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Abstract Acromioclavicular (AC) joint separations are
common injuries of the shoulder girdle, especially in the
young and active population. Typically the mechanism of
this injury is a direct force against the lateral aspect of the
adducted shoulder, the magnitude of which affects injury
severity. While low-grade injuries are frequently managed
successfully using non-surgical measures, high-grade inju-
ries frequently warrant surgical intervention to minimize
pain and maximize shoulder function. Factors such as dura-
tion of injury and activity level should also be taken into
account in an effort to individualize each patient’s treatment.
A number of surgical techniques have been introduced to
manage symptomatic, high-grade injuries. The purpose of
this article is to review the important anatomy, biomechan-
ical background, and clinical management of this entity.
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Introduction

Acromioclavicular (AC) joint injuries account for nearly
half of all shoulder injuries among athletes involved in
contact sports [1–3]. While most injuries can be managed
non-operatively, high-grade separations may result in per-
sistent pain or functional decline and require surgical inter-
vention [4–9]. Many surgical techniques have been
described to stabilize the AC joint, however, the utility of
many of these techniques are limited secondary to reported
failure and complication rates [8, 10–13]. More recently,
open or arthroscopically-assisted anatomic reconstruction
of the coracoclavicular (CC) ligaments have been intro-
duced and early follow-up appears encouraging [14–16].
This review provides an update on the anatomy and biome-
chanics of the AC joint, clinical, and surgical management
of AC joint injuries, and a description of outcomes and
complications following the highlighted techniques.

Anatomical and biomechanical considerations

The AC joint is a diarthrodial joint spanning from the medial
articular facet of the acromion to the distal clavicle and links
the shoulder girdle to the axial skeleton. It subsequently
coordinates normal movement of the glenohumeral, scapulo-
thoracic, and sternoclavicular joints. Both ends of the articular
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surface are covered with hyaline cartilage with an interposed
fibrocartilaginous disk of widely varying sizes [17].

Stabilization of the AC joint is achieved by the joint
capsule and the CC ligaments. A healthy AC joint has been
shown to accommodate 4–6 mm of translation in the ante-
rior, posterior, and superior planes under a 70 N load [18].
Furthermore, the AC joint undergoes rotary motion of 5° to
8° during scapulothoracic motion and 40° to 45° during
shoulder abduction and elevation [19, 20, 21•]. It is there-
fore apparent that reconstructive techniques must not only
be robust, but also facilitate normal kinematics. Since both
the AC and CC ligament complexes are capable of load
sharing, it is important to preserve or repair these structures
during resection and stabilization procedures to prevent
recurrent instability [22].

The superior AC ligament is the strongest, most robust
ligament of the AC capsular complex and contributes to
nearly 90 % of its capsuloligamentous strength [23]. Fur-
thermore, this strength and resulting AC joint stability is
reinforced by merging fibers of the deltotrapezial fascia
which coalesce and intermingle with the fibers of the supe-
rior AC ligament [17]. Along with the superior AC liga-
ment, the lesser posterior AC ligament appears to primarily
restrict posterior translation while the inferior AC ligament
primarily restricts anterior motion [24].

Because the AC ligaments typically fail before the CC
ligaments, it is concluded that the AC ligaments are respon-
sible for resisting quantifiably small displacement moments
while the CC ligaments resist larger displacements. There-
fore, complete transection of the AC ligaments renders the
CC ligaments responsible for anteroposterior and vertical
stability [18, 23].

The CC ligaments are primarily responsible for vertical
stability of the intact AC joint. These include the conoid
(anteromedial) and trapezoid (posterolateral) ligaments
which span from the inferior surface of the flattened distal
clavicle to the base of the coracoid process. The conoid
ligament is the primary structure preventing superior dis-
placement and rotation of the distal clavicle and runs ante-
riorly from the centrally-situated conoid tubercle of the
clavicle to the base of the coracoid process. By contrast,
the trapezoid ligament is thought to primarily restrict ante-
roposterior translational forces across the clavicle and runs
posteriorly from the posterior margin of the clavicle to the
base of the coracoid process [17, 23, 25]. Rios et al. [26]
determined that each ligament reliably inserts on the clavicle
at a proportion of total clavicular length (17 % trapezoid,
31 % conoid) from the distal end. They concluded that this
was a more accurate guide for anatomic CC ligament recon-
struction when compared with reported mean distance meas-
urements, regardless of gender.

