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Purpose: To conduct a systematic review of the literature in relation to 3 considerations in determining treatment options
for patients with acromioclavicular (AC) joint dislocations: (1) operative versus nonoperative management, (2) early versus
delayed surgical intervention, and (3) anatomic versus nonanatomic techniques. Methods: The PubMed database was
searched inOctober 2011using the single term acromioclavicular and the following search limits: any date, humans, English, and
all adult (19þ). Studies were included if they compared operative with nonoperative treatment, early with delayed surgical
intervention, or anatomic with nonanatomic surgical techniques. Exclusion criteria consisted of the following: Level V
evidence, laboratory studies, radiographic studies, biomechanical studies, fractures or revisions, meta-analyses, and studies
reporting preliminary results.Results: This query resulted in 821 citations. Of these, 617were excluded based on the title of
the study. The abstracts and articles were reviewed, which resulted in the final group of 20 studies that consisted of 14
comparing operative with nonoperative treatment, 4 comparing early with delayed surgical intervention, and 2 comparing
anatomic with nonanatomic surgical techniques. The lack of higher level evidence prompted review of previously excluded
studies in an effort to explore patterns of publication related to operative treatment of theAC joint. This review identified 120
studies describing 162 techniques for operative reconstruction of the AC joint. Conclusions: There is a lack of evidence to
support treatment options for patients with AC joint dislocations. Although there is a general consensus for nonoperative
treatment of Rockwood type I and II lesions, initial nonsurgical treatment of type III lesions, and operative intervention for
Rockwood type IV to VI lesions, further research is needed to determine if differences exist regarding early versus delayed
surgical intervention and anatomic versus nonanatomic surgical techniques in the treatment of patients with AC joint
dislocations. Level of Evidence: Level III, systematic review of Level II and Level III studies and one case series.
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Arthroscopy: The Journal of Arthroscopic and Related Su
reatment of the acromioclavicular (AC) joint
Tremains subject to debate because of the lack of
consensus regarding the optimal management method
for injuries to the joint. By its appearance, the AC joint
seems to have a simple structure; however a growing
body of laboratory-based research has found the
biomechanics of the motion that occurs between the
clavicle and acromion to be complex and not yet fully
understood. Literature regarding treatment options for
patients with AC injury is replete with descriptions of
surgical techniques. Additionally, data regarding the
epidemiology of injury may not always be reliable. For
example, the incidence of injury to the joint is often
reported to be either 9% or 12% of all injuries to the
shoulder; however review of citations reveals the
source of these percentages to be a book by Edwin
Cave in 19581 that included a report by Rowe and
Marble on an analysis of 1,603 shoulder girdle
injuries, 52 (3.2%) of which were injuries to the AC
rgery, Vol 29, No 2 (February), 2013: pp 387-397 387
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Fig 1. Flow diagram for enroll-
ment. Exclusion criteria consisted
of the following: Level V evidence,
laboratory studies, radiographic
studies, biomechanical studies, frac-
tures or revisions, meta-analyses,
and studies reporting preliminary
analysis.
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joint. Despite the miscalculated and inconsistent
references to this book (including the past publications
of the senior author), recent reports have indicated
AC joint injuries to be among the most common
orthopaedic injuries to the shoulder in a young
athletic population.2,3

Rockwood and Green4 described 2 fundamental
schools of thought in the consideration of treatment
options for patients with AC joint separations: (1)
conservative or nonoperative treatment and (2) surgical
repair.5 Although simple in concept, the abundant
number of surgical techniques described in the current
literature makes it difficult to discern which techniques
or approaches work best for a given AC separation.
Further, considerations regarding the timing of surgical
intervention and the type of reconstruction need to be
explored to elucidate a management scheme that
maximizes the potential for a favorable treatment
outcome for patients with AC joint separation.
The purpose of this study was to conduct a systematic
review of the literature regarding 3 considerations in
determining treatment options for patients with AC joint
dislocations: (1) operative versus nonoperative man-
agement, (2) early versus delayed surgical intervention,
and (3) anatomic versus nonanatomic techniques.

