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Background: Clavicle nonunions in adolescent patients are exceedingly rare. The purpose of this study
was to evaluate a series of clavicle nonunions from a pediatric multicenter study group to assess potential
risk factors and treatment outcomes.

Methods: A retrospective review of all clavicle nonunions in patients younger than 19 years was per-
formed at 9 pediatric hospitals between 2006 and 2016. Demographic and surgical data were documented.
Radiographs were evaluated for initial fracture classification, displacement, shortening, angulation, and
nonunion type. Clinical outcomes were evaluated, including rate of healing, time to union, return to sports,
and complications. Risk factors for nonunion were assessed by comparing the study cohort with a sepa-
rate cohort of age-matched patients with a diaphyseal clavicle fracture.

Results: There were 25 nonunions (mean age, 14.5 years; range, 10.0-18.9 years) identified, all of which
underwent surgical fixation. Most fractures were completely displaced (68%) initially, but 21% were par-
tially displaced and 11% were nondisplaced. Bone grafting was performed in 24 of 25 cases, typically
using the hypertrophic callus. Radiographic healing was achieved in 96% of cases. One patient (4%) re-
quired 2 additional procedures to achieve union. The primary risk factor for development of a nonunion
was a previous history of an ipsilateral clavicle fracture.
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Conclusions: Clavicle nonunions can occur in the adolescent population but are an uncommon clinical
entity. The majority occur in male patients with displaced fractures, many of whom have sustained pre-
vious fractures of the same clavicle. High rates of union were achieved with plate fixation and the use of

bone graft.

Level of evidence: Level III; Retrospective Cohort Design; Treatment Study
© 2017 Journal of Shoulder and Elbow Surgery Board of Trustees. All rights reserved.
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The clavicle is one of the most commonly fractured long
bones in the pediatric population, with an annual incidence
of 13-19 fractures per 10,000 children younger than 16 years."
Traditional management of these injuries in both children and
adults has been nonoperative, with low complication rates.®
Recent adult literature, however, has shown that nonunions
are not as rare as previously published and may be as high
as 15% in cases of displaced fractures.'” Multiple studies have
now shown that a potential benefit of surgical stabilization
of displaced clavicle fractures in adults is a more predict-
able union rate.” Although this potential benefit of surgical
treatment may be applicable to the adult population, clavi-
cle nonunions in the pediatric and adolescent population remain
an exceedingly rare complication. To date, fewer than 15 cases
have been documented in the literature, with half of these rep-
resenting single case reports.'**!*1316 In 2012, a multicenter
study group was formed to study adolescent clavicle frac-
tures in an attempt to optimize treatment for these younger
patients. The purpose of this study was to evaluate a series
of clavicle nonunions from 9 pediatric hospitals to assess po-
tential risk factors and treatment options.

Materials and methods

Retrospective data were collected on all clavicle nonunions treated
at 9 pediatric hospitals between 2006 and 2016. Patients were in-
cluded if they were 18 years old or younger and were diagnosed
with a diaphyseal clavicle nonunion, defined as failure of radio-
graphic bone bridging 6 months or longer after injury. Fractures lateral
to the attachment site of the coracoclavicular ligament or involv-
ing the sternoclavicular joint were excluded. In addition, patients
with a congenital pseudarthrosis of the clavicle were excluded. All
patients identified underwent surgical treatment of the nonunion. Pre-
operative demographic and clinical variables were documented,
including age of the patient at the time of injury, gender, laterality,
hand dominance, mechanism of injury, primary sport, and treat-
ment of the fracture preceding the nonunion. More specific nonunion
risk factors were also investigated, including prior clavicle frac-
tures, previous clavicle surgery, smoking history, and diabetes.

