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Abstract

Arthroscopy offers numerous benefits in the management of various shoulder conditions. One such
condition is acromioclavicular joint separation, which is more commonly seen in young individuals
who engage in sports. This injury involves the separation of the clavicle from the acromion, typically
due to the rupture of the acromioclavicular and coracoclavicular ligaments. Modern anatomical
repair techniques often utilize suspensory fixation devices to reconstruct the coracoclavicular
ligaments and, in some cases, address the acromioclavicular joint as well. Arthroscopy provides
minimally invasive access to the joint, allowing for comprehensive visualization and treatment of
associated intra-articular pathologies, including direct access to the underside of the coracoid process
where implants are placed. This approach is achieved with small incisions and minimal disruption
to surrounding tissues. Despite its clear advantages, arthroscopy also has drawbacks, such as
increased costs due to the advanced technology used and the requirement for specialized surgical
expertise. Nevertheless, surgeons trained in shoulder arthroscopy are now able to manage this
condition with relative ease and high precision.
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1. Introduction

Modern arthroscopy originated in Japan, pioneered by Kenji Takagi —widely regarded as the
father of arthroscopy —and later advanced by his student, Masaki Watanabe [1]. In 1955, Watanabe
performed the first documented arthroscopic procedure, which focused on knee pathology [2,3].
From its origins in Japan, arthroscopy quickly gained global adoption. Its application to shoulder
conditions was inevitable. The first reported shoulder arthroscopy was performed by Lanny Johnson
in 1980 [4]. Initially, this technique was primarily used to treat shoulder instability and subacromial
impingement [5]. Over time, the range of shoulder pathologies addressed through arthroscopy
expanded. In 1985, Mathews et al. introduced the anterior portal [6], while Eugene Wolfe later
emphasized the need for anterosuperior and anteroinferior portals to improve visualization of the
anterior glenoid [7] .

The first recorded use of arthroscopy to treat acromioclavicular (AC) joint separation occurred
in 2001 [8]. Since then, the technique has been increasingly adopted, sometimes in combination with
open surgical procedures.

The AC joint is a diarthrodial joint formed by the distal clavicle and the acromion. The acromial
surface is concave, while the clavicular surface is convex, allowing for gliding, shearing, and
rotational movements. Both articular surfaces are covered in hyaline -cartilage, and a
fibrocartilaginous disc lies between them —first described by de Palma [9]. With age or as a result of
dislocation, this disc can degenerate or be damaged, which may hinder proper clavicle reduction.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.1653.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 July 2025 d0i:10.20944/preprints202507.1653.v1

2 of 13

The joint is enclosed in a capsule, which is more robust superiorly and often referred to as the
AC ligament. The posterior and superior sections of this capsule are critical in preventing anterior
and posterior translation of the distal clavicle.

The coracoclavicular (CC) ligaments—composed of the conoid ligament (medial) and the
trapezoid ligament (lateral) —anchor the clavicle to the scapula and stabilize the joint. These
ligaments cover approximately 15-30% of the distal clavicle. Their clavicular insertions are located
roughly 15-16 mm from the lateral end, and together they have a footprint of about 25-26 mm [10,11].
The trapezoid ligament primarily prevents the clavicle from being compressed against the acromion,
while the conoid ligament restricts superior and anterior displacement [12-14] .

From an epidemiological standpoint, AC joint separation accounts for approximately 9% of
shoulder injuries, occurring most often in men aged 20 to 40, largely due to participation in high-risk
sports [15]. The injury mechanism typically involves a direct blow to the lateral aspect of the shoulder,
which transmits force to the distal clavicle and can rupture both the capsule and ligaments. In some
cases, AC separation may result from indirect trauma, such as falling with the arm adducted or
extended.

Diagnosis is based primarily on physical examination and X-rays. Patients typically report
localized pain at the AC joint, which intensifies with cross-body arm movement but improves with
local anesthetic infiltration [16]. A visible deformity —elevation of the clavicle—may be present. This
deformity can temporarily resolve with downward pressure on the clavicle and return once pressure
is released, a phenomenon known as the “piano key sign” (Figure 1).

Figure 1. a) Clinical aspect and b) X-ray image of left AC separation.

