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An Evidence-Based Approach to Managing
Adolescent (Ages 10 to 19 Years) Diaphyseal
Clavicle Fractures

ABSTRACT

Diaphyseal clavicle fractures occur most frequently in adolescents

(defined as ages 10 to 19 years by the World Health Organization).

Multiple prospective comparative studies exist in the adult literature,

whereas studies focusing on adolescents are limited.Given the notable

differences in healing potential between pediatric, adolescent, and

adult diaphyseal clavicle fractures, treatment algorithms tailored

specifically to children, adolescents, andadults are required. In thepast

two decades, there has been a dramatic rise in surgical fixation of

adolescent diaphyseal clavicle fractures, largely influenced by adult

literature. The remodeling potential of the clavicle throughout

adolescence and into early adulthood exceeds that of the adult

population. Furthermore, prospective outcomes studies of displaced

diaphyseal clavicle fractures have demonstrated that, when compared

with surgical management, nonsurgical management portends

equivalent functional outcomes but a nearly four times greater rate of

complications. Even those injuries with comminution and notable

shortening, nonsurgical treatment yields good functional outcomes,

high rates of return to sport, and low incidence of complications, such

as nonunion, symptomatic malunion, and refracture. In rare cases of

unsatisfactory nonsurgical treatment, secondary surgical fixation most

often results in union and good functional outcomes.

D iaphyseal clavicle fractures are a common injury occurring at an
incidence of 29.14 per 100,000 per year.1 The age group of 13 to 20
years has at least twice the incidence of any other age group, likely

reflective of the involvement of this population in sports and other high-risk
activities.1 In the adolescent population (defined as ages 10 to 19 years by the
World Health Organization), these injuries most commonly occur in male
patients (79%) and at a mean age of 14 years.2 Mechanism of injury most
commonly involves a contact injury or a direct blow (60%) during sport
participation (66%).2 Football, rugby, and soccer account for most sports
participation during which these injuries occur.2 Nearly half of all adolescent
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diaphyseal clavicle fractures are completely displaced
with 18% comminuted and a mean shortening of
21 mm.2

Appreciating the differences in managing diaphyseal
clavicle fractures in adult and adolescent populations is
tantamount to providing appropriate, evidence-based
care. Adult-focused research led to a paradigm shift in the
management of these injuries, with increasing rates of
surgical treatment in both adults and adolescents.
However, more recent literature has demonstrated that
unique considerations are needed when managing
diaphyseal clavicle fractures in an adolescent population.
This review will present an evidence-based approach to
help guide treatment decision making in these injuries,
highlighting the role of nonsurgical management.

Unique Considerations in the Skeletally
Immature Clavicle
Although the first bone to ossify, the clavicle is also the
last bone within the human body to undergo physeal
fusion or physeal closure. The clavicle contains two pri-
mary ossification centers, medially and laterally, each
with distinct patterns of ossification. A CT-based study
of the medial ossification center showed that the epi-
physeal ossification center appears from ages 11 to 21
years and, remarkably, on average does not complete
fusion until 26 years.3 Similarly, the lateral clavicular
ossification center remains open well into the third
decade of life.4 A cadaveric study demonstrated that the
lateral clavicular ossification center transitions from
‘unfused’ to ‘fusing’ at age approximately 17 years and
‘fusing’ to ‘fused’ between age 20 and 21 years, with
most specimens demonstrating a closed physis at 24
years and older.4

The greatest magnitude of clavicular growth occurs
between ages 0 and 12 years at an average of 8.4 mm/yr.5

An important consideration in this growth pattern is the
influence of sex on growth rates. A longitudinal case
highlighted the pattern of growth and unique sex-specific
characteristics throughout adolescence and into young
adulthood.6 Growth rates were found to be 4.9 mm/year
and 4.7 mm/year from age 12 to 15 years, 3.2 mm/year
and 1.7 mm/year from ages 16 to 19 years, and
1.7mm/year and 0.2mm/year from ages 20 to 25 years in
male and female patients, respectively (Figure 1).6

