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Abstract

A 12-year-old Caucasian male presented to the clinic with a displaced, segmental left clavicle fracture
involving the distal clavicle after falling from a zip line. He was treated non-operatively in a sling and
returned to normal activities without restrictions after three months. At one year, the patient was able to
maintain his pre-injury baseline function without limitations of his left shoulder. While no clear guidelines
for operative treatment of segmental clavicle fractures in the adolescent population exist in the current
literature, this report illustrates an excellent patient outcome following conservative therapy of a segmental
clavicle fracture involving the middle one-third and distal clavicle in a young adolescent with open physis.
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Introduction

Clavicle fractures are common pediatric injuries in which the majority are treated non-operatively [1]. The
annual incidence of clavicle fractures in the adolescent population is between 29 and 64 per 100,000 [2].
These fractures are often caused by direct injury after a fall onto the shoulder resulting in a compressive
force produced by body weight, impact speed, and force direction through the clavicle [3]. Increased body
weight and impact speeds seen across various sports injuries may explain the age and gender differences
observed between displaced and nondisplaced midshaft clavicle fractures [1,3,4]. Despite growing literature
regarding the surgical management of pediatric clavicle fractures, very little has been reported concerning
the conservative treatment of segmental fractures of the clavicle. This is likely due to the rare presentation
of these fracture patterns [5]. Nevertheless, the rate of operative fixation of displaced clavicle fractures in
pediatric patients has steadily increased over the past century from 1.6% to 24%, mimicking the trends seen
in skeletally mature patients [6,7]. The relative indications for surgical management of pediatric and
adolescent clavicle fractures include initial shortening, comminution, severe displacement, open injuries,
skin compromise, and associated neurovascular injuries [3]. However, most pediatric clavicle fractures are
treated conservatively due to reports of excellent healing and remodeling potential [3]. The optimal
treatment decision for displaced, comminuted clavicle fractures can become difficult when assessing young
adolescent patients. The youthful healing and remodeling potential must be weighed against the potential
morbidity of displaced, comminuted fractures [8,9]. Moreover, extrapolation of superior outcomes of
operatively managed clavicles in older adolescents and young adults can lead one to question the non-
operative management of high-energy fracture patterns in these age groups [10]. The current report
describes the non-operative management of a displaced, segmental clavicle fracture with fragments
spanning both the midshaft and distal clavicle. The patient and respective guardians were informed that data
from the case would be submitted for publication and provided consent.

Case Presentation

A 12-year-old Caucasian male with no significant past medical history presented to the clinic with a closed
left clavicle fracture after falling from a zip line 12 days prior. A physical exam showed a deformity over the
left clavicle without appreciable skin tenting or neurovascular injury. Initial radiographs were obtained
demonstrating a displaced, segmental clavicle fracture involving the middle one-third and distal clavicle,
lateral to the coracoid (Figure /). The acromioclavicular interval and coracoclavicular intervals were
maintained on injury radiographs.
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FIGURE 1: Injury radiographs, upright anteroposterior and Zanca views
(A-B), demonstrating displaced, segmental clavicle fracture.

The patient was treated non-operatively in a sling and instructed to remain non-weight bearing to the left
upper extremity. Radiographs were obtained six weeks post-injury demonstrating interval callus formation
of the fracture sites (Figure 2), and the patient was allowed to progress activities as tolerated with
restrictions to avoid high-fall-risk activities. At three months post-injury, the patient was cleared for full
activity without restrictions (Figure 3). At one year, the patient denied functional limitations or aesthetic
complaints related to his left shoulder. Follow-up radiographs obtained at this time demonstrated notable
remodeling of the left clavicle fracture sites (Figure 4).

FIGURE 2: Six-week post-injury radiographs, upright anteroposterior
and Zanca views (A-B), demonstrating interval healing and callus
formation at the fracture sites.

FIGURE 3: Three-month post-injury radiographs, upright anteroposterior
and Zanca views (A-B), demonstrating continued fracture healing and
early remodeling.
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FIGURE 4: One-year post-injury radiographs, upright anteroposterior
and Zanca views (A-B), demonstrating progressive remodeling of the
initial segmental clavicle fracture.

