
Arthroscopically assisted 2-bundle anatomic reduction of
acute acromioclavicular joint separations: 58-month
findings

Arne J. Venjakob, Gian M. Salzmann, Florian Gabel, Stefan Buchmann, Lars
Walz, Jeffrey T. Spang, Stephan Vogt, Andreas B. Imhoff

Angaben zur Veröffentlichung / Publication details:

Venjakob, Arne J., Gian M. Salzmann, Florian Gabel, Stefan Buchmann, Lars Walz, Jeffrey T.
Spang, Stephan Vogt, and Andreas B. Imhoff. 2013. “Arthroscopically assisted 2-bundle
anatomic reduction of acute acromioclavicular joint separations: 58-month findings.” The
American Journal of Sports Medicine 41 (3): 615–21.
https://doi.org/10.1177/0363546512473438.

Nutzungsbedingungen / Terms of use:

Dieses Dokument wird unter folgenden Bedingungen zur Verfügung gestellt: / This document is made available under these conditions:
Deutsches Urheberrecht
Weitere Informationen finden Sie unter: / For more information see:
https://www.uni-augsburg.de/de/organisation/bibliothek/publizieren-zitieren-archivieren/publiz/

licgercopyright

https://doi.org/10.1177/0363546512473438
https://www.uni-augsburg.de/de/organisation/bibliothek/publizieren-zitieren-archivieren/publiz/


Arthroscopically Assisted 2-Bundle
Anatomic Reduction of Acute
Acromioclavicular Joint Separations

58-Month Findings

Arne J. Venjakob,*y MD, Gian M. Salzmann,z MD, Florian Gabel,y Stefan Buchmann,y§ MD,
Lars Walz,|| MD, Jeffrey T. Spang,{ MD, Stephan Vogt,y MD, and Andreas B. Imhoff,y# MD
Investigation performed at the Department of Orthopaedic Sports Medicine,
Technical University of Munich, Munich, Germany

Background: Currently, no clinical midterm results have been reported on arthroscopically assisted reduction of the acutely dis-
located acromioclavicular (AC) joint using suture-button devices for fixation.

Hypothesis: Athroscopically assisted reduction of the acutely dislocated AC joint yields satisfactory clinical outcomes without
loss of reduction, clavicle migration, or AC joint degeneration at midterm follow-up evaluation.

Study Design: Case series; Level of evidence, 4.

Methods: The clinical and radiographic outcomes of 23 of 30 consecutive patients (21 men, 2 women) who underwent anatomic
reduction for acute AC joint dislocation using 2 suture-button devices between 2006 and 2007 were reviewed. Radiographic eval-
uation was performed by measurement of coracoclavicular (CC) distance and AC displacement. Clinical evaluation included
a visual analog scale (VAS) for pain, the Constant score, the simple shoulder test, and the Short Form–36. Previously, this
same patient collective was reviewed after 2 years of follow-up using similar methods.

Results: All 23 patients were available for midterm follow-up examination 58 months postoperatively. There were 3 Rockwood
type III, 3 type IV, and 17 type V acromioclavicular joint separations. Mean 6 SD follow-up was 58 6 5.6 months (range, 51-
67 months). Most patients (96%) remained very satisfied or satisfied with the procedure outcome. The VAS and Constant score
improved significantly when compared with baseline (0.3 6 0.6 and 91.5 6 4.7 at 58 months postoperatively vs 4.5 6 1.9 and 34.5
6 6.9 at baseline) and remained essentially unchanged when compared with the 2-year outcome scores (0.3 6 0.6 and 91.5 6 4.7
at 58 months postoperatively vs 0.25 6 0.5 and 94.3 6 3.2 at 2 years). Radiographs showed 8 radiographic failures (undercor-
rection, posterior displacement, or both) and 4 additional overcorrections of the CC distance. When comparing with 24-month
data, 17 of 20 radiographs remained unchanged; 1 case of previous overcorrection drifted into normal AC alignment and 2 cases
increased in posterior subluxation of the clavicle.

Conclusion: Arthroscopically assisted reduction of the acutely dislocated AC joint provides satisfactory clinical results 58 months after
surgery. Compared with the baseline, all patients improved significantly. Two of 23 patients revealed an increased posterior dislocation
compared with evaluation 24 months after surgery. No further migration of the clavicle or AC joint degeneration was observed.

