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Childhood Upper Extremity Trauma 

Upper extremity injuries are common in childhood and typically present to the 
emergency department (ED) for acute management. The clinician must recognize 
the differences between injuries in the child and the adult, including anatomic 
and physiologic differences that alter injury patterns and affect management. 
Early recognition of the subtle variations in pediatric radiographic interpretation 
may facilitate management and impact outcome. The authors review common 
pediatric fractures and management.

—The Editor

Introduction
Musculoskeletal injuries account for approximately 10-15% of all childhood 

injuries, with most occurring as a result of a fall, sports-related injury, motor 
vehicle trauma, or intentional physical abuse.1 In reviewing the most common 
orthopedic upper extremity injuries, it is important that the clinician have a 
strong clinical understanding of the significant differences between the adult 
and pediatric musculoskeletal system. The pediatric musculoskeletal system is 
constantly maturing and is composed of more cartilage and collagen than in 
adults. This inherent quality renders the bone more porous and, thus, easily 
bendable, resulting in minimal propagation of fractures, and the abundance of 
cartilage improves resilience, leading to more bowing, buckle, and greenstick 
injuries.1,2 (See Table 1.) Also unique to the immature musculoskeletal system is 
the presence of growth plates and their respective injuries. 

The growth plate is essentially a transition zone, termed the physis or phy-
seal plate, between the metaphysis and epiphysis. A rapidly changing metabolic 
area of the skeletal system that facilitates bone growth and remodeling and, if 
damaged, can result in deformity and abnormal growth.3-6 Overall, growth-
plate fractures account for 15-20% of major long-bone fractures in childhood. 
The majority of growth-plate injuries heal without long-term complications. 
However, an estimated 30% will result in a growth disturbance, and up to 2% 
can result in a functional growth deformity.7 The Salter-Harris classification sys-
tem classifies physeal fractures as types I through V. In general, the severity of 
injury to the growth plate generally increases with each Salter-Harris grade. The 
following mnemonic can be helpful to remember the different Salter-Harris 
types when the long bone is in a vertical orientation with the epiphysis at the 
bottom. The mnemonic refers to the fracture line and its relationship to the 
growth plate: 

• S (“Straight across”) = Type I (low risk for growth plate injury); 
• A (“Above”) = Type II; 
• L (“Lower” or “BeLow”) = Type III; 
• T (“Two” or “Through”) = Type IV; 
• E (“End”) or ER (“ERasure of the growth plate”) = Type V (high risk for 

growth plate injury); 
• R.8
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Having gained appreciation for 
the differences in pediatric and adult 
musculoskeletal systems, it is also 
important to approach each pediatric 
injury systematically by obtaining 
a detailed history and performing 
a thorough physical examination. 
While obtaining the history, the 
clinician should be cognizant of the 
mechanism, timing, and situation 
surrounding the injury. A thorough 
physical exam entails removing all 
clothing, bandages, and splints. 
Following removal of all obscuring 
items, an inclusive physical exam 
should involve inspection of the skin 
for any obvious deformities, swell-
ing, and ecchymosis. The patient 
should be asked to locate the area of 
maximal tenderness, and the clinician 
should proceed with palpation, range 
of motion, and neurovascular exam 
of the involved extremity, includ-
ing assessment of the joints both 
proximal and distal to the suspected 
fracture.2 

Following a thorough physical 
exam, radiological views of the area 
of maximal tenderness and the joints, 
both proximal and distal, should be 
obtained. In addition to obtaining 
appropriate imaging, the clinician 
will need to identify radiographic 
abnormalities, including subtle find-
ings, appropriately treat and immobi-
lize injuries, and decide on the need 
for immediate subspecialty consulta-
tion or referral. (See Table 2.)

Traumatic Upper 
Extremity Injuries by 
Location

The Clavicle. The clavicle is the 

most frequently injured bone in chil-
dren, with more than half occurring 
in children younger than 10 years of 
age.2 The majority of these fractures 
occur as a result of shoulder com-
pression during child birth or a fall 
on an outstretched arm. Clinically, 
clavicle fractures can be divided into 
fractures of the shaft, the medial, and 
distal ends.  

Clavicle shaft fractures (See Figure 
1) result from direct trauma or 
from the transmission of indirect 
forces resulting from falling on an 
outstretched arm. A child will com-
monly present cradling the injured 
arm. In younger children, since 
their periosteum is thicker, fractures 
may be less displaced than older 
children, and clinical presentation 
may be delayed until the guardian 
detects a “knot” from the callus for-
mation. In contrast, older children 
and adolescents typically sustain 
more significant injuries, resulting in 
noticeable lowering of the shoulder 
on the injured side, with localized 
swelling and tenderness and radio-
graphic evidence of displacement 
and angulation.7 The treatment of 

nondisplaced or minimally displaced 
and angulated fractures, including 
those resulting from birth trauma, 
is primarily supportive. A figure-
of-eight splint, sling and swathe, or 
shoulder harness can be used in older 
children and adolescents for 1 to 4 
weeks for comfort, with instructions 
to refrain from participating in sports 
or related activities for 8 weeks.9 In 
any child with a significantly dis-
placed fracture causing tenting of the 
overlying skin, an open fracture, or 
with bone impalement through the 
musculature, surgical evaluation and 
repair are indicated. In addition, cla-
vicular shaft fractures associated with 
violent trauma or significant displace-
ment should be evaluated closely for 
neurovascular injury, given the close 
proximity of both the brachial plexus 
and subclavian vessels.  

