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Injuries to the acromioclavicular (AC) joint are among the most common

injuries to the shoulder girdle. Injuries to the sternoclavicular (SC) joint are far

less common. Nonetheless the sequelae of these injuries and their treatment is not

without the potential for significant, and in some cases, fatal complications. This

article will review both the common and uncommon complications of AC and SC

joint injuries.

Anatomy of the shoulder girdle complex

Clavicle

Among the first bones in the body to ossify, the clavicle begins to form

through intramembranous ossification in the fifth week of gestation at two

separate diaphyseal centers that fuse by day 45 of fetal life [1–3]. The clavicle

increases in diameter through intramembranous ossification, and in length by

endochondral ossification at the physes. The medial clavicular physis provides

approximately 80% of longitudinal growth and is the last long bone physis to

appear as it ossifies between age 18 and age 20. Ossification and fusion of the

lateral clavicular physis to the shaft occurs by approximately age 19, and that of

the medial physis occurs between age 22 and age 26 [4–6].
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The clavicle provides the only bony articulation between the thorax and upper

extremity. Derived from the Latin clavis (key), the s-shaped clavicle has an

anterior convexity medially and a posterior convexity laterally that provide a

bony roof over the contents of the thoracic outlet (subclavian vessels and brachial

plexus). The clavicle serves as the attachment site for the trapezius and deltoid

muscles laterally, and the pectoralis major, subclavius, and sternocleidomastoid

muscles medially. Clavicular range of motion occurs in multiple planes, with the

predominant motion occurring at the sternoclavicular joint which allows for

approximately 50� of rotation, 30� of elevation, and 35� of protraction and

retraction (translation) in the anteroposterior plane [7–9].

Scapula

The scapula first appears during the fifth week of gestation as a cartilaginous

anlagen at the level of the fifth and sixth cervical vertebrae. It continues to

enlarge and, during the seventh gestational week, descends to its position over the

lateral thorax [10]. Failure of this descent results in Sprengel’s deformity [11,12].

Intramembranous ossification of the scapula’s primary ossific nucleus is com-

pleted by birth. The coracoid has 2 to 3 ossification centers that first appear at

1 year of age, and a common epiphysis for the base of the coracoid and upper

glenoid that appears by age 10 [10]. A variable ossification center may be present

at the tip of the coracoid, which may resemble an avulsion fracture. The ossific

nuclei of the coracoid all fuse by age 15 to age 16. Acromial ossification centers

(2 to 5) appear at puberty and fuse by age 22, with failure of fusion resulting in an

‘‘os acromiale’’[11,13].

Acromioclavicular joint anatomy

The AC joint is a diarthrodial joint containing a perforated fibrocartilaginous

disk. Approximately 20� of rotation occurs at the AC joint [14]. Its articular

surfaces are covered by hyaline cartilage, and its disk is incomplete in over 90%

of the population [15]. Stabilization of the AC joint is provided by the

acromioclavicular and coracoclavicular (CC) ligaments, with the latter comprised

of the conoid and trapezoid ligaments. The coracoclavicular ligament complex is

the primary stabilizer of the AC joint, acting as a vertical stabilizer, whereas the

acromioclavicular ligaments act as the secondary stabilizer providing anteropos-

terior stability [16].

The AC ligaments surround the capsule on its four surfaces and insert on the

clavicle approximately 1.5 cm from the joint with the larger superior AC ligament

reinforced by the deltoid and trapezial fascia [15]. A sequential ligament-cutting

study by Fukuda et al used load displacement testing of the AC joint to

demonstrate that the AC ligaments act to resist 90% of anteroposterior translation

and joint distraction with a greater contribution to joint constraint at smaller

degrees of displacement. At large displacements, the more lateral trapezoid

ligament of the coracoclavicular ligament complex resists approximately 75%
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of AC joint compression, and, together with the more medial conoid ligament, the

coracoclavicular ligaments resist greater than 60% of superior clavicular motion

[15,17]. The coracoclavicular ligamentous attachments to the undersurface of the

distal clavicle are stronger than its periosteum, and, in children, this frequently

leads to superior displacement of the distal clavicle at the physis from periosteal

disruption rather than ligamentous detachment and displacement of the AC joint

[18]. In addition, fusion of the lateral clavicular physis at age 19 makes children

and adolescents far more likely to sustain this ‘‘pseudodislocation’’ than an AC

separation [6,15,19,20].

