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A B STRACT    
BACKGROUNDː Acromioclavicular (AC) joint dislocation is a frequent shoulder injury. Dozens of surgical techniques 
have been described but nowadays there is no evidence supporting a specific technique as the gold standard for acute AC 
joint injury. The aim of the present study was to investigate the difference between suspensory button and double tunnel 
suture loop techniques in terms of the quality of the acromioclavicular joint reconstruction by comparing functional as-
sessment, clinical scores, and postoperative complication rate.
METHODSː We performed a retrospective comparative analysis of 63 patients treated for acute isolated AC disloca-
tion: 36 treated with suspensory button technique, 27 treated with double tunnel suture loop technique. Surgical time of 
both procedures was collected and examined. Constant-Murley and DASH scores at 1-year follow-up were compared. 
The complications such as clavicular fracture, nerve damage, infection and recurrence of dislocation were recorded and 
analyzed. AC joint displacement ratio was measured on 1-year X-ray considering values greater of 0.5 as recurrence of 
dislocation.
RESULTSː The statistical analysis did not show any statistical difference of surgical time, Constant-Murley score, DASH 
score and the complication rate between the two surgical techniques.
CONCLUSIONSː Both techniques ensure a strong and reliable Acromioclavicular repair with satisfactory functional and 
clinical assessments, so surgical technique choice should be guided by the habit of the surgeon.
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Acromioclavicular (AC) joint dislocation is a 
frequent shoulder injury. It occurs primarily 

in athletes with an incidence of about 17% of all 
shoulder traumatic lesions and 30-50% of all sport-
related shoulder injuries.1-4 Patients report falling 
directly onto the superolateral side of the shoulder 

with an adducted arm.5 Rarely, it is caused by indi-
rect trauma to the hand with the elbow in extension.

AC dislocations are classified into six differ-
ent types according to the Rockwood Classifica-
tion system, which also dictates the correct man-
agement.6
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Our hypothesis was that AC reconstruction 
using the SB and DTSL techniques would lead 
to comparable results in terms of functional out-
come, patient satisfaction, and rate of complica-
tions.

Materials and methods

We performed a retrospective comparative anal-
ysis of 83 patients treated for AC dislocation 
from May 2015 to May 2019. The diagnosis of 
AC joint dislocation was performed according 
to both clinical and radiological exams. Injuries 
were graded according to the Rockwood Clas-
sification.

Inclusion criteria were patients with traumatic 
AC dislocation defined as equal to grade III or 
greater in the Rockwood classification system, 
surgically treated within 1 month from the time 
of injury; treatment with the SB or DTSL tech-
nique; and a minimum of 1 year of follow-up. 
Patient with history of shoulder disease (gle-
nohumeral arthritis, clavicular fracture, biceps 
tendon lesions, SLAP lesions, rotator cuff tear, 
anterior shoulder instability, adhesive capsulitis), 
with previous shoulder surgeries, with concomi-
tant injuries, with chronic lesions (more than 1 
month between the dislocation and the surgery) 
and those with less than 1 year of follow-up were 
excluded (N.=20). The principal targets of this 
study are the clinical outcomes evaluated using 
the Constant-Murley rating scale and the DASH 
Score. The secondary objective is to analyze the 
developing of different complications. We also 
compare the mean surgical time spent to com-
plete both procedures. The 63 patients enrolled 
in the study were chosen to undergo to acromio-
clavicular surgical repair with SB or DTSL tech-
nique, respectively 37 and 26 patients, basing on 
the on the preference of shoulder specialized or-
thopedic attending surgeons.

Surgical technique

Under general or regional anesthesia by intersca-
lene block, the patient is placed in a beach chair po-
sition with the operative arm placed in a standard 
arm-holding device. The upper limb is prepared 
and draped, then coracoid, acromion and clavicle 
are located and marked with a marking pen.