Both medial and distal clavicular 
injuries commonly result from phy-
seal separations. Pain and swelling in 
the proximity of the sternoclavicular 
joint is the common presenting com-
plaint with medial epiphyseal inju-
ries. Medial epiphyseal separations 
can be displaced either anteriorly 

 � The majority of growth-plate injuries heal without long-
term complications. However, an estimated 30% will 
result in a growth disturbance, and up to 2% can result 
in a functional growth deformity.

 � All scapular fractures are of a concern, as they are usu-
ally associated with multiple other fractures, including, 
clavicle, ribs, thoracic vertebral, and humeral fractures.

 � Less than 3% of dislocations occur posteriorly in this age 
group and are commonly missed.9 Clinically, a posteri-
orly dislocated arm is typically held in adduction with 
slight internal rotation, appearing flat anteriorly with a 
coracoid process prominence.

 � Unlike adults, scaphoid fractures in adolescents tend 
to be nondisplaced, located at the distal scaphoid, and 
involve a single cortex.

Executive Summary

Table 1. Fractures Unique to Children

�������� 	�
�������

���
������������
 ������������������������������������

���
���������
���������������� �����

�����������
�������������
�������

 ����
�������������
 !���������������������������������
������
�������������
���

"�������������
����
������������ "����������������������������
�������
���������
�������������
����



www.ahcmedia.com                                                                                                                              Pediatric Emergency Medicine Reports / July 2011           83

or posteriorly, with the direction 
of displacement being determined 
by direct palpation. A clinical find-
ing of posterior displacement is of 
particular concern, as compression 
of the trachea, subclavian vessels, or 
brachial plexus can occur, as well as 
involvement of the mediastinal struc-
tures.9 To determine the degree of 
displacement, multiple radiographic 
views and/or computed topography 
(CT) may be required. 

Distal clavicular injuries tend to 
result from a direct blow to the 
shoulder, with increased pain while 
testing range of motion of the arm. 
Radiologically, such injuries can be 
mistaken for acromioclavicular sepa-
rations. Treatment for both minor 
medial and distal fractures is sup-
portive with a sling and progressive 
motion as the pain subsides.2 More 
serious injuries with or without 
neurovascular involvement require 
orthopedic evaluation.  

The Scapula. Scapular fractures 
are very rare. However, when they 
do occur, they are usually the result 
of a high-energy trauma, such as a 
severe direct blow or from a motor 
vehicle accident. All scapular frac-
tures are of a concern, as they are 
usually associated with multiple 
other fractures, including clavicle, 
ribs, thoracic vertebral, and humeral 
fractures.7 In addition, life-threaten-
ing injuries to the chest, neck, and 
head may also occur. Clinically, the 
diagnosis of a scapular fracture may 
be delayed secondary to the associ-
ated injuries.7 Plain radiographs may 
reveal fractures of the body or neck 
of the scapula, but a CT scan may be 
needed to delineate glenoid injuries.2 
Treatment is conservative, with use 
of a sling or shoulder immobilizer 
for 2 weeks and progression to range 
of motion exercises. Fleisher et al 
recommend orthopedic consultation 
with any scapular fracture, given the 
rarity of the injuries.  

The Shoulder. Shoulder dis-
locations in children are uncom-
mon before physeal plate closure. 
Although rare in infants and chil-
dren, it is occasionally seen in adoles-
cents. As with adults, this dislocation 
may occur anteriorly, posteriorly, or 

inferiorly. The most consistent mech-
anism resulting in a traumatic dislo-
cation is that of a significant direct 
force, with the majority displaced 
anteriorly. The child often presents 
with the injured arm held in abduc-
tion and external rotation, with the 
humeral head palpable anterior to 
glenoid fossa. Less than 3% of dislo-
cations occur posteriorly in this age 
group and are commonly missed.10 
Clinically, a posteriorly dislocated 
arm is typically held in adduction 
with slight internal rotation, appear-
ing flat anteriorly with a coracoid 
process prominence. The rarest 
traumatic dislocation, luxatio erecta, 
or inferior dislocation, is likely if the 
patient presents with the involved 
shoulder maximally abducted and 
adjacent to his or her head. These 
injuries typically occur with enough 
force that results in an open injury 
with the humeral head being driven 
through the axilla.7 For any disloca-
tion, special attention should be paid 
to a thorough neurovascular exam to 
identify any signs of an axillary nerve 
injury that may be present. Most dis-
locations can be diagnosed clinically; 
however, to determine the direction 
of displacement, customary views of 
the shoulder should be obtained, and 
these must include an anteroposte-
rior, axial, and the Y-view.2,11 

Although several reduction tech-
niques exist, a detailed discussion is 
beyond the purview of this paper. 
Timely reduction of all acute dislo-
cations is advised. Post-reduction 
imaging should be obtained to 
ensure reduction and the absence 
of glenoid fossa injury (Bankart’s 
lesion) or posterolateral glenoid rim 
fracture (Hill-Sachs deformity). The 
integrity of the axillary nerve should 

be re-assessed post reduction as well. 
Patients should be placed in a sling 
or shoulder immobilizer for comfort 
and referred to an orthopedist for 
subsequent care.  

