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Abstract
Purpose Optimal treatment of chronic unstable acromioclavicular (AC) joint dislocations (stage 3–5 according the Rockwood 
classification) is still debated. Anatomic coracoclavicular (CC) reconstruction is a reliable option in terms of two-dimensional 
radiographic reduction, clinical outcomes, and return to sports, but there remain concerns regarding anterior–posterior stabil-
ity of the AC joint with CC ligament reconstruction alone. The aim of the present study was to describe the mid-term results 
of a new hybrid technique with CC and AC ligament reconstruction for chronic AC joint dislocations.
Methods Twenty-two patients surgically treated for chronic AC joint dislocations (grade 3 to 5) were retrospectively 
reviewed. All patients were assessed before surgery and at final follow-up with the Constant–Murley score (CMS) and the 
American Shoulder and Elbow Surgeons (ASES) score. The CC vertical distance (CCD) and the CCD ratio (affected side 
compared to unaffected side) were measured on Zanca radiographs preoperatively, at 6 months postop and at final follow-
up. The same surgical technique consisting in a primary fixation with a suspensory system, coracoclavicular ligaments 
reconstruction with a double loop of autologous gracilis and acromioclavicular ligaments reconstruction with autologous 
coracoacromial ligament was performed in all cases.
Results Twenty-two shoulders in 22 patients (19 males and 3 females) were evaluated with a mean age of 34.4 ± 9 years at the 
time of surgery. The mean interval between the injury and surgery was 53.4 ± 36.7 days. The mean duration of postoperative 
follow-up was 49.9 ± 11.8 months. According to the Rockwood classification, there were 5 (22.6%) type-III and 17 (77.2%) 
type-V dislocations. Mean preoperative ASES and CMS were 54.4 ± 7.6 and 64.6 ± 7.2, respectively. They improved to 
91.8 ± 2.3 (p = 0.0001) and 95.2 ± 3.1 (p = 0.0001), respectively at final FU. The mean preoperative CCD was 22.4 ± 3.2 mm 
while the mean CCD ratio was 2.1 ± 0.1. At final FU, the mean CCD was 11.9 ± 1.4 mm (p = 0.002) and the mean CCD ratio 
was 1.1 ± 0.1 (p = 0.009). No recurrence of instability was observed. One patient developed a local infection and four patients 
referred some shoulder discomfort. Heterotopic ossifications were observed in three patients.
Conclusions The optimal treatment of chronic high-grade AC joint dislocations requires superior–inferior and anterior–pos-
terior stability to ensure good clinical outcomes and return to overhead activities or sports. The present hybrid technique of 
AC and CC ligaments reconstruction showed good clinical and radiographic results and is a reliable an alternative to other 
reported techniques.
Level of evidence Level IV.
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Introduction

Acromioclavicular (AC) joint dislocation is one of the most 
common shoulder injuries in the young athletic population, 
with an overall reported incidence of 9% to 12% [1–4]. The 
more severe injuries, grade 4 to 6 according to the Rockwood 
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classification, are generally managed surgically, while grade 
3 injuries have evolving surgical indications [5].

Soft tissue surgery aims to recreate the function of the 
disrupted coracoclavicular (CC) and AC ligaments. These 
include ligamentoplasty procedures, muscle transfers, and 
ligament reconstruction with autologous, allogeneic, or syn-
thetic grafts [6].

Timing is important to achieve biologic healing of the 
disrupted tissues. Acute repair is defined as within 3 weeks 
from the date of injury [7]; in such a situation, AC joint sta-
bilisation allows healing of the CC and AC ligaments, thus 
ensuring favourable functional outcomes [1]. Beyond this 
limit, biologic healing cannot be expected and reconstructive 
surgery with biologic augmentation should be performed in 
chronic symptomatic patients [8].

