Albishi W, AlShayhan F, Alfridy A, Alaseem A, Elmaraghy A. Acromioclavicular joint
separation: Controversies and treatment algorithm. Orthopedic Reviews. 2024;16.
doi:10.52965/001¢.94037

General

Acromioclavicular joint separation: Controversies and treatment

algorithm

Waleed Albishi', Fahad AlShayhan', Afnan Alfridy', Abdulrahman Alaseem’, Amr Elmaraghy’

1 Department of Orthopedic Surgery, College of Medicine, King Saud University, Riyadh, Saudi Arabia, 2 Department of Orthopedic Surgery, University
of Toronto; and St Joseph's Health Centre, Toronto, ON, Canada., University of Toronto

Keywords: AC separation, Rockwood, Shoulder pain, Athlete
h ://doi.org/10.52 /001¢.94037

Orthopedic Reviews
Vol. 16, 2024

In this article, we present an uptodate outline of acromioclavicular (AC) joint separation.
A clear understanding of acromioclavicular joint injury in terms of the mechanism of
injury, clinical picture, diagnostic imaging, and most updated surgical techniques used
for the treatment can provide the best care for those patients. This article describes
updated treatment strategies for AC separation, including type III AC separation which is
known most controversial. Finally, we present a proposed treatment algorithm that can
aid in the treatment of AC separation from the most updated evidence.

SUMMARY

» Acromioclavicular joint dislocation is considered a
common injury among athletes.

e Previous studies agreed to state the non-surgical
management for low grade Rockwood injuries (Type
I-1I), where surgical management is reserved for high
grade injuries (Type IV-V).

» Treatment of type III AC separation has been debat-
able for the last decades.

» Most of the recent literature suggested starting non-
surgical treatment for type III and considering surgi-
cal treatment if pain or instability persisted.

+ The only exception is high-performance athletes
where surgical treatment is advised to be considered
initially.

EPIDEMIOLOGY

Acromioclavicular (AC) joint separation is defined by a loss
of articular contact between the distal end of the clavicle
and the medial part of the acromion.! It is characterized
by a disturbance in the stabilizing ligaments (AC ligaments
and Coracoclavicular (CC) ligaments).! AC joint separation
represents around 10% of all other shoulder girdle injuries.
The affected populations are usually young athletic males
in their 20s to 30s of age.2 Nearly half (40-50%) of these
shoulder injuries occur during contact sports 3% And as-
sociated shoulder injuries were found in 18% of the pa-
tients.2>

MECHANISM OF INJURY

AC joint separation is mainly caused by either a blunt injury
to the superolateral aspect of the shoulder or secondary

force by a fall on the outstretched hand or elbow with a
superiorly directed force, during contact sports.2 While the
shoulder is in adduction, a direct blow to the acromion can
lead to systematic failure starting with failure of the AC lig-
ament with the capsule initially, then failure of the CC lig-
ament and last is deltotrapezial fascia. The magnitude of
ligament injury is directly correlated with the force of the
injury.*

ANATOMY

The AC joint is a diarthrodial joint between the medial side
of the acromion and the distal clavicular articular surface.
This joint connects the shoulder to the axial skeleton. AC
joint harmonizes three joint movements concurrently in-
cluding glenohumeral, scapulothoracic, and sternoclavicu-
lar joints.3 Each joint has a static and dynamic stabilizer.
Similarly, the AC joint the static stabilizer plays the most
important role in the stability of the AC joint which in-
cludes AC ligaments and capsule.# The primary horizontal
plane stabilizers are superior and posterior AC ligaments,
whereas the primary vertical stabilizers of AC joint are
Conoid and Trapezoid ligaments (CC ligaments).# Dynamic
stabilizers play a secondary role in the AC separation which
consists of anterior fibers of the deltoid muscle that are
attached to the clavicle and trapezius muscle via fascial
that is inserted into the acromion.* The most predominant
blood supply to the joint comes from the axillary artery
(through the thoracoacromial branch) and subclavian
artery (through the suprascapular branch).4

PRESENTATION

AC Joint injury is easily missed, therefore any patient who
presents with shoulder trauma and complains of pain
around the AC joint, AC separation must be suspected. On
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clinical examination, it should be performed in both sitting
and position with keeping the arm not supported. Down-
ward force can exacerbate the deformity making it more ob-
vious.? The findings of the clinical examination vary based
on the severity of the injury and the presence of surround-
ing injuries. The patient typically presents with their in-
jured side elbow supported by the contralateral hand. With
more severe trauma, skin manifestations in the form of
swelling and ecchymosis may be present. Skin tenting and/
or blanching should alert impending open injury and soft
tissue compromise. Almost all patients, present with tender
acromioclavicular joint. Shoulder range of motion (ROM)
is usually not affected, but some patients can present with
limited shoulder ROM due to discomfort only. Further
stress test can help in the clinical diagnosis of AC sepa-
ration such as cross-arm adduction and loading of the AC
joint which can be helpful in milder grade injuries as a ref-
erence to the AC joint pathology. Although neurovascular
injury is rare in these injuries, it is mandatory to rule out
brachial plexus or vascular injuries due to the nature of the
location of the AC joint that is surrounded by vital struc-
tures. Other injuries are reported to a lesser extent such as
(intra-articular extension and lung involvement in the form
of pneumothorax) which should be ruled out with higher
energy injuries.>

