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KEY POINTS

e There are validated clinical decision rules that aim to reduce unnecessary radiographs in
children who present with wrist, knee, and ankle injuries.

e Abuse should be considered in any infant who is not walking and presents with a fracture.

e A conservative approach is encouraged that includes immobilization and referral to an or-
thopedic surgeon (emergency or outpatient depending on the severity of the fracture) if
there is radiographic evidence of a fracture or a high clinical suspicion of a fracture without
radiographic evidence with the following exceptions: low-risk distal fibular ankle and distal
radius buckle fractures; the latter minor fractures can be managed with a removable de-
vice, return to activities as guided by the patient’s symptoms, and follow-up with a primary
care provider.

e Approximately 10% of pediatric fractures are not identified on the initial emergency
department visit, and this is particularly true when the emergency department physician
has a low suspicion for a fracture or the location of the injury is a joint. Although most
missed fractures are minor, the most commonly missed serious fractures are the Tillaux
fracture and the Monteggia fracture.

ANATOMIC AND HEALING PRINCIPLES

The anatomy of the pediatric musculoskeletal system changes with the growth and
development that occurs in children. The long bones of children consist of discrete
anatomic areas. The physis is an area of growth cartilage and may occur at one or
both ends of a long bone. The area of bone between the physis and the
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adjacent joint is the epiphysis. The midshaft of a long bone is the diaphysis.
The metaphysis of a long bone is the area between the diaphysis and the physis
(Fig. 1).

Children’s bones, especially in younger children, are softer and more pliable than
those of adults, and therefore can respond to mechanical stress by bowing and
buckling rather than routinely fracturing through and through like adult bone frac-
tures. The periosteum of the diaphysis and the metaphysis is thick in children,
and is continuous from the metaphysis to the epiphysis, surrounding and
protecting the mechanically weaker physis. The physis is sensitive to alterations
in the blood supply, and physeal injuries can result in a bony bridge resulting in
growth arrest.” On the other hand, the ligaments of children are stronger and
more compliant than in adults, and ligaments tolerate mechanical forces better
than the weaker physis.

The pediatric musculoskeletal system also has some distinctive healing features.
Remodeling allows for a certain degree of angulation in pediatric fractures, as children
can remodel with bone growth to nearly perfect anatomic alignment without any inter-
vention except for immobilization. The degree of remodeling is greatest in young chil-
dren, if there is a metaphyseal fracture, or if the deformity occurs in the plane of motion
of the adjacent joint.? Therefore, the acceptable amount of angulation, minimizing the
need for reduction, in pediatric fractures is much greater than that in similar adult frac-
tures. In addition, there is often sufficient callus formation such that nonunion almost
never occurs in displaced fractures.® Therefore, even though fractures occur more
frequently in children than they do in adults, they have an exceptional healing capacity
and usually have good outcomes.
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Fig. 1. Anatomy of a pediatric bone. (Courtesy of K. Boutis, MD, Toronto, ON.)
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FRACTURE PATTERNS
Physeal Fractures

The Salter and Harris classification system classifies physeal fractures with respect to
prognosis for growth disturbance. It is important to note that the risk of growth arrest
varies with the particular bone as well. That is, the risk for growth arrest in a Type Il
fracture of the distal fibula is not the same as this risk in Type Il fractures of the distal
tibia. Differential risks largely relates to the anatomy of the growth plate and its
vascular supply. In general, the more linear the growth plate (eg, distal fibula) the
less risk for vascular disturbance in the event of a growth plate fracture.

Salter-Harris Type I fractures occur when there is cleavage through the hypertro-
phic cell zone of the physis, with the reproductive cells of the physis remaining with
the epiphysis. There is often separation from the metaphysis, which is often temporary
or can result in a displaced epiphysis; however, there are no associated fragments of
bone. In the absence of epiphyseal displacement, radiographs only demonstrate soft
tissue swelling. The diagnosis is clinical with tenderness and swelling maximal over
the physis. Type | injuries have a very low incidence of growth disturbances.

Salter-Harris Type Il fractures occur when the fracture line extends along the physis
and then out through a part of the metaphyseal bone. Growth is often preserved
because the reproductive layers of the physis maintain their position with the
epiphysis and the epiphyseal circulation. Diagnosis is made radiographically by
noting a triangular-shaped metaphyseal fragment (ie, Thurstan Holland fragment)
(Fig. 2).

Fig. 2. Salter-Harris Il of the distal radius. Arrow points to the fracture in the metaphysis that
extends into the growth plate. (Courtesy of K. Boutis, MD, Toronto, ON.)
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Salter-Harris Type Il fractures have a fracture line that extends into the intra-
articular area from the epiphysis, through the physis, with the cleavage plane
continuing to the periphery. The prognosis for subsequent bone growth relates to
the preservation of circulation to the epiphyseal bone fragment; however, the prog-
nosis is usually quite favorable. The diagnosis of a Type lll injury is made radiograph-
ically (Fig. 3). Occasionally, additional imaging with computed tomography (CT) or
magnetic resonance imaging (MRI) is used to better evaluate the extent of the fracture
and articular surface involvement.

Salter-Harris Type 1V fractures have a fracture line that originates at the articular
surface and extends through the epiphysis, the entire thickness of the physis, and
continues through the metaphysis. The diagnosis of a Type IV injury is made radio-
graphically on identification of epiphyseal and metaphyseal fragments (Fig. 4). The
risk of growth disturbance with this type of fracture can be significant.

Salter-Harris Type V fractures are rare and typically are the result of a profound
compressive force transmitted to the physis. The diagnosis of a Type V injury may
be difficult initially, leading to a lack of appreciation of the severity of the injury. The
mechanism of injury should point to a Type V injury, as these injuries are typically asso-
ciated with fall from a great height. Radiographs may appear normal or may demon-
strate focal narrowing of the physeal plate and obtaining comparison views of the
uninjured side may be beneficial.