Epidemiology

Although their incidence varies across populations, AC joint
injuries account for about 12 % of all shoulder injuries in
clinical practice [27] and nearly 50 % in athletes participat-
ing in contact sports [1–3]. Furthermore, this number likely
underestimates the true prevalence since many individuals
with minor (type I or II) injuries may not seek medical
attention [28]. AC joint injuries are much more common
in men, likely due to risk-taking behaviors and participation
in contact sports. The third decade of life seems to produce
the greatest number of AC joint injuries. The sports most
likely to cause AC joint dislocations are football, soccer,
hockey, rugby, and skiing, among others [9, 28, 29].

The major cause of an AC joint separation is a direct
blow to the lateral acromion with the arm in an adducted
position. The inherent strength of the sternoclavicular joint
renders the AC joint, CC ligaments, and/or clavicle the most
likely points of injury.

Classification

Numerous classifications systems have been described for
AC joint separation injuries. In 1963, Tossy, Mead, and
Sigmond [30] first described 3 classes of injuries to which
Rockwood [31] included 3 subdivisions. The resulting
Rockwood classification, developed in 1984, is the most
widely utilized and will be described here (Fig. 1).

The Rockwood classification orients the clinician to the
direction and degree of displacement as determined AP,
axillary, and Zanca radiographs. Type I injuries involve a
sprain or partial tear of the joint capsule in which no clinical
or radiographic evidence of instability exists. Type II inju-
ries result in complete tears of the AC ligaments without
disruption of the CC ligaments. Because the CC ligaments
are intact, minimal radiographic depression of the acromion
is apparent. Stress views can sometimes demonstrate this
type although they do not typically affect the treatment. In
Type III injuries, both the AC and CC ligament complexes
are torn. This often results in displacement of the clavicle
with increases in the CC distance that may be up to 100 %
greater than the normal contralateral side. Type IV injuries
are characterized by complete posterior displacement of the
distal clavicle, frequently with a hole in the trapezial fascia.
Type V injuries also result in complete disruption of the AC
and CC ligaments with a CC distance between 100 % and
300 % greater than the uninjured side. Sometimes, these
injuries result in the distal clavicle buttonholing through the
deltotrapezial fascia rendering them irreducible. Type VI
injuries are the result of inferior displacement of the distal
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Fig. 1 Rockwood [31]
classification of AC joint
injuries (Reprinted from [62],
with permission)
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clavicle into a subcoracoid position. Fortunately, these are
exceedingly rare. Of note, type III–VI injuries result in the
trapezius and deltoid becoming detached from the distal clav-
icle [31]. It is important to realize that with greater injury
severity there is a greater risk for intra-articular glenohumeral
injuries that may require concomitant management.

Clinical presentation

Physical examination findings are widely variable and are
often dependent on injury severity and the presence of
concomitant pathologies. These injuries are generally not
subtle and are thus easily diagnosed by inspection and
palpation. It is always important to evaluate neurovascular
structures as the brachial plexus and subclavian arteries
traverse inferior to the medial third of the clavicle and could
be injured in rare cases. Concomitant injuries such as intra-
articular, shoulder girdle, and pulmonary injuries (including
tension pneumothorax) have been reported in the literature
and should be promptly ruled out [32–34].

The patient typically presents using their contralateral hand
to support the elbow from beneath the injured shoulder. Short-
ness of breath should alert the orthopedist to a potential
pulmonary contusion or pneumothorax. Abrasions, swelling,
and ecchymoses may be present on a prominent distal clavicle
secondary to inferior displacement of the shoulder girdle.

Tenting of the skin should alert the clinician to impending
soft tissue compromise, most often due to an acute clavicular
fracture. Palpation will reveal tenderness over the AC joint
while range of motion is typically limited due to discomfort
[32–35]. Provocative tests for AC joint pathology (cross arm
adduction and loading of the AC joint) can be helpful to
localize shoulder pain to the AC joint. These tests are especial-
ly useful in patients with type I and II (minor) injuries in which
visible or palpable deformity may not be present [28, 29].

Finally, it is important to rule out concomitant glenohum-
eral injuries that may simultaneously occur with AC separa-
tion [34, 36]. A study by Tischer et al. [34] demonstrated that
ancillary shoulder girdle injuries may be fairly common. In
this study, 14 of 77 patients with Types III–VI injuries had
concurrent intra-articular injuries with 11 having superior
labral anterior posterior (SLAP) lesions. Selective injections
with lidocaine may be useful in discriminating chronic AC
joint pain from other pathologies causing anterior or superior
shoulder pain but are rarely needed for acute injuries.

