
Unintentional injuries are the leading cause of death and
disability among children in the United States. Musculoskeletal
system trauma accounts for approximately one-third of injury-
related hospital admissions and half of injury-related emer-
gency department (ED) visits.1 The cost, both in terms of dollars
spent and time lost in normal activities, is significant.2

The recognition of unique pediatric anatomic differences and
special fracture types is crucial
to the management of orthopedic
injuries in children. This article
will briefly review the unique
features of the pediatric skele-
ton, discuss common orthopedic
injuries to the upper extremity,
and offer insight into less well-
recognized clinical entities.

— The Editor

Pediatric Skeletal 
Properties

The bone of a growing child
is more porous than mature adult
bone. Because of this property,
children are more prone to unique injuries, such as torus (buck-
ling) and greenstick fractures, as well as bowing or plastic
deformation.

Another anatomic difference of pediatric bone is the pres-
ence of a thick periosteum in children. This separates from the
bone easily and is more resistant to tearing, often remaining
intact on one side of the fracture. The thickness of the perios-

teum decreases the incidence of fracture displacement and
increases the probablility of a more stable fracture. Pediatric
periosteum also possesses increased osteogenic capability, lead-
ing to faster healing and making nonunion a rare occurrence in
children.

Children’s bones are in a dynamic state of growth, with the
new bone growth that occurs at fracture sites generally laid

down in the plane of motion of
the joint. This corrects some
fracture longitudinal malalign-
ment and allows for toleration
of greater degrees of angula-
tion, especially if the child has
at least two years of growth
remaining.3

Finally, growth plate or phy-
seal injuries are unique to the
pediatric population. Growth
plates are weak structures, as
they are composed mostly of
cartilage. An injury to the
physis is more likely to occur
than an adjacent ligamentous

injury. This is important to recognize to prevent growth imbal-
ance and deformity. The Salter-Harris classification is used to
describe physeal injuries.1, 3-6

Clinical Evaluation 
Attention to life-threatening injuries takes precedence, espe-

cially in the multiply-injured child. Once this is accomplished, a
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detailed history and more focused physical examination can
take place. Most upper extremity injuries are isolated in nature,
and certain characteristic fractures occur commonly.

History. A history should be obtained from the patient, if
possible, and any witnesses to the injury. Pain and fear may
make this task more difficult, but a calm and gentle approach
will facilitate this. Details of the mechanism of injury, com-
bined with the child’s developmental level, often enable the
treating physician to predict the type of injury likely to be pre-
sent. Histories that are vague or inconsistent should raise con-
cern about nonaccidental injury.

Physical Examination. The overlying skin should be
inspected for any break that would signify an open fracture. The
neurovascular status should be evaluated carefully, especially
before and after any splinting or reduction takes place. The

injured area, including the joints above and below, should be
palpated and checked for deformity, pain, swelling, and abnor-
mal motion.

Diagnosis. The injured extremity should be splinted before
radiographs are obtained, and appropriate analgesia should be
administered. Radiographs should include at least two perpen-
dicular views, usually anteroposterior (AP) and lateral, with the
joints above and below included. Comparison views of the non-
injured extremity may be helpful, especially in the elbow area,
but are not routinely recommended.7

Special Considerations
Elbow Alignment. Elbow fractures may be obvious or very

subtle in their presentation. Knowledge of the normal alignment
and ossification centers is needed to correctly identify the more
subtle fractures. The average age of appearance of ossification
centers is noted in Table 1.

A true lateral view of the elbow is needed to ascertain proper
alignment. The anterior humeral line is a line drawn down the
anterior margin of the humerus.3,8 In the true lateral view, this
line should intersect the capitellum in its posterior two-thirds.
(See Figure 1.) If it does not, suspect an occult fracture (usually
supracondylar).

The radius should point to the capitellum in all views to assure
proper alignment. If not, look for an elbow dislocation, Mon-
teggia fracture, lateral condyle fracture, or radial neck fracture.8

Comparison views of the nontraumatized elbow sometimes
are used when the diagnosis is in question. However, several
studies have shown that this practice is not helpful for improv-
ing overall diagnostic accuracy and rarely should be used.7,9

Posterior Fat Pads. Another subtle sign of an occult elbow
fracture is the presence of a posterior fat pad. On a true lateral
x-ray, a posterior fat pad may be seen as a radiolucency posteri-
or to the distal humerus adjacent to the olecranon fossa. This
sign was first described in 1954 and was thought to be associat-
ed with a fracture of the elbow.10 Several subsequent studies
reported the prevalence of a fracture in those with a posterior fat
pad and no detectable fracture to be 6-29%.11,12 These studies
were retrospective and included both adults and children. A
recent prospective study of children demonstrated that the pos-
terior fat pad sign was predictive of an occult fracture in 76% of
the children in whom no detectable fracture was noted.13 The
authors recommend conservative treatment as a nondisplaced
fracture when a posterior fat pad is noted.

Summary of Fractures
Table 2 lists general guidelines for the most common upper

extremity fractures seen in children. The treatments listed are
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OSSIFICATION CENTERS AGE OF APPEARANCE

Capitellum 1 yr.
Medial epicondyle 4-5 yrs.
Radial head  4-6 yrs.
Olecranon 6-9 yrs.
Trochlea  8-10 yrs.
Lateral epicondyle 10-12 yrs.

Table 1. Ossification Centers of the Elbow
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conservative in nature and do not reflect regional preferences.
Individual specific treatment and referral will vary institutionally.