Methods
A single investigator conducted a search of the PubMed

database in October 2011 using the single term acromio-
clavicular and the following search limits: any date,
humans, English, and all adult (19þ). Studies were
included if they compared operative with nonoperative
treatment, early with delayed surgical intervention, or
anatomic with nonanatomic surgical techniques. Exclu-
sion criteria consisted of the following: Level V evidence,
laboratory studies, radiographic studies, biomechanical
studies, fractures or revisions, meta-analyses, and studies
reporting preliminary results.



ACROMIOCLAVICULAR JOINT DISLOCATIONS 389
Studies meeting all criteria were reviewed and the
following data were abstracted: study design, Level of
evidence, treatments compared, number of patients,
mean age, length of follow-up, and themeasures used to
determine treatment outcome. Level of evidence was
assigned according to the Arthroscopy journal’s Levels of
Evidence for Primary Research. The abstracted data for
each study were categorized to one of 3 groups: (1)
operative versus nonoperative management, (2) early
versus delayed surgical intervention, and (3) anatomic
versus nonanatomic techniques.Additionally, theDetsky
scale andCochraneRisk ofBias toolwereused to appraise
the quality of studies that used a randomized clinical trial
design. Two independent reviewers appraised each study
with a randomized clinical trial design using both tools.
Any conflicting scores on either the Detsky scale or the
Cochrane Risk of Bias tool were resolved by discussing
the item in question with a third reviewer.
During the screening of citations for eligibility, it

became apparent that there was a lack of high-level
evidence, and the decision was made to display all oper-
ative techniques identified through the search. To more
effectively evaluate these data, the reported techniques
were separated into one of the 3 following categories: (1)
anatomic: reproduction of both the conoid and trapezoid
ligaments by means of graft or nonabsorbable suture; (2)
nonanatomic: reproduction of a single coracoclavicular
(CC) ligament or a technique without the use of internal
fixation hardware; or (3) nonanatomic open reduction
internal fixation (ORIF)dfixation of the joint using
hardware including plates, screws, wires, or pins.

Results
The search resulted in 821 citations. Of these, 617

were excluded based on the title of the study. The
abstracts of the remaining 204 citations were then
reviewed, which resulted in an additional 105 exclu-
sions. The articles of each of the remaining 99 citations
were then obtained and reviewed, which resulted in 79
Fig 2. Risk of bias assessment according
to the Cochrane Collaboration’s bias
tool.
exclusions. The final group of 20 studies consisted of 14
comparing operative with nonoperative treatment, 4
comparing early with delayed surgical intervention,
and 2 comparing anatomic with nonanatomic surgical
techniques. Of these studies, 2 used a randomized
clinical trial design, 2 prospectively compared treatment
groups, and 16 retrospectively compared treatment
groups (Fig 1). Of the 2 studies that used a randomized
clinical trial design, Larsen et al.6 scored 17 (81%) and
Bannister et al.7 scored 11 (52%) on the Detsky scale.
The Cochrane Risk of Bias assessments for the 2 studies
are shown in Fig 2.

Operative Versus Nonoperative Management
Of the 20 studies included in this review, 14 compared

operative with nonoperative treatment. Three of these
studies were prospective Level II studies, whereas
the remaining 11 were retrospective (Level III) studies
(Table 1). A cumulative total of 706 patients were
included in these studies with a mean follow-up of 67.1
months and 57.8 months for the operative and nonop-
erative groups, respectively. A favorable clinical outcome
defined as good or better was reported in 88% of the
operatively managed patients compared with 85.5% of
the nonoperatively managed patients. Anatomic reduc-
tion of the joint was achieved in 59% of the operatively
treated patients and in only 14.7%of the nonoperatively
treated patients. Evaluating factors such as return to
work and return to sport revealed a quicker recovery for
the nonoperative patients, who needed roughly half the
time to return to their previous level of activity.