DIAGNOSTIC IMAGING

Plain radiographs are required for diagnosis, including a
true Anteroposterior view (AP), in addition to the Velpeau
view (beam aiming 45 degrees cephalic) and Zanca view (15
degrees cephalic tilt). Other views are required to rule out
other injuries such as AP shoulder and axillary views. A
contralateral side radiograph is required and considered to
evaluate the patient’s normal CC distance. The role of ad-
vanced imaging is limited in AC separation.® Magnetic Res-
onance Imaging (MRI) of the shoulder can further delineate
the integrity of the ligaments, accurate grading of the in-
jury, and presence of arthritic findings in the AC joint and it
can accurately identify associated injuries.” In certain stud-
ies, it was reported that MRI can provide an upgraded injury
of AC separation.” MRI is not the standard for diagnosis
of AC separation but may be useful in low-grade injuries.”
The AC injury in MRI is demonstrated in the form of high
signal intensity in T2 images.® Computed Tomography (CT)
gives a further description of AC separation if associated
with fractures, but for isolated AC separation, the role of CT
is equivalent to plain radiographs.®

CLASSIFICATION

A grading system was designed to describe the severity of
injury based on the number of disrupted ligaments and the
resultant clavicle displacement was made by Rockwood.?
He classified the injury into 6 types and his classification is
widely used nowadays (Table 1). Type I represents a sprain
with intact AC and CC ligaments and clinically demon-
strates minimal or no tenderness and normal radiographs.
Type II is characterized by a horizontal axis instability with

an increased CC distance by <25% of the contralateral side.
AC ligament considered in this type partially disturbed.
Type III presents with complete disruption of both AC and
CC ligaments (unstable on the horizontal and vertical axis
with CC distance increased 25-100% compared with the
normal side). Type III injuries have been subdivided into
ITIA with pure vertical instability and IIIB with additional
horizontal instability. Type IV is considered a unique type
where the clavicle is posteriorly displaced and entrapped
through the trapezius muscle. Significant superior migra-
tion and translation of the clavicle is classified as Type V
(CC distance >100% of contralateral side) whereas inferior
displacement, sometimes even subcoracoid, of the clavicle
is classified as Type V1.9

MANAGEMENT

NON-OPERATIVE MANAGEMENT

Non-surgical management is the treatment of choice for
Types I and II which takes the form of protection and im-
mobilization using an arm sling to minimize stress on CC
and AC joints.10 The duration of immobilization for type
one is 7 to 10 days whereas for Type II immobilization
may last 4-6 weeks to help in the improvement of the pa-
tient’s symptoms.19 The rehabilitation program starts im-
mediately after immobilization and resolution of the pa-
tient’s symptoms.1! It starts initially with a passive and
active-assisted range of motion (ROM).10 Whenever the pa-
tient achieves full ROM, isometric strengthening exercises
should start, followed by isotonic exercises. Return to
sports that is involved with body contact and weightlifting
has to be after 8-12 weeks from injury.10,12

OPERATIVE MANAGEMENT

Surgical intervention is indicated in all acute AC disloca-
tions for Types IV, V, and VI since it carries severe injury
to surrounding tissues.13 The literature contains much de-
bate regarding surgical versus non-surgical management
for Type III injuries.# The primary goal of surgical inter-
vention is to reduce and maintain the AC joint anatom-
ically.13 Multiple surgical fixation techniques were previ-
ously reported in the literature and can be classified based
on the method to: Acromioclavicular (AC) fixation, Coraco-
clavicular (CC) fixation, dynamic muscle transfer, and lig-
ament reconstruction.l® The initial management of acute
injury Type III has been the subject of much controversy.
Most studies advocate the nonsurgical option for Type III,
although some support surgery for acute injuries in young
patients, patients whose job places high demands on the
shoulder, or high-performance throwing athletes. Many
clinicians also draw the distinction between the presence
of concomitant horizontal instability (confirmed clinically
and/or radiographically) and recommend surgical treat-
ment for type IIIB injuries. Type III patients who were
treated initially with conservative management and pre-
sented with persistent/chronic pain or instability may also
benefit from the surgical option (relative indication), Al-
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Table 1. Rockwood Classification®

Controversies and treatment algorithm

Type AC ligaments CC ligaments Deltopectoral fascia AC displacement ratio
| Sprain Intact Intact Normal
Il Disrupted Sprain Intact <25%
11 Disrupted Disrupted Intact 25-100%
v Disrupted Disrupted Disrupted Posterior displacement
\ Disrupted Disrupted Disrupted >100%
VI Disrupted Intact Disrupted Inferior displacement

though there is no conclusive evidence for this in the re-
viewed studies.

The ISAKOS Upper Extremity Committee recently sug-
gested treating Type III injuries non surgically, but in case
of persistent pain or it starts to affect the patient’s ability
to return to sports activities or work duties for more than
one-month, surgical options should be considered. In addi-
tion, a Meta-analysis done by Phillips et al showed compa-
rable overall satisfactory rates for Type III injuries whether
treated surgically or non-surgically. Patients who were
managed non-surgically exhibited early return to work and
prior injury activities while surgically treated patients had
a relatively high complication rate, but the clinical out-
comes of both treatments were comparable.14 Both surgical
and non-surgical options were shown to provide equivalent
outcomes in terms of prevention rate from osteoarthritis,
persistent pain and clinical scores.!4 Though, the chronic
AC pain was to a lesser extent in the surgically treated
group. In contrast, a systematic review revealed multiple
advantages and disadvantages associated with nonopera-
tive management. Which includes shorter rehabilitation in-
tervals and the absence of hospitalization. The downsides
were the possibility of a moderate degree of chronic pain,
AC joint instability, decreased shoulder movements, and if
reconstructive surgery is needed later, it will be technically
difficult since the clavicle has been displaced for a long du-
ration, and would most likely require soft tissue augmen-
tation to the primary repair. Despite it is noticed the low
rate of persistent AC pain for the patients who underwent
surgery, the current data are inadequate to establish a sci-
entific conclusion regarding the differences between sur-
gical and nonsurgical treatment concerning the functional
outcome and patient satisfaction. A well designed Random-
ized Controlled Clinical Trials (RCT) are necessitated to es-
tablish a well-structured treatment plan for Type III in-
juries.