Notably, in this study, the authors were unable to detect
the age of terminal growth in either sex because growth
was ongoing in most patients in the oldest group.6 As
growth persists, so does the robust periosteum of the

clavicle. The role of the periosteum in fostering an
environment for fracture healing, particularly in pediatric
fractures, has been well-described.7

The continued growth capacity of the clavicle and
robust periosteum present into young adulthood enables
diaphyseal clavicle fractures to settle and remodel—even
those with complete displacement, shortening, and
angulation. A multicenter, prospective study including
100 nonsurgically managed clavicle fractures in an
adolescent population with a mean end-to-end short-
ening, cortex-to-cortex shortening, superior displace-
ment, and angulation at the time of injury of 24, 15,
15 mm, and 7�, respectively, demonstrated that fracture
alignment improved across all four measurements dur-
ing early healing (Figures 2–4).8 Longer-term studies
have shown that fracture displacement does not predict
nonunion or inferior functional outcome, further re-
flecting the remodeling potential of these injuries.9 Most
recently, the FACTS (Function after Adolescent Clavicle
Trauma and Surgery) study group demonstrated that
85% of patients were younger than 14 years and 54% of
patients were 14 years or older at the time of injury, with
a minimum follow-up of 4 years for complete/near-
complete remodeling (Figure 5).10 This contrasts with
adult populations in which completely displaced
diaphyseal clavicle fractures demonstrate little propen-
sity for remodeling and carry high nonunion rates with
nonsurgical management.11

Evaluation and Imaging
A thorough history and physical should be obtained to
rule out neurovascular injury and open injury. Plain
radiographs should be obtained, includingAPandZanca
(15� cephalic tilt) views. The Zanca view eliminates the
overlapping scapula. A chest radiograph may be con-
sidered to compare sides and help determine the extent
of shortening. The American Academy of Orthopaedic
Surgeons (AAOS) Clinical Practice Guideline (CPG)
(2022) for clavicle fractures makes a ‘limited recom-
mendation’ for the use of upright radiographs to dem-
onstrate the extent of displacement.12 A shoulder series
should be obtained to rule out any associated injury.

Trends in Management
The approach to managing adolescent diaphyseal clavi-
cle fractures has shifted dramatically in recent decades,
with a trend toward surgical treatment. Before the turn of
the century, the rate of surgical fixation of clavicle
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fractures in children was approximately 1.6%.13

Although in a recent prospective, multicenter study
conducted in collaboration with the FACTS study
group, 32% of displaced clavicles underwent fixation
and 17% of all fractures regardless of displacement
underwent surgical treatment,2 these trends largely
reflect the evolving shift in the management of adult
clavicle fractures, which have been driven by random-
ized controlled trials primarily focused on adults.14,15

There are no published randomized controlled trials
comparing surgical versus nonsurgical treatment in
adolescents. Trends of increased surgical treatment do
not reflect the known remarkable remodeling potential
of the clavicle and are not aligned with the most recent
prospective work on pediatric and adolescent clavicle
fractures.

Treatment Options
There are surgical and nonsurgical options for treating
adolescent clavicle fractures. Based on a recent consensus
statement from the AAOS CPG (2022) for clavicle frac-
tures, nonsurgical treatment should consist of a sling
immobilization over a finger-of-eight brace because it is
easily applied, tolerated well, and accessible.12 Of note,
this recommendation was based on a single randomized
control trial in adults.16 The current AAOS CPG (2022)
for clavicle fractures includes a strong recommendation

for surgical fixation of displaced diaphyseal clavicle
fractures in adults.12 However, in adolescents, defined
as those 18 years or younger, the statement reads:
‘. . .surgical treatment may offer no benefit compared
with nonsurgical treatment. Surgical treatment is
associated with similar union rates and substantial
revision surgery rates for implant removal.’12 Surgical
fixation options include plate or intramedullary fixa-
tion, although plate fixation remains the predominant
choice of fixation within the adolescent population
(Figure 6). Union is achieved in 99.6% of cases,
regardless of treatment modality.17