The use of biologic grafts to stabilise the AC joint was 
first reported by Jones et al. who used an autogenous sem-
itendinosus tendon graft [9]. In 2010, Carofino and Maz-
zocca described their technique for anatomic AC joint 
reconstruction with a semitendinosus allograft [10]. This 
procedure aimed at restoring both the conoid and trapezoid 
ligaments at their anatomical attachment sites through dou-
ble tunnels in the clavicle to address instability of the AC 
joint in both vertical and horizontal planes. Subsequently, 
the other authors modified this technique to achieve ana-
tomic reconstruction of CC and AC ligaments [11, 12]. 
Ultimately, more than 160 surgical techniques have been 
described so far, indicating that no gold standard has yet 
emerged. Aim of the present study is to describe the effi-
cacy of a new technique for anatomic CC and AC ligaments 
reconstruction in chronic AC joint dislocations.

The hypothesis of the study was that the present technique 
was effective in achieving stable joint reduction and good 
functional results in patients with chronic symptomatic AC 
joint dislocations.

Materials and methods

The present study was designed as a retrospective study 
without control group performed on prospectively collected 
data. The local institutional review board approved the study 
protocol (IRB NO:M26 15.02.2019).

Patients

A consecutive series of patients operated for AC joint dislo-
cation were enrolled for the present study. Inclusion criteria 
were: chronic AC joint dislocation (grade 3 to 5 according 
to Rockwood) surgically treated for persistent pain and func-
tional impairment after at least 2 months of conservative 
treatment, surgical treatment performed using the index pro-
cedure under investigation, and minimum 2-year follow-up. 

Exclusion criteria were: previous surgeries and/or fractures 
on the affected limb, and concomitant or previous untreated 
rotator cuff tears (preoperative shoulder ultrasound was per-
formed in all cases).

Surgical procedure

The procedure was performed under general anaesthesia in 
the beach chair position by a single shoulder surgeon. Gra-
cilis tendon autograft was harvested through a small longi-
tudinal incision with a non-sterile tourniquet positioned at 
the proximal thigh. The graft was prepared and tubularised 
at the two free ends with #2 Vicryl sutures. Local infiltra-
tion with tranexamic acid (1 gr) was used in all cases at 
the autograft donor site. The skin incision was closed with 
absorbable sutures or fibrin glue. Attention was then turned 
to the AC joint reconstruction. A slightly oblique incision 
started just lateral to the AC joint and run distally and medi-
ally over the coracoid process.

The deltotrapezial fascia was identified and incised hori-
zontally, between the trapezius insertion onto the posterior 
aspect of the clavicle and the deltoid origin on the anterior 
clavicle, to expose the distal clavicle. The AC joint was iden-
tified and opened; scar tissue removed. The coracoid was 
reached through a deltoid split along the residual CC. Once 
identified, the coracoacromial (CA) ligament was detached 
from the lateral aspect of the coracoid taking care of pre-
serving all its length until its acromial insertion. The CA 
ligament was then tubularised with #2 Vicryl suture. The 
tubularised CA ligament was ultimately utilised as local 
autograft for AC ligament reconstruction (Fig. 1).

The clavicle was prepared to have complete exposition 
of its anterior ant posterior margins. A 4-mm tunnel was 
drilled almost vertical from the clavicle to match with the 

