditions are needed for primary
healing (image modified from https://en.wikipedia.org/wiki/
Internal_fixation#/media/File:X_ray_internal_fixation_leg_fracture.jpg and
https://commons.wikimedia.org/wiki/File:Sutures.jpg)

Primary bone healing is explained in greater detail in this excellent review*, paraphrased here: If the gap between bone
ends is less than 0.01 mm and the interfragmentary strain is less than 2%, "cutting cones” consisting of osteoclasts
can cross the fracture. These cones generate cavities that are then filled by bone produced by osteoblasts at the rear
of the cutting cone. This reestablishes bridges of osteons across the fracture line which then remodel into normal
lamellar bone. This will result in fracture healing without the formation of periosteal callus.

Secondary bone healing occurs when the ends of the fractured bones are near enough to heal* but not perfectly
opposed, or when there is some motion at the fracture site. This motion is commonly seen with cast immobilization
or with the placement of an intramedullary nail or rod.
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Secondary bone healing involves the classical stages of injury, hemorrhage, inflammation, and “scar” formation. In
bone, the “scar”is a soft callus made of cartilage; this callus then undergoes mineralization and remodeling such that,
unlike skin, the tissue ultimately can become normal tissue (without any permanent scarring)(see Figure 2).

Figure 2: A healed tibia fracture
(from Radiopedia) with a large
amount of fracture callus. The
nail keeps the ends of the
fracture near each other, but
the bone is not held as rigidly as
would be seen with a plate. Over
time, this callus will remodel to
more normal contours.

The steps of secondary bone healing are thus as follows: injury; hemorrhage/inflammation; callus formation; callus
mineralization; and bane remodeling. (see Figure 3)

Figure 3 (from left to right): (1) Bone breaks; (2) Hematoma (blood clot) forms at the site of
the break with migration of cells (inflammation); (3) a primary callus composed of
granulation tissue, fibroblasts, and new blood vessels forms from the hematoma; (4)
callus cells produce cartilage, which is eventually mineralized to form woven or lamellar
(disorganized bone); (5) the woven bone remodels into normal bone.
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Secondary bone healing closely resembles the normal endochondral ossification of growth and development: namely,
the formation of a cartilage template which is then replaced by bone. This analogy correctly suggests that secondary
bone healing can lead to the formation of essentially normal tissue.

Additional Points to Consider

The formation of normal tissue after injury without scar formation is a property that bone shares with only one other
organ: the liver. Like in the liver, injury to bone can be so overwhelming that no healing takes place, but under the right
circumstances (of sufficiently minimal injury) recovery leads to the regeneration of normal tissue.

Note that if the ends of the fractured bones are too far apart™*, or if there is too much motion at the fracture site(strain
>10%)the fracture will not heal at all.

* The Biology Of Fracture Healing. Injury. 2011 Jun; 42(6): 551-555. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3105171/

**You may be wondering what “near enough to heal” really means; that is, how far apart is too far apart? Well, we know
this: The original textbook definition of a ‘critical-sized” defect (at least in the tibia) was displacement of >50% of the
cortical diameter and >T cm in length. This was then examined in the paper, “Critical-Sized Defect in the Tibia: Is it
Critical? Results From the SPRINT Trial” by Sanders, et al [https://pubmed.ncbi.nlm.nih.gov/25233157/]. This reported
that “Tibial diaphyseal defects of >1 cm and >50% cortical circumference healed without additional surgery in 47% of
cases. This definition of a critical-sized defect is not ‘critical.” However, as compared with the overall cohort of tibial
fractures, patients with these bone defects had a higher rate of reoperation and worse patient-based outcomes.” So
those parameters, “>50% of the cortical diameter and >1 cm in length”, are reasonable, but not fixed guidelines. (It's
also interesting to note that some biological communication between the edges of the fracture is needed. A tibia that is
transected, as may be seen with an amputation, makes little if any attempt to grow bone.)
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CHAPTER 120.

WHAT ARE THE ADVANTAGES OF TREATING A MID-SHAFT FEMORAL SHAFT FRACTURE
WITH AN INTRAMEDULLARY NAIL AS COMPARED TO CASTING OR TRACTION?

What are the advantages of treating a mid-shaft femoral shaft fracture with an intramedullary nail as compared to casting or
traction?

(Also: what complications/patient morbidity may be seen despite this treatment?)

A mid-shaft femoral fracture in a skeletally mature individual is most commonly treated with an intramedullary(IM) nail
(Figure 1). Other treatment options include casting and traction. Unless the patient is not stable enough for surgery, IM
nail is the preferred treatment for two major reasons: a nail preserves bone alignment and maximizes patient mobility.

The goal of treatment in fracture is restoration of function, and for a femur fracture, that means (at the minimum) the
limb’s original length and alignment must be restored.

By using an IM nail, the bone is fixed at its intended length, alignment and rotation. Without a nail, the pull of muscles
still attached might tend to shorten, bend, or rotate the bone (Figure 2).

Figure 1: Left, Midshaft fracture of the femur. (Image courtesy of Radiopedia.org riD:
22120); Right, Femur fixation with IM nail (Image courtesy of orthopaedicsone.com)
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Figure 2: Without a nail, the fracture depicted in Figure Tand again on the left
of this image might heal in a short and bent position because of the pull of the
adductor muscles, as shown here. (Image modified from Wikipedia.org)

Although traction can keep a fractured bone reasonably aligned and held at its normal length, traction is even more
restrictive than casting. This is because the patient must remain in bed. Prolonged bed rest can produce
complications such as bed sores, blood clots, and atelectasis.

While a common definitive treatment before the mid-1800s, traction is still used today, but primarily as a temporizing
treatment: holding the bone in reasonable position for a short period as the patient is optimized for surgery.