Surgical Treatment
Surgical treatment remains a viable treatment option
regarding functional outcomes and patient satisfaction.
A retrospective review of 24 clavicles treated with plate
fixation demonstrated a 100% rate of union and return
to sports.18 However, consideration must be given to the
complication profile of surgical fixation; implant
removal was performed electively in all patients.18

Complications rates with plate fixation range from 16%
to 89% and most commonly involve symptomatic im-
plants (4% to 59%), revision surgery for implant
removal (4% to 19%), anterior chest wall numbness
(16%, only evaluated in one study), wound healing
complications (0% to 5%), and refracture (0% to

Figure 1

Illustration showing clavicular growth into early adulthood.6
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6%).19-22 More severe surgical complications, including
iatrogenic damage to the lung (pneumothorax—rare
case reports) and bleeding issues from injury to the
subclavian vessels (0.8%), have also been described.17

Although these are exceedingly rare, they should not be
understated. Intramedullary fixation, although less
frequently used, remains an effective modality for sur-
gical fixation. In a retrospective case series of 17 patients
treated with intramedullary fixation, the authors
noted a 100% union rate at 12 weeks with American
Shoulder and Elbow Surgeons scores of 44.2 for pain
and 44.3 for function (of 50 points).23 One patient
reported difficulty in return to sport and one reported
sensory deficit at the incision.23 Similarly, a retrospec-
tive review of 25 fractures treated with elastic intra-
medullary fixation reported a return to sport rate of
100% with excellent Constant and Murley Shoulder
Scores of 99.5 of 100 points. The authors did note a
complication profile including one incident of implant

breakage, two incidents of implant deformation, and
two incidents of imminent skin perforation from the
implant, which can occur in the setting of implant
migration or improper positioning.24 The AAOS CPG
(2022) for clavicle fractures makes a ‘moderate rec-
ommendation’ for the use of both intramedullary nail
and plate constructs because of equivalent long-term
clinical outcomes with similar complication rates.12

Comminution remains the only indication for plating
over intramedullary nail fixation. Regardless of the
implant chosen, surgical treatment results in high rates
of union, return to sports, and high functional outcome
scores but carries an elevated complication rate.

Indications for Acute Surgical Intervention
Absolute indications for surgical treatment of diaphyseal
clavicle fractures include open fracture and acute

Figure 2

Radiographs showing early settling within the first 3 months of injury: shortening. A, The patient was 16.6 years during preinjury with a
clavicle length of 117 mm.B, The patient was 17.1 years at the time of injury with 18 mm of shortening.C, Image obtained 1 month after
injury. D, Image obtained 18.5 months after injury with return of the clavicle length to preinjury value and only 4 mm shorter than the
uninjured, contralateral clavicle.8
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neurovascular injury—the incidences of both approach
0% and are limited to rare case reports.2 Relative in-
dications and rationale for surgical fixation of isolated

clavicle fractures have previously included skin tenting
with concern for imminent open fracture, notable
shortening/displacement (which have historically been

Figure 3

Radiographs showing early settling within the first 3 months of injury: Superior displacement. The patient was 13.9 years at the time of
injury with a superior displacement of 21 mm. Bottom image was obtained 1.2 months after injury with 5 mm decrease in superior
displacement.8

Figure 4

Radiograph showing early settling within the first 3 months of injury: Angulation. The patient was 15 years at the time of injury with 24� of
angulation. Bottom image was obtained 2.6 months after injury with 6� decrease in angulation.8
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thought to predispose to symptomatic malunion, non-
union, and even refracture), more rapid return to
activities of daily living and sport, improved patient-
reported outcomes, and better cosmetic appearance.