The Humerus. Fractures involv-
ing the humerus are relatively more 
common in children than in adoles-
cents and typically involve the shaft 
of the humerus. Proximal humeral 
fractures are rare and occur more in 
adolescents than in young children. 
Fractures occurring before adoles-
cence are usually at the metaphysis, 
with Salter Harris type I injuries 
seen occasionally.2 During adoles-
cence, the physeal region becomes 
more vulnerable due to rapid 
growth, and it is a common site of 
Salter Harris type II injuries.2 (See 
Figure 2.) Common mechanisms of 
injury include falls on an extended, 
adducted arm and direct blows to 
the shoulder. Patient presentations 
range from pain and mild swelling 
to obvious deformity and shortening 
of the arm. Routine anteroposterior 
and lateral radiographs should be 
obtained, with comparison views 
of the opposite arm if necessary 
to help differentiate normal varia-
tions in the epiphyseal line from a 
fracture. As with shoulder disloca-
tions, close attention should be 
given to a thorough neurovascular 
exam. The remodeling capacity for 
proximal humeral fractures is ideal, 
even with 50-70 degrees of angula-
tion in a pre-adolescent or with less 
than 50 degrees of angulation and 
50% apposition in adolescents.2 As 
a result of this ability to remodel, 
the treatment often is conservative 
with a sling, sling and swathe, or 
hanging cast with orthopedic follow-
up. Open fractures, fractures with 

Table 2. Upper Extremity Trauma that Requires 
Orthopedic Referral
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neurovascular involvement, patho-
logical fractures, and displaced frac-
tures involving the articular surface 
in comparison require subspecialty 
consultation.  

Humeral shaft fractures are the 
second most common fracture seen 
as a result of birth trauma, but over-
all they comprise a small percentage 
of all fractures in children and ado-
lescents. (See Figure 3.) Occurring 
less frequently than those involv-
ing either the distal (see Figure 4) 
or proximal humerus, the majority 
of these fractures result from high-
energy direct trauma, with the pat-
tern of fracture emulating the likely 

mechanism of injury. For radio-
graphic evaluation, a standard AP 
and lateral views should be obtained. 

Transverse shaft fractures are 
usually the result of direct blows, 
whereas spiral fractures are typically 
caused by indirect twisting that may 
occur during a fall or as a result of 
nonaccidental trauma.2 The clini-
cian must be mindful of children 
who present with an inconsistent 
mechanism of injury or history of 
minor trauma resulting in a humeral 
shaft fracture, as child abuse and 
pathological fractures must be con-
sidered. These injuries typically pres-
ent with localized pain, swelling, and 

deformity. Special attention should 
be paid to ensure a complete neuro-
vascular examination, as any fracture 
that involves the distal two-thirds of 
the humeral shaft has the propensity 
to result in radial nerve damage. 
Neurovascular examinations should 
include testing the function of the 
brachioradialis muscle, the wrist, and 
finger and thumb extension. In addi-
tion, the sensation to the dorsum 
of the hand and web space between 
the thumb and index fingers must 
be documented. Fortunately, even 
if a radial nerve palsy occurs, with 
appropriate fracture management, 
most resolve.2 Treatment is primar-
ily conservative, with incomplete 
fractures being treated with sling 
and swathe. Complete, minimally 
displaced fractures can be man-
aged with an upper-arm sugar-tong 
splint and sling. The alternative is a 
long-arm cast for older children and 
adolescents. Immediate orthopedic 
consultation is recommended for 
any completely displaced fracture 
that is angulated greater than 20 
degrees in children, greater than 10 
degrees in adolescents, overriding of 
fracture segments greater than 2 cm, 
significant rotation deformity, or any 
fracture with evidence of radial nerve 
involvement. All others can be sta-
bilized and referred for orthopedic 
follow-up within 3-5 days.12

The Elbow. Injuries involving the 
pediatric elbow account for almost 
15% of all pediatric fractures.2 Of all 
the pediatric injuries, those involving 
the elbow are the most challenging 
with respect to diagnosis, treatment, 
and possible complications. Thus, 
it is important for the clinician to 
have a good knowledge base of the 
normal anatomy and radiographic 
findings to avoid a missed or delayed 
diagnosis.

