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Abstract

Purpose Purpose of this study was to demonstrate that a single tunnel reconstruction of high-grade acromioclavicular (AC)
joint instabilities with implants of the second generation is sufficient for stabilisation, especially in combination with an AC
cerclage.

Methods Patients with an acute AC-joint dislocation type Rockwood III-B and V were included. Besides clinical follow-
up examination, radiographs were analysed. The functional outcome measures were Constant Score (CS), Taft score (TS),
ACIJI score and patient’s satisfaction. Horizontal instability was evaluated by clinical examination and radiological with an
Alexander view.

Results Thirty-five patients with a mean follow-up of 29 months were included. Ninety-seven per cent were satisfied with
their result, with an average Subjective Shoulder Value of 90%. The CS averaged at 90 + 10 points, TS at 11 + 1 points and
ACIT at 78 + 18 points. Radiologically, 3 of 29 patients (10%) showed a persisting horizontal instability. The coracoclavicu-
lar (CC) distance improved from 22 preoperative to 10 mm postoperative, which was comparable to the contralateral side
(10 mm, p=0.103). At follow-up the CC distance increased to 13 mm (p =0.0001).

Conclusion AC-joint stabilisation with a single tunnel reconstruction using a second-generation implant results in good to
excellent clinical results with high patient satisfaction. The additional AC augmentation improves stability in horizontal
instable AC-joints and is recommended in all high-grade AC joint stabilisations. Nonetheless, reduction was slightly lost
over time due to an elongation or suture failure of the coraco-clavicular fixation.

Level of evidence IV.

Keywords Double button - Acromioclavicular separation - Single tunnel - Dynamic horizontal instability - Alexander
view - Vertical stability
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main advantages are a minimally invasive approach with
less soft tissue damage and a high patient acceptance, no
obligatory implant removal and the possibility of detection
and treatment of concomitant glenohumeral injuries [6].

In the majority of the published clinical data, a dou-
ble flip-button device with a block and tackle mechanism
and implants of the first generation with a small clavicular
washer were used (TightRope, Arthrex, Naples, Florida) [4,
5]. To date, there is no comparative clinical evidence that
a double flip-button technique is superior to a single button
approach [7]. Other minimally invasive fixation techniques
based on a single flip-button device for coracoclavicular
(CC) repair display good to excellent clinical results as well
[8].

Despite rapid progress in implant and instrument devel-
opment and widespread usage of the CC fixation techniques
with a flip-button technique, preliminary results showed high
rates of partial, recurrent horizontal AC joint instabilities,
which were associated with inferior clinical results [5, 6].
An isolated CC reconstruction stabilizes predominantly in
the vertical plane, allowing a persistent horizontal transla-
tion within the AC joint [9]. In high-grade AC joint disloca-
tions (> Rockwood III-B), the AC joint capsule is ruptured
beside the CC ligaments. The posterosuperior AC ligaments
are the main restraint to posterior translation of the lateral
clavicle [10]. The aim of any surgical approach to address
instability of the AC joint should be an anatomic reduction
and restoration of normal arthrokinetics and therefore, all
components of instability should be addressed specifically
[11]. The isolated CC repair should be enhanced with an AC
augmentation technique, i.e. a minimally invasive suture cer-
clage [5]. Although the biomechanical value of an additional
AC repair has already been proven [9], a lack of clinical
evidence persists for this procedure.

The purpose of this study was to demonstrate that a single
tunnel reconstruction with implants of the second generation
with a larger supporting surface on the clavicle is sufficient
for AC joint reconstruction, especially in combination with
an AC cerclage. Moreover, it should be demonstrated that

4

the addition of the minimally invasive AC augmentation is
a reliable and reproducible procedure, which may lower the
rate of recurrent horizontal instabilities.

Materials and methods

This retrospective study was performed at a department for
arthroscopic shoulder surgery between March 2010 and
February 2013. After approval of the study protocol by the
local ethics committee (no. 1207-2011), the electronic data-
base was screened for the diagnosis of AC joint dislocation
(ICD-10 code: S43.1). Patient’s history, documented clinical
examination, and preoperative radiographs verified the diag-
nosis. Preoperative imaging consisted of a bilateral antero-
posterior (a.p.) stress view of the AC joint with a 10 kg load
to measure the CC distance. An additional axillary view
of the affected shoulder and bilateral Alexander views [12]
were used to detect any static or dynamic horizontal insta-
bility (Fig. 1).