X-rays can indicate an acromioclavicular (AC) joint separation when the joint space widens
beyond 5-8 mm. The most widely used system for classifying this injury is the Rockwood
classification, a six-type model based on radiographic views (AP, axillary, and Zanca) that assesses
both the direction and extent of clavicular displacement relative to the unaffected shoulder [17] .
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This classification system is helpful in guiding treatment decisions. Type I and II injuries are
typically managed conservatively, while Types IV to VI usually require surgical intervention [18].
Type III injuries remain controversial. The International Society of Arthroscopy, Knee Surgery and
Orthopaedic Sports Medicine (ISAKOS) Upper Extremity Committee has proposed a
subclassification [19] :

e  Type lIIA involves a stable joint and is often treated nonoperatively.

e  Type IIIB indicates joint instability and may benefit from surgical management.

Over time, more than 150 surgical techniques have been described, reflecting ongoing debate
regarding optimal treatment [20]. Several older methods used for acute injuries (less than 3 weeks
old)—such as K-wires, Bosworth screws, or hook plates—have been associated with long-term
complications including AC joint arthritis, infection risk, and often require a second surgery for
hardware removal [21,22].

In recent years, suspensory fixation devices have emerged as a preferred approach for acute AC
separations [23,24] . These systems, which offer anatomical reconstruction and stable fixation without
the need for later removal, have become a new standard. Initially performed via open surgery, the
technique is now frequently done with arthroscopic assistance, which provides better visualization
of the coracoid process and allows for simultaneous treatment of associated glenohumeral pathology.

For chronic AC separations (those older than 3—4 weeks), where the joint and ligament healing
capacity is significantly reduced, simple fixation is insufficient. These cases require additional
stabilization measures to ensure long-term success.

Various synthetic ligaments are available as alternatives to autografts or allografts, including
materials such as carbon fiber, polyethylene terephthalate (e.g., Dacron, LARS), and
polytetrafluoroethylene (e.g., Gore-Tex). These synthetic grafts aim not only to restore mechanical
stability but also to support biological healing through fibroblast ingrowth [25] . However, the risk
of material rejection remains a significant concern in some patients [26].

Despite advancements in synthetic options, autografts and allografts have been shown in
numerous studies to outperform synthetic materials, offering both biomechanical strength and
biological integration comparable to native coracoclavicular ligaments [27-29]. A range of tendons
has been used —including tibialis anterior, flexor carpi radialis, palmaris longus, and peroneus
longus—but the hamstring tendons (semitendinosus and gracilis) remain the most commonly
employed. These grafts are effective in both acute and chronic cases, especially in chronic separations
where biological augmentation is critical for healing.

Arthroscopic techniques provide several advantages, including minimal invasiveness,
improved intra-articular visualization, and the ability to manage coexisting shoulder pathology
effectively.

2. Materials and Methods

The aim of this paper is to present the technique used by the senior author for treating
acromioclavicular (AC) joint separations —a method that is both reproducible and accessible to most
surgeons with basic skills in shoulder arthroscopy (all surgeries were performed by one surgeon).
We believe that the ideal reconstruction approach involves achieving accurate reduction of the
displaced clavicle (sometimes requiring AC joint opening to remove a damaged intra-articular disc),
followed by arthroscopically assisted reconstruction of the coracoclavicular (CC) ligaments using
suspensory fixation devices, with augmentation using autografts or synthetic materials when needed.

Over the past seven years, we have treated 30 cases of AC separation using this arthroscopic
technique. The surgery was addressed to the patients with type IV, V, VI dislocation and for athletes
with type III dislocation. In rest o situations, the treatment was conservative. During surgeries, in
acute cases, suspensory devices alone were used, while in chronic cases, the procedure was
augmented with allografts for additional stability.
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The procedure is performed under either general or loco-regional anesthesia, with the patient
positioned in the beach-chair position (Figure 2a.b). We favor this position because it allows for a
rapid conversion to open surgery if complications arise (see Figure 2). A fluoroscopy unit is set up to
provide full visualization of the shoulder. Under fluoroscopic guidance, we assess the manual
reduction of the AC joint. If the reduction is complete, we proceed with arthroscopy alone. However,
if reduction is not possible, we open the AC joint to remove any soft tissue obstructing proper
alignment of the clavicle.

After the shoulder is sterilized and draped, key bony landmarks are marked with a sterile skin
marker. A small incision (2-3 cm) is made approximately 2-3 cm medial to the lateral end of the
clavicle. Using electrocautery, soft tissues are released from the clavicle from anterior to posterior to
expose the bone. This exposure facilitates the arthroscopic procedure. In cases where reduction is not
possible through closed means, this incision can be extended toward the AC joint for direct access.

Figure 2. Beach-chair position of the patient during arthroscopic AC repair with bony landmark drawn a)

anterior, b) posterior.

The procedure begins with a standard posterior arthroscopic approach to access the shoulder
joint. A thorough diagnostic evaluation is then performed to identify any associated pathologies, such
as labral tears, cartilage damage, or rotator cuff injuries —which are present in approximately 40% of
cases [30] . From the posterior portal, the rotator interval is clearly visualized.