Supracondylar Fractures. 
Supracondylar fractures account for 
more than half of all pediatric frac-
tures and commonly occur between 
the ages of 3 and 10 years.13-15 (See 
Figure 5.) The peak incidence for 
these fractures is between the ages of 
5-7 years, with an average age of 7.9 
years.7 Supracondylar fractures are 
typically divided into two different 

Figure 1. Clavicle and Rib Fractures
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Figure 2. Shoulder Physeal Plate Injury in an 8-Year-Old 
Boy
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classification subsets: extension- and 
flexion-type fractures. The extension-
type fractures are responsible for 
almost 95% of all supracondylar 
fractures and most commonly occur 
when a child falls on an outstretched 
hand with a hyperextended elbow. 
Clinically, these children present 
with localized tenderness and swell-
ing over the injured elbow, with a 
depression over the proximal triceps.7

The less common flexion-type frac-
tures account for about 5% of supra-
condylar injuries and often result 
from a direct trauma to the posterior 
aspect of a flexed elbow, which sub-
sequently leads to an anterolateral 
movement of the entire condylar 
complex.7 

Initial evaluation of both types of 
fractures includes a thorough his-
tory and physical exam that includes 
assessment of skin color, tempera-
ture, capillary refill, palpation of bra-
chial artery, distal pulses, as well as 
the sensory and motor components 
of the median, radial, and ulnar 
nerves. If the degree of swelling is 
significant or any displacement is 
seen, close attention must be paid to 
a complete neurovascular exam and 
the thorough documentation of find-
ings because of the risk for vascular 
compromise as well as subsequent 
development of compartment syn-
drome.16 Prompt orthopedic evalua-
tion and treatment are recommended 
for any suspicion of neurovascular 
compromise. 

Radiographic imaging should be 
obtained in any child presenting 
with localized tenderness or swelling 
of the elbow or a history consistent 
with a possible elbow fracture.7 At 
a minimum, an anteriorposterior 
view in extension and a lateral view 
at 90 degrees of flexion should be 
obtained. If no obvious fracture is 
identified, the practitioner should 
then review the radiograph system-
atically to identify subtle abnor-
malities that may suggest an occult 
fracture. Three elements that require 
particular attention include: the pres-
ence or absence of fat pads, the ante-
rior humeral line, and the location 
and appearance of the ossification 
centers.17

A lateral projection of the elbow 
should be assessed for the presence 
of both anterior and posterior fat 
pads.18 (See Figure 6.) The presence 
of a fat pad is a nonspecific marker of 
hemorrhage, joint effusion, or occult 
fracture. A narrow radiolucent strip 
superior to the radial head and ante-
rior to the distal humerus can be a 
normal finding; however, if the ante-
rior fat pad is wide, also known as a 
“sail sign,” there should be a high 
index of suspicion for an occult frac-
ture. In contrast, any radiolucency 
posterior to the distal humerus and 
adjacent to the olecranon fossa, a 
posterior fat pad, is highly indicative 

of occult fracture. (See Figure 6.) 
The lateral view should also be 

assessed for the position of the ante-
rior humeral line. The normal ante-
rior humeral line can be traced along 
the anterior cortex of the humerus 
and will intersect at least one-third 
of the capitellum anteriorly. There is 
high probability of a supracondylar 
fracture if the anterior humeral line 
intersects less than one-third of the 
capitellum. When using this element 
for identification of subtle elbow 
fractures, the practitioner must keep 
in mind the age of the child and the 
variability with partial ossification of 
the capitellum.  

Figure 3. Humeral Shaft Fracture
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Figure 4. Distal Humerus Fracture
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The varying stages of the appear-
ance and maturation of the ossifica-
tion centers of the pediatric elbow 
make imaging interpretations unusu-
ally challenging. Utilizing the acro-
nym CRITOE (capitellum, radial 
head, internal epicondyle, trochlea, 
olecranon, lateral epicondyle), and 
recalling that the capitellum ossifies 
at approximately 1 year of age with 
each of the following occurring in a 
two-year progression (i.e., 1, 3, 5, 
7, 9 and 11 years of age), can aid in 
accurate imaging evaluation.7 

Acute management includes 
adequate pain control and splint 
application for comfort. Further 

definitive management is dependent 
on the degree of displacement and 
angulation based on interpretation 
of the radiographs. Injuries without 
obvious radiographic injury but with 
history and clinical findings suspi-
cious for fracture should still be 
placed in a posterior long-arm splint 
applied with the elbow flexed to 90 
degrees with the forearm in a neu-
tral position and with arrangement 
for appropriate orthopedic follow-
up within 24 hours. Non-displaced 
fractures without any neurovascular 
involvement can be managed simi-
larly. Caregivers should be educated 
on the signs of neurovascular 

comprise or compartment syndrome 
and advised to return to the ED 
immediately if any such signs or 
symptoms develop.  

Any fractures with components 
of angulation and/or displacement, 
whether extension- or flexion-type, 
require orthopedic evaluation to 
determine the most appropriate 
treatment (i.e., closed reduction or 
percutaneous pinning) and hospital-
ization for continued neurovascular 
assessments.7 Pain should be man-
aged similarly to all other fractures, 
and a posterior noncircumferential 
splint applied with the elbow at 110 
degrees of flexion.

