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Abstract: The purpose of the current review is to describe the management of displaced midshaft clavicle fractures in pediatric and
adolescent patients. Midshaft clavicle fractures are relatively common in pediatric and adolescent patients. They most commonly occur
from direct trauma and are often related to sports participation in adolescents. Recent literature in the management of adult midshaft
clavicle fractures has supported operative management due to improved functional outcomes, decreased time to union, leading to early
return to activity. A similar trend of increasing frequency in operative management has been seen in pediatric and adolescent patients
with no consensus in the literature on optimal management. Nonoperative treatment consists of with a brief period of sling
immobilization followed by range of motion. Operative management may be considered for open fractures, fractures with significant
neurovascular compromise and soft tissue complications. Studies have shown comparable mid- to long-term functional and patient-
reported outcomes after operative and nonoperative management of midshaft clavicle fractures in pediatric patients.
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Introduction

Clavicle fractures account for 8—15% of all skeletal injuries in the pediatric and adolescent population."™ The vast
majority of these fractures predominantly affect males and occur during sports as a result of direct impact to the
shoulder.' The majority of clavicle fractures occur at the middle third and have a tendency to be displaced and
shortened."*> Although midshaft clavicle fractures are very common in adolescents, management recommendations
tend to follow adult literature. However, there are several recent studies focusing on this population.

Historically, pediatric midshaft clavicle fractures have been managed nonoperatively. Prospective studies analyzing
nonoperative management in pediatric and adolescent patients have shown good radiographic and functional outcomes.®”’
However, recent randomized controlled trials in the management of adult midshaft clavicle fractures have supported operative
management for increasing indications due to improved functional outcomes, decreased time to union, leading to early return
to activity. Similar trends without the same level of supportive data have been seen in pediatric and adolescent patients, leading
to an increased interest in operative management of pediatric and adolescent clavicle fractures; though exact operative
indications are controversial.'®'? Thus, the purpose of the current review is to describe the management of displaced midshaft

clavicle fractures in pediatric and adolescent patients.

Anatomy, Epidemiology, and Classification

Anatomy

The clavicle is an S-shaped bone whose medial end is connected to the axial skeleton via the sternoclavicular joint and
the lateral end is connected to the scapula via the acromioclavicular joint. Ossification happens within the seventh week
of gestation and the thick periosteum in the developing clavicle may offer a protective advantage by preventing complete
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Figure | Deforming forces acting on the clavicle after midshaft fracture. The blue arrows on the radiograph demonstrate the dominant vectors of displacement for the two
fracture fragments. The SCM pulls the medial fragment cranially and posteriorally and the weight of the arm pulls the medial fragment inferior and anterior.

Notes: Left image is used with permission of Elsevier, from Skeletal Trauma of the Upper Extremity, |st Edition. Johnson P, McKee M. Midshaft Clavicle Fractures. In: Garrigues
GE, Richard M), Gage M), eds. 28-35, copyright 2022; permission conveyed through Copyright Clearance Center, Inc.%’

displacement.l’z”13 The muscles and ligaments that attach to the clavicle include the deltoid, trapezius, subclavius,
pectoralis major, and sternocleidomastoid (SCM) with the coracoclavicular (trapezoid and conoid), costoclavicular, and
sternoclavicular ligaments (Figure 1).'*'> The SCM acts as a deforming force pulling the medial fragment cranially and
while the lateral fragment is pulled inferiorly and rotated anteriorly by the weight of the shoulder (Figure 1).'*'> The area
between the outer and middle third of the clavicle is the thinnest part of the bone and is the only area with no muscle or
ligamentous attachments.”'* These features make the clavicle prone to fracture.