Treatment for Rockwood type I and II lesions 
is conventionally conservative, with immobiliza-
tion, pain management, cryotherapy, and phys-
iotherapy. The treatment for type IV, V and VI 
lesions is almost surgical. The indications for 
conservative versus surgical treatment of type III 
lesions are debated.7-9

Dozens of surgical techniques have been de-
scribed to treat AC joint dislocations, such as: 
Weaver-Dunn technique, hook plate, Bosworth 
screw, Suspensory Button, Suture Loop, etc. 
These techniques can be generally divided in 
three groups: Acromio-clavicular stabilizations, 
coraco-clavicular stabilization, or ligament 
reconstruction. The procedures could be per-
formed with open, mini-open or arthroscopic ap-
proach.9, 10 Analyzing the biology of the lesions, 
acute injuries have high healing potential: tech-
niques that maintain reduction and allow tissue 
healing can be ideal. On the other hand, chronic 
lesions must be managed with more complex 
methods such as biologic augmentations, usu-
ally with a tendon graft.11 Nowadays there is no 
evidence supporting a specific technique as the 
gold standard for the treatment of acute AC joint 
injury.

The suspensory button (SB) is a technique 
based on a system formed by metal buttons and 
sutures placed between the coracoid and the 
clavicle that offers the stabilization of the AC 
joint and strengthens the conoid and trapezoid 
ligaments. Several articles have demonstrated 
encouraging radiological and clinical outcomes 
with a low rate of complications.12-14

The double tunnel suture loop (DTSL) is a 
technique based on two loops of nonabsorbable 
tapes or threads passed around the coracoid pro-
cess and through tunnels drilled in the clavicular 
lateral extremity, in order to ensure the reduction 
of the joint and the healing of the conoid and 
trapezoid ligaments. In this technique there isn’t 
any metallic device implanted to maintain the ac-
romioclavicular fixation.

The aim of the present study was to investi-
gate the difference between these two surgical 
techniques in terms of the quality of the acro-
mioclavicular joint reconstruction by comparing 
functional assessment, clinical scores, surgical 
time and postoperative complication rate.
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tied together on top of the clavicula. This system 
aims to recreate the trapezoid ligament.

Finally, an acromioclavicular tension band 
wiring with non-absorbable suture was made 
(Figure 2A).

Double tunnel suture loop

This technique was widely described by Läder-
mann et al.,16 but with some modifications.

The AC joint was reduced using a K wire un-
der radioscopic control.

A Deschamps Ligature Needle was passed 
around the base of the coracoid from lateral to 
medial, so two non-absorbable sutures such as 
Mersilene tape (Ethicon, Somerville, NJ, USA), 
Tiger tape (Arthrex, Naples, FL, USA), Fiber 
wire (Arthrex), Orthocord (DePuy Synthes, 
Raynham, MA, USA) were passed through. 
Preferably the two sutures used are chosen of 
two different colors to facilitate recognition of 
the single suture. Using a 2.5-mm pin, two tun-
nels were drilled over the clavicle from the supe-
rior to inferior surface, respectively about 4 and 
2 cm to the AC joint. Through both these tunnels 
a Vicryl suture was passed to use it as a shuttle 
for the end of the non-absorbable tapes located 
around the clavicle. The ends of the tapes were 
tied separately on the top of the clavicula. Fi-

A 6-cm longitudinal skin incision was made 
in line from the clavicle to the coracoid process 
(Figure 1), then muscle and soft tissue were dis-
sected up to expose the coracoid process.

Suspensory button

This technique was widely described by Struhl et 
al.,15 but with some modifications.

A 2.4-mm pin was drilled through the clavicle 
and coracoid. The clavicle was pierced approxi-
mately 3.5 cm medially to the AC joint and in the 
middle of its anteroposterior diameter. The cora-
coid was then pierced at its base. With a 4.5-mm 
cannulated reamer the pin was overdrilled, so 
the coracoid and clavicular tunnels were made. 
To restore the anatomy, two additional 1.8-mm 
tunnels were made 10 mm and 15 mm lateral to 
the 4.5-mm clavicular tunnel. For this technique, 
the ZipThight fixation system (Zimmer Biomet, 
Warsaw, IN, USA) was chosen so the ZipLoop 
device was passed through the coracoid tunnel 
and flipped under radioscopic control. The white 
tiles were excluded for the moment. The remain-
ing sutures were passed through the 4.5-mm cla-
vicular tunnel, then they were tied together on 
the top of the clavicula using the round button of 
the ZipThigh fixation system while the assistant 
pushes over the clavicula to maintain the reduced 
AC joint. This aims to recreate the conoid liga-
ment. The white tiles are passed through the 1.8-
mm clavicular tunnels singularly, then they are 

Figure 1.—Patient preparation: patient positioned in beach 
chair, anatomic landmark and surgical approach marked 
with a marking pen.