Complications that may arise from 
supracondylar fractures vary widely. 
The most commonly seen are neu-
rovascular injuries, compartment 
syndrome and a long-term varus 
deformity, also known as cubitus 
varus. The most commonly injured 
neurovascular structures include the 
median, radial, and ulnar nerves in 
succession. The radial and brachial 
arteries may also be involved.15,19,20 
Any vascular injury can manifest 
with the development of compart-
ment syndrome in the volar forearm 
within 12 to 24 hours of injury. The 
suspicion of compartment syndrome 
mandates immediate intracompart-
mental pressure measurement and 
emergent orthopedic consultation. 
Any untreated patient may be at risk 
for the development of Volkmann’s 
ischemic contracture, which is a 
fixed flexion of the elbow, pronation 
of the forearm, flexion at the wrist, 
and extension at the metacarpal-
phalangeal joint.14,15

Radial Head Subluxation 
(Nursemaid’s Elbow). Nursemaid’s 
elbow results from traction on a 
pronated forearm with an extended 
elbow and typically occurs when a 
child sinks toward the ground while 
being held by the wrist, or from a 
sudden pull on the arm. The resul-
tant longitudinal traction causes 
entrapment of the radial head dis-
tal to the annular ligament. Most 
subluxations occur in children 1 
to 4 years of age and are rare after 
the age of 7 years. Patients classi-
cally present with a stationary flexed 

Figure 5. Supracondylar Fracture
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Figure 6. Posterior Fat Pad
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and pronated arm. The diagnosis 
is primarily based on the history 
and physical exam; imaging in the 
majority of cases is not warranted 
unless the history is unclear or if the 
physical exam suggests otherwise. 
Reduction of the subluxation can 
be accomplished by using one of 
two techniques. The first involves 
holding the elbow while supinating 
the wrist and simultaneously flex-
ing the elbow. The second method 
requires holding the affected elbow 
while hyperpronating the forearm. 
Studies have shown the success rate 
with the two methods ranges from 
80.4-92% and 97.5%, respectively.7 
Most children will resume normal 
use of the affected arm within 15 
minutes of reduction.9 If this does 
not occur, the clinician must con-
sider the reduction unsuccessful or 
entertain an alternative diagnosis. 
Immobilization is unnecessary in 
simple subluxations, and parents 
should be advised to avoid further 
episodes of sudden traction on the 
child’s arm.  

Fractures of the Lateral 
Epicondyle. Fractures of the lat-
eral epicondyle are the second most 
common elbow fractures in chil-
dren21,22 and typically result from a 
fall on an outstretched hand with 
the elbow extended and the forearm 
supinated. Patients present with 
tenderness and swelling around the 
lateral aspect of the elbow. Suspected 
injuries should be evaluated with 
a minimum of three radiographic 
views: anteroposterior, lateral, and 
oblique. The radiographic finding 
that is synonymous with this fracture 
is the Thurston-Holland fragment, 
which is the presence of a posteriorly 
displaced metaphyseal fragment.7 
Treatment is dependent upon the 
degree of displacement, which is 
best appreciated in the oblique view. 
Minimal displacements less than 
2 mm can be treated with splint-
ing with the elbow flexed and wrist 
pronated and dorsiflexed. Fractures 
with greater than 2 mm of displace-
ment require orthopedic evalua-
tion for possible open reduction or 
closed reduction with pinning. Since 
most lateral epicondyle fractures are 

intra-articular and transphyseal, they 
have the propensity to carry some 
degree of complications. Some of the 
commonly seen complications are: 
cubitus varus, lateral spur formation, 
delayed union, nonunion, and a pos-
sible growth arrest.

Fractures of the Medial 
Epicondyle. Fractures of the medial 
epicondyle usually result from either 
an avulsion fracture occurring at the 
growth plate or in association with 
elbow dislocations about 50% of the 
time. The medial epicondyle serves 
as the insertion point for the ulnar 
collateral ligament and the muscles 
responsible for the flexion of the 
forearm. The proximity of the ulnar 
nerve to the epicondyle results in an 
injury to this nerve in about 10-16% 
of these fractures. The presence of 
ulnar paresis on presentation should 
alert the practitioner to potential 
injury to the nerve. Acute or chronic 
valgus stress may produce an avul-
sion fracture, typically from overuse 
or repeated use, as seen with young 
baseball pitchers. These children 
present with pain and swelling local-
ized to the medial aspect of the 
elbow. Recommended imaging and 
treatment are the same as for sus-
pected lateral epicondylar fractures. 