Torus and Greenstick Fractures

Compressive forces may result in a bulging or buckling of the periosteum termed a
torus or buckle fracture. Any asymmetry, bulging, or deviation of the cortical margin
indicates a torus fracture (Fig. 5), although it may be subtle.

A greenstick fracture is characterized by cortical disruption on the convex side of the
bone, with a buckling or intact cortex on the concave side of the bone. These injuries
typically occur at the metaphyseal-diaphyseal junction of a long bone (Fig. 6).

Fig. 3. Salter-Harris lll of the distal tibia. Arrow points to the fracture in the epiphysis that
extends into the joint. (Courtesy of K. Boutis, MD, Toronto, ON.)
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Fig. 4. Salter-Harris IV of the distal tibia. Arrows highlight the fracture in the metaphysis and
epiphysis with extension into the joint. (Courtesy of K. Boutis, MD, Toronto, ON.)

PLASTIC DEFORMITIES

Plastic deformities are also referred to as bowing fractures and typically occur after a
fall on the outstretched hand (FOOSH). The classic clinical hallmark is pain out of pro-
portion to the physical examination findings. In forearm bowing fractures, pain is
maximal on protonation/supination. The cortex of the diaphysis of the long bone is
deformed, but the periosteum along the entire diaphysis is preserved. Moderate-
severe plastic deformity is usually obvious clinically. However, in mild cases of bowing
injuries, comparison films of the uninvolved extremity can be helpful (Fig. 7) to ensure
that these injuries are not missed.

UPPER EXTREMITY INJURIES
Clavicle

Clavicle fractures occur during infancy as a result of birth trauma or during childhood
as a result of FOOSH or onto the lateral side of the shoulder. Mid-clavicular fractures
are the most common, whereas medial and lateral clavicular fractures are relatively
rare.

Middle third of clavicle
Most of these injuries can be treated with analgesics, support of the injury with a broad
arm sling for 3 to 4 weeks, and follow-up with the primary care physician (PCP).*
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Fig. 5. Buckle fracture of the distal radius. Arrow identifies the buckling in the cortex. (Cour-
tesy of K. Boutis, MD, Toronto, ON.)

Fig. 6. Greenstick fracture of the distal radius. Arrow identifies the cortical break in the
meta-diaphyseal junction. There is also buckling on the opposite of the cortex. (Courtesy
of K. Boutis, MD, Toronto, ON.)
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Fig. 7. (A) Bowing of the radius and ulna of the injured right arm. (B) A normal radius and
ulna on the uninjured left arm. (Courtesy of K. Boutis, MD, Toronto, ON.)

Urgent orthopedic consultation is indicated when a child is >12 years, the fracture
is >100% displaced or shortened >2 cm, there is skin tenting, neurovascular compro-
mise, or fracture through a pathologic lesion.®

Medial clavicle

Given the strong ligamentous attachment of the clavicle to the sternum, injuries to this
area are usually epiphyseal disruptions. Urgent orthopedic consultation is recommen-
ded for these injuries.

Lateral clavicle

Minimally displaced distal clavicle fractures only need immobilization with a sling
or equivalent. Urgent orthopedic consultation is needed for fractures with
100% displacement, >2 cm shortening or associated acromioclavicular
dislocation.®
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Humerus

Midshaft humeral fractures typically occur from a FOOSH or a direct blow to the upper
arm.

Proximal humerus

These fractures may occur at the physis or the proximal humeral metaphysis, and they
have an extraordinary ability to repair themselves. Proximal humeral physeal fractures
occur more commonly in adolescence because this area becomes relatively weak
during this time of rapid growth. Fractures of the proximal humeral metaphysis are
more common in preadolescents. Treatment depends on the age of the child and de-
gree of displacement or angulation. In general, children <10 to 12 years with a prox-
imal humeral fracture that is displaced <50% and less than 60° angulated can be
treated in a broad arm sling for 4 weeks and follow-up in an orthopedics clinic within
a week.”8 If the child is >10 to 12 years with greater than 50% displacement or greater
than 30° angulation, there is a pathologic fracture, or neurovascular compromise then
urgent referral to an orthopedic surgeon is indicated.®'°

Humeral diaphysis

Direct trauma to the humerus can cause a transverse fracture, and a violent rotation
can cause a spiral fracture. Spiral/oblique fractures of the humeral diaphysis in infants
and toddlers have been strongly linked to child abuse.’"'? Rarely, the fracture frag-
ment may injure the radial nerve as it runs in the radial groove. Thus, assess radial
nerve function (eg, wrist extensors and supinators, sensation of dorsoradial hand,
thumb, and second digits) on initial examination and following any splinting. The po-
tential for healing is good, and treatment is usually immobilization in a long-arm plaster
splint with orthopedic follow-up. Orthopedic consultation is recommended for mid-
shaft humeral fractures that present with a clinical deformity or angulation more
than 20° in children and 10° in adolescents.'®

Elbow

Acute pediatric elbow injuries usually are related to falls. The large cartilaginous
component of the elbow makes radiograph interpretation difficult.’® As a result,
compared with other fractures, elbow fractures in children are commonly missed in
the emergency department (ED).'* True lateral and anteroposterior radiographs of
the elbow are essential to diagnose elbow fractures. Because competency in pediatric
elbow interpretation is difficult to achieve, many clinicians obtain comparison radio-
graphs of the uninjured side as a reference to what is normal.™®

Supracondylar fractures

Most supracondylar fractures occur in children from 3 to 10 years with the peak inci-
dence occurring between ages 5 and 7 years. The extension type supracondylar frac-
ture is by far the most common, accounting for 90% to 98% of cases.

