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KEY POINTS

� Fractures involving the distal radius-ulna are among themost common fractures seen in the pediatric
population.

� Distal radius fracturesmost often result froma fall onto the outstretchedhand. An increasing incidence
may be related to trends in leisure/sports activities.

� The vast majority of these fractures may be treated appropriately with closed reduction and casting.

� The clinician should be aware of potential complications such as acute carpal tunnel syndrome,
growth arrest and malunion.
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INTRODUCTION

Fractures involving the distal radius and ulna are
commonly seen in children and adolescents. Man-
agement of these injuries in pediatric patients
should include assessment of the neurovascular
status of the extremity, associated soft-tissue
injury, and, most importantly, possible involve-
ment of the physes of the radius and ulna. Treat-
ment of these injuries may vary from simple
casting and radiographic follow-up to urgent
reduction and surgical fixation. Regardless of the
initial treatment plan, the treating surgeon must
remain aware of the potential for both early and
late complications that may affect outcomes. The
clinician often must balance the patient and
family’s desire for early return to activity with the
goal of long-term functionality of the involved
limb. Many studies have discussed optimal treat-
ment methods with regards to specific fracture
patterns. Nonetheless, management of these
injuries tends to differ quite significantly among
clinicians. Recently published data have ques-
tioned long-held principles of nonoperative man-
agement for all fractures. This article reviews
distal pediatric forearm fracture management
with emphasis on potential complications and dis-
cussion related to recently published clinical data.
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Fractures in the pediatric population are common.
An annual fracture incidence of 180 per 10,000 in
children younger than 16 years has been reported.
Fractures of the distal radius were found to be the
most common, representing 31% of all fractures in
this patient population and tended to occur in the
nondominant extremity in roughly 53% of cases.
The mean age at the time of fracture was 9.3 years
in girls and 10.4 years in boys.1,2 Pediatric frac-
tures are more commonly seen in boys, with a
male to female incidence ratio of 1.5.2

Distal radius fractures most often occur as a
result of a fall onto the outstretched hand.3 Rands-
borg and colleagues1 reported that activity-related
fracture was most common during soccer and the
highest fracture rate involved snowboarding.
Snowboarding conferred a fracture risk 5 times
greater than during trampoline-related activities
and 4 times greater than in soccer. Other activities
with high fracture risk include handball, rollerblad-
ing, and playground activities.
Clinical Evaluation

Initial evaluation of the patient with injury to the
wrist and forearm should focus on the soft tissue
l University College of Medicine, 230N Broad Street,
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and neurovascular status. The area of injury must
be meticulously inspected for abrasions, lacera-
tions, and the possibility of an open fracture.
Although soft-tissue swelling is expected in the
setting of musculoskeletal trauma, the clinician
should evaluate the forearm compartments and
remain vigilant in identifying a developing
compartment syndrome. Compartment syndrome
in the uncooperative pediatric patient can, at
times, be difficult to detect. Cardinal signs of an
acute compartment syndrome in a child include
an agitated, inconsolable child appearing anxious
and requiring an increasing amount of analgesia.
This condition can be remembered conveniently
as the “Three A’s” of pediatric compartment
syndrome. Perfusion of the distal extremity may
be evaluated by examining radial artery pulse,
capillary refill, and temperature of the digits.
Neurologic examination consists of inspecting for
sensory deficits in the radial, ulnar, and median
nerve distributions. Although difficult to assess in
a pediatric patient in an acute fracture setting, an
attempt should be made to evaluate the anterior
interosseus, posterior interosseus, and median
and ulnar nerve motor function. The remainder of
the involved extremity should be carefully evalu-
ated for concomitant injury, as the patient often
may be distracted by their most painful injury.
Plain film imaging of the distal forearm fracture

is, in most cases, sufficient for diagnosis and man-
agement of distal forearm fractures. It is imperative
to obtain adequate anterior-posterior and lateral
views of the fracture site. If physical examination
Fig. 1. Distal radius metaphyseal fractures. (A) Greenstic
placed fracture, (D) complete, displaced fracture.
reveals pain or decreased range of motion in other
sites, additional imaging should be obtained to
rule out associated fractures. Computed tomo-
graphic (CT) scan and MRI have a limited role in
the acute fracture setting but may be useful in
the management of chronic sequelae, such as
malunion and growth arrest.