Early Versus Delayed Surgery
Four of the 20 studies compared early to delayed

surgical treatment (Table 2). All 4 studies in this cate-
gory were retrospective comparative studies (Level III).
A cumulative total of 113 patients were categorized
as early repairs and 76 patients were categorized as
delayed repairs based on the study’s description



Table 1. Clinical Studies Evaluating Operative versus Nonoperative Treatment of AC Joint Injuries

Study Design, Level of Evidence

Patients Mean Age (yr) Mean Follow-up (mo)

Operative Nonoperative Operative NonOperative Operative Nonoperative

Rosenorn and Pedersen, 197441 Retrospective comparative, III 11 13 37 41.5 12.25 84
Galpin et al., 198442 Retrospective comparative, III 16 21 28.9 36.7 35 33.7
Jacobs et al., 196643 Retrospective comparative, III 51 43 34.8 47.9 124.2 100.7
Calvo et al., 200644 Retrospective comparative, III 32 11 39.6 34.5 122.8 40.5
MacDonald et al., 198845 Retrospective comparative, III 10 10 25 31.7 5.7 6.3
Larsen et al., 19866 Lesser RCT, II 41 43 36 36 13 13
Taft et al., 198746 Retrospective comparative, III 52 75 129.6 124
Gstettner et al., 200847 Retrospective comparative, III 24 17 37.2 36.2 32.1 36.8
Walsh et al., 198548 Retrospective comparative, III 9 8 30.7 29.7 25.3 29.9
Bakalim and Wilppula, 197549 Retrospective comparative, III 19 22 51.6
Bannister et al., 19897 Lesser RCT, II 27 33 32.5 48 48
Larsen and Hede, 198750 Prospective comparative, II 23 55 35 (median) 12
Press et al., 199751 Retrospective comparative, III 16 10 30.7 49.6 32.3 33.4
Cardone et al., 200252 Retrospective comparative, III 6 8 26.7 29 44.8 29.5

33.7 369 34.9 38.1 671 57.8

RCT, randomized controlled trial
*Favorable outcomes as determined by authors in literature. An outcome defined as “good” or better was considered a favorable outcome.
yIncomplete data due to loss of follow-up of enrolled study patients.
zPatient rated outcome on 4-point Likert scale (4 being normal).
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of classification. A favorable outcome, as specifically
defined by the authors in each study, was achieved in
103 (91%) early treatments compared with 55 (72%)
delayed treatments.
Weinstein et al.8 described the time point distinguish-

ing acute versus delayed surgery as 3 weeks from the
date of injury. All cases were repaired with nonabsorb-
able AC sutures. A Weaver-Dunn procedure was per-
formed in all the delayed reconstructions (n¼ 17) and in
15 of the 27 early reconstructions. Satisfactory results
were achieved in 96% of the early and 76% of the
delayed treatments at a mean follow-up of 4 years
(range, 2 to 9 years). A statistically significant difference
favoring early treatment was found in cases in which
the delayed reconstruction was performed more than
3 months after injury.
Rolf et al.9 compared a group of patients undergoing

reconstructions immediately after trauma (early group)
to a group of patients who had reconstruction after
failure of conservative treatment. In the early repair
group, 29 patients were treated with a modified Phe-
mister technique, which was performed according to
Mayr. This technique included augmentation of the CC
ligaments with polydioxanone suture, and an additional
No. 1-0 polydioxanone cord was passed around the base
of the coracoid and formed into a figure-of-8eshaped
sling through a drill in the lateral clavicle. The AC joint
was finally transfixed with a K-wire across the joint
space. In the delayed-treatment group, 20 patients were
treated with a modified Weaver-Dunn procedure and
additional AC joint resection. After a follow-up of 53
months (range, 20 to 92 months), the authors reported
a statistically significant difference (P ¼ .019) in clinical
results favoring the early treatment of injuries.9
Mignani et al.10 compared patients treated less than 30
days after injury (early group) to patients treated more
than 30 days after injury. The study consisted of 40
patients (25 early/15 delayed) with a mean follow-up of
84 months (range, 12 to 132 months). The patients of
the early group received surgical treatment at a mean
of 5 days, whereas the delayed group received treatment
at a mean of 150 days. The authors described 3 surgical
techniques for repair, including CC wiring with multiple
nonresorbable cables with temporary AC joint fixation,
metal wiring of the Dall-Miles type, and tangential
resection of the clavicle according to the Mumford
method modified by Gui. This study reported satisfac-
tory outcomes in 93% of the delayed group compared
with 100% of the early group.
Dumontier et al.11 compared patients treated in the

first few days after injury (early group) to those seen
more than 3 weeks after injury (delayed group). The
study consisted of 56 patients (32 early/24 delayed)
treated by transfer of the coracoacromial ligament to
reproduce the CC ligament. In the early repair group, 30
patients (94%) returned to work and 23 (82%) athletes
returned to their respective sport. In the delayed repair
group, 22 patients (97%) returned to work and 10
(77%) patients returned to their respective sport. This
study reported favorable outcomes in 81% and 79% of
early and delayed treatments, respectively.