An extension-type supracondylar fracture is caused by a FOOSH with the elbow
hyperextended. A flexion-type fracture results from falling on a flexed elbow and is
rare. The complications of a supracondylar fracture, although uncommon, range
from transient neurapraxia to Volkmann ischemic contracture, with the most common
being an injury to the anterior interosseous nerve resulting in the “pointing finger sign.”

Type | fractures are displaced <2 mm and may have a posterior fat pad sign as the
only radiographic finding (Fig. 8). Type | supracondylar fractures are inherently stable.
The goal of therapy is pain control and immobilization with a long-arm posterior splint
with the elbow at 90° and the forearm in protonation or neutral rotation for 3 weeks.
Arrange orthopedic follow-up within 2 to 7 days. Although collar and cuff
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Fig. 8. Type | supracondylar fracture. Smaller arrow points to the posterior fat pad. Larger
arrow points to the displaced distal humerus fracture. (Courtesy of K. Boutis, MD, Toronto,
ON.)

immobilization is used in some centers, it does not offer as good pain management as
splinting.'617

Type |l fractures are angulated to varying degrees, but the posterior cortex of the
humerus is intact (Fig. 9).

Type lll fractures are completely displaced with no cortical contact (Fig. 10). The
distal fragment may be posteromedially (Type llla) rotated and, as such, can impinge
against the radial nerve or be posterolaterally (Type llIb) rotated. In posterolaterally
displaced fractures, the brachial artery and median nerve are at risk for injury, and
compartment syndrome can develop.'®'® Consult orthopedic surgery emergently
(within 1 hour) if there is a suspicion of compartment syndrome, if there is loss of radial
pulses, or a cool, white hand. Otherwise, Type Il and lll fractures need urgent ortho-
pedic consultation (within 4 hours) in the ED for definitive management that typically
includes operative pinning.2°

Lateral condylar fractures

These fractures occur when there is varus stress on an extended elbow with the fore-
arm in supination. Swelling and tenderness are usually limited to the lateral elbow, and
neurovascular injury is uncommon. The diagnosis can be made with standard antero-
posterior and lateral views, but obtain an oblique view if the clinical suspicion is high. In
Type 1 lateral condylar fractures, defined by <2 mm displacement, the child’s elbow
injury can be treated in a long-arm backslab with the elbow flexed at 90° and broad
arm sling (Fig. 11).2"22 Type 2 lateral condylar fractures occur when there is >2 mm
displacement with congruity of the articular surface, whereas Type 3 occur with
greater than 2 mm displacement and without congruity of the articular surface.
Type 2 and 3 lateral condylar fractures require urgent orthopedic consultation because
these fractures often require open reduction and internal fixation (ORIF). Nonunion,
malunion, osteonecrosis, cubitus valgus, and ulnar nerve palsy are well-described
complications.?®
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Fig. 9. Type Il supracondylar fracture. Larger arrow points to the posterior fat pad and
smaller arrow points to the subtle lucency in the cortex. (Courtesy of K. Boutis, MD, Toronto,
ON.)

Fig. 10. Type lll supracondylar fracture. The area in the circle identifies a markedly displaced
supracondylar fracture. (Courtesy of K. Boutis, MD, Toronto, ON.)
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Fig. 11. Lateral condylar fracture of distal humerus. The arrow points to the fragment that
represents a lateral condylar fracture. (Courtesy of K. Boutis, MD, Toronto, ON.)

Medial epicondyle fractures

These fractures tend to occur in older children, between the ages of 10 and 14 years.
Simple fractures of the medial epicondyle are extra-articular injuries with limited soft
tissue involvement, but nearly half of these injuries are associated with elbow disloca-
tion; in such injuries, the epicondyle can become entrapped in the joint.?*?° Fractures
are classified by the amount of displacement and associated extremity injuries
(Fig. 12). Typically, if there is <5 mm of displacement, these fractures can be managed
in a long-arm backslab at 90° elbow flexion for 3 weeks and follow-up in orthopedics.
More than 5 mm of displacement is an indication for urgent orthopedic consultation. It
is important to distinguish between a medial epicondyle fracture from a medial
condyle fracture. Medial condyle fractures are intra-articular and require urgent review
by an orthopedic surgeon.

41



42

Boutis

Fig. 12. Medial epicondylar fracture of the distal humerus. The arrow points to the frag-
ment that represents a medial condylar fracture. (Courtesy of K. Boutis, MD, Toronto, ON.)

Monteggia fracture dislocation

This injury refers to the dislocation of the radial head (proximal radioulnar joint) with
fracture of the ulna. This type of injury is the most commonly missed serious fracture
of the elbow. A good general rule to avoid missing this injury is that if there is an ulnar
fracture always look for an associated injury in the radius. The Bado classification sys-
tem identifies 4 types of Monteggia fractures. The most common type occurs when
there is an anterior dislocation of the radial head with fracture of the ulna shaft
(Fig. 13). Emergent orthopedic consultation is indicated for this fracture as reduction
is always required for these injuries.

Olecranon fractures

These injuries generally result from a fall on the elbow and are best seen on the lateral
view. Orthopedic consultation is best to guide treatment. If the fracture is displaced
<5 mm, it should be immobilized in the most stable position, usually 90° of elbow
flexion, for 3 to 6 weeks.?® ORIF is indicated for unstable fractures. Olecranon frac-
tures occur in association with fractures of the radial head and neck. A “simple”

Fig. 13. Monteggia fracture. The transverse line demonstrates a radial head dislocation and
the arrow points to the associated ulnar fracture. (Courtesy of K. Boutis, MD, Toronto, ON.)
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olecranon fracture may be part of a Monteggia lesion, so the radial head position
should be carefully evaluated.