Imaging

Suspicion of AC joint injury should prompt the clinician to
obtain standard AP, axillary, scapular Y, and Zanca films.
The Zanca view is a simple AP film with 10o–15o cephalad

tilt which removes superimposing structures and allows com-
plete visualization of the clavicle and its corresponding artic-
ulations. Inclusion of both clavicles on 1 radiograph is also
helpful for comparison to the uninjured side. An axillary view
is obtained to evaluate the humeral head, glenoid surface, and
degree of a potential posterior displacement of the clavicle (as
in type IV injuries). It is often advocated in the literature to
obtain weighted stress views of the clavicle in order to distin-
guish between types II and III, however, the authors do not
routinely recommend these radiographs since they rarely alter
the course of treatment and produce unnecessary patient
discomfort.

Treatment

Historically, most studies have reported satisfactory results
after nonoperative treatment for those with type I and II
injuries [5, 37–40]. This typically includes brief sling im-
mobilization and rest (1–3 weeks) followed by early range
of motion exercises. Despite these encouraging reports,
Mikek et al. [41] suggested that as many as half of patients
with Type I or II AC joint injuries experience some degree
of impaired shoulder function or pain at ten-year follow
up. Furthermore, a recent study by Song et al. [42]
suggested that distal clavicle excision in patients with
symptomatic Type II injuries may be beneficial in cer-
tain populations. Prospective, patient centric studies are
necessary to determine if early distal clavicle excision is
beneficial.

Considerable controversy exists regarding the treatment
of type III AC separation injuries [4, 43, 44•, 45]. Histori-
cally, most type III AC injuries were managed nonopera-
tively with good results [4–9, 28, 29]. Some, however, fail
nonoperative treatment and therefore require surgery.
Recent evidence suggests that patients with type III injuries
who undergo early CC ligament reconstruction have signi-
ficantly improved outcomes when compared with those who
underwent a trial of therapy followed by surgical treatment
greater than 3 months from the index injury [8, 46]. For this
reason, surgical repair of type III AC separations may be
reasonably undertaken in individuals at greater risk for
functional disability such as overhead workers and athletes
[4, 8, 43].

Definitive evidence defining which patients benefit from
early repair of type III AC separations is not available.
However, it is generally accepted that a trial of non-surgical
treatment is warranted for patients with type III lesions while
surgical intervention is indicated for those who experience
continued instability, pain, or functional decline. Early surgi-
cal management is typically recommended for high-
functioning individuals with type III injuries. Further-
more, early surgical management is also recommended for
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those with types IV–VI injuries since this has been shown to
prevent long-term sequelae [4, 6, 8, 38, 43].

Surgical techniques

Many surgical techniques have been described for the man-
agement of symptomatic AC joint separations. Rigid CC
ligament fixation using screws, Kirschner wires, or Stein-
man pins have fallen out of favor in clinical practice due to
their high failure and complication rates [12, 47, 48]. These
suboptimal outcomes are likely due to the failure of rigid
fixation to accommodate the normal motions that are known
to occur within AC joint [21•]. Rigid fixation therefore
results in decreased patient satisfaction, function, and
strength [28].

Distal clavicle excision followed by transfer of the cor-
acoacromial (CA) ligament to the resected end of the distal
clavicle was first described by Weaver and Dunn in 1972
[10]. However, the value of this technique has been ques-
tioned since failure rates as high as 30 % have been reported
[8, 10] and biomechanical data has demonstrated that other
reconstruction techniques provide more stable fixation
constructs [49–51].

As such, multiple biomechanical studies have been con-
ducted in recent years to find a more ideal repair technique
[49, 51–54, 55•, 56–58]. At present, movement towards
anatomic reconstruction of the CC ligaments has taken place
secondary to time-zero biomechanical studies which have
examined these repairs. Anatomic reconstruction techniques
typically include the use of tendon grafts [14, 55•, 59] or
cortical fixation button devices to reconstruct the anatomy
of the CC ligaments and, in some reconstructions, the AC
ligaments [14–16, 57, 59]. Excellent biomechanical proper-
ties have been demonstrated with these techniques [55•, 57].