NONSURGICAL TREATMENT

Fracture characteristics that may affect treatment
include skin integrity, neurovascular status, and
fracture displacement. The vast majority of distal
radius fractures, however, are closed injuries
without neurovascular compromise and are effec-
tively treated with casting alone or closed reduc-
tion and cast immobilization.

Metaphyseal Fractures

See Fig. 1 for 4 different examples of metaphyseal
fracture patterns.

Torus fractures
A torus or buckle fracture refers to a unicortical,
metaphyseal fracture most often resulting from a
fall onto an outstretched hand. The cortex under
compression,mostcommonly thedorsal cortex, fails
or buckles, whereas the cortex under tension, most
commonly the volar cortex, remains intact. Because
of the intact cortex, these fracturesare inherently sta-
ble. On examination, significant swelling or deformity
is usually not seen. Point tenderness on the distal
radial metaphysis confirms the diagnosis.
k fracture, (B) buckle fracture, (C) complete, nondis-
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Torus fractures are treated with a short-arm splint
or cast for 3 weeks, and radiographic follow-up of
these injuries is typically not necessary.4,5 Studies
have demonstrated that casting may not be neces-
sary to ensure satisfactory healing. The application
of a soft bandage or removable splint has been
successfully used to treat these injuries.6–8

Greenstick fracture
An incomplete fracture involving failure of the
tension-sided cortex and plastic deformation of
the compression cortex is termed a greenstick
fracture. As described by Evans,9 this injury classi-
cally occurs as a result of a compression and rota-
tional deformity. A distal third forearm greenstick
fracture most commonly demonstrates an apex
volar angulation and represents a supination injury.
The reduction maneuver, aiming to counteract the
deforming force, involves pronation of the forearm.
Alternatively, an apex dorsally angulated fracture,
representing a pronation injury, is reduced with su-
pination of the forearm. Correction of the rotational
deformity has been shown to be a reliable and
easily reproducible reduction maneuver.10

Bicortical Fractures

Nondisplaced fractures
Bicortical, or complete, fractures involving the
distal radial metaphysis typically result from falls
onto an outstretched hand but involve higher en-
ergy mechanisms than buckle fractures. Patients
with these fractures frequently have associated
distal ulna fractures, especially if torsion is com-
bined with axial loading through the outstretched
hand. Patients with nondisplaced, bicortical distal
radius fractures typically present with pain and
swelling about the wrist. On examination, the distal
radius is tender to palpation on the metaphysis.
For those with associated distal ulna fractures,
the metaphysis, styloid, and the triangular fibro-
cartilage complex (TFCC) may also be painful
and tender to touch. Active pronation/supination
of the forearm and flexion/extension of the wrist
are generally limited secondary to pain. Radio-
graphs reveal a fracture line that extends trans-
versely through the metaphysis.

A well-molded short-arm or-long arm cast is the
recommended treatment of these nondisplaced
metaphyseal fractures. In the author’s experience,
patients with nondisplaced fractures of both the
radius and ulna and those with painful forearm
rotation are more comfortable in a long-arm cast
initially. Radiographs should be obtained again at
7 to 10 days after injury to confirm that reduction
has been maintained. The cast is removed at 4 to
6 weeks after injury. Adequate healing is confirmed
by physical examination and repeat radiographs
that show bone healing. After cast removal,
instructions are given for range of motion and
strengthening exercises; physical therapy is rarely
needed. Within 8 to 10 weeks, patients may
resume sports and other activities.

Displaced fractures
Patients with displaced fractures of the distal
radius metaphysis typically present with a defor-
mity of the wrist. Skin compromise at the fracture
site, such as a small laceration or an abrasion
with active bleeding, may indicate an open frac-
ture. Neurovascular examination must be docu-
mented before reduction is attempted. Because
most displaced fractures demonstrate dorsal
displacement, the clinician should assess for volar
wounds and median nerve injury. Sterile dressing
of open wounds and provisional splinting should
be done in the emergency department before
obtaining radiographs to lessen the risk of ongoing
soft-tissue injury and for patient comfort.