Elbow Dislocations. Dislocations 
of the elbow are unusual in the pedi-
atric population. Contact sports and 
falls account for the majority of inju-
ries, with most occurring in the older 
child or teenager. Dislocations tend 
to occur with a fall on an extended 

or partially flexed arm with supina-
tion of the forearm. (See Figure 7.) 
Patients present with an obvious 
deformity of the involved elbow, 
swelling, a shortened forearm, and 
fullness in the antecubital fossa.2 A 
neurovascular exam is paramount, 
as ulnar, median, and radial nerve 
injuries have been documented and 
warrant early recognition and inter-
vention. As with adults, the most 
common dislocations occur posteri-
orly and are associated with fractures 
of the medial epicondyle, coronoid 
process, olecranon, and proximal 
radius. Treatment involves closed 
reduction, posterior splinting with 
post-reduction imaging, and a thor-
ough post-reduction neurovascular 
exam. (See Figure 7.)

Forearm. Forearm fractures can 
be classified anatomically as occur-
ring proximally, distally, or along the 
shaft of one or both bones. Fractures 
of the shaft of the radius or ulna 
account for 10-45% of pediatric 
fractures, occurring most commonly 
in early adolescence during the 
pubertal growth spurt.23-27 Forearm 
fractures vary considerably, as they 
may involve one or both bones and 
may be complete or incomplete 
fractures. Additionally, they may 
have considerable angulation and 
displacement with overriding seg-
ments. Most fractures result from a 
fall on an outstretched hand or direct 
trauma.26,28 Clinically, findings can 
vary from subtle findings to obvi-
ous deformities with swelling and 

Figure 7. Elbow Dislocation and Relocation
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point tenderness. The former tend 
to be buckle, greenstick, or plastic 
deformities, with the latter being the 
more common displaced fractures. 
If careful examination of the injured 
forearm reveals any puncture or open 
wound, orthopedic consultation 
is warranted for possible operative 
intervention. A minimum of two 
radiographs should be obtained to 
aid the clinician in determining the 
degree of angulation and displace-
ment. Such fractures are classified 
according to location, complete-
ness, angulation, and displacement. 
If radiographs exhibit a single 
bone fracture, additional views that 
include the wrist and elbow should 
be obtained to exclude Monteggia 

or Galeazzi fractures. Surgical inter-
vention is usually only indicated for 
irreducible fractures, open fractures, 
and those with evidence of vascular 
injury. All others can be managed 
with closed reduction and immo-
bilization. Potential complications 
include delayed union and non-
union, compartment syndrome, and 
synostosis.25,26 

Monteggia Fracture. By defini-
tion, this injury includes radial head 
dislocation in combination with a 
fracture of the proximal third of 
the ulna. (See Figure 8.) Patients 
commonly present with obvious 
deformity to both the elbow and 
forearm following a fall on an out-
stretched hand. The clinician should 

be attentive during a thorough exam 
of the injured extremity, noting the 
presence or absence of any radial, 
medial, or posterior interosseous 
nerve involvement or evidence of 
an open fracture. The proximity of 
the radial head to both radial and 
median nerves increases the pro-
pensity of this fracture to produce 
nerve palsies; clinical significance 
cannot be underestimated. As previ-
ously mentioned, radiographs of the 
wrist, elbow, and forearm should 
be obtained, with special attention 
given to the anatomical position of 
the radius in all views. Any deviation 
of the proximal radius’ alignment 
with the capitellum should trigger 
the clinician to consider a Monteggia 
fracture.29 Although most can be 
treated with closed reduction and 
immediate immobilization, surgical 
intervention is indicated in cases of 
unsuccessful closed reduction, inabil-
ity to maintain alignment with closed 
reduction, or in cases of an open 
fracture. Patients should additionally 
be monitored for the development of 
compartment syndrome. Long-term 
complications of treated fractures 
include recurrent radial head disloca-
tions, neuropraxias, malunion, and 
development of Volkmann’s ischemic 
contracture.30

Distally occurring fractures 
account for 75% to 85% of all pediat-
ric forearm fractures.23,26 These types 
of fractures result from a fall on an 
outstretched hand, with the resultant 
displacement dependent upon the 
position of the wrist at the time of 
impact. (See Figure 9.) Low-impact 
injuries result in buckle or torus 
fractures, and higher-impact inju-
ries result in metaphyseal, physeal, 
greenstick, and Galeazzi fractures. 
Localized tenderness and swelling 
can help guide imaging interpreta-
tion and help the clinician recognize 
minor irregularities in the cortex 
consistent with frequently over-
looked torus or buckle fractures.  

Metaphyseal fractures commonly 
involve a complete radial fracture 
with either a complete (see Figure 
10), greenstick, styloid avulsion 
fracture, or plastic deformity of the 
ulna.7 Distal radial physeal injuries 

Figure 8. Monteggia Fracture

Figure 9. Distal Forearm Fracture
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are classified according to the Salter 
Harris classification system. Except 
type III and IV injuries or intra-artic-
ular fractures, all other radial physeal 
injuries can be managed with closed 
reduction and have a high potential 
for remodeling. Type III and IV 
injuries require surgical interven-
tion for definitive repair. Greenstick 
fractures can be managed with closed 
reduction and immobilization in 
neutral position.23,31

A relatively uncommon fracture 
in children, the Galeazzi fracture-
dislocation involves a fracture of the 
radial shaft in association with a dis-
tal radioulnar dislocation. (See Figure 
11.) This injury is usually the result 
of a fall on an outstretched hand 
with the forearm in pronation. The 
physical exam usually reveals promi-
nence of the distal ulna and joint 
instability, with the patient unable to 
fully pronate or supinate his or her 
forearm. Treatment involves ortho-
pedic consultation, closed reduction, 
and immobilization.  