Anatomic Versus Nonanatomic Surgical Techniques
Of the 20 studies included in the review, 2 studies

matched our definitions of anatomic and nonanatomic
surgical repairs (Table 3). One study was prospective
comparative in design (Level II) and one was retro-
spective comparative in design (Level III). Cumulative



Return to Work Return to Sport Anatomic Reduction Favorable Outcomes*

Operative Nonoperative Operative Nonoperative Operative Nonoperative Operative Nonoperative

9 wk 6 wk 3 (27%) 3 (27%)y 5 (45%) 7 (54%)
6.8 wk 2.6 wk 8.8 wk 6.8 wk 13 (81%) 0 (0%) 12 (75%) 15 (71%)

4 (8%) 29 (57%) 44 (86%) 38 (88%)
16 (50%) 0 (0%) 31 (97%) 9 (82%)

3.5/4.0 meanz 2.6/4.0 meanz 2.5/4.0 meanz 2.2/4.0 meanz
8 wk 6 wk 37 (95%)y 0 (0%)y 38 (97%)y 39 (98%)y

37 (71%) 3 (4%) 49 (94%) 68 (91%)
23 (96%) 14 (82%) 16 (67%) 11 (65%) 11.6 � 4.6 mm 14.1 � 4.9 mm 21 (88%) 10 (59%)

3.0/4.0z 2.8/4.0z 2.8/4.0 meanz 3.1/4.0 meanz
12 wk 5 wk 12 (63%) 3 (14%) 14 (74%) 13 (59%)
11 wk 4 wk 16 wk 7 wk 12 mm 16 mm 23 (85%) 33 (100%)
6 wk 5.5 wk 18 (78%) 4 (7%) 23 (100%) 53 (96%)

10.4 wk 3.2 wk 25.6 wk 14 wk 10 (77%)y 0 (0%)y 17/20 mean score 15.4/20 mean score
18.8 wk 26.2 wk 4 (66%) 4 (50%)

8.9 wk 4.9 wk 16.8 wk 10.0 wk 150 (59%) 42 (14.7%) 264 (88%) 289 (85.5%)

Table 1. Continued
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totals included 42 patients in both the anatomic and
nonanatomic repair groups. The 2 studies used different
evaluation measures; however both studies demon-
strated favorable results for the anatomic procedures.
Tauber et al.12 conducted a prospective comparative

study evaluating 24 patients at a mean follow-up of
37months. The anatomic procedurewas performed in 12
patients and used a semitendinosus graft for reconstruc-
tion of the conoid and trapezoid ligaments through two
4.0-mm-diameter holes drilled in a superior-inferior
direction. The results of this technique were compared
with the 12 patients who received the nonanatomic
Weaver-Dunn procedure. This study reported more
favorable clinical outcomes for the anatomic reconstruc-
tion based on mean postoperative American Shoulder
and Elbow Surgeons (ASES) scores (96� 5 v 86� 8) and
mean postoperative constant scores (93 � 7 v 81 � 8).
Fraschini et al.13 conducted a retrospective compara-

tive study to evaluate the treatment of 60 patients at
a mean follow-up of 15 months. The anatomic proce-
dure performed in this study used an artificial ligament
(Ligament Augmentation and Reconstruction System
[LARS]) that was passed through 2 transosseous
tunnels drilled into the clavicle. The ligament was
passed around the coracoid and secured in the clavicle
with 2 conic interference screws, reproducing the
conoid and trapezoid ligaments. This technique was
compared with a group receiving a nonanatomic
treatment with a polyester vascular prosthesis passed
around the coracoid and secured over the clavicle with
a knot. The study concluded that satisfactory outcomes
were achieved in 28 patients (93%) who received the
anatomic technique compared with 16 patients (53%)
who received the nonanatomic procedure.
Overview of Described Surgical Techniques for AC
Joint Reconstruction
Review of the 821 citations revealed 120 studies