Malunion
Symptomatic malunions after nonsurgical treatments occur
at a rate of 8.5% to 18.4% in adults and are associatedwith
lower functional scores.19,25 Historically, the rate of

Figure 5

Radiographic diagram showing remodeling capacity at 4-year follow-up. Representative cases demonstrating the remodeling capacity
of nonsurgically management adolescent diaphyseal clavicle fracture.10 In this review of 81 patients at a mean follow-up of 3 years,
fracture shortening, superior displacement, and angulation markedly improved by 60%, 57%, and 38%, respectively. All patients were
younger than 14 years and 83% of patients were 14 years and older at the time of injury with a minimum follow-up of 4 years for
complete/near-complete remodeling.10

Figure 6

Radiograph showing surgical fixation: Representative cases demonstrating the more frequently used plate fixation and the less popular
intramedullary fixation. Left images demonstrate a 14-year-old patient with follow-up at 6 weeks from surgery. Right images
demonstrate a 15-year-old patient with follow-up at 6 weeks from surgery.25

JAAOS® ---
-- February 15, 2024, Vol 32, No 4 ---
-- © American Academy of Orthopaedic Surgeons e161

R
eview

A
rticle

Brendon C. Mitchell, MD, et al

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.



symptomatic malunion in the adolescent population was
defined by retrospective case series and ranged from 2% to
20%.20,26 A more recent prospective cohort of 292 patients
with nonsurgically managed displaced and shortened
pediatric and adolescent clavicle fractures, found a
symptomatic malunion rate of 0.7%.17 By contrast, there
were no cases of symptomatic malunion in the 125 patients
treated with surgical fixation. Concerns for altered gleno-
humeral mechanics and function in the setting of malunion
have been evaluated through cadaveric work and functional
testing. A cadaver model evaluating the effect of shortening
deformity of the clavicle on scapular kinematics found that
posterior tilting and external rotation of the scapula
markedly decreased with $10% shortening.27 However,
clinical studies focusing on residual deformity in an ado-
lescent population suggest that malunion has minimal
functional effect, as measured by patient-reported out-
comes, physical examination, and formal motion analysis.
A review of 16 malunions in skeletally immature patients
with a mean follow-up of 27.2 months found no clinically
meaningful loss of shoulder motion or abduction/adduction
strength.28 This cohort reported excellent Disabilities of the
Arm, Shoulder, andHand (DASH) and Pediatric Outcomes
Data Collection Instrument scores with a mean visual
analog score (VAS of 2), without one of the 16 patients
undergoing corrective osteotomy.28 Similarly, final clavicle
shortening has no influence on pain, strength, shoulder
range of motion, strength, abduction fatigue, or subjective
outcome scores (Single Assessment Numeric Evaluation,
quickDASH, and constant), when compared with the
uninjured extremity.29,30 Functional outcomes are excellent
in patients with malunion, and formal motion analysis has
demonstrated no loss of strength or endurance with mal-
union in this population. Furthermore, for the 0.7% of
patients who do develop a symptomatic nonunion after
nonsurgical management, secondary surgical fixation re-
sults in equivalent union rates, time to return to sport, and
functional outcomes because those are treated primarily
with surgical fixation.

Nonunion
The adult nonunion rate for displaced diaphyseal clavicle
fractures is 16.5% when treated nonsurgically and 1.9%
with plate fixation.25 While a retrospective review of nine
high-volume pediatric hospitals (545 primary clavicle
fractures) over a 10-year period revealed a 5% nonunion
rate, the FACTS study group more recently reported a
nonunion rate of 0.7% in a prospective cohort of 416
adolescents with completely displaced diaphyseal clavicle
fractures with a mean shortening of 20.7 mm treated
nonsurgically.2,17 In the adult population, the risk of non-