Wrist. Fractures of the pediatric 
carpal bones are fairly uncommon 
due to the lack of ossification until 
adolescence. The peak incidence of 
carpal fractures is seen at 12 years 
of age, with the scaphoid being the 
most commonly injured.32 The most 
common mechanism of injury is a 
fall on a outstretched hand with the 
wrist hyperextended. Unlike adults, 
scaphoid fractures in adolescents 
tend to be nondisplaced, located at 
the distal scaphoid, and involve a sin-
gle cortex.33 Physical exam findings 
consistent with a possible scaphoid 
fracture include snuffbox tender-
ness, pain with supination against 
resistance, and pain with longitudinal 
compression of the thumb.7 As with 
adults, initial radiographic imaging 
may not demonstrate a fracture. If 
physical findings are suggestive of a 
scaphoid injury, the patient should 
be placed in a thumb spica splint for 
2 weeks and orthopedic follow-up 
arranged.  

The Hand. Hand injuries occur 
commonly in children and follow 
a bimodal distribution, with distal 
phalanx injuries occurring more com-
monly around 1 year of age and most 

phalangeal and metacarpal injuries 
occurring around 12 years of age.34-36 
In general, most pediatric hand frac-
tures are uncomplicated and can be 
adequately treated with immobiliza-
tion; however, there are a few that 
require more definitive care.

Most distal phalanx injures result 
from a crush-type injury to the 
fingertip and involve the nail and 
nailbed. The nail and nailbed should 
be thoroughly evaluated for any 
trauma and repaired accordingly. 
These types of injures are considered 
open fractures; however, they can be 
managed with splinting, oral antibi-
otics to prevent osteomyelitis, and 
orthopedic follow-up.37  

In general, almost all proximal 
and middle phalanx fractures can be 
managed with closed reduction and 
splinting. All closed, single metacar-
pal fractures can be managed with a 
splint and supportive care. However, 
any single metacarpal fracture with 

significant angulation, malrotation, 
or displacement will require open 
reduction and possible fixation.7 
Malrotation is best tested by hav-
ing the patient flex his or her fingers 
touching the palmar aspect of the 
hand. All fingers should point in the 
same direction; if there is malrota-
tion, overlapping of the involved fin-
gers will be noted.2 Additionally, the 
involvement of multiple metacarpals 
renders an injury unstable, and open 
reduction with pinning is usually 
required.

Conclusion
Upper extremity trauma in the 

pediatric population is a common 
presentation to the ED. The stark 
differences in the musculoskeletal 
system when compared to that of 
adults make the evaluation more 
challenging. The components of 
their bony structures (preponderance 
of cartilage) produce unique types of 

Figure 10. Distal Radius and Ulna Fracture

Figure 11. Galeazzi Fracture
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injury patterns. In addition, depend-
ing on the child’s age, obtaining 
pertinent history of events prior to 
injury might be difficult. Regardless, 
inconsistent injury patterns to the 
long bones should warrant detailed 
investigation to exclude abuse as the 
cause of injury. 

Radiographic evaluation of the 
pediatric bony structures creates 
challenges because of the physeal 
structures. Consequently, it may 
be necessary to obtain contralateral 
radiographic studies for comparison 
to identify subtle abnormalities. 
Attention must be given to phy-
seal injuries to avoid a missed or 
delayed diagnosis that may result in 
a complication such as incomplete 
union, nonunion, or growth plate 
arrest. Another potential pitfall to 
avoid is to ensure complete docu-
mentation of neurovascular findings 
before and after manipulation of the 
injury. In addition, parents should 
be educated as to what the healing 
expectations are and also on how to 
identify potential complications such 
as compartment syndrome early. 
When in doubt, it is always wise to 
immobilize by splinting, ensure doc-
umentations of conversations with 
the orthopedist, and mandate 12- to 
24-hour follow-up on injuries that 
are concerning.
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Physician CME Questions

1. With respect to clavicle fractures, which 
of the following is not an indication for 
surgical evaluation and repair?
A. open fracture
B. bone impalement through the  

trapeziums muscle
C. displaced bone fragment with signifi-

cant displacement and no angulation
D. greenstick fracture with minimal dis-

placement and no angulation

2. The most commonly occurring shoulder 
dislocation in children is:
A. anterior.
B. posterior.
C. inferior.
D. luxio erecta.

3. A Salter-Harris type II injury:
A. is an injury through the hypertrophic 

cartilage that causes widening of the 
physeal space.

B. extends through the physis and the 
epiphysis.

C. is the result of an axial force that 
compresses the epiphyseal plate with-
out an obvious fracture of the epiphy-
sis or metaphysis.

