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Background: This article examines the wide range of surgical reconstruction options available for
acromioclavicular (AC) joint injuries. However, the lack of consensus regarding the most suitable surgical
techniques is attributed to the high and variable failure rates observed with current approaches.
Methods: This article presents a comprehensive overview of the current surgical principles and tech-
niques used by renowned experts in the field of AC shoulder injury management.
Results: It emphasizes the significance of addressing horizontal and rotational instability in AC injuries
and highlights the impact of impaired scapular biomechanics.
Conclusion: By exploring these emerging concepts and strategies, the article aims to lay the foundation
for future studies aimed at improving treatment outcomes and patient management.

© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Surgical reconstruction options for acromioclavicular (AC) joint
injuries involve a wide range of approaches, techniques, and
methods. The primary objective when treating these high grade
injuries is to restore the disrupted vertical and horizontal stability
in an anatomically and biomechanically optimized manner. Un-
fortunately, there is currently no consensus on the most appro-
priate surgical technique(s) to achieve this goal given the high and
variable rates of failure of current techniques.5,30,33,42

This article aims to present a summary of the current surgical
principles and techniques used by leading experts in managing AC
shoulder injuries. Additionally, we will highlight the significance of
horizontal and rotational instability in AC injuries and the impact of
dysfunctional scapular biomechanics. Ultimately, this will shed
light on future direction for studies that focus on these emerging
concepts and strategies to offer the best possible treatment and
management for patients.
Acromioclavicular (AC) joint anatomy and biomechanics

The biomechanics of the AC joint involve a close interplay be-
tween the clavicle, scapula, and their respective soft tissues. The
biomechanics of the AC joint are affected by not only the bony
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structure but also the soft tissue components of the AC joint capsule
and the coracoclavicular (CC) ligaments: the trapezoid and conoid.
However, the AC joint only makes up a component of the entire
shoulder. Shoulder girdle motion is a complex process involving
multiple joints, including the glenohumeral, sternoclavicular (SC),
scapulothoracic, and AC joints. In a study by Ludewig et al, the re-
searchers found that scapulothoracic motion occurs simultaneously
withmotion in the SC and AC joints during shoulder elevation. They
described the AC joint motion in relation to the movement of the
scapula relative to the clavicle. During humeral elevation, the re-
ported AC joint motion included scapular internal rotation of 8�,
upward rotation of 11�, and posterior tilting of 19�. The research
findings demonstrate that the natural movement and forces
experienced by the AC joint involve not only vertical and horizontal
motion but also rotational motions.13

When evaluating and treating patients with AC injuries, it is
important to consider the complexity of the shoulder girdle motion
and all the forces at play.2,7 Cadaveric sectioning studies have
shown that cutting the AC joint in isolation results in greater
anterior-posterior translation compared to cutting the CC liga-
ments in isolation. However, sectioning of the CC ligaments in
isolation resulted in greater superior-inferior translation.49 These
soft tissues act synergistically and studies have demonstrated that
transecting the AC joint capsule results in the CC joint experiencing
twice the load horizontally but not vertically.27 The bony archi-
tecture of the AC joint is also crucial in maintaining horizontal
stability. Distal clavicle excision not only increases the horizontal
instability but doing so concomitantly during AC reconstruction
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may be counterproductive and put undue stress on the recent
reconstruction.38

Scapular dysfunction

Over the last few decades, the surgical management of AC in-
juries has primarily centered on the clavicular side of the joint. The
focus has been on reconnecting the “displaced” clavicle to the
scapula through reconstruction or repair of the injured CC liga-
ments. However, recent research has brought new insights into the
biomechanics of the scapula and its relationship to the clavicle in
AC pathology.2,8,38,39 In AC injuries, the separation of the scapula
from the supportive clavicular strut causes the scapula to move
downward, accompanied by protraction and internal rotation,
which shifts the scapula medially relative to the AC joint.38,39

This displacement of the scapula has significant functional
consequences on shoulder biomechanics. It disrupts the scap-
ulohumeral complex, preventing the scapular stabilizing muscles
from maintaining the proper positioning of the glenohumeral and
acromiohumeral joints.38 As a result, the scapular-humeral rhythm
is altered, leading to subsequent loss of rotator cuff strength and
function. To restore rotator cuff strength and function, it becomes
necessary to address the retraction of the scapula and the pivot
point of the AC joint.

