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Acromioclavicular joint injury is common in young individuals who suffer direct trauma to the shoulder.
Treatment of acromioclavicular dislocation is controversial with regards to the indication of operative
management, timing of surgery, whether to perform open or arthroscopic surgery, method of stabili-
sation (rigid or non-rigid) and type of graft used for repair or reconstruction. Current evidence supports
conservative management for Rockwood types I and II, while types IV, V and VI benefit from surgery. The
optimal management of type III injuries in high demand patients remains contentious. Surgical options
include acromioclavicular fixation, coracoclavicular fixation and coracoclavicular ligament reconstruc-
tion. Few studies with a low level of evidence suggest arthroscopic techniques and anatomical ligament
reconstruction have better outcomes when compared to older techniques of rigid coracoclavicular fix-
ation. The aim of this article is to look at the current evidence and address these controversial issues.

© 2019 Delhi Orthopedic Association. All rights reserved.
1. Introduction

The acromio-clavicular (AC) joint is a di-arthrodial joint which
acts as a link between axial and appendicular skeleton and con-
tributes to the complex pattern of movement of the shoulder joint.
AC joint injuries are most commonly seen in young adults and
about 43% of injuries occur in second decade of life. AC joint injuries
are 5 times more common in men and often involve contact
sports.1,2 Despite being a common injury, there is no consensus
regarding optimal management of AC joint dislocation. In recent
years numerous techniques have been developed and described.
Controversy exists regarding the choice of surgical procedure for
treatment of injuries and the timing of surgery.3,4 The following
work attempts to review literature regarding recent developments
in the treatment of acute AC joint injuries and provide recom-
mendations based on sound clinical evidence.
1.1. Anatomy of AC joint and classification of its injuries

The AC joint is a synovial joint and its articular surface is made
up of hyaline cartilage with an interposed disc of cartilage identical
to a meniscus. This meniscus undergoes attrition over-time and is
practically absent by the fourth decade of life. The articular surface
e).
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area is small, whereas load transmitted is high. Cadaveric study of
AC joint morphology has demonstrated three main types of AC
joints 1)Flat, 2)Oblique and 3)Curved (Fig. 1).5 The forces are uni-
formly distributed in a flat acromion, however a curved or an
oblique joint may have asymmetric stress transfer promoting
damage to the articular cartilage.

The AC joint is stabilised by the AC ligaments which are thick-
enings in the joint capsule and the coraco-clavicular (CC) ligaments.
The joint experiences significant translational forces in the ante-
roposterior and superolateral directions due to weight of the arm
and muscle pull. The AC ligament provides about 90% of the AP
stability and 20e50% of resistance to superior migration. The CC
ligament consists of the conoid ligament medially and the trape-
zoid laterally. They are the primary restraint to inferior and medial
translation of the acromion in respect to the clavicle.6

2. Classification

The sequential pattern of injury beginning with the AC liga-
ments, progressing to the coraco-clavicular ligaments and finally
involving the deltoid and trapezial muscles was originally
described by Cadenat.7 Rockwood described a classification which
is most commonly accepted presently (Fig. 2).2 In type I injury, the
AC and CC ligaments are all intact and the radiographic examina-
tion is normal. In type II injuries, the force of trauma is severe
enough to rupture the AC ligaments, yet not severe enough to
rupture the CC ligaments. Radiographsmay show slight elevation of
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Fig. 1. Coronal CT images showing three distinct morphological shapes5.
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the lateral end of clavicle. Type III injuries involve complete
disruption of both AC and CC ligaments without severe disruption
of deltoid or trapezial fascia. The clavicle is unstable in both hori-
zontal and vertical plane, and stress view radiographs are abnormal
with a 100% separation of the AC joint. In type IV injuries, the distal
clavicle is displaced posteriorly into the trapezius and may tent the
posterior skin. Type V is a more severe form of type III injury with
disruption of trapezial and deltoid fascia, manifested by a
100e300% increase in the coracoclavicular distance. Type VI is a
complete dislocation with inferior displacement of the distal clav-
icle into a subacromial or subcoracoid position.
Fig. 2. Rockwood classification of Acr
2.1. Mechanism of injury

The mechanism of injury is most often a direct fall on the outer
aspect of shoulder with the arm in adduction which displaces the
acromion inferiorly and medially. The acromioclavicular ligaments
are the first to fail, allowing the load to be transmitted to the cor-
acoclavicular ligaments. Disruption of coracoclavicular ligament
leaves the trapezoid and deltoid muscles to act as restraints. Higher
forces can lead to rupture of these muscle attachments as well.
Associated injuries might include clavicular fractures and sterno-
clavicular joint injuries and should be screened for.
2.2. Nonoperative