Sternoclavicular joint anatomy

The SC joint is an incongruous, diarthrodial saddle joint composed of the

medial clavicle, sternum, and first rib. It is the only true articulation between the

axial skeleton and the upper extremity by way of the clavicle [21]. The surfaces

of the SC joint are covered with fibrocartilage and are highly incongruent.

Osseous stability of the SC joint is among the lowest of the major joints in the

body because less than half of the medial clavicle articulates with the superior

angle of the sternum [21,22]. As a result, this incongruity requires stability from

its surrounding ligamentous supports. A fibrocartilaginous disk provides cush-

ioning and limited stability as it separates the joint into two compartments. This

disk is a ligamentous structure that originates from the synchondral junction of

the sternum and first rib, passes through the SC joint, and attaches to the

posterior and superior portions of the medial clavicle [21,23,24]. DePalma has

shown that approximately 6% of intra-articular disks are incomplete [14]. The

disk acts primarily as a checkrein against medial displacement of the proximal

clavicle and blends with the fibers of the capsular ligament anteriorly and

posteriorly [21]. Elevation and depression occur between the clavicle and SC

disk, whereas anteroposterior and rotatory motion occur between the disk and the

manubrium [25]. Fusion of the SC joint limits shoulder girdle abduction to ap-

proximately 90�.
The anterosuperior and posterior aspects of the capsular ligament provide

the primary support for the SC joint, with greater strength provided by the pos-

terior component. Bearn demonstrated that the capsular ligament is the most

important structure preventing superior displacement of the medial clavicle and

inferior descent of the distal clavicle [26,27]. The interclavicular ligaments

connect the superomedial aspects of the clavicles to the capsular ligament and

the manubrium.

The costoclavicular (rhomboid) ligament running from the first rib to the

medial clavicle consists of anterior and posterior fasciculae. The anterior

fasciculus fibers are directed laterally and cross the medially directed posterior

fasciculus fibers. Together, they provide stability during elevation and rotation of

the medial clavicle [26,28]. The constellation of ligaments that stabilize the SC

joint are pivotal for its 50� of clavicular rotation, 35� of elevation (pivot), and 35�
of antero-posterior glide (translation).
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Classification of acromioclavicular joint injury

The most common mechanism of injury to the AC joint is a direct force

produced by a fall on the point of the shoulder with the arm in adduction. The

acromion is driven medially and downward and an abrasion or laceration of the

overlying skin is not uncommon. Bearn [26] demonstrated that the SC ligaments

are the primary restraints to downward displacement of the distal clavicle. In

addition, contraction of the trapezius muscle provides a second mechanism by

which inferior clavicular displacement is resisted. The direct downward force

results in a sequence of events that may ultimately lead to failure of suspension of

the upper extremity by the clavicle, and downward displacement of the shoulder

girdle. Such an AC joint injury is commonly called a ‘‘shoulder separation.’’

AC joint injuries were initially classified into three different types [29,30];

however, Rockwood expanded the classification to include six different types

[31]. A type I injury consists exclusively of an AC ligament complex sprain

without ligamentous disruption. Type II injuries involve disruption of the AC

ligament complex and joint capsule, with up to 50% of relative vertical

subluxation of the distal clavicle. With type III injuries, both the AC and CC

ligaments are disrupted, resulting in a complete dislocation of the AC joint with

superior clavicular displacement. Type IV, V, and VI injuries include the

components of a type III but are subdivided based on position of the displaced

clavicle. In a type IV injury, the distal clavicle is displaced posteriorly, often into

the belly of the trapezius muscle (confirmed with an axillary radiograph). Type V

injuries are defined by extreme superior displacement of the clavicle (between

100% and 300% of the clavicular width) and complete disruption of the trapezius

and deltoid fascia from the distal clavicle. Finally, type VI injuries are charac-

terized by inferior displacement of the clavicle to a subcoracoid or subacromial

position [31,32].

Complications of treatment of acromioclavicular joint injuries

Complications of AC joint injuries may develop in patients treated with and

without surgical intervention. Consideration of potential complications is impor-

tant when contemplating management of AC injuries to provide optimal patient

counseling regarding potential outcomes. Discussion of complications of AC

joint injury treatment is best divided into nonoperative and operative. The former

is the mainstay of treatment for acute type I and type II AC injuries. Treatment of

type III AC injuries is dependent on both the injury severity and activity level of

the patient. Type IV, V, and VI injuries are typically treated by surgical means.