For the success of the nonsurgical treatment of higher-
grade AC separations, a proper and adequate rehabilitation
program is essential. The usual regimen consists of an arm
sling for one to one and a half months followed by a su-
pervised physiotherapy protocol which includes a passive
and active range of motion of the shoulder, followed by
muscle resistance exercises, and strengthening one and a
half months after the injury. To avoid early stiffness, sur-
geons can instruct their patients to start pendular exercises
anytime from the trauma incident. Strengthening should
include the muscles of the shoulder girdle including del-

toid, trapezius, sternocleidomastoid, and subclavius mus-
cles. Rotator cuff muscles and the periscapular stabilizer
muscles have to be included in the strengthening phase of
the rehabilitation program. A summary of reported treat-
ment results and recommendations for AC separation grade
II1 is described in Table 2. An algorithm designed by the au-
thors for the proposed treatment for Type III AC separation

is in Figure 1.
METHODS OF SURGICAL FIXATION

PRIMARY FIXATION OF AC JOINT

Acromioclavicular fixation was first described using smooth
Kirschner wires or threaded wires. !0 This technique was re-
stricted due to the disastrous complications including the
risk of injuring vital structures such as great vessels, lungs,
and heart.10 Another technique that was described and has
become much more common nowadays is hook plate fixa-
tion, which is considered less invasive (Figure 2).1%18 The
hook plate is designed to be fixed with multiple screws over
the superior aspect of the lateral end of the clavicle, where
it curves a in Z-shape so the medial part of the plate can
slide underneath the acromion to provide upward resis-
tance to the clavicle.19 The hook plate fixation can be done
alone, or it can be augmented with ligament reconstruc-
tion.17 The hook plate requires a period of immobilization
until the ligaments have healed.!8 The hook plate is consid-
ered a strong and stable construct, but it is associated with
early and late complications, thus removal of the hardware
after healing is recommended.!117

CORACOCLAVICULAR FIXATION

This technique aims to reduce AC joint through coracoclav-
icular (CC) fixation.10 The leading idea was by Bosworth us-
ing a screw starting from the clavicle and directed to the
coracoid but has been associated with potentially danger-
ous complications.!3 Numerous papers describe different
techniques with the same principle of fixation including the
CC suture button (Figure 3).10 This method is preferred in
terms of less need for further surgeries and hardware re-
moval compared with hook plate fixation.!3 CC suture but-
ton can be achieved by either utilizing single or double
clavicular buttons with a loop around the coracoid.13 This
method carries unique complications including suture
cutout or clavicle osteolysis.10 Suture buttons are reported
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Table 2. Describing results of treatment of Rockwood Type III AC separation

No. Name of the article Year Study type Treatment of Type Il AC separation

1 . 2007 Review Non-surgical management is the treatment option for
Evaluation and Treatment . . . . .
of Acromioclavicular Joint article patler?ts p.erformlr'1g contac.t sp.orts. The patient who is
Injuries.15 experiencing persistent pain will benefit from surgical

intervention.

2 Acromioclavicular 2008 Retrospective Delayed reconstruction of Type 3 is associated with
dislocation Rockwood cohort poor clinical outcomes, more complications, and worse
I11-V: results of early quality of reduction radiographically compared to early
versus delayed surgical reconstruction.
treatment.16

3 Acromioclavicular Joint 2009 Review Despite controversial results, non-surgical treatment is
Injuries: Diagnosis and article suggested initially, and the surgical option is reserved
Management.10 for symptomatic patients.

4 Clavicle and 2011 Review Patients who presented with acute type |11 AC
Acromioclavicular joint article separations should be treated initially conservatively,
injuries: a review of despite multiple reports suggesting surgical option for
imaging, treatment, and acute injuries in elite throwing athletes.
complications.”

5 The use of hook plate in 2011 Level IV, Using a follow up MRI for type |1l patients, surgical
Type llland V therapeutic treatment with a hook plate fixation is recommended
Acromioclavicular cases series for highly functional populations who carry heavy
Rockwood dislocations: weights daily.

Clinical and radiological
midterm results and MRI
evaluation in 42 patients.18

6 2012 Review Authors advocate for a trial of non-operative
Acromioclavicular joint article mana.ger.nen.t fqr.all type III.injuries except for hi.ghly

S 19 functioning individuals. Patients who present with
separations. X . A - R
continued pain or instability after conservative
management might benefit from surgery.

7 Operative or conservative 2014 Systematic No conclusive evidence of treatment for Type 3, but
treatment in patients with review physically active young patients experience a slight
Rockwood Type 11 advantage with the surgical option.

Acromioclavicular
dislocation: a systematic
review and update of
current literature.#

8 Surgical versus 2017 Systematic Results are suggestive of the non-surgical option. The
conservative management review constancy of the pain was to a lesser extent in surgically
of Type lll treated patients. Hence, both methods are comparable
Acromioclavicular in terms of clinical outcomes. On the other hand, the
dislocation: a systematic complication rate was found to be high among patients
review.20 treated surgically.

9 2017 Review The surgical treatment in Type Il patients carries
New insights in the article cosmetic advantages and better radiological features
treatment of compared to non-operative patients. The functional
Acromioclavicular outcome was found to be similar among both groups,
separation.11 except for time off work and complications found higher

in the conservative group.

10 2018 Review In an old randomized controlled clinical trial, it was
Challenges in Treating article found non-operative group exhibited fewer
Acromioclavicular complications and a quicker resumption of work duties.
separations: Where in a recent systematic review performed by
Current Concepts.21 Beitzel et al, no functional differences among surgical or

non-surgical groups in Type Il patients.