Keywords: acromioclavicular; acromioclavicular joint; subluxation; acromioclavicular separation; anatomic reconstruction;
shoulder

Multiple techniques have been reported for restoring acro-
mioclavicular (AC) joint anatomy in vitro** or in clinical
studies.5,6,27,31,34,41,44 Although some techniques require
open incisions, other arthroscopic techniques have been
reported.5,6,29,31,38 At least 1 published technique has advo-
cated the use of 2 suture-button devices (TightRope;

Arthrex, Naples, Florida) to anatomically replace the
torn coracoclavicular (CC) ligaments separately with a non-
absorbable construct. Two-year results of this technique
have been published.29 The authors noted that tunnel
and button placement are of utmost importance to avoid
postoperative failure or loss of reduction, and substantial
arthroscopic experience is preferred for this technique.29

Previous work on anatomic ligament reconstruction in dif-
ferent clinical injury models1,14,33,36,37 indicates improved
outcomes, which may bode well for the reduction of a sepa-
rated AC joint.

5-in-5

The American Journal of Sports Medicine, Vol. 41, No. 3
DOI: 10.1177/0363546512473438
� 2013 The Author(s)

**References 2, 9, 12, 13, 16, 17, 22, 23, 35, 39, 42.

615

http://crossmark.crossref.org/dialog/?doi=10.1177%2F0363546512473438&domain=pdf&date_stamp=2013-01-31


The conoid and trapezoid ligaments have unique ana-
tomic alignments, allowing them to have different func-
tions. Each ligament should be considered when being
reconstructed or replaced.11,20,24 The CC ligaments are
considered the prime suspensory restraint against transla-
tion in the horizontal and vertical plane.10,15,18 Despite
this, only a few reconstruction methods have focused on
CC replacement techniques that account for both ligament
locations.5,6,31,34

Previously, our group developed an arthroscopic recon-
struction technique designed to be deployed in the immedi-
ate postinjury period. The short-term (2-year) clinical
outcomes of the technique were encouraging. Our aim is
to report the midterm (58-month) clinical and radiographic
outcomes of the same patient collective in an effort to
determine if the good clinical outcomes are sustained
over the longer term.29

We hypothesized that the patient collective had main-
tained satisfactory clinical outcomes without loss of reduc-
tion, clavicle migration, or AC joint degeneration.

MATERIALS AND METHODS

Between April 2006 and July 2007, a total of 30 consecu-
tive patients with acute (\3 weeks) AC joint dislocation
were operatively treated with an AC joint reconstruction
using 2 suture-button devices (TightRope; Arthrex). In all
cases, the first-generation TightRope system was used con-
sisting of a round calvicular (6.5 mm in diameter) and 1
oblong coracoid titanium button (10 3 3.5 mm). Both but-
tons were connected by No. 5 FiberWire sutures (Arthrex).
Chronic separations were excluded from this study as well
as patients who had previous operative treatment of the
injured shoulder.

Of these initial 30 patients, 7 were excluded: 2 demon-
strated failure of fixation and required surgical revision, 1
patient underwent implant removal because of superficial
infection before the 6-month evaluation, and 4 patients
were lost to follow-up before the 6-month clinical follow-
up. Twenty-three patients were prospectively assessed
both clinically and radiographically preoperatively, as well
as 6, 12, and 24 months postoperatively, and these data
were published in 2010.29 All 23 patients who were evalu-
ated at the latest follow-up (24-month follow-up data; Table
1) were available for repeat examination. No patients from
the 24-month follow-up group were lost to follow-up.

Clinical and radiographic data from the 58-month
follow-up were statistically compared with baseline and
24-month follow-up data.

Clinical outcome measures included a visual analog scale
(VAS) for pain (0 representing no pain and 10 representing
maximal imaginable pain), the Constant score,8 the simple
shoulder test,21 the Short Form–3643 (compared with
a healthy German control group at the 50th percentile),4

and an overall 4-part satisfaction scale (very satisfied = 1,
satisfied = 2, partially satisfied = 3, not satisfied = 4). The
study was approved by the local institutional review board
(project number: 2083/08), and all patients again signed
an informed consent form before assessment.

Surgical Technique

The technique has been described previously.30,42 Patients
were placed in a beach-chair position, and general anesthe-
sia was performed. A standard posterior, anterior, and
anterolateral portal was established and a thorough
diagnostic arthroscopy of the shoulder was performed,
including any possible therapeutic intervention. By radio-
frequency, the arch and base of the coracoid process were
prepared with the arthroscopic camera placed in the ante-
rolateral portal and the preparation device in the anterior
portal. A 3-cm incision perpendicular to the clavicle was
made about 3.5 cm medial to the AC joint. Next the AC
joint was reduced manually by elevating the arm against
the scapula to avoid offset of the bone tunnels. Two K-wires
were placed through the clavicle and the coracoid in ana-
tomic position. Exact positioning had been measured
according to data by Rios et al26 and Salzmann et al.28 Sub-
sequently, 2 independent 3.5-mm bone tunnels were
drilled over the K-wires through the clavicle and through
the coracoid, and 2 TightRope devices were inserted to
independently replace the conoid and trapezoid ligaments
and hold the AC joint in reduction. The free limbs of the
suture-button devices were secured with alternating surgi-
cal knots in a reduced and fluoroscopically controlled posi-
tion of the AC joint. The deltotrapezoid fascia and skin was
closed in layers, and the arm was put in a sling for 6 weeks
with limited range of motion. Active range of motion could
be trained after 6 weeks of surgery. Return to contact
sports activities was allowed 6 months after the procedure.