Complications of nonoperative management

Nonoperative management of AC injuries typically consists of shoulder

immobilization with a sling or a harness (eg, Kenny-Howard sling) that attempts
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to hold the lateral clavicle ‘‘reduced’’ with downward clavicular pressure and

upward support of the limb. The initial goal is limitation of motion to allow soft-

tissue healing followed by a rehabilitation program that emphasizes re-establish-

ment of shoulder motion. Restriction of heavy lifting and unprotected contact

sports is recommended for the first several weeks, with return to full unlimited

activity in approximately 3 to 6 weeks as comfort allows [33]. Full range of

shoulder motion and normal shoulder girdle and rotator cuff strength should be

achieved before return to full athletic participation.

Skin or wound complications

Skin or wound complications may develop in patients treated with or without

operative intervention. The abrasion or laceration of the skin frequently present

over, or adjacent to, the AC joint may limit compliance or success of harness

immobilization caused by downward pressure placed on the distal clavicle.

Allman [34] reported a 20% incidence of harness treatment failure resulting from

adjacent skin compromise. For this reason, use of Kenny-Howard type devices is

no longer recommended.

Post-traumatic arthritis

The literature regarding long-term outcomes of nonoperative treatment for AC

joint injuries is controversial. AC joint injuries may lead to residual instability,

degenerative changes, pain, and disability [32,35,36]. Symptomatic and radio-

graphic evidence of AC arthritis has been reported by Berkefeld [37] as a late

sequela of types I and II injuries. This finding is supported by Cook and Heiner

[38], who presented a review of AC joint injuries in which degenerative changes

were found in up to 24% of patients. It would not appear that the degree of

degenerative changes are definitively related to the type of injury because Cox

[35] reported radiographic changes in 70% of patients after a type I injury and 75%

after a type II injury. In addition, 36% of these patients were symptomatic after the

type I injuries, and 48% were symptomatic after type II injuries [35]. Taft et al [39]

reported post-traumatic arthritis developed in 43% of patients treated nonsurgi-

cally and 25% of patients treated surgically after AC dislocation. The authors

noted, however, that the development of symptoms did not correlate directly with

radiographic changes.

Symptomatic degenerative arthritis after an AC joint injury is initially

managed conservatively with activity modification, nonsteroidal anti-inflamma-

tory medications, and the judicious use of intra-articular corticosteroid injection.

Diagnosis of the condition is made by history, physical exam, and radiography,

and may be facilitated by diagnostic intra-articular injection of local anesthetic.

Patients who do not respond to conservative therapy may benefit from distal clav-

icle excision for pain relief through an arthroscopic or open approach [40–43].

With type II or III injuries in which horizontal or vertical instability is commonly

present, distal clavicle excision alone will frequently prove inadequate because
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the instability remains and abutment of the posterior clavicle on the scapular

spine may result in persistent pain and disability [33]. In these situations, resection

of the distal clavicle should be accompanied by an appropriate stabilization

procedure in either the horizontal (type II injury) or vertical plane (type III injury).

After AC injuries, patients may develop activity-related pain, weakness, and

persistent deformity, as well as joint stiffness from prolonged immobilization

after the initial injury. Calcification and ossification of the ligamentous supports

of the AC joint is common and has been reported to occur in injured coracocla-

vicular ligaments up to 40% of the time [44]. This finding has not been shown to

affect outcomes, however [15,45,46]. Interesting, persistent stiffness tends not to

develop as a consequence of the injury when the glenohumeral joint is not in-

volved. For this reason, prolonged immobilization is not recommended after AC

joint disruption.

Distal clavicular osteolysis

Posttraumatic distal clavicular osteolysis (DCO) is a recognized complication

of AC joint injuries [47,48]. This condition primarily manifests as pain (particu-

larly with arm abduction and flexion) and is frequently self-limited. Diagnosis is

facilitated by a Zanca view (15� cephalic tilt and 50% decrease in penetrance) or a

technetium bone scan. Osteolysis, osteopenia, osteophyte formation, and tapering

of the distal clavicle may be seen radiographically (Figs. 1, 2). The etiology of

posttraumatic DCO has not been definitively identified. Proposed mechanisms

extrapolated, however, from study of both post-traumatic DCO and atraumatic

DCO in athletes include bone resorption related to subchondral stress fractures,

followed by altered regional blood flow, and a stress failure syndrome with

increased osteoblastic activity [47,49,50]. Activity modification is the initial

mainstay of treatment, with or without a course of anti-inflammatory medication.