Specific Fractures. Clavicle. The clavicle is one of the more
frequently fractured bones in the body.1 The area between the
middle and lateral thirds is the most common site of fracture.3

These fractures may occur from both direct and indirect force.
Short falls onto a shoulder with medially directed impact or
falls onto an extended arm may result in a fracture.

On physical examination, pain is noted with movement of
the upper arm or neck. Local swelling, tenderness, and crepitus
at the fracture site can help with the diagnosis. AP radiographs
are sufficient to visualize most fractures and to determine the
degree of displacement or angulation.

A figure-of-eight, or clavicle strap, often is used for treat-
ment of a mid-shaft fracture. This strap holds the shoulders in
abduction. Older children and adults may be more comfortable
in a sling and swathe. This is the recommended treatment for
distal third fractures. The treatment usually lasts 3-4 weeks,
with reduction rarely indicated except in the case of severe dis-
placement or tenting of the skin.1,3-6

Scapula. Fractures of the scapula are rare in children and
usually occur as the result of direct high-energy trauma or a
crush injury and frequently are associated with other, more seri-
ous injuries.

On examination, pain usually is noted over the scapula, and

the child will be reluctant or unable to move the upper arm.
Plain AP radiographs usually will reveal the fracture. (See

Figure 2.) Tangential or oblique views are sometimes neces-
sary, however, to see the fracture. Most fractures are not dis-
placed.

Treatment for the isolated scapular fracture is a sling and
swathe for 3-4 weeks.4,5

Humerus: Proximal. Most proximal humerus fractures occur
at the epiphysis.6 Salter I and Salter II fractures occur frequent-
ly, especially in children ages 11-15.1,3 These fractures result
from falling on an extended arm that is adducted, such as the
position assumed in breaking a fall. Direct trauma also can
cause a fracture.

In addition to pain with even slight movement of the arm,
swelling and tenderness are noted at the site. AP and lateral
radiographs should be obtained.

Treatment consists of a sling and swathe in most instances.
If there is greater than 40° angulation, evidence of malrotation,
or displacement of more than 1 cm, reduction may be needed.3-6

Humerus: Shaft. Shaft fractures of the humerus are not com-
mon. When they do occur, the middle third is the most common
location.4,5 Falling on an elbow or hand can cause an oblique or
comminuted fracture. Spiral fractures may occur if the body
twists during the fall. Although these fractures may occur from
accidental trauma, they should raise concern about potential

Bone Mechanism of Injury Treatment

CLAVICLE

Middle Fall onto shoulder or outstretched hand Figure-of-eight or sling/swathe
Distal  Fall onto shoulder or outstretched hand Sling/swathe

HUMERUS

Proximal Extension of arm in adduction Sling/swathe
Shaft Fall on elbow or hand/direct impact Sling/swathe

Sugar tong (adolescents)

ELBOW

Supracondylar Hyperextension fall Nondisplaced: Posterior splint with elbow at 90°
Displaced: Orthopedic reduction, pinning

Lateral condyle  Fall on outstretched hand Nondisplaced: Posterior splint
Displaced: > 2mm, reduction/pinning

Medial condyle Fall on hand with valgus stress  Nondisplaced: Posterior splint
Displaced: Open reduction

Olecranon Direct trauma Nondisplaced: Splint in partial extension
Displaced: Open reduction/fixation

Radial head/neck Fall on outstretched hand Nondisplaced: Posterior splint
Displaced or >15° angle: Reduction

RADIUS/ULNA

Shaft Fall on outstretched hand  Nondisplaced: Long arm cast or splint
>10° angle: Reduction (open/closed)

Distal  Fall on outstretched hand  Nondisplaced: Cast or splint
Displaced or >10-15° angle: Reduction

Monteggia Fall on outstretched hand Reduction
Galeazzi  Fall on outstretched hand Reduction 

Table 2. Summary of Fractures
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non-accidental trauma, as a twisting force is necessary for this
type of fracture.4,5,14

The child usually will have pain with motion on examina-
tion. Swelling, tenderness, and sometimes deformity can be
seen. The radial nerve may be injured, and it is important to
check for sensation dorsally between the thumb and index fin-
ger. Motor function can be checked by having the patient
extend the wrist and finger extensors. AP and lateral radi-
ographs are sufficient for the diagnosis. (See Figure 3.)

Treatment with a sling and swathe is used in the younger
child. A sugar tong or coaptation splint with the elbow at 90°
may be more comfortable for the older child. Reduction may be
needed if there is excessive overriding or angulation (> 20° in
child or 10° in adolescent) of the fracture.4-6 Radial nerve injury
requires orthopedic consultation and close follow-up. 

Elbow. Supracondylar. Supracondylar fractures are the most
common elbow fracture in children.1,3,8 Most fractures occur in
children between 3 and 10 years of age. A fall on an out-
stretched arm with hyperextension of the elbow is the most
common mechanism of injury.

Three types of supracondylar fractures commonly are
described.8 Type I is a nondisplaced fracture. Type II is a dis-
placed and angulated fracture but with the posterior cortex
intact. Type III is a completely displaced fracture with no corti-
cal contact. (See Figure 4.) Most type III fractures have the dis-
tal fragment displaced posteriorly.

On physical examination, pain with flexion of the elbow
often is noted and tenderness over the distal humerus usually is

present. The swelling varies depending on the type of fracture
and associated underlying neurovascular injury. The assessment
of the distal neurovascular status is especially important in this
type of fracture. Increasing pain and/or paresthesias are worri-
some signs and may signal a compartment syndrome.4,5,8

AP and true lateral radiographs should be obtained after
splinting. Type I fractures may be subtle, and attention should
be paid to alignment of the anterior humeral line and posterior
fat pad sign.