Radiology

Unilateral anteroposterior (AP) stress and axillary views
were obtained at all previous follow-up time points (6, 12,
and 24 months postoperatively) as well as at 58 months
postoperatively.27 The CC distance was measured as the
distance between the highest location on the dorsal surface
of the coracoid and opposing clavicular undersurface on AP
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stress views. The AC displacement was measured as the
distance between the anterior edge of the lateral clavicular
end and the acromion on axillary views. Posterior displace-
ment was denoted with negative values.

Statistical Analysis

Statistical analysis was done using SPSS for Windows
(version 20; SPSS Inc, Chicago, Illinois). For comparison
of quantitative data between 2 groups, Mann-Whitney U
tests were performed; comparisons between more than 2
groups were conducted using the Kruskal-Wallis test or
1-way analysis of variance. For evaluation of changes of
quantitative outcomes within the whole study population,
Wilcoxon signed-rank tests were used. A P value \ .05
was considered significant. Data are reported below as
mean 6 standard deviation (SD).

RESULTS

Clinical Outcome

From the initial 30 patients who were treated at our
department, 7 patients already had been excluded
(23%).29 Twenty-three of 30 patients remained for follow-
up. All 23 patients who were evaluated at the latest
follow-up (24 months) (Table 1) were available for repeat
examination. No patients from the 24-month follow-up
group were lost to follow-up.

The average postoperative follow-up was 58 6 5.6
months. The study cohort comprised 21 men and 2
women.29 There were 3 Rockwood type III, 3 Rockwood
type IV, and 17 Rockwood type V separations. Nineteen
patients stated that they were very satisfied with the
results of the surgery, 3 were satisfied, and 1 patient was
partly satisfied. The mean 6 SD Constant score for the
58-month follow-up group (91.5 6 4.7) was significantly
different from the Constant score at baseline (34.5 6 6.9;
P \ .05). The Constant scores of the 58-month (91.5 6

4.7) and 24-month (94.3 6 3.2) follow-up time point were
not significantly different (P . .05) (Table 1). The VAS
improved from 4.5 6 1.9 at baseline significantly to 0.3 6

0.6 at the 58-month follow-up (P \ .05). When comparing
58-month data (0.3 6 0.6) with 24-month data (0.25 6

0.5), no significant difference could be detected.
All patients retained full range of motion. Clinical

examination revealed no tenderness at the location of the
clavicular buttons. This was improved when compared
with the 24-month follow-up time point when 7 patients
reported mild tenderness at the clavicular buttons.

Furthermore, none of the patients complained of any
pain at the stabilized AC joint in maximum shoulder abduc-
tion (above 120�), and no strength deficits were found. The
cross-body adduction test7 was positive in 2 patients.

Radiographic Outcomes

Three of 23 patients refused radiographic examination.
These 3 patients had Constant scores of 89, 92, and 95,
respectively. The 20 patients who were available for radio-
graphic evaluation were evaluated radiographically at the
24-month follow-up.

In total, 17 of 20 patients who were evaluated radiolog-
ically (85%) had radiographs that were essentially
unchanged when compared with the 24-month radio-
graphs. Figure 1 shows unchanged radiographs of 1
patient 24 and 60 months after surgery who had a Rock-
wood type V injury preoperatively.

On AP stress views, the average CC distance was 10.8 6

3.2 mm (range, 6-16 mm). Compared with preoperative data
(20.5 6 4.6 mm; range, 13-27 mm), the average CC distance
decreased significantly (P \ .05). The average CC distance
did not change between 58-month data (10.8 6 3.2 mm;
range, 6-16 mm) and 24-month data (10.5 6 3.6 mm; range,
6-16 mm) (P . .05). The AC displacement on axillary views
(the distance between the anterior edge of the clavicle and
the acromion) for all patients was on average –4.8 6

6.9 mm (range, –20 to 5 mm) 58 months postoperatively.
Before surgery, the AC displacement on axillary views
was –5.9 6 6.9 mm (range, –14.5 to 2 mm) and therefore
did not change significantly (P . .05). The 58-month data
(–4.8 6 6.9 mm; range, –20 to 5 mm) did not significantly
change when compared with 24-month follow-up data
(–4.9 6 6.9 mm; range, –17 to 2 mm) (P . .05).