Clavicle fractures account for between 5—15% of all pediatric and adolescent fractures, with up to 90% occurring
midshaft.>'*'® The population incidence of clavicle fractures is highest in the second decade of life and has been
increasing over recent years.”>*' A multi-institution group was formed in 2013 to investigate adolescent clavicle fracture
treatments (Function after Adolescent Clavicle Trauma and Surgery [FACTS]) drawing patients from 8 geographically
diverse, tertiary pediatric hospitals of different sizes and payer mixes to form their cohort." This cohort found that 79%
occurred in males, 88% in athletes, and 56% on the non-dominant side.' The most common mechanism of injury is
trauma, usually via direct blow to the shoulder or upper arm, with most injuries occurring during sports participation
(most commonly football), followed by horseplay, biking, falling, or motor vehicle collisions.'>

Less common etiologies include birth trauma (2.7 to 5.7 per 1000 live births), especially in the setting of macrosomia,
vacuum assisted delivery, as well as infectious, metabolic, or pathologic conditions for which limited data are available
among pediatric patients.”>** Neonatal clavicle fractures from birth are particularly concerning as, although they are rare,
they present with higher prevalence of brachial plexus injury. Ergiin et al reviewed 55 perinatal clavicle fractures
diagnosed over 6 years at their institution and found that 23 (41.8%) had a brachial plexus injury. The study also found
a statistically significant correlation between spiral and oblique clavicle fracture morphology and development of
brachial plexus injury.?

Classifications

Clavicle fractures are commonly reported using several classification systems, including anatomic location, the Neer
classification, the Allman classification, and the AO/OTA classification. Anatomically, the clavicle can be divided into
the proximal, middle, and distal thirds. Correspondingly, Allman classified fractures into group I (middle third), group II
(distal third), and group III (proximal third).*®
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Table | Classifications of Clavicle Fractures

Classifications of Clavicle Fractures
Allman Proximal/Medial Clavicle Middle Clavicle Distal/Lateral Clavicle
Group lll Group | Group Il
AO I5.1A - Extra-articular I5.2A Simple I5.1A - Extra-articular
15.1B - Partial articular 15.2B Wedge 15.1B - Partial articular
I5.1C - Complete articular 15.2C Comminuted I5.1C - Complete articular

Similarly, as seen in Table 1, the AO/OTA classifies according to segment as well as articular involvement for medial
fractures, pattern for diaphyseal fractures, and displacement and coracoclavicular ligament disruption for lateral
fractures.?” In the AO classification, “15” refers to the clavicle and the number following the decimal is either a 1, 2,
or 3, referring, respectively, to the proximal, middle, and distal clavicle. 15.1 fractures (proximal clavicle) and 15.3
fractures (distal clavicle) are further subdivided into A, B, or C, referring to extra-articular, partial articular, or complete
articular fractures, respectively. 15.2 fractures (middle clavicle) are further subdivided into A, B, or C referring to simple
fractures (spiral, oblique or transverse patterns), wedge fractures, or comminuted fractures, respectively.

Diagnosis

Clinical Evaluation

During initial evaluation, a thorough history and physical examination exam should be performed. In the setting of
trauma, abrasions or ecchymosis may be seen on the shoulder with a direct blow or midline seen in seat belt shoulder
strap injuries. Palpation will reveal tenderness, and crepitus may be felt with gentle manipulation. Displaced fractures
that pierce through the trapezial fascia can result in skin that is blanched and no longer mobile over the fracture fragment.
These characteristic findings are commonly referred to as “tenting” of the skin (Figure 2) and signify threatened skin at
subsequent risk of progressing to open skin.

Due to the proximity of the brachial plexus and subclavian vessels, it is important to perform a complete neurovas-
cular exam. Skin discoloration or decreased distal pulses may be present with a subclavian vessel injury. Focal neurologic
deficits distally along the arm may represent a brachial plexus injury, with the ulnar nerve being at highest risk given
its location adjacent to the middle third of the clavicle.> A complete lung examination with appropriate chest radiographs,
pulse oximetry, and auscultation should be performed, particularly in the setting of subjective dyspnea, as there may be
an injury to the lung apex resulting in a hemothorax or pneumothorax. Injuries associated with the ipsilateral upper
extremity must also be evaluated, such as associated rib or scapula fractures. An associated ipsilateral proximal humerus

Figure 2 Depiction of skin tenting seen in a displaced clavicle fracture.
Notes: Reproduced from Antabak A, Matkovi¢ N, Stani¢ L et al. Results of Clavicle Fracture Treatment in Children. Acta Clin Croat. 2015;54(3):6. Open Access.®®
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fracture is indicative of a floating shoulder, a relative indication of fixation. Patients with poly-trauma may also benefit
from fixation to facilitate earlier mobilization and upper extremity (UE) weight-bearing.