Radiographs were reviewed by attending orthopedic surgeons at
each site, all of whom are members of the previously mentioned
adolescent clavicle fracture research study group. This study group
had developed a series of standardized radiographic measurement
techniques and definitions, which were used to evaluate the radio-
graphs. Skeletal maturity was assessed on the injury films, based
on the proximal humerus physis being open or closed. Each
fracture was classified using the AO (Arbeitsgemeinschaft fiir
Osteosynthesefragen) classification and was additionally classified

as completely displaced (defined as no cortical contact between 2
or more fracture fragments), partially displaced or angulated (defined
as having fracture ends in contact but with either angulation between
fragments or superior-inferior displacement at both cortices), or
nondisplaced or minimally displaced (defined as showing no step-
off between cortices). Fracture shortening among completely displaced
fractures was measured using 2 different techniques to reflect the
variability of approaches currently used in clinical practice or de-
scribed in the literature.” End-to-end shortening was measured from
the ends of the fracture fragments that were at the greatest distance
from each other. Cortex—to—corresponding cortex shortening was mea-
sured from the ends of the fracture fragments that would be apposed
if the fracture were anatomically reduced. Superior to inferior frac-
ture displacement was measured in millimeters. Fracture angulation
was measured as the maximal deformity between the medial and
lateral fragments measured in degrees. The time from the initial injury
to the diagnosis of the nonunion was documented, and all of the
nonunions were classified on the basis of their radiographic appear-
ance: hypertrophic, oligotrophic, or atrophic.

Intraoperative variables were recorded for the surgeries per-
formed to treat the nonunions, including type of fixation (plate vs.
intramedullary device), use of bone graft (defined as local/clavicle
callus/autograft, iliac crest cancellous autograft, or allograft), and
any intraoperative complications. When a plate was used, its length
(number of screw holes), size (screw size), precontouring, and po-
sition (superior or anterior) were recorded. Postoperative clinical
course was detailed, including length of follow-up, rate of union
(defined as advanced radiographic bone bridging on 3 or more cor-
tices), time to union, return to sports, use of physical therapy, range
of motion deficits, need for implant removal, and postoperative
complications.

To identify potential risk factors for nonunion, the demograph-
ic and clinical variables of the nonunion study population (n = 25)
were subsequently compared with tabulated data from a large pop-
ulation of adolescent diaphyseal clavicle fractures (n = 545) from
the Function after Adolescent Clavicle Trauma and Surgery (FACTS)
prospective, multicenter cohort study with similar patient ages rep-
resented. Meta-analytic statistical methodology was used to compare
variables from both study populations (current cohort of nonunions
vs. the FACTS database). Analysis of variance from summary data
was used for the continuous variables, and y’ test was employed
with the categorical variables. The o was set at P < .05 to declare
significance.

Results

Twenty-five patients with clavicle fracture nonunions were
identified, with a mean age of 14.5 years (range, 10.0-18.9
years) (Table I). No records of patients with a clavicle fracture
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Table I Patient demographic and injury data of the nonunion cohort compared with the primary fracture cohort
Nonunion cohort Primary fracture cohort P value
(N = 25) (N = 545)
Age (y) 14.5+3.7 14.1+2.1 37
Gender 68% male 79% male .21
Refracture 32% 9% .002
End-to-end shortening (mm) 15.4 + 10.4 12.4 + (12.8) .25
Cortex-to-cortex shortening (mm) 8.5t7.6 6.9 + 8.3 .35
Superior-to-inferior displacement (mm) 9.8+9.3 8.5+ 8.0 .537
Angulation (degrees) 16.5 + 16.9 16.8 = 16 .92
Comminuted 26% 18% .35

Reported values are means + standard deviations unless identified otherwise. Bolded values represent significance with a P value < .05.

nonunion younger than 10 years were identified in any of the
study institutions’ queries. Thus, all patients fall within the
World Health Organization’s age range for adolescence, which
includes people 10-19 years old. Male patients accounted for
68% (17/25) of the cohort, and the dominant arm was in-
volved in 50% (10/20) of cases. The initial injury was sustained
while participating in sports in 55% (12/22) of cases. A pre-
vious injury to the ipsilateral clavicle was not uncommon,
with 32% (8/25) of patients having previously sustained a frac-
ture that was treated nonoperatively. One patient in particular
had sustained 8 previous fractures to his clavicle. Three pa-
tients (12%; 3/25) previously underwent surgical fixation (2
plates, 1 pin) of an acute clavicle fracture that subsequently
failed to heal and developed a symptomatic nonunion.