Treatment of a type I supracondylar fracture is immobiliza-
tion in a long arm posterior splint with the elbow flexed to 90°
with the forearm neutral or pronated.4,5,15 Reassessment of neu-
rovascular status after splinting should be done and document-
ed. Follow-up for definitive casting should take place within
48-72 hours.

Types II and III supracondylar fractures require prompt
orthopedic consultation, reduction, and usually, admission to the
hospital. Closed reduction with percutaneous pinning and even
open reduction sometimes are used with these fractures.4,5,8,15

Lateral and Medial Condylar. Fractures of the lateral
condyle account for about 15% of elbow fractures.6 Medial
condyle fractures are seen less often. Falling on an outstretched
hand with the forearm abducted is the usual mechanism of
injury.

Usually, a large amount of swelling is noted, and pain is
noted on examination, especially with rotation of the elbow. A
careful neurovascular examination must be done. AP and lateral
radiographs will delineate the fracture in most instances, but

Figure 1. Anterior Humeral Line Bisects
Capitellum Figure 2. Scapular Fracture
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occasionally an oblique view is needed.
Treatment of a nondisplaced fracture is immobilization in a

long arm posterior splint with the elbow flexed to 90° and the
forearm neutral or supinated. Close orthopedic follow-up is
required, as displacement may occur. A fracture that is displaced
more than 2 mm requires immediate orthopedic consultation,
reduction, and usually pinning, as this fracture is unstable.4,5,8,15

Olecranon. Fractures of the olecranon are infrequent and
usually are the result of a direct blow to the elbow. There is
usually tenderness at the olecranon and decreased motion of the
elbow. The neurovascular examination is important. AP and lat-
eral radiographs generally discern most fractures; however, they
may be subtle. A posterior fat pad usually is present.

Treatment of a nondisplaced or presumptive fracture is
immobilization in a long-arm posterior splint. Some authors
recommend the elbow be flexed to 90°, while others prefer par-
tial extension. Close orthopedic follow-up is warranted. A dis-
placed fracture requires orthopedic consultation and reduction
which may include open reduction and internal fixation.4,5,16

Radial Head/Neck. Fractures of the radial head or neck are
more common after 5 years of age.4 The mechanism of injury is
usually a fall on an outstretched and supinated arm. On physical
exam there often is restriction of both flexion/extension and
supination/pronation. Swelling and ecchymosis of the elbow are
noted, and point tenderness over the proximal radius often can
be elicited. Pain often is referred to the wrist, so careful evalua-
tion is of the elbow is warranted in children complaining of
wrist pain. The neurovascular status should be checked with

particular attention to the radial nerve. AP and lateral radio-
graphs should be obtained.

Orthopedic referral is recommended for all fractures of the
radial head or neck as complications may occur, such as loss of
motion and avascular necrosis. Nondisplaced and incomplete
fractures can be immobilized in a long-arm posterior splint with
the elbow flexed to 90° and the forearm neutral. Displaced frac-
tures or fractures with greater than 15° of angulation require
prompt orthopedic referral.4,5,16

Radius/Ulna. Forearm fractures are very common in chil-
dren. The distal radius and ulna are two of the more frequent
bones that are broken.4-6 Fortunately, complications are infre-
quent. While direct blows cause some fractures, a fall on an out-
stretched hand is the usual mechanism.

Greenstick fractures, in which only one side of the cortex is
involved, can be seen in the radius and ulna. Plastic deforma-
tion, or bowing fractures, can occur as well, especially in the
shaft of these bones. Torus or buckle fractures are common dis-
tal fractures in which buckling or angulation of the cortex may
be seen. Salter-Harris type I and II fractures frequently are seen
at the distal radius.

On physical examination, localized tenderness and swelling
usually are noted at the fracture site. Obvious deformities may
be seen, especially when the fracture is accompanied by dis-
placement or angulation.

AP and lateral radiographs should be obtained and should
include the entire forearm, elbow, and wrist.

Treatment depends on the type of fracture, its location, and

Figure 3. Oblique Humeral Shaft Fracture Figure 4. Type III Supracondylar Fracture
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alignment. Rotational deformities are common with shaft frac-
tures and require orthopedic consultation and reduction. It is
important to remember that remodeling decreases with the dis-
tance from the epiphysis and the age of the child. A general rule
of thumb is that any fracture with greater than 10-15° of angula-
tion should be evaluated by an orthopedic surgeon.4,16

A torus fracture of the distal radius/ulna can be treated in a
volar splint or a short or long arm cast with follow-up in 3-4
weeks.4,5 Greenstick or transverse fractures that are not grossly
deformed or angulated can be placed in a long arm posterior
splint or sugar tong splint with referral to orthopedics in 3-5
days.4,5

Complete mid-shaft fractures of the radius and ulna usually
require orthopedic consultation for closed reduction. Open
reduction and internal fixation may be needed in the older child
or adolescent.4,5,16

Monteggia Fracture. While Monteggia fractures only
account for approximately 2% of elbow fractures in children,
they easily can be overlooked, resulting in serious complica-
tions.4-6,16 A Monteggia fracture is a combination of ulnar frac-
ture (usually mid-shaft) with radial head dislocation. (See Fig-
ure 5.) This fracture usually occurs as the result of a fall on an
outstretched hand with some rotation of the humerus. Any sus-
pected Monteggia fracture requires immediate orthopedic refer-
ral for reduction.