Radiographic Evaluation
Shortening is important in determining management; however, there is considerable variability in the techniques used to
measure shortening. Shortening may be measured on a standardized 15° tilted radiograph of the clavicle, a 15° uptilted
AP panorama radiograph of the shoulder girdle, a standardized PA thorax radiograph,”® an abduction lordosis view,” or
clinically with a simple tape measure.'>>° In a comparison analysis, Smekal et al found that PA thorax radiographs with
the patient standing erect had the highest agreement with CT measurement.>’ Additionally, the measurement of short-
ening in the literature can vary with some using an end-to-end technique described as measuring the distance between the
most lateral tip of the major medial fragment and the most medial tip of the major lateral fragment.*> More readily used
is a cortex-to-corresponding-cortex measurement described as “true” shortening, which is the distance from the fracture
tip of the major medial fragment to the corresponding defect, or lucency, on the major lateral fragment, or vice versa.'
The role of advanced imaging in adolescent clavicle fractures is unclear. CT allows for three-dimensional reconstruc-
tion of the clavicle, which is important in determining the true total length of the clavicle, the fracture pattern and also in
assessing comminuted fractures.*' Pandya et al advocated for routine use of CT to evaluate total length, shortening, and
comminution fractures requiring surgical fixation.'”> Drawbacks of the use of routine CT include cost and radiation
exposure, with the latter being of particular concern in the pediatric and adolescent population given their greater
radiosensitivity.>> There is currently no consensus on which clavicle fractures require advanced imaging, though in the
setting of complex fracture patterns they may be useful for surgical planning.

Management

Nonoperative Treatment

Historically, pediatric clavicle fractures have been universally treated nonoperatively. This approach was championed by
classic studies, such as that by Neer at al., which found a 0.1% non-union rate in over 2000 middle-third adult clavicle
fractures, and by Wilkes et al, who in 1987 similarly documented adequate remodeling up to 90° and 4 cm overlap in 35
children with displaced midshaft clavicle fractures.**>° As seen in Table 2, indications for nonoperative treatment
include all acute non-displaced fractures.

Common options for nonoperative treatment include observation without immobilization, sling or shoulder immobi-
lization, or figure-of-eight brace immobilization.'>*> The duration of immobilization is generally 2 to 4 weeks, followed
by progressive range of motion. Questions remain regarding optimal immobilization. In a Cochrane review analyzing
different methods for nonoperative treatment for acute middle-third clavicle fractures, Lenza et al assessed two trials
comparing figure-of-eight brace with arm sling.>’ The only statistically significant difference in clinical outcomes was
that the patients treated with figure-of-eight bracing had significantly higher pain scores at 15-day follow-up in one
trial.>” Additionally, they found that in one study 9 of 34 patients (26%) were dissatisfied with the figure-of-eight brace
compared with only 2 of 27 patients (7%) with arm slings. The authors postulated that the difference was associated with
discomfort caused by the figure-of-eight brace, including agility impairments, difficulty with personal care, arm edema,
sleep disturbance, and paresthesias.'>>” Other considerations commented on in the literature are that a sling is more
visible, thus alerting others to the child’s injury, and more readily available in primary and urgent care settings; however,

Table 2 Indications for Non-Operative and Operative Management

Indications for Non-Operative Management | Indications for Operative Management

Non-displaced fractures Open fractures

Skin tenting/compromise

Major arterial or venous injury

376 hetps: Orthopedic Research and Reviews 2022:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Markes et al

it does not allow use of the hand, wrist, or elbow, potentially leading to stiffness.’® This is compared to the figure-of-eight
brace, which will allow free use of both hands and can be hidden under normal clothing; however, it also crosses over at
the fracture site, causing discomfort, and is considerably more expensive than a sling.>> Currently, there is insufficient
evidence to definitively favor one versus the other; however, given many of the above discussed benefits, we prefer the
use of a sling when nonsurgical management is indicated.