Next, anterosuperior and anteroinferior portals are established using a spinal needle through
the rotator interval (Figure 3a). One portal is designated for the arthroscope, and the other for
instruments such as the electrocautery device. The anterosuperior portal is typically placed just
superior and slightly medial to the biceps tendon within the rotator interval.

For enhanced visualization, especially of the anterior structures, a 70-degree arthroscope can be
used, which may allow the entire procedure to be performed through a single working portal.

The inferior surface of the coracoid process is then carefully exposed (skeletonized) using
electrocautery (Turbovac) and a 4.5 mm shaver. During this dissection, it is critical to proceed
cautiously and avoid extending too far medially, as this could risk injury to the brachial plexus
(Figure 3b).
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Figure 3. a) anterosuperior postal, b) skeletonization of the inferior part of coracoid process.

The anterosuperior portal should be placed as laterally as possible to ensure proper access to the
inferior border of the coracoid process. Similarly, the posterior portal should be positioned slightly
lateral to enable a medial view toward the base of the coracoid. The skin incision must be large
enough to accommodate the necessary instruments; however, we have often found the working space
to be limited and, for this reason, prefer to avoid routine use of a cannula.

For the next step, we utilize a surgical guide, typically provided by Arthrex. Through the
anterosuperior portal, the inferior limb of the guide is placed beneath the coracoid at its junction with
the scapular body (commonly referred to as the “knee” of the coracoid), while the superior limb rests
over the clavicle, with its cannula positioned centrally on the clavicle at approximately 25 mm from
the AC joint (Figure 4).

Figure 4. a) position of the Arthrex guide with superior limb over the clavicle and b) inferior limb under coracoid

process.

A thin drill is then passed through both the clavicle and coracoid. It is crucial that the drill exits
precisely at the center of the knee of the coracoid (Figure 5a), as improper positioning increases the
risk of coracoid fracture [31].
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Figure 5. a) The drill exits in the center of the knee of the coracoid; b) The large cannulated guide is inserted over
it.

Once the drill trajectory is confirmed satisfactory, a larger cannulated guidewire is inserted over
it (Figure 5b). The initial drill is then removed, and a FiberStick (Arthrex) passing suture is advanced
through the cannulated guidewire and retrieved through the anterior portal to facilitate placement
of the AC fixation device, which includes suture tapes and cortical buttons (Figure 6a).

The Dog Bone Button, or a TightRope device is then passed through the prepared bone tunnels.
One cortical button is seated just beneath the coracoid (Figure 6b), while the second button rests on
top of the clavicle.

Figure 6. a) A passing suture is advanced through the cannulated guidewire; b) position of inferior button under

coracoid cortical.

The construct is then tensioned to reduce the clavicle and secured with multiple surgical knots
(Figure 7a). Final confirmation of proper reduction is achieved with fluoroscopic imaging using a C-
arm X-ray system (Figure 7b).
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Figure 7. a) superior button over the clavicle; b) final fluoroscopic imaging.

In cases where the AC separation is older than 3-4 weeks (chronic cases), augmentation with an
autograft, allograft, or synthetic material becomes necessary, as the natural healing potential of the
joint and ligaments significantly declines over time. We prefer to use autografts, such as the gracilis
tendon harvested from the ipsilateral knee or the palmaris longus tendon, ideally from the same side,
but some others authographs can be used like plantaris longus tendon.

With the base of the coracoid process visualized arthroscopically, a cannulated guidewire is
inserted from the posterior side of the clavicle, exiting at the medial side of the coracoid process. A
suture is then passed through the guidewire to serve as a shuttle for graft passage. Next, another
cannulated guidewire is inserted from the anterior side of the clavicle, exiting at the lateral side of
the coracoid, and the shuttle suture is pulled through.

Following the previously described steps for AC joint stabilization, the graft is attached to the
shuttle suture and passed over the clavicle and looped beneath the coracoid process. The two ends
of the graft are tensioned, with the longer limb used to reconstruct the superior portion of the AC
joint (Figure 8).
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Figure 8. For chronic cases it is used autographt from gracilis to reconstruct CC and AC ligaments.

If the AC joint has been surgically opened, small drill holes are made through the distal clavicle
and acromial process. Sutures are passed through these tunnels and tied securely. The graft can either
be threaded through the bone tunnels or simply laid over the AC joint and secured with sutures.