Reconstitution of the distal clavicle has been reported [32]. Patients with persistent

Fig. 1. Posttraumatic distal clavicle osteolysis occurring 6 months after type I AC separation. Note

resorption of superior distal clavicle.
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pain unresponsive to conservative management may be effectively treated with

excision of the distal clavicle.

Neurovascular complications

Chronic AC joint instability may result in arm weakness, trapezial fatigue, and

paresthesias consistent with a brachial plexopathy [33,44]. Shoulder girdle

instability may result in a symptomatic traction neuropraxia of the brachial

plexus. A case of brachial plexus neuropraxia presenting 8 years after a type III

AC joint injury has been reported in the literature [51]. In addition, a review of

59 patients with brachial plexus injuries by Sturm and Perry included two cases

of AC separation (though, in these two cases, the brachial plexus injury was

probably caused by the initial injury, and this should therefore be considered

simply an association) [52]. Vascular symptoms may be present, suggesting

thoracic outlet syndrome; however, AC joint stabilization has been described as

an effective treatment for these symptoms [32].

Complications of operative management

Surgical treatment of AC joint injuries has several potential complications.

These complications are most effectively subdivided into those that develop in the

preoperative and perioperative periods. Complications noted in the preoperative

period are common to injuries treated both operatively and nonoperatively.

Preoperative complications

Accurate diagnosis of the injured AC joint requires a thorough assessment of

possible associated injuries. Coracoid fractures may be easily missed in the

Fig. 2. MRI evidence of posttraumatic osteolysis of the distal clavicle 3 months after type I

AC separation.
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setting of an acute AC joint injury [44,53]. Barber reported an ipsilateral

pulmonary contusion and contralateral pneumothorax in a patient with a type

IV AC injury [54]. Finally, associated fractures of the distal or mid-clavicle and

the acromion may be present and may influence the choice of treatment and risks

for perioperative complications [33,55].

As with non-operative treatment, skin injury sustained in an AC joint injury

may complicate surgical management. An abrasion or laceration at the site of a

Fig. 3. Tenting of the skin with type V AC separation.

Fig. 4. Two examples of migration of smooth pins in the lung (A) and mediastinum (with broken tip in

pericardial sac (B ) used for AC joint fixation following AC separation. (From Galatz LM, Williams

GR Jr. Acromioclavicular joint injuries. In: Bucholz RW, Heckman JD, editors. Rockwood and

Green’s fractures in adults. Philadelphia: JB Lippincott; 2001. p. 1209–44; with permission [Fig. 4A];

and Wirth MA, Rockwood Jr CA. Injuries to the sternoclavicular joint. In Heckman JD, Bucholz RW,

editors. Rockwood and Green’s fractures in adults. 5th edition. Philadelphia: Lippincott-Raven; 2001.

p. 1245–92; with permission [Fig. 4B].)
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planned surgical incision must heal before surgery as skin breakdown and wound

complication risk is significantly increased in these situations. Skin tenting is

most common with type V injuries and may necessitate early intervention to limit

soft tissue compromise [32] (Fig. 3).

Perioperative complications

Intraoperative and postoperative complications are related, in part, to the

method of repair and reconstruction. Gentle handling of the soft tissues at surgery

is critical to reduce the risk of skin infection and wound dehiscence. The most

devastating complication following surgery of the shoulder, in general, is a

potentially fatal great vessel injury related to pin migration. The migration of

Steinman pins, Hagie pins, and Kirschner wires from the AC joint to the neck

[56], spinal cord [57], and lung [58,59] has been reported in the literature. As a

result, the current trend is to avoid transfixion pins around the shoulder whenever

possible [32,44,60]. The use of hardware has also been associated with breakage

and fixation failure [15,61] (Fig. 4) as well as erosion of the clavicle by non-

absorbable suture or wire used for fixation [62–65]. Currently, the most common

form of surgical treatment of a complete AC joint dislocation is a modified form

Fig. 5. (A) Apparent adequate arthroscopic distal clavicle resection for AC joint arthritis following AC

separation. (B) At 6 months postop from index procedure, the patient presented with complaints of

recurrent pain. Radiographs demonstrate calcification and ossification of the superior aspect of the

distal clavicle resection site. (C ) Radiographs s/p revision distal clavicle resection and resection of

focus of ossification.
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of the Weaver-Dunn procedure which involves transfer of the acromial origin of

the coracoacromial ligament to the lateral clavicle with supplemental fixation of

the resected distal clavicle to the coracoid process [66]. Recalcification following

apparent adequate AC joint resection can be a cause of pain requiring revision

distal clavicle resection (Fig. 5).