After a period of immobilization and progressive range of motion, return to sport is usually between 8—12 weeks,
depending on activity level. A review of 36 nonoperatively managed adolescents with clavicle fractures demonstrated
a return to sport in 61 + 38 days, with fracture displacement, greater comminution, and angulation all being risk factors
for a slower return to sport.®

Indications for Operative Treatment

Absolute indications for operative treatment of pediatric and adolescent clavicle fractures are listed in Table 2, including
open fractures, skin tenting/compromise, and major arterial or venous injury. Refracture and nonunions are also common
indications for fixation. However, with the expansion of surgical indications for operative treatment of clavicle fractures
in adults has come a discussion of likewise expanding indications in adolescents. One of the landmark studies in adults
that has been used to advocate for these expanding indications is the multicenter study performed by the Canadian
Orthopedic Trauma Society, prospectively comparing nonsurgical management with plate fixation for displaced midshaft
clavicle fractures. They found that surgically managed fractures had improved Disability of the Arm, Shoulder, and Hand
(DASH) scores, faster time to radiographic union (16.4 weeks versus 28.4 weeks), decreased rate of nonunion and
malunion and improved patient satisfaction.>® Of note, this study included patients aged 16 and older and therefore it is
not applicable to all adolescents.

Understanding the basis for the expansion of indications in adults is critical to the discussion of how these may be
relevant in our pediatric population. Pandya et al, in a review of adolescent clavicle fractures, argues that we should
consider whether indications used for adult fractures, such as presence of >15mm of shortening, 100% displacement and/
or significant comminution, should be used for the subset of pediatric patients participating in higher-demand activities
for which adult-type demands are placed on the shoulder girdle, resulting in fracture patterns resembling high-energy
adult trauma. Despite this, exact indications for operative treatment besides those listed in Table 2 are controversial.

Operative Techniques

Open reduction and internal fixation can be performed using plates and screws or elastic stable intramedullary nailing
(ESIN) in supine or beach chair position, on a radiolucent table, with the head and neck tilted away from the operative
side. A bump should be placed behind the scapula to bring the shoulder girdle forward, aiding in reduction. The arm is
prepped in the field to allow for manipulation and traction. Traditionally, an incision is made directly over the clavicle
following Langer’s lines. However, some advocate for a more anteroinferior skin incision with subsequent mobilization
of the skin and clavipectoral fascia superiorly to allow for visualization of the clavicle. Once the plate is applied, the skin
is released and the incision will not be directly over the plate, theoretically limiting wound complications.*°

A 3.5 mm dynamic compression plate or plate of similar strength should be used with at least six cortices on each
side.” Semi-tubular plates are not adequately rigid and should not be used for definitive fixation.*'** Both reconstruction
plates and pre-contoured plates have been successfully utilized, with the pre-contoured offering the advantage of ease of
placement without significant manipulation of the plate.” Locked plates offer no significant advantage to conventional
plating for pediatric midshaft clavicle fractures and cost considerably more, so are generally avoided.