While IM fixation is the preferred treatment for patients with mid-shaft femoral fractures, it is associated with
complications of its own. For example, while inserting a femoral nail, the surgeon may create a fracture of the femoral
neck. Also, the hardware is a foreign body that can get infected.

Another complication can occur when the nail is inserted in the medullary canal and bone marrow is pushed into the
systemic circulation: namely, “fat embolism”. Fat emboli from the bone marrow travel to the lungs. In severe cases,
they can cause adult respiratory distress syndrome (ARDS).

In sum, IM nail is a preferred method of treatment for mid-shaft femoral fractures because it allows for restoration of
the normal skeletal anatomy and promotes mobility. Nailing, like all surgery, carries risks of complications that must
be considered and mitigated by the surgical team.

Additional Points to Consider

As noted, a mid-shaft femoral fracture in a skeletally mature individual can also be treated with plate and screws. The
question above addressed the advantages of nailing over casting or traction, but discuss playing. So ask yourself
now: why might a nail be a better treatment than plates and screws? (In general, for a mid-shaft femoral fracture a
nail is decidedly better.)
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CHAPTER 121.

WHY IS THE PROTOTYPICAL PATIENT WITH A RUPTURED ACHILLES TENDON ABOUT 40
YEARS OLD? WHAT ARE THE BIOLOGICAL AND MECHANICAL STEPS LEADING TO TISSUE
FAILURE?

Why is the prototypical patient with a ruptured Achilles tendon about 40 years old? What are the biological and mechanical steps
leading to tissue failure?

(Hint: these steps help answer the first question.)

As a person ages, there are changes in collagen cross-linking that result in increased stiffness and loss of elasticity.
As the tendon stiffens, it becomes predisposed to rupture. Furthermore, habitual loading of the Achilles tendon with
walking causes wear and tear. With age, this wear and tear is imperfectly repaired and damaged tissue accumulates.

Thus, a person at age 40 is much more likely to suffer an Achilles tendon rupture than a person at 20, as the 40-year-
old tendon is stiffer and weaker.

If the integrity of a tendon decreases with aging, you might assume that a person at age 60 is even more likely to suffer
an Achilles tendon rupture than a 40-year-old. However, this is not what we see in clinical practice. The prototypical
patient with an Achilles tendon rupture is typically under the age of &50.

To understand why, we must first review the anatomy shown in Figure 1.

Figure 1: Anatomy of the Achilles tendon.

The two main posterior calf muscles, the soleus and the gastrocnemius, coalesce to form the Achilles tendon, which
then inserts on the posterior aspect of the calcaneus (see Figure 1). This muscle complex then powers flexion at the
ankle.

If the Achilles contracts** with the foot in a neutral position without external forces applied to the foot, such as if the
foot is dangling off a high chair, the ankle will plantar flex *** [downward].

When the ankle undergoes plantarflexion, the gastrocnemius and the soleus get shorter, thus bringing their point of
insertion on the calcaneus closer to the shin. This combination of muscle-firing and muscle-shortening is known as a
‘concentric contraction.”

There is also “isometric contraction,” where the length of the muscle stays the same; for example, a person holding a
weight in their hand with the elbow fixed at 90 degrees. And there is even “eccentric contraction,” when the muscles
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are working, yet actually getting longer. That occurs when there is an extrinsic force applied. An example of “eccentric
contraction” would be a person holding a weight in their hand, trying to keep the elbow fixed at 90 degrees, but slowly
losing the battle with the weight moving toward the ground.

The purpaose of eccentric contraction of any muscle crossing a joint is decelerating the motion that is powered by
an external force. With regard to the Achilles (gastrocnemius/soleus complex), eccentric contraction decelerates
passive dorsiflexion of the ankle, usually imposed by body weight when the foot strikes the ground.

When the forefoot lands on the ground during a normal stride, the ground applies a force to the foot that tries to
dorsiflex the ankle. The Achilles undergoes eccentric contraction, resisting that motion and slowing it down.

Note in particular that landing from a jump**** places particularly high forces on the Achilles because the foot is

otherwise forced upward, via dorsiflexion of the ankle, as the person lands. It is this large eccentric loading force that
can cause the Achilles tendon to rupture. If the ankle were relaxed and pushed into dorsiflexion, nothing would be torn.
However, when motion is resisted, the tissue might fail. Thus, some consider an Achilles tendon rupture to be a self-
inflicted wound.

Returning to the 40-year-old patient in question: he is more likely to rupture his Achilles than a 20-year-old because
he has accumulated tendon damage over the years. He is also more likely to rupture his Achilles than a 60-year-old
because he is able to generate the power needed to actually tear the tissue.

There may be a psychological contribution as well. A 40-year-old is also less aware of how their body has aged. Indeed,
the prototypical patient is a “weekend warrior” who plays basketball or tennis with the same zeal as their 20-year-old
self, but with far less tolerance of excessive loads to their tendons.

**For simplicity, we will refer to actions as if the Achilles performs them (e.g. “the Achilles powers flexion”), although this
is not literally true. The muscles, the gastrocnemius and the soleus, perform all of the actions, with the Achilles simply
transmitting that action to the foot.

*** 0f note, the motion of the ankle moving downward (e.qg. when standing on tiptoe) is known as “plantar flexion.” It is not
referred to simply as “flexion” because the term ‘extension”is not used at the ankle. The motion opposite plantar flexion is
known as ‘dorsiflexion.”

R Jumping, per se, is not required to tear the Achilles - any sudden change in direction with an eccentric contraction
will do.
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CHAPTER 122.

DESCRIBE “BONE REMODELING” AND ITS ROLE IN HEALTH AND DISEASE.

Describe “bone remodeling” and its role in health and disease.

“Bone remodeling” is a term that refers to the biologic processes of osteoclasts removing (or “Chewing”) older, worn
out pieces of bone, with osteoblasts synthesizing (Building) new bone to replace them.