Galeazzi Fracture. The Galeazzi fracture is a radial shaft
fracture with a dislocation of the distal radioulnar joint.4-6 This
type of fracture is rare in children and requires orthopedic refer-
ral for reduction.

Radial Head Subluxation
Radial head subluxation, also known as nursemaid’s elbow, is

an injury frequently seen in the ED. The majority of patients are
younger than 6 years of age, with a peak in children ages 1-3.5

The usual mechanism of injury is longitudinal traction on an
extended (often pronated) arm, which may occur  with pulling or
swinging a child by the arms.4,5,17 This traction enables the annu-
lar ligament to slip over the margin of the radial head and become
trapped between the radial head and capitellum. 

Physical Examination. On physical examination, the child
generally holds the affected arm close to the body with it partially
flexed and pronated. The child also may just hold the arm limply
to the side. Any attempts at motion cause pain and the child will
not reach for objects. Careful palpation of the extremity usually
will not elicit tenderness except, perhaps, at the radial head.

Diagnosis. Radiographs generally are not indicated for
straightforward cases, and if obtained, will be normal. They
should, however, be obtained if the child has bony tenderness,
an unusual history, or does not regain function after reduction
attempts.17

Treatment. Classically, the reduction technique involves
supination of the forearm followed by either flexion or exten-
sion at the elbow. The elbow is held with the thumb on the radi-
al head to feel for a click during reduction. The other hand
grasps the child’s wrist and then rapidly fully supinates the arm
and flexes it at the elbow.4,5 A click or pop frequently is felt
over the radial head. Success rates for reduction range from 80-
92%.18,19

Several recent studies have compared a hyperpronation
reduction to the classic supination/flexion method. The child’s
arm is held as in the above maneuver, but then is pronated
rather than supinated to achieve reduction. One group used
hyperpronation without flexion in their study.20 They found that
the hyperpronation technique required fewer attempts at reduc-
tion when compared with supination/flexion, was successful
more often than supination, and often was successful when
supination failed. Ninety-five percent of patients in the hyper-
pronation group were reduced successfully on the first attempt,
compared to 77% in the supination group. Overall, 97.5% of
patients in the hyperpronation group were reduced successfully,
compared to 86% in the supination group.

Another group used a technique that combined hyperprona-
tion with flexion vs. supination with flexion.21 While they
found a near equal success rate with both maneuvers on the first
attempt, they did find more success with pronation on subse-
quent attempts. They also attempted to measure perceived pain
during the maneuvers and found that physicians rated the
pronation method as less painful.21,22

Compartment Syndrome
Compartment syndrome is a rare but potentially devastating

problem in children with upper extremity injuries. Increased
interstitial pressure within a closed fascial compartment can
obstruct microcirculation to the nerves and muscles lying within
the involved space and cause tissue necrosis. This necrosis of
the muscle and subsequent fibrosis can cause permanent dis-
ability known as Volkmann’s contracture.5,23 Tight dressings or
casts, along with the fracture itself, can contribute to the prob-
lem. A fracture, though, is not necessary to have a compartment
syndrome.

Physical Examination. The hallmark finding is pain out of
proportion to the injury.23-25 The pain may be worsened by pas-
sive stretching of the muscle. An increase in analgesic require-
ment and anxiety in smaller children may be found as well.

Other “Ps” that may be noted include paresthesias, pallor,
paralysis, and pulselessness. The latter two are late findings and
may be seen when irreversible muscle damage already has
occurred.

Diagnosis. If the diagnosis of compartment syndrome is sus-
pected, the pressure within the compartment should be mea-

Figure 5. Monteggia Fracture
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sured. Pressures can be measured using several techniques,
including infusion, wick-catheter, and slit-catheter techniques.
A compartment syndrome is present when the measurement is
20 mmHg or less, calculated by subtracting the compartment
pressure from the diastolic blood pressure.23-25

Treatment. Treatment for a suspected compartment syn-
drome begins with splitting or removing any casts or padding.23

Elevation of the extremity and ice also will help. If these mea-
sures do not relieve the symptoms, and compartment pressures
are elevated, the patient should be taken to the operating room
and fasciotomy of the affected compartment(s) should be per-
formed.23-25 A good prognosis is associated with early and
prompt recognition leading to definitive treatment.

Reflex Sympathetic Dystrophy
Reflex sympathetic dystrophy (RSD) is a clinical entity that

increasingly is becoming recognized in the pediatric
population.26,27 It is a disorder characterized by severe and con-
tinuous pain in an extremity associated with vasomotor instabil-
ity. It was first described by Mitchell in 186428 during the
American Civil War, with the role of the sympathetic nervous
system postulated in 1916.26 The term “reflex sympathetic dys-
trophy” came about in 1953. A recent international consensus
panel refers to RSD as “complex regional pain syndrome,” or
CRPS.29

The International Association for the Study of Pain provides
the following definition: “RSD is continuous pain in a portion
of an extremity after trauma which may include fracture, but
does involve a major nerve, associated with sympathetic hyper-
activity. This usually involves the distal extremity adjacent to a
traumatized area and the main feature is pain described as burn-
ing, continuous, exacerbated by movement, cutaneous stimula-
tion, or stress, with onset usually weeks after injury.”30

Four cardinal and six secondary signs and symptoms have
been described.26,31 Some authors feel all four cardinal signs are
required to make the diagnosis, while others suggest any combi-
nation of signs and symptoms that are not explained by another
condition are adequate. The cardinal signs and symptoms
include pain, edema, stiffness, and discoloration.