Review of the initial injury radiographs revealed open
physes in 54% (13/24) of fractures. The AO classification re-
vealed that 26% (5/19) of fractures were comminuted. A
completely displaced fracture was identified in 68% (13/19)
of cases, a partially displaced or angulated fracture in 21%
(4/19), and a nondisplaced or minimally displaced fracture
in 11% (2/19). The mean superior to inferior fracture dis-
placement was 11.1 = 9.5 mm, the mean end-to-end shortening
was 15.4 £ 10.4 mm, and the mean cortex-to-cortex short-
ening was 8.5 £ 7.6 mm. All 4 cases in the partially displaced
or angulated category demonstrated angulation, with a mean
angulation of 41.0° £ 20.0°.

In comparing the demographic data, injury variables, and
radiographic factors between the nonunion study cohort and
the larger control cohort of adolescents with acute clavicle
fractures (without nonunion), patients with a nonunion were
more likely to have sustained a refracture (32% vs. 9%;
P =.002) (Table I). Demographic factors, such as age and
gender, and radiographic factors, such as fracture displace-
ment, AO classification, shortening, and comminution, were
not found to be associated with clavicle nonunions (P > .05).

Surgical management was pursued in 100% of nonunion
cases at a mean of 21 months after the initial injury (range,
6-43 months). Plate fixation was performed in 92% of cases,
and 8% used an intramedullary compression screw. Plates were
almost exclusively fixed superiorly (87%) on the clavicle.
Manufacturer-precontoured specialty clavicle plates were used

in 65% of patients, with the remainder of plates obtained from
general trauma sets, the most common of which were 3.5-
mm pelvic reconstruction plates contoured by the surgeon
intraoperatively. However, manufacturer-precontoured plates
were used exclusively in the last 5 years. Local/clavicle callus/
autograft was used in 56% of cases, iliac crest cancellous
autograft in 28%, allograft in 12%, and no graft in 4%.

Postoperatively, 96% (24/25) of patients demonstrated ad-
vanced healing of the nonunion at an average of 12.4 £5.6
weeks. One patient (4%) required 2 additional procedures to
achieve union. This patient was a 13-year-old boy who sus-
tained a completely displaced clavicle fracture and a closed
head injury while riding an all-terrain vehicle. A symptom-
atic nonunion was confirmed 9 months postoperatively, which
was treated with a plate augmented with bone graft substi-
tute. Six months later, the clavicle had not united, so the plate
was removed and the nonunion site was regrafted. The patient
was lost to follow-up for 3 years, when he presented again
with a persistent nonunion. At this point, he was dual plated
and grafted with iliac crest autograft supplemented with bone
morphogenetic protein. Five months after this final proce-
dure, bone healing was confirmed. No cases of infection,
refracture, or motor nerve deficit were identified, although
1 patient (4%) complained of residual anterior chest wall
numbness. Another patient (4%) was documented to have a
10° loss of forward elevation but no functional deficit. In 50%
of cases, formal physical therapy was used in the postoper-
ative period. Nearly all patients returned to full sports without
limitations, and no refractures after the nonunion surgery have
been reported. In 4 cases (16%), all superior plates, the pa-
tients elected to have their symptomatic implants removed
in secondary operations, with no reported complications during
or after removal.

Discussion

Although clavicle fracture nonunions in pediatric and ado-
lescent patients are extremely rare, this study describes 25
cases, almost tripling the reported cases in the literature. The
primary risk factor for a nonunion identified in this study was
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Table IT  Existing literature regarding pediatric and adolescent midshaft clavicle nonunions
Study No. of nonunions Demographics Treatment and outcome
Wilkins et al, 1983* 7 14.1y (mean age) 3 Observation; 0/3 healed

Caterini et al, 1998’ 1
Gupta et al, 2010* 1
Pourtaheri and Strongwater, 2012 1
Wu et al, 2013 1
Duplantier et al, 20162 1
Smith and Williams, 2016" 1
Current study 25

Pooled data 38

86% male 1 ORIF (screw); healed

1 ORIF (IM device); not healed
2 Bone graft only; 1/2 healed
ORIF (IM device); healed
Observation; not healed

ORIF (plate); healed

ORIF (plate); healed

ORIF (plate); healed

ORIF (plate); healed

23 ORIF (plate); 96% healed

7-year-old girl
8-year-old boy
10-year-old girl
13-year-old boy
4-year-old boy
9-year-old boy
14.5y (mean age)