Figure 2.—Surgical technique illustration: A) suspensory 
button: the tales of the system were passed through two dif-
ferent tunnels to restore the anatomy as conoid and trapezoid 
ligaments. Furthermore, an acromio-clavicular tension band 
wiring was performed; B) double tunnel suture loop: non-
absorbable tapes were passed around the coracoid without 
having to drill it. Also in this technique, an acromio-clavicu-
lar tension band wiring was performed.
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tion on Shapiro-Wilk test analysis (P=0.49). The 
patients treated with the SB technique were 36 
(57.14%), instead DTSL technique was used to 
treat 27 cases (42.86%). All the patients were 
male except for three females (male 95.2%, fe-
male 4.8%).

Thirty-three patients (52.4%) injured the right 
arm, instead 30 patients (47.6%) dislocated the 
left AC joint. Dominant arm was affected in 37 
cases (58.73%) and the non-dominant arm in 26 
(41.27%). No patient was lost during the first 
year of follow-up. The average time from the 
dislocation to the surgery was 14.08±8.26 days.

Overall scores average Constant-Murley 
93.88±11.33 (range 30-100), DASH 0.95±1.42 
(range 0-25). The mean Constant-Murley Score 
at the final follow-up was in the SB group 93.15 
(range 30-100) and in the DTSL group was 94.80 
(range 71-100), the mean DASH score in the SB 
group was 2.5 (range 0-25) and in the DTLS 
group was 1.67 (range 0-15). The t-test we did 
not show any statistical difference about Con-
stant-Murley Score (P=0.467) and DASH score 
(P=0.839) between the two techniques.

No complication was reported in 84.1% of 
patients, while 10 cases (15.9%) had at least one 

nally, the k wire used to reduce the AC joint was 
removed.

Finally, an acromioclavicular tension band 
wiring with non-absorbable suture was made 
(Figure 2B).

Postoperative rehabilitation

Patients were asked to wear an arm sling for 4 
weeks, keeping them on unless for the main 
meals of the day to move the elbow and wrist; at 
the end of this period free passive mobilization 
was allowed. After the 6th week progressive ac-
tive movements and muscle strengthening were 
permitted. Patients were recommended to prevent 
any heavy solicitation for 3 months after surgery.

Postoperative evaluation

The patients were assessed with both clinical 
exam and radiological evaluation with antero-
posterior and Zanca views, at 1, 3 and 12 months 
postoperatively. At 1 year, clinical examination 
a shoulder specialized orthopedic collected Con-
stant-Murley, and DASH scores. We recorded all 
the surgical complications among which loss of 
reduction, rupture of devices, clavicular fracture, 
nerve damage, soft tissue damage, and infection. 
In order to evaluate the loss of reduction, in the 
1-year X-ray the AC joint displacement ratio 
(Figure 3) was calculated: according to Marcheg-
giani Muccioli et al.17 a ratio greater than 0.5 was 
considered as a recurrence of dislocation.

Statistical analysis

We conducted the statistical analysis using SPSS 
statistics software v. 21.0.

A Shapiro-Wilk Test was used to evaluate 
the normality of the distributions. Continuous 
variables were compared using unpaired t-test 
or with Wilcoxon Test as appropriate. The chi-
square test or Fisher’s Exact Test were used to 
assess the categorical variables. P values <0.05 
were considered statistically significant.

Results

Eighty-three patients were treated for AC dis-
location, 63 cases were admitted. The average 
age of the sample was 44.8±15.9 years (range 
18-81 years) demonstrating a normal distribu-

Figure 3.—AC joint ratio: it is the distance from the inferior 
edge of the acromion to the inferior edge of the clavicle (A)/
acromial height (B); if AC joint ratio is <0.50, we consider 
loss of reduction.
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clinical results and give a low complication rate. 
Both the techniques used proved to be safe, effort-
less, and able to create a stable construct main-
taining reduction of the AC joint. In addition, our 
technique can be considered minimally invasive 
because of a 6 cm skin incision (Figure 1).