Radial head and neck fractures

The radial neck is fractured more frequently than the radial head, and most radial neck
fractures occur through the metaphysis (Fig. 14). The most common mechanism is a
FOOSH. Obtain orthopedic consultation to guide treatment. Reduction is often neces-
sary when angulation is >35° or displacement is greater than 60%.%’

Elbow dislocation

These are uncommon in children, but the most common type of dislocation is poste-
rior and often there are associated fractures of the medial and lateral epicondyle or
radial neck. Neurologic injury is associated with approximately 10% of elbow disloca-
tions. Ulnar neuropathy is the most common and is usually associated with medial epi-
condyle entrapment. Median nerve injury may be caused by entrapment of the nerve
inside the joint, behind the medial epicondyle, or in an epicondyle fracture. Radial
nerve and arterial injury are both rare. Consult orthopedics emergently if a neurovas-
cular injury is suspected. After reduction and review of postreduction radiographs,
immobilize the reduced elbow in a posterior mold and refer for orthopedic follow-up
within one week.

Subluxation of the radial head

This is otherwise known as a pulled elbow or nursemaid’s elbow. It is a common injury
in young children. It can occur any time from birth to 6 years of age but commonly oc-
curs from 1 to 4 years of age. The mechanism of injury is often a sudden pull on the
arm, usually by an adult or taller person. The force pulls the radius through the annular
ligament, resulting in subluxation (partial dislocation) of the radial head. The child ex-
periences sudden acute pain and loss of function of the affected arm. On examination,
the child holds the involved arm in slight flexion and protonation, and there is no focal
swelling or tenderness. However, there is significant pain with protonation/supination
of the forearm. This is a clinical diagnosis and should not be confused with other radial
head pathology (eg, radial head/neck fractures) or bowing fractures that can also illicit
tenderness with protonation/supination. Distinguishing features in favor of a pulled
elbow include lack of focal symptoms/signs, younger age, and relatively benign mech-
anisms. There are 2 favored techniques to reduce a pulled elbow.?® The first is called
the “supination-flexion” method. The provider grasps the humeral epicondyles with
their thumb over the radial head, and with the other hand, quickly supinates the fore-
arm and flexes the elbow. An alternative method is called “hyperpronation.” Hold the
child’s hand as if shaking hands, hold the epicondyles with your other hand, extend
the forearm, and pronate quickly. If one method is not successful, you can try the alter-
native method. A recent meta-analysis concluded that hyperpronation was more

Fig. 14. Radial neck fracture. The arrow points to the lucency located at the radial neck.
(Courtesy of K. Boutis, MD, Toronto, ON.)

43



44

Boutis

effective in terms of success rate and less painful compared with the supination-
flexion maneuver.?® If successful, the pain resolves after reduction and normal arm
movement is quickly regained.

Forearm

Childhood forearm fractures are the most common pediatric fractures,*° and most
often occur after a FOOSH. In general, with the presence of any localized pain,
swelling, or limited movement, a radiograph of the affected area is recommended.
The Amsterdam Pediatric Wrist rules have been validated in children 3 to 18 years
and based on historical and physical examination variables provides a probability
for the presence of a fracture and the recommendation to obtain or not to obtain ra-
diographs. These rules have the potential to reduce unnecessary wrist radiographs
in children by approximately 20%, with a reported sensitivity of 98%.°"

Radius and ulna diaphyseal fractures

Injuries of the shaft can remain unstable despite attempts at closed reduction and oc-
casionally require open fixation. Proximal third shaft fractures are relatively uncom-
mon. In skeletally immature children younger than 10 years, angulation less than
10° often does not require anatomic reduction.®?

Bowing deformities

These injuries can be difficult to diagnose and often missed. Radiologic comparison with
the uninjured side may be necessary in mild cases (see Fig. 7). Failure to correct bowing
(which tends to be along the whole bone) may lead to permanent deformity and disability.
Although minimally angulated bowing fractures and those in younger children can often
be managed in a splint/cast and follow-up with an orthopedic surgeon, more advanced
bowing fractures may require completion of the break to establish proper realignment.
Urgent orthopedic consultation is required for any plastic deformities. In general, proper
reduction and realignment is recommended for any angulation >20° in children younger
than 10 years or >15° degrees in children older than 10 years.>®

Isolated ulnar fractures

These are rare and caused by a direct blow. Typically, those that are minimally angu-
lated can be managed with a splint and follow-up in an orthopedic clinic. If caused by
an indirect force, typically, there is an associated fracture or dislocation of the radius.
As described previously, the combination of an ulnar fracture with a dislocation of the
radial head is called Monteggia fracture (see Fig. 13). Galeazzi fracture is a radial shaft
fracture with an associated dislocation of the distal radioulnar joint. Although this injury
is uncommon, immediate orthopedic consultation is warranted.

Radius/ulna metaphyseal greenstick or complete fractures

Younger children and more distal injuries have a greater capacity for remodeling. In
general, in girls younger than 10 years and boys younger than 12 years with fractures
that are <15° angulated in the sagittal and <5 mm displaced in the frontal plane do not
need reduction and can be managed in a short arm circumferential cast or splint for
4 weeks to 6 weeks.**** Follow-up with an orthopedic surgeon is still recommended
because these fractures can be unstable and can displace further in follow-up regard-
less of if they are managed in a cast or a splint.®® For greater degrees of angulation,
consult orthopedic surgery to determine the need for urgent reduction.

