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Abstract: Chronic acromioclavicular (AC) instability is a rare post-

traumatic shoulder condition that can lead to undesirable symptoms

like persistent pain, muscle fatigue, loss of strength, or even scapular

dyskinesis. It is well known that in these cases the superior functional

results depend on the restoration of the anatomy and stability of the AC

joint in both vertical and horizontal planes. Considering the ligaments

degeneration and atrophy in chronic AC joint dislocations, we present

an arthroscopic-assisted reconstruction of both the coracoclavicular

and AC ligaments using autograft augmentation. In details the cor-

acoclavicular ligaments component is reconstructed using the Tight-

rope suspension device augmented with a palmaris longus autograft

and by the nonanatomic coracoacromial ligament transfer (modified

Weaver-Dunn). The AC part is restored by suturing the remainder

palmaris longus autograft on the acromion and on the deltotrapezial

fascia. Using the construct provided by this technique all the possible

ruptured ligaments are reconstructed, optimizing the vertical and hor-

izontal stability of the area, and promising excellent long-term radio-

logic and functional results.
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The overall incidence of acromioclavicular joint (ACJ)
injuries is estimated at 12% of all shoulder injuries, with

highly growing trends up to 30% to 40% among elite contact
athletes.1 Despite their frequency and the numerous surgical
techniques described, many aspects of their treatment algo-
rithm remains controversial especially in the cases of the
borderline Rockwood type III dislocations.2

Chronic acromioclavicular (AC) instability could result
either from initial injury underestimation and unsuccessful
conservative treatment3 or from failure of an acute surgical
approach.4 Apart from the cause of the chronicity, it is well
established that residual ACJ instability can lead to undesirable
symptoms like persistent pain, paresthesias, periscapular
muscle fatigue, loss of strength, or even scapular dyskinesis.5,6

Furthermore, newer prospective multicenter studies showed
that the patients’ functional results after ACJ dislocations are
directly correlated with the restoration of anatomy in both
vertical and horizontal planes.7 In chronic cases the degener-
ation and atrophy of AC and coracoclavicular (CC) ligaments
are irreversible and the biological enhancement with tendon
autografts is probably inevitable.8 Purpose of our study is to
present an arthroscopic-assisted ACJ reconstruction with
autografts that can provide restoration of the AC and CC
anatomy and stability in both vertical and horizontal planes.

ANATOMY
The ACJ is a diarthrodial synovial joint that provides the
connection between the upper limb-shoulder girdle and the
human trunk. It is well known that the deltoid muscle
anteriorly and the trapezius muscle posteriorly provide the
dynamic stability, while the CC and the AC ligaments are the
main static stabilizers.9

In details, the CC ligaments include the conoid ligament
medially and trapezoid ligament laterally. They are located 47
and 25 mm from the lateral end of the clavicle, respectively,
their mean length is about 19 mm and they maintain principally
the vertical stability of the ACJ.10 The trapezoid ligament is
more oval shaped and its dimensions are 14!4.8 mm at its
coracoid insertion and 21.7!16 mm at the clavicular side.11

The respective conoid’s ligament dimensions are 10.6!4.4
and 20.6!8.6 mm. Interestingly, the coracoid insertion of the
conoid ligament displays high variance and can be classified
into 3 types (a, common type; b, confluent with superior
transverse scapular ligament; c, accessory lateral extending
fascicle presence).11 Numerous studies and techniques have
been focused on the reconstruction of this ligamentous com-
plex using either anchors, suspension devices, hook plates,
allograft and autograft augmentations, or ligament transfers
(Weaver-Dunn with various modifications).10 Despite prom-
ising results, radiographic failures have been reported in up to
35% of cases and high recurrence of anteroposterior instability
up to 43%.10