Fig. 1  The CA ligament is detached from the lateral aspect of the 
coracoid and prepared as a graft to reconstruct the AC ligaments
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coracoid process. The tunnel was performed around 20 mm 
from the lateral aspect of the clavicle and right in the middle 
of the anterior–posterior width of the clavicle. The coracoid 
tunnel was performed just distal to its knee, and right in the 
middle of the coracoid width. In some cases, when it was 
not possible with the dedicated instrumentations, the two 
tunnels were drilled independently to achieve the desired 
position. Both the clavicle and the coracoid were prepared 
to a suspensory fixation device (Tightrope; Arthrex, Naples, 
FL, USA). A double shuttle with #2 Vicryl was passed 
below the coracoid with a curved hook from the medial 
aspect of the coracoid and retrieved laterally. The gracilis 
tendon autograft was then passed under the coracoid process 
from medial to lateral. The medial end was passed over the 
clavicle from posterior to anterior. Conversely, the lateral 
end of the gracilis autograft was passed around the clavicle 
from the anterior aspect in a figure-of-eight configuration. 
This configuration allows the graft to be crossed in its pas-
sage from the coracoid to the clavicle. The length of the 
graft allowed for an almost complete double looping in all 
patients. This resulted in a double loop of at least 5 mm in 
diameter. The AC joint was reduced under direct visualisa-
tion using the Tightrope system by pushing downward the 
clavicle (Arthrex, Naples, FL, USA) (Fig. 2). The free ends 
of the gracilis autograft were pulled together and sutured to 
the underlying loop with #2 Vicryl stitches (Fig. 3).

The articular cartilage of the distal clavicle was removed, 
and two small tunnels were drilled obliquely (from inferior 
and lateral to superior and medial) with a 1.4 mm K-wire. 
The sutures from the CA ligament were passed into the small 
tunnels and tied together (Fig. 4).

Finally, the deltotrapezial fascia was closed to reinforce 
the AC joint stability. Local infiltration with tranexamic acid 
(2 gr) was used in all cases.

The patients wore a sling for 6 weeks postoperatively. 
Gradual recovery of the passive range of motion (ROM) was 
then initiated and continued until full passive elevation was 
achieved. Active ROM and muscle strengthening exercises 
were allowed once the passive ROM was fully recovered 
to avoid scapula-thoracic imbalance. Return to sports was 
allowed 6 months after surgery following a radiographic and 
clinical assessment.

Outcome measurements

All patients were routinely assessed as per standard pro-
tocol of our institution preoperatively and at final follow-
up. Primary outcome measure was the American Shoulder 

Fig. 2  Two 4-mm tunnels in the clavicle and in the coracoid are 
drilled and the AC joint is reduced under direct visualisation using 
the Tightrope system

Fig. 3  The free ends of the gracilis tendon are passed around the 
clavicle and coracoid in a figure-of-8 configuration, pulled together 
and then sutured to the underlying loop with #2 Vicryl stitches

Fig. 4  The sutures from the CA ligament are passed into the small 
tunnels through the distal clavicle and tied together
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and Elbow Surgeons (ASES) score. Secondary outcomes 
included the Constant–Murley score (CMS) and the radio-
graphic evaluation of AC joint dislocation.

Radiographic assessment was performed on Zanca views 
as per standard protocol of our institution preoperatively, at 
6 months postoperatively and at final follow-up. Measure-
ments were carried out on digital X-rays using a DICOM 
medical image viewer (Horos Project; Purview, Annapolis, 
MD, USA). Vertical displacement of the AC joint was esti-
mated by measuring the coracoclavicular distance (CCD), 
which is the distance between the superior border of the 
coracoid process and the inferior clavicular surface. The 
displacement was then calculated as a ratio between the 
CCD of the healthy side and the CCD of the affected side 
(CCD ratio). The CCD and CCD ratio were considered as 
secondary outcome measures. Intraoperative and postopera-
tive complications and return to sports activities were also 
recorded. All data were retrieved retrospectively from the 
electronic charts and images available on the database of 
the hospital.

Statistical analysis

Statistical analysis was performed using statistical software 
(SPSS v24.0; IBM, Armonk, NY, USA). Data were assessed 
for normal distribution by use of the Kolmogorov–Smirnov 
test. Continuous variables were expressed by mean ± stand-
ard deviation (SD) for normally distributed data, otherwise 
median and range were used. Categorical variables were 
expressed as frequencies and percentages. Significance tests 
were run to analyse differences between pre- and postop-
erative clinical data. A paired t-test was used for normally 
distributed data, otherwise the Wilcoxon signed-rank test 
was considered. For radiographic measurements, repeated 
measures ANOVA was used to assess within-group differ-
ences across repeated observations. Alternatively, Fried-
man test was considered for non-normally distributed data. 
Repeated paired t-test or Wilcoxon signed-rank tests were 
run for multiple pairwise comparisons to assess differences 
between time intervals. Significance was considered for p 
value < 0.05.