TABLE 1
Results of the VAS for Pain, the Unweighted CS, the SST, the SF-36 PCS, the SF-36 MCS,

and Patient Satisfaction Preoperatively and at 6, 12, 24, and 58 Months Postoperatively (N = 23)a

Baseline 6 mo 12 mo 24 mo 58 mob

VAS 4.5 6 1.9 1.4 6 1.3 0.35 6 0.7 0.25 6 0.5 0.32 6 0.6c

CS 34.5 6 6.9 89.0 6 5.7 93.9 6 4.9 94.3 6 3.2 91.5 6 4.7c

SST 2.8 6 2.1 11.1 6 1.6 11.9 6 0.6 12.0 6 0 11.8 6 0.5c

SF-36 PCS 46.7 6 8.3 53.9 6 3.8 55.9 6 4.6 56.2 6 3.2 57.9 6 2.7c

SF-36 MCS 49.3 6 7.3 50.9 6 3.9 50.5 6 8.7 51.1 6 1.9 49.2 6 7.9
Satisfaction NA 1.3 6 0.5 1.1 6 0.3 1.0 6 0 1.2 6 0.5

aValues are presented as mean 6 SD. CS, constant score; NA, not available; SF-36 MCS, Short Form–36 Mental Component Scale; SF-36
PCS, Short Form–36 Physical Component Scale; SST, simple shoulder test; VAS, visual analog scale.

bNo significant difference between the 24- and 58-month follow-up evaluations could be found (P . .05).
cDifference statistically significant (P \.05) between baseline and 58 months.
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The clavicular bone tunnels that were operatively
drilled were visible in 19 of 20 patients (at the 24-month
follow-up, clavicular bone tunnels were visible in 21 of 23
patients). The coracoid bone tunnels were visible in 12
patients at 58 months postoperatively (identical to the
24-month follow-up data). There was no increased radiolu-
cency or tunnel widening when comparing the 58-month
follow-up data with the 24-month follow-up data.

Clavicular button position did not change at 58 months
postoperatively. There was increased ossification visible sur-
rounding the buttons in 10 patients. This ossification was not
clearly visible on the 24-month follow-up radiographs.

Coracoideal button position remained unchanged, and
no additional ossification was visible. Postoperative calcifi-
cation of the CC ligaments was visible in 12 patients (60%)
and was increased compared with the 24-month follow-up
radiographs in which calcification was visible in 7 patients
(30%). Two patients revealed extensive ossification (Figure
2). However, these patients were not clinically different
when compared with the patients in whom no ossification
was noted on radiographs. These patients did not report

any increased AC joint stability compared with those who
had no ossification. Both patients reported identical clini-
cal outcomes for the 24- and 58-month follow-up time
points. Among the 2 patients who had a positive cross-
body adduction test, 1 patient had radiographic signs of
osteoarthritis. The other patient had no radiographic signs
of osteoarthritis. Before surgery, no radiographic signs of
osteoarthritis could be detected in any patient. No implant
failure, fracture, or need for revision surgery occurred
between 24 months postoperatively and the latest follow-
up. In total, radiographs showed 8 radiographic failures
(undercorrection, posterior displacement, or both) and 4
additional overcorrections of the CC distance. When com-
pared with 24-month data, 17 of 20 radiographs remained
unchanged despite 3 patients who showed radiographic
changes. One patient showed a loss of overreduction (CC
distance increased from 7-9 mm, and as a consequence,
the AC joint was in physiologic position on the 58-month
radiograph). This patient was partly satisfied, with a Con-
stant score of 91 (24 months postoperatively, this patient
was very satisfied, with a Constant score of 93). The second
and third patients with 58-month radiographic changes
revealed an increase in posterior clavicle position. The sec-
ond patient had an increase in posterior displacement from
–17 to –20 mm, whereas the Constant score was stable at
87 (previously 91 at 24 months). The third patient had
an increase in posterior displacement from –15 mm at 24
months to –20 mm at 58 months, and the Constant score
remained identical at 94 (94 at 24 months). Both patients
were very satisfied at both 24 and 58 months
postoperatively.

DISCUSSION

Various techniques to operatively reduce a separated AC
joint have been described. However, most techniques (cor-
acoacromial ligament transfer, hook plate fixation, wire
fixation, suture or screw fixation) do not anatomically
restore the complex articulation of the AC joint, and

Figure 1. Conventional radiographs of 1 patient with a Rock-
wood type V injury preoperatively (A, B), 24 months postop-
eratively (C, D), and 60 months postoperatively (E, F) on
anteroposterior stress (A, C, E) view (5-kg load) and axial
view (B, D, F). Acromioclavicular articulation and button posi-
tion remained unchanged when comparing images from 24
months with those from 60 months. No ossifications are vis-
ible. The acromioclavicular joint does not show any signs of
osteoarthritis.