Osteoclast might “"chew” bone not only to remove tissue damaged by wear and tear, but to liberate calcium and other
ions. Indeed, that is the dominant function. That is, if the body needs calcium it will “debone the bone” even if it
thereby sacrifices the structural integrity of the skeleton.

Note that the word “chew” was chosen advisedly (over, say “clear” or some other “c-" word). The Greek root of the -
clast” suffix, klastes, means "to break.” Indeed, osteoclasts do break the organic matrix of the bone. Mineral in bone
cannot simply be dissolved. Rather, the bone tissue itself must be metabolized, with the ions liberated thereafter.
That implies if the body needs calcium even momentarily, it cannot “borrow it” from the bone by dissolution and let it
seep back in when stores are higher; it must break down the bone, much like a person who needs money might have
to cashin his or her retirement fund (and a pay a tax penalty accordingly). Neither calcium in the bone nor dollarsin a
retirement fund are liquid assets.

There are two phases of bone remodeling: resorption and ossification.

In the bone resorption phase, osteoclasts break down the organic tissue in bones and release into the bloodstream
the minerals therein, especially calcium, but also magnesium and phosphate. The osteoclast breaks down the bone
by secreting collagenase and other lytic enzymes.

Ossification is the process of laying down new organic matrix by osteoblasts.

This figure shows the process in simplified form (modified from Wikipedia): panel 1 shows worn out bone (red); panel

2 shows osteoclasts chewing out the old bone; panel 3 shows the site of bone breakdown; panel 4 shows osteoblasts
synthesizing new matrix (blue); and panel 5 shows restored normal bone after this matrix is mineralized.
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In any given year, about 10% of the adult skeleton is remodeled.

Normally, osteoblast and osteoclast activity is tightly coupled to ensure maintenance of normal bone density and
proper healing. The process is very sensitive to the body’s demand for calcium but also responds to load. Recall that
the bone participates in mineral homeostasis (ensuring normal ion levels), as well as skeletal homeostasis (ensuring
structurally sound bone). As a general rule, the former takes precedence: the body will sacrifice structural integrity
to ensure that calcium levels are normal. After all, heart contractility and nerve transmission require normal levels of
calcium and are prioritized over skeletal movement.

At times, osteoblast activity dominates. For example, in response to weight training, “loading” of bone will trigger
osteoclasts and osteoblasts to reorganize bone matrix in the direction of force and increase bone density. Also,
after along-bone fracture, osteoblasts lay down new bone as the final step in the healing cascade. (See question on
fracture healing.)

Additional Points to Consider

In some clinical conditions known as metabolic bone diseases, bone remodeling is perturbed and there is increased
osteoclast activity. Two main ones to think about are hyperparathyroidism and osteoporosis.

« Hyperparathyroidism: overproduction of parathyroid hormone by the parathyroid gland leads to excess bone
resorption and subsequent osteopenia or osteoporosis in the setting of hypercalcemia. Again: the body
prioritizes metabolic requirement for calcium over skeletal structure.

« Osteoporosis: more bone chewing than building over time leads to overall low bone density. This is mediated
by hormones primarily, but a bone-loading exercise program can stimulate osteoblasts rectify the imbalance
somewhat.
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CHAPTER 123.

WHY MIGHT SUCCESSFULLY TREATED DEVELOPMENTAL DYSPLASIA OF THE HIP HAVE A
BETTER PROGNOSIS THAN SCFE AND PERTHES?

Why might successfully treated developmental dysplasia of the hip have a better prognosis than SCFE and Perthes?

Developmental Dysplasia of the Hip (DDH), Slipped Capital Femoral Epiphysis (SCFE, pronounced “Skiffy” by the
cognoscenti), and Perthes (pronounced Per-theeze) Disease are pediatric hip conditions that can lead to arthritis of
the hip later in life (Figure 1).

DDH left untreated in childhood presents the biggest treatment challenges because it, uniquely among the three,
affects both the femoral head and the acetabular side of the joint as well.

Figure 1: Pediatric Hip Conditions. DDH: Note head out of normal position, high riding on ileum;
absence of normal socket; distortions of femoral head and it is no longer constrained by socket
geometry. Perthes: Note death of femoral head with collapse. SCFE: Note slipping at the epiphysis.

DDH, formerly known as congenital dislocation of the hip, is also unigue in that it is an intra-uterine developmental
condition. Accordingly, if recognized early and treated expeditiously, the pathology of DDH can be “rerouted,” allowing
postnatal development to correct the pathology that started to form before birth. Thus, among DDOH, SCFE, and
Perthes disease, successfully treated DDH has the best long-term prognosis.

SCFE is a hip condition typically affecting children age 10 to 14, where the head (“capital’) of the femur (the epiphysis)
slips off the femoral neck. This is growth plate injury: The epiphysis of the proximal femur is the growth center
that forms the femoral head. Treatment includes pinning of the femoral head to halt progression. Deformity can still
persist, but the goal is to prevent the deformity from worsening.

Perthes Disease is an eponym for osteonecrosis of the femoral head in children thought to be caused by disruption of
the blood supply. Successful treatment in Perthes is largely up to chance; many patients will heal without treatment,
while many patients who undergo treatment will see no improvement in their conditions.

Unlike SCFE and Perthes, DDHis truly curable and is treated by relocating the hip, ideally in the first days
throughweeks of life. This helps to preserve the normal anatomy of the hip's ball-and-socket joint. The proper
positioning of both the femoral head (ball) and acetabulum (socket) promotes normal development of the hip joint.
Thus, early treatment can help prevent permanent deformity.