11 Treatment of Rockwood 2018 Rev'iew 80% of the conservaﬁive group had a good cIiniC?I

R . article outcome, where patients who experienced persistent
Type Il Acromioclavicular . AT . -
Joint Dislocation 22 pain, can ob.taln’clmlcal |mprov§ment with anatomlcgl
reconstruction in 80% of chronic Type |1l AC separation.

to be comparable biomechanically to native ligaments.!!

Screw fixation or CC suture button mostly combined with

LIGAMENT RECONSTRUCTION

CC ligament reconstruction as recommended by Rockwood e first description of the use of the native coracoacromial

i ilitv. 10 . . . e e ..
to increase the stability. ligament to reconstruct Acromioclavicular joint injury was
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Acute presentation of
Type | or Il separation

Acute presentation of
Type lll

Acute presentation of
TypelV, Vor VI

l |

!

Non-Operative

High-performance athlete
Highly demanding jobs
Significant horizontal instability

Operative management

Operative management

Operative management

Initial trial of non-operative
management

Persistent painor instability?

A

Continue non-operative
management

Figure 1. Authors’ preferred treatment algorithm for acromioclavicular separation

Figure 2. Showing left shoulder plain radiograph
demonstrating a reduced AC joint using hook plate
construct.

by Weaver-Dunn.10 It is performed by resecting the lateral
end of the clavicle and using the bony acromial end of the
coracoacromial ligament to supplement the resected part of
the clavicle. The idea of this technique is to utilize the CA
ligament as a substitute for the CC ligament.!! This tech-
nique is no longer commonly used due to the high fail-
ure rate (30%) and low biomechanical stability in correla-

Figure 3. Showing left shoulder plain radiograph
demonstrating a reduced AC joint using CC suture
button.

tion to the CC ligaments.!! A modification in the technique
has been described which aims to reconstruct CC ligaments
with autogenous semitendinosus graft, or allograft and me-
chanically support of the construct either through CC but-
ton fixation or hook plate fixation.!! The modified Weaver-
Dunn technique can be carried out in an open fashion or
using the arthroscopic technique, as described by Lafosse.10
Arthroscopic ligament reconstruction is considered less in-
vasive and may provide better visualization.!3

The use of allograft carries a higher failure rate in terms
of radiographic outcome compared to autograft.2! Auto-
graft is reported to be biomechanically superior to CA liga-
ment reconstruction of CC ligament.17 It can be performed
by passing a loop of the graft beneath the coracoid process,
then securing both ends to the clavicle either by creating
two parallel bone tunnels or simply tying the ends over the
intact clavicle.l”
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DYNAMIC MUSCLE TRANSFER

This technique aims to transfer the coracoid process with
its tendons including the short head of biceps, coraco-
brachialis, and pectoralis minor where it gets fixed to the
distal end of the clavicle to help in vertical stability.10 It is
first described by Dewar and Barrington.23 Wang et al. com-
bined the dynamic muscle transfer technique with the use
of the hook plate in 21 patients which showed a satisfac-
tory outcome among the majority of patients.24 Due to the
high rate of complications including coracoid process frac-
ture and musculocutaneous nerve injury, this technique has
been abandoned.10:24

CLINICAL OUTCOME

NON-SURGICAL MANAGEMENT

Literature about the outcome of non-surgical management
for Types I and II AC separation is limited, but Pallis et
al have shown around 10% of those AC injury groups who
were treated initially with nonsurgical management un-
derwent subsequent surgery.25 Mohsin et al, found half of
the low grade AC separation patients were asymptomatic
during follow-up.2! Recent literature suggests non-surgical
management for Type III in acute AC separations specifi-
cally for older age and patients who aren’t committed to
high-demand jobs or sports activities.10 It is reported that
conservative management is effective for Type III patients
who are professional baseball players.19 Non-surgical man-
agement may alter shoulder mechanics which may lead
to shoulder dyskinesia, decreased bench press strength, or
may affect sports strength.10

SURGICAL MANAGEMENT

The outcome of surgical management has been studied for
single techniques or combined techniques. Alexander et
al. studied the radiological outcome for patients presented
with Rockwood types III, V and treated with hook plate
fixation and have shown that 12% of cases experienced a
postoperative loss of reduction.!® In a study where they
compared the functional outcome of open or arthroscopic
suture buttons with hook plate fixation, the suture button
demonstrated a favorable functional outcome and better
pain score.26 Furthermore, the arthroscopic suture button
showed superior functional outcomes compared with the
open technique.26 Miiller et al reported athletes who un-
derwent arthroscopically assisted double-suture-button ex-
perienced a return to sports ability and normal sports activ-
ity level compared with athletes who underwent open hook
plate fixation.1%27 Gunnar et al compared the outcome of
combining arthroscopic tight rope fixation augmented with
hook plate in 69 patients, both techniques showed good to
excellent clinical outcomes, comparable partial recurrence
in CC distance with a complication rate of almost 13% for
both groups.28 However, Weihui et al concluded that the
tight rope technique is better in functional recovery, pain

scale, less operative time, less loss of reduction, and CC dis-
tance.2?