Placement of the plate is another factor one must consider. Definitive plate fixation can be achieved with position of
the plate either anteriorly or superiorly on the clavicle. Early mechanical analysis demonstrated that superior plate
placement exhibited significantly greater biomechanical stability in axial and torsional stiffness than those plated at the
anterior aspect.” Subsequent analysis by Favre demonstrated that superior plating is less likely to fail in axial
compression while anteroinferior plating was less likely to fail in cantilever bending.** Nourian demonstrated via meta-
analysis that there was no significant difference between anteroinferior plating and superior plating with regard to DASH
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scores, union rates, or implant failures. Patients who received superior plating had a higher probability of symptomatic
hardware and higher rates of implant removal.*’

Dual plating of both the anteroinferior and superior surfaces can also be performed. Cadaveric studies in adult
clavicles have demonstrated dual plate constructs with a superior 2.4-mm and anterior 2.7-mm plate to be stiffer with
axial loading than single plate constructs. However, dual plate constructs had similar torsional and bending stiffness
to anterior single plate constructs.*® Though we can extrapolate some data from adult populations, none of these
studies were specifically performed in the adolescent or pediatric population and differences between plating position
in this population remain an open question. Despite increased biomechanical stability, there are no studies in
a pediatric population to suggest that dual plate constructs improve clinical outcomes. It is the author’s opinion
that, for the majority of clavicle fractures, single plate constructs, either anteroinferior or superior, will be sufficient.

Use of ESIN for internal fixation of midshaft clavicle fractures has also been described. Patient positioning can be
supine or beach chair. The fracture can be closed or open. A small incision is made over the medial clavicle and start
site is achieved fluoroscopically to be in line with the intramedullary canal. After reaming, the nail is advanced across
the fracture site and fixed to both segments. Similarly, threaded K-wire fixation without reaming can be used for
operative fixation, although there is limited information in the pediatric and adolescent literature on this technique.
Prinz et al reported on the use of K-wire (n=2) and ESIN (n=8) fixation for pediatric clavicle fractures and found that all
achieved good functional and cosmetic results.*’” Fuglesang randomized 123 adult patients to either plate fixation or
ESIN and found that plate fixation resulted in a faster functional recovery in the first six months, with no differences at
one year.*® However, the recovery after ESIN was noted to be slower in those with increasing fracture comminution.*®
Smekal et al similarly found that for midshaft clavicle fractures with comminution they were unable to restore
clavicular length, resulting in nonunion and telescoping of the implant.*’ In addition, intramedullary nailing of
clavicular midshaft fractures is technically demanding, with risk of high fluoroscopy and surgical times, cortical
perforations, nail breakage, and hardware irritation.'>® For these reasons, we do not generally recommend nailing
for pediatric clavicle fractures.

Postoperatively, for both plate fixation and ESIN, unrestricted shoulder motion is allowed in a progressive fashion.
For ESIN, when rotational stability is a concern, some advocate for restrictions in forward elevation to 90° and abduction
to 90° for the first 4 weeks.? Return to full sports participation generally occurs between 8—12 weeks.

Outcomes from Nonoperative and Operative Treatment

Nonunion and Malunion

In the pediatric and adolescent population, clavicular nonunions are very rare complications. A systematic review in 2018
found only 20 cases of reported clavicle fracture nonunions in patients between the ages of 4-17 across 13 articles.’ "'No
denominator of total cases were given so we were unable to determine true incidence of clavicular nonunion.
Management of plate and screw surgical fixation for 16 of 20 cases achieved good functional outcomes . Similarly,
a separate retrospective analysis conducted over an 11-year period across 9 institutions only found 25 nonunion cases.>>
In their review, no patients were younger than 10 years old, although demographic factors, such as age and gender, and
radiographic factors, such as fracture displacement, AO classification, shortening, and comminution, were not found to
be associated with clavicle nonunions. One-hundred percent of nonunion cases underwent surgical management (92%
plate fixation and 8% intramedullary compression screw), with 24/25 patients showing healing of nonunion clavicles at
an average of 12.4+5.6 weeks.>* Overall, nonunion rates are very low and exceedingly infrequent in those younger than
10, though management can be successful with surgical fixation.