Patients with an acute AC joint dislocation Rockwood
type III-B (increase in the CC-distance between 25 and
100% compared to the contralateral side with additional
horizontal instability in the axial view and/or dynamic
horizontal instability in the Alexander view) or Rockwood
type V (increase in the CC distance more than 100% com-
pared to the contralateral side) [13, 14] were included in this
study. Acute injuries were defined as a maximum interval of
21 days between trauma and surgery. Patients younger than
18 years, missing horizontal instability in Rockwood type I1I
injuries, a disease that would preclude accurate evaluation
(e.g. neuromuscular, rheumatic, significant psychiatric, and
metabolic disorders), and patients with previous AC joint or
shoulder injuries of both the affected and contralateral sides
were excluded from the study.

All patients were invited to a single, clinical follow-up
examination. After obtaining written informed consent,
the follow-up examination protocol consisted of a detailed
physical examination. Besides evaluating range of motion

Fig. 1 A Rockwood type III-B lesion of the right shoulder with a horizontal instability in the Alexander view. B AC stabilisation with a second
generation TightRope, additional acromioclavicular joint cerclage, and SSC-repair at 31 months follow-up
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of the affected shoulder, patient outcome measures (Sub-
jective Shoulder Value [SSV] [15], Constant—Murley score
[CMS] [16], AC joint specific acromioclavicular joint insta-
bility scores [ACJIS] [5], and Taft scores [TFS] [17]) were
assessed. The AC joint specific ACJI score evaluates sub-
jective (pain, activity of daily living, cosmetic), functional
and radiological parameters. It ranges from O to 100 points
with 100 being the best result. The TFS also evaluates sub-
jective, objective and radiological parameters with 0 points
being the worst and 12 points being the best result. Fur-
thermore, patient satisfaction of the functional and cosmetic
outcomes postoperatively was evaluated using a 5-part scale
(1: “excellent” to 5: “poor”). Bilateral a.p. stress views of the
AC joints and Alexander views were obtained to evaluate the
horizontal and vertical stability during follow-up. Radiologi-
cal evaluation included measuring vertical instability due to
the CC distance (1) preoperatively, (2) on the postoperative
radiograph, and (3) at the follow-up examination. The hori-
zontal instability was evaluated with the help of the Alex-
ander view preoperatively and at the follow-up. It further
distinguished between horizontal stability and instability.
The clavicle was defined as “unstable” or “dislocated”, if
the difference was more than one clavicle shaft width [5].
For all measurements, an unaffected contralateral side served
as control. In addition, the horizontal stability was tested
clinically with a horizontal shift test [6, 11, 18]. The extent
of the dorsal shift of the lateral clavicle against the acromion
was evaluated and determined to be either horizontally sta-
ble or unstable. A possible implant migration, either of the
clavicular washer or the subcoracoidal plate was evaluated
on the a.p. stress view, as well as ossification between the
clavicle and coracoids. In these radiographs, the maximum
diameter of the CC drill tunnels was assessed to detect a
potential tunnel enlargement.

Descriptive statistical analysis for quantitative variables
was presented as means, standard deviations, and ranges.
The results were tested for normal distribution using the
Shapiro—Wilk normality test. A t test for independent
means was used for normally distributed results. If not dis-
tributed normally, the Mann—Whitney U test, as a two-way
analysis of variance, for independent factors was used. A p
value < 0.05 was considered statistically significant. Statisti-
cal analyses were performed using SPSS for Windows (IBM
SPSS Statistics 25, Chicago, Illinois).