The pain is out of proportion to the injury and generally is
intense and burning. It may involve the entire extremity. Edema
often is one of the first signs, and almost all patients will have it
to some degree. Joint stiffness also is out of proportion to what
would be expected and worsens because motion causes more
pain. The discoloration varies from cyanosis to pale to intense
red, especially in the hand area.

Secondary signs include demineralization, pseudomotor and
thermoregulatory changes (hyperhidrosis to dryness), vasomo-
tor instability (most commonly seen as decreased capillary
refill), trophic changes, and palmar fibromatosis. The involved
skin often has a glossy, shiny appearance.

Diagnosis. The diagnosis of RSD is primarily clinical.26,27

Plain radiographs often are obtained to exclude other injuries or
causes of pain. The most widely used imaging modality is the
three-phase bone scan but results and their meaning are contro-
versial and not well-studied in children.26 Magnetic resonance
imaging may become a useful diagnostic tool in this disorder,
but no widespread studies have been done.32

Treatment. It is thought that children respond more favor-
ably to treatment of RSD than adults.26 Several therapeutic
modalities have been used to treat RSD. These include physical
therapy, steroids, psychotherapy, transcutaneous nerve stimula-
tion, and regional nerve blocks.26,27,33 Immobilization in casts or
splints often exacerbates the problem and is not recommended.

Recently, gabapentin, a new anti-epileptic medication, suc-
cessfully has been used in both adults and children to treat
RSD.34 Gabapentin is a structural analogue of the inhibitory
neurotransmitter gamma-aminobutyric acid that crosses the
blood-brain barrier. It also induces an increase in serotonin lev-
els in the central nervous system (CNS). The suggested mecha-
nism of action of relief of pain in RSD is a gabapentin-induced
increase in CNS serotonin, which modulates the central
monoaminergic pain pathways, inhibiting pain sensation.37 This
also could reverse some of the skin changes by way of sero-
tonin-mediated activity on the raphe spinal cord-descending
pathways.

Regardless of treatment options, the role of the emergency
physician is evaluation and recognition in a timely manner, as
favorable outcomes are associated with early diagnosis and
treatment.

Conclusion
There are many upper extremity injuries that are unique to

the pediatric patient. Knowledge and understanding of these
principles will enable the emergency physician to appropriately
assess and treat these injuries. Awareness of less common enti-
ties such as compartment syndrome and RSD will enable the
physician to recognize these and assure appropriate treatment
and referral.
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Physician CME Questions

21. Which of the following is/are unique pediatric skeletal
properties?
A. Pediatric bone is more porous.
B. The periosteum is thicker than in adult bone.
C. New bone is laid down in plane of motion of the joint.
D. Physeal injuries are exclusive to pediatric bone.
E. All of the above

22. Which of the following is true of the initial evaluation of a child
with an upper extremity injury?
A. Pain medicine should be withheld pending radiographs.
B. An AP (anteroposterior) radiograph alone is adequate.
C. The injured extremity should be splinted before radiographs.
D. Comparison radiographs always should be obtained.

23. Which of the following is/are important principles in reading elbow
radiographs?
A. A true lateral view is needed to ascertain proper alignment.
B. The radius should point to the capitellum in all views.
C. The anterior humeral line should intersect the capitellum in its

posterior two-thirds.
D. All of the above

24. Which of the following nerves is most likely to be damaged with a
humeral shaft fracture?
A. Radial
B. Median
C. Ulnar
D. Axillary

25. A Monteggia fracture:
A. is a radial shaft fracture with a dislocation of the distal 

radioulnar joint.
B. is an ulnar fracture (usually mid-shaft) with radial head 

dislocation.
C. is another name for a type III supracondylar fracture.
D. accounts for 25% of elbow fractures in children.
E. can be splinted with orthopedic follow-up in two weeks.

26. The hallmark physical finding in a patient with compartment 
syndrome is:
A. paresthesias.
B. pallor.
C. paralysis.
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I
n this month’s issue, we consider the effect that a patient’s failure to return

as directed for follow-up care may have on that patient’s subsequent mal-

practice lawsuit against the original treating physician. Most physicians

probably correctly recognize that responsibility for a patient’s medical out-

come is not an entirely one-way street. That is, the responsibility for the result

is not exclusively the physician’s. Rather, the patient shares the responsibility

for his or her care. This patient responsibility includes, for example, responsi-

bility to provide an honest and complete history, to cooperate during examina-

tion, to be compliant with the physician’s treatment plan, and to follow the

physician’s instructions, including when to return for follow-up.

Many physicians have also probably heard the term “contributory negli-

gence” and might understand that it refers to a defense that the physician may

assert in answer to a claim of malpractice. In essence, contributory negligence

is an assertion that the bad outcome was not the defendant physician’s fault;

rather, it was actually caused by the negligence of the patient. For example:

“If she had taken the medication as directed, everything would have been

fine”; or “If he had returned for a recheck in two days as I instructed him, we

would have detected the complication at an early stage, and we would have

been able to treat it such that everything would have been fine.”

Most states no longer follow the unduly harsh doctrine of contributory negli-

gence that serves to deny a plaintiff any recovery if the patient has been at all

negligent, however minor that negligence might have been. The doctrine of con-

tributory negligence has now largely been replaced by the comparative negli-

gence rule, whereby damages are prorated among all parties whose negligence

collectively resulted in the injury. For example, if a defendant was 10% responsi-

ble for plaintiff’s injury, that defendant will be held responsible for 10% of the

total damages. 

