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Abstract

Fractures in children are common in pediatric orthopaedic practice with the majority having positive outcomes
with standard treatment. However, complications can develop and clinicians should be aware of common sequelae
of pediatric elbow trauma and understand their prevention and treatment. The focus of this article is to provide an
overview of common sequelae following pediatric elbow trauma including malunions of supracondylar humerus
fractures and nonunion of lateral condyle, radial neck, and medial epicondyle fractures.

Key Concepts

* Coronal malunions of supracondylar humerus fracture have been largely recognized as cosmetic deformities but do
demonstrate a propensity for late lateral condyle fracture and ulnar nerve dysfunction. Corrective osteotomy is the
preferred surgical treatment, taking care to orient the osteotomy obliquely to the distal humerus to prevent excessive
lateral prominence.

» Sagittal plane malunions of supracondylar humerus fractures have the capacity to remodel in patients 5 years and
younger but are nearly nonexistent in patients over 8§ years.

» Lateral condyle nonunion is best prevented by initial treatment based on initial fracture displacement. Established
nonunions can be successfully treated with surgical intervention based upon the patient’s skeletal maturity, size and
location of osseous fragment, and associated deformity.

» Radial neck nonunion is a rare complication but one that is particularly challenging for surgical treatment.
Non-surgical treatment measures are the preferred treatment approach with surgical treatment reserved for
severe cases.
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* Nonunion of the medial epicondyle is a frequent occurrence following nonsurgical treatment of medial epicondyle
fracture but is symptomatic in only 21% of cases. For large osseous fragments, open reduction with nonunion repair
and screw fixation is preferred while fragment excision and suture anchor repair are reserved for small fragments or

revision cases with deficit bone.

Introduction

Fractures are a common entity in pediatric patients with
upwards of 34% of all children sustaining a fracture
before the age of 17, with the majority of these affecting
the upper extremity.! Fractures about the elbow account
for approximately 12% of all pediatric fractures,

third only to distal radius and fractures of the hand.?
Management of these injuries varies based upon the
anatomic region affected, the patient’s age, and injury
characteristics. While the majority of these fractures
result in uneventful healing, complications do arise,
particularly with untreated or undertreated injuries.

We present a review of common pediatric upper
extremity fracture patterns, highlighting commonly
encountered complications, emphasizing risk factors for
complication development while supplying providers

with information regarding patient and family counseling

regarding the potential for adverse outcomes as well as
provide strategies for risk mitigation.

Supracondylar Humerus Fractures

Coronal Plane Malunion

Coronal plane malunion following a supracondylar
humerus most commonly presents as cubitus varus
deformity (Figure 1). Although the exact incidence of
this complication is unclear, it is a complication that has
decreased in frequency since the adoption of K-wire
fixation of supracondylar humerus fractures.® Cubitus
varus deformity is recognized by its characteristic
frontal plane deformity and decreased Baumann’s angle,
which most commonly results from medial column
comminution or malalignment rather than growth arrest
or asymmetric growth of the distal humerus.* For this
reason, medial column comminution is recognized as
an indication for operative treatment due to the high
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Figure 1. Clinical picture demonstrating a child
with cubitus varus deformity.

risk of medial collapse with subsequent cubitus varus
deformity.> Although cubitus varus deformity has been
historically recognized as a cosmetic deformity, there are
important consequences that can arise long-term. Varus
malalignment of the distal humerus has been associated
with a predisposition for lateral condyle fracture® as well
as being associated with the development of tardy ulnar
nerve palsies.’

Proper treatment begins first with recognition of risk
factors for deformity development. Acute fractures with
medial comminution are preferentially treated with
closed reduction and percutaneous pinning (CRPP) to
obtain and maintain coronal plane alignment. When
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Figure 2. Postoperative AP
radiographs following closed
wedge osteotomy demonstrating
excessive lateral humeral
prominence.

patients present the development of cubitus varus late
following fracture, many techniques have been reported
for deformity correction. In these instances, we prefer to
wait for surgical correction until after fracture healing
and remodeling have occurred to avoid operating
through early callus. Of the available techniques, the
lateral closing wedge osteotomy is the simplest with
demonstrated effectiveness in correcting the underlying
deformity.®? However, it is important to orient the
osteotomy oblique to the distal humerus articular
surface to prevent excessive lateral humeral prominence
(Figure 2).!% Additionally, if patients present with ulnar
nerve symptoms, an in-situ decompression of the ulnar
nerve at the cubital tunnel should also be incorporated!!
(See Video Additional Links).