Ligament reconstruction has become one of the most
used techniques nowadays. Mazzocca et al biomechanically
studied different types of techniques comparing anatomical
CC ligament reconstruction with two bundles of semitendi-
nosus autograft, arthroscopic reconstruction with high ten-
sile braided polyethylene suture, and a modified Weaver-
Dunn procedure.3® Anatomical reconstruction with
autograft is the closest biomechanically to normal AC and
CC ligaments.30 In metanalysis comparing arthroscopic
with open reconstruction, a comparable rate is noticed in
terms of failure of reduction, complications and the need
for further surgeries.3! Comparing clavicular tunnels in lig-
ament reconstruction, double tunnels carried a higher rate
of complications including clavicle fracture.32 Allograft
carries a higher risk of the need for revision surgeries,
whereas autograft has a higher failure rate of reduction.32

Postoperative failure of the reduction was described in
the literature after open reconstruction or arthroscopic su-
ture button fixation. The risk of this complication can range
from 17% to 80%, however partial or residual displacement
has not been shown to precipitate functional deficit.!6,33-35
Although it can be technically challenging, arthroscopic as-
sisted AC repair or reconstruction has the possible advan-
tages of direct judgment of the reduction and the assessing
the need to address additional shoulder pathologies as con-
comitant injuries may occur in up to 25% of patients.36-37
Arthroscopic approach is considered relatively a safe pro-
cedure in multiple case series but well-designed RCTs are
needed to compare the outcome of this intervention to
open techniques.

Timing of surgery is another consideration as early sur-
gical intervention tends to be easier and leads to accurate
reduction of the joint in comparison to delayed surgery.
Song et all review showed better reduction and clinical out-
come when surgery is performed in less than 3 weeks but
without significant difference in the complication rate.38

MANAGEMENT OF CHRONIC AC INJURY

Chronic AC dislocation has historically been described as
more than 4-6 weeks from injury.3° Management of high-
grade chronic AC separations is considered a challenge, due
to the loss of healing potential of torn CC ligament com-
pared to acute AC separation that needs anatomical re-
duction.40 For that reason, biological augmentation should
be considered in the management of chronic AC separa-
tion.#0 The Modified Weaver Dunn technique is described
in the management of chronic AC separation but carries
lower resistance in vertical stability compared with recon-
struction with tendon graft.#0 Tauber et al showed a better
outcome in cases where anatomical reconstruction was per-
formed using semitendinosus tendon autograft compared
with those who underwent the modified Weaver Dunn tech-
nique.4! A comparison has been studied of modified Weaver
Dunn technique augmented with Polydioxanone (PDS) and
hook plate fixation alone, patient who underwent open re-
duction and fixation with hook plate experienced higher
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pain scores during shoulder range of motion and at rest,
whereas ligament reconstruction group experienced good
shoulder range of motion and better satisfaction.#2 A sys-
tematic review compared multiple different techniques in
chronic AC separation showed the best functional outcome
noticed among patients who underwent anatomical recon-
struction with the use of both synthetic and biologic aug-
mentation.*3

COMPLICATIONS

Complications after AC separations may occur after non-
operative and operative treatment, and can include pain,
stiffness, deformity, and weakness.10 In general, the com-
plication rate among the surgical group was around 27 to
44%.36 One of the most common complications is a com-
plete failure of reduction or partial loss.2! Hardware com-
plications, including the need for removal of the hardware,
and the presence of infection are the most common compli-
cations associated with surgery. The general complication
rate of the hook plate technique is around 11%.44 While in-
fection alone can present in 5% of those patients.45 In pa-
tients where the plate is retained for a long time, acromion
osteolysis or fracture can happen at a higher rate. In a
cadaveric study, the location of the contact point joining
the lateral tip of the plate over the inner surface of the
acromion was variable among specimens. That finding was
mainly attributed to the wide surface area of acromion.
Males tend to have wider and thicker acromion compared
to females.4¢ Clavicle and coracoid fractures are reported
complications in the techniques that utilize a bone tun-
nel.2! This can be prevented if the graft is wrapped over
the clavicle or coracoid rather than creating bone holes that
predispose to fracture.2! The incidence reaches up to 5.3%
and it is correlated with the width of the tunnel.2! Hard-
ware migration to great vessels can happen with old tech-
niques.10 The end result is early AC arthritis, persistent in-
stability, or clavicle osteolysis which is presented in the
form of persistent AC pain and tenderness.1%17

CONCLUSION

A greater recognition of the approach and management
of Acromioclavicular joint separation has been growing for
the last few decades. Many treatment options have been
evolved and reported in the literature for this injury. It has

been known that the proper management for acute low-
grade AC separations (Type I, II) is conservative, whereas
the standard treatment for high-grade acute AC separations
(Type IV - VI) is surgery. Most of the persistent debate is on
finding out the optimal management for type III injuries.
We present the most updated review of the management
of Type III AC separation. The latest consensus evidence
suggests starting initially with conservative management
for acute Type III injuries for most patients including con-
tact sports athletes. Where surgical management should be
considered if there is significant horizontal instability or
if the patient is a high-performance athlete, e.g. throw-
ing athlete, and if initial non-surgical management leads to
continuous non-responsive pain and/or instability.

COMPETING INTERESTS

No conflict of interest between authors:
FUNDING, GRANT/AWARD INFO
None.

DATA AVAILABILITY

No applicable

ACKNOWLEDGEMENT

N/A

AUTHORS CONTRIBUTION

Waleed Albishi: Research idea, research design, designing
algorithm.

Fahad Alshayhan: Literature review, writing the article,
submission of the article.

Afnan Alfridy: Literature review, writing the article.
Abdulrahman Alaseem: Literature review, writing the arti-
cle.

Amr Elmaraghy: Final review edit, designing an algorithm.