Nonoperative management is indicated for types I and II AC
dislocations. Early range-of motion exercises are encouraged, and
daily activities resumed when pain permits. Treatment of type III
dislocation is controversial. Several studies published in the 1980s
support the use of conservative treatment over surgery with a good
long-term outcome.8e10However, the procedures included in the
above studies, K wire fixation of AC joint and Bosworth method of
CC fixation, are outdated and therefore seldom used today. Rawes
and Dias published a long-term follow-up (average 12.5 years) of
conservatively treated type III AC joint dislocations and found
satisfactory outcomes in all except one patient. All their patients
showed subluxated or dislocated joint and although anatomical
reduction was not obtained results were favourable.10

Non-surgical management is usually not preferred for high
grade injuries. However, Joukainen et al. published results at
18e20-year follow-up which showed no differences in type III and
type V dislocations at the end of follow-up period. Again operative
treatment consisted of transarticular pinning which is rarely per-
formed these days.11

In a retrospective study, Dunphy et al. analysed patients with
Type V Acromioclavicular injuries, most patients were able to re-
turn to work following conservative management at 6 months but
omioclavicular joint dislocations.
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had limited functional outcome scores. When compared to surgical
intervention, conservatively managed manual workers had early
recovery and were back to work at average 4 weeks as against 11
weeks after surgery.12 However, Gstettner et al. reported favourable
outcomes following surgery for Grade II A-C dislocations when
compared to conservative management.13 There is lack of conclu-
sive evidence for outcome of Rockwood types III � V, but overall
early surgery might give a better outcome to select cohort of young
and physically active individuals.14

3. Acromioclavicular fixation

Acromio-clavicular fixation allows healing of the disrupted
coraco-acromial ligaments by restoring the distance between the
clavicle and the coracoid. Satisfactory outcomes have been reported
in literature with Kirchner Wire (K wire) fixation and ligament
repair. However, the procedure is rarely used today because of high
incidence of migration of K wires and loss of reduction.15,16

3.1. Hook-plate

Clavicle hook plates are anatomically pre-contoured plates with
varying sizes and depths to accommodate individual anatomy.
Clavicle is reduced by pushing it down manually and temporary
fixation is donewith Kwires. Soft tissue is dissected posterior to the
AC joint to make way for the hook. Using the plate with 15mm
hook depth, alignment is checked and if the realignment appears to
be overcorrected, a plate with 18mm hook depth is used. Before
final fixation, shoulder is moved in abduction and external rotation
to rule out impingement of the humeral head on the hook. Most
manufacturers recommend removal of the hook plate after healing
to prevent potential impingement and osteolysis of the acromion.

The hook plate provides a rigid construct and allows early
mobilisation. Kinast et al. published a mid term follow-up of 313
patients with grade III-V lesions of AC joint and were able to
demonstrate good results with a low (10.6%) complication rate.17

Salem and Schmelz reported satisfactory outcomes in 2/23 pa-
tients with complete AC disruptions treated with hook plates.18

The disadvantage of using a hook plate is that the hook physi-
cally impinges on the subacromial structures and causes a sub-
acromial erosion due to point loading on the under-surface of
acromion.

Lin et al. were able to demonstrate impingement and rotator
cuff lesions in 37.5% of their patients. Poor functional scores
correlated with hardware associated impingement. The study also
showed a 50% rate of acromial erosion.19

Zang et al. advocate early removal of the hook plate to prevent
hook related complications.20 In their study group, the mean con-
stant shoulder score was greater when plate was removed before 3
months after healing. The complication rates significantly increased
with retained hardware and delayed removal of the plate when
compared to early removal (50% and 22.5% vs 10%).21

In a comparative analysis of hook plate fixation with non-
operative management, constant score was significantly better in
non-operative groups after 3 months but long term functional
scores were not significantly different.22 Reduction maintained was
better with use of plate, but this did not correlate with functional
improvement. Based on the trial the authors could not recommend
the use of hook plates as it did not improve the outcome.