While arthritis secondary to DDH is the easiest to prevent, it is among the three the most difficult to treat. This is
because it is a disease of both the femoral head and the acetabulum. (Both SCFE and Perthes Disease are femoral
head disorders, and any acetabular damage is secondary, appearing later in the disease course, if at all.) The
distortions of both the femur and acetabulum are shown in Figure 2.
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Figure 2: A normal hip is shown in the panel to the left, and a dysplastic hip (in the same
individual) on the right. The red arrow points to the shallow acetabulum and the yellow
arrow points to the high-riding, abnormally-shaped femoral head. (modified from
Wikipedia)

Accordingly, if a surgeon were to try to treat long-standing DDH by relocating the hip, because the native femoral
head is not in the pelvis but "riding high,” sitting somewhere along the ileum and proximal to the correct location, a
relocation maneuver may stretch and damage the blood vessels. (This is similar to what is seen in a traumatic hip
dislocation, butin the reverse direction. Either way, blood vessels that are sitting in place for along time don't like to be
moved from that place!) Also, the socket may be so distorted that it cannot accommodate the hip. (As Gertrude Stein
said of Oakland, “there is no there there.”) Further, if the surgeon were to try to insert an artificial joint (a prosthetic
ball and socket), the distortions of the acetabulum make it difficult to secure the acetabular component in the pelvis.

In conclusion, DDH, SCFE, and Perthes disease are all pediatric hip conditions that can progress to arthritis laterin life.
Of the three, only DDH is truly curable, with early treatment being paramount for optimal outcomes. If left untreated,
the arthritis secondary to DOH is also the most difficult to correct, due to deformity of both the femoral head and
acetabulum.
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CHAPTER 124.

IS ARTHROSCOPIC SURGERY MORE OR LESS EXPENSIVE THAN A COMPARABLE OPEN
PROCEDURE?

Is arthroscopic surgery more or less expensive than a comparable open procedure?

(Note: Inthe USA, at least, that's a loaded question, as prices are obscured by hospitals* and physicians. Also, there is
a lot of price discrimination (i.e. different prices charged to different patients). So, for the purposes of answering this
question, think about the costs to deliver the care and not what is billed or collected.)

When thinking about the cost of medical procedures, more technologically-sophisticated procedures tend to be more
expensive, largely due to equipment costs.

Consider a rotator cuff repair which can be performed either in open fashion or arthroscopically. For an open
procedure, beyond the usual skin knife and sutures, the only “consumed” medical equipment is the stitch used to
secure the tendon to bone (Figure 1).

Figure 1: Open rotator cuff tear repair (diagram modified from Wikipedia). The
shoulder is exposed over the acromion; the deltoid is split; and then a suture is
passed through the cuff and attached directly to the humeral head.

By contrast, an arthroscopic procedure uses one or more disposable cannulas, an arthroscopic shaver to clear
synovium for visualization and remove the remnant of the rotator cuff, and some sort of animplant(screw, anchor, etc.)
to attach the sutures to the bone. The operating facility must also acquire the arthroscopy equipment and maintain it,
which is a further cost that is paid, in part, by every patient who uses it.
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Figure 2: Arthroscopic rotator cuff tear repair. A disposable
cannula (purple)is typically used to pass the instruments through
the skin into the shoulder, and a special single-use screwdriver
(yellow) holding a permanently implanted anchor (black) is used to
attach suture to bone. Shown here an anchor is implanted into the
greater tuberosity to fix a supraspinatus tear.

At first glance, it seems that arthroscopy would be considerably more expensive. However, arthroscopy does have
substantial benefits that ultimately can result in costs saved. An arthroscopic procedure requires less dissection and
less disturbance of normal tissue, thus an arthroscopic procedure is generally less painful —and when patients are
more comfortable after a procedure, they are often able to be discharged more quickly. Accordingly, arthroscopic
cuff repair is often an outpatient procedure, whereas (historically) patients with an open repair required at least
one overnight stay in the hospital. Longer lengths of stay generate expenses far exceeding the cost of disposable
equipment used in an arthroscopy procedure.

Pain is another important aspect to consider. Arthroscopy is likely to be less painful than open surgery, and if
arthroscopy is less painful, patients may choose it more frequently. As such, technological advances that make rotator
cuff repair less painful may lead to more expenses over all — even if each individual procedure is less expensive than
the corresponding open procedure it supplanted.

This highlights an important paradox: improvements in healthcare delivery might save money per unit of work, but will
add to total expenses by augmenting the amount of work done overall.

Additional Points to Consider

Because arthroscopy is likely to be less painful than open surgery, patients undergoing arthroscopic repair may return
to work faster. The resulting increased productivity may contribute to the overall cost-effectiveness of the procedure,
though the accounting is complicated: in many instances, the entity paying for healthcare is not the entity that
benefits from a more rapid return to work.

* This study, https://jamanetwork.com/journals/jamainternalmedicine/fullarticle/1783043, reported that hospitals
would more often share the price of parking outside their facility than the price of an EKG within it.
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CHAPTER 125b.

A MENISCAL TEAR MIGHT BE REMOVED, REPAIRED, OR NOT TREATED AT ALL. WHAT
MIGHT DICTATE THE CHOICE OF TREATMENT?

A meniscal tear might be removed, repaired, or not treated at all. What might dictate the choice of treatment?

A meniscal tear might cause local pain. (This is likely emanating from the joint capsule, as the meniscus has no pain-
sensing nerves.) A meniscal tear might provoke swelling in the knee (effusions). A meniscal tear might also cause
mechanical symptoms, such as catching or locking.

A torn meniscus will also fail to provide the shock-absorbing, load-distributing and stabilizing tasks that a normal
meniscus would.

Then again, some meniscal tears cause no symptoms, and those that are symptomatic might quiet down on their own.

In a young person without arthritis, the goal of treatment for meniscus tears is, foremost, to restore normal meniscal
function: namely, absorbing shock and distributing the load of the femoral condyle across a broader surface area on
the tibia.