Radius and ulnar metaphyseal torus fractures
Torus or buckle-type fractures (see Fig. 5) of the distal forearm are the most common
pediatric fracture. There is point tenderness over the distal radius or ulna, occasionally
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with associated localized swelling. Distal radius buckle fractures can be radiologically
subtle and therefore can be missed without careful review of both the anteroposterior
and lateral radiograph views. In contrast, approximately 10% of cases thought to have
a distal radius buckle fracture actually have a more advanced or unstable fracture
(eg, distal radius greenstick fracture, distal radius Salter-Harris Il fracture).*® Because
errors are likely to occur routinely in these and other pediatric fractures, it is important
that EDs have a robust quality assurance program to correct radiograph interpretation
errors so that appropriate management can be applied. Correctly diagnosed distal
radius buckle fractures are best treated by splinting in a position of function with
the PCP within 1 to 3 weeksfunction with follow up at the PCP office within 1 to 3
weeks of the initial injury.>”>® Three studies have recommended home removal of
the splint as safe and cost-effective.®**' Regardless, orthopedic surgery referral
should does not need to be routine; rather, orthopedic referral should be reserved
for cases that are not healing as expected.

Distal radius physical fractures

Salter-Harris | fractures of the distal radial physis are assumed if there is point tender-
ness or swelling over the distal radius physis and no radiographic evidence of a visible
bony fracture. These injuries are rarely associated with growth disturbances. Undis-
placed or minimally displaced Salter-Harris | fractures should be immobilized with a
below-elbow splint and followed in an orthopedic clinic within 1 week. Significantly dis-
placed Salter-Harris | often require urgent closed reduction in the ED. Consult orthope-
dic surgery for guidance on when reduction is recommended. Salter-Harris Type Il
injuries (see Fig. 2) can be managed as per Salter-Harris | fractures of the distal radius.>
For Salter-Harris Type lll, IV, and V injuries, urgent orthopedic consultation is necessary.

Carpal bone injuries

Fractures of the carpal bones are quite rare in the skeletally immature child. However,
these injuries increase in frequency in the skeletally mature adolescent population.
Most are sports-related injuries. Fracture patterns and presentation are similar to
the adult, and scaphoid fractures are the most common type, although still relatively
rare.*> However, unlike adults, nonunion is less common in children.** Immobilize
any suspected fracture of a carpal bone in a thumb spica splint and arrange early or-
thopedic follow-up, even in the absence of radiographic findings. Repeat plain radio-
graphs, CT, or MRI may be needed at follow-up for further assessment of the injury.

Phalangeal fractures

The most common injury is to the distal phalanx resulting from a crush injury, often
when a door has been closed on a child’s finger. If there is an associated nail bed
injury, the nail bed may need to be repaired, and the fracture is considered “open.”
The use of prophylactic antibiotics in “open” fractures of the distal tuft remains contro-
versial, with no clear evidence of benefit.** Consultation with an orthopedic or plastic
surgeon may be appropriate for repair of the nail bed if needed. Immobilize a distal
phalanx “tuft” fracture with a finger splint. Phalangeal shaft fractures should be
assessed for displacement, rotational deformity, and tendon disruption. Significantly
displaced, rotated fractures or those with tendon disruption need orthopedic/plastic
surgery consultation for reduction and repair.

LOWER EXTREMITY INJURIES
Pelvis

The immature, relatively cartilaginous pediatric pelvis is somewhat pliable. There are 2
broad categories of pelvic fractures, nonavulsive and avulsive. Nonavulsive pediatric
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pelvic fractures usually result from significant force, and the most common mecha-
nism is pedestrian versus motor vehicle collisions.*®> A child with a pelvic fracture
should be assumed to have multisystem trauma and be transferred to a level 1 pedi-
atric trauma center. Avulsion-type injuries of the pelvis are usually seen in the adoles-
cent and are unusual before 8 years of age (Fig. 15). These typically result from sudden
contraction of musculature attached to the pelvis and occur during athletic activities.
The child will often complain of sudden pain and have point tenderness over the frac-
ture site. Nearly all avulsion fractures can be managed conservatively with rest, limita-
tion of activity until symptoms resolve, and orthopedic follow-up.

Femur

Trauma can result in an epiphyseal disruption or a fracture of the head, neck, trochan-
teric, or subtrochanteric region of the femur. Proximal fractures involving the femoral
head or neck have a high risk of complications (eg, avascular necrosis, growth arrest).
Treatment is almost always urgent operative repair. Traumatic dislocations of the hip
are rare in the pediatric population and tend to occur only in older children/adoles-
cents. Hip dislocations are most often posterior and result from a significant trauma.
Treatment for pediatric hip dislocations is urgent closed reduction. Immediate ortho-
pedic consultation is indicated, as any significant delay in reduction is associated with
a higher incidence of complications including sciatic nerve injury.

Femoral shaft

The most common mechanisms of injury are falls, pedestrian versus automobile inci-
dents, motor vehicle collisions, and sports-related injuries. Although significant force
is usually required to fracture the femoral shaft, in young healthy ambulatory children
from 1 to 4 years, femur fractures can occur with low-velocity injuries such as a short
fall or twisting/stumbling injury.*® Nevertheless, it is important to consider child abuse
in a child with a femur fracture who is not yet walking.*’

The clinical findings of a femur fracture are usually obvious. There is typically tender-
ness and swelling over the fracture site. The child may hold the leg externally rotated
and will likely refuse to bear weight. The leg may be shortened. Given the high degree
of force typically needed to fracture the femur, perform a thorough evaluation for multi-
system trauma. Hypotension is usually not related to an isolated femur fracture in a
young child and practitioners are encouraged to look for other injuries.*” All femoral
shaft fractures require immediate orthopedic consultation.*®

Fig. 15. Pelvic avulsion fracture. The arrow points to the avulsion fracture located at the
anterior inferior iliac spine. (Courtesy of K. Boutis, MD, Toronto, ON.)
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Slipped capital femoral epiphysis