Submitted: April 02, 2023 EST, Accepted: February 04, 2024
EST

Orthopedic Reviews 7



Acromioclavicular joint separation: Controversies and treatment algorithm

REFERENCES

1. Simovitch R, Sanders B, Ozbaydar M, Lavery K,
Warner JJP. Acromioclavicular Joint Injuries:
Diagnosis and Management. Journal of the American
Academy of Orthopaedic Surgeons.
2009;17(4):207-219. doi:10.5435/
00124635-200904000-00002

2. van Bergen CJA, van Bemmel AF, Alta TDW, van
Noort A. New insights in the treatment of
acromioclavicular separation. WJO.
2017;8(12):861-873. doi:10.5312/wjo.v8.i12.861

3. Martetschlédger F, Kraus N, Scheibel M, Streich J,
Venjakob A, Maier D. Diagnostik und Therapie der
akuten Luxation des Acromioclaviculargelenks.

Deutsches Arzteblatt International. 2019;116(6):89-95.

4. Sirin E, Aydin N, Topkar OM. Acromioclavicular
joint injuries: Diagnosis, classification and
ligamentoplasty procedures. EFORT Open Reviews.
2018;3(7):426-433. doi:10.1302/2058-5241.3.170027

5. Phillips AM, Smart C, Groom AFG.
Acromioclavicular dislocation. Conservative or
surgical therapy. Clin Orthop Relat Res.
1998;353:10-17. doi:10.1097/
00003086-199808000-00003

6. Mazzocca AD, Arciero RA, Bicos J. Evaluation and
treatment of acromioclavicular joint injuries. Am J
Sports Med. 2007;35(2):316-329. doi:10.1177/
0363546506298022

7. Rolf O, Hann von Weyhern A, Ewers A, Boehm TD,
Gohlke F. Acromioclavicular dislocation Rockwood
III-V: results of early versus delayed surgical
treatment. Arch Orthop Trauma Surg.
2007;128(10):1153-1157. doi:10.1007/
s00402-007-0524-3

8. Melenevsky Y, Yablon CM, Ramappa A, Hochman
MG. Clavicle and acromioclavicular joint injuries: A
review of imaging, treatment, and complications.
Skeletal Radiol. 2010;40(7):831-842. doi:10.1007/
s00256-010-0968-3

9. di Francesco A, Zoccali C, Colafarina O,
Pizzoferrato R, Flamini S. The use of hook plate in
type I1I and v acromio-clavicular Rockwood
dislocations: Clinical and radiological midterm
results and MRI evaluation in 42 patients. Injury.
2012;43(2):147-152. doi:10.1016/j.injury.2011.04.002

10. Warth RJ, Martetschldger F, Gaskill TR, Millett PJ.

Acromioclavicular joint separations. Curr Rev
Musculoskelet Med. 2012;6(1):71-78. doi:10.1007/
s12178-012-9144-9

11. Chronopoulos E, Kim TK, Park HB, Ashenbrenner
D, McFarland EG. Diagnostic Value of Physical Tests
for Isolated Chronic Acromioclavicular Lesions. Am J
Sports Med. 2004;32(3):655-661. doi:10.1177/
0363546503261723

12. Longo UG, Ciuffreda M, Rizzello G, Mannering N,
Maffulli N, Denaro V. Surgical versus conservative
management of Type III acromioclavicular
dislocation: A systematic review. British Medical
Bulletin. 2017;122(1):31-49. doi:10.1093/bmb/1dx003

13. Cook JB, Krul KP. Challenges in treating
acromioclavicular separations: Current concepts. J
Am Acad Orthop Surg. 2018;26(19):669-677.
doi:10.5435/jaaos-d-16-00776

14. Kim SH, Koh KH. Treatment of Rockwood Type III
Acromioclavicular Joint Dislocation. Clin Shoulder
Elbow. 2018;21(1):48-55. d0i:10.5397/
cise.2018.21.1.48

15. DEWAR FP, BARRINGTON TW. THE TREATMENT
OF CHRONIC ACROMIO-CLAVICULAR
DISLOCATION. J Bone Joint Surg Br.
1965;47-B(1):32-35. doi:10.1302/0301-620x.47b1.32

16. Wang Y, Zhang J. Acromioclavicular joint
reconstruction by coracoid process transfer
augmented with hook plate. Injury.
2014;45(6):949-954. doi:10.1016/j.injury.2013.12.013

17. Pallis M, Cameron KL, Svoboda SJ, Owens BD.
Epidemiology of acromioclavicular joint injury in
young athletes. Am J Sports Med.
2012;40(9):2072-2077. doi:10.1177/
0363546512450162

18. Wang C, Meng JH, Zhang YW, Shi MM. Suture
Button Versus Hook Plate for Acute Unstable
Acromioclavicular Joint Dislocation: A Meta-analysis.
Am ] Sports Med. 2019;48(4):1023-1030. doi:10.1177/
0363546519858745

19. Miiller D, Reinig Y, Hoffmann R, et al. Return to
sport after acute acromioclavicular stabilization: a
randomized control of double-suture-button system
versus clavicular hook plate compared to uninjured
shoulder sport athletes. Knee Surg Sports Traumatol
Arthrosc. 2018;26(12):3832-3847. doi:10.1007/
s00167-018-5044-x