Because the loss of those functions leads to knee arthritis, any meniscal tear in a young patient that is amenable to
meniscal repair should be repaired.

The location of a meniscus tear is the major factor to determine if a tear is repairable. Peripheral (so called “red zone”)
tears are most likely to heal; central (“white zone") tears (usually) do not (Figure 1). That is because the blood supply
to the meniscus enters it from the capsule at the periphery. That is, the peripherally-located red zone is the most
perfused and the centrally-located white zone is the least perfused. The closer the tear is to the capsule, the more
suited the tear is for attempted repair.

Figure 1: LEFT An axial view of the medial (red) and lateral (blue) meniscus atop the tibial
plateau. The articular cartilage that is not covered by the menisci is shown in yellow, and
the (cut) cruciate ligaments are shown in purple. RIGHT: the “red zones” of the menisci are
shown (no surprise)in red. (modified from Gray’s Anatomy, https://en.wikipedia.org/wiki/
Meniscus_(anatomy)#/media/File:Gray349.png

Another consideration is the configuration of the tear (Figure 2). Meniscal tears are described as radial tears (those
that start on the central margin of the meniscus and propagate peripherally), horizontal cleavage tears (those that lie
within the meniscal tissue, parallel to the tibial plateau), and longitudinal tears (a top-to-bottom tear in the meniscus,
the courses parallel to the capsule, perpendicular to the plateau).
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Figure 2: A radial tear is highlighted in red, a horizontal cleavage
tear is highlighted in blue, and a longitudinal tear is highlighted in
green. (Courtesy: modified drawing courtesy of Dr. Matt Skalski,
Radiopaedia.org, rID: 55569.)

A bucket handle tear (Figure 3) is a specific form of a large longitudinal tear in which a large fragment is still tethered
anteriorly and posteriorly, with the central piece flipped (like a bucket handle)into the intercondylar notch.

Figure 3: A bucket handle tear of the meniscus: the displaced fragment, tethered to the
anterior and posterior aspects of the intact meniscus, is said to resemble the “bail handle”
of a bucket, resulting in a loop that moves freely within two fixed mounts on the rim.
(Courtesy: drawing courtesy of Dr. Matt Skalski, Radiopaedia.org, rID: 55569. Photo
courtesy Wikipedia)

Bucket handle tears are notorious for blocking motion and thus are more likely to need surgery. Because excision of
a bucket handle tear will inevitably lead to a loss of a large amount of tissue, a repair is usually attempted even if the
edges of the tear are within the white zone.

The size of ameniscus tear is another factor determining whether a repair is attempted. The larger the meniscus tear,
the more motivated we'd be to try to save it, as more meniscus will be lost if it fails to heal. Also, very small peripheral
tears are apt to heal on their own.

If a radial tear is to be treated, (Figure 4) it almost always must be excised (and not repaired) as these tears, by
definition, involve the most central aspect of the white zone. (It is not possible to be further from the capsule!)
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Figure 4: An arthroscopy photo of a radial meniscal tear: a metal
probe is seen coursing from roughly the 7 oclock position towards 1
oclock to displace the free edge of the torn meniscus into the joint
space. This displacement, which can occur during normal knee
motion, is thought to be the source of symptoms. The displaced
fragment can cause a catching sensation, but also by tugging on
the remaining meniscus can irritate the (very sensitive) capsule to
which the meniscus is attached at the periphery. (The red arrow
indicates the force applied on the probe, which is displacing the
beak of the meniscal tear and making its extent more apparent.)

Another final consideration is the “quality” of the tissue. If the torn piece of meniscus is badly damaged or macerated,
excision is chosen, as the tissue is not likely to function even if the suture line were to heal.

If the patient is older, and presumed to have at least some arthritis, treatment is dictated by the presence and
severity of symptoms. Most surgeons would offer surgery sooner if there are so-called mechanical symptoms, such as
catching, locking or blocked motion. In that case, partial meniscectomy is performed.

Another reason surgery may be chosen is the presence of recurrent effusions. Typically, surgery is selected if the
patient remains in too much pain despite a course of non-operative treatment.

Note that if the joint is presumably not pristine and if there are no mechanical symptoms, it is certainly reasonable to
defer operative treatment, as symptoms very well may resolve.

Patients not given operative treatment are usually offered some combination of physical therapy, pharmacologic
therapy (e.g. NSAIDs). Physical therapy is thought to be helpful to prevent stiffness and atrophy. It is also reasonable
to select a course of doing nothing: benign neglect. Because some patients might have a bias against "doing nothing”,
an invitation to participate in therapy help such a patient more willingly accept a non-operative approach.

Additional Points to Consider

For many years, the menisci were thought to be vestigial, serving no specific function; thus, surgeons routinely
removed them. In 1948, Thomas John Fairbank published a paper, "Knee Joint Changes After Meniscectomy” in
the Journal of Bone and Joint Surgery reporting that total meniscectomy produced squaring of the femoral condyles,
peaking of the tibial spines ridging, and joint space narrowing. This form of arthritis is now known as “Fairbank’s
changes.”

Because a meniscal tear can cause arthritis, it's common to see a patient present with both arthritis and meniscal

tear. In those cases, it can be difficult to determine if the pain associated with a meniscus tear is from the tear itself,
is part of an overall arthritic process, or is an incidental finding.
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CHAPTER 126.