Surgical technique

Under general anaesthesia and in the beach chair position,
the arm was fixed in an arm holder. An image intensifier
was integrated in the surgical setting to assure optimal
placement of all drill tunnels. A standard posterior and
anteroinferior portals were implemented as the main work-
ing portals. After diagnostic glenohumeral inspection and

treatment of concomitant lesions, if necessary, an addi-
tional, anterolateral transtendinous viewing portal was
established, which allowed a good visualisation of the
coracoid base following the upper margin of the subscapu-
lar tendon as an orientation guide. The subcoracoid space
and the coracoid base were exposed with a radiofrequency
device. The AC joint was reduced under fluoroscopic con-
trol by means of cranialisation of the shoulder with the
arm holder. A 2-3 cm skin incision was performed in line
with the lateral clavicle and its surface prepared. The AC
guide (Arthrex, Naples, FL, USA) allows collinear drilling
through the clavicle and the coracoid base, and was placed
underneath the coracoid arch, close to the base, via the
low anterior portal. On the clavicle side, the guide was
placed about 3-3.5 cm medial to the AC joint in the central
anterior—posterior position of the clavicle. Using the single
flip button technique, the desired clavicular position of the
drill tunnel was between the insertion of the trapezoid and
conoid ligament. The K-wire was drilled through the drill
guide under fluoroscopic control. The subcoracoidal exit
point was controlled arthroscopically. Subsequently, the
K-wire was overdrilled with a 4 mm drill bit and the flip
button device (TightRope, Arthrex) device inserted via
a shuttle wire. The subcoracoid button was flipped and
positioned under arthroscopic control. With the tighten-
ing of the block and tackle mechanism under fluoroscopic
control, the AC joint was anatomically reduced and the
flip button system was secured with 6-—8 alternating half
hitches (Fig. 1).

After the vertical reduction, an additional minimally
invasive AC cerclage for horizontal stability was performed,
according to the technique published by Jensen et al. [19].
Through the anteroinferior portal or an additional incision,
a 1.2 mm drill wire was placed through the lateral clavicle
in the antero-postero direction, about 1-1.5 cm medial to
the AC joint. The wire was overdrilled with a 2.7 mm can-
nulated drill bit. A non-resorbable suture tape (FiberTape,
Arthrex, Naples, FL, USA) was pulled through. Hence, the
transacromial passage was prepared. The drill wire (1.2 mm)
was placed percutaneously under fluoroscopic control via
the incision of the anterolateral portal or a small, extra inci-
sion from caudal-lateral to medial—cranial in the acromion.
The exit point was close and lateral to the AC joint. The pin
was drilled with caution to avoid levering movements with
a cannulated 2.7 mm drill bit (potential risk of fracture).
A shuttle-wire was placed through the transacromial tun-
nel. The limb of the suture tape, which exited the clavicula
posteriorly, was shuttled through this tunnel. The tape was
returned towards the AC joint subcutaneously with a straight
tissue grasper. The suture tape was tied together under ten-
sion and lateral pressure against the AC joint. Finally, the
deltatrapezoid fascia was reconstructed and the clavicular
incision and the portals were closed in a standard fashion.
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Postoperatively, all patients were treated using a stand-
ardised protocol. The arm was placed in a sling for 6 weeks.
During the first 6 weeks, only passive range of motion was
allowed, gradually releasing up to a 60° angle during week
6.

After 6 weeks, a free passive range of motion was allowed
and an active range of motion exercises was started. Strength
training was delayed up to 3 months after surgery. A return
to team and contact sport was allowed after 6 months.

Results

Between March 2010 and February 2013, 44 patients fit the
inclusion criteria. Four were lost to follow-up due to migra-
tion and five refused to continue participating in the study.
Therefore, 35 patients (80%) were included in this study and
available for a follow-up examination with a mean follow-up
of 29 months (range, 22-52 months). Thirty-four patients
were male and one female. Six patients refused further fol-
low-up radiographs due to no further complaints. Therefore,
only patients completing both scoring systems (ACJIS and
TFS; 29 of 35), including clinical examination and radiologi-
cal results, were evaluated.

Twelve (34%) injuries were classified as Rockwood type
II1-B and 23 (66%) as Rockwood type V lesions. The mean
age at time of injury was 40 years (range, 19-72 years). The
mean time between trauma and surgery was 8 days (range,
2-20 days). In 63% of the injuries, the dominant side was
affected. The injury mechanism was a direct trauma to
the shoulder (n=34) or an indirect trauma to the elevated
arm (n=1). Injuries occurred predominantly during sport-
ing activities: cycling/motorcycling (n=17), team sports
(n=11), alpine sports (n=2), other trauma (n=35). Con-
comitant intra-articular pathologies were identified in 14 of
35 patients (40%) during arthroscopy. In four patients (11%),
these lesions were very likely related to the recent trauma:
one partial articular supraspinatus tendon avulsion, one
rupture of the superior glenohumeral ligament, one tear of
the subscapularis tendon Lafosse type II-1II and one type 11
SLAP lesion. Degenerative lesions were found in ten patients
(29% with multiple findings in some patients). These were
predominantly type I SLAP lesions (seven patients). In one
patient, a superficial fraying of the subscapularis tendon was
documented. Advanced humeral cartilage degeneration was