Sample size was calculated according to the primary 
outcome. Since no current metrics are available to estimate 
clinical relevance of change in the ASES score for patients 
with AC joint injuries, we based our calculation on a pre-
vious study by Muench et al. [13], which was similar to the 
present one for study population, intervention and outcome 
measures and we accepted as minimal clinically important 
difference (MCID) an 11-point change in the ASES score. 
According to Muench et al. [13], preoperative mean ASES 
score was 52.1 ± 19.9. On considering 11-point difference 
from preoperative ASES score as MCID an effect size of 

0.55 was obtained and sample size was then estimated to 
be 22, given alpha equal to 0.05 and power of 80%.

Results

Twenty-two patients were selected from a consecutive 
series of patients operated with the index procedure 
according to eligibility criteria. Flowchart of the study 
is reported in Fig. 5. Descriptive statistics for baseline 
characteristics is reported in Table 1. The mean duration 
of postoperative follow-up was 49.9 ± 11.8 months (range, 
26–64 months). Clinical and radiographic results are sum-
marised in Table 2.

There was a significant improvement in ASES score 
and CMS from preoperative to final follow-up. (p = 0.0001 
and 0.0001, respectively). In addition, radiographic out-
comes showed a significant improvement from baseline 
values. At 6-month follow-up, a significant reduction in 
CCD distance and CCD ratio was observed (p = 0.001 and 
0.001, respectively). At final follow-up, a small increase 
in CCD and CCD ratio was observed when compared 
to 6-month follow-up, albeit the difference was not sig-
nificant (p = 0.86 and 0.11, respectively), and they were 
both significantly reduced respect to preoperative values 
(p = 0.002 and 0.009, respectively). No difference in CCD 
was observed on the healthy side from preoperative value 
(10.2 ± 3.3) to final FU (10.3 ± 3.2) (n.s.). Nineteen out of 
22 patients (86%) returned to their sport activities at the 
same level.

No intraoperative complications were recorded. One 
patient (4.5%) had a local infection, which developed in the 
early postoperative period (7 days after surgery) and required 
oral antibiotics to resolve. Radiographs showed heterotopic 
ossification around the CC ligaments in 3 (13.1%) cases. 
One of these patients (4.5%) showed additional cutout of the 
coracoid button while the reduction was stable. The button 
was stable on radiographs evaluations, the patient was not 
symptomatic, and therefore, it was not removed (Fig. 6).

Fig. 5  Flow diagram of the study
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Discussion

The most important finding in the present study is the good 
functional outcomes related to the technique of combined 
AC and CC ligament reconstruction for chronic AC joint 
dislocations.

There was a significant improvement of Constant and 
ASES scores at last FU (p = 0.0001 for both) and sig-
nificant reduction of CCD and CCD ratio (p = 0.002 and 
0.009, respectively). Moreover, 86% of patients returned 

to their sport activities at the same level. These outcomes 
are comparable to those of previous studies in literature. 
Carofino and Mazzocca reported the outcomes of their 
anatomic reconstruction in 16 patients at an average FU of 
21 months [10]. At final FU, the mean ASES was 92 ± 5, 
SST 11.8 ± 4, CM 94.7 ± 5 and SANE score 94.4. Virtanen 
et al. reviewed 25 patients after a mean of 4.2 years after 
ligament reconstruction with autogenous semitendinosus 
and gracilis; mean CS was 83 and mean DASH was 14 
[14]. In the past, the combination of coracoclavicular (CC) 
and acromioclavicular (AC), ligament reconstruction has 
become popular in the hope of decreasing complication 
rates and improving patient outcomes associated with non-
anatomic repairs [15, 16]. The successful outcomes of ana-
tomic CC ligament reconstruction rely on graft choice, 
bone tunnels and horizontal stability.