IT IS WELL KNOWN THAT IF MORE TISSUE IS RESECTED IN A LOWER EXTREMITY
AMPUTATION, THE METABOLIC COST OF WALKING IS GREATER. FOR EXAMPLE, THE
ENERGY REQUIREMENTS FOR WALKING WITH A TRANSFEMORAL PROSTHESIS ARE
SIGNIFICANTLY HIGHER THAN WALKING WITH A TRANSTIBIAL PROSTHESIS.
NONETHELESS, A SURGEON ADDRESSING AN IRREPARABLE DISTAL TIBIA FRACTURE
(AN INJURY CLOSE TO THE ANKLE) MIGHT NONETHELESS PERFORM A
BELOW-THE-KNEE AMPUTATION (AT THE PROXIMAL TIBIA). WHY IS IT REASONABLE TO
REMOVE MORE BONE?

It is well known that if more tissue is resected in a lower extremity amputation, the metabolic cost of walking is greater. For
example, the energy requirements for walking with a transfemoral prosthesis are significantly higher than walking with a
transtibial prosthesis. Nonetheless, a surgeon addressing an irreparable distal tibia fracture (an injury close to the ankle) might
nonetheless perform a below-the-knee amputation (at the proximal tibia). Why is it reasonable to remove more bone?

When deciding the level of amputation in adults, the surgeon’s goal is to optimize the patient's rehabilitation potential.

Factors that are important to the function of the residual limb are the soft tissue envelope, how the residual limb will
bear load with the prosthesis and what type of prosthesis may be used.

In general, the metabolic cost of walking is inversely proportional to the length of the remaining limb. That is to say, a
longer residual limb carries a lower metabolic cost. Given that, a surgeon would-all things equal- prefer to perform an
amputation at the most distal level possible.

On the other hand, a far distal tibial amputation, just above the malleoli at the ankle, is less likely to heal well. It is also
less likely to accommodate a prosthesis.

Thus, if a patient sustains a very severe injury of the distal tibia requiring amputation, it may be better to perform a
traditional below the knee amputation. The additional metabolic demands of the shorter residual limb would be offset
by better healing and better potential for rehabilitation.

The optimal length of a below the knee amputation leaves approximately 12-15 centimeters of residual tibia bone (as
shown in Figure 1).

If the residual limb is too short, there is a loss of leverage and the knee will lack power; also, a significant flexion
contracture might develop.

Alternatively, if much more than 15 centimeters is retained, there is limited soft tissue to cover the bone. (At this level
of the leg, the bone is surrounded by tendons, not muscles, which limits the healing of the soft tissue envelope.)

Also, if the residual limb is too long, the prosthesis might not clear the ground.
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Figure 1: the optimal length of a below the knee
amputation leaves approximately 12-15
centimeters of residual tibia bone (courtesy Indian
J Plast Surg. 2019 Jan; 52(1): 134-143.)

Ensuring there is an adequate amount of soft tissue padding at the end of the residual limb will reduce the risk of skin
breakdown with prosthetic use.

Additional Points to Consider

In the US, approximately 80% of amputations are for vascular disease. For vascular disease, the level of amputation is
determined by where blood flow is present or not, and in turn an area’s potential for wound healing. Thus the level of
amputation for vascular disease may not follow the outline above.

Note that a trans-metatarsal (partial foot) amputation might impose greater energy costs than a trans-tibial
amputation, even though in the former far more bone is retained. That is because even though much more of the limb
is preserved, the remaining foot is too short to provide any power in push-off and there is not enough space to allow
for a functional, energy-transmitting prosthesis(Figure 2). The net effect is that more energy is needed to walk.

Figure 2: A prostheses for a below the
knee amputation can be designed to store
energy on impact and help propel the body
forward on the next step, thereby
decreasing metabolic demand. (from
Laboratory- and community-based health
outcomes in people with transtibial
amputation using crossover and
energy-storing prosthetic feet
https://doi.org/10.1371/
journal.pone.0189652)

Reference:

Energy Expenditure of Walking with Prostheses: Comparison of Three Amputation Levelshttps://doi.org/10.3109/
03093640903433928
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CHAPTER 127.

IF YOU HAVE RIGHT HIP ARTHRITIS AND ARE FORCED TO CARRY A HEAVY SUITCASE,
WHICH HAND SHOULD BE IN?

If you have right hip arthritis and are forced to carry a heavy suitcase, which hand should be in?

Because an arthritic joint hurts more when it is loaded, it follows that an individual with hip arthritis would like to
minimize the load on that joint. That means people with hip arthritis would like somebody else to carry their suitcases.
But let's say a person with one bad hip (in this example, the right side) has no choice and must carry something heavy.
Should the person carry it on the right (bad) or left (good) side?

A glib (and correct) answer is that the weight should be carried on the side which minimizes forces across the painful
(right) hip. But that leaves unanswered, which side is that?

The correct answer is to carry the heavy object on the same side as the painful, arthritic hip. The reason is that this
produces lower joint reactive forces.

(What follows is probably the most complex(and longest)answer of all in the set. There are a lot of worthwhile concepts
discussed here, so please dive in!)

When standing on two feet, the load on each hip joint is 1/2 of the individual's body weight (i.e. half on each side). That
should be obvious. What might not be obvious, is when an individual is standing on one leg (even without moving) the
force at the hip articulation is not equal to total body weight but rather multiples of that due to the pull of the abductor
muscles which are working to prevent the body from tipping over.

When one leg is off the ground, if unopposed, gravity would have the person tip toward the side of the lifted leg.
Luckily, however, there are forces that may pull in the opposite direction (hip abductor muscles). This is “luckily”in the
sense that it keeps the person upright even with one leg lifted; it can be considered “unluckily”in that this generates a
lot of force on the affected hip.

Critically: the load on the hip joint when standing on one leg is the sum of body weight and the forces needed to
balance.

To see why, you first have to keep in mind the image of a seesaw (also known as a teeter-totter) shown below in Figure
1.
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Figure 1: Although the weight on the left side (W-1)is twice that on the right (W-2), the
seesaw is in balance because the distance between W-2 and the fulcrum (D-2) is twice
that of D-1.