detected in two cases, one with concomitant loose bodies.
The surgeons described a degenerative partial rupture of the
bicep tendon in two patients, which also might have been
due to the acute trauma. In four of 35 patients (11%), an
additional surgical treatment was necessary to address these
pathologies: one reconstruction of the subscapular tendon,
three tenodeses of the long head of the biceps, one removal
of loose bodies and one abrasion chondroplasty.

Overall, 34 of 35 patients (97%) were satisfied with their
results (Table 1). The mean satisfaction regarding the func-
tional result was 1.6 out of 5. The cosmetic result was evalu-
ated to be 1.9 out of 5. All patients reached a full range of
motion. The subjective shoulder value (SSV) averaged at
90% (75-100%). The Constant score was good or excellent
in 91% of the patients with a mean of 90 + 10 points (range,
53-100). The Taft score averaged at 11 + 1 points (range,
7-12) and the ACIJI score at 78 + 18 points (range, 23—-100).
AC joint specific scores as Taft score (p =0.006) and ACJI
score (p=0.026) showed significantly better results for type
Rockwood III-B than type V lesions. Analysing the sub-
groups for the Taft score and ACJI score for both, mainly
the radiological results, were responsible for the difference
in both groups (Taft score: objective parameters: p =0.68;
subjective parameters: 0.20; radiographic parameters:
p=0.056. ACJI score: pain: p=0.14; activities of daily liv-
ing: p=0.63; cosmesis: p=0.02; function: p=0.67; radio-
graphs: p=0.01).

The CC distance improved significantly from 22 mm
preoperatively (range, 16-30 mm) to 10 mm postopera-
tively (range, 3—15 mm) (p <0.0001) (Table 2). Compar-
ing the postoperative result to the contralateral side with
a CC distance of 10 mm (range, 6—13 mm) no statistically
significant difference was observed (p =0.103). However,
the Rockwood type III-B group showed an over-reduction
regarding the postoperative CC distance (p=0.0081). At
the follow-up, the CC distance increased to 13 mm (range,
8-18). This resulted in a p value of 0.0001 compared to the
contralateral side. The subgroup analysis showed no differ-
ence for the Rockwood type III-B group (12 mm; range,
8—15 mm; p=0.409), but for the Rockwood type V group
(14 mm; range, 9—18; p <0.0001) compared to the contralat-
eral side at the follow-up.

At the time of follow-up, four patients had a horizon-
tal instability in the clinical examination. Three of the 29
patients (10%), who were evaluated radiologically, showed

Table 1 Functional results

Overall Rockwood 3B Rockwood 5 P value
Constant score 90+9.6 (53-100) 93 +7.5 (77-100) 88410 (53-100) 0.148
ACIJI score 78 £18 (23-100) 90+ 11 (73-100) 73 +£18 (23-98) 0.026
Taft score 11+£1.5(7-12) 11+£0.7 (10-12) 10+£1.6 (7-12) 0.006
SSv 90+ 8.0 (75-100) 92+7.0 (80-100) 89+ 8.5 (75-98) 0.332
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Table 2 Radiological evaluation of the coracoclavicular distance

Preoperative Contralateral side Postoperative Follow-up p value (1) p value (2)
Overall 22+3.8 (16-30) 10+1.8 (6.0-13) 10+£2.4 (3.3-15) 13+2.7 (8.0-18) 0.103 0.0001
Rockwood 3B 19+3.3 (16-23) 11+1.4 (9.4-13) 79+223.3-10) 12+2.3(8.0-15) 0.0081 0.4087
Rockwood 5 24+3.0 (17-30) 10+1.9 (6.0-13) 11+2.1 (6.9-15) 14+2.7 (8.6-18) 0.9945 <0.0001

P value (1): postoperative CC distance versus the contralateral side. P value (2): CC distance at follow-up versus the contralateral side

a horizontal instability in the Alexander view. The widest
diameter of the clavicular drill hole was 7 +2 mm (range,
4-13 mm). No migration of the clavicular or coracoidal
button was observed. Fourteen of 29 patients (48%) had an
ossification within the area of the CC ligaments.