Arirachakaran et al. explained in his systemat-
ic review how the Coracoclavicular fixation sys-
tems, such as suspensory button and suture loop 
methods present a better postoperative Constant-
Murley score in comparison with hook plate to 
treat acute AC lesions.18

Similarly, Darabos et al. demonstrated equal 
radiological and clinical effectiveness between 
Bosworth screw and Suspensory button method, 
but the suspensory button grants higher patient 
satisfaction and a reduced rate of complica-
tions.19

Many researchers, such as Jensen et al. and 
Andreani et al., detected better results of the sus-
pensory button system compared to hook plate 
for AC acute dislocation, so they suggest using 
hook plate only for fracture-separations of AC 
joint.20, 21

Suspensory button system showed biome-
chanical strength, measured in Newton, equal to 
or greater than conoid and trapezoid ligaments, 
according to Walz et al.22

Hsu et al. compared suture loop reconstruc-
tion and hook plate and reported superior clinical 
outcomes of the suture loop, also among patients 
with radiographic evidence of residual displace-
ment. Suture loops also showed less acromial 
complications since no metal implants were in-
volved and therefore needed no follow-up sur-
gery for implant removal. On the other hand, in 
this technique was observed a greater blood loss 
and a prolonged surgical time was described.23

Our double tunnel suture loop procedure is 
similar to the method described by Hsu et al.,23 
with a difference on the clavicular tunnels. In our 
technique the tunnels are performed on the cla-
vicula from superior to inferior side. In our opin-
ion this method is easier and allows us to better 
control the tunnels positioning, and it allows us 
to save minutes, reaching a surgical time compa-
rable to the SB technique.

We prefer to perform two clavicular tunnels 
according to Jeon et al., since the single tunnel 

complication: three superficial infections (4.8%), 
three nervous lesions (4.8%), three cases of loss 
of reduction (4.8%) and one case of clavicle frac-
ture (1.6%). The SB treated cohort is average 
45.41±15.370 years old, the DTSL cohort is aver-
age 44.75±16.221 years old, so there is no statisti-
cal difference (P=0.857). Among the patients with 
loss of reduction, the SB group counted three im-
plant failures (three of 36, 8.3%), while the DTSL 
group had one case of atraumatic lateral clavicle 
fracture (one of 27, 3.7%). This latter patient was 
brought back to surgery and a suspensory button 
technique with debridement and lateral clavicle 
resection was chosen. The patient recovered well 
and regained a satisfactory shoulder function at 1 
year of FU. Analyzing the overall complications 
(Table I), we recorded six complications in the 
SB group (six out of 36 patients: 16.7%) and four 
(four of 27 patients: 14.8%), but there is no statis-
tically significant difference (P=0.721). Specifi-
cally, we noted superficial soft tissue infection in 
three patients, two treated with SB technique and 
one with DTSL technique. These patients were 
treated with oral antibiotics (amoxicillin/clavula-
nate 875/125 mg one tablet twice a day for 12 
days) and frequent medications with the only re-
sult of atrophic scar. Regional hypoesthesia was 
another complication appreciated in three pa-
tients, two treated with DTSL technique and one 
with SB. They did not have any complaint.

Considering the surgical time, we noted a 
mean time of 73.01’ (range: 45’-105’) for SB 
technique, and 76.36’ (range: 45’-120’) for 
DTSL technique, so there wasn’t any statistically 
significant difference (P=0.521).

Discussion

Analyzing the results of the study we can assume 
that both techniques can yield good functional and 

Table I.—��Complication rate relatively to the two sur-
gical techniques in our cohort.
Complications Suspensory 

button
Double tunnel 

suture loop
Superficial infections 2 1
Implant failure 3 0
Clavicle fracture 0 1
Supraclavear hypoesthesia 1 2
Total (4/36) 11.11% (4/27) 14.81%
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two tunnels and placing the most lateral tunnel 
not less than 10-15 mm medial to lateral clavicu-
lar edge.26 The third lateral clavicle fracture is 
induced by stress due to tunnel malpositioning.

Measuring on the X-ray, we found a distance 
between the Acromioclavicular tension band tun-
nel and the clavicular edge of 8 mm (Figure 4).