Furthermore, Gumina et al conducted a study showing that
scapular dyskinesis is present in a significant percentage of patients
with chronic type III injuries. Among them, a subset demonstrated
scapular malposition, inferior medial border prominence, coracoid
pain, and scapular dyskinesis (SICK scapula), which is associated
with inferior shoulder function and pain. These findings challenge
the conventional belief of focusing solely on “reducing” the clavicle
in AC joint injuries. Instead, they suggest that the displaced portion
is actually the scapula, shifting the focus toward reducing the
scapula back to the clavicle.

This perspective is further supported by newer biomechanical
studies,13,17,27 emphasizing the goal of reconstructing the scapular-
clavicle relationship. The ultimate aim is to enable these structures
to move synchronously for optimal shoulder function.13,17,27,38,39

Surgical management of AC joint injuries: current understanding

There are a multitude of described procedures to address an
injury to the AC joint, totaling more than 150.5 This in itself shows
how we as an orthopedic community are still striving to find a
definitive answer on appropriate management of the injury. It also
highlights the challenging nature of these injuries and the high
failure rates postoperatively corroborate that sentiment.17

The consensus for Rockwood Types I-II is nonsurgical manage-
ment and Types IV-VI necessitates surgical treatment.5,11,17,21,23,24,30,37

The challenging Type III injuries, however, remain a point of debate.
Over the years, the severity of type III AC joint injuries has been
recognized to vary significantly, leading to the publication of a
consensus statement by the International Society of Arthroscopy,
Knee Surgery and Orthopaedic Sports Medicine in 2014. This state-
ment recommended further subclassifying type III injuries to accu-
rately identify patients who may benefit from surgery. Type IIIA
injuries are considered stable without clavicle over-riding on the
cross-body adduction view and without significant scapular
dysfunction. Type IIIB injuries exhibit horizontal instability and
therapy-resistant scapular dysfunction.6 Signifying Type IIIA is
managed nonsurgically and vice versa for IIIB injuries.

Current principles on how to manage AC injuries are based on
repairing or reconstructing the injured structures, the CC ligaments
and AC joint capsule with surrounding soft tissue. However, the
majority of the modern techniques include addressing the CC
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ligaments in isolation with constructs using suture suspensory
construct, synthetic devices, hardware, and/or graft tissue.5,13,15-
17,21,24,27,30 Additionally, nonanatomic CC reconstruction options
utilizing a hook plate and transfer of the CA ligament (Weaver-
Dunn procedure) and modifications thereof have also been used.
Over time, anatomic versus nonanatomic reconstruction options of
the CC ligaments have been evaluated biomechanically.

These have shown that anatomic CC reconstruction has similar
biomechanical properties to the native CC ligament and vastly
improved from nonanatomic constructs of the past.

However, there has not been a consensus of a single anatomic
reconstruction method that is superior to others.

Additional surgical decision factors include the acuity of the
injury. Flint et al performed a systematic review and found AC in-
juries are consistently deemed acute as 3 weeks or less and chronic
as 6 weeks or more.20 Additionally, the histologic regenerative
properties of the AC ligament complex were studied and found that
surgical management within the first week has the highest biologic
healing potential. Furthermore, by the 2nd-3rd week, the healing
potential had plateaued.28 Ideally whenmanaging acute high grade
injuries, these should be addressed within that 1-3eweek window.
Unfortunately, because of the trial of nonsurgical management
with Type I-III and chronic high grade injuries, this can cause
confusion in the terminology.