Closed reduction Displaced fractures are best
treated with closed reduction and immobilization
under conscious sedation in the emergency
department. Fracture reduction may be facilitated
by re-creation of the deformity that would relax the
intact periosteum on the compression side of the
fracture and allow the distal fracture fragment to
slide over the proximal fragment. A well-molded
sugar tong splint or cast would help maintain the
reduction. When a cast is applied in the acute frac-
ture setting, consideration should be given to
bivalve the cast to accommodate subsequent
swelling (Fig. 2).

After reduction and application of a cast or
splint, postreduction radiographs and a repeat
clinical examination are mandatory. Most patients
may be discharged home with fracture care
instructions. Those patients with significant pain,
severe swelling, abnormal findings on examina-
tion, or a potentially unsuitable home environment
are best observed in the hospital overnight. On the
hospital floor, instructions are given for strict wrist
elevation, frequent neurovascular checks, and
pain control that permits reliable evaluation but
does not mask the signs of an evolving compart-
ment syndrome or acute carpal tunnel syndrome.

Acute carpal tunnel syndrome, although rare in
the pediatric population, has been reported after
Salter-Harris (SH) 2 fractures of the distal
radius.11,12 This complication is most common
after dorsally angulated and displaced metaphy-
seal or physeal distal radius fractures in older chil-
dren and adolescents. Patients developing acute
carpal tunnel syndrome initially present with para-
sthesias in the sensory distribution of the median



Fig. 2. A 5-year-old girl fell from tricycle and sustained a fracture of the distal radius and ulnar metaphysis with
apex volar angulation (A, B). The child underwent closed reduction and casting in the emergency room under
conscious sedation. Follow-up radiograph at 2 weeks demonstrated a well-maintained reduction (C, D).
Eight weeks after injury, radiographs reveal a healed fracture in anatomic alignment (E, F).
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nerve. Differentiating a contusion to the median
nerve from acute carpal tunnel syndrome can be
challenging. The diagnosis is largely clinical and
relies heavily on the progression of symptoms. A
median nerve contusion presents as numbness
or tingling in the volar aspect of the thumb, index,
and long fingers that begins immediately after the
injury. The symptoms are nonprogressive and tend
to respond to elevation of the extremity and loos-
ening of the dressings. Carpal tunnel syndrome,
on the other hand, presents as a gradual progres-
sion of symptoms over a few hours after injury. The
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patient reports no relief with elevation and loos-
ening of dressing.13 In the setting of progressive
median nerve symptoms unrelieved by elevation,
an urgent carpal tunnel release is indicated.

Acceptable Reduction of Metaphyseal
Fractures

The distal radial physis accounts for 60% of the
growth of the radius and typically closes at 14 to
16 years of age. A significant and predictable
amount of remodeling occurs in fractures that
heal with angulation and displacement if the physis
is not injured. Acceptable reduction parameters
vary with age (Table 1).

Owing to significant degree of remodeling,
incomplete reduction of distal radial metaphyseal
fractures may yield successful outcomes in chil-
dren. Crawford and colleagues14 reported on 51
consecutive patients younger than 10 years with
completely displaced distal radius fractures. The
fracture was treated with gentle manipulation
without sedation or local anesthetics to achieve
angulation within 10� of normal. Translation and
overriding of the fracture fragments (bayonet
opposition) in the sagittal plane was accepted. At
follow-up, all patients demonstrated union with
full range of motion and radiographic evidence of
remodeling. The achievement of a successful
outcome without the potential complications and
cost of conscious sedation certainly questions
the traditional management of these fractures.