Another legal doctrine, avoidable consequences, is theoretically quite different
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D. pulselessness.
E. pain out of proportion to the injury.

27. The four cardinal signs and symptoms of reflex sympathetic 
dystrophy include all of the following except:
A. pain.
B. palmar fibromatosis.
C. edema.
D. stiffness.
E. discoloration.

28. Which medication recently has been used successfully in the 
treatment of reflex sympathetic dystrophy?
A. Steroids
B. Carbamazepine
C. Gabapentin
D. Lamotrigine
E. Topiramate

29. The correct management of a child with an elbow injury and a 
radiograph posterior fat pad is:
A. immediate orthopedic consultation.
B. a bone scan.
C. oblique radiographs.
D. splint and close follow-up.

30. Which of the following is true regarding scapular fractures?
A. They are common pediatric fractures.
B. They may be associated with other serious injuries.
C. Treatment includes a long-arm cast.
D. The majority of fractures are displaced and require 

reduction.
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Ossification Centers of the Elbow

Bone Mechanism of Injury Treatment

CLAVICLE

Middle Fall onto shoulder or outstretched hand Figure-of-eight or sling/swathe
Distal  Fall onto shoulder or outstretched hand Sling/swathe

HUMERUS

Proximal Extension of arm in adduction Sling/swathe
Shaft Fall on elbow or hand/direct impact Sling/swathe

Sugar tong (adolescents)

ELBOW

Supracondylar Hyperextension fall Nondisplaced: Posterior splint with elbow at 90°
Displaced: Orthopedic reduction, pinning

Lateral condyle  Fall on outstretched hand Nondisplaced: Posterior splint
Displaced: > 2mm, reduction/pinning

Medial condyle Fall on hand with valgus stress  Nondisplaced: Posterior splint
Displaced: Open reduction

Olecranon Direct trauma Nondisplaced: Splint in partial extension
Displaced: Open reduction/fixation

Radial head/neck Fall on outstretched hand Nondisplaced: Posterior splint
Displaced or >15° angle: Reduction

RADIUS/ULNA

Shaft Fall on outstretched hand  Nondisplaced: Long arm cast or splint
>10° angle: Reduction (open/closed)

Distal  Fall on outstretched hand  Nondisplaced: Cast or splint
Displaced or >10-15° angle: Reduction

Monteggia Fall on outstretched hand Reduction
Galeazzi  Fall on outstretched hand Reduction 

Summary of Fractures

OSSIFICATION CENTERS AGE OF APPEARANCE

Capitellum 1 yr.
Medial epicondyle 4-5 yrs.
Radial head  4-6 yrs.
Olecranon 6-9 yrs.
Trochlea  8-10 yrs.
Lateral epicondyle 10-12 yrs.
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Some 8,000 people say thanks but no thanks 

Despite the lingering possibility of late-onset
anthrax infection, more than 8,000 people

potentially exposed in the bioterrorism attacks 
of 2001 have turned down offers of additional
antibiotics and immunization with the controver-
sial vaccine, Bioterrorism Watch has learned. 

Faced with insufficient data to truly assess
the risk, the Centers for Disease Control and
Prevention (CDC) in Atlanta offered the addi-
tional measures but fell short of actually recom-
mending them. 

Additional treatment offered as an ‘option’

Operating on a thin margin of data about
anthrax exposures, incubation periods, and sub-
sequent infections, the CDC concluded it couldn’t
make a formal recommendation. The additional
antibiotics and vaccine were made available as
“options” to those exposed. 

“The feeling was that this was the best thing
we could do for people, and at least, leave it up 
to them to make a decision,” says Ian Williams,
PhD, medical epidemiologist in the CDC national
center for infectious diseases. “We don’t know
what the answer is, but these are the options. We
were really caught between a rock and a hard
place on this one.”

The 10,000 people potentially were exposed to
anthrax in Connecticut, Florida, New Jersey, New
York City, and Washington, DC. 

They were all originally recommended to 
take at least 60 days of post-exposure antibiotic

prophylaxis, but emerging data suggest that
there has been a surprising lack of compliance. 

In some preliminary surveys, fewer than half of
those exposed were fully adhering to their origi-
nal 60-day regimen. The CDC now has under-
taken a telephone survey of all 10,000 people to
identify adverse reactions and other reasons for
the lack of adherence. (See related story, p. 3.)

The vaccine and additional antibiotic options
were brought into play in part because the CDC
knew it had large numbers of people who had
not completed the original 60-day regimen. But
the offer of additional care may have been under-
mined to some degree by prior adverse antibiotic
reactions and fear of an anthrax vaccine that has
been mired in controversy for years. Then again,
many of those exposed may have felt they were
no longer at risk and if their status changed, they
would consult a physician. 

Anthrax alive at 100 days 

Though no known cases of anthrax have
developed in any of the individuals who were
prescribed the 60-day antibiotic course, the CDC
also was aware of some disturbing data in ani-
mal studies. Traces of live anthrax spores have
been detected in test animals’ lungs up to 100
days following exposure, raising the theoretical
possibility that the spores remaining still could
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cause disease. In that regard, one of the addi-
tional options offered to the exposed people was
to take antibiotics for another 40 days (bringing
total therapy time out to 100 days). 

The other option was to take the additional
drug regimen and also be vaccinated against
anthrax. The latter option included three doses
of anthrax vaccine over a four-week period, but
antibiotics still had to be taken as the vaccine
took effect. 