Discussion

Unlike in adults, the risk of nonunion and symptomatic malunion in children is uncommon due to their
ability to heal and remodel clavicle fractures; thus, these patients have traditionally been treated
conservatively. A study completed in 2013 evaluated pain, aesthetic appearance, treatment satisfaction, and
functional outcomes of 16 patients (mean age 12.2 years) with mid-diaphyseal clavicle fracture malunions
after non-operative treatment. All patients in the given study presented with an initial fracture
displacement greater than 2 centimeters and were followed for two years. The authors concluded that
radiographic malunion in adolescents does not result in clinically meaningful loss of shoulder motion or
strength [11]. A retrospective review of nine high-volume pediatric hospitals from 2006 to 2016 identified
only 25 patients between the ages of 10 and 19 years (mean 14.6 years) with clavicle nonunion following
conservative therapy. All nonunions were subsequently treated with surgery resulting in good outcomes
[12,13]. Two retrospective reviews reported the rate of symptomatic malunion in the pediatric population
varies from 2 to 20%, while additional studies have shown no significant impact on patient reported
outcomes in the setting of radiographic malunion [9,11,12,14]. A recent study looking at functional
outcomes in 20 patients with midshaft clavicle fractures age 12-18 years at the time of injury showed no
statistical difference between operative and non-operative treatment over 18 months of follow up [12,15].
Prophylactic surgery to decrease the risk of symptomatic malunion is not advantageous relative to an initial
trial of conservative therapy when analyzing cost and patient reported outcomes. A study of 16 pediatric
patients treated with delayed surgery for malunion, nonunion, or impending nonunion reported good
functional outcomes and 100% return to sports [16]. Using the 2013 Medicare reimbursement model, the
total costs saving of non-operative management is $11,60.56 [17].

Although non-operative management has traditionally been the treatment of choice for pediatric clavicle
fractures, there has been a recent increase in operative management. As patients enter adolescence they
become more active than adults, gradually lose their remodeling potential, and may experience greater
functional impairment from residual disability. The initial displacement of a clavicle fracture is an important
factor in treatment decision. Initial fracture shortening of >20mm is associated with nonunion and
unsatisfactory results [8]. A Canadian study reviewed 132 patients between age 16 and 60 years with
displaced midshaft clavicle fractures in which 67 were treated operatively and 65 were treated non-
operatively. They determined that the operative group experienced better functional outcomes at one year,
with a mean time to radiographic union of 28.4 weeks in the non-operative group and 16.4 weeks in the
operative group. Additionally, non-operative treatment resulted in seven unions and nine malunions
requiring further treatment, while the operative group noted two nonunions and zero malunions. The
authors concluded that patients treated operatively are more likely to be satisfied with their appearance and
shoulder function shoulder in general [10]. A retrospective study from 2010 investigated 43 closed midshaft
clavicle fractures (25 non-operative, 17 operative). The operative group underwent plate fixation for
displaced midshaft clavicle fractures resulting in a shorter time to union with low complication rates, while
the non-operative group resulted in a 20% symptomatic malunion rate [18]. Limited literature exists
comparing patient outcomes related to surgical versus conservative therapy of pediatric clavicle fractures.
This has resulted in the lack of clear operative criteria by which surgeons can apply when treating these
injuries in the young population.

A disparity exists amongst surgeons regarding the treatment of adolescent clavicle fractures as shown by a
survey of 302 members of the Pediatric Orthopaedic Society of North America (POSNA). Surgeons were
nearly unanimously in favor of non-operative treatment in younger patients. However, regarding isolated
segmental clavicle fractures, treatment preferences were split between operative and non-operative
management with surgeons more likely to operate on adolescents age 16-19 years than age 12-15 years.
Additionally, surgeons with less than five years of experience were more likely to choose operative
treatment [2]. A retrospective study looked at 10 pediatric distal clavicle fractures from children age 5-11
years (mean age seven). Nine patients were treated conservatively (three displaced oblique fractures, three
displaced transverse fractures, two nondisplaced transverse fractures, and one comminuted fracture). One
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11-year-old female with a comminuted distal clavicle fracture was treated with open reduction and
Kirschner wire fixation. All patients reported good functional outcomes, although the authors recommended
magnetic resonance imaging (MRI) for significantly displaced fractures to assess the degree of periosteum
detachment [19]. Other studies have described symptomatic deformities following significantly displaced
distal clavicle physeal fractures, suggesting benefit of early fixation [20].

Conclusions

Clavicle fractures in the adolescent population have no clear consensus on treatment, particularly when
considering the 12-15-year-old age group. Currently, no literature supports the age range at which surgeons
should adopt more aggressive treatment options related to fracture characteristics. This report demonstrates
that a segmental clavicle fracture involving the middle one-third and distal clavicle in a young adolescent
with open physes may be managed conservatively with good outcomes.
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