Orthopedic Reviews


https://doi.org/10.5435/00124635-200904000-00002
https://doi.org/10.5435/00124635-200904000-00002
https://doi.org/10.5312/wjo.v8.i12.861
https://doi.org/10.1302/2058-5241.3.170027
https://doi.org/10.1097/00003086-199808000-00003
https://doi.org/10.1097/00003086-199808000-00003
https://doi.org/10.1177/0363546506298022
https://doi.org/10.1177/0363546506298022
https://doi.org/10.1007/s00402-007-0524-3
https://doi.org/10.1007/s00402-007-0524-3
https://doi.org/10.1007/s00256-010-0968-3
https://doi.org/10.1007/s00256-010-0968-3
https://doi.org/10.1016/j.injury.2011.04.002
https://doi.org/10.1007/s12178-012-9144-9
https://doi.org/10.1007/s12178-012-9144-9
https://doi.org/10.1177/0363546503261723
https://doi.org/10.1177/0363546503261723
https://doi.org/10.1093/bmb/ldx003
https://doi.org/10.5435/jaaos-d-16-00776
https://doi.org/10.5397/cise.2018.21.1.48
https://doi.org/10.5397/cise.2018.21.1.48
https://doi.org/10.1302/0301-620x.47b1.32
https://doi.org/10.1016/j.injury.2013.12.013
https://doi.org/10.1177/0363546512450162
https://doi.org/10.1177/0363546512450162
https://doi.org/10.1177/0363546519858745
https://doi.org/10.1177/0363546519858745
https://doi.org/10.1007/s00167-018-5044-x
https://doi.org/10.1007/s00167-018-5044-x

Acromioclavicular joint separation: Controversies and treatment algorithm

20. Jensen G, Katthagen JC, Alvarado LE, Lill H, Voigt
C. Has the arthroscopically assisted reduction of
acute AC joint separations with the double tight-rope
technique advantages over the clavicular hook plate
fixation? Knee Surg Sports Traumatol Arthrosc.
2012;22(2):422-430. doi:10.1007/s00167-012-2270-5

21. Qi W, Xu Y, Yan Z, et al. The Tight-Rope
Technique versus Clavicular Hook Plate for
Treatment of Acute Acromioclavicular Joint
Dislocation: A Systematic Review and Meta-Analysis.
Journal of Investigative Surgery. 2019;34(1):20-29.
doi:10.1080/08941939.2019.1593558

22. Adam FF, Farouk O. Surgical treatment of chronic
complete acromioclavicular dislocation. International
Orthopaedics. 2004;28(2):119-122. doi:10.1007/
s00264-003-0520-3

23. Mazzocca AD, Santangelo SA, Johnson ST, Rios
CG, Dumonski ML, Arciero RA. A biomechanical
evaluation of an anatomical coracoclavicular
ligament reconstruction. Am J Sports Med.
2006;34(2):236-246. doi:10.1177/0363546505281795

24. Gowd AK, Liu JN, Cabarcas BC, et al. Current
Concepts in the Operative Management of
Acromioclavicular Dislocations: A Systematic Review
and Meta-analysis of Operative Techniques. Am |
Sports Med. 2018;47(11):2745-2758. doi:10.1177/
0363546518795147

25. Pill SG, Rush L, Arvesen J, et al. Systematic review
of the treatment of acromioclavicular joint disruption
comparing number of tunnels and graft type. Journal
of Shoulder and Elbow Surgery. 2020;29(7):S92-S100.
doi:10.1016/j.jse.2020.04.008

26. Clavert P, Meyer A, Boyer P, Gastaud O, Barth J,
Duparc F. Complication rates and types of failure
after arthroscopic acute acromioclavicular dislocation
fixation. Prospective multicenter study of 116 cases.
Orthopaedics & Traumatology: Surgery & Research.
2015;101(8):S313-S316. doi:10.1016/
j.otsr.2015.09.012

27. Martetschldger F, Horan MP, Warth R], Millett PJ.
Complications after anatomic fixation and
reconstruction of the coracoclavicular ligaments. Am
J Sports Med. 2013;41(12):2896-2903. doi:10.1177/
0363546513502459

28. Choi NH, Lim SM, Lee SY, Lim TK. Loss of
reduction and complications of coracoclavicular
ligament reconstruction with autogenous tendon
graft in acute acromioclavicular dislocations. Journal
of Shoulder and Elbow Surgery. 2017;26(4):692-698.
doi:10.1016/j.jse.2016.09.014

29. Venjakob AJ, Salzmann GM, Gabel F, et al.
Arthroscopically assisted 2-bundle anatomic
reduction of acute acromioclavicular joint
separations: 58-Month findings. Am ] Sports Med.
2013;41(3):615-621. doi:10.1177/0363546512473438

30. Murena L, Vulcano E, Ratti C, Cecconello L, Rolla
PR, Surace MF. Arthroscopic treatment of acute
acromioclavicular joint dislocation with double flip
button. Knee Surg Sports Traumatol Arthrosc.
2009;17(12):1511-1515. doi:10.1007/
s00167-009-0838-5

31. Song T, Yan X, Ye T. Comparison of the outcome
of early and delayed surgical treatment of complete
acromioclavicular joint dislocation. Knee Surg Sports
Traumatol Arthrosc. 2014;24(6):1943-1950.
doi:10.1007/s00167-014-3225-9

32. Flint JH, Wade AM, Giuliani J, Rue JP. Defining the
Terms Acute and Chronic in Orthopaedic Sports
Injuries. Am J Sports Med. 2013;42(1):235-241.
doi:10.1177/0363546513490656

33. Beitzel K, Cote MP, Apostolakos J, et al. Current
Concepts in the Treatment of Acromioclavicular
Joint Dislocations. Arthroscopy. 2013;29(2):387-397.
doi:10.1016/j.arthro.2012.11.023

34. Cisneros LN, Reiriz JS. Management of chronic
unstable acromioclavicular joint injuries. J Orthop
Traumatol. 2017;18(4):305-318. doi:10.1007/
$10195-017-0452-0

35. Tauber M, Gordon K, Koller H, Fox M, Resch H.
Semitendinosus tendon graft versus a modified
Weaver-Dunn procedure for acromioclavicular joint
reconstruction in chronic cases: A prospective
comparative study. Am J Sports Med.
2008;37(1):181-190. doi:10.1177/0363546508323255