68% male 2 ORIF (IM device); 100% healed
13.3 y (mean age) 28 ORIF (plate/screw); 97% healed
68% male 4 ORIF (IM device); 75% healed

2 Bone graft only; 50% healed
4 Qbservation; 0% healed

ORIF, open reduction-internal fixation; IM, intramedullary.

a clavicle refracture. Whereas additional consideration could
be given to surgical treatment of refractures at the time of
presentation, because the current study did not assess the
natural history of refractures with different treatment ap-
proaches in this age group, we think this is simply a factor
of which providers and families of injured adolescent pa-
tients should be aware, rather than an indication for surgery.
Other studies designed to elucidate the optimal treatment of
adolescent clavicle refractures may better inform such con-
siderations in the future. For almost all cases of adolescent
fracture nonunion, surgical treatment provided high union rates
with few reported complications, although 1 patient re-
quired multiple procedures to achieve advanced bone healing.

To date, 7 case reports and 1 small case series have been
published in which pediatric midshaft clavicle nonunions are
discussed (Table II).1>*!10131516 Quch a limited set of cases
makes drawing larger conclusions and analysis of risk strat-
ification difficult. When the historical data are pooled, however,
nonunions appear to occur more commonly in male pa-
tients with a mean age of 11.3 years. The nonunions typically
involved fractures that were initially displaced. Surgical treat-
ment of the nonunion with internal fixation led to successful
healing in most cases. When these data are compared with
our series, similar trends are seen, with a few exceptions. Pa-
tients in the current series tended to be slightly older, with a
mean age of 14.5 years. Whereas completely displaced frac-
tures represented the majority of our nonunions (Fig. 1), several
fractures with minimal displacement but significant initial an-
gulation (21%) also failed to heal (Fig. 2). Interestingly, 2
cases of nonunion occurred after non-displaced fractures, dem-
onstrating that this complication can occur with all fracture
patterns.

Despite the limited sample size of this multicenter study,
based on the current data, clavicle refracture was identified
as a risk factor for clavicle fracture nonunion, with 32% of

nonunions occurring after a clavicle refracture. One patient
had sustained a total of 8 previous fractures. Although this
trend is not well documented in the literature, Wilkins et al
identified a similar risk factor in a pooled retrospective series
of adult and adolescent clavicle fracture nonunion patients.
Three of 26 (12%) adult cases occurred at the site of a pre-
viously healed clavicle fracture, whereas 4 of 7 (57%) patients
younger than 19 years developed nonunion after a refracture.
Smith and Williams also reported on a skeletally immature
patient who developed a clavicle nonunion after sustaining
2 previous fractures."” The exact mechanism for how a clav-
icle refracture predisposes to a nonunion has not been
established, but it is likely that repeated trauma to the clav-
icle disrupts the local blood supply and subsequent healing
potential. Whereas patients and families who sustain a clav-
icle refracture should be counseled about the possibility of
a nonunion, most nonoperatively treated refractures go on to
heal.

In this series, 100% of nonunion patients were managed
surgically, with nearly uniform good outcomes and few com-
plications. The operative approach, however, was found to
vary across patient groups and institutions. In general, plate
fixation was the preferred technique, but healing was also
achieved with use of an intramedullary compression screw
in 2 cases. Both the pediatric and the adult clavicle non-
union literature has included more cases of treatment with
plate fixation than by intramedullary techniques, but no head-
to-head study has compared the 2 approaches for clavicle
nonunions.>'? In this series, nearly all of the patients re-
ceived bone graft, locally from the nonunion site fracture callus
(56%), from the iliac crest (28%), or by allograft (12%).
Despite this variability, outcomes were good regardless of ap-
proach. Therefore, it seems intuitive to use local bone graft
when it is available, such as in cases of hypertrophic
nonunions, but to employ iliac crest bone graft in cases in
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Figure 1  (A) A 14-year-old girl who sustained a 100% dis-
placed midshaft clavicle fracture with 12 mm of end-to-end shorting
and 6 mm of cortex-to-cortex shortening was initially treated
nonoperatively with a figure-of-8 brace. (B) The patient was sub-
sequently lost to follow-up but presented again 21 months later with
a symptomatic nonunion. (C) At 12 weeks after nonunion repair with
local bone graft. The fracture had healed, and the patient was re-
turned to full sport with no limitations and no functional deficits.