Sagittal Plane Malunion
Sagittal plane malalignment of pediatric supracondylar
humerus fractures is an important topic that is often

Copyright © 2022 JPOSNA®

overshadowed by coronal plane deformities despite
having direct implications on post-injury range of
motion. The incidence of sagittal plane malalignment has
been reported between 10-13.4%.'%!3 The implications
of this deformity on range of motion vary by severity of
the injury and the patient’s age at the time of injury.'?!3
Limited elbow flexion is the most common complaint,
presenting in as many as 50% of cases sagittal plane
malalignment;'3 however, with mild to moderate cases,
asymmetry >5 degrees is infrequently encountered.!?
Additionally, the importance of patient age at the time
of injury is important, as children <5 years of age have
been shown to remodel 100% of initial displacement of
the center of the capitellum at an average of 21 months
follow-up, whereas children >8 years demonstrate
minimal remodeling potential.'*

For children presenting with sagittal plane malalignment
following supracondylar humerus fractures, the authors
preferred approach following counseling of the patients
and family is a period of observation. For younger
patients, follow-up radiographs are obtained a year
following injury to assess for deformity remodeling with
detailed active and passive range of motion assessments.
Given the low incidence of functional limitations

following these injuries,!>!>

observation is usually
sufficient. However, for patients with symptomatic
deformities and in older and adolescent children with
functional range of motion deficits, corrective osteotomy

can be performed to restore sagittal alignment.

Lateral Condyle Fracture Nonunion

Nonunion of lateral condylar fractures, defined as a lack
of osseous union 12 weeks following injury, is often

the result of untreated or missed fracture displacement
during nonoperative treatment. Nonunion is a more
common complication of lateral condyle fractures than of
other pediatric elbow fractures, affecting upwards of 15%
of injuries.'® Significant initial fracture displacement'®
has been recognized as an important risk factor for
nonunion development, and operative management is
generally recommended for fractures with more than 2
mm of displacement.!”
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In the setting of an unstable lateral condyle fracture,
the fragment typically migrates proximally, which can
result in cubitus valgus deformity and possible ulnar
nerve palsy.'® The Flynn criteria, consisting of a large
metaphyseal fragment, <1 cm of displacement from
the articular surface, and an open, viable condylar
physis,!? are useful for determining which patients

are appropriate for operative treatment. Regardless of
the symptomatology, operative treatment is generally
recommended for an established nonunion to minimize
the risk of progressive deformity, decreased range of
motion, and potential for ulnar nerve dysfunction?® as

well as to minimize the risk of functional impairment.?!

The operative management of an established nonunion
varies according to the extent of displacement, viability
of the condylar physis, valgus deformity, and ulnar nerve
dysfunction. The presence of an open condylar physis

is a positive prognostic factor for achieving osseous

union following nonunion repair.!” In cases of minimal
displacement without cubitus valgus deformity or ulnar
nerve dysfunction, percutaneous stabilization has been
reported as a viable treatment option for skeletally
immature patients presenting within 6 months of injury.??
For skeletally mature patients or for immature patients
presenting late (>4-6 months following injury), open
reduction with internal fixation and local bone grafting
is the preferred treatment approach (Figure 3). Although
acute fixation of these fractures is often performed with
K-wire fixation, we prefer screw fixation for a nonunion
to allow for enhanced stability, compression, and to
mitigate potential pin site complications.

In cases with concomitant valgus deformity who are
skeletally mature, corrective supracondylar osteotomy
with rigid internal fixation is the preferred treatment
approach. For patients with ulnar nerve dysfunction,
an anterior ulnar nerve transposition is generally

Figure 3. AP radiographs of the right elbow (A4) in an 8-year-old patient with an established lateral condyle nonunion, who
presented with elbow discomfort and limited motion 4 months after sustaining a fall after climbing a tree at their home. The
patient underwent local bone grafting with in-situ fixation with a cannulated screw and K-wire augmentation. At the 3-month
postoperative visit, AP radiograph demonstrated a persistent nonunion (B). He subsequently underwent a formal nonunion
repair with bone grafting and revision screw fixation, achieving osseous union (C).
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recommended, although Ibrahim and Ismail?? reported
that isolated deformity correction and fixation was
successful in managing skeletally mature patients with
associated ulnar nerve dysfunction.

Radial Neck Nonunion

Fractures to the radial neck and head represent
approximately 14% of all pediatric elbow fractures.*
Radial head fractures have a separate complication
profile beyond the scope of this article. Good results
are generally observed with simple immobilization

if a radial neck fracture is angulated less than 30
degrees and has less than 50% translation.?> Greater
fracture displacement and the need for more invasive
treatment are associated with an increased rate of
complications.?’ Inadequate fixation technique can
also increase probability of nonunion.?® Radial neck
nonunions are rare; a nonunion rate of 0% was reported
in a review of 78 patients by Basmajian et al.?’ and
0.7% in a review of 151 surgically treated patients by