This is characterized by slipping of the femoral epiphysis of the hip and is the most
common cause of hip disability in adolescents. The etiology is multifactorial, and
any child may develop slipped capital femoral epiphysis (SCFE) during a growth spurt;
however, most affected children are obese adolescents whose hips are exposed to
repetitive minimal trauma. Boys with SCFE present at an average age of 14 to 16 years.
Girls typically present earlier, at approximately 11 to 13 years. The slippage may be
chronic, acute, or acute-on-chronic. Acute SCFE are rare but quite dramatic. The child
cannot bear weight, and surgery for reduction and fixation is done on an urgent basis.
Acute worsening of mild chronic displacement may occur after minimal or no trauma.
In cases of chronic slip, clinically, the child may develop hip (groin) pain, or pain is
referred to the thigh or, much more commonly, the knee. The pain may be vague
and chronic in nature. Obtain bilateral hip radiographs in any adolescent with chronic
pain in the groin, hip, thigh, or knee to evaluate for SCFE because delay in diagnosis
can lead to significant disability. Adequate radiographs include both anteroposterior
and lateral hip views (ie, Lowenstein view). Both hips should be imaged given the
high incidence of bilateral disease. The use of frog leg views is controversial given
the potential for further epiphyseal displacement in this position. Radiographically,
epiphyseal slippage may be detected by examining the anatomic relationship of the
femoral neck to the femoral head (Fig. 16).

Obtain orthopedic consultation for any child with pain suspicious for SCFE in the
ED. Once the diagnosis is made, the goal of treatment is to prevent further slippage:
management includes strict non-weight-bearing and definitive operative manage-
ment. Complications include avascular necrosis of the hip and premature closure of
the physis.

Knee

Evaluation typically includes 2 radiographic views (anteroposterior and lateral) of the
knee. The Ottawa Knee Rules have been validated for children older than 5 years
and can help determine the need for radiographs.*°

Fractures through the distal femoral physis
These injuries are uncommon but are at high risk of developing significant complica-
tions. The popliteal artery lies close to the distal femoral metaphysis and may be

=

Fig. 16. Slipped Capital Femoral Epiphysis. The arrow points to the slipped epiphysis on the
femoral head. (Courtesy of K. Boutis, MD, Toronto, ON.)
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injured along with the peroneal nerve. Growth arrest may also occur secondary to per-
manent physeal damage. Although Salter-Harris Type | injuries may not be appreci-
ated on plain radiographs, any child suspected of having a significant injury should
receive orthopedic follow-up. Any displaced distal femoral physeal disruption needs
immediate orthopedic evaluation for reduction.

Patellar dislocations

The typical mechanism of this injury is one of pivoting the knee on a fixed lower leg.
There is often a history of the “knee popping out of place.” If the patient remains dis-
located in the ED, the displaced patella usually sits laterally, and the knee is held in
flexion. Reduction need not be delayed for radiographs and is easily accomplished
by gently extending the knee while another provider helps “lift” the patella into place.
Obtain radiographs after the reduction to assess for fractures, which are most typically
seen at either the lateral femoral condyle or the medial margin of the patella. Place the
child in a knee immobilizer and arrange follow-up with orthopedics within 1 to 2 weeks.

Patellar fractures

These fractures are uncommon in children and usually occur from a direct blunt force.
The “sleeve” fracture of the patella, in which the distal patellar “sleeve” is avulsed from
the body of the patella, is a patellar fracture unique to children. The typical mechanism
of an avulsion “sleeve” fracture is a forceful contraction of the quadriceps against a
fixed lower leg. Consultation with an orthopedist is advised to determine the appro-
priate treatment.

Fractures of the tibial spine

From a mechanical viewpoint, an avulsion fracture of the tibial spine is the equivalent
of an anterior cruciate ligament rupture in an adult. The anterior cruciate ligament in-
serts on the tibial eminence, also known as the anterior tibial spine, and this ligament
and its insertion are much stronger than the epiphyseal bone in children. Nondisplaced
fractures may be managed conservatively with immobilization in extension and ortho-
pedic follow-up (Fig. 17). However, any displaced fractures need reduction and imme-
diate orthopedic consultation.

Tibial tuberosity fractures

These are typically avulsion fractures and occur most commonly from strong contrac-
tion of the quadriceps against a fixed leg. These injuries typically occur during sports.
Displaced injuries need reduction and fixation and require immediate orthopedic
consultation.

Tibia and Fibula

Proximal tibial physis and metaphysis fractures

Fractures of the proximal tibial physis are relatively uncommon. The most common
potential significant complication is a vascular injury to the popliteal artery, so assess-
ment and documentation of intact pulses and an ankle brachial index is important. In
proximal tibial metaphyseal fractures, there is a high risk of drift through healing and
growth into a valgus deformity of the knee (Cozen phenomenon), even with proper
alignment and immobilization. Orthopedic follow-up for these fractures is therefore
essential.

Fractures of the tibia and fibula diaphyses

Fractures of the shaft of tibia and fibula are common in children, and one of the most
common fractures in younger children is the toddler’s fracture.®® This is an isolated
minimally displaced (<2 mm) spiral/oblique fracture of the distal tibia in a child
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Fig. 17. Tibial spine fracture identified by the arrow. (Courtesy of K. Boutis, MD, Toronto,
ON.)