which healthy local bone graft may not be available, such as
in oligotrophic or atrophic nonunions. The largest adult series
in the literature examining 47 adult nonunions revealed that
64% of patients were managed with local bone graft, 30%
were managed with demineralized bone matrix, and only 6%
of patients required bone graft from a distant site.” Similar
to our study, these findings suggest that iliac crest is not nec-
essary in most instances.

Complications were uncommon in this series. In 1 case,
healing was not achieved after the initial nonunion repair, and
2 additional procedures were necessary to ultimately achieve
union. To date, no refractures after the nonunion surgeries
have been identified, and only 16% of patients have elected
to have their plates removed because of implant promi-
nence or irritation. This rate is similar to larger studies
investigating this phenomenon in both adults and adolescents.®

b

Figure 2
mally displaced clavicle fracture sustained while performing karate.
(B) At 7 months after injury, the patient was diagnosed with a non-
union. (C) Final radiograph taken 18 months after nonunion repair
with local bone graft demonstrating a healed clavicle.

(A) A 12-year-old girl with a 33° angulated and mini-

Whereas one patient was reported to have minimal asym-
metry in forward flexion of the shoulder, no major loss of
motion has been reported, with 50% of patients having been
prescribed formal physical therapy in the postoperative period.

Whereas there is a current national trend toward increas-
ing surgical stabilization of acute, displaced clavicle fractures
to optimize fracture healing, to expedite fracture healing, and
to improve functional outcomes, even in the adolescent pop-
ulation, data from this study may support a more conservative
approach in this younger population.'” At 9 high-volume pe-
diatric hospitals during a 10-year period, only 25 clavicle
nonunions were identified, which equates to a nonunion rate
of <1 per institution every 3 years. This low rate confirms
that clavicle nonunions are exceedingly rare in the adoles-
cent population. Interestingly, there was not a single case of
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nonunion in the nonadolescent pediatric population, or pa-
tients younger than 10 years. Thus, although the rate of
adolescent nonunion for this fracture may be extremely low,
it is essentially negligible in school-age children. Moreover,
because 100% of the nonunions were successfully managed
with operative fixation with bone grafting, this series and others
suggest that a good solution exists for this rare complica-
tion, potentially negating the need for surgical intervention
in the acute fracture setting.” Thus, the rare symptomatic mal-
union or nonunion is likely to be managed safely without
significantly compromising ultimate patient outcomes.

There are several limitations of this study, including its ret-
rospective nature and its lack of patient-reported outcomes.
Performing a prospective study to investigate this clinical entity
is fairly unrealistic, however, given the rare nature of this
problem. Currently, the FACTS study group is conducting an
ongoing multicenter prospective study evaluating adolescent
clavicle fractures with >550 patients enrolled. To date, no cases
of clavicle nonunion have been identified, illustrating the un-
common nature of this problem. This finding represented the
impetus for the current retrospective study, which suggests good
clinical outcomes, high union rates, few complications, good
range of motion, and high rates of return to sports after sur-
gical treatment of the nonunions. Finally, comprehensive acute
clavicle fracture data are not available at all of the institu-
tions that contributed patients to the series, and many of the
nonunions identified in this study were referred to tertiary re-
ferral centers, making it impossible to calculate an accurate
incidence of pediatric midshaft clavicle nonunions. However,
the incidence appears to be <1% and rare.

Conclusions

This study represents a relatively large series of adoles-
cent clavicle nonunions, with no nonunions being identified
in children younger than 10 years. Our data confirm that
pediatric midshaft clavicle nonunions are exceedingly rare
but tend to occur in older adolescent male patients with
fracture patterns that are most commonly either com-
pletely displaced or significantly angulated. Patients with
prior clavicle fractures may be at increased risk of a non-
union. If a clavicle nonunion does occur in this age group,
surgical repair and bone grafting provide high union rates
with few complications.
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