describing 151 techniques for operative reconstruction
of the AC joint. Of the 120 studies: 85 (70%) met
Level IV, 28 (23%) met Level III, and 7 (6%) met
Level II criteria. Of the 151 techniques, 13 were
anatomic, 48 were nonanatomic, and 90 were non-
anatomic ORIF. A comparative summary of these
studies is somewhat prohibitive because varying and
often subjective criteria were used to determine satis-
factory treatment outcome. An extended overview of
these studies can be seen in Appendix 1 (available
online at www.arthroscopyjournal.org).

Discussion
The goal of this systematic review was to examine the

evidence as it relates to the treatment of patients with
AC joint dislocations. We used basic search criteria in an
effort to capture all available research pertaining to AC
joint dislocation. Although this search produced 821
citations, only 20 studies meet our inclusion criteria, the
majority of which were Level III evidence. The paucity
of quality research makes it difficult to draw overall
conclusions regarding treatment options. In this context,
current concepts based on the available literature for the
treatment of AC joint dislocations are presented.

Operative Versus Nonoperative Management
The uncertainty surrounding treatment of AC joint

injury can be traced back to the earliest medical writ-
ings of Hippocrates and Galen.4 The first “modern”
surgical procedures were performed in the 1860s. In the
1930s and 1940s, several conservative treatment

http://www.arthroscopyjournal.org


Table 2. Clinical Studies Evaluating Early versus Delayed Surgical Treatment of AC Joint Injuries

Study Design, Level of Evidence

Patients Mean Age (yr) Mean Follow-up (mo)

Early Treatment Delayed Treatment Early Delayed Early Delayed

Rolf et al., 20089 Retrospective comparative, III 29 20 37 46 54 52
Weinstein et al., 19958 Retrospective comparative, III 27 17 31 34 48
Mignani et al., 200210 Retrospective comparative, III 25 15 30 84
Dumontier et al., 199511 Retrospective comparative, III 32 24 37 39 46 51

TOTAL 113 76 34 38 57 57

*Favorable outcomes as determined by authors in literature. An outcome defined as “good” or better was considered a favorable outcome.
yPercentage based on number of patients working and/or actively playing sports at time of surgery.
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options were described and the trend for treatment
favored a nonoperative approach. In 1941, Bosworth14

introduced his technique of blind insertion of a bone
screw from the clavicle down into the coracoid. At the
same time Mumford15 described his resection of the
lateral 2 cm of the clavicle. Since the 1970s, surgeons
have generally agreed on the premise of treating high-
grade lesions surgically and mild lesions of the AC joint
conservatively.16

Based on our review, there is a general consensus for
nonoperative treatment of Rockwood type I and type II
lesions.12,17,18 Historically, literature varied regarding
themost favorablemethod of conservativemanagement
of AC joint dislocations. Rockwood distinctly divided the
various forms of conservative treatment into 2 classifi-
cations: (1) the use of a harness or sling as an immobili-
zation device and (2) so-called skillful neglect.4 There are
several variations of immobilizationdevices suchas slings
and harnesses that date back to the 1930s and 1940s.
These variations include slings, adhesive tape strappings,
braces, harnesses, traction techniques, and plaster casts.4

Regardless of the form of conservative treatment, the
general agreement was the need for “uninterrupted
continuous pressure” on the superior surface of the distal
clavicle to allow for ligament healing.4

Currently, the most accepted method of conservative
treatment is a brief period of immobilization in a sling to
support the weight of the upper extremity and to limit
the stress on the joint’s ligaments.5,17,19,20 This period of
immobilization is accompanied by ice and oral analgesic
medication if tolerated (typically lasting 3 to 7 days).
The patient is encouraged to initiate range of motion
activities within the first week of injury to reduce pain
and inflammation in an effort to decrease associated
morbidity. Strengthening exercises with a specific focus
on scapular stabilization follow. During this time, heavy
lifting and contact sports are to be avoided to allow
ligament healing.5,16,18