union is substantially influenced by smoking (OR, 3.76),
comminution (OR, 1.75), and fracture displacement (OR,
1.17); although the AAOSCPG (2022) on clavicle fractures
notes a ‘limited recommendation’ that ‘increasing dis-
placement and/or comminution in midshaft clavicle frac-
tures may be associated with higher rates of nonunion after
nonsurgical treatment in adults,’12,31 the only notable factor
associated with developing a nonunion was a history of an
ipsilateral clavicle fracture.21 Notably, age, angulation,
comminution, superior-inferior displacement, and short-
ening were all not associated with nonunion.21 In addition,
nonunions in a cohort of adolescent patients treated with
secondary surgical fixation had a postoperative course
comparable with that of patients treated with surgery at
initial presentation (equivalent time to return to sport, rates
of symptomatic implant, and union rates) (Figure 7).20

Refracture
Refracture is an important consideration in counseling
patients because it is a potential complication of both
nonsurgical and surgical fixation. In a review of 641
clavicle fractures, the refracture rates of 2.9% and 1.7%
were reported with nonsurgical management and surgical
fixation, respectively.32 Interestingly, a recent FACTS
prospective cohort of 416 patients demonstrated a 2.1%
rate of refracture with nonsurgical management and 4%
with surgical fixation.17

Skin Tenting
Skin tenting is a controversial indication for acute surgical
intervention; the historical belief was that skin tenting may
lead to skin erosion and a resultant open fracture.33 Skin
tenting is a subjective finding with great variability in cli-
nician definition.34 This is highlighted by an association
observed between lower body mass index and shortening
with a diagnosis of skin tenting in an adult population.34

Cases of true skin breakdown secondary to skin tenting are
incredibly rare after nonsurgicalmanagement and limited to
only a few reported cases in the literature.33 This warrants
discussion with families in making a shared decision on
treatment because scientific evidence is insufficient to sup-
port one treatment method over the other. Awareness,
vigilance, and close follow-up are recommended when
electing to treat a fracture with skin tenting nonsurgically.

Return to Activity and Sport-Specific Needs
Surgical treatment was initially believed to allow more
rapid return to sports, other specialized functions, and
activities of daily living, despite a paucity of data to confirm
this benefit. In one study, faster return to sport by a
few weeks was noted (12 weeks with surgical treatment
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versus16weekswithnonsurgical treatment).26 However, a
subsequent study found no evidence of quicker return to
activity with surgical fixation (approximately 12 weeks in
both cohorts).35 Further, a more recent study of adolescent
athletes found that those with clavicle fractures treated
nonoperatively returned to sports over 5.5 weeks sooner
than those treated operatively, and that time to return to
sports was related to fracture displacement, comminution,
and angulation.36 From an evidence-based perspective,
quicker return to sports should not be emphasized to
patients/families as a benefit of surgical management.
Overhead sport activity has also been used as a justifica-
tion for surgical management, but a review of 22 ado-
lescent athletes with nonsurgically managed clavicle
fractures, 11 of whom participated in$ 6months per year
of overhead or contact sports, noted equivalent outcomes
regardless of sport participation.37

Patient-Reported Outcomes
Despite the literaturedemonstrating that excellent patient-
reported outcomes can be achieved with nonsurgical
management, patient/family education is needed to help
reinforce this point during shared decision-making dis-
cussions.38,39 In a well-designed study comparing the
injured extremity with the uninjured extremity, the au-
thors noted no difference in pain, strength, shoulder
range of motion, or subjective outcome scores (Single
Assessment Numeric Evaluation, quickDASH, and con-
stant).29 In addition, a study comparing nonsurgically
managed and surgically managed fractures noted similar
patient-reported outcomes.40 Patients/families can be
reassured that patient-reported outcomes remain high
after nonsurgical management, even when compared
directly with the uninjured extremity and surgically
managed clavicles.