The advent of arthroscopic surgery and the benefits of such
techniques have shifted a majority of surgeons to now performing
modifications of the older open techniques via arthroscopic assis-
tance or completely arthroscopic. This in theory reduces some of
the wound complications with large open incisions. However,
complication rates with surgical management are still reported to
range anywhere from 5%-30%.37 Commonly reported surgical
complications depend on fixation method but include loss of fixa-
tion, graft failure, fractures of the coracoid and clavicle, hardware
prominence/irritation and subsequent removal, infection, wound
healing, subacromial impingement, and hardware migration.33

Surgical techniques

Coracoclavicular ligament reconstruction

At this time, the majority of the surgical techniques toward
addressing AC injuries involve trying to recreate the native CC lig-
aments whether it is from autograft, allograft, suture, synthetic
materials, or any combination therein.1 This is especially true in the
acute injury setting and has historically been the traditional
approach to addressing Rockwood III-VI injuries. These different
techniques and variations are presented throughout the literature
and well studied.2,5,13,14,17,21,24,29-31,33

The literature and biomechanical studies over the last few de-
cades have convincingly shown that anatomic reconstruction of the
CC ligaments and their attachment on the clavicle/coracoid are
superior to nonanatomic.14,29-31 Anatomic Coracoclavicular
Reconstruction (ACCR) is able to resist peak loads to failure equiv-
alent to that of native CC ligaments.14,29-31 Additionally, proper
tunnel placement in the clavicle is crucial for optimal strength and
reducing the risk of failures. Research indicates that tunnel place-
ment corresponding to the attachment of the CC ligaments in the
clavicle results in placement of the graft into higher bone marrow
density and correlates with higher loads to failure in experimental
settings.10

Going into the intricacies of every variation of ACCR exceeds the
scope and intention of this review. Nevertheless, it remains a
matter of concern that performing isolated CC reconstruction in
cases of higher grade AC injuries with horizontal instability may
lead to suboptimal results. The nonanatomic restoration of native
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biomechanics and the absence of both anterior-to-posterior and
rotational control at the AC joint can result in unfavorable out-
comes, including residual deformity, impingement, restricted range
of motion, and persistent pain.8,18

Acromioclavicular joint reconstruction/repair

Increased awareness of the importance of recreating the AC joint
has now led to newer techniques and evolving strategies on how to
repair it after an injury.8,17,19,22,24,26,40,41,50,55,56 Similarly to the iso-
lated CC ligament reconstruction, techniques reconstructing the AC
joint capsule involve using suture, anchors, grafts, and/or hardware.
Repairing the AC capsule enhances both horizontal and rotational
stability, as studies suggest that an intact superior-posterior cap-
suloligamentous complex contributes to nearly 80% of the hori-
zontal stability.8,17-19 This principle is important in restoring the
translational and rotational stability afforded by an intact AC joint
capsule, soft tissue, and surrounding bony architecture.

There is now a heightened awareness on the importance of
reconstructing the AC anatomy and biomechanics whether in
acutely or chronically injured AC joint.8,18,22,32,36 With that in mind,
there has been an advent of newer techniques implementing
constructs with bone tunnels, suture anchors, or combination. The
ideal construct for AC repair/reconstruction is yet to be delineated.
Currently described techniques include box-shaped configurations
and figure of 8. At this time, the box-shaped configuration seems
biomechanically superior to figure-8 configuration.19 However,
these box-shaped and figure-8 constructs can lead to suture cut out
of the bone. Tape like suture could potentially mitigate this but
further biomechanical and clinical data are needed. Additionally,
Peeters et al performed a biomechanical study looking at
compressional and translational stability after multiple knot com-
bination repairs of AC joint using bone tunnels and suture anchors.
They found a Nice knot in combination with titanium suture an-
chors or bone tunnels both provided adequate translational sta-
bility in all planes in comparison to previously described methods
of isolated CC repair/reconstruction or combination of AC/CC.

Further research is required to determine the optimal technique
as each approach carries its own potential complications.17 AC
reconstruction offers the advantage of enhancing stability in mul-
tiple planes, particularly horizontally. Addressing horizontal
instability is crucial, as it is often a contributing factor to failed AC
reconstruction, resulting in persistent pain, instability, and reduced
shoulder function.18,19 Despite the growing recognition of this
surgical principle, there is currently limited literature available on
clinical implementation and patient-reported outcomes of these
techniques. Therefore, future studies and research papers are
necessary to provide more guidance on the specific techniques and
their effectiveness.