In contrast to the treatment of type I and type II
lesions, there is a general uncertainty regarding the
proper treatment of type III dislocations; however initial
nonoperative treatment is currently favored in most
cases.18 Recent studies have shown that conservatively
treated type III lesions may result in altered motion of
the scapula.21 During management of type III lesions in
an athlete, individualized treatment should take into
consideration factors such as type of sport, timing of
injury relative to athletic season, level of play, and
throwing demands on the affected shoulder. Some of
the uncertainty regarding the proper treatment of type
III lesions is due to the difficulty associated with
precisely defining these lesions and clearly differenti-
ating them from a type V lesion. Current literature
suggests the decision for treatment of type III injuries
should be made on a case-by-case basis with an
emphasis on initial nonoperative treatment.20,21 In our
opinion, a patient with a grade III AC separation qual-
ifies for surgical reconstruction if they present persistent
symptoms and functional limitations after a course of
nonoperative management focused on attaining full
range of motion and scapula stabilization.20 Operative
treatment is generally the accepted method for
complete AC joint injuries (types IV, V, and VI) because
of the significant morbidity associated with persistently
dislocated joints and severe soft tissue disruption.
Despite this general consensus for management of AC

separations by grade of injury, the 2 Level II studies
included in this review found nonoperative treatment
to produce a better outcome when compared with
operative treatment.6,7 Of note, both studies were
performed in the late 1980s when surgical techniques
to reconstruct the AC joint were less refined and
developed than those used today.

Early Versus Delayed Surgery
On the basis of our review, there is a lack of research

to support an optimal time point for surgical interven-
tion in AC joint dislocations. The 4 studies included in
this review used several different methods of recon-
struction (e.g., pin v Weaver-Dunn procedure). These
variations in treatment may have a considerable influ-
ence on the outcomedspecifically if nonanatomic
techniques were used and resections of the distal clav-
icle were performed simultaneously. Although these 4
retrospective studies (Level III evidence) suggest there
may be a benefit for early repair compared with delayed
procedures, the quality of the evidence substantially
limits the strength and certainty of this conclusion.8-11
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Return to Work Return to Sport Anatomic Reduction Favorable Outcomes*

Early Delayed Early Delayed Early Delayed Early Delayed

9 (31%) 3 (15%) 26 (90%) 9 (45%)
19 (100%)y 7 (78%)y 23 (85%) 12 (71%) 26 (96%) 13 (76%)

25 (100%) 14 (93%)
30 (94%) 22 (97%)y 23 (82%)y 10 (77%)y 26 (81%) 19 (79%)
30 (94%) 22 (97%) 42 (89%) 17 (77%) 32 (57%) 15 (41%) 103 (91%) 55 (72%)
Because of the lack of evidence supporting the
surgical management of grade III and grade IV AC
separations, we recommend initially treating all
patients with 3 to 4 weeks of nonoperative manage-
ment and re-evaluating clinical symptoms after this
time.20 In our experience, some of these conservatively
treated patients have persistent pain and are unable to
return to their sport or job. If operative procedures are
used, surgical techniques that do not integrate tendon
grafts or other biological material should be performed
within the first weeks after injury. This is largely based
on the idea that narrowing the clavicle to the scapula
will allow sufficient healing of the freshly ruptured soft
tissues. Conversely, if tendon grafts are incorporated
into the repair, immediate surgical intervention may
not be of such importance.

Anatomic Versus Nonanatomic Surgical Techniques
As we performed this systematic review, we found an

abundance of case series and comparative studies on
surgical techniques for AC joint reconstruction. We
believe it is important to present this large body of
research on differing techniques to show the lack of
a single, conclusively effective surgical technique. In our
opinion, no technique has been shown to be the overall
gold standard for operative treatment of AC joint dislo-
cations nor has a technique demonstrated successful
reconstruction of the complicated structure of the AC
joint stabilizers.5,22 Additionally, we find it important
to point out the varying, and oftentimes subjective,
outcome measures used by these studies. The criteria for
determining successful and favorable outcomes are
inconsistent among studies and is often based on defi-
nitions described by individual studies and authors. This
inconsistency, in addition to the subjective evaluation
tools used by these studies, makes it nearly impossible to
objectively compare outcomes between studies.
Interestingly, most of the described techniques