Fluoroscopic imaging is used at the end of the procedure to confirm proper reduction. The
deltotrapezial fascia is closed in a longitudinal fashion, and the skin is sutured in layers.
Postoperatively, the arm is supported in a sling.

3. Results

Following surgery, patients are permitted to move their arm within shoulder-level range during
the first six weeks to allow proper healing of the soft tissues. After this initial phase, they may begin
lifting the arm overhead. Sutures are typically removed 10 to 14 days postoperatively.

Postoperative follow-up visits are scheduled for the day after surgery, at two weeks, six weeks,
six months, one year and five years. During these appointments, we monitor pain levels, shoulder
mobility, and strength. We also assess recovery using standardized scoring systems, such as the
Constant and ASES scores.

Rehabilitation begins as early as possible, following the necessary precautions outlined for the
initial healing period. An immediate postoperative control X-ray (A-P view) is performed to confirm
proper implant placement and reduction.

Once full range of motion is restored, patients can gradually return to their previous athletic
activities (Figure 9). Muscle strength usually returns relatively quickly, but lifting heavy objects (over
5 kg) is restricted for several months. High-intensity training is only permitted after six months post-
surgery.

Figure 9. Clinical aspect after 6 weeks from surgery.
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In some cases, particularly in lean patients, a small bump may be felt at the clavicle incision site
due to the presence of the surgical knot. However, this is typically painless and does not affect
shoulder function.

In one case, a fracture of the coracoid process occurred, caused by improper positioning of the
button — placed too anteriorly rather than at the base (knee level) of the coracoid. The patient
reported no pain, but after several weeks noticed a change in shoulder contour due to elevation of
the lateral clavicle. Revision surgery was performed, and the button was correctly repositioned. The
tip of the coracoid did not require fixation and did not lead to any further issues. Full shoulder
mobility was eventually restored.

In four cases, a loss of reduction was observed. Radiographic imaging confirmed that the buttons
remained securely in place, and patients did not report any functional limitations. The cause remains
unclear, though it is possible that in the moist internal environment, the fixation wires may have
loosened over time.

All patients regained full range of motion, experienced no pain, and returned to their previous
activities, including sports such as tennis. Importantly, no infections were reported. The average
Constant-Murley score was 95, and the average ASES score was 89. Aside from the patient who
sustained a coracoid fracture, no other individual required further surgical intervention.

4. Discussion

As with all shoulder conditions, accurately identifying the type of AC (acromioclavicular)
separation is crucial, since various shoulder or clavicle pathologies can mimic its symptoms. A
thorough clinical examination is essential and cannot be replaced by imaging alone. X-rays help
assess the degree of displacement, with only Rockwood types IV, V, and VI typically requiring
surgical intervention. For type III injuries, treatment decisions —whether surgical or non-surgical —
should be based on a detailed discussion with the patient, considering their functional demands and
expectations.

Once an AC separation is diagnosed, the next step is to choose the most appropriate surgical
technique —open or arthroscopic. Arthroscopy has several clear advantages:

1. Minimally Invasive Approach: All surgeries cause some tissue damage, but arthroscopy
minimizes trauma thanks to advanced instruments that allow internal access with small
incisions. This generally leads to faster recovery, less pain, and a lower risk of infection.

2. Enhanced Visualization: Arthroscopy magnifies the surgical field up to ten times, providing
detailed views of the joint. This allows simultaneous diagnosis and treatment of associated

injuries, such as ligament tears, labral damage, or rotator cuff pathology.

Precise placement of the fixation device is critical. In arthroscopy, the guide wire can be
positioned accurately at the “knee” of the coracoid process—its strongest part—reducing the risk of
fracture and ensuring stable reduction. In contrast, open surgery typically relies on tactile feedback,
which can be less precise. However, arthroscopic treatment of AC separation has its challenges. It
requires advanced surgical skills and should not be performed by inexperienced surgeons. Proper
training and sufficient practice are essential. Surgeons must also be cautious to avoid injuring the
brachial plexus or musculocutaneous nerve, especially when dissecting tissue near the coracoid [31].
Overly aggressive soft tissue removal can damage the conjoint tendon, leading to functional deficits
and potential nerve injury. Adequate—but conservative—debridement ensures clear visualization
without harming critical structures.

Another risk is clavicle fracture during insertion of the guide wire for the cannulated drill [32].
To minimize this, the wire must be centered in the bone, at the knee of coracoid process. Surgeons
typically mark the correct spot at the beginning of the procedure through a small incision, ensuring
the wire is neither too anterior nor posterior.
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Arthroscopy has limitations. For instance, if the coracoid process is fractured, an alternative
surgical method may be necessary. One often-overlooked issue is knot protrusion under the skin,
particularly in thin patients. To address this, knotless systems—such as those developed by
Arthrex—have been introduced to improve patient comfort and cosmetic outcomes.