Cast considerations
Cast index Several methods to evaluate casting
have been developed, all with the purpose of
quantifying the characteristics of casting tech-
nique that effectively maintains reduction. In the
author’s opinion, and based on the published liter-
ature, the cast index, defined by the distance
between inner cast edges measured on the lateral
radiograph divided by that measured on the ante-
roposterior radiograph, is most easily calculated
and a reasonable predictor of casting
Table 1
Acceptable residual angulation after fracture
of the distal radius

Age (y) Sagittal Plane (�) Coronal Plane (�)

4–9 15–20 15

9–11 10–15 5

11–13 10 0

>13 0–5 0

Adapted from Rockwood CA, Beaty JH, Kasser JR.
Rockwood and Wilkins’ fractures in children. 7th edition.
Lippincott Williams and Wilkins; 2010; with permission.
success.15,16 Chess and colleagues17 earlier had
demonstrated the importance of the cast index in
their study of 558 pediatric patients who under-
went casting for forearm and wrist fractures. A
significant difference in cast index was noted in
those patients who had lost the initial fracture
reduction. Webb and colleagues18 presented 113
patients with distal radius fractures treated with
either a long- or short-arm cast. Patients who
had failed to maintain the initial reduction had a
significantly higher cast index, 0.79, than patients
in whom the reduction was maintained, 0.71.

Short-arm versus long-arm casting Controversy
exists regarding the optimal length of the cast that
best maintains reduction of displaced fractures.
Traditionally, long-arm casts have been used after
reduction of displaced distal radius. It was thought
that this enhanced maintenance of reduction
because elbow motion, more specifically pronation
andsupination,was restricted.Studieshaveshown,
however, that short-armcastingmaybeequally effi-
cacious in maintaining reduction. The quality of
reduction and cast molding aremore important fac-
tors in the prevention of late displacement than the
length of the cast. Advocates of short-arm casting
also demonstrated an advantage for patients, doc-
umenting that patients treated with below-elbow
casts missed fewer days of school and required
less assistance with activities of daily living than
patients in long-arm casts.19

Outpatient follow-up Regardless of the length of
cast or quality of reduction, late fracture displace-
ment iscommon.Approximately a thirdofdisplaced
distal radius fractures lose reduction, emphasizing
the importance of close radiographic follow-
up.20,21 Several factors may increase the risk of
late displacement, including initial displacement
(>50% translation, >30� angulation, bayonet appo-
sition), incomplete reduction, concomitant distal
ulna fracture, and poor casting technique. Weekly
clinical and radiographic follow-up for 2 to 3 weeks
after reduction is recommended to ensure that
displacement is identified before fracture healing
with malunion. Repeat closed fracture reduction of
metaphyseal fractures may be safe for up to 2 to
3 weeks from injury. For most fractures, cast immo-
bilization is used for a total of 4 to 6weeks. Return to
full activities can be expected at 2 to 3 months after
injury, depending on the age of the child.

Physeal Fractures of the Distal Radius

Fractures of the distal radial physis are among the
most common growth plate injuries seen in the
pediatric population. Most of these injuries are
SH 1 and 2 fractures (Table 2).22 The risk of growth



Table 2
Salter-Harris fractures of distal radius

Salter-Harris 1 22%

Salter-Harris 2 58%

Salter-Harris 3 2.6%

Salter-Harris 4 2.0%

Salter-Harris 5 0.4%

Adapted from Lee BS, Esterhai JL Jr, Das M. Fracture of the
distal radial epiphysis: characteristics and surgical treat-
ment of premature, post-traumatic epiphyseal closure.
Clin Orthop Relat Res 1984;185:90–6; with permission.
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arrest after distal radius physeal fracture is about
4%. Although rare, it is the possibility of growth
disturbance that sets these fractures apart from
metaphyseal fractures.23 Although the short-term
management of these fractures mirrors closely
that of metaphyseal fractures, important differ-
ences must be noted.

Nondisplaced fractures
Nondisplaced or minimally displaced fractures of
the distal radial physis are common. The patient
typically complains of wrist pain after a fall onto
an outstretched hand without deformity or signifi-
cant swelling. The examination is notable only for
point tenderness on the distal radial physis. Radio-
graphs may reveal a nondisplaced or minimally
displaced fracture, most commonly SH 1 or 2 frac-
tures. These fractures are treated with 3 to 4 weeks
of immobilization similar to a torus or buckle frac-
ture of the metaphysis. Often, however, radio-
graphs show normal findings. In this scenario, it
is the author’s practice to diagnose these injuries
as occult SH 1 fractures. These injuries are often
confused with wrist sprain or contusion. Owing
to pain with activities and risk of a subsequent
injury that can lead to displacement, these injuries
are treated with cast immobilization.