We reported three cases of loss of reduction 
treated with SB technique. Thiel et al. report that 
suture rupture with loss of reduction is the main 
complication that may occur due to tunnel mal-
positioning or implant loosening.27

It could be explained by the results of Jeon et 
al. reporting how there is a postoperatively en-
largement of the bone tunnels, with the risk of 
failure of the reduction system.24 In our case se-
ries the failure rate was higher in patients treated 
with SB technique, in contradiction to what was 
reported in the study of Jeon et al. in which, fol-
lowing the enlargement of the tunnels, a higher 
number of failures was reported in patients treat-
ed with Suture loop method compared to Sus-
pensory Button method. We believe that it can 
be explained by our suture loop technique uses 
two tunnels and two tapes instead of only one. It 
results in a more uniform distribution of forces 
on the clavicle and a better restoration of the ac-
romioclavicular anatomy.

Sun et al. proved how the SB failure can be 
influenced by the angle formed by the position 
of the Coracoid button and the coracoclavicular 
line, in fact an angle >20° leads to increased risk 
of failure due to too much high stress.28 Analyz-
ing our cases of SB failure, no one present angle 
>20° so the explanation of the failure has to be 
found otherwise (Figure 5). Another reason for 
failure was reported by Motta et al. that demon-
strated the use of suspensory buttons may not be 
suggested if the patient presents joint hypermo-
bility. The buttons can immediately stabilize the 
AC joint in the coronal plane but do not grant 
stability in the axial plane. As a result, this study 
assumes that the sutures are disrupted by wear 
and tear due to the anteroposterior movement 
of the clavicle generating friction between bone 
tunnels and the sutures.29 This is probably the 
reason for our case series of button failures.

Another difference we noted between the two 
techniques is about the costs of consumables: 

procedure was associated with more complica-
tions following the coracoclavicular ligaments 
reconstruction.24

In the present study comparing Constant-Mur-
ley Score and DASH score no significant differ-
ences between the surgical techniques were re-
ported. Nevertheless, this data lets us to consider 
that SB group presents more than twice loss of 
reduction that the DTSL group. In our opinion it 
is due to a more uniform strength distribution on 
the clavicle of the DTSL technique that ensure a 
reduced enlargement compared to what Jeon et 
al. demonstrated.24

From our data we can claim that the Con-
sant-Murley and DASH scores in SB cohort is 
comparable to those presented in literature as re-
ported in the Ruzbarsky et al. systematic review 
which report a CMS range from 84.4 to 98.2 and 
a DASH range from 0.375 to 25.2.25 Similarly, 
Constant-Murley and DASH scores of DTSL 
cohort is comparable to Lädermann et al. which 
report a CMS of 96 (ranging from 63 to 100) and 
a DASH score of 7 (ranging from 0 to 61).16

Analyzing the complications, we found one 
patient treated with DTSL technique present 
spontaneous lateral clavicle fracture one month 
postoperative (Figure 4). It is a documented 
complication which can be explained by tunnel 
malpositioning. Milewski et al. suggested leav-
ing at the minimum 20 mm of space between the 

Figure 4.—Clavicular lateral edge fracture in DTSL treated 
patient: the AC tension band tunnel was made less than 10 
mm to the lateral edge of the clavicle.
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aspect the standardization of the techniques and 
the postoperative care that allow to directly com-
pare the results collected at the 1-year follow-up.

Conclusions

We did not find statistically significant differ-
ences between the two techniques. Nevertheless, 
SB technique showed larger costs and higher rate 
of loss of reduction. To our knowledge, the SB 
and DTSL techniques ensure a strong and reli-
able Acromioclavicular repair with satisfactory 
functional and clinical assessments. We believe 
that surgical technique choice should be guided 
by the habit of the surgeon considering the negli-
gible different complication rate of the two pro-
cedures.