In addition, the AC ligament complex is composed of the
capsule and the superior, inferior, anterior, and posterior
components, with 2.5 mm average thickness of each one. The
AC ligament resists 50% anterior and 90% posterior dis-
placement9 and its resection results in over 200% increase in
the mean in situ force in the conoid ligament and over 66%
increase in the trapezoid ligament, respectively, predisposing
to a failure of a single CC ligament reconstruction.12 Fur-
thermore, regarding the importance of the AC ligament, its
superior element is the strongest and is reinforced by fibers of
the deltotrapezial fascia.9

According to the published literature the ultimate strength
of the CC ligament complex is 560 ± 206 N13 and of the native
combined AC + CC ligament structure 801 ± 75 N.14
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France” has approved the above project and its publication.
Conflicts of Interest and Source of Funding: The authors report no conflicts

of interest and no source of funding.
Address correspondence and reprint requests to Achilleas Boutsiadis, MD,

PhD, Parc Sud Galaxie, 5 Rue Des Tropiques, 38130 Echirolles,
Grenoble, France. E-mail: boutsia@gmail.com.

Supplemental Digital Content is available for this article. Direct URL
citations appear in the printed text and are provided in the HTML and
PDF versions of this article on the journal’s Website, www.
techhandsurg.com.

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.

TECHNIQUE

172 | www.techhandsurg.com Techniques in Hand & Upper Extremity Surgery " Volume 20, Number 4, December 2016

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.



Respectively, the maximal load to failure of the Weaver-Dunn
procedure is reported to reach 483 N15 and the reconstruction
with a single Tightrope device 591 ± 231 N.16 Luis et al14 have
also reported that the palmaris longus (PL) graft provides both
anteroposterior and superior stability when used for AC cap-
suloligamentous reconstruction.

Therefore, purpose of our technique is to provide ana-
tomic and biomechanical restoration of the ACJ in cases of
chronic dislocation. The CC ligaments component is recon-
structed by using the Tightrope suspension device (TightRope;
Arthrex Inc., Naples, FL) augmented with the double-stranded
PL autograft and by transfering the coracoacromial (CA) lig-
ament (modified Weaver-Dunn). Finally, the most important
superior part of the AC ligament component is reconstructed
by the PL autogtaft reinforced by the deltotrapezial fascia.

INDICATIONS—PREOPERATIVE PLANNING
The 6-grade classification system developed by Rockwood’s
group is the most widely accepted and interprets the amount of
AC and CC ligaments injury.17 The procedure proposed is
indicated in chronic cases of type III lesions after failure of at
least 3 months period of conservative treatment, in chronic
neglected type IV and V cases with the clavicle posteriorly
locked or finally after failed prior surgical treatment (Fig. 1).
Usually the patients complain for persistent deformity
accompanied by pain, discomfort, muscle fatigue, popping,
loss of strength, or even dead-arm syndrome.5 However, to
minimize the possibility of undesired postoperative stiffness,
all patients should recover full passive and active range of
motion before surgical intervention of the chronic ACJ
dislocation.

Regarding the preoperative evaluation of the patients,
comparative anteroposterior radiographs as described by
Zanca18 (Figs. 2A, B) and axillary lateral views as described
by Bernageau and Patte19 allow assessing both the horizontal
and vertical ACJ displacement. A magnetic resonance imaging
scan is indicated to assess any associated lesions that should be
treated simultaneously. A computed tomography scan with 3-D
reconstruction could be suggested also in revision cases or
after failed acute surgical treatment, providing information
regarding previous tunnel placement, implant failures, or
possible bone fractures (Fig. 2C).

CONTRAINDICATIONS
Absolute contraindications of the proposed technique include
previous failed Weaver-Dunn procedure or surgical treatment
complicated by clavicle or coracoid fractures. In addition, the
orthopedic surgeon should be cautious treating patient not
complying to the follow-up protocol, with alcohol abuse,
previous infection and possibly with neurological problems
like uncontrolled epileptic seizures or transient brachial plexus
injuries

Surgical technique (Supplemental Video, Supplemental
Digital Content 1, http://links.lww.com/BTH/A61).