Figure 7

Radiographs showing nonunion: Representative case demonstrating nonunion after nonsurgical management and subsequent union
achieved after surgical fixation. The patient was 14.1 years at the time of injury. Middle image was obtained 20 months after injury.
Bottom image demonstrates open reduction and internal fixation with a plate 25 months from index injury and 3.4 months after surgical
fixation.21
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Cosmetic Appearance
Cosmetic appearance is another concern that can influ-
ence decision making by patients/families. Based on adult
literature, nonsurgical treatment was considered a risk for
poor cosmetic outcome.41 However, more recent data in
an adolescent cohort have shown surgical management
to be associated with poorer cosmetic perception.39

Cost Considerations
To date, cost analysis has not been performed in the
adolescent population. However, a cost analysis using
four randomized control trials consisting of an adult
population found that initial nonsurgical treatment of
midshaft clavicle fractures, followed by delayed surgery
as needed is less costly than initial surgical fixation—
$3,112.65 and $14,763.21, respectively.42 Nonsurgical
treatment was found to produce a cost savings of
$11,650.56 with nonsurgical treatment.42 The practic-
ing orthopaedic surgeon should consider these costs
when generating a treatment plan. Additional research
is needed to determine whether these differences are
consistent within an adolescent population.

Summary
Adolescent diaphyseal clavicle fractures have low rates
of nonunion, symptomatic malunion, and refracture,
as well as excellent functional and patient-reported
outcomes regardless of treatment modality. Surgical
fixation carries an additional burden of complications,
including symptomatic implant, secondary procedure
for implant removal, infection, neurovascular injury,
pneumothorax, and chest wall numbness. The main
role for surgical management remains in treating open
fractures and those with neurovascular compromise.
Nonsurgical management should be considered the
primary treatment of adolescent diaphyseal clavicle
fractures.

References
1. Robinson CM: Fractures of the clavicle in the adult. Epidemiology and

classification. J Bone Joint Surg Br 1998;80:476-484

2. Ellis HB, Li Y, Bae DS, et al.: Descriptive epidemiology of adolescent

clavicle fractures: Results from the FACTS (function after adolescent

clavicle Trauma and surgery) prospective, multicenter cohort study.

Orthop J Sports Med 2020;8:2325967120921344

3. Ufuk F, Agladioglu K, Karabulut N: CT evaluation of medial clavicular

epiphysis as a method of bone age determination in adolescents and

young adults. Diagn Interv Radiol 2016;22:241-246

4. Langley NR: The lateral clavicular epiphysis: Fusion timing and age

estimation. Int J Leg Med 2016;130:511-517

5. McGraw MA, Mehlman CT, Lindsell CJ, Kirby CL: Postnatal growth of

the clavicle: Birth to 18 years of age. J Pediatr Orthop 2009;29:937-943

6. Hughes JL, Newton PO, Bastrom T, Fabricant PD, Pennock AT: The

clavicle continues to grow during adolescence and early adulthood. HSS J

2020;16suppl 2:372-377

7. Jacobsen FS: Periosteum: Its relation to pediatric fractures. J Pediatr

Orthop B 1997;6:84-90.

8. Pennock AT, Heyworth BE, Bastrom T, et al.: Changes in superior

displacement, angulation, and shortening in the early phase of healing for

completely displaced midshaft clavicle fractures in adolescents: Results from a

prospective, multicenter study. J Shoulder Elbow Surg 2021;30:2729-2737

9. Ng N, Nicholson JA, Chen P, Yapp LZ, Gaston MS, Robinson CM:

Adolescent mid-shaft clavicular fracture displacement does not predict

nonunion or inferior functional outcome at long-term follow-up. Bone Joint

J 2021;103-B:951-957

10. Pennock AT, Bae DS, Boutelle K, et al.: Remodeling of adolescent

displaced clavicle fractures: A facts study. Orthopaedic J Sports Med

2022;10:2325967121S0049

11. Lazarides S, Zafiropoulos G: Conservative treatment of fractures at the

middle third of the clavicle: The relevance of shortening and clinical

outcome. J Shoulder Elbow Surg 2006;15:191-194

12. American academy of orthopaedic surgeons treatment of clavicle

fractures evidence-based clinical Practice guideline. Available at: www.

aaos/org/claviclecpg. Accessed December 2, 2022.