Sternoclavicular joint injuries

Sternoclavicular joint injuries are rare and require an application of tremen-

dous force to the shoulder. Cave [67] presented a series of 1603 shoulder girdle

injuries of which only 3% were SC dislocations. The medial location of the SC

joint protects it from low energy trauma to the shoulder. Indirect forces

transmitted medially, however, from the shoulder and high energy direct forces

may produce SC sprains, fractures, and potentially devastating retrosternal

dislocations. The most common causes of SC joint injuries have been identified

in a review of 150 traumatic SC dislocations in three series [68–70] conducted by

Wirth and Rockwood [27]. These reviews found that 40% occurred as a result of

vehicular accidents and approximately 21% resulted from sports-related activity.

The remaining 39% were associated with miscellaneous trauma, falls, and

industrial accidents.

The most common mechanism of injury to the SC joint is an indirect force

[71,72]. This mechanism involves a lateral compressive force applied to the

anterolateral or posterolateral shoulder producing anterior dislocation of the SC

joint if the shoulder is rolled backward at the time of compression. In this

situation, the underlying first rib acts as a fulcrum upon which the medial clavicle

levers out anteriorly. Posterior dislocation of the SC joint occurs if the shoulder is

rolled forward at the time of a lateral compressive force [27]. Posterior

dislocation represents the most potentially devastating injury to the SC joint as

the posteriorly displaced medial clavicle enters the mediastinum and threatens the

great vessels, esophagus, and airway.

Classification of sternoclavicular joint injury

Sternoclavicular joint injuries may be classified by their etiology or more

straightforwardly through an anatomic approach. This article will use the

anatomic classification.

Anterior sternoclavicular joint dislocation

The vast majority of SC joint dislocations are anterior and consist of the medial

clavicle being displaced anteriorly or anterosuperiorly relative to the anterior

aspect of the manubrium. Approximately 98% of the SC dislocations in Cave’s

series [67] were anterior dislocations. This high percentage is consistent with data

presented by Nettles and Linscheid [69] in which 57 of 60 (95%) patients with SC
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dislocation sustained anterior injuries. In fact, the world literature contains fewer

than 125 cases of posterior SC dislocation [27,67,73,74]. Neurovascular injuries

following an anterior SC injury are far less common than with posterior SC joint

dislocation, but the clinical appearance and exam may be misleading, and a

thorough evaluation is critical.

Treatment of acute and chronic anterior SC joint dislocation remains contro-

versial. The rarity of SC dislocation has made it difficult to definitively formulate

an optimal treatment plan based on validated outcome measures and an adequate

length of follow-up. The majority of acute anterior dislocations are unstable

following reduction. Though many operative procedures have been described to

reconstruct or repair the joint, questions remain regarding the need for anatomic

reduction and the reliability of outcomes. For example, one series of 10 patients

treated nonoperatively for traumatic anterior SC dislocation with a mean follow-

up of 5 years revealed good results in 70%, fair results in 20%, and poor results in

10% [75].

Some authors have advocated an attempt at closed reduction if the patient

presents within 7 to 10 days of the injury [27,69,76]. As described, however, the

instability of the injury frequently results in redisplacement and has led some

authors to recommend definitive treatment with sling immobilization for approxi-

mately 6 weeks. When patients are older than 23 to 25 years of age, and fusion of

the medial clavicular epiphysis has occurred, a persistent prominence at the

anterior aspect of the SC joint may be expected; but this has been reported not to

significantly interfere with activities of daily living, even in some cases involving

heavy manual labor [69,73].

Open reduction and repair or reconstruction of an anterior SC dislocation is

rarely indicated. Nevertheless, some authors have advocated operative treatment

with a variety of techniques including soft-tissue reconstruction, medial clavicle

resection, and hardware transfixion [69,77–86]. Eskola et al [77] advocated

operative treatment of SC dislocations and presented good or fair results of SC

joint reconstruction after failure of conservative management in eight patients

treated with tendon or fascia lata grafts [78]. In addition, the authors argued

against resection of the medial clavicle, as advocated by several authors [87,88],

and presented four patients with poor results including pain and weakness of the

operative extremity following medial clavicular resection [78]. It should be noted

that these cases involved resection of approximately 2.5 centimeters of the medial

clavicle without stabilization, which has subsequently been shown to adversely

affect the results [89,90].