Two children of different weights can balance on a seesaw if the lighter child sits farther from the fulcrum. A seesaw
is balanced when the weight on one side, multiplied by the distance from the center fulcrum, is equal to the weight on
the other side, multiplied by its distance from the center fulcrum. In technical terms, the torque generates on each
side is weight x distance, and when (W-1x D-1)is equal to (W-2 x D-2), the net torque is zero.

The next thing to consider (when thinking about how the arthritic hip is happier when the total load is lower)is the sum
of the weights on a balanced seesaw.

A weight of 25 pounds set 4 feet away from the fulcrum, for example, can be balanced by a similar 25 pounds 4 feet
from the fulcrum on the other side: the total weight on the fulcrum would now be 50Ibs. Alternatively, a weight of 25
pounds set 4 feet away from the fulcrum could be counter-balanced by a weight of 50 pounds that was placed 2 feet
from the fulcrum on the other side. This arrangement, however, results in a greater total load at the fulcrum (50Ibs plus
the counter weight of 25 Ibs = 75Ibs).

If would like to minimize the total load on the fulcrum we would prefer that the initial 25 pound weight were balanced
by another 25 pound weight at 4 feet, and not 50 pounds at 2 feet. Needless to say, if the fulcrum were the hip joint,
and if that joint was arthritic, we would like to minimize the total load.

Now consider the following simplified free body diagrams:

Figure 2

In Figure 2, a "free body diagram” representing forces about both hips in normal, two-legged stance is shown. Note
that the figures used are drawn to represent the anatomic position of the lower extremities in standing. Here, F[B] =
weight of body (situated in the body’s center of gravity, around the umbilicus) is balanced between the right and left
fulcrums representing the right and left legs. The force on each hip would be one half of body weight.
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Figure 3

In Figure 3, we now see a free body diagram representing standing on one (right) leg. If there is no balancing “left leg
force”(because the left leg is lifted while walking), one’s center of mass would tend to tilt the body away from the right
hip towards the left side. The hip is accentuated in red in this figure to highlight the analogy to a “seesaw” and a curved
blue arrow is added to represent the body’s tilt around the hip.

To prevent such a tilt, a counter-balancing force (F[AB]) is needed on the right hip, as shown in Figure 4. “F[AB} is
generated by the abductor muscles (gluteus medius and minimis). In this figure, the counterforce “F[ABY] is acting
against “F[BY} in single right-leg stance and keeping the seesaw in balance.

Figure 4

You will notice, first, that “F[AB} must be greater than “F[BY as its lever arm (also known as “moment arm”) is shorter.
Just as a seesaw can balance two children of unequal weight by varying their distance from the center, the body can be
balanced by unequal forces set at proportionally unequal distances from the fulcrum. As a ballpark estimate, “F[AB}
is about two times “F[B} because the lever arm is half as long.

The second thing to notice is that if you were to put a sensor inside the right hip joint itself, the total force would be
the sum of “F[AB} and “F[B]. That sum is what the hip “experiences”; it is called the “joint reactive force.”

Simply put: the forces at the hip articulation when standing on one leg are far greater than body weight (approximately
three times greater in our example). Considering that when standing on two legs the force is normally only half of body
weight on each, the total force witnessed by the joint when standing on one leg is six-fold greater.

Next, we consider adding a load (in this case, a suitcase)at the side of a patient with right-hip arthritis.

If held on the left (the “good” side): If the patient were to hold the suitcase on the left side, there is an even
greater tendency to tip leftward, so more counteracting force would be required to keep the patient from tipping
to the left when standing solely on their right leg. Therefore, holding on the left would increase force across the
arthritic joint and cause increased pain for our patient: not a great solution. This is depicted by the larger box in
Figure 5. The free body diagram demonstrates increased counterforce (F[Ab]) of holding a suitcase on the same side
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of the good limb, where F[Se]represents the force of the suitcase and the larger F[Ab]box represents the greater
counterforce required about the arthritic hip. The total joint reactive force -what the hip perceives-is the sum of the
load: F[AB] + F [extra]+ F[B]+ F[Sc]. This is shown in Figure 5.

Figure 5

If held on the right (the “bad” side): If the patient holds the suitcase on the right side, the patient is required to
generate less abductor force to counteract the gravitational pull toward the lifted left leg. This is shown in the free
body diagram in Figure 6. As shown, a lower counterforce (F[Ab+]) is needed when holding a suitcase on the same side
of the good limb, as F[Sc], now on the right side, helps prevent tipping. The reduction in force as, compared to the
original abductor force, is highlighted in the circle.

The total joint reactive force is now: FTAB]+ F[B]+ F[Sc]. as shown in Figure 6.

Figure 6

Note that the above diagrams are simplified to show the net resolution of the vectors and not the vectors of muscle
action about the hip. (For a more precise description of these forces, please read the original article Tan V., Klotz M.J.,
Greenwald A.S., Phil D., Steinberg M.E. Carry it on the bad side! Am J Orthop. 1998 Oct; 27(10):673-7.)

In review, although it may seem intuitive to hold a heavy object on the side opposite to the damage, a patient with hip
arthritis should hold any weight in the hand ipsilateral to their “bad” side. This generates less force, and therefore less
pain, across the joint.

Additional Points to Consider

- What about a cane? This is a similar question with the opposite answer; the cane should be held in the
hand opposite to the painful hip. The concept is the same: by preventing a tip-over to the left, less abductor
force (and thus less total load)is needed. Observing a patient holding a cane in the “wrong” hand might help
differentiate true pain from malingering, because the naive assumption (right hip pain = cane in right hand)is
not correct.