9 months to 4 years.®" Parents report that the child is limping or refusing to bear weight
for no apparent reason or after seemingly insignificant trauma. The specific mecha-
nism is often external rotation of the foot with the knee flexed. Clinically, there is usu-
ally pain with palpation and rotation of the distal tibia, although swelling or tenderness
may be minimal or absent. Obtain radiographs of the tibia and fibula in the limping
toddler, even in the absence of physical examination findings. Radiographically, a
fracture line may be noticed at the distal third of the tibial shaft (Fig. 18). At times, initial
standard plain radiographs may be normal. In these cases, oblique views may show a
fracture line when standard views are negative. If a toddler’s fracture is clinically sus-
pected and initial radiographs are negative, splint immobilization and no immobiliza-
tion are both management options with follow-up in one week for repeat
radiographs.®?~° If radiographs are negative, and there is also the absence of a trau-
matic history, clinicians are encouraged to rule out other possible diagnoses that
could lead to difficulty weight bearing in a young child. For radiologically evident frac-
tures, there is currently a wide practice variation on the need for immobilization. Op-
tions include immobilization of the injured leg in a long leg splint, removable
prefabricated device or above/below knee cast.’?°* The most commonly applied
standard is a long leg splint in the ED followed by an above or below knee cast placed
in the orthopedics clinic.5%%*

In older children, if the fracture is minimally displaced and there is no evidence of
compartment syndrome, immobilize in a long leg posterior splint and arrange orthope-
dic follow-up. However, if there is >10° of angulation in any plane, orthopedic consul-
tation and reduction may be indicated. Where there is a high-energy injury, if the limb
was in highly metabolic state at the time of injury (eg, taking part in sports), or if there is
any element of a crush injury, then there is a risk of compartment syndrome, and the
patient may need to be admitted for several examinations.
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Fig. 18. Spiral fracture of the distal tibia. The arrow points to the lucency in the distal third
of the tibial. (Courtesy of K. Boutis, MD, Toronto, ON.)

Ankle

Pediatric ankle injuries are common, but only approximately 12% of ankle injuries
result in ankle fractures.>® To avoid unnecessary radiographs in children with ankle in-
juries, clinical decision rules may be applied to determine which children’s injuries
benefit from radiographs. In a multicenter analysis, implementation of the Low-Risk
Ankle Rule (Fig. 19)°° safely reduced radiographs by 22% and demonstrated signifi-
cant health care cost savings.®®°” The Ottawa Ankle Rules have also been validated
in children.®®-%° However, although these rules are highly sensitive, they only reduce
radiographs by approximately 10%.% Once plain radiographs are considered neces-
sary, standard views include anteroposterior, lateral, and oblique views. Distal tibia
growth plate fractures may be at higher risk of complications, and as such additional
imaging techniques such as CT and MRI can be used to help define the degree of
displacement.

Distal fibula ankle fractures

These are the most common lower extremity injuries in children older than 5 years. The
key fractures to consider in this location are Salter-Harris I, Il, and fibular avulsion frac-
tures. Children who present with lateral ankle injuries and no radiographic evidence of
a fracture are commonly diagnosed with a distal fibular Salter-Harris | physeal fracture.
However, in a recent study that included 135 skeletally immature children with this
clinical scenario, MRI demonstrated that only 4 (3%) of these children had Salter-
Harris | fractures of the distal fibula, 2 of which were partial injuries, and all children
had ligamentous injuries or bony contusions.®' Thus, radiograph-negative lateral ankle
injuries in children are more appropriately diagnosed with ligamentous injuries and
managed with a removable ankle brace and self-regulated return to activities.®>6
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A Distal tibia including growth plate

‘\ - B Distal fibula including growth plate

l A,._\” C Lateral ligaments including
/s anterior talofibular, calcaneofibular

E V. ; and posterior talofibular

7 D Calcaneus
: E Tibial anterior joint line

AP View Tenderness * edema isolated

to the distal fibula and/or
adjacent lateral ligaments distal
to the tibial anterior joint line

Lateral View '

Fig. 19. The low-risk ankle rule. AP, anteroposterior. (Modified from Hoppenfeld S, Hutton
R, Thomas H (Eds.). Physical examination of the foot and ankle: physical examination of the
spine and extremities. Appleton-Century-Crofts: New York; pp. 217-222.)

As such, routine orthopedic follow-up is not necessary for these cases and can be
reserved for cases not recovering as expected.

Salter-Harris Type Il (Fig. 20) and distal fibular avulsion fractures occur with an inver-
sion injury. In general, when there is no significant displacement, these fractures may
be managed by immobilization in a weight-bearing cast or commercial immobilizer,
and orthopedic follow-up is usually not necessary.®?5% In isolation, distal fibular
Salter-Harris IlI-V fractures are very rare. If suspected, consult orthopedics for
management.

Distal tibia ankle fractures

Salter-Harris | and Il fractures of the distal tibia are the most common fractures of the
distal tibia. They can be managed with immobilization and follow-up in an orthopedic
clinic, but displaced fractures may require closed reduction. Salter-Harris Ill fractures
account for approximately 25% of distal tibia fractures and may need open reduction if
there is any significant displacement. Tillaux fracture is a Salter-Harris Type Il fracture
of the anterolateral portion of the distal tibia (see Fig. 3). Treatment is surgical reduc-
tion in most cases that demonstrate displacement, and thus, urgent orthopedic
consultation is indicated. Salter-Harris IV fractures (see Fig. 4) include the triplane
fracture, which involves fractures in the sagittal, coronal, and transverse planes,
resulting in multiple fracture fragments. CT helps delineate the extent of the joint
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Fig. 20. Distal fibular Salter-Harris Il. The arrow points to metaphyseal fracture that extends
into the growth plate. (Courtesy of K. Boutis, MD, Toronto, ON.)

surface injury in both Salter-Harris Type lll and IV ankle fractures. The management is
often urgent surgical reduction.