Wirth and Rockwood have advocated operative intervention for an anterior SC

joint dislocation only when persistent symptoms of post-traumatic arthritis are

present for 6 to 12 months, and if these symptoms can be completely relieved by

injection of a local anesthetic into the SC joint. In these cases, they prefer a SC

joint arthroplasty involving resection of 1.0 to 1.5 inches of the medial clavicle

when the anterior capsule is incompetent, and ligamentous reconstruction with

transfer of the intra-articular disk ligament into the osteotomized clavicle [91].

The operative treatment of anterior SC dislocation remains controversial. Oper-
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ative management, like closed reduction, has a significant rate of redisplacement

and potential complications. The clear consensus in the literature at present is to

avoid metallic transfixion of the SC joint as discussed below under complications

of operative management.

Posterior sternoclavicular joint dislocation

Though the vast majority of SC joint dislocations occur anteriorly, posterior SC

dislocations can be truly devastating injuries [27,67]. Improvements in emergency

medical care, technologic advances in trauma management and diagnostic

imaging, and an increasing index of suspicion may be responsible for an increase

in the number of posterior as opposed to anterior SC dislocation in two series. In

1988, Fery and Sommelet [79] reported on 49 SC dislocations, 8 (16%) of which

were posterior. In 1996, Rockwood and Wirth [73] presented a series of 185 SC

dislocations in which 50 patients (27%) sustained posterior dislocation.

The great vessels, trachea, esophagus, and brachial plexus immediately

posterior to the SC joint make posterior dislocations life-threatening and require

a thorough clinical and radiographic evaluation. Signs of airway compromise,

venous congestion, arterial compromise, and symptomatic dyspnea or dysphagia

are consistent with compression of vital structures [74,92–99] (Fig. 6). Of the

102 cases identified in the English-language literature by Ono et al [74] in 1998,

approximately 30% included complications associated with the posteriorly

displaced medial clavicle compressing the great vessels, trachea, esophagus,

and brachial plexus. Prompt radiographic evaluation of the suspected posterior

SC dislocation should include roentgenograms, CT scans of both medial clavicles

to compare the injured and uninjured sides, and angiography if indicated [100].

Reports in the literature of great vessel laceration and compromise [97,101]

support the attempt of closed reduction in a controlled environment coordinated

with general trauma or thoracic surgical consultation.

The current recommendation for treatment of a posterior SC joint dislocation is

closed reduction for all patients older than age 23 to 25 years presenting within 7 to

10 days of the injury [27,87,92]. After closed reduction of a posterior SC

dislocation, the joint is usually stable [27], and postreduction care consists of

Fig. 6. (A,B) Plain radiographs and CT demonstrating posterior SC joint dislocation.
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shoulder immobilization for 4 to 6 weeks with a figure-of-eight clavicle strap.

Adhesion formation of the retrosternal structures supports the use of open reduction

and stabilization for those patients who present after the initial 7- to 10-day period.

With unsuccessful closed reduction of an acute dislocation, chronic posterior

dislocation, or instability, operative management is indicated. Several procedures

have been described for open reduction and stabilization, including simple

reduction and capsular repair, suture reconstruction of the capsule, use of

subclavius or fascia lata tendons, osteotomy of the medial clavicle, and internal

fixation across the joint [27,83,84,86,87,92,102–106]. Postoperatively, the

shoulders are immobilized with a figure-of-eight clavicle strap for 4 to 6 weeks.

Again, it must be emphasized that internal fixation with transfixion pins is no

longer indicated because of the unacceptably high rate of potentially fatal

complications from pin migration discussed below under complications of oper-

ative management.

Physeal injuries

Many presumed SC joint dislocations in patients under age 22 to 26 years are

actually misdiagnosed medial clavicular physeal injuries [27,107]. The medial

clavicular epiphysis begins to ossify approximately between age 18 and age 20,

and it is the last physis of the body to close with fusion to the clavicular shaft at

approximately age 22 to 26 years [5,108,109]. The SC ligaments primarily insert

on the epiphysis and leave the physis unprotected outside the capsule. Concern for

complications from compression of the vital structures posterior to the SC joint has

led some authors to recommend operative management of these injuries [110].