D. extends through both the physis and 
metaphysis.

4. What is the approximate age for ossifica-
tion of the internal epicondyle?
A. 1 year
B. 3 years
C. 5 years
D. 7 years

5. Which of the following is the correct 
means of reduction of a radial head sub-
luxation/Nursemaid’s elbow?
A. a technique that involves supination 

and flexion of the involved extremity
B. hypersupination while palpating the 

radial head
C. traction/counter-traction technique
D. no reduction is needed

6. What is the second most common frac-
ture of the pediatric elbow?
A. supracondylar fracture
B. medial epicondyle fracture
C. lateral epicondyle fracture
D. capitellar fracture

7. Which of the following correctly describes 
a Monteggia fracture?
A. radial shaft fracture with a distal radio-

ulnar dislocation

B. a complete radial fracture with a plas-
tic deformity of the ulna

C. radial head dislocation in combination 
with a fracture of the proximal third 
of the ulna

D. distal radial physeal fracture

8. Which of the following indicates a pos-
sible occult elbow fracture?
A. an anterior humeral line that intersects 

less than one-third of the capitellum 
anteriorly

B. a wide radiolucent strip superior to 
the radial head

C. a radiolucency posterior to the distal 
humerus and adjacent to the olecra-
non fossa

D. all of the above

9. Which is the most commonly injured 
nerve with a supracondylar fracture?
A. ulnar nerve
B. brachial nerve
C. median nerve
D. axillary nerve

10. Volkmann’s ischemic contracture is 
defined as:
A. a complication of delayed anterior 

shoulder dislocation
B. characterized by fixed flexion of the 

elbow, pronation of the forearm, flex-
ion at the wrist and joint extension of 
the metacarpal-phalangeal joint

C. a malunion of a Galeazzi fracture
D. none of the above
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2. Log on to www.cmecity.com to take a post-test; tests can be taken after each issue or collectively at the end 
of the semester. First-time users will have to register on the site using the 8-digit subscriber number printed on their 
mailing label, invoice, or renewal notice. 
3. Pass the online tests with a score of 100%; you will be allowed to answer the questions as many times as needed 
to achieve a score of 100%. 
4. After successfully completing the last test of the semester, your browser will be automatically directed to the 
activity evaluation form, which you will submit online. 
5. Once the completed evaluation is received, a credit letter will be e-mailed to you instantly. You will no 
longer have to wait to receive your credit letter!

This activity is valid 24 months from the date of publication. The target audience for this activity includes emer-
gency medicine and family physicians.

If you have any questions about the process, please call us at (800) 688-2421, or outside the U.S. at (404) 262-
5476. You can also fax us at (800) 284-3291, or outside the U.S. at (404) 262-5560. You can also email us at: 
customerservice@ahcmedia.com.

On behalf of AHC Media, we thank you for your trust and look forward to a continuing education partnership.

Sincerely,

Valerie Loner
Continuing Education Director
AHC Media
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Childhood Upper 
Extremity Trauma

Fractures Unique to Children

Clavicle and Rib Fractures

Fracture Description

Physeal fractures Fracture occurring at the growth plate

Torus fractures/buckle fracture Compressive load causing buckling 
of cortex

Greenstick fractures Incomplete fracture in which cortex 
remains intact on one side

Bowing fractures/plastic deformity Bending fracture that exhibits bowing 
without disruption of periosteum

Upper Extremity Trauma that Requires 
Orthopedic Referral

• An open fracture
• Severely displaced fractures
• Major joint dislocation
• Fractures with neurovascular compromise
• Injuries involving the growth plate
• Fractures with potential for developing compartment syndrome
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Shoulder Physeal Plate Injury in an 
8-Year-Old Boy

Humeral Shaft Fracture
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Supplement to Pediatric Emergency Medicine Reports, July 2011: “Childhood Upper Extremity 
Trauma.” Authors: Ademola Adewale, MD, FAAEM, Assistant Program Director and Director of Re-
search, Florida Hospital Emergency Medicine Residency Program, Orlando; and Michelle L. Rorich, 
DO, MBA, PGY-3 Resident, Florida Hospital Emergency Medicine Residency Program, Orlando.
Pediatric Emergency Medicine Reports’ “Rapid Access Guidelines.” Copyright © 2011 AHC Media, a 
division of Thompson Media Group, LLC, Atlanta, GA. Senior Vice President and Group Pub-
lisher: Donald R. Johnston. Editor-in-Chief: Ann Dietrich, MD, FAAP, FACEP. Executive Editor: 
Shelly Morrow Mark. Managing Editor: Leslie Hamlin. For customer service, call: 1-800-688-2421. 
This is an educational publication designed to present scientific information and opinion to health care 
professionals. It does not provide advice regarding medical diagnosis or treatment for any individual 
case. Not intended for use by the layman.

Distal Humerus Fracture

Picture courtesy of Dr. Ademola Adewale MD © 

Supracondylar Fracture
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Posterior Fat Pad

Picture courtesy of Dr. Ademola Adewale MD © 

Elbow Dislocation and Relocation
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