Displaced fractures
Closed reduction SH 1 and 2 fractures constitute
the vast majority of displaced distal radius physeal
fractures. Although closed reduction under
conscious sedation in the emergency department
is the best method of initial treatment, the surgeon
must be careful to avoid excessive forceful or
aggressive maneuvers for reduction, emphasizing
instead the use of longitudinal traction and gentle
repositioning to limit shear forces across the
physis. Multiple attempts at reduction should
also be avoided. Finally, because physeal healing
is more rapid than healing of metaphyseal frac-
tures, attempts at closed reduction of displaced
SH 1 and 2 fractures later than 7 to 10 days after
initial injury are not recommended. Not only is it
likely that realignment will not be achieved, late
reduction attempts increase the risk of iatrogenic
physeal injury and growth arrest. Owing to the
tremendous remodeling potential of these injuries,
observation of deformity for remodeling is
preferred over improving alignment at the risk of
injuring the physis.
Owing to rapid healing of physeal fractures

compared with metaphyseal fractures, repeat
clinical examination and radiographs within 5 to
7 days of injury are recommended to ensure
that loss of alignment is identified in such time
that safe repeat closed reduction can be per-
formed. Cast immobilization is maintained for
around 4 weeks. By then, healing of distal radial
physeal fractures is typically complete, as evi-
denced by resolution of point tenderness and
radiographic healing. After cast removal, a
removable splint may be applied and instructions
for home exercises are given. Full return to activ-
ities can be expected within 8 to 12 weeks after
injury. Because of the risk of growth arrest,
patients should be followed up with radiographs
at 6 monthly intervals till growth is documented
or till skeletal maturity.

Salter-Harris 3 and 4 Fractures

SH 3 and 4 fractures are rare, occurring predom-
inantly in older patients and in those with high-
energy injuries associated with axial loading of
the distal radius. At times, plain radiographs
alone may not permit adequate assessment of
the fracture pattern and displacement. In these
cases, CT evaluation may be necessary. Nondis-
placed fractures are treated similar to nondis-
placed SH 1 and 2 fractures. Displaced
fractures require special attention. Because these
fractures are intraarticular and involve the physis,
achieving anatomic or near-anatomic alignment
is essential to improve the chances of successful
outcomes. In some cases closed reduction and
casting may achieve reduction, whereas most
cases require percutaneous manipulation and
pinning or open reduction and fixation.

Distal Ulna Fractures

Metaphyseal fractures
Distal ulnar metaphyseal fractures occur most
commonly in the setting of an ipsilateral distal
radius fracture after a fall from height onto an
outstretched hand. Most distal ulna fractures
achieve reduction indirectly during reduction of
the distal radius fractures. Complete displace-
ment with bayonet apposition and angulation of
20� to 30� are acceptable if the parameters of



Distal Radius-Ulna Fractures in Children 241
the radial reduction are within the accepted limits
of remodeling. In rare cases, percutaneous reduc-
tion and pinning or open reduction are indicated
for distal ulna fractures with unacceptable align-
ment. Healing of distal ulna metaphyseal is
achieved in most cases by the cast immobilization
used to treat the radius fracture.

Ulnar styloid and distal ulnar physeal
fractures
SH fractures of the distal ulna are uncommon. SH
1 and 2 fractures most commonly occur in combi-
nation with distal radius fractures. As with meta-
physeal ulna fractures, reduction of displaced
fractures frequently occurs passively with reduc-
tion of the radius fracture and heal uneventfully.
Clinical and radiographic follow-up of these frac-
tures is important because of the risk of growth
arrest resulting in ulnar shortening, a potentially
problematic complication of these injuries. Growth
arrest of the distal ulna has been reported to occur
in 55% of physeal injuries, a figure dramatically
higher than that seen in the distal radius.24