Combined acromioclavicular and coracoclavicular reconstruction

Over the last few decades, the CC ligaments were addressed via
isolated ACCR with or without graft augmentation in the setting of
high grade AC joint injuries. This was effective in controlling ver-
tical stability, but as previouslymentioned, this does not control the
dynamic horizontal instability created by these higher grade AC
injuries.8,18,19 More recent methods have recently been described
addressing both AC horizontal/translational stability by combining
both CC and AC reconstructions. These include mainly arthroscopic
or arthroscopic-assisted procedures to address the pathology.

Differing techniques have been described in the literature;
however, their main goal is the same: reconstruct the injured CC
and AC structures. Schiebel describes his technique for high grade
acute AC injury with horizontal instability in which a combination
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of CC and AC reconstructions are performed.4 His described tech-
nique involves arthroscopic assistance with incision over distal
clavicle. A self-tensioning pulley type of implant using a low-profile
double button is drilled and placed to recreate the CC ligaments. For
the AC joint, 2 bone tunnels are created in the distal clavicle and the
acromion and a nonabsorbable suture tape is passed through each
and tied through the same clavicular incision posteriorly creating a
cerclage construct. The reported advantages of this type of
construct are the lower profile nature with self-tensioning that
would reduce potential residual deformity and prominence of
hardware and/or knot stack.4

Goodine et al during their biomechanical study used a suture
construct consisting of a double-loaded Polyether ether ketone
(PEEK) suture anchor placed on posterior aspect of the acromial
side of the AC joint and with 1 limb passed posterior to anterior in
the previously addressed Weaver-Dunn like CA ligament transfer
and the second limb passed via bone tunnel to the anterior acromial
and then the 2 limbs tied together. This construct reconstructed the
anterior capsule. Then the posterior capsule was then repaired
using the remaining limbs and tied over the posterior clavicle
button from the previous W-D transfer.8

Similar dual reconstruction techniques have also been recently
described by Ardebol et al. Their described procedure includes a
coracoid and AC tensionable cerclage construct.34 The AC joint
reconstruction is addressed in a figure of 8 transosseous configu-
ration. The CC joint is interestingly addressed via a tensionable
construct with a semitendinosus allograft and tensionable suture in
both the acute and chronic settings. They cite the poor outcomes
associated with single-suture coracoid cerclage techniques in
comparison to graft reconstruction of the CC ligaments. The authors
cited benefits of this arthroscopic technique include addressing
concomitant pathology, improved reduction with tensioner,
anatomic AC joint reconstruction, and avoidance of drill tunnels in
coracoid. Cons include difficulty with coracoid exposure in addition
to potential neurovascular injury.34

The advent of arthroscopy has dominated the literature and
surgical techniques but open/mini-open procedures still are pre-
sent in the landscape. Kim et al describes an open AC and CC lig-
ament reconstruction technique using racking hitch tensionable
suture cerclage construct of the CC ligament; this does use drill
holes in the anatomic insertion sites of trapezoid and conoid liga-
ments. The AC reconstruction is addressed using an allograft passed
through reamed 4.0 mm holes in the distal clavicle and acromion
and tied via a surgeons knot and reinforced with a 2-0 FiberWire
(Arthrex, Naples, FL, USA) suture. The final tensioning is performed
on the CC sutures using a tensionable device. Author reported ad-
vantages to this approach include precise reduction of AC joint,
anatomic CC reconstruction, nometal implants or hardware, and no
graft passage around coracoid. Disadvantages are the technically
challenging nature of the procedure, risk of iatrogenic or post-
operative fracture of clavicle/acromion, graft failure, and risk to
neurovascular structures.3

It is evident that there is no singular construct that trumps
others but the concept of hybrid reconstruction of the CC and the
AC joint are critical in chronic injuries.46-48 Tauber et al showed that
combined AC and CC ligament reconstruction better restored hor-
izontal stability compared to isolated reconstruction. Additionally,
they found that patients undergoing hybrid construct reconstruc-
tion showed improved radiologic and patient-reported outcomes.25

Acute hybrid construct research is scarce but additional clinical
studies are needed to validate the idea of superior biomechanical
construct to isolated ACCR.17 However, with newer biomechanical
data and the elevated complication rates of older techniques, the
importance of creating a hybrid construct has grown more
evident.8,9,17,56,57
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Complications and outcomes

As with any surgery or technique, they are not without their
own inherent risks and complications. Due to the vast amount of
procedures described in the literature, the number of complications
for each one is beyond the scope of this article. However, we will
focus on the common complications associated with these newer
techniques.