4. Coraco-clavicular fixation

The coraco-clavicular distance can be maintained either by rigid
fixation with a screw or the use of non-rigid synthetic materials.
Bosworth described coraco-clavicular stabilisation with a lag
screw.23 Rockwood and Young modified the technique to include
CC ligament repair or reconstruction depending on the time of
surgery. A bicortically placed screw provides about 80% more
strength than the native ligament.24 However, this technique does
not allow the clavicle to move in relation to the coracoid, increasing
the chances of stress related loosening. Another disadvantage of the
procedure is the necessity of a second procedure to remove the
screw.23 A risk of loosening and loss of reduction up to 6% has been
reported in recent literature.23

Non-rigid techniques have the advantage of allowing some
clavicular motion and do not require a second surgery for removal
of implants. Suture button fixation has been shown to provide
biomechanical strength similar to the native CC ligament in vivo. A
high failure rate has been reported with the use of single endo-
button, with knot slippage, suture breakage and button migration.
A prospective study of 9 patients with CC reconstruction with
synthetic fibre resulted in high incidence of loss of reduction and (7
of 9) and high re-operative rate (4 of 9). The authors suggest high
forces acting across the shoulder joint to be the probable cause of
failure.25 Milewski et al. compared the results of anatomic CC
reconstruction using a tendon graft and a cortical fixation button
(CFB) with and without a coracoid tunnel. The coracoid tunnel
group had 20% incidence of coracoid fractures and a 50% incidence
of loss of reduction. The authors noted lower incidence of compli-
cations (coracoid fractures and loss of reduction) when the graft
was looped around the base of coracoid.26 Martetschlager et al.
reported an overall complication rate of 27.1% with a 83% construct
survivorship at 2 years.27

5. Ligament reconstruction

The Weaver-Dunn procedure involves stabilisation of the AC
joint by transfer of native CA ligament from acromion to the distal
clavicle. The original technique also included excision of the distal
clavicle. Initial reports fromWeaver and Dunn revealed a 75% good-
excellent outcome.28 Biomechanical studies have demonstrated
that the native CA ligament is weakest amongst the various con-
structs tested.29 The initial strength of the CA ligament construct
was found to be only a quarter of the native ligament and did not
offer any anteroposterior stability. A recent systemic review Sood
et al. found an unacceptable rate of recurrence of deformity when
the CA ligament was used due to fixation related complications.30

When an open clavicle excision is performed, the surgeon should
be aware of the high rates of complications, including infection,
stiffness, continued AC joint sensitivity and scar hypertrophy31 and
should be reserved only for chronic AC joint instability.

Recently autografts and allografts have gained popularity for
anatomic reconstruction of AC joint. Jones et al. described this
technique for the first time in 2001, and it involves creating two
tunnels in clavicle at coronoid and trapezoid footprints and passing
a tendon graft through each tunnel and under or through the base
of coracoid. The remaining longer limb of the graft may be used to
reconstruct the AC ligaments. This anatomically recreates both the
AC and CC ligaments of the joint.32

A cadaveric study by Mazocca et al. has demonstrated the su-
periority of anatomic ligament reconstruction when compared to
the traditional Weaver Dunn technique and arthroscopic suture
fixation.33

Tauber et al. compared anatomic semitendinous CC ligament
reconstruction with modified Weaver Dunn procedure and found
superior results of the anatomic technique.34

Synthetic material has been be used for anatomic CC and AC
ligament reconstruction. Outcomes with LARS (Surgical implants
and Devices, Arc Sur Tille, France) Ligament were found superior
when compared to a dacron graft.35
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5.1. Surgilig™ reconstruction

In 2001 the Nottingham shoulder unit developed a synthetic
substitute for the coraco-clavicular ligament.36 The Surgilig™ is a
braided polyester with two loops and can be used to treat both
acute and chronic acromioclavicular dislocations. The procedure is
simple and quick and involves passing the synthetic ligament
around the coracoid and passing one loop through the other to
secure it to the coracoid (Figs. 3 and 4). The other end is passed
around the distal clavicle from posterior to the anterior direction
and fixed to the clavicle with a screw. The synthetic ligament has
good tensile strength, promotes tissue ingrowth and avoids sacri-
fice of the native coracoacromial ligament for reconstruction.36

Although there are several small studies which report outcomes
with Surgilig TM reconstruction for chronic acromiocalviclular in-
juries, only two studies show the effective ness of this technique for
acute injuries. Wright et al. reported high satisfaction rates (20/
21).37 Mean abduction power of operated site was 82% of the
normal. There was no infection, clavicular or coracoid fracture and
none of the patient required implant removal.

Younis et al. found the Surgilig™ to be safe and effective in
treatment of both chronic and acute acromioclaviclular joint dis-
locations grades3-5.38
5.2. Arthroscopic techniques

With the advent of arthroscopy, new techniques and implants
have been developed allowing a minimally invasive, and arthro-
scopically assisted surgery. Arthroscopic CC stabilisation was first
Fig. 3. a) Rupture of coracoclavicular ligaments, b) Reconstruction with prosthetic
ligament.