In most cases, fractures of the ulnar styloid
occur in the setting of fractures of the distal radius
in children and adolescents. Cast immobilization
used to treat the radius fractures leads to healing
of some ulnar styloid fractures, but most do not
unite radiographically. Despite nonunion, the vast
majority of patients demonstrate excellent clinical
outcomes without complaints of ulnar-sided wrist
pain, instability, or functional limitation25 because
in most cases, the TFCC remains intact and distal
radioulnar joint (DRUJ) stability is not compro-
mised. Symptomatic nonunion of the ulnar styloid
presents with painful clicking and ulnar-sided wrist
pain. This condition is best treated with excision of
the nonunion and fixation of the TFCC to the base
of the ulnar styloid.23 The rare fracture through the
base of the ulnar styloid, often a result of high-
energy trauma, is associated with DRUJ instability.
When such a fracture is identified, some
researchers recommend treatment with tension-
band fixation and TFCC repair.23

Pediatric Galeazzi fracture
Distal radius fractures with associated DRUJ
disruption, commonly termed Galeazzi fractures,
are most often the result of axial loading of the
wrist with extreme pronation. In the pediatric
patient, DRUJ instability is most commonly a result
of a displaced distal ulnar physeal injury (Fig. 3).
Unlike in adults, the ligaments that stabilize the
DRUJ remain intact and are attached to the ulnar
epiphyseal fracture fragment. Because of this,
the vast majority of Galeazzi fractures in children
may be managed successfully with closed
reduction and cast immobilization, with the fore-
arm in supination. Surgical intervention is reserved
for irreducible DRUJ disruption, which most
commonly occurs secondary to extensor carpi
ulnaris tendon or periosteal interposition. Potential
long-term sequelae of these injuries include limita-
tions of supination and pronation, ulnar nerve
dysfunction, and persistent DRUJ instability.

SURGICAL MANAGEMENT
Indications for Surgery

Most displaced fractures of the distal radius are
treated with closed reduction and cast immobiliza-
tion. Surgical treatment is indicated for open frac-
tures, floating elbow, fractures that cannot be
adequately reduced with closed reduction, and
fractures that have lost reduction.

Zamzam and Khoshhal21 recommended that
completely displaced distal radius fractures be
reduced and pinned primarily, citing the high rates
of failure when closed reduction and casting was
attempted. It was previously suggested that frac-
tures demonstrating initial translation of more
than 50% undergo primary fixation.26 Other
studies that have compared closed reduction
and casting with percutaneous pinning have
reported equivalent clinical outcomes.20,27 Miller
and colleagues20 found that, although loss of
reduction was reported in 39% nonoperative
patients, 38% of surgically treated patients had
pin-related complications such as pin tract infec-
tions and superficial radial sensory nerve irritation.
Despite the possible complications of closed
reduction and casting and the potential for loss
of reduction, it is the author’s opinion that primary
pinning of all displaced pediatric distal radius frac-
tures is not recommended.

Open Fractures

Initial treatment of open fractures includes admin-
istration of intravenous antibiotics, the most
important factor in prevention of infection
(Box 1). The fracture is then closed reduced under
sedation, a sterile dressing is applied to the
wound, and a cast or splint is applied. The timing
for operative irrigation and debridement is contro-
versial, but all open fractures are best treated with
irrigation and debridement in the operating room
at the earliest. In pediatric patients, it has been
shown that infection rates are similar for patients
who have surgery less than 6 to 8 hours after injury
compared with those who had surgery between 8
and 24 hours after injury, as long as antibiotics are
given in the emergency department.28

In the operating room, the open wound is
extended to permit inspection of the bone ends,



Fig. 3. Galeazzi injury: A 10-year-old boy fell off of a skateboard and sustained a Salter-Harris 4 fracture of the
distal ulnar physis along with disruption of the DRUJ (A, B). The patient subsequently underwent pinning of the
DRUJ (C, D). Radiographs at 3-month follow-up (E, F).

