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Background

Pediatric radial neck fractures are rare, comprising about
a tenth of all elbow injuries in children (1). They typically
affect the children between 4 to 14 years of age with a peak of
incidence ranging between 8 and 10 years of age (2). Because
radial head ossification starts at age 5 and is completed when
the physis closes at 14 years of age for boys and 17 for girls (3).
The most common mechanism of this fracture is falling over
an outstretched extended hand with a valgus force (4). The
most common radial neck fractures are extra-physeal
fractures of the metaphysis or Salter-Harris I or II fractures of
the proximal radial physis (4). Closed fractures are more
common than open ones and near half of these fractures are
associated with the ipsilateral elbow dislocation, olecranon
fractures, and ruptured collateral ligaments (5). The
classification systems in radial neck fractures including the
Jeffery, O’Brien, and Judet and Letournel classification systems
are the most commonly cited ones in the literature (3).

The management of radial neck fractures is based on
fracture angulation, dislocation , and skeletal maturity (6).
Treatment options that have been used for fractures with
dislocation are closed reduction, percutaneous pin-assisted
reduction, Metaizeau technique (elastic intramedullary
nailing), and if these closed methods are not successful, open
reduction with or without internal fixation can be used (6).
Although good results have been reported after these varying
treatment methods, the optimal treatment is still unclear (7).
Classification

In 1965, O’Brien originally classified these fractures
based on angulation and recommended treatment
options (8) (Figure 1).
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Figure 1. O'Brien classification: Type I: angulation < 30 degrees
(immobilized), Type II: angulation 30 to 60 degrees (closed reduction),
Type III: angulation > 60 degrees (open reduction)

Chambers classified proximal radial fractures into
three major groups based on the mechanism of injury and
the radial head dislocation (Table 1).

Table 1. Chambers classification of proximal radial fractures
Group I: Primary displacement of radial head
A.Valgus fractures
Type A: SH1or Il injury
Type B: SHIV pattern
Type C: Fracture line remains in metaphysis
B. Fractures associated with dislocation
Type D: Reduction injuries
Type E: Dislocation injuries
Group II: Primary displacement of radial neck
A.Angular injuries (Monteggia type Il variant)
B. Torsional injuries
Group III: Stress injuries
A. Osteochondritis dissecans of the radial head
B. Physeal injuries with neck angulation

Radial neck fractures, the most common type of
proximal radius fractures, (Group IA and IC) have also
been classified based on the amount of angulation by
Judet (Figure 2).
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Figure 2. Judet classification: Type 1: 0° with translation, Type 2: < 30° epiphyseal tilt,
Type 3: 30°-60° epiphyseal tilt, Type 4a: 60°-80° epiphyseal tilt, Type 4b: > 80°
epiphyseal tilt

Examination

Examination of a proximal radial fracture will reveal
tenderness to palpation at the proximal radius and pain
with elbow motion, particularly with attempted
supination and pronation, which the patient will avoid.
Ecchymosis and bruising in the lateral aspect of the elbow
can be predicted for fracture dislocation (9).

A good clinical examination helps to localize the area
most likely to be fractured before an x-ray (8).
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Imaging

Displaced proximal radius fractures are usually easy to
identify on standard anteroposterior (AP) and lateral
radiographs (Figure 3).

Figure 3. Significantly displaced radial neck fracture

Contralateral elbow X-ray views are useful for the
assessment of the unusual ossification centers after an
acute elbow injury. If there is any limitation in elbow
extension because of pain, special views are necessary to
see the AP alignment of the proximal forearm and distal
humerus. Two views are taken by beaming perpendicular
to the distal humerus and the other perpendicular to the
proximal radius. There are useful modalities such as an
arthrogram, ultrasound, or magnetic resonance imaging
(MRI) to evaluate the dislocation and the reduction quality
in cases with an unossified radial epiphysis (10).
Multidetector computed tomography (MDCT) is a sensitive
means of evaluating for radiographically occult fractures
in children with post-traumatic elbow effusions. It has a
high negative predictive value and a high level of inter-
observer agreement. MDCT findings may lead to alternate
treatment in children with no displaced lateral condylar
and radial head fractures on radiography (11) (Figure 4).
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Figure 4. Multidetector computed tomography (MDCT): Radial neck fracture in a 12-
year-old boy

58

Associated Injuries

Associated injuries occur in 30 to 50 percent of
patients with a radial neck fracture. These additional
injuries include fractures of the olecranon (12), proximal
ulna, medial and lateral epicondyle, ruptures of the
medial collateral ligament, and shear injuries to the
articular cartilage (8, 13). The posterior interosseous nerve
(PIN) can be injured by the fracture, by reduction
attempts, or during an open reduction (14).

Complications

Pediatric radial neck fractures are accompanied by a
high incidence of complications, with reported rates
ranging from 18 to 79%. stiffness is the most common
complication (7).