The hamstring tendons are the most used grafts; however, 
palmaris longus [17], flexor carpi radialis, peroneus longus 
[18] and tibialis anterior tendons [19] have been used as 
well. Gracilis tendon autograft was chosen because it has 
been demonstrated that isolated gracilis tendon harvesting is 
not associated with loss of strength in knee flexion, internal 
tibial rotation and thigh adduction [20]. In addition, preserv-
ing the native semitendinosus may be beneficial especially in 
young patients to keep a strong graft for any possible further 
surgeries. In the present series, gracilis had sufficient length 
to perform a double looping around clavicle and coracoid 
with at least 5 mm width in all patients. To protect the gra-
cilis tendon autograft, which is less strong than semitendi-
nosus, and allow its incorporation, the primary stabilisa-
tion of the AC joint was ensured with the Tightrope system 
(Arthrex, Naples, FL, USA).

Bone tunnels are the weak aspect of anatomic CC liga-
ments reconstruction with reported loss of reduction, frac-
tures and hardware cutout. Martetschlager et al. reported 
an overall complication rate of 27% in patients after CC 
ligament reconstruction and no difference between cortical 
fixation versus tendon graft loop procedure [21]. Others have 
reported 80% complication rate, and 20% of coracoid frac-
tures, when a tunnel is drilled into the coracoid compared 
to 35% complication rate when the graft is looped around 
the coracoid [22]. In the present study, one patient (4.5%) 

Table 1  Baseline characteristics

Y years, SD standard deviation, n number

Total no 22 patients
Age (y), mean ± SD (range) 34.4 ± 9 (19–58)
Gender, n (%)
Male 19 (86.3)
Female 3 (13.6)
Side, n (%)
Right 13 (59)
Left 9 (41)
Dominance, n (%) 14 (63.3)
Injury, n (%)
Motor vehicle 5 (22.7)
Fall 1 (4.5)
Sports 16 (72.7)
Rockwood, n (%)
3 5 (22.6)
5 17 (77.2)
Time to surgery (days), 

mean ± SD (range)
53.4 ± 36.7 (26–180)

Sport activities pre-op, n (%) Leisure Semipro
Soccer 5 (22.7) 3 (13.6)
Basketball 1 (4.5) 1 (4.5)
Tennis 1 (4.5)
Swimming 2 (9.1)
Volleyball 1 (4.5) 1 (4.5)
Judo 2 (9.1)
Bicycle
Golf

4 (18.5)
1 (4.5)

Table 2  Clinical and 
radiographic outcomes

ASES American shoulder and elbow society, CMS Constant–Murley score, CCD coracoclavicular distance
* Statistical significance (p < 0.05)

Baseline Follow-up (6 months) Follow-up (final) p value

ASES score 54.4 ± 7.6 – 91.8 ± 2.3 0.0001*
CMS 64.6 ± 7.2 – 95.2 ± 3.1 0.0001*
CCD (mm) 22.4 ± 3.2 10.2 ± 0.9 11.9 ± 1.4 0.002*
CCD ratio 2.1 ± 0.1 0.9 ± 0.01 1.1 ± 0.09 0.009*
CCD healthy 10.2 ± 3.3 – 10.3 ± 3.2 n.s
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showed button cutout from the coracoid and no cases of 
clavicular or coracoid tunnel fracture. The risk of coracoid 
fracture can be mitigated by downsizing the diameter of the 
tunnel and improving accuracy its placement particularly in 
the centre–centre or medial–centre position of the coracoid 
[23]. Similar to coracoid fractures, multiple tunnel drilling 
in the clavicle also increases the risk of fractures [22, 24]. 
Minimising clavicular tunnel diameter as well as adequate 
tunnel spacing of 20 to 25 mm between clavicular tunnels 
and 10 to 15 mm between the lateral tunnel and the distal 
edge of the clavicle may reduce the incidence of clavicle 
fractures [10]. In the present hybrid technique, initial CC 
fixation was achieved with a Tightrope button (Arthrex, 
Naples, FL, USA) which required a 4 mm tunnel in the 
clavicle and coracoid. Biomechanical studies have shown 
that #5 FiberWire has a biomechanical strength of 485 N as 
compared to the native CC ligament complex of 589 N [25].