Figure 2. Conventional anteroposterior radiograph (stress
view with a 5-kg load) of the right shoulder 56 months post-
operatively after acromioclavicular joint reduction using 2
TightRope (Arthrex, Naples, Florida) devices depicting sus-
tained anatomic reduction with extensive ossification in pro-
jection of the coracoclavicular ligaments. The patient
demonstrated full range of motion of the right shoulder with-
out pain.
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therefore some have been noted to provide inferior biome-
chanical results in a cadaver study.22 Consequently, more
current techniques have focused on anatomic CC ligament
reconstruction.29,31,41,44 The surgical technique applied
here aims to reduce the separated AC joint by anatomic
replacement of the CC ligaments using an arthroscopic
approach.30 After reporting our 2-year findings,29 we pres-
ent the midterm results of this technique. Fifty-eight
months after initial arthroscopic anatomic reduction using
2 suture-button devices, clinical and radiographic data
confirm the good clinical outcomes of this technique. The
construct has been biomechanically tested and was estab-
lished as a successful time-zero biomechanical construct.42

Initial stability in the superoinferior as well as in the ante-
roposterior plane was significantly higher than in the
native CC ligaments. Although the ligaments are not
repaired with this technique, they are expected to heal
along the suture material and thus provide lasting stabil-
ity. By restoration of the normal AC joint anatomy, liga-
ment remnants are brought into contact to allow for
healing.19 This technique of arthroscopic AC joint reduc-
tion should be performed in the immediate postinjury
period when hematoma and ligament remnants are still
available. Therefore, this technique should be applied
only in the acute setting, within 2 weeks after initial
trauma. In chronic AC joint separations beyond that time
frame, it is likely that the use of a graft is required.32,38

A further advantage of this technique is that an arthro-
scopic approach allows simultaneous evaluation of the gle-
nohumeral joint. Although open surgical techniques may
result in good clinical results,34,44 we prefer a diagnostic
glenohumeral arthroscopic evaluation because it is known
that concomitant injuries are common in AC joint disloca-
tions and may occur in up to 20% of patients.40 If serious
glenohumeral joint injury is encountered, it can be cor-
rected during the same surgical procedure. As reported
previously, we found a total of 4 of 23 concomitant injuries
(17.4%) in our collective, all being addressed within sur-
gery29: 1 type I superior labrum anterior-posterior
(SLAP) lesion, which was arthroscopically debrided; 2
type II SLAP lesions, in which a biceps tenodesis was per-
formed; and 1 type IV SLAP lesion, which was arthroscopi-
cally repaired using suture anchors.

An arthroscopic approach leads to less dissection of tis-
sues, which may lead to better cosmetic results, less chance
of implant removal surgery in the future, and less time in
the hospital. The use of suture-button devices for AC joint
repair was initially performed using a single device.45 This
technique does not allow for an exact anatomic reconstruc-
tion and therefore cannot provide 2-plane stability. As
a result, horizontal translation may not be addressed.
This might lead to recurrent instability or even suture rup-
ture, as described by Motta et al.25

Our data demonstrate that AC joint reconstruction
using 2 suture-button devices is a promising technique,
which retains satisfactory clinical results. Moreover, our
data reveal that the technique described—once applied
successfully—ensures stable recovery of the AC joint.
One patient later had shoulder magnetic resonance imag-
ing (MRI) for an unrelated complaint, but this MRI did

reveal notable tissue healing at the anatomic site of the
CC ligaments (Figure 3). Extensive scar tissue was gener-
ated to replace the former ligaments. Low signal intensity
appeared ligament-like on T1- and T2-weighted sequences,
most likely representing collagenous tissue. We hypothe-
size that the CC replacement tissue may be responsible
for ongoing AC joint stability in the patients reviewed for
this study. Our thought is that the arthroscopic dual-
button technique provides enough dual-plane stability in
the immediate postinjury period to allow CC ligament
healing or scarring.