covered in this review are variations and combinations
of historically described surgical techniques. This
finding is in agreement with Rockwood who broke
down all surgical repairs of the AC joint into 4 basic
groups: (1) AC repairs, (2) CC repairs, (3) excision of
the distal clavicle, and (4) dynamic muscle transfer.4
The fact that “new” techniques recovered in this search
can be categorized as a variant or combination of one or
more of the basic groups described by Rockwood
provides further evidence that a single effective tech-
nique for AC joint reconstruction remains unknown.
The progression of historically described techniques

for AC joint reconstruction was described by Rockwood
and Green4 based on Cadenat’s article in 1917.23

Samuel Cooper is credited for performing the first
operation on the AC joint using a wire loop to repair
the AC joint in 1861. This was followed by procedures
describing the direct repair of the AC ligaments while
not addressing the CC ligaments. In 1886 Baum is
credited for being the first to combine repair of the AC
and CC ligaments. In 1917 Delbet performed the first
CC reconstruction using a suture looped around the
coracoid and fixed in clavicular bone tunnels. Delbet
believed that a rigid repair of these structures was
prone to failure and therefore used flexible suture
loops. That same year Cadenat used the coracoacromial
ligament to reconstruct the CC ligament. In 1941,
Bosworth14 described his technique of placing a screw
between the clavicle and the coracoid. A procedure
combining this technique with the resection of the
lateral clavicle was then described by Weaver and
Dunn in 1972.24 Nearly all of today’s techniques are
based on these procedures developed in the late 1800s
and early 1900s (Fig 3).
Temporary pin fixation remains one of the most

common direct repairs of the AC ligaments because
this relatively easy technique can be performed quickly
under direct visualization. Variations of this technique
using themeniscus to reinforce the superior AC ligament
were described by Sage and Salvatore.25 Zaricznyj26

modified the temporary fixation of the AC joint using
pins by adding a reconstruction of the AC and CC liga-
ments using the tendon of the fifth toe extensor. Bun-
dens and Cook27 emphasized the importance of reefing
the attachment of the trapezoid and deltoid muscles over
each other on top of the clavicle. We also suggest this
technique of reefing the fascia to finally reinforce the AC
ligaments when performing the authors’ open anatomic
procedure (anatomic coracoclavicular reconstruction
[ACCR]).28,29



Fig 3. Outcome studies reporting on surgical techniques
(April 1966 to October 2011).
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Despite the abundance of studies describing operative
techniques for AC joint reconstruction, very few are of
high level according to current evidence rating scales.
Many of the current techniques focus on reconstruction
of the CC ligaments in reference to anatomic studies that
have emphasized the biomechanical importance of the
CC ligaments for vertical stability in reconstructions of
the AC joint. Current anatomic techniques focus on
reconstruction of both the conoid and trapezoid liga-
ments, which can be performed as open or arthroscopi-
cally assisted procedures. Additional reconstruction of
the AC ligaments could be performed, which would
result in a complete reconstruction of all stabilizing
ligament structures.
Based on our inclusion criteria and our definitions of

anatomic and nonanatomic repairs, only 2 studies were
identified that clinically evaluated an anatomic recon-
struction technique compared with a nonanatomic
control.12,13 Both studies reported postoperative clinical
outcomes favoring the anatomic technique. The study
performed by Fraschini et al.13 used a synthetic ligament
for their reconstruction technique, whereas Tauber
et al.12 used a biologic graft (semitendinosus tendon).
The anatomic techniques used in the studies included
reconstruction of both the conoid and trapezoid liga-
ments. Similar to the lack of literature observed for early
versus delayed treatment, the quality of the evidence
substantially limits the strength and certainty of the
conclusion that anatomic treatment provides a greater
benefit to the patient than a nonanatomic approach.