The vaccine was not designed for post-exposure
prophylaxis, but the theory is that it may provide
additional protection by inducing an immune
response to anthrax. 

“People were unclear what the upper limit [for
the onset of infection] was,” Williams says. “That
is what really drove both the vaccine and the
antibiotic [offer]. We thought that 40 additional
days to make 100 days looked sufficient based on
our scant data. The vaccine was added because, is
100 days enough? I can’t tell you absolutely for
sure that it is enough.”

Thousands took their chances

Most people were willing to take their chances
that late onset anthrax will not occur. 

Of the exposed cohort of some 10,000 people,
1,547 elected to receive more antibiotics after
their 60-day regimen. Another 192 opted to be
immunized with the anthrax vaccine and take
additional antibiotics while the series of shots is
given. Are the other 8,000-plus people at any real
risk?

“Our feeling is that there shouldn’t be any
late cases of anthrax, based on what we know,”
Williams says. 

“But that very well might be dose-dependent.
We can’t quantify the dose. If you go back and
look at the animal studies that were done, they
were actually done with probably lower doses
than we have seen in the [U.S. Senate] Hart office
building. But based on the data we can draw
from animal models, it looks like there shouldn’t
be late onset cases,” he explains.

If such an event occurred, the disease presum-
ably still could be treated — provided the person
seeks medical care. Still, making assumptions
about anthrax can be tricky. 

The CDC has been on a steep learning curve
throughout the bioterrorism attack, with officials
caught off guard by the ability of anthrax to dis-
perse and spread during mail handling. 

In addition, the ability to predict risk of infection

in an exposed individual remains elusive, said
Julie Gerberding, MD, director of the CDC divi-
sion of healthcare quality improvement. 

“We know that the exposure dose probably
varies depending on how close you are to the
source when it’s released and how long you are
in the [area] of release,” Gerberding reported at

a recent CDC
meeting on
post-expo-
sure prophy-
laxis for
anthrax. 

“[But]
despite our
capacity to
think about
populations,
we cannot

accurately identify individual exposure, and we
cannot accurately quantify individual risk,” she
explained.

Faced with that conundrum, the CDC put the
same options on the table for all 10,000 people
potentially exposed.

“The risk was probably different in different
places,” Williams says. “If you look at Capitol
Hill, the concentration of anthrax released was
probably much higher than say, Connecticut,
where a letter just went through a post office. But
that’s group risk. Individual risk is different. [We]
can’t tell you exactly what your risk is. We’ll give
you the best available data, but you are going to
have to make that decision.”

Of the 190 people receiving anthrax vaccine, 80
had some political connection in Washington, DC,
and 44 were postal workers in that city. Another 
49 people in New Jersey were vaccinated; and the
remainder were in New York City (12), Florida
(four), and Connecticut (three). Of those who
chose additional antibiotics only, 849 were in
Washington, DC; 354 in New Jersey; 248 in New
York City; 55 in Connecticut; and 41 in Florida. 

A mixed message? 

The CDC has drawn criticism for its approach,
particularly for making a controversial vaccine
available but leaving the immunization decision
up to patients and their providers. 

“It would have been much better if they had
come out and said, ‘Yes, we think in order to have
as much protection as possible against the poten-
tial of developing disease, you should receive both
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“This is not an experiment
to help us later. We don’t
have a control group. All
we are doing is using the

best science we have,
which suggests that 

this is best way to give
protection to people.”



antibiotic and vaccine,’” says Phillip Brachman,
MD, a professor in the Rollins School of Public
Health at Emory University in Atlanta. 

The vaccine has been embroiled in a safety
dispute since the military began a mandatory

immunization policy several years ago, with
some veterans saying it made them sick and
others refusing to take it.

“A number of [the exposed people] undoubt-
edly read about the problems some of the military
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Side effects undermine 
anthrax drug adherence 
More than half dropped drugs by 30 days 

Amid the hype and horror of the 2001
anthrax attacks, it seemed a given that the

people potentially exposed would be particu-
larly diligent in completing their antibiotic regi-
mens. But as time passed — and side effects
continued or worsened for some — compliance
fell off dramatically for many of the 10,000 peo-
ple put on 60-day regimens for ciprofloxacin
and doxycycline, according to preliminary data
from the Centers for Disease Control and
Prevention (CDC). 

None of the people who started on antibi-
otics have developed anthrax, but the CDC
wants some answers on the lack of adherence.
To that end, the CDC is conducting a telephone
survey project that will attempt to reach all
10,000 people for whom post-exposure antibi-
otic prophylaxis was recommended. The inter-
views began in late January and are expected to
continue through March 2002. The people were
potentially exposed to anthrax in Connecticut,
Florida, New Jersey, New York City, and
Washington, DC.

“We are making sure we get in touch with all
of these people to evaluate how they did in terms
of taking antibiotics,” says Ian Williams, PhD,
medical epidemiologist in the CDC national 
center for infectious diseases. “We have data
showing adherence definitely wasn’t as high 
as people, prior to this outbreak, would have
thought it would be.”

The CDC attempted a variety of methods to
assess compliance prior to the phone survey,
including tracking individuals who did not
return to refill their medication. Other methods
include giving a sample of those exposed ques-
tionnaires that were self-administered, given by
a nurse, or by telephone, according to Nancy
Rosenstein, MD, medical epidemiologist in the
CDC national center for infectious diseases. 

“In general, adherence has declined over the
course of the [first] 30 days to as low as 45%,”
Rosenstein said at a recent CDC meeting on
post-exposure prophylaxis for anthrax. 