References

1.  Weiser L, Nüchtern JV, Sellenschloh K, Püschel K, Mor-
lock MM, Rueger JM, et al. Acromioclavicular joint dislo-
cations: coracoclavicular reconstruction with and without 
additional direct acromioclavicular repair. Knee Surg Sports 
Traumatol Arthrosc 2017;25:2025–31. 
2.  Secci G, Sorgente A, Guarino A, Franco P, Bazzucchi E, 
Tucci R, et al. Impact of COVID-19 pandemic on acute ac-
romioclavicular dislocation epidemiology and post-operative 
outcomes. EuroMediterranean Biomed J. 2022;17:198–202.
3.  Gowd AK, Liu JN, Cabarcas BC, Cvetanovich GL, Garcia 
GH, Manderle BJ, et al. Current Concepts in the Operative 
Management of Acromioclavicular Dislocations: A System-
atic Review and Meta-analysis of Operative Techniques. Am 
J Sports Med 2019;47:2745–58. 
4.  Diaz CC, Forlenza EM, Lavoie-Gagne OZ, Knapik DM, 
Korrapati A, Chahla J, et al. Acromioclavicular Joint Separa-
tion in UEFA Soccer Players: A Matched-Cohort Analysis of 
Return to Play and Player Performance From 1999 to 2018. 
Orthop J Sports Med 2021;9:23259671211026262. 
5.  Bigoni M, Piatti M, Zanchi N, Gorla M, Gaddi D, Rigam-
onti L, et al. Clinical effectiveness of surgical treatment 
with polyester tapes and temporary K-wires on complete 
acromioclavicular dislocation. Eur J Orthop Surg Traumatol 
2019;29:567–73. 
6.  Neer CS. Injuries to the acromio-clavicular joint. In: Rock-
wood CA, Jr, Green DP, editors. Fractures in Adults. Philadel-
phia: JB Lippincott; 1984.
7.  Mazzocca AD, Arciero RA, Bicos J. Evaluation and treat-
ment of acromioclavicular joint injuries. Am J Sports Med 
2007;35:316–29. 
8.  Simovitch R, Sanders B, Ozbaydar M, Lavery K, Warner 
JJ. Acromioclavicular joint injuries: diagnosis and manage-
ment. J Am Acad Orthop Surg 2009;17:207–19. 
9.  Barberis L, Faggiani M, Calò MJ, Marenco S, Vasario G, 
Castoldi F. Coracoid tunnels in open and arthroscopic treat-
ment of acromioclavicular dislocation: an experimental ca-
daveric study. Musculoskelet Surg 2022;106:15–9. 
10.  Rolla PR, Surace MF, Murena L. Arthroscopic treatment 

according to Marìn Fermìn et al.30 Suspensory 
Button system is more expensive, € 340±123.7 
against a suture tape used in double tunnel suture 
loop which costs about € 85. On the other hand, 
the Suspensory Button technique is a more easily 
reproducible also in inexperienced hand.

Limitations of the study

This study presents many limitations: 1) it was a 
work based on a retrospective analysis; 2) for this 
reason, a randomization could not be performed, 
3) then the numerosity of the cohort was relative-
ly small. On the other hand, we feel as a positive 

Figure 5.—A) Measurement of Sun et al. described angle: 
the angle between the tangent line to the coracoid button 
and the coracoclavicular line; B) loss of reduction: although 
angle is <20°, there was loss of reduction.

A

B

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28



SECCI 	  ACUTE ACROMIOCLAVICULAR DISLOCATION TREATMENT

8	 Minerva Orthopedics	 Mese 2023 

21.  Andreani L, Bonicoli E, Parchi P, Piolanti N, Michele L. 
Acromio-clavicular repair using two different techniques. Eur 
J Orthop Surg Traumatol 2014;24:237–42. 
22.  Walz L, Salzmann GM, Fabbro T, Eichhorn S, Imhoff 
AB. The anatomic reconstruction of acromioclavicular joint 
dislocations using 2 TightRope devices: a biomechanical 
study. Am J Sports Med 2008;36:2398–406. 
23.  Hsu KH, Tzeng YH, Chang MC, Chiang CC. Comparing 
the coracoclavicular loop technique with a hook plate for the 
treatment of distal clavicle fractures. J Shoulder Elbow Surg 
2018;27:224–30. 
24.  Jeon N, Choi NH, Ha JH, Kim M, Lim TK. Clavicular 
Tunnel Complications after Coracoclavicular Reconstruc-
tion in Acute Acromioclavicular Dislocation: Coracoid 
Loop versus Coracoid Tunnel Fixation. Clin Orthop Surg 
2022;14:128–35. 
25.  Ruzbarsky JJ, Elrick BP, Nolte PC, Arner JW, Millett 
PJ. Grade III Acromioclavicular Separations Treated With 
Suspensory Fixation Techniques: A Systematic Review of 
Level I Through IV Studies. Arthrosc Sports Med Rehabil 
2021;3:e1535–45. 
26.  Milewski MD, Tompkins M, Giugale JM, Carson EW, 
Miller MD, Diduch DR. Complications related to anatomic 
reconstruction of the coracoclavicular ligaments. Am J Sports 
Med 2012;40:1628–34. 
27.  Thiel E, Mutnal A, Gilot GJ. Surgical outcome follow-
ing arthroscopic fixation of acromioclavicular joint disrup-
tion with the tightrope device. Orthopedics 2011;34:e267–
74. 
28.  Sun LJ, Lu D, Tao ZY, Yu XB, Hu W, Ma YF, et al. Anal-
ysis of risk factors for loss of reduction after acromioclavicu-
lar joint dislocation treated with the suture-button. J Orthop 
Sci 2019;24:817–21. 
29.  Motta P, Maderni A, Bruno L, Mariotti U. Suture rupture 
in acromioclavicular joint dislocations treated with flip but-
tons. Arthroscopy 2011;27:294–8. 
30.  Marín Fermín T, Hovsepian JM, Rodrigues Fernandes 
VM, Terzidis I, Papakostas E, Koh J. Nonanatomic and Su-
ture-Based Coracoclavicular Joint Stabilization Techniques 
Provide Adequate Stability at a Lower Cost of Implants in 
Biomechanical Studies When Compared With Anatomic 
Techniques: A Systematic Review and Meta-Analysis. Ar-
throsc Sports Med Rehabil 2021;3:e573–91. 