Authors’ preferred surgical technique

There are many different methods to address AC instability.
The technique described is the senior author’s evidence- and
experience-based approach to stabilize the AC joint while
simultaneously minimizing the possibility for complica-
tions. Typically, a non-irradiated tibialis anterior cadaveric
allograft is used in an arthroscopically-assisted anatomic
reconstruction of the CC ligaments. The patient is posi-
tioned in the modified beach chair position and, after anes-
thesia is induced, the operative extremity is prepped free. A
standard posterior arthroscopic portal is established, the
arthroscope is introduced and diagnostic arthroscopy is per-
formed. Once concomitant intra-articular injuries are
addressed, the anterior joint capsule is opened using a radio-
frequency probe through the rotator interval between the

middle and superior glenohumeral ligaments. The coracoid
process is identified just superior to the subscapularis and
initial exposure is performed. An accessory anteroinfero-
lateral portal is established inferior to the anterolateral acro-
mial border at the level of the coracoid. This portal is used to
facilitate coracoid exposure and graft passage. The pector-
alis minor and conjoined tendon attachments are preserved
while skeletonizing the coracoid base. Dissection along the
medial coracoid border is done cautiously to avoid inadver-
tent injury to the brachial plexus.

A 1.5 to 2.0 cm incision is made within Langer’s lines
perpendicular to the clavicle approximately 35 mm medial
to the AC joint. The AC joint capsule and any remaining
deltotrapezial fascia is incised in-line with the clavicle. The
anterior and posterior flaps are elevated subperiosteally as a
single layer for later imbrication over the reconstructed
clavicle. The distal clavicle is typically preserved as this
has been shown to improve the biomechanical stability of
the AC joint [55•]. When concerns about post-traumatic AC
arthrosis exist, the distal clavicle is elevated from the inci-
sion and a distal clavicle excision can be performed. The
anterior (lateral) and posterior (medial) deltotrapezial fascia
is elevated from the clavicle over a short distance to facili-
tate graft passage.

Under arthroscopic visualization, a switching stick is
advanced along the posterior clavicle, deep to the deltoid
and medial to the border of the coracoid. A dilator is passed
over the switching stick and is visualized inferior to the
coracoid. The switching stick is removed and a passing
suture is placed down the dilator. A grasper is used through
the accessory anteroinferolateral portal and docked for sub-
sequent graft passage. This creates a soft tissue tunnel
through which the graft will pass, following the path of
the conoid ligament. A second passing suture is placed from
lateral and anterior on the clavicle to the lateral side of the
coracoid to recreate the path of the trapezoid ligament.

We prefer to avoid tunnels in the clavicle, as described by
Mazzocca et al. [55•], to avoid risk of an iatrogenic postop-
erative fracture which we and others have seen. An 8 mm
tibialis anterior allograft is passed from posterior and medial
on the clavicle around the medial aspect of the coracoid and
out the accessory anterolateral portal using the previously
placed passing suture. The graft is then shuttled superiorly
along the lateral coracoid, deep to the deltoid, and anterior to
the clavicle to recreate the trapezoid ligament. The allograft
is secured to itself and tied over the top of the clavicle. The
clavicle is anatomically reduced and the graft is tensioned
and secured with figure-of-eight sutures. It is important to
anatomically reduce the clavicle.

The free ends of the allograft may be used to reconstruct
the AC capsule, however, we prefer to simply imbricate the
native AC tissues since fixation to the acromion can often be
challenging and, again, we have concerns about drilling
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tunnels into the acromion. The reconstruction can also be
supplemented with specially-designed cortical fixation but-
tons and suture tape (Arthrex, Naples, FL). We prefer to add
this through a single 3 mm drill hole in the coracoid and a
single 3 mm drill hole in the clavicle.

Following the reconstruction, fluoroscopy is typically
used to ensure the joint is fully reduced and the arthroscopic
portals and superior incision are closed routinely.

Rehabilitation

A shoulder immobilizer is worn for 4 to 6 weeks postoper-
atively to minimize strain on the CC ligament reconstruc-
tion. Full passive motion in the supine position is
encouraged immediately postoperatively. Active motion
and strengthening in the upright position begins after the
4th postoperative week and advanced per the patient’s toler-
ance. Return to full sport typically occurs 4 to 6 months
postoperatively.

Outcomes and complications of the modern anatomic
reconstruction techniques

Several clinical trials have been published in recent years
reporting early clinical results after modern anatomic recon-
struction of the AC joint. Good to excellent clinical out-
comes have been reported, yet complications do occur [14,
15, 59–61].