In acute AC dislocations, simply reducing the clavicle and stabilizing it with suspensory devices
like the TightRope or Dog Bone button is usually sufficient. In chronic cases, where natural healing
has already occurred, additional augmentation with autografts, allografts, or synthetic materials is
necessary to ensure stability.

Sometimes, damaged AC joint cartilage can obstruct reduction. If this is suspected, a
preoperative reduction attempt under fluoroscopy can help guide the surgical plan. If the clavicle is
easily reduced, the surgeon may proceed with the implant without opening the joint. If not, the joint
must be surgically accessed and debrided. Reconstructing the AC ligament is also crucial to prevent
anterior-posterior instability of the clavicle.

Overall, arthroscopic AC joint reconstruction is considered less invasive and often yields
superior results when performed in a well-equipped facility by skilled surgeons. This approach
allows full joint evaluation and management of coexisting pathologies. Suspensory devices offer
biomechanical advantages, often outperforming other implants in anatomical accuracy and strength.
In chronic separations, augmentation with autografts —particularly gracilis tendon, but also palmaris
longus, or plantaris longus can be used —has shown reliable outcomes.

In the postoperative period, patients are required to protect the surgical repair for the first six
weeks by limiting shoulder movement. Resumption of sports or physically demanding activities is
generally advised after six months. Four patients experienced loosening of the fixation, and one
patient sustained a coracoid process fracture. This complication was attributed to incorrect placement
of the inferior button. The patient underwent revision surgery, during which the button was
repositioned successfully, leading to favorable outcomes. All patients ultimately regained full
shoulder range of motion and returned to their previous levels of activity, including sports like tennis.

Compared to open surgery, the arthroscopic approach involves smaller incisions and enables
precise placement of the button beneath the coracoid process—an area that is accessed blindly during
open procedures. This improved accuracy contributes to better tissue healing and a more efficient
recovery process.

In the arthroscopic treatment of acromioclavicular (AC) joint dislocation, both synthetic
neoligaments and autografts have been employed to restore joint stability. Clinical outcomes suggest
that synthetic neoligaments offer shorter operative times and avoid donor-site morbidity, while
providing immediate mechanical stability. However, concerns remain regarding long-term
biocompatibility and the potential for foreign body reaction.

In contrast, autografts —typically harvested from the hamstring or other plases —demonstrate
superior biological integration and long-term durability, though they are associated with longer
surgical time and increased postoperative pain due to graft harvesting.

Studies indicate comparable functional outcomes in terms of range of motion and return to
sports. However, autografts may show better long-term anatomical stability and lower rates of graft
elongation or failure, particularly in high-demand patients. Ultimately, graft choice should be
tailored to the patient’s activity level, surgical risk profile, and long-term expectations.

5. Conclusions

AC joint separation is particularly challenging for surgeons because it typically occurs in young,
active individuals with high functional demands on their shoulders. In cases of type III displacement,
according to the Rockwood classification, surgical intervention is generally reserved for specific
cases, such as athletes. For more severe displacements (types IV to VI), surgery is typically the
preferred treatment.

Over the years, many surgical techniques have been developed, but the best outcomes are
usually achieved by closely restoring the joint’s normal anatomy. This is often done using suspensory
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fixation systems like the TightRope or Dog Bone button, sometimes reinforced with autografts,
allografts, or synthetic ligaments when needed.

The procedure can be performed through an open or arthroscopic approach. Arthroscopy offers
several benefits, including improved visualization of the underside of the coracoid process, which
helps ensure accurate placement of the inferior fixation device and reduces the risk of fractures.
Additionally, it enables simultaneous treatment of any other shoulder pathologies, requires only a
small incision, and is associated with fewer complications and better cosmetic results.

The surgery should be carried out by a surgeon experienced in shoulder arthroscopy and
performed in a facility with appropriate equipment. Anesthesia is a common concern among patients,
particularly general anesthesia, though regional anesthesia is a viable alternative. Most complications
can be avoided by strictly adhering to the surgical protocol.

When the procedure is done correctly, outcomes are generally excellent. Patients typically regain
shoulder mobility and strength within a few weeks post-surgery. However, the first six weeks are
critical for protecting the shoulder and allowing initial healing. Return to high-intensity sports should
be delayed until at least six months after the operation.

Patient compliance is key to successful recovery. Following the surgeon’s recommendations and
promptly starting a rehabilitation program are essential for restoring shoulder function.
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