« The answer here also explains the so-called “antalgic gait,” or limp from hip arthritis. As noted, great forces
are needed to prevent tipping to one side when the leg on that side is off the ground -and those forces load
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the hip alot and ideally are avoided. One strategy is to not use those forces at all, and tip freely. Of course, one
does not want to actually fall, so to counteract the tipping to the left, say, a person with a bad right hip will rock
or lurch to the right when standing on the left leg, to overshaot the neutral point. Then, when standing on the
right leg, the person will indeed tip to the left, but he or she will be starting from an exaggerated position, such
that there is sufficient time to get the left leg back on the ground. This is the same gait pattern seen among
patients with weak abductor muscles (known as Trendelenberg gait). Here, the patient rocks to the right not
because firing the right-sided abductors will be painful, but simply because those muscles do not function
properly. Without the exaggerated rock, the patient will fall to the left when the left leg is off the ground.

ORTHOPAEDIA 801



CHAPTER 128.

DEFINE THE PARAMETERS THAT ALLOW YOU TO DESCRIBE A LONG BONE FRACTURE
PATTERN OVER THE PHONE.

Define the parameters that allow you to describe a long bone fracture pattern over the phone.

Accurate clinical description of a fracture is vital for medical communication as well as clinical decision-making
regarding management of the injury.

There are four main components to fracture description: (1) location (region) within the bone, (2) fracture pattern,
(3) displacement and (4) soft tissue envelope, each of which are expanded upon below.

LOCATION IN THE BONE

« Physis(growth plate in growing child) or “Physeal scar’(once growth plate fuses in adult), Shown in red. A
fracture occurring in this area would be described as a “physeal fracture”.

« Epiphysis: the ends of the bone forming part of the joint articulation, Shown in green. A fracture occurring in
this area would be described as an “epiphyseal fracture”.

« Metaphysis: the “flared” portion of the bone between the epiphysis and the shaft, Shown in purple. A fracture
occurring in this area would be described as a “metaphyseal fracture”.

- Diaphyseal: The shaft of the long bone. This is further categorized as proximal, middle, or distal
diaphysis, Shown in yellow. A fracture occurring in this area would be described as a “diaphyseal fracture”.

Figure 1: Regions of
the bone.
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FRACTURE PATTERN

- Transverse: Fracture line is perpendicular to the axis of the bone (Figure 2)

- Oblique: Angular fracture line, caused by angular or rotational force (Figure 3)

. Spiral: Complex multiplanar fracture line caused by rotational force (Figure 4)

« Comminuted: More than two fracture fragments(Figure 5)

- Segmental: Separate segment of bone bordered by distinct fracture lines (Figure 8)

- Depressed / Impacted: Impaction of bone at the joint surface (Figure 7)

« Avulsion: A(usually small)segment of bone that is pulled off (“avulsed’) by the attachment of a tendon or

ligament (Figure 8).
l ’1 L I

Figure 2: Transverse Fracture. (modified from
Radiopaedia.org, riD: 6387)

L

Figure 3: Oblique Fracture. (Case courtesy of Dr
Benoudina Samir, Radiopaedia.org, riD: 22120)
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Figure 4: Spiral Fracture. (Case
courtesy of Dr Jeremy Jones,
Radiopaedia.org, rID: 8800)

Figure 5: Comminuted Fracture. (Image courtesy
of Radiopaedia.org, rID: 46134)
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Figure 6: Segmental Fracture. (Image
courtesy of Radiopedia

Figure 7: Depressed Fracture. (modified from Case courtesy of Dr lan Bickle,
Radiopaedia.org, rID: 26731)(The depressed fragment is shown in red)

Figure 8: Avulsion Fracture (modified from Radiopaedia.org, riD:
33628). Here there is an avulsion fracture of the 5th metatarsal,

shown in red. The bone has been pulled apart by the force of the
peroneus brevis, shown in blue.
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DISPLACEMENT

Nondisplaced: fracture fragments are in full contact and in anatomic alignment.
Displaced: fracture fragments are not in anatomical alignment

(Note the direction of displacement is described as the direction that the more distal fracture fragment has moved
relative to the more proximal fragment).

Displaced fractures are further described as:

« Distracted: fracture fragments are separated by a gap,

- Translated: side-to-side displacement, usually stated in millimeters or as a percentage of the size of the bone
at fracture site. Figure 9 shows a tibia fracture with lateral translation of approximately 40% of the diameter
of the bone at that location.

Figure 9: Displaced transverse diaphyseal tibia fracture, with
approximately 40% lateral translation.

+ Angulated: Described based on the direction of distal fragment, relative to the midline.

If (as shown in Figure 10) the distal fracture fragment is lateral, the fracture is said to be “valgus".

Figure 10: Comminuted metaphyseal distal tibia fracture,
displaced into valgus (distal fragment is lateral).

The complementary term is varus, where the direction of distal fragment is medial, as seenin Figure 11.
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Figure 11: Spiral meta-diaphyseal (extending
into both metaphyseal and diaphyseal
segments) distal tibia fracture, displaced
into varus (distal fragment is medial).

SOFT TISSUE ENVELOPE

- Closed: skin/soft tissue over and near fracture is intact,
- Open: skin/soft tissue over and near the fracture is lacerated or abraded; the fracture is exposed to the
outside environment. (The older term for this is a ‘compound fracture”.)
Additional descriptive terms:

« Periarticular: near and likely involving a joint,
« Pathological: underlying bone is not normal (e.g., tumor),
« Greenstick/buckle: partial fractures in children.

NOTE: The precursor of all nomenclature is the name of the bone — it is imperative to learn them all. Some are easy
(femur), some are obscure (medial cuneiform), some have two names (the trapezium is also known as the greater
multangular), some appear twice (e.g., the navicular, also known as the scaphoid is found in the wrist and foot -
though many use the word navicular to denote the bone in the foot, and scaphoid in the wrist). The names of the
bones must be mastered. Describing a “fibia” fracture will make you sound at best ill-informed.
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