13. Kubiak R, Slongo T: Operative treatment of clavicle fractures in

children: A review of 21 years. J Pediatr Orthop 2002;22:736-739.

14. Carry PM, Koonce R, Pan Z, Polousky JD: A survey of physician

opinion: Adolescent midshaft clavicle fracture treatment preferences

among POSNA members. J Pediatr Orthop 2011;31:44-49

15. Suppan CA, Bae DS, Donohue KS, Miller PE, Kocher MS, Heyworth

BE: Trends in the volume of operative treatment of midshaft clavicle

fractures in children and adolescents: A retrospective, 12-year, single-
institution analysis. J Pediatr Orthop B 2016;25:305-309

16. Lenza M, Taniguchi LFP, Ferretti M: Figure-of-eight bandage versus

arm sling for treating middle-third clavicle fractures in adults: Study

protocol for a randomised controlled trial. Trials 2016;17:229

17. Heyworth BE, Pennock AT, Li Y, et al.: Two-year functional

outcomes of operative vs nonoperative treatment of completely

displaced midshaft clavicle fractures in adolescents: Results from the

prospective multicenter FACTS study group. Am J Sports Med 2022;

50:3045-3055

18. Mehlman CT, Yihua G, Bochang C, Zhigang W: Operative treatment of

completely displaced clavicle shaft fractures in children. J Pediatr Orthop

2009;29:851-855

19. McKee RC, Whelan DB, Schemitsch EH, McKee MD: Operative versus

nonoperative care of displaced midshaft clavicular fractures: A meta-

analysis of randomized clinical trials. J Bone Joint Surg Am 2012;94:

675-684

20. Carsen S, Bae DS, Kocher MS, Waters PM, Donohue K, Heyworth BE:

Outcomes of operatively treated non-unions and symptomatic mal-unions

of adolescent diaphyseal clavicle fractures. Orthopaedic J Sports Med

2015;3:2325967115S0007

21. Pennock AT, Edmonds EW, Bae DS, et al.: Adolescent clavicle

nonunions: Potential risk factors and surgical management. J Shoulder

Elbow Surg 2018;27:29-35

22. Li Y, Helvie P, Farley FA, Abbott MD, Caird MS: Complications after

plate fixation of displaced pediatric midshaft clavicle fractures. J Pediatr

Orthop 2018;38:350-353

e164 JAAOS® ---
-- February 15, 2024, Vol 32, No 4 ---
-- © American Academy of Orthopaedic Surgeons

Adolescent Diaphyseal Clavicle Fractures

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.

http://www.aaos/org/claviclecpg
http://www.aaos/org/claviclecpg


23. Frye BM, Rye S, McDonough EB, Bal GK: Operative treatment of

adolescent clavicle fractures with an intramedullary clavicle pin. J Pediatr

Orthop 2012;32:334-339

24. Rapp M, Prinz K, Kaiser MM: Elastic stable intramedullary nailing for
displaced pediatric clavicle midshaft fractures: A prospective study of the