GRAFT HARVESTING AND PREPARATION
The PL tendon is superficially located and easily identified
preoperatively using the Thompson’s test. In cases that the PL
tendon does not exist, the contralateral arm or the ipsilateral
knee (for gracilis tendon harvesting) is prepared, respectively.
The PL tendon harvesting is performed either through 2 or 3
small transverse incisions, with the first starting at the distal
wrist crease, and using an open tendon stripper either under a

FIGURE 1. A, Normal anatomy of the acromioclavicular joint in coronal plane. B–D, Type IV acromioclavicular joint dislocation designed
in coronal, sagittal, and axial planes showing the rupture of the acromioclavicular and coracoclavicular ligaments and the posterior
dislocation of the clavicle.

FIGURE 2. A and B, Comparative anteroposterior Zanca views showing the vertical displacement of the right clavicle (A). C,
Preoperative computed tomography after 3-D reconstruction showing the posterior displacement of the clavicle.
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more meticulous dissection technique through 3 to 4 transverse
small incisions until the myotendinous junction proximally. If
present, an adequate pure tendon length of 10 to 15 cm is
usually obtained.20

The PL tendon is passed underneath the distal button and
the sutures of the Tightrope CC suspension device (TightRope;
Arthrex Inc.) (Figs. 3A, B). This device is provided in a self-
contained sterilized kit allowing easy preparation of the auto-
graft on it. According to the anatomic measurements of Rios
et al,21 the necessary tendon length for reconstruction of both
the CC and AC ligaments is about 7 to 8 cm. Therefore, to
ensure adequate PL autograft length, the 2 free ends of the
tendon are usually not equally regularized and are sutured to
each other using a running looped No. 2 FiberWire by
Krackow suture technique (Arthrex Inc.).

PATIENT POSITIONING-PORTALS
The procedure is performed under general anesthesia and
interscalene plexus nerve block with the patient in beach chair
position. Using a sterile marker, the bony landmarks of the
acromion, the distal clavicle, the coracoid process, and the
possible position of the CA ligament are outlined. Four
arthroscopic portals are usually necessary: the standard
posterior viewing portal, a lateral (L) and an anterolateral
(AL) working portals, and finally 1 anteromedial (AM) portal
for the preparation of the CA ligament (Fig. 4). The
arthroscopic-assisted AC and CC ligaments reconstruction for
chronic ACJ dislocations is consisted of the after surgical
steps:

Step 1: CA Ligament Harvesting
The 30-degree arthroscope is introduced into the subacromial
space and the L and AL portals are established using a spine
needle. An anterior mainly bursectomy is performed and the
AL and anterior borders of the acromion with the insertion of
the CA ligament are recognized. With great careful and clear
visualization of the CA ligament an AM portal is established.
Through the AL portal a nonabsorbable Mersuture No. 3
(Ethicon SAS, Johnson & Johnson, Cedex, France) is
introduced into the anterior subacromial space and the CA

ligament is sutured with a double “lasso-loop” configuration
using a “birdbeak” rotator cuff hook (Arthrex Inc.) from the
AM portal (Figs. 5A–C). A small 4.5-mm arthroscopic burr is
introduced from the AL portal and the acromial insertion of the
CA ligament is harvested, with an effort to preserve a small
bone chip attachment (Fig. 5D). The free ends of the Mersuture
are retrieved through the posterior arthroscopic portal and the
CA ligament is extensively released until its coracoid
attachment.

FIGURE 3. A, The palmaris longus tendon is passed underneath the distal button of the Tigthrope suspension device. The free ends of
the tendon are sutured to each other using a running looped No. 2 FiberWire. B, Schematic drawing showing how the tendon is passed
underneath the distal button of the Tightrope.