Another critical aspect of anatomic reconstructions is 
the restoration of horizontal stability. It is crucial to avoid 
posterior abutment of the clavicle and scapular spine, with 
significant clinical disability. The CC ligaments are the pri-
mary restraint to superior migration of the clavicle, with 
the conoid ligament providing around 60% of the strength 
in this direction [26]. Conversely, the superior AC ligament 
provides 56% of the resistance to posterior translation, and 
the posterior ligament contributes to 25% [26]. Dawson et al. 
confirmed the role of the AC ligaments (anterior, posterior, 
superior, and inferior) to confer three times more stability in 
the anteroposterior and torsional plane than in the superior-
inferior plane [27]. These findings confirm that the hori-
zontal stability is primarily mediated by the AC ligaments 
while vertical stability is primarily mediated by the CC liga-
ments [28]. It is, therefore, reasonable to incorporate surgi-
cal techniques to reconstruct both the CC and AC to improve 

horizontal stability of the AC joint, as clearly demonstrated 
in a biomechanical study by Dyrna et al. [29] and in several 
clinical studies [11, 18, 30]. In the present study, the cora-
coacromial (CA) ligament was used to reconstruct the AC 
ligaments, allografts were excluded for their costs and gra-
cilis autograft, which was used as biologic augmentation for 
CC ligaments did not have enough length for the additional 
reconstruction of AC joint. CA ligament seemed ideal choice 
for several reasons.

Finally, the decision to retain the distal clavicle is some-
what controversial. Although it is considered a pain gen-
erator, historic and recent clinical studies have not shown 
clear clinical improvements after distal clavicle excision 
(DCE) [10]. In the present study, the cartilage layer of the 
distal clavicle was removed to achieve a bleeding surface to 
increase the healing of the transferred CA ligament.

The present technique is innovative since it is a recon-
struction of both the coracoclavicular and acromioclavicular 
ligaments with potential positive effects on the horizontal 
stability. Second, the transposition of the coracoacromial 
ligament to reconstruct the acromioclavicular ligaments 
(with similar direction of the native ligament) improves the 
visualisation of the pericoracoid area, making it easier the 
passage of the gracilis tendon beneath the coracoid, and 
allows to use the gracilis tendon to reconstruct the coracocla-
vicular ligaments with a double figure 8 loop. The semiten-
dinosus tendon is, therefore, left in place as a potential graft 
for further surgeries. Finally, the use of autologous gracilis 
reduces the costs on health system compared to allografts 
which is of great relevance in several countries. Beside these 
aspects, the present study has several limitations. First, the 
lack of a control group prevents from the precise efficacy 
of the modifications of the original technique. Second, the 
present cohort is homogenous but limited to 22 patients. 
Moreover, the length of the follow-up does not allow for 
definitive conclusion concerning the onset of degenerative 
changes to the AC joint.

Conclusions

The reported hybrid technique of AC and CC ligaments 
reconstruction is be an alternative to other reported tech-
niques. Good clinical outcomes comparable to previous 
reports with no re-dislocations or clavicular and coracoid 
fractures were observed. One patient showed asymptomatic 
button cutout. Further biomechanical studies are required to 
assess the role of AC ligament transposition on the horizon-
tal stability of the AC joint.
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Fig. 6  Cutout of the button was observed in one patient. However, it 
was stable on radiographs evaluations
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