Foot and Toe

The lack of ossification of the foot bones in younger children makes fractures in this
area rare. As ossification increases with age, fractures become more common, but
significant injuries are still unusual. Fractures of the mid- and hindfoot are rare, and
usually result from a fall. They can often be managed with a splint and orthopedic
follow-up. Fractures of the metatarsals and phalanges are relatively common in chil-
dren and typically result from a direct blow from a falling object. Most nondisplaced
fractures of the metatarsals and phalanges can be managed by immobilization in a
posterior short-leg splint and orthopedic follow-up. Significantly displaced fractures
of the metatarsals and phalanges, as well as those of the great toe that have intra-
articular involvement, may require fixation, although this can typically be done on an
outpatient basis. Fractures of the base of the fifth metatarsal are common with inver-
sion injuries of the ankle, and thus the evaluation of ankle injuries should, therefore,
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include radiographs of the foot when there is tenderness over the fifth metatarsal. The
immature skeleton consists of an ossification center lateral to the base of the fifth
metatarsal (Fig. 21) to which the peroneus brevis tendon attaches. This ossification
center may be confused with a fracture, although an avulsion fracture at this site
can also occur and presents with point tenderness and displacement of the ossifica-
tion center. Immobilization and orthopedic follow-up are recommended. Crush injuries
to the foot may cause vascular compromise and compartment syndrome, and thus ur-
gent orthopedic consultation is indicated.

MISSING PEDIATRIC FRACTURES IN THE EMERGENCY DEPARTMENT

One factor that may lead to missing a fracture is the extent of the history and physical
examination obtained. In children, getting detailed mechanisms to help elucidate the
type of injury is often not possible; further, younger children are often challenging to
examine. Thus, in cases in which history or physical examination is limited, we
encourage physicians to have a very low threshold to obtain radiographs. If an older
child is cooperative and able to localize pain, validated clinician decision rules can
be used to determine the need for imaging.'#°:°6 However, these rules are only to
be used after a comprehensive physical examination is completed and are not meant
to replace the physical examination. Using a rule-based physical examination can lead
to missing important pathology. Other factors that may lead to missing a fracture in the
ED are related to cognitive biases that impact how we process information and make
clinical decisions.®* A low clinical suspicion of a fracture on history and physical can
bias the physician such that their ability to see the fracture on the radiograph may
be compromised. The classic example is a subtle Tillaux fracture. On physical

Fig. 21. A normal ossification center lateral to the base of the fifth metatarsal. The arrow
points to the ossification center. (Courtesy of K. Boutis, MD, Toronto, ON.)
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examination, the ankle demonstrates soft tissue swelling predominantly over the distal
fibula: a clinical presentation similar to an ankle sprain, especially because this frac-
ture typically occurs in older children (12-14 years). As such, the clinician reviews
the radiograph with a low suspicion for a fracture and misses the more subtle radio-
graphic presentations of this fracture. Careful examination of the anterior joint line,
in this case, would demonstrate significant tenderness, cueing the physician to
examine this area of the radiograph more carefully.

Another common cogpnitive bias is search satisficing®*; heed the saying, “the most
commonly missed fracture is the second fracture.” As we reviewed previously, this
can occur in Monteggia fractures where the clinician identifies the ulnar fracture and
then misses the more serious radial head dislocation (see Fig. 13). This can also result
in underestimating the seriousness of a fracture. For example, the distal radius Salter-
Harris |l fracture is often misdiagnosed as a distal radius buckle fracture in the ED. In
this case, clinicians note the buckling of the cortex and fail to continue examining the
radiograph, missing the extension of the fracture into the growth plate or any associ-
ated displacement (Fig. 22).

It is important for clinicians to remember that pediatric fractures are not always
evident on the initial radiographs. Thus, in cases of high clinical suspicion for a frac-
ture, even in the absence of a radiograph-visible fracture, the child should be immo-
bilized and referred for orthopedic follow-up. Nevertheless, the most common
reason for missing a fracture is due to deficiencies in physician interpretation skill of
pediatric musculoskeletal images, and error rates have been reported to occur in

Fig. 22. Left, a subtle Salter-Harris Il fracture of the distal radius (arrow). Right, the large ar-
row points to the buckling of the cortex and clinicians may stop looking and miss the more
subtle extension into the growth plate indicated by the smaller arrow. (Courtesy of K. Bou-
tis, MD, Toronto, ON.)
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3% to 15% of pediatric musculoskeletal images.®® Although most imaging over-reads
by a radiologist may identify errors, errors are often not reported until after the patient
has left the ED, which can lead to other unnecessary visits for the patient and health
care system and medico-legal complaints.®® In this scenario, it would be optimal to
increase physician skill via education. Although there are many electronic resources
that cover the approach to pediatric musculoskeletal images, there is currently only
one that allows the deliberate active practice of cases. ImageSim (www.imagesim.
com) is an evidence-based on-line learning platform that includes a course in pediatric
musculoskeletal radiograph interpretation where the clinician can practice on as many
as 2100 cases and receive feedback with every case completed.®>¢7-%° As an addi-
tional measure, hospital-based quality assurance programs that include imaging
over-reads by radiologists within 48 hours is highly recommended.

SUMMARY

Fractures are a common presenting complaint to the ED. However, relative to adults,
the unique healing abilities of children allow for a lower rate of long-term fracture-
related complications such as malunion, disability, arthritis. The ED management
strategy of a specific pediatric fractures considers several factors. These include
(but are not limited to) the age of the patient, open or closed fracture, radiographic fea-
tures (location and degree of displacement/angulation of the fracture), risk of growth
arrest, and/or concerns about neurovascular compromise or compartment syndrome.
Minimal intervention strategies that focus on symptom relief and patient-guided return
to activities are appropriate for uncomplicated mid-clavicular fractures, distal radius
buckle fractures, undisplaced distal fibular Salter-Harris |, Il and avulsion fractures.
Nevertheless, before committing to a management strategy, it is essential that ED
physicians create individual and system-level conditions to correctly diagnose the
injury on the radiograph. These can include being aware of cognitive biases that
lead to radiograph interpretation error, individual physician education, and radiology
quality assurance of ED radiograph interpretations within 48 hours.
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