Zimmerman et al.28

A review of 11 radial neck nonunions found that nine
presented with pain and five with valgus deformity.?’
Additional presentation findings are decreased motion,
particularly lack of supination, as well as functional
limitations.?* After the initial diagnosis is confirmed

on plain films, a trial of conservative treatment with
range of motion exercises is recommended.*%3! For
highly symptomatic patients who fail conservative
management, surgical intervention may be warranted,
which consists of open reduction internal fixation with
or without bone grafting. Fixation methods may include
radial intramedullary pinning, oblique K-wire fixation, or
plate osteosynthesis.?®?° Pursuing these methods yielded
union in all 11 patients reviewed by Fernandez et al.?’
However, healing of the nonunion does not guarantee
improvement of clinical symptoms.?® If the radial head
shows significant deformity, a radial head resection may
be required to improve motion, but this can result in
elbow instability.?>3? Figure 4 A-G shows an example
of radial neck nonunion treated conservatively which
resulted in acceptable function with no pain but with
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cubitus valgus with limited pronation and supination.
These authors find nonoperative treatment preferable
with consideration of surgical intervention only in severe
cases.

Medial Epicondyle Nonunion

Fractures of the medial epicondyle account for upwards

33.34 and remain

of 20% of all pediatric elbow fractures
a controversial topic for treatment recommendations.
However, what is not controversial is the increased

risk of developing a nonunion with conservative
management, with a reported nonunion rate of 50% as
compared with 7% with operative treatment as reported
in a systematic review by Kamath et al.3> The nonunion
rate has been reported as high as 90% following
conservative management®® but with only 21% of these
patients developing symptoms such as pain, weakness,
decreased range of motion, joint instability, and ulnar
nerve dysfunction.’’

In patients with an asymptomatic nonunion, clinical
observation is the most appropriate management
approach, with surgical intervention being reserved

for symptomatic nonunions. Treatment options include
fragment fixation’”-3® and fragment excision with suture
anchor repair of the flexor pronator mass and medial
elbow ligamentous complex.3*4? For children with an
ample-sized osseous fragment, open reduction with
takedown of the nonunion site with screw fixation is
our preferred approach (Figure 5 A-B). When necessary,
local bone graft can be harvested from the olecranon

to place at the nonunion site prior to screw fixation.
When the osseous fragment is small, fragmented, or in
cases of failed internal fixation, excision of fragment
with suture anchor repair of the medial structures is
recommended (Figure 6 A-B).

Summary

In summary, although complications following pediatric
elbow fractures are not infrequent, proper recognition

of risk factors with treatment tailored to each individual
patient can mitigate complication development. When
present, each elbow should be thoroughly evaluated with
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Figure 4. AP (A) and lateral (B) radiograph of the right elbow in a 9-year-old female with acute radial neck fracture and proximal
ulna fracture treated with immobilization. AP (C) and lateral (D) radiographs at 14-months follow-up demonstrating healed ulna
fracture and radial neck nonunion which was treated conservatively. Patient 16 years of age with residual cubitus valgus (E),
limited supination (F), and limited pronation (G) with no pain.

|
Figure 5. A 16-year-old male wrestler presents with right elbow pain and
instability 3 years after sustaining an elbow dislocation with associated medial
epicondyle fracture, demonstrating a nonunion of the medial epicondyle (4). He
underwent an open reduction with takedown of the nonunion site and local bone
grafting from the olecranon with lag screw fixation.
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Figure 6. The patient from figure 5 presented 10 months following surgery with pain
and medial prominence following return to wrestling. Radiographs demonstrate
fragmentation and displacement of the medial epicondyle (A). He underwent a removal
of hardware with excision of the osseous fragment and repair of flexor pronator mass
and medial ligamentous structures to the distal humerus via multiple suture anchors (B).

treatment predicated on the patient’s symptomatology
and expectations. Through these highlighted examples,
we provide pediatric orthopaedic providers with a
detailed overview, highlighting risk factors and treatment
strategies to ensure optimal treatment for each of our
patients.

*The Trauma, Prevention, and Disaster Response
Committee: William Bassett, MD; R. Dale Blasier, MD;
Patrick Bosch, MD; Karen Bovid, MD, FAOA, FAAOS;
Henry G. Chambers, MD; Martin J. Herman, MD;

Justin Hire, MD; Philip McClure, MD; Deniz Olgun,
MD:; Joseph L. Petfield, MD; Brian P. Scannell, MD;
Benjamin W. Sheffer, MD; James J. Tucci, MD; Sara Van
Nortwick, MD

Additional Links

* Oblique Lateral Closing-Wedge Osteotomy for
Cubitus Varus in Skeletally Immature Patients,
The Journal of Bone and Joint Surgery. Dustin A.
Greenhill, MD; Scott H. Kozin, MD; Michael Kwon,
MD; Martin J. Herman, MD.

* POSNA Pediatric Trauma Virtual Symposia, 2022
POSNA Annual Meeting, POSNA Trauma, Prevention,
and Disaster Response Committee.
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