Regarding malunion, Heyworth et al found the frequency of clavicular malunion to be 3.8% after surgical treatment and
4.6% after nonoperative treatment.”> While management of malunion in adults is more frequently operative, the mainstay of
treatment for clavicular malunion in the pediatric and adolescent population is nonoperative. Bae et al looked at 16 children
and adolescents with clavicular malunion following nonoperative treatment of clavicle fracture with displacement of >2cm.
At a mean 27.2 months after injury, all displaced fractures achieved union with continued nonoperative treatment with no
clinically meaningful loss of shoulder motion or abduction/adduction strength.®
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Hardware Prominence and Refracture
A common complication in the adult literature, hardware prominence is likewise an issue for adolescents undergoing
surgical fixation. Li et al looked at 36 patients, age 10—18, with displaced midshaft clavicle fractures who underwent
surgical fixation and found an overall complication rate of 86% (32/37), of which 59% (22/37) was from implant
prominence or irritation. Of 37 patients, 15 (40%) underwent a second surgery for implant removal secondary to pain
and prominence.>* Namdari et al reported an implant removal rate of 28.6% in their analysis of 14 adolescent patients with
displaced midshaft clavicle fractures.® Some surgeons even advocate for routine elective removal of hardware, as seen in
Mehlman et al, in which all 24 of their adolescent patients who underwent plate fixation had their hardware removed.>®
Though a rare phenomenon, refracture can also occur after operative treatment. Li et al, in 2018, described above,
also reported that 1 patient sustained a refracture 3 weeks after plate removal while snowboarding.>* Swarup et al in 2021
also noted that 2 out of 43 (5%) operatively treated midshaft clavicle fractures in adolescents sustained refracture.

Functional Outcomes

Nonoperative treatment, which has historically been the mainstay of treatment for these fractures, continues to
demonstrate good functional outcomes. Recently, Schulz et al performed maximal and endurance strength and range
of motion testing in 16 patients, 10 to 18 years old, with isolated, completely displaced, shortened, midshaft clavicle
fractures treated nonoperatively. Compared with the uninjured limb and measured 2 years from injury, no differences
were noted in range of motion or strength, except for an 8% decrease in maximal shoulder external rotation strength
(p=0.04) and an 11% loss of shoulder abduction endurance strength (p=0.04). Additionally, SANE (Single Assessment
Numeric Evaluation), QuickDASH (shortened version of the Disabilities of the Arm, Shoulder and Hand questionnaire),
and Constant scores were similar between sides. Interestingly, they also noted a 100% union rate but with significant
shortening compared to the uninjured clavicle, which, as demonstrated, did not affect patients’ functional outcome.’
Parry et al, in a smaller study, similarly evaluated 8 operatively treated and 8 nonoperatively treated displaced clavicle
fractures with >15-mm shortening and a minimum of 9-month follow-up and found no difference in range of motion,
strength, or endurance between groups. However, operatively treated patients had a 3% decreased abduction endurance
rate compared with the uninjured side.’” Of note, this difference is likely clinically insignificant.

Patient Outcomes

Studies directly comparing functional outcomes of adolescents treated nonoperatively and operatively show overall good
functional recovery regardless of treatment. Swarup et al, in their prospective analysis, looked at 43 operatively treated
and 36 nonoperatively treated displaced midshaft clavicle fractures with a median 3.8-year follow-up. They found no
difference in QuickDash, University of California Los Angeles (UCLA) Activity Scale, or Patient-Reported Outcomes
Measurement Information System (PROMIS) scores between groups, even for patients at or near skeletal maturity and
those with shortening of >15 mm or >100% translation.’® This is similar to 2-year results from the FACTS study, which
showed that, while greater percentages of operative than nonoperative patients reported suboptimal satisfaction scores
(ASES: 15% vs. 5%, QuickDASH 11% vs 5%, satisfaction 11% vs 5%), these differences did not reach significance.”

Summary

A common injury seen from direct trauma or sports participation, pediatric and adolescent midshaft clavicle fractures can
generally be treated nonoperatively with a brief period of sling immobilization followed by range of motion. Operative
treatment is more heavily considered in the setting of open injury, neurovascular compromise, and soft tissue complica-
tions. Outcomes after nonoperative treatment of midshaft clavicle fractures are comparable to operative treatment at both
mid- and long-term follow-up in pediatric and adolescent patients.
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