36. Bostrom Windhamre HA, von Heideken JP, Une-
Larsson VE, Ekelund AL. Surgical treatment of
chronic acromioclavicular dislocations: A
comparative study of Weaver-Dunn augmented with
PDS-braid or hook plate. Journal of Shoulder and
Elbow Surgery. 2010;19(7):1040-1048. doi:10.1016/

j.jse.2010.02.006

37. Sircana G, Saccomanno MF, Mocini F, et al.
Anatomic reconstruction of the acromioclavicular
joint provides the best functional outcomes in the
treatment of chronic instability. Knee Surg Sports
Traumatol Arthrosc. 2020;29(7):2237-2248.
doi:10.1007/s00167-020-06059-5

38. Kienast B, Thietje R, Queitsch C, Gille ], Schulz A,
Meiners J. Mid-term results after operative treatment
of rockwood grade III-V acromioclavicular joint
dislocations with an AC-hook-plate. Eur ] Med Res.
2011;16(2):52. doi:10.1186/2047-783x-16-2-52

Orthopedic Reviews


https://doi.org/10.1007/s00167-012-2270-5
https://doi.org/10.1080/08941939.2019.1593558
https://doi.org/10.1007/s00264-003-0520-3
https://doi.org/10.1007/s00264-003-0520-3
https://doi.org/10.1177/0363546505281795
https://doi.org/10.1177/0363546518795147
https://doi.org/10.1177/0363546518795147
https://doi.org/10.1016/j.jse.2020.04.008
https://doi.org/10.1016/j.otsr.2015.09.012
https://doi.org/10.1016/j.otsr.2015.09.012
https://doi.org/10.1177/0363546513502459
https://doi.org/10.1177/0363546513502459
https://doi.org/10.1016/j.jse.2016.09.014
https://doi.org/10.1177/0363546512473438
https://doi.org/10.1007/s00167-009-0838-5
https://doi.org/10.1007/s00167-009-0838-5
https://doi.org/10.1007/s00167-014-3225-9
https://doi.org/10.1177/0363546513490656
https://doi.org/10.1016/j.arthro.2012.11.023
https://doi.org/10.1007/s10195-017-0452-0
https://doi.org/10.1007/s10195-017-0452-0
https://doi.org/10.1177/0363546508323255
https://doi.org/10.1016/j.jse.2010.02.006
https://doi.org/10.1016/j.jse.2010.02.006
https://doi.org/10.1007/s00167-020-06059-5
https://doi.org/10.1186/2047-783x-16-2-52

Acromioclavicular joint separation: Controversies and treatment algorithm

39. Mazzocca AD, Spang JT, Rodriguez RR, et al.
Biomechanical and radiographic analysis of partial
coracoclavicular ligament injuries. Am J Sports Med.
2008;36(7):1397-1402. doi:10.1177/
0363546508315200

40. EIMaraghy AW, Devereaux MW, Ravichandiran K,
Agur AM. Subacromial morphometric assessment of
the clavicle hook plate. Injury. 2010;41(6):613-619.
doi:10.1016/j.injury.2009.12.012

41. Korsten K, Gunning AC, Leenen LPH. Operative or
conservative treatment in patients with Rockwood
type III acromioclavicular dislocation: A systematic
review and update of current literature. International
Orthopaedics (SICOT). 2013;38(4):831-838.
doi:10.1007/s00264-013-2143-7

42. Tischer T, Salzmann GM, El-Azab H, Vogt S,
Imhoff AB. Incidence of associated injuries with
acute acromioclavicular joint dislocations types III
through V. Am J Sports Med. 2008;37(1):136-139.
doi:10.1177/0363546508322891

43. Flores DV, Goes PK, Gémez CM, Umpire DF,
Pathria MN. Imaging of the acromioclavicular joint:
Anatomy, function, pathologic features, and
treatment. RadioGraphics. 2020;40(5):1355-1382.
doi:10.1148/rg.2020200039

44. Alyas F, Curtis M, Speed C, Saifuddin A, Connell
D. MR imaging appearances of acromioclavicular
joint dislocation. RadioGraphics. 2008;28(2):463-479.
doi:10.1148/rg.282075714

45. Mantripragada S, Bhagwani S, Peh WC, Lim YW.
Acromioclavicular joint injuries: Imaging and
management. ] Med Imag Rad Onc.
2020;64(6):803-813. doi:10.1111/1754-9485.13094

46. Granville-Chapman J, Torrance E, Rashid A, Funk
L. The Rockwood classification in acute
acromioclavicular joint injury does not correlate with
symptoms. J Orthop Surg (Hong Kong).
2018;26(2):230949901877788. doi:10.1177/
2309499018777886

Orthopedic Reviews

10


https://doi.org/10.1177/0363546508315200
https://doi.org/10.1177/0363546508315200
https://doi.org/10.1016/j.injury.2009.12.012
https://doi.org/10.1007/s00264-013-2143-7
https://doi.org/10.1177/0363546508322891
https://doi.org/10.1148/rg.2020200039
https://doi.org/10.1148/rg.282075714
https://doi.org/10.1111/1754-9485.13094
https://doi.org/10.1177/2309499018777886
https://doi.org/10.1177/2309499018777886

	Acromioclavicular joint separation: Controversies and treatment algorithm
	Summary
	Epidemiology
	Mechanism of injury
	Anatomy
	Presentation
	Diagnostic Imaging
	Classification
	Management
	Non-operative management
	Operative management

	Methods of surgical fixation
	Primary fixation of AC joint
	Coracoclavicular fixation

	Ligament reconstruction
	Dynamic muscle transfer
	Clinical outcome
	Non-surgical management
	Surgical management

	Management of chronic AC injury
	Complications
	Conclusion
	Competing interests
	Funding, grant/award info
	Data availability
	Acknowledgement
	Authors contribution

	References