Our Preferred Techniques for Anatomic
Reconstruction of the AC Joint
Based on the results of this review, our clinical

experience, and the results of our biomechanical
studies, we believe that the achievement of satisfactory
long-term results after surgical intervention is depen-
dent on several anatomic principles.29-32 These princi-
ples include (1) respect for the bony anatomy of the
clavicle and the acromion. In agreement with this
principle, no extensive resection of the distal clavicle
should be performed because this would further
increase the instability of the construct. (2) Both CC
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ligaments (conoid and trapezoid) should be recon-
structed out of respect for their specific function and
overall contribution to joint stability. (3) The recon-
struction should allow the complex 3-dimensional
motion pattern of the joint without jeopardizing the
construct’s stability.
In cases of acute high-grade type IV to V lesions, we

prefer a double cortical button technique according to
the description of Walz et al.33 if surgical reconstruction
can be accomplished within the first few weeks after
injury. The basic idea of this technique is to place 2
cortical button pulley devices through the clavicle and
coracoid into an anatomic position with respect to both
the conoid and trapezoid ligaments. Performed within
the first weeks after the initial injury, this technique is
believed to treat the clavicle and acromion in a physio-
logic way to promote healing of the torn AC and CC
ligaments.34

As in every surgical procedure, the glenohumeral
joint is first inspected carefully for any additional
lesions. Studies have shown a high correlation of gle-
nohumeral lesions in AC joint dislocations.35,36 A
lateral portal for the arthroscope and 2 anterior
working portals are used to prepare the coracoid. With
the help of the aiming instrument, two 4-mm tunnels
are drilled through the clavicle and the coracoid after
arthroscopic debridement of the coracoid’s undersur-
face. Anatomic positioning during reproduction of the
conoid and trapezoid ligaments is essential and can be
accomplished by placing the tunnels accordingly.37,38

Finally 2 suture pulley systems (TightRope; Arthrex,
Naples, FL) are passed through the tunnels and fixed
after tensioning the sutures. Biomechanical studies
have demonstrated the biomechanical performance of
such reconstruction methods.31,33

In cases of delayed therapy or failed conservative
treatment, the ACCR allows for simultaneous recon-
struction of the CC ligaments (trapezoid and conoid)
and the AC ligaments for optimized restoration of
biomechanical function.28 This technique restores
function of both the CC and AC ligaments in an
anatomic procedure with the use of an allogeneic or
autologous tendon graft (semitendinosus). First the AC
joint is relocated carefully and any structures (e.g.,
a dislocated meniscus or the trapezius muscle) that
inhibit anatomic repositioning are carefully evaluated.
The graft is passed around the coracoid and through 2
clavicular tunnels and is fixed with tenodesis screws. It
is important to place the tunnels in the anatomic
insertion area of the trapezoid and conoid ligaments (25
mm and 45 mm medial to the lateral edge of the
clavicle).37,38 The remaining longer limb (exiting the
lateral tunnel) is then used to reconstruct the posterior
and superior AC ligaments. Finally the fasciae of the
deltoid and trapezius muscles are carefully reattached
and interposed over the AC joint.
The use of a free tendon graft placed in an anatomic
position attempting to reproduce the trapezoid and
conoid ligaments has been shown to perform as the
intact CC ligament complex. Costic et al.39 found that
the anatomic CC reconstruction more closely approxi-
mates the stiffness of the native CC ligaments than does
a standard Weaver-Dunn repair. Grutter and Petersen40

have also performed a successful variation of recon-
structing the AC and CC ligaments.

Limitations
The concepts and careful conclusions presented in this

review are largely limited by the lack of high-level
studies in the literature. Additionally, the included
studies incorporated varying and oftentimes subjective
outcomemeasureswhen evaluating treatmentmethods.
This variability made it difficult to compare studies and
to subsequently draw overall conclusions regarding
treatments.
Conclusions
There is a lack of evidence to support treatment

options for patients with AC joint dislocations.
Although there is a general consensus for nonoperative
treatment of Rockwood type I and type II lesions, initial
nonsurgical treatment of type III lesions, and operative
intervention for Rockwood type IV to VI lesions, further
research is needed to determine if differences exist
regarding early versus delayed surgical intervention
and anatomic versus nonanatomic surgical techniques
in the treatment of patients with AC joint dislocations.
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