Discussion

The purpose of this study was to demonstrate sufficient AC
joint stabilisation with a single tunnel reconstruction using
a second generation implant in high-grade AC joint disloca-
tions. Moreover, an additional, minimally invasive AC joint
augmentation was expected to improve horizontal stability.
Our data showed a high patient satisfaction (97%) with a
SSV of 90%. The functional results were good to excellent
regarding a Constant score of 90 points, Taft score of 11
points and ACJI score of 78 points. Due to the increased
contact area of the second-generation implant, no migra-
tion of the clavicular or coracoidal buttons was observed.
Furthermore, additional AC cerclage improved horizontal
stability, as observed clinically and radiologically compared
to preoperative state. The radiological evaluation showed
a slight loss of vertical reduction over time (Fig. 2). This
might result out of an elongation of the flip button device or
a suture failure. Although the functional result was not influ-
enced by this loss of reduction in the mid-term follow-up,

some initial over-reduction or the use of a more stable con-
struct for the CC stabilisation needs to be considered evalu-
ating this technique.

Although there is no hard evidence in the literature,
low-grade AC joint dislocations, type Rockwood I and II,
are typically treated non-operatively [20]. The treatment
for Rockwood type III lesions is still controversial. Young
patients with aspirations of high functionality or workers
who regularly do heavy lifting are more likely to be treated
operatively. Furthermore, the Rockwood classification was
extended in 2014. Type III lesions were sub-classified as
type III-A and III-B [14, 21]. Besides the vertical instabil-
ity, type III-A lesions were defined as horizontally stable,
while type III-B lesions show a dynamic horizontal insta-
bility. An additional horizontal instability in the Alexander
view was identified as a negative predictor for inferior func-
tional results [5]. While indication for surgery is commonly
accepted in type V lesion, type III lesions are still discussed.
In countries like the US type III dislocations are initially
treated non-operatively and surgery is only pursued after
failure. Since allografts are not as easily available for us as
in the US and horizontal instabilities are identified as nega-
tive outcome predictors, we differentiate between type III-A
and III-B lesion with type III-B lesions being indication for
surgery.

For the treatment of high-grade AC joint instabilities, the
temporary hook-plate stabilisation and arthroscopic-assisted

Fig.2 A Rockwood type V lesion of the right shoulder. B AC stabilisation with additional acromioclavicular joint cerclage. C Slight loss of
reduction at 33 months follow-up with heterotopic ossification following the CC ligaments
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CC stabilisation are competing treatments. Mostly retrospec-
tive studies or meta-analyses showed comparable results in
regard to functional results, complication rates and loss of
reduction [6, 22-25]. Stein el al. were the first to compare
those treatments prospectively with partially being ran-
domised (64%), and 36% being treated by patient selection
[26]. Their data showed significantly better results regarding
the clinical scores for the arthroscopically assisted CC sta-
bilisation. Further benefits from the arthroscopic treatment
are the detection of concomitant glenohumeral pathologies,
which are identified in up to 53% of the patients, with the
rotator cuff or the bicep tendon complex being the most
common and 12% requiring additional repair procedures
[27-29]. Furthermore, this minimally invasive technique
improves cosmetics and does not require a revision surgery
for hardware removal. Therefore, the arthroscopic-assisted
techniques are growing in volume.