FIGURE 4. Beach chair position of the patient with chronic
acromioclavicular joint dislocation. All the arthroscopic portals
are marked in the image: P, posterior arthroscopic portal; L,
lateral arthroscopic portal; AL, anterolateral arthroscopic portal;
AM, anteromedial arthroscopic portal; arrow, coracoacromial
ligament (CAL) and finally between the 2 lines is shown the
posteriorly dislocated clavicle.
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Step 2: Rotator Interval Capsulotomy and
Coracoid Exposure
With the 30-degree arthroscope a diagnostic arthroscopy of the
glenohumeral joint is initially performed and any concomitant
labral, chondral, biceps, or rotator cuff lesions may be
addressed at this stage.22 Thereafter, using the already
performed AM portal an intra-articular entrance through the
rotator interval, at the superior border of the subscapularis
tendon is carefully established (Fig. 6A). Resection of the
rotator interval capsule, meticulous dissection, and soft
removal at the coracoid base can be performed using a
motorized shaver and a radiofrequency probe, with great
attention on excessive bleeding of the area. During this step is
mandatory to establish the medial, lateral, proximal, and distal
borders of the coracoid process. This procedure can be easily
and safely performed through the standard posterior arthro-
scopic portal by changing intraoperatively to a 70-degree
arthroscope (Fig. 6B). However, if a 70-degree arthroscope is
not available an anterosuperolateral viewing portal just above
the bicipital groove can provide excellent visualization.

Step 3: Tunneling of the Clavicle and the
Coracoid Process
A 3-cm transverse incision, according to the Langer’s lines, is
made over the clavicle, 1 cm medially the ACJ. However, the
deltotrapezial fascia is incised alongside the clavicle and the
flaps of the trapezoid and deltoid muscles are meticulously

dissected and preserved. The clavicle bone is exposed and the
reducibility of the dislocation is provisionally assessed by
elevating the scapulohumeral complex through the elbow. In
order not to increase the instability factors postoperatively,23

only 2 or 3 mm of its lateral end is resected using an oscillating
saw and the medullary canal is prepared by removing the
cancellous bone in a depth of 2 to 3 mm approximately.
Regarding the fixation of the CA ligament, two 2-mm drill
holes (1 posterosuperior and 1 anterosuperior) are created 2 cm
medially of the end of the clavicle.

Concerning the CC ligaments restoration, a pilot clav-
icular bone tunnel is initially created using a 2.4-mm guide pin
and a consecutive 5-mm cannulated reamer at the poster-
osuperior region of the clavicle, 4 to 5 cm medially the ACJ23

(Fig. 7A). The 70-degree arthroscope is introduced into the
glenohumeral joint obtaining clear visualization of the prepared
coracoid process through the rotator interval. Via the AL portal,
the specific Tightrope ACJ drill-guide device (Arthrex Inc.) is
placed beneath the coracoid process and the guide pin sleeve is
introduced into the first pilot clavicular hole. Thereafter, a 2.4-
mm guide pin is placed at the coracoid base and again a 5-mm
cannulated reamer is used for final coracoid bone tunnel crea-
tion. Once the coracoid tunnel is performed and arthroscopi-
cally verified, the 2.4-mm guide pin is removed and a flexible
looped passing wire is delivered down the reamer and retrieved
through the AM portal (Figs. 7B, C). It is preferred to create
initially a pilot clavicular tunnel because through this is easier
and safer to perform a centered coracoid tunnel.

FIGURE 5. A–C, The coracoacromial ligament is dissected and sutured with a double “lasso-loop” configuration using the “birdbeak”
rotator cuff hook. D, The coracoacromial ligament is harvested with a small arthroscopic burr to preserve a small bone chip
attached.

FIGURE 6. A, The radiofrequency probe is inserted into the shoulder joint through the anteromedial arthroscopic portal at the superior
border of the subscapularis tendon. B, Using a 70-degree arthroscope the rotator interval is resected and the undersurface of the
coracoid base is prepared.
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Step 4: Grafts Passage and Fixation
The distal part of the TightRope system, with the PL autograft
attached, is shuttled through the clavicle to the coracoid using
the flexible loop passing wire. The button is flipped beneath the
coracoid undersurface and its position is verified under
arthroscopic control (Fig. 7D).