Others feel the potential for remodeling and healing support-expectant manage-

ment when there is no evidence of mediastinal structure compression, and when

the patient presents more than 10 days beyond the period of injury [18,27,111].

Closed reduction of an acute posterior physeal injury is advocated when the

patient presents within 10 days of injury [27]. Persistent deformity of the medial

clavicle can occur as the result of medial physeal injury (Figs. 6 and 7).

Fig. 7. Medial clavicular physeal injury with posterior displacement of clavicle. Note small crescent-

shaped fragment of medial clavicular epiphysis.
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Complications of nonoperative management

The primary complications of nonoperative management of anterior disloca-

tions are cosmetic deformity, and late post-traumatic degenerative changes

[89,112,113], as well as persistent pain, weakness, and instability with activity

[75,78,102,105]. It is difficult to ascertain definitively whether these sequelae are

exclusively caused by the nonoperative management of an SC dislocation, or to

the injury itself. Recurrent dislocation may occur with the frequently unstable

anterior SC joint dislocation after closed or open reduction. As stated previously,

operative treatment of anterior SC dislocations is rarely indicated, and conser-

vative, expectant management has been shown to be an effective treatment that

may not interfere with activities of daily living [69,73,75,92,114]. Nonoperative

management of unreduced or unstable posterior SC joint dislocations, however,

may result in the aforementioned complications of great vessel compromise,

myocardial conduction abnormalities, tracheal or esophageal injury, pulmonary

injury, brachial plexus compression, dysphagia, dyspnea, and voice changes

[27,68,73,74,89,113].

Complications of operative management

The most catastrophic complications of operative management of SC joint

injuries, like that of AC joint injuries, are associated with the migration of trans-

fixion pins. In 1990, Lyons and Rockwood [60] reported on the complications

of pin migration in shoulder surgery. Of the 49 complications in 47 patients, 21 had

transfixion pins placed for treatment of anterior SC joint dislocations. Seventeen

pins (smooth pins, threaded Steinman pins, Kirschner wires bent at the skin, and

Hagie pins) migrated to critical vascular structures including the heart, ascending

aorta, pulmonary artery, and subclavian artery resulting in eight deaths. Six of

these fatalities were sudden. The other 2 occurred within 3 months of surgery. An

additional six patients suffered cardiac tamponade, requiring surgical intervention.

Additional reports of Steinmann pin and Kirschner wire migration to the aorta,

heart, innominate artery, pulmonary artery, lung, and spinal cord have been pre-

sented [27,88,115]. As a result of these devastating potential complications, the

use of transfixion pins in SC joint stabilization is clearly contraindicated.

Infection is a recognized complication of any surgical procedure and may carry

significant morbidity when it results after operative management of a SC injury.

Infection of the SC joint may require multiple debridements to eradicate a need for

resection of additional clavicle or the lateral aspect of the sternum, resulting in

instability and perhaps leading to a disfiguring scar [89]. In addition, SC joint

infection brings a risk for mediastinal spread and abscess formation [92].

Overzealous resection of the medial clavicle, or failure to stabilize it, with

careful attention to the integrity of the capsular and costoclavicular ligaments, may

result in recurrent pain and functional deficits related to limited shoulder mobility,

fatigue, neurologic symptoms, and thoracic outlet syndrome [83,86,88,89]. Simi-
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larly, insufficient medial excision has been reported to cause pain from posterior

spurring. Wirth and Rockwood [89] have offered methods to avoid this potential

complication through resection of sufficient bone, removal of the proximal

periosteum, use of bone wax at the osteotomy site, and release of the clavicular

head of the sternocleidomastoid. Failure to recognize pathology involving

degenerative changes at the inferior pole of the medial clavicle where it articulates

with the upper angle of the sternum may also result in persistent symptoms.

Summary

Although common, AC joint injuries and their treatments are not benign. The

injury itself and both nonsurgical and surgical treatments may result in compli-

cations yielding persistent pain, deformity, or dysfunction. Sternoclavicular joint

injuries are far less common and are typically the result of higher energy trauma.

As such, the associated complications may be more serious. Familiarity with the

potential complications of these injuries can help the treating physician to

develop strategies to minimize their incidence and sequelae.
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