results and patient satisfaction in 24 children and adolescents aged 10 to

15 years. J Pediatr Orthop 2013;33:608-613

25. Woltz S, Krijnen P, Schipper IB: Plate fixation versus nonoperative

treatment for displaced midshaft clavicular fractures: A meta-analysis of

randomized controlled trials. J Bone Joint Surg Am 2017;99:1051-1057

26. Vander Have KL, Perdue AM, Caird MS, Farley FA: Operative versus

nonoperative treatment of midshaft clavicle fractures in adolescents. J

Pediatr Orthop 2010;30:307-312

27. Matsumura N, Ikegami H, Nakamichi N, et al.: Effect of shortening

deformity of the clavicle on scapular kinematics: A cadaveric study. Am J

Sports Med 2010;38:1000-1006

28. Bae DS, Shah AS, Kalish LA, Kwon JY, Waters PM: Shoulder motion,

strength, and functional outcomes in children with established malunion of

the clavicle. J Pediatr Orthop 2013;33:544-550

29. Schulz J, Moor M, Roocroft J, Bastrom TP, Pennock AT: Functional

and radiographic outcomes of nonoperative treatment of displaced

adolescent clavicle fractures. J Bone Joint Surg Am 2013;95:1159-1165

30. Parry JA, Van Straaten M, Luo TD, et al: Is there a deficit after

nonoperative versus operative treatment of shortened midshaft clavicular

fractures in adolescents?. J Pediatr Orthop 2017;37:227-233

31. Murray IR, Foster CJ, Eros A, Robinson CM: Risk factors for nonunion

after nonoperative treatment of displaced midshaft fractures of the clavicle.

J Bone Joint Surg Am 2013;95:1153-1158

32. Heyworth BE, May C, Carsen S, et al.: Outcomes of operative and non-

operative treatment of adolescent mid-diaphyseal clavicle fractures.

Orthopaedic J Sports Med 2014;2:2325967114S0006

33. Chalmers PN, Van Thiel GS, Ferry ST: Is skin tenting secondary to

displaced clavicle fracture more than a theoretical risk? A report of 2

adolescent cases. Am J Orthop (Belle Mead Nj) 2015;44:E414-E416.

34. Zhang D, Earp BE, Dyer GSM: Skin tenting in displaced midshaft
clavicle fractures. Arch Bone Joint Surg 2021;9:418-422

35. Hagstrom LS, Ferrick M, Galpin R: Outcomes of operative versus

nonoperative treatment of displaced pediatric clavicle fractures.

Orthopedics 2015;38:e135-e138

36. Ahearn BM, Shanley E, Thigpen CA, Pill SG, Kissenberth MJ: Factors

influencing time to return to sport following clavicular fractures in

adolescent athletes. J Shoulder Elbow Surg 2021;30:S140-S144

37. Robinson L, Gargoum R, Auer R, Nyland J, Chan G: Sports

participation and radiographic findings of adolescents treated

nonoperatively for displaced clavicle fractures. Injury 2015;46:1372-1376

38. Randsborg PH, Fuglesang HF, Røtterud JH, Hammer OL,

Sivertsen EA: Long-term patient-reported outcome after fractures of

the clavicle in patients aged 10 to 18 years. J Pediatr Orthop 2014;34:

393-399

39. Riiser MO, Molund M: Long-term functional outcomes and

complications in operative versus nonoperative treatment for displaced

midshaft clavicle fractures in adolescents: A retrospective comparative

study. J Pediatr Orthop 2021;41:279-283

40. Herzog MM, Whitesell RC, Mac LM, et al.: Functional outcomes

following non-operative versus operative treatment of clavicle fractures in

adolescents. J Child Orthop 2017;11:310-317

41. Hill JM, McGuire MH, Crosby LA: Closed treatment of displaced

middle-third fractures of the clavicle gives poor results. J Bone Joint Surg

Br 1997;79:537-539

42. Walton B, Meijer K, Melancon K, Hartman M: A cost analysis of internal

fixation versus nonoperative treatment in adult midshaft clavicle fractures using

multiple randomized controlled trials. J Orthop Trauma 2015;29:173-180

JAAOS® ---
-- February 15, 2024, Vol 32, No 4 ---
-- © American Academy of Orthopaedic Surgeons e165

R
eview

A
rticle

Brendon C. Mitchell, MD, et al

Copyright © the American Academy of Orthopaedic Surgeons. Unauthorized reproduction of this article is prohibited.