Box 1
Open fracture protocol

1. Antibiotic administration

a. Intravenous (IV) Ancef 25 mg/kg
(continue every 8 hours)

b. If type 3, add IV gentamicin 4mg/kg (once
daily)

c. If farm injury or soiled wound, add
penicillin

d. Duration: 24 to 48 hours, or until final
wound closure

2. Confirm tetanus status

3. Irrigation and debridement within 24 hours

4. Wound surveillance
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removal of debris and nonviable tissue, and thor-
ough irrigation. Depending on the extent and qual-
ity of the soft tissue, the wound may be closed
primarily or negative-pressure wound therapy
may be used. Repeat operative debridement
may be necessary. In most cases, the fracture is
stabilized with fixation and splinted. After irrigation
and debridement, intravenous antibiotics are
administered for 24 to 48 hours before discharge.

Closed Reduction and Pinning

Closed reduction and percutaneous pinning is an
effective method to maintain satisfactory align-
ment of the unstable distal radius fracture.
Although some metaphyseal or metadiaphyseal
fractures are stabilized by a pin proximal to the
physis, most metaphyseal fractures are stabilized
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with a smooth K-wire that crosses the physis. For
some fractures, engagement of the distal fragment
with the wire may allow the surgeon to use it in a
joystick fashion to aid in reduction. An alternative
is the use of intrafocal pinning. A pin is introduced
at the fracture site, and engagement of the prox-
imal fragment allows correction of the deformity
through levering of the distal fragment. This tech-
nique may be beneficial in the treatment of difficult
fractures with significant preoperative deformity
and a distal location rendering conventional
pinning difficult. There is also the added benefit
of sparing the physis from pinning. Parikh and col-
leagues29 demonstrated the efficacy of intrafocal
pinning and noted a complication rate no higher
than that seen with conventional pinning.

After pinning, a short- or long-arm cast is
applied. At the author’s institution, patients are
not discharged home with oral antibiotics. The
pin is generally removed in the office 3 to 4 weeks
after surgery, once initial radiographic healing is
obtained (Fig. 4).

Several studies have reported that pin tract
infection after closed reduction and percutaneous
pinning are rare and, when present, tend to be su-
perficial in nature.20,26,30 Superficial infections
generally respond well to pin-site care and oral an-
tibiotics and rarely require operative management.
Tosti and colleagues31 reviewed 17 years of data
from a single institution and found 12 serious infec-
tions related to smooth pins in 884 cases (1.4%)
that required hospitalization or reoperation. Diag-
noses included cellulitis, osteomyelitis, septic
arthritis, and soft-tissue abscess. The presentation
ranged from postoperative day 7 to 78, reflecting
the importance of remaining vigilant in identifica-
tion of infection after pinning. It is important to
recognize possible pin-tract infection early to
decrease the risk of progression to deeper soft-
tissue abscess or osteomyelitis.
Open Reduction and Internal Fixation

The most common indications for open reduction
include open fractures, irreducible fractures after
attempted closed reduction, malunited fractures
that are incompletely healed and require osteocla-
sis to achieve reduction, and intraarticular frac-
tures. Although plate fixation is an option, pin
fixation is more commonly used to stabilize frac-
tures after open reduction. Open reduction and
plate fixation is indicated for severely comminuted
fractures, intraarticular fractures such as SH 3 and
4 fractures, and certain fractures at the
metaphyseal-diaphyseal junction that are not
amenable to percutaneous pinning because of
an extreme pin trajectory (Fig. 5).
Dorsal approach
Irreducible or incompletely healed metaphyseal
fractures that cannot be closed reduced are best
treated with a limited dorsal approach and percuta-
neous pin fixation. A 2- to 3-cm dorsal wrist incision
is made in line with the ulnar border of the brachior-
adialis tendon centered at the fracture site. The
extensor retinaculum is divided, and the interval be-
tween the brachioradialis and the extensor tendons
isdividedand the fracture site exposeddorsally.Us-
ing a freer-elevator or a small periosteal elevator, the
fracture is gently manipulated to remove interposed
tissue and break up early callus. Open reduction is
then performed and confirmed with fluoroscopy.
The fracture is then pinned as described for closed
reduction and percutaneous fixation.

SH 3 and 4 fractures with unacceptable intraar-
ticular alignment are best treated with open reduc-
tion regardless of the timing of presentation and
may require a more extensile exposure to achieve
reduction and place fixation.