Some groups were more compliant than oth-
ers. For example, employees who worked in 
the American Media Building in Boca Raton,
FL, were closer to 70% compliant, she said. But
only 45% compliance at 30 days was also found
in a “high risk group” of mail handlers in New
York City, she added. 

“Adherence experts tell me that when we
actually count pills, the self-reporting numbers
probably overestimate real adherence by as
much as 20%,” Rosenstein said. “So the real esti-
mates of adherence — taking the antibiotics
every day — are obviously substantially lower.”

In terms of self-reported adverse events,
within two weeks of taking ciprofloxacin, 
19% were reporting severe nausea, vomiting,
abdominal pain, and diarrhea. At 30-day sur-
veys, many people had switched to doxycy-
cline, but self-reported adverse events increased
to 45%. 

Again, the predominant symptoms were
severe nausea, vomiting, diarrhea, and abdomi-
nal pain. About 12% of the people reporting
adverse events required additional follow-up
with medical chart review and physician inter-
views, she said.

“I don’t want to in any way minimize the
impact of these symptoms on people’s daily
life, but when we actually investigated further,
we were unable to identify anybody who actu-
ally required hospitalization or an emergency
room visit for their adverse events,” Rosenstein
said. 

Thus, based on Food and Drug Administra-
tion criteria, no serious adverse events have been
linked to taking antibiotics for anthrax exposure.
A more complete picture of the adherence prob-
lems should emerge from the CDC telephone
survey of all recipients. Preliminary surveys have
found that 6% to 12% of respondents reported at
least missing some of their doses because of the
side effects, she said.  ■



folks claimed they had experienced after having
the vaccine,” Brachman says. 

“They associated their problem with the vac-
cine. Remember, that those people in the military
who have made those complaints are a very small
number, considering the total number of doses
given,” he adds. ”So there are very few voices cre-
ating a lot of concern.”

Brachman did what remains the only clinical
trail on the safety and efficacy of an anthrax vac-
cine precursor when he worked for the CDC in
the 1950s. 

In a study of goat’s-wool workers — which
was once an occupational risk group for anthrax
in the United States — he found the vaccine safe
and effective. He reported few side effects to vac-
cination and an efficacy rate of 92.5%.1 The vac-
cine used in the study was a protective-antigen
variety similar to the current vaccine. However,
the manufacturing process has since changed and
a different strain of anthrax is now used. 

“There have been a few minor changes, and
some people make a lot more out of it then it
really should be,” he says. “A different strain 
is being used to prepare the vaccine, but that
should make no difference because the organism
is not in the vaccine. It is the protein product
from the organism.”

Dearth of data

An Institute of Medicine committee that con-
vened to look at the current anthrax vaccine cited
a dearth of data in concluding: “The published
studies have found transient local and systemic
effects (primarily erythema, edema, or indura-
tion) of the anthrax vaccine. 

“There have been no studies of the anthrax
vaccine in which the long-term health outcomes
have been systematically evaluated with active
surveillance. . . . The committee concludes that 
in the peer-reviewed literature, there is inade-
quate/insufficient evidence to determine whether
an association does or does not exist between
anthrax vaccination and long-term adverse health
outcomes. . . . To date, published studies have
reported no significant adverse effects of the vac-
cine, but the literature is limited to a few short-
term studies,”2 the committee said.

For its part, the CDC would not have made the
vaccine an option for those exposed if it had any
doubts about its safety, Williams says. 

“It seems to be a very safe, efficacious vac-
cine,” he says. “[The] CDC reviewed the data

with the military, which has the most experience
with this.” 

Still, some people may have been confused
because the CDC did not roll out the vaccine
right after the exposures occurred. Thus, the
response was somewhat tepid to a vaccine “add-
on” option 60 days after the potential exposure.
One problem is that the U.S. military, which con-
trols the dispersal of anthrax vaccine, did not
release any stocks in the immediate aftermath of
the bioterror attacks, he says. 

“One of the lessons we have learned is that if
the vaccine had been available when this first
started, I think the post-exposure prophylaxis
would have been approached much differently,”
Williams says.

With the military now more amicable on the
issue, if a bioterrorist strikes again with anthrax,
the vaccine could play an important role from the
onset, he emphasizes. 

“If this should happen again, the vaccine
might be used closer to day zero,” Williams says.
“After a series of doses over a month or so, most
people will develop an antibody response, so it
would obviate the need for additional antibiotics.
It will be used in more of a true post-exposure
fashion.”

Those who have been recently vaccinated will
be followed over time. Indeed, the CDC is dis-
cussing following the whole cohort of 10,000
people. It is an interesting group, having been
potentially exposed to anthrax, taken prolonged
antibiotic regimens, and in some cases, received
a vaccine whose long-term safety is in some
question. 

Another curious fact — as with other post-
exposure regimens for diseases — is that no one
will ever know if the additional measures taken
by 1,739 of these people actually prevent a late-
onset anthrax infection. 

“This is not an experiment to help us later,”
Brachman says. “We don’t have a control group.
All we are doing is using the best science we
have, which suggests that this is best way to give
protection to people.”

References

1. Brachman PS, Gold H, Plotkin S, et al. Field evaluation
of a human anthrax vaccine. Am J Public Health 1962; 52:632-
645.

2. Committee on Health Effects Associated with Exposures
during the Gulf War. An Assessment of the Safety of the Anthrax
Vaccine: A Letter Report. Washington, DC: Institute of Medi-
cine; March 30, 2000.  ■

4 BIOTERRORISM WATCH® / March 2002  