In 2 cases, we found extensive ossification in the loca-
tion of the former CC ligaments (Figure 2). We did not
observe progressive radiographic degeneration of the AC
joint but detected slightly increased signs of osteoarthritis
of the AC joint within patients who already showed degen-
erative changes of the AC joint preoperatively.46 It has
been noted by prior authors that there is a significant rela-
tionship between age and degenerative changes of the AC
joint in asymptomatic patients. Therefore, radiological
abnormalities should always be interpreted in the context
of the patient’s symptoms.3

Scheibel and colleagues31 recently reported on their 2-
year results of 28 patients with only Rockwood type V dis-
locations, also arthroscopically reduced using the double
TightRope technique. They found similar results to our
early data despite the presence of partial recurrent hori-
zontal and vertical AC joint instability; high patient satis-
faction rates and good clinical results were reported. The
subjects that have been reported on by Scheibel and col-
leagues31 had constant scores of 91.5 (2 years

Figure 3. Paracoronal magnetic resonance images (MAG-
NETOM Verio 3T; Siemens Healthcare, Siemens AG, Erlan-
gen, Germany) of a right shoulder 69 months after
acromioclavicular joint reduction using 2 TightRope (Arthrex,
Naples, Florida) devices. Magnetic resonance imaging shows
tissue with low signal intensity in T1 turbo spin echo (A, B)
and T2 spin echo (C, D) in localization of the coracoclavicular
ligaments (arrows), most likely collagenous tissue.
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postoperatively) versus 94.3 (24 months) and 91.5 (58
months) within our patient collective. Scheibel and col-
leagues31 reported on a CC distance of 13.6 mm (range,
5-27 mm) 2 years postoperatively compared with 10.8 6

3.2 mm (range, 6-16 mm) at 24 months and 10.5 6 3.6
mm (range, 6-16 mm) at 58 months postoperatively in
our patients, taking into account that Scheibel et al
reported on high-grade dislocations only.

Our 24-month radiographic results included cases with
over- and undercorrection or posterior clavicular displace-
ment. The 58-month results are essentially the same, with
only 3 minor changes in clavicle position, none of which
seem to have affected clinical outcomes.29 Furthermore,
there was no significant difference in patient satisfaction
or clinical outcomes when comparing anatomically reduced
patients with those who were noted on radiographs to be
under- or overcorrected.

Limitations of the study include our small patient col-
lective of 30, of whom 23 patients were available for 58-
month follow-up. As the double TightRope technique repre-
sents a rather new technique to repair the torn AC joint, to
our knowledge, no other 5-year follow-up data have been
published in the literature so far. Thus, our results give
supportive evidence for good clinical midterm results after
AC joint stabilization by use of 2 suture-button constructs.

In summary, this study notes the satisfactory clinical
and radiographic outcomes of 23 consecutive patients evalu-
ated 58 months after anatomic, arthroscopically assisted
suture-button reconstruction of the acutely separated AC
joint. Immediate joint stabilization allows for the healing
of the ligaments without the use of graft material. Future
directions of research could include longer term follow-up
in an effort to quantify the development of secondary AC
joint osteoarthritis. In addition, if the surgical technique
were applied to a larger patient collective, comparison could
be made with other AC joint reconstruction techniques.

REFERENCES

1. Bahr R, Pena F, Shine J, Lew WD, Tyrdal S, Engebretsen L. Biome-

chanics of ankle ligament reconstruction: an in vitro comparison of

the Brostrom repair, Watson-Jones reconstruction, and a new ana-

tomic reconstruction technique. Am J Sports Med. 1997;25(4):424-

432.

2. Beitzel K, Obopilwe E, Chowaniec DM, et al. Biomechanical compar-

ison of arthroscopic repairs for acromioclavicular joint instability:

suture button systems without biological augmentation. Am J Sports

Med. 2011;39(10):2218-2225.

3. Bonsell S, Pearsall AW IV, Heitman RJ, Helms CA, Major NM, Speer

KP. The relationship of age, gender, and degenerative changes

observed on radiographs of the shoulder in asymptomatic individu-

als. J Bone Joint Surg Br. 2000;82(8):1135-1139.

4. Bullinger M. German translation and psychometric testing of the SF-

36 Health Survey: preliminary results from the IQOLA Project. Inter-

national Quality of Life Assessment. Soc Sci Med. 1995;41(10):

1359-1366.

5. Chernchujit B, Tischer T, Imhoff AB. Arthroscopic reconstruction of

the acromioclavicular joint disruption: surgical technique and prelim-

inary results. Arch Orthop Trauma Surg. 2006;126(9):575-581.

6. Choi SW, Lee TJ, Moon KH, Cho KJ, Lee SY. Minimally invasive cor-

acoclavicular stabilization with suture anchors for acute acromiocla-

vicular dislocation. Am J Sports Med. 2008;36(5):961-965.

7. Chronopoulos E, Kim TK, Park HB, Ashenbrenner D, McFarland EG.

Diagnostic value of physical tests for isolated chronic acromioclavic-

ular lesions. Am J Sports Med. 2004;32(3):655-661.

8. Constant CR, Murley AH. A clinical method of functional assessment

of the shoulder. Clin Orthop Relat Res. 1987;214:160-164.

9. Costic RS, Labriola JE, Rodosky MW, Debski RE. Biomechanical

rationale for development of anatomical reconstructions of coraco-

clavicular ligaments after complete acromioclavicular joint disloca-

tions. Am J Sports Med. 2004;32(8):1929-1936.