The free ends of the nonabsorbable Mersuture No. 3 with
the sutured CA ligament are retrieved from the subacromial
space through the superior transverse mini-open incision using
a suture retriever. Next, they are passed through each lateral
2 mm prepared holes of the clavicle (1 posterosuperior and 1
anterosuperior) using 2 shuttling polydioxanone suture (Ethi-
con, Somerville, NJ) sutures (Fig. 8).

By pushing the scapulohumeral complex through the
elbow the ACJ is reduced and simultaneously the FiberWire
sutures of the TightRope are pulled and finally secured by
tying a knot onto the clavicle. With the ACJ reduced the CA
ligament, with the small bone block attached, is introduced
into the clavicular medullary canal by pulling the Mersuture
No. 3, which is also secured with knots onto the clavicle.

The PL graft that reinforces the CC ligaments recon-
struction and exits the clavicular bone tunnel is passed over the
superior part of the ACJ to reproduce the superior AC liga-
ments. By using the free ends of the No. 2 FiberWire the PL
autograft is secured-tied onto the acromion with transosseous
sutures and on the lateral border of the deltotrapezial fascia
(Figs. 9, 10).

REHABILITATION PROTOCOL
The arm is positioned in an arm sling for a period of 4 weeks.
To prevent stiffness and minimize excessive limb swelling,
immediate hand, wrist, and elbow exercises are commenced
immediately. Self-rehabilitation, passive shoulder mobiliza-
tion, and hydrotherapy are progressively encouraged 4 weeks
postoperatively to gradually recover full range of motion.
However, it is explained to the patient that for a period of 6
weeks the elbow must be suspended and free arm-weight
exercises could overstress the ACJ and have a negative effect
on tendon healing and reduction preservation. Active shoulder
exercises are allowed after 6 weeks and return to contact and
overhead sports is proposed after 4 to 6 months.

OUTCOMES EXPECTED
As mentioned above one of the main factors that predispose to
superior functional results is the restoration of anatomy in both
vertical and horizontal planes.7,10,23 In chronic cases with
retraction and irreversible ligaments’ degeneration, the

application of tendon autograft is considered mandatory.8,10

Furthermore, it is well described the importance of the AC
ligaments complex reconstruction (mainly the superior part)
and of the deltotrapezial fascia on the stability of the ACJ9 The
PL autograft is usually length sufficient, easily accessible, and
can be harvested without increasing donor-site morbidity.

Five patients with chronic ACJ dislocations, that were
operated between 2011 and 2014 with the described technique,
completed their final follow-up 18 months postoperatively.
Three patients were male and 2 female with a mean age of
37 ± 4 years. In all cases the dislocation was a result of sports
injury, whereas the mean delay from the accident was 66
weeks (range, 18 to 111 wk). During the preoperative exami-
nation in our department, 4 cases were classified as type 5
according to Rockwood classification and 1 as type 4.

The final radiologic examination, on the Zanca view,
showed that the ratio of the CC distance (compared with the
healthy side) was reduced from 2.2 ± 0.4 at 1.2 ± 0.7 and on the
axillary view the ratio of the horizontal displacement as
described by Rahm et al24 was improved from 2 ± 0.5 to

FIGURE 7. A, Initially a pilot tunnel is created at the posterosuperior part of the clavicle. B and C, Through the pilot clavicular tunnel a
2.4-mm guide pin is inserted at the center of the posterior clavicle. Through the consecutive 5-mm drill a flexible passing wire is
inserted. D, The distal button of the Tightrope with the palmaris longus autograft is flipped underneath the coracoid and it is confirmed
by using a 70-degree arthroscope.