of acute acromioclavicular joint dislocation. Arthroscopy 
2004;20:662–8. 
11.  Cook JB, Krul KP. Challenges in treating acromiocla-
vicular separations: current concepts. J Am Acad Orthop Surg 
2018;26:669–77. 
12.  El Sallakh SA. Evaluation of arthroscopic stabilization of 
acute acromioclavicular joint dislocation using the TightRope 
system. Orthopedics 2012;35:e18–22. 
13.  Scheibel M, Dröschel S, Gerhardt C, Kraus N. Ar-
throscopically assisted stabilization of acute high-grade 
acromioclavicular joint separations. Am J Sports Med 
2011;39:1507–16. 
14.  Murena L, Vulcano E, Ratti C, Cecconello L, Rolla PR, 
Surace MF. Arthroscopic treatment of acute acromioclavicu-
lar joint dislocation with double flip button. Knee Surg Sports 
Traumatol Arthrosc 2009;17:1511–5. 
15.  Struhl S. Double Endobutton technique for repair of com-
plete acromioclavicular joint dislocations. Tech Shoulder El-
bow Surg 2007;8:175–9. 
16.  Lädermann A, Grosclaude M, Lübbeke A, Christofilo-
poulos P, Stern R, Rod T, et al. Acromioclavicular and coraco-
clavicular cerclage reconstruction for acute acromioclavicular 
joint dislocations. J Shoulder Elbow Surg 2011;20:401–8. 
17.  Marcheggiani Muccioli GM, Manning C, Wright P, Gras-
si A, Zaffagnini S, Funk L. Acromioclavicular joint recon-
struction with the LARS ligament in professional versus non-
professional athletes. Knee Surg Sports Traumatol Arthrosc 
2016;24:1961–7. 
18.  Arirachakaran A, Boonard M, Piyapittayanun P, Phiphob-
mongkol V, Chaijenkij K, Kongtharvonskul J. Comparison of 
surgical outcomes between fixation with hook plate and loop 
suspensory fixation for acute unstable acromioclavicular joint 
dislocation: a systematic review and meta-analysis. Eur J Or-
thop Surg Traumatol 2016;26:565–74. 
19.  Darabos N, Vlahovic I, Gusic N, Darabos A, Bakota B, 
Miklic D. Is AC TightRope fixation better than Bosworth screw 
fixation for minimally invasive operative treatment of Rock-
wood III AC joint injury? Injury 2015;46(Suppl 6):S113–8. 
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 2014;22:422–30. 

Conflicts of interest
The authors certify that there is no conflict of interest with any financial organization regarding the material discussed in the manu-
script.
Authors’ contributions
Gregorio Secci and Raffaele Tucci have given substantial contributions to the conception or the design of the manuscript. Marco 
Cocco and Luigi Zanna performed data acquisition, analysis and interpretation. All authors have participated to drafting the manu-
script. Matteo Innocenti revised it critically. All authors read and approved the final version of the manuscript.
History
Article first published online: _______________. - Manuscript accepted: April 18, 2023. - Manuscript received: March 27, 2023.

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28