10. Dawson PA, Adamson GJ, Pink MM, et al. Relative contribution of acro-

mioclavicular joint capsule and coracoclavicular ligaments to acromio-

clavicular stability. J Shoulder Elbow Surg. 2009;18(2):237-244.

11. Debski RE, Parsons IM, Woo SL, Fu FH. Effect of capsular injury on

acromioclavicular joint mechanics. J Bone Joint Surg Am.

2001;83(9):1344-1351.

12. Deshmukh AV, Wilson DR, Zilberfarb JL, Perlmutter GS. Stability of

acromioclavicular joint reconstruction: biomechanical testing of vari-

ous surgical techniques in a cadaveric model. Am J Sports Med.

2004;32(6):1492-1498.

13. Erak S, Pelletier MH, Woods KR, Smith PN, Walsh WR. Acromiocla-

vicular reconstructions with hamstring tendon grafts: a comparative

biomechanical study. J Shoulder Elbow Surg. 2008;17(5):772-778.

14. Fu FH, Shen W, Starman JS, Okeke N, Irrgang JJ. Primary anatomic

double-bundle anterior cruciate ligament reconstruction: a prelimi-

nary 2-year prospective study. Am J Sports Med. 2008;36(7):1263-

1274.

15. Fukuda K, Craig EV, An KN, Cofield RH, Chao EY. Biomechanical

study of the ligamentous system of the acromioclavicular joint. J

Bone Joint Surg Am. 1986;68(3):434-440.

16. Gonzalez-Lomas G, Javidan P, Lin T, Adamson GJ, Limpisvasti O,

Lee TQ. Intramedullary acromioclavicular ligament reconstruction

strengthens isolated coracoclavicular ligament reconstruction in

acromioclavicular dislocations. Am J Sports Med. 2010;38(10):

2113-2122.

17. Grutter PW, Petersen SA. Anatomical acromioclavicular ligament

reconstruction: a biomechanical comparison of reconstructive tech-

niques of the acromioclavicular joint. Am J Sports Med. 2005;33(11):

1723-1728.

18. Jari R, Costic RS, Rodosky MW, Debski RE. Biomechanical function

of surgical procedures for acromioclavicular joint dislocations.

Arthroscopy. 2004;20(3):237-245.

19. Kohl S, Evangelopoulos DS, Kohlhof H, et al. Anterior crucial liga-

ment rupture: self-healing through dynamic intraligamentary stabili-

zation technique [published online March 23, 2012]. Knee Surg

Sports Traumatol Arthrosc. doi:10.1007/s00167-012-1958-x.

20. Lee KW, Debski RE, Chen CH, Woo SL, Fu FH. Functional evaluation

of the ligaments at the acromioclavicular joint during anteroposterior

and superoinferior translation. Am J Sports Med. 1997;25(6):858-862.

21. Lippitt SB, Harryman DT II, HD, Matsen FA III. A practical tool for

evaluating function: the simple shoulder test. In: Matsen FA III, Fu

FH, Hawkins RJ, eds. The Shoulder: A Balance of Mobility and Sta-

bility. Rosemont, IL: American Academy of Orthopedic Surgeons;

1992:501-518.

22. Luis GE, Yong CK, Singh DA, Sengupta S, Choon DS. Acromioclavic-

ular joint dislocation: a comparative biomechanical study of the

palmaris-longus tendon graft reconstruction with other augmentative

methods in cadaveric models. J Orthop Surg Res. 2007;2:22.

23. Mazzocca AD, Santangelo SA, Johnson ST, Rios CG, Dumonski ML,

Arciero RA. A biomechanical evaluation of an anatomical coracoclavic-

ular ligament reconstruction. Am J Sports Med. 2006;34(2):236-246.

24. Mazzocca AD, Spang JT, Rodriguez RR, et al. Biomechanical and

radiographic analysis of partial coracoclavicular ligament injuries.

Am J Sports Med. 2008;36(7):1397-1402.

25. Motta P, Maderni A, Bruno L, Mariotti U. Suture rupture in acromio-

clavicular joint dislocations treated with flip buttons. Arthroscopy.

2011;27(2):294-298.

26. Rios CG, Arciero RA, Mazzocca AD. Anatomy of the clavicle and cor-

acoid process for reconstruction of the coracoclavicular ligaments.

Am J Sports Med. 2007;35(5):811-817.

620 Venjakob et al The American Journal of Sports Medicine



27. Rockwood CA, Williams GR, Young DC. Disorders of the acromiocla-

vicular joint. In: Rockwood CA, Masten FA II, eds. The Shoulder. Phil-

adelphia, PA: Saunders; 1998:483-553.