FIGURE 8. The arrows a and b show the two 2-mm tunnels and
the already passed sutures for the coracoacromial ligament
fixation. The arrow c indicates the remaining palmaris longus
autograft for the superior acromioclavicular ligament
reconstruction.
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0.8 ± 0.2. Finally, we performed dynamic axillary lateral views
in 0 degree and in 60 degrees of flexion and we measured the
gleno-acromio-clavicular angle as described by Tauber et al.25

The mean angles were improved from 11.7 ± 2.8 to 0.2 ± 1
degrees and from 19 ± 2.6 to 2 ± 1.3degrees in 0 degree and 60
degrees of shoulder flexion, respectively.

Furthermore, regarding the clinical evaluation the visual
analog score was improved from 7 ± 2 to 0.7 ± 1, the constant
score from 70 ± 12 to 93 ± 6 and finally the QuickDash score
from 48 ± 17 to 8 ± 4, showing excellent results 18 months
postoperatively.

Purpose of this technical note is to restore all the weak
points of a chronic dislocated ACJ by taking advantage min-
imal invasive arthroscopic techniques. Despite the excellent
preliminary results a larger study population and possibly
longer follow-up are necessary to confirm the great efficacy of
this technique.

COMPLICATIONS
The procedure may result in different potential complications
at each surgical step:
(1) Cutting the midsubstance of the CA ligament: great attention

should be given during the dissection of the CA ligament and
mainly during the establishment of the AM portal. For this
reason the procedure is commenced from the subacromial
space and the AM portal is made after the CA is recognized.

(2) Brachial plexus or axillary artery injury: during exposure
of the coracoid’s undersurface it is important to identify
and respect its medial border. Avoid using motorized
shaver due to excessive bleeding of the area and prefer a
radiofrequency probe. The plexus and the artery are also at
risk during coracoid tunnel creation. For this reason we
prefer to perform initially a pilot clavicular tunnel and
through this to insert the guide pin at the coracoid base as
described previously. In addition, the surgeon should
always control the length of the 2.4-mm guide pin
introduced and never exceed the 3-cm mark. It is very
important to obtain great visibility of the area by using a
70-degree arthroscope. In the unfortunate case of artery
injury, subclavicle approach, and the aid of a vascular
surgeon are necessary.

(3) Fracture of the coracoid: during tunnel creation,
TightRope-autograft passage or final reduction of the
ACJ, a fracture of the coracoid could occur. To minimize
the possibilities of this complication, before tunnel
creation, the 2.4-mm guide pin should be placed
posteriorly at the center of the coracoid base that
corresponds at the insertion of the CC ligaments. The
use of 70-degree arthroscope and the meticulous cleaning
of the undersurface of the coracoid are considered critical
factors. In cases of a coracoid fracture open reduction and
screw fixation might be considered.

FIGURE 9. Schematic drawing showing the final reconstruction in coronal (A) and axial planes (B). In details the coracoclavicular
ligaments are reconstructed by the Tightrope suspension device augmented with palmaris longus autograft and by the nonanatomic
coracoacromial ligament transfer. The remaining palmaris longus tendon is passed over the acromioclavicular joint to reconstruct the
superior acromioclavicular ligament (the tendon is sutured also with the deltotrapezial fascia).

FIGURE 10. Postoperative x-ray of the patient face (A) and profile (B).
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(4) Fracture of the clavicle: again, during tunnel creation,
TightRope-autograft passage or final reduction of the ACJ,
a fracture of the clavicle could occur. It is prevented by
creating initially a well-positioned centered pilot hole at
the superior surface of the clavicle. However, if a fracture
occurs the technique should be abandoned and a hook-
plate could be used.

(5) Injury to palmar cutaneous branch of the median nerve:
during PL harvesting this branch of the median nerve is at
risk because it may pass through the tendon 1 and 1.5 cm
proximal to its insertion into the palmar aponeurosis. To
avoid this complication is recommended to transect the
tendon 2 cm proximal to its insertion into the palmar
aponeurosis starting from its ulnar side.26

ACKNOWLEDGMENT
The authors thank Eleftheriadou Christina, Graphic

Designer, for the design of the professional-quality drawing.