Volar approach
Open reduction through a volar approach is most
commonly used for apex volar angulated fractures,
especially those with intraarticular extension.
Whenplate fixation isnecessary, suchas for commi-
nuted fractures, it is the author’s preference to place
fixation on the volar distal radius, as opposed to the
dorsal surface. Although plate fixation may be used
for metaphyseal fractures in any age, plates that
cross the physis are only appropriate for adoles-
cents with less than 2 years of growth remaining.
ACUTE CARPAL TUNNEL SYNDROME
Growth Arrest and Malunion

Growth arrest after fracture involving the distal
radius physis is rare, occurring in approximately
4% to 5% of cases.23 The patient and family
should be informed of this risk. Published reports
have demonstrated instances of distal radius
growth arrest after a metaphyseal fracture not
clearly involving the physis. This condition, howev-
er, is rare and likely represents an SH 5 crush injury
to the physis, a diagnosis that can only be made in
retrospect.32 Patients with a distal radius physeal
arrest present early on with only radiographic evi-
dence of abnormal physeal growth manifested by
a change in the alignment of the distal radius or
relative shortening of the radius compared with
the ulna (positive ulnar variance). As deformity
worsens with growth, patients note prominence
of the ulna and often develop ulnar-sided wrist
pain with activities and limited motion. Surgical
intervention is indicated with the goals of restoring
neutral ulnar variance, a competent DRUJ, and a



Fig. 4. A 10-year-old girl with a translated and volarly angulated distal radius fracture (A, B). The patient was treated
with closed reduction and percutaneous pinning (C, D). The fracture healed without residual deformity (E, F).
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Fig. 5. A 16-year-old boy sustained angulated distal radius fracture (A, B). He underwent open reduction internal fix
ation with a volar plate (C, D). Because hewas nearly skeletally mature, the surgeon chose to cross the growth plate
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Fig. 6. A 7-year-old boy sustained an injury to the distal radial physis with acceptable residual dorsal translation
of the epiphysis after reduction (A, B). At 5 weeks follow-up, radiographs demonstrated a healed fracture (C, D).
The patient was lost to follow-up and radiographs 3 years later depict distal radial growth arrest with a markedly
positive ulnar variance (E, F). The patient underwent an ulnar shortening osteotomy and epiphysiodesis, along
with ulnar-sided radial hemiephysiodesis (G, H).
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Fig. 6. (continued)
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nonpainful TFCC. For patients with minimal defor-
mity and at least 2 years of growth remaining, bar
resection and local fat interposition may be at-
tempted. Identification of the exact location of
the bar is critical and is most reliably accomplished
with MRI.33 For complete radial arrest without
deformity, ulnar shortening osteotomy with
possible distal ulnar epiphyseodesis is the best
option (Fig. 6). Concomitant wrist arthroscopy
may be necessary if TFCC pathology is suspected.
For more complex deformities that result from
growth arrest of the distal radius, a combination
of radial osteotomy and lengthening with ulnar-
sided surgery may be indicated.

The risk of malunion after a distal radius fracture
is rare given the remodeling potential of the pediat-
ric patient. However, in the symptomatic patient
with significant deformity in a healed fracture, a
distal radius corrective osteotomy is indicated.
An attempt is made to restore volar tilt and at least
10� of radial inclination with the overall goal of
restoring alignment, improving motion, and
decreasing the risk of subsequent secondary car-
pal arthritis and instability.34
SUMMARY

Metaphyseal and physeal fractures of the distal
radius in children are common. Most cases are
best treated with closed reduction and cast immo-
bilization. Although some aspects of care differ
among clinicians, long-term outcomes of these in-
juries are uniformly excellent when specific treat-
ment principles of reduction and casting are
followed. Surgical indications are limited and
include open fractures, intraarticular fractures,
irreducible fractures, and unstable fractures
demonstrating late displacement. Closed reduc-
tion and percutaneous pin fixation is most
commonly used for surgical management, but
open reduction and plate fixation is occasionally
used, especially for adolescents with intraarticular
fractures. The clinician should be aware of the
most important complications of distal radius frac-
tures, including infection, acute carpal tunnel syn-
drome, and growth disturbance of the distal
radius, and understand the management of these
problems to ensure successful long-term
outcomes.
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