28. Salzmann GM, Paul J, Sandmann GH, Imhoff AB, Schottle PB. The

coracoidal insertion of the coracoclavicular ligaments: an anatomic

study. Am J Sports Med. 2008;36(12):2392-2397.

29. Salzmann GM, Walz L, Buchmann S, Glabgly P, Venjakob A, Imhoff

AB. Arthroscopically assisted 2-bundle anatomical reduction of acute

acromioclavicular joint separations. Am J Sports Med.

2010;38(6):1179-1187.

30. Salzmann GM, Walz L, Schoettle PB, Imhoff AB. Arthroscopic ana-

tomical reconstruction of the acromioclavicular joint. Acta Orthop

Belg. 2008;74(3):397-400.

31. Scheibel M, Droschel S, Gerhardt C, Kraus N. Arthroscopically assis-

ted stabilization of acute high-grade acromioclavicular joint separa-

tions. Am J Sports Med. 2011;39(7):1507-1516.

32. Scheibel M, Ifesanya A, Pauly S, Haas NP. Arthroscopically assisted

coracoclavicular ligament reconstruction for chronic acromioclavicu-

lar joint instability. Arch Orthop Trauma Surg. 2008;128(11):1327-

1333.

33. Schottle PB, Romero J, Schmeling A, Weiler A. Technical note: ana-

tomical reconstruction of the medial patellofemoral ligament using

a free gracilis autograft. Arch Orthop Trauma Surg. 2008;128(5):

479-484.

34. Shin SJ, Yun YH, Yoo JD. Coracoclavicular ligament reconstruction

for acromioclavicular dislocation using 2 suture anchors and cora-

coacromial ligament transfer. Am J Sports Med. 2009;37(2):346-351.

35. Shu B, Johnston T, Lindsey DP, McAdams TR. Biomechanical eval-

uation of a novel reverse coracoacromial ligament reconstruction for

acromioclavicular joint separation. Am J Sports Med. 2012;40(2):440-

446.

36. Stannard JP. Anatomic posterior cruciate ligament reconstruction

with allograft. J Knee Surg. 2010;23(2):81-87.

37. Stannard JP, Riley RS, Sheils TM, McGwin G Jr, Volgas DA. Ana-

tomic reconstruction of the posterior cruciate ligament after multiliga-

ment knee injuries: a combination of the tibial-inlay and two-femoral-

tunnel techniques. Am J Sports Med. 2003;31(2):196-202.

38. Tauber M, Koller H, Hitzl W, Resch H. Dynamic radiologic evaluation

of horizontal instability in acute acromioclavicular joint dislocations.

Am J Sports Med. 2010;38(6):1188-1195.

39. Thomas K, Litsky A, Jones G, Bishop JY. Biomechanical comparison

of coracoclavicular reconstructive techniques. Am J Sports Med.

2011;39(4):804-810.

40. Tischer T, Salzmann GM, El-Azab H, Vogt S, Imhoff AB. Incidence of

associated injuries with acute acromioclavicular joint dislocations

types III through V. Am J Sports Med. 2009;37(1):136-139.

41. Tomlinson DP, Altchek DW, Davila J, Cordasco FA. A modified tech-

nique of arthroscopically assisted AC joint reconstruction and prelim-

inary results. Clin Orthop Relat Res. 2008;466(3):639-645.

42. Walz L, Salzmann GM, Fabbro T, Eichhorn S, Imhoff AB. The ana-

tomic reconstruction of acromioclavicular joint dislocations using 2

TightRope devices: a biomechanical study. Am J Sports Med.

2008;36(12):2398-2406.

43. Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health sur-

vey (SF-36), I: conceptual framework and item selection. Med Care.

1992;30(6):473-483.

44. Wei HF, Chen YF, Zeng BF, et al. Triple endobuttton technique for the

treatment of acute complete acromioclavicular joint dislocations:

preliminary results. Int Orthop. 2011;35(4):555-559.

45. Wellmann M, Zantop T, Petersen W. Minimally invasive coracoclavic-

ular ligament augmentation with a flip button/polydioxanone repair

for treatment of total acromioclavicular joint dislocation. Arthroscopy.

2007;23(10):1132.

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

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

1971;112(3):493-506.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav

Vol. 41, No. 3, 2013 Arthroscopic AC Joint Stabilization: 58-Month Findings 621


	Arthroscopically assisted 2-bundle anatomic reduction of acute acromioclavicular joint separations: 58-month findings
	Arne J. Venjakob, Gian M. Salzmann, Florian Gabel, Stefan Buchmann, Lars Walz, Jeffrey T. Spang, Stephan Vogt, Andreas B. Imhoff
	Nutzungsbedingungen / Terms of use:
	licgercopyright  