REFERENCES

1. Lynch TS, Saltzman MD, Ghodasra JH, et al. Acromioclavicular joint

injuries in the National Football League Epidemiology and

Management. Am J Sports Med. 2013;41:2904–2908.

2. Tauber M. Management of acute acromioclavicular joint dislocations:

current concepts. Arch Orthop Trauma Surg. 2013;133:985–995.

3. 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. Int

Orthop. 2014;38:831–838.

4. Woodmass JM, Esposito JG, Ono Y, et al. Complications following

arthroscopic fixation of acromioclavicular separations: a systematic

review of the literature. Open Access J Sports Med. 2015;6:97–107.

5. Boileau P, Old J, Gastaud O, et al. All-arthroscopic Weaver-Dunn-

Chuinard procedure with double-button fixation for chronic

acromioclavicular joint dislocation. Arthroscopy. 2010;26:149–160.

6. Carbone S, Postacchini R, Gumina S. Scapular dyskinesis and SICK

syndrome in patients with a chronic type III acromioclavicular

dislocation. Results of rehabilitation. Knee Surg Sports Traumatol

Arthrosc. 2014;23:1473–1480.

7. Barth J, Duparc F, Andrieu K, et al. Is coracoclavicular stabilisation

alone sufficient for the endoscopic treatment of severe

acromioclavicular joint dislocation (Rockwood types III, IV, and V)?

Orthop Traumatol Surg Res. 2015;101(suppl):S297–S303.

8. Tauber M, Valler D, Lichtenberg S, et al. Arthroscopic stabilization of

chronic acromioclavicular joint dislocations triple- versus single-

bundle reconstruction. Am J Sports Med. 2016;44:482–489.

9. Ha AS, Petscavage-Thomas JM, Tagoylo GH. Acromioclavicular joint:

the other joint in the shoulder. Am J Roentgenol. 2014;202:375–385.

10. Stucken C, Cohen SB. Management of acromioclavicular joint injuries.

Orthop Clin North Am. 2015;46:57–66.

11. Harris RI, Vu DH, Sonnabend DH, et al. Anatomic variance of the

coracoclavicular ligaments. J Shoulder Elbow Surg. 2001;10:585–588.

12. Debski RE, Parsons IM, Fenwick J, et al. Ligament mechanics during

three degree-of-freedom motion at the acromioclavicular joint. Ann

Biomed Eng. 2000;28:612–618.

13. Costic RS, Labriola JE, Rodosky MW, et al. Biomechanical rationale

for development of anatomical reconstructions of coracoclavicular

ligaments after complete acromioclavicular joint dislocations. Am J

Sports Med. 2004;32:1929–1936.

14. Luis GE, Yong C-K, Singh DA, et al. Acromioclavicular joint

dislocation: a comparative biomechanical study of the palmaris-longus

tendon graft reconstruction with other augmentative methods in cadaveric

models. J Orthop Surg. 2007;2:22.

15. Grutter PW, Petersen SA. Anatomical acromioclavicular ligament

reconstruction a biomechanical comparison of reconstructive

techniques of the acromioclavicular joint. Am J Sports Med.

2005;33:1723–1728.

16. Beitzel K, Obopilwe E, Chowaniec DM, et al. Biomechanical

comparison of arthroscopic repairs for acromioclavicular joint

instability suture button systems without biological augmentation. Am

J Sports Med. 2011;39:2218–2225.

17. Nguyen V, Williams G, Rockwood C. Radiography of

acromioclavicular dislocation and associated injuries. Crit Rev Diagn

Imaging. 1991;32:191–228.

18. Zanca P. Shoulder pain: involvement of the acromioclavicular joint

(analysis of 1,000 cases). Am J Roentgenol Radium Ther Nucl Med.

1971;112:493–506.

19. Bernageau J, Patte D. The radiographic diagnosis of posterior

dislocation of the shoulder (author’s transl). Rev Chir Ortho
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