In the scientific literature, arthroscopic-assisted tech-
niques yield good to excellent results. Scheibel et al. [5]
evaluated 28 patients treated with a double TightRope of
the first generation without additional acromioclavicular
cerclage. Clinical results averaged at a Constant score of 92
points, Taft score of 11 points and ACIJ score of 80 points.
The range of motion did not differ from the contralateral side
with a mean flexion of 179° and abduction of 178°. Patient
satisfaction was high with a SSV of 95%. These results
were comparable to our findings. The radiological evalu-
ation showed a good postoperative reduction, comparing
both shoulders with a CC difference of 0.5 mm (range, — 3 to
3 mm). Nonetheless, the CC distance increased at the oper-
ated side from 9 postoperatively to 10 mm after 3 months,
13 mm after 6 months and 14 mm at the final follow-up,
which differed significantly compared to the uninjured side.
Furthermore, 43% of the patients were evaluated as horizon-
tally unstable in the Alexander view at follow-up. Patients
with a stable situation achieved superior clinical results in
all evaluated scores. We observed a comparable increase in
the CC distance over time with the single tunnel technique.
AC joint specific scores, as the Taft score or ACJI score,
include a radiological evaluation. Due to the increase in the
CC distance with time, an initial over-reduction resulted
in significantly better results at follow-up than an initially
optimal reduction in those scores. Since the Constant score
as a clinical parameter and the subjective results were not
influenced by this elevation of the clavicle in either case, the
radiological evaluation might be overvalued in those scores.

Furthermore, Scheibel et al. [5] concluded that their
technique needs further improvement due to a high rate of
horizontal instabilities, which were associated with inferior
results. The biomechanical testing by Saier et al. [9] showed
that besides CC reconstruction, an additional AC-joint aug-
mentation assures an adequate horizontal stability. Dyrna
et al. [30] evaluated different techniques for an additional
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AC augmentation to restore stability against posterior rota-
tional forces and horizontal translation. All five tested tech-
niques (anterior, posterior, superior, O-frame, X-frame)
restored stability regarding translation and rotation, which
was comparable to the native states. However, none of the
five tested techniques was superior over another. Based on
the biomechanical findings of Theopold et al., [31] a CC
reconstruction with a double tunnel technique both with or
without additional AC augmentation showed significantly
higher stability regarding the horizontal plane compared to a
single tunnel technique with AC augmentation. Furthermore,
double tunnel techniques with and without AC augmenta-
tion showed comparable horizontal stability. Therefore, in
contrast to the previous mentioned literature, the authors
questioned the effect of an additional AC augmentation at
least for double tunnel techniques.

Multiple studies evaluated the clinical results of arthro-
scopically assisted CC stabilisation in acute AC joint dislo-
cations. Some authors recommend a double tunnel technique
to “anatomically” replace the CC ligaments [4, 26, 32, 33].
Although good to excellent clinical results are documented,
the risk for clavicle or coracoid fractures is increased [34,
35], which can be reduced by using a single tunnel technique
[36-39]. Furthermore, a “truly anatomical” reconstruction
of the CC ligaments, using a collinear drilling technique
for both ligaments, is simply not possible, which has been
shown in several cadaveric and virtual 3D-CT scan-based
studies [40—42]. Despite good to excellent clinical results,
some patients fail or the outcome is unsatisfying. A persist-
ing horizontal instability might be one reason [5]. Biome-
chanical studies prove an increase in horizontal stability by
using an additional AC cerclage [9, 30]. So far, there are
only two studies evaluating the clinical effect of an addi-
tional AC cerclage. A prospective multicentre study for
chronic AC joint dislocations found an additional AC stabi-
lisation as a favourable prognostic factor [43]. In contrast to
our treatment 92% of those patients were treated with a dou-
ble button technique and 88% were reinforced with a tendon
graft due to the chronic situation. Furthermore, Hann et al.
evaluated an AC joint stabilisation with a second-generation
double TightRope and AC cerclage, which reduced dynamic
horizontal instability. Our study is the first to evaluate the
clinical and radiological results of a second generation sin-
gle TightRope with additional AC augmentation. Compara-
ble to Hann et al., our data showed an improved horizontal
stability.

Limitations of our study are the retrospective design,
small number of patients, although it is comparable to other
clinical studies, and the lack of a comparative group.

In conclusion, the treatment of acute high-grade AC joint
dislocation, using a second generation implant, results in
good to excellent clinical results with high patient satisfac-
tion. The additional AC augmentation improved stability
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in horizontal instable AC joints and is recommended in all
high-grade AC joint stabilisations. Nonetheless, reduction
was slightly lost over time due to an elongation or suture
failure of the coracoclavicular single TightRope, which did
not influence the clinical outcome. Nonetheless, some over-
reduction or the use of a more stable construct, e.g. using
two FiberTapes, needs to be considered for further treatment.
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