In constructs using bone tunnels and suspensory/graft recon-
struction, the risk of fracture is a major concern. This is especially
true as you create increasingly larger diameter holes in the cora-
coid, clavicle, and acromion.3,4,8,17,18,34 Creating anatomically accu-
rate ligament footprints during reconstruction carries a notable risk
of cortical breach and fracture.51,54 Additionally, the size of the
tunnels, particularly in the clavicle, is crucial, as larger tunnels can
increase the risk of fractures. A recent study demonstrated that
using hamstring tendon grafts through 6 mm tunnels significantly
weakens the clavicle compared to using a cortical button and su-
ture through 2.4 mm tunnels.51,54

Residual horizontal instability and radiographic failure are
another commonly described complication. Radiographic failure
rates based on vertical displacement (defined as more than fifty
percent change in position) measured on anterior-posterior radio-
graphs vary widely, ranging from 0-47%.24,43 Early failures often
occur within the first 6 weeks after surgery, and overcorrection
compared to the unaffected extremity has been observed.8,12 Fewer
studies have examined postoperative AC joint stability in the hor-
izontal plane. Some studies have identified posterior displacement
of the distal clavicle on axillary X-rays and signs of dynamic pos-
terior instability on Alexander view X-rays.8,12,49 Different surgical
techniques, such as arthroscopic CC reconstruction with a 2-suture
button technique or hook plate fixation, have been associated with
varying rates of posterior instability as well.42,45,49 Horizontal
instability rates have been reported in patients undergoing both
acute and chronic treatment, varying from 16%-43%.8,12,24,33,42-45,49

These findings suggest that residual horizontal instability is a
common complication that has often been overlooked in previous
studies that did not assess dynamic radiographic parameters in this
plane.8,12,42,45,49

AC joint reconstruction using the aforementioned techniques
has shown favorable clinical outcomes and the ability to return to
preinjury activity levels with reported success rates ranging from
83% to 90%, even at 2 years.17,43,44 Younger patients have shown
even higher outcome values in these procedures.44 Evenwith these
outcomes, the unrecognized postoperative horizontal and rota-
tional instability cannot be overlooked and if missed can lead to
chronic pain and clinical failures.17,19,22,35 It has been found in a
recent study that combining AC and CC ligament reconstruction
better restores horizontal stability and results in improved patient-
reported and radiographic outcomes.52 However, additional studies
including clinical outcomes are needed to validate these recent
findings.

Discussion

This article has delved into the diverse surgical approaches to AC
joint reconstruction presented by orthopedic experts. While a
consensus on the optimal approach is still lacking, there is growing
recognition that a hybrid approach, addressing both the CC liga-
ments and the AC joint, offers the most biomechanical advantage in
achieving near-anatomic stability.8,17,19,22,53 As our understanding
of AC joint biomechanics and surrounding anatomy improves, we
can strive to provide more effective treatment for our patients.

In light of this, the authors advocate for a shift in future studies,
moving away from solely clavicle-centered reconstructions (such as
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isolated CC reconstruction) and toward a hybrid approach involving
both AC and CC reconstruction in the majority of cases, whether
chronic or potentially acute. Despite the current limited clinical
data on this topic, we underscore the significance of this hybrid
concept and encourage further studies on clinical
outcomes.8,17,19,22,24,53 By broadening our perspective to consider
the scapula and its relationship to the extremity, we can guide the
orthopedic community toward adopting innovative strategies,
techniques, and future trials aimed at developing the most suitable
AC reconstruction options for patients in the future.
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