In 2010, Salzmann et al. [15] reported outcomes of the
anatomic 2-bundle cortical fixation button reconstruction of
acute AC joint separations. They showed satisfactory clini-
cal results in 23 patients at a minimum of 24 months follow-
up. However, an 11.5 % (3/26) revision rate included 1
coracoid fracture, 1 button slippage, and 1 wound infection.
Caudal migration of the button (4 patients) or break out (1
patient) was noted in 22 %, however, these radiographic
findings did not negatively influence clinical outcomes.
Scheibel et al. [16] also reported on 37 patients treated for
acute AC separation using a double cortical fixation button
reconstruction technique. They found good to excellent
early clinical outcomes (mean follow-up 26.5 months) with-
out coracoid fracture or early loss of reduction within the
first 6 weeks. The authors of this paper, however, prefer to
use biological augmentation aswe have found an unacceptably
high failure rate with cortical fixation button devices even in
acute (less than 2 weeks from injury) cases (unpublished data).

Reconstructions that incorporate a biologic graft with
suture fixation (cortical fixation buttons and anchors) have
shown better results. DeBerardino et al. [14] showed excel-
lent early clinical results without complications after AC
reconstruction using a hybrid device that incorporated a

graft with suture fixation (GraftRope system, Arthrex Inc.,
Naples, FL), although concerns exist regarding coracoid
fractures due to the size of the hole that needs to be drilled
and the technical aspects of drilling such a hole in the base
of the coracoid. Using a similar device, Cook et al. [61]
found that 80 % of patients lost some degree of reduction
and 40 % required revision surgery. In this series, 5 of 10
patients reported fair (1) or poor (4) results.

The potential problems of graft reconstruction techniques
are supported by a recent study conducted by Milewski et al.
[59] in which an anatomic graft reconstruction was per-
formed using either 2 biotenodesis screws (by passing the
graft around the coracoid process [n017]) or a hybrid device
(GraftRope, Arthrex Inc., Naples, FL) (n010). They found
8 complications (80 %) in the hybrid device group including
2 coracoid fractures, 5 re-dislocations, and 1 intraoperative
failure of the coracoid button fixation. There were 6 (35 %)
complications in the coracoid loop group including 3 clav-
icle fractures, 1 loss of reduction, 1 infection and 1 case of
adhesive capsulitis. Furthermore, unpublished results from
this institution suggest a complication rate of 22 % (13/59)
with a 79 % survivorship at 24 months in patients undergo-
ing either suture button or tendon allograft AC reconstruc-
tion procedures. Many of the complications were similar to
that of Milewski et al. [59] including coracoid and clavicular
fractures, hardware failure, and symptomatic loss of reduc-
tion, however, most patients significantly improved with
regard to pain, function, and return to sport.

It is evident that longer-term follow up is necessary to
determine the true efficacy of these types of reconstructive
procedures. The method described above by the authors of
this article was developed to minimize many of these potential
complications while still providing very strong fixation and
biological enhancement.

Conclusion

AC joint injuries are common and numerous treatment
options exist. Rockwood types I and II injury patterns
should be initially managed non-surgically. Patients with
these injury patterns, particularly that of type II, should be
informed that a distal clavicle excision may be required at
some future juncture if symptomatic post-traumatic arthrosis
should develop. Surgical treatment is indicated in high-
grade lesions (type IV through VI) and may be also benefi-
cial in selected type III injuries such as those that occur in
heavy laborers or high-level athletes. Today, there is a trend
towards anatomic reconstruction of the CC ligaments (as
opposed to the classic Weaver-Dunn CA ligament transfer)
due to recent biomechanical studies which show improved
kinematics and much higher ultimate failure loads. While
some early outcomes reports appear encouraging, high
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complication rates have been reported in some series [14,
15, 59–61]. Anatomic reconstructive techniques, while de-
veloped to improve the biomechanics and decrease the risk
of loss of reduction, have resulted in a unique set of compli-
cations that include migration of the cortical fixation buttons
and coracoid and clavicle fractures. The anatomically-based
reconstruction technique presented in this article was devel-
oped to improve the strength of fixation and to decrease loss of
reduction while, at the same time, minimizing the risk of
significant complications such as that of clavicle and/or cora-
coid fractures. Future biomechanical and clinical studies will
lead us to the optimal method for treating this common sports-
related shoulder injury.
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