Fig. 4. Synthetic double loop ligament.
described by Wolf and Pennington,39 who used wire cerclages and
reported satisfactory results in 81% of their patients. Arthroscopic
modification of Bosworth's technique was described by Rolla et al.
with excellent early outcomes.21 Aminimally invasive technique for
stabilisation of CC interval with suture anchors was described by
Elser et al. Twelve of their 13 patients had a satisfactory outcome.

Recently the use of TightRope™ (Arthrex, Naples) has gained
popularity for ACJ repair. Two titanium buttons are connected by a
No. 5 FibreWire (Arthrex) suture and are introduced through a
4mm CC drill hole with a special guiding device. The inferior
subcoracoid button is flipped and the TightRope is secured by tying
a knot over the clavicle.40 A two year follow-up has been published
with TightRope fixation of AC joint.20 Six of their 24 patients (25%)
had a partial loss of reduction and inferior Constant scores
compared to the rest of the patients. The authors describe two
reasons for failure of the construct. Early failure can be caused by
cutting of the fibre loop through the cortex of the clavicle. Eccentric
drilling through the anterior cortex might be one of the important
causes. Partial loss of reduction was seen with clavicular osteolysis
associated with the clavicular button.

A second generation of the TightRope system allows anatomical
CC fixation with two TightRopes. Biomechanical studies have
shown that anatomic double bundle augmentation offers better
horizontal stability and strength comparable to the native CC lig-
ament complex.41

A complete diagnostic arthroscopy of the gleno-humeral joint is
recommended before ACJ stabilisation is performed. High grade AC
dislocations have been shown to be associated with traumatic
concomitant glenohumeral pathologies in about 15% of cases.42 A
combined or an all-arthroscopic technique allows accurate diag-
nosis and treatment of intra-articular pathologies.

The technique of double button fixation can be carried out using
a mini-open technique as well using the MINAR system.43 With a
mini-open technique it is possible to have a good visualisation of
the coracoid base which helps in accurate positioning of the cora-
coid drill holes. Secondly, delto-trapezoidal fascia can be repaired
which is not possible with all arthroscopic techniques.

5.3. Timing of surgery

There are some contradictions regarding the definition of a
chronic AC joint injury and the timing of surgery. For comparing the
outcomes of early and delayed surgery it is essential to establish a
dividing line between the two stages. The dividing line has been
variously defined as 3 weeks,44 4 weeks45 and 6 weeks46 by
different authors. Pain from an acute injury subsides by three
weeks after acromio-clavicular dislocation2 and so 3 weeks seems
to be a relevant dividing line. Song et al. compared the results of
early and delayed surgical treatment of complete acomio-clavicular
injuries.47 The study found that early surgical treatment results in a
superior outcome and better reduction as compared to delayed
surgery.

6. Conclusion

In the recent years there has been an exponential increase in the
number of publications on repair and reconstruction of AC joint.48

However, most of the recent studies are case series and lack long-
term follow-up. Lack of standardisation in terms of population
homogeneity, severity and chronicity of the injury prevents draw-
ing up recommendations based on sound evidence. Significant
questions still remain unanswered, with regards to type of graft to
be used, number of ligaments reconstructed, number of drill holes
made and their position and finally the technique of reconstruction.

Evidence suggests that compared to conservative treatment,
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surgical management of type III AC joint injuries have a better
cosmetic and radiological outcome and comparable functional
outcome.8e10 However, the rate of complications and time off work
is significantly higher with operative management. Early operative
intervention results in better functional outcome and reduces the
risk of infection and loss of reduction.

There is consensus in the literature that type IV injuries should
be managed surgically. Conservative management is associated
with high level of pain due to AC instability.40,49 A high rate of
persistent pain was reported after isolated CC stabilisation using
TightRope due to horizontal ACJ instability in 43% cases.50 Surgical
treatment should focus on stabilisation of both vertical and hori-
zontal components to improve the clinical outcome.

The selection of graft depends on the chronicity of the injury.
Evidence suggests that biological augmentation is required in
chronic cases to enhance the healing of the torn ligaments.51 Su-
periority of anatomic reconstruction with double tendon graft has
been validated by both biomechanical and clinical studies.41

Arthroscopically assisted AC reconstruction offers the advan-
tages of assessment of glenohumeral joint, better visualisation of
the coracoid process and is minimally invasive. However, it has a
steep learning curve and currently no evidence to support it over
open surgery.
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