Non-Operative Treatment

Non-operative methods are the main part of treatment
for proximal radius fractures (15). Less than 30 degrees of
angulation (Judet type I and II) and 3 mm dislocation in
children with normal supination and pronation can be
treated with splint without any try for reduction (4, 5, 7, 16).
Most authors have advocated for closed reduction for
fractures with an angulation greater than 30°, although
there have been recommendations for closed reduction of
angulations ranging from 20° to 45° (17).

The presence of full pronation and supination under
local or general anesthesia may be more important to the
patient’s clinical outcome than the degree of angulation
and translation saw radiographically (4, 8).
Closed-Reduction Technics

No technique has been demonstrated to have
superiority over the others. Various closed reduction
techniques have been developed for radial neck fractures
based on manipulating the proximal fragment to the fixed
radial shaft or trying to reduce the fracture by fixing the
proximal fragment and manipulating the radial shaft. We
would like to caution that multiple attempts at closed
reduction can lead to increased injury, bleeding, and later
stiffness (4).

The Patterson technique involves traction and a varus
force applied to the forearm, while direct pressure is
applied over the radial head (18) (Figure 5).

Figure 5. Patterson technique: Holding the elbow
in extension while applying distal traction and
varus stress on a supinated forearm with direct
pressure over the radial head

The Israeli technique uses supination of the maximally
flexed elbow to relieve capsular tension while direct
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pressure is applied over the radial head from the lateral
side. The forearm is then gently pronated to rotate the
radial head under the applied pressure and reduce it (18)
(Figure 6).

Figure 6. Israeli technique: Pronating and flexing the supinated and
extended elbow while the thumb stabilizes the proximal radial fragment
with direct pressure

Neher and Torch described a technique that begins by
rotating the forearm under fluoroscopy until the AP view
with maximal angulation is obtained with the elbow in
extension. While a direct force and varus stress are applied
to the radial head by the surgeon, an assistant applies a
force that is directed laterally to the anterior proximal
head of the radius to serve as counter reduction. Finally,
the application of an elastic (Esmarch) bandage from the
distal forearm to the elbow has been described to result in
the serendipitous reduction of the radial neck, however
despite being frequently mentioned in textbooks, the
technique lacks validation in the literature (19).

Operative Treatment Indications

Operative methods indicate cases with unacceptable
dislocation (over 2 mm after close reduction) and
angulation (greater than 45 degrees for cases below 10
years old and greater than 30 degrees in cases older than
10 years old) and for the open injuries (20).
Percutaneous-Reduction and Fixation Technics

Percutaneous (PC) assisted reduction is the first step if
closed reduction is not successful. In this method, the
fragment is manipulated with K-wire or elevator or using
the Metaizeau technique (5).

Simple stainless steel K-wires generally are appropriate
to assist with closed reduction. The size will range from 2.0
to 2.7 mm based on the size of the child. Other utilized
instruments include Steinmann pins, periosteal elevators,
or a double-pointed bident (21-23). Fluoroscopy is used to
localize the fracture site and a small curved clamp is utilized
to bluntly dissect through the muscle to the radial cortex.

Arthrography can be helpful to assess congruency of the
elbow joint (24). The sharp end of the wire is cut for the
surgeon’s safety and the blunt end is inserted down to the
radial cortex. The blunt end of the wire can be used to push
the distal fracture fragment back into an appropriate
position (25). Once the fracture is reduced to within the
appropriate guidelines, the pin is removed and stability and
range of motion (ROM) are assessed. In unstable fractures, the
internal fixation can be used. Small ante-grade K-wires can be
placed percutaneously to transfix the fracture.

One option is the leverage method (direct
manipulation of the fragment) using a small PC incision,
followed by placement of the blunt side of a large
Steinman pin, or Freer elevator (26). The wire should be
inserted from the dorsal aspect of the distal and the
forearm should be pronated for the PIN protection. Once
the fragment is levered up, closed reduction maneuvers
are performed. The reduction is usually stable, but PC
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fixation can also be performed if needed.

The joystick method is a method in which the surgeon
inserts a Steinman pin or Kirschner wire directly to the radial
head to maneuver the head to the shaft (Figure 7). The
forearm in this technique should also be pronated to protect
PIN. In our experience, the leverage maneuver was easier as
there was no difficulty removing the “joystick” pin (27).

Figure 7. Steinman pin in joystick method

Another option is the Metaizeau technique (flexible
intramedullary nail). Using the bender, a curve is made in
the tip of the nail and then the nail is inserted from the
dorsal aspect of the distal radius in a physial friendly
fashion into the radial head. When the nail tip reaches the
fragment, its manipulation can be started to realign the
proximal radius fracture. The nail is retained for added
stability (Figures 8 and 9).

Figure 8. Fluoroscopic reduction and percutaneous fixation with intramedullary
nail in a child applied with Metaizeau technique

In more severely angulated and displaced fractures, a
combination of these two techniques can be performed (5).

Figure 9. Final reduction and fixation with intramedullary nail in Metaizeau
technique
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Conclusion

pediatric

It is important to know the basic management of
proximal radius fractures to prevent

complications. In this paper, we described classifications

of

pediatric proximal radius fractures, in addition to

explaining closed reduction techniques with or without
internal fixation.
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