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Background: Revision surgery in cases of previously failed primary acromioclavicular (AC) joint stabilization remains challenging
mainly because of anatomic alterations or technical difficulties. However, anatomic coracoclavicular ligament reconstruction
(ACCR) has been shown to achieve encouraging biomechanical, clinical, and radiographic short-term to midterm results.

Purpose: To evaluate the clinical and radiographic long-term outcomes of patients undergoing revision ACCR after failed operative
treatment for type Ill through V AC joint injuries with a minimum 10-year follow-up.

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

Methods: A retrospective chart review was performed on prospectively collected data within an institutional shoulder registry.
Patients who underwent revision ACCR for type Il through V AC joint injuries between January 2003 and December 2009 were
analyzed. Clinical outcome measures included the American Shoulder and Elbow Surgeons (ASES) score, Simple Shoulder Test
(SST), and Single Assessment Numeric Evaluation (SANE). The coracoclavicular distance (CCD) was measured for radiographic
analysis immediately postoperatively and at last postoperative follow-up.

Results: A total of 8 patients with a mean age at the time of surgery of 44.6 = 10.6 years and a mean follow-up of 135.0 + 17.4
months (range, 120-167 months) were eligible for inclusion in the study. The time from initial AC joint stabilization until revision
surgery was 10.2 + 12.4 months (range, 0.5-36 months); 62.5% of the patients had undergone more than 2 previous AC joint
surgical procedures. The ASES score improved from 43.9 + 22.4 preoperatively to 80.6 = 28.8 postoperatively (P = .012), the
SST score improved from 4.4 + 3.6 preoperatively to 11.0 + 2.2 postoperatively (P = .017), and the SANE score improved from
31.4 £ 27.3 preoperatively to 86.9 + 24.1 postoperatively (P = .018) at final follow-up. There was no significant difference in the CCD
(P = .08) between the first (7.6 £ 3.0 mm) and final (10.6 £ 2.8 mm) radiographic follow-up (mean, 50.5 + 32.7 months [range, 18-98
months]).

Conclusion: Patients undergoing revision ACCR after failed operative treatment for type Ill through V AC joint injuries maintained
significant improvement in clinical outcomes at a minimum 10-year follow-up.
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Given that variable complication rates after acromioclavi-
cular (AC) joint reconstruction have been reported, shoul-
der surgeons may encounter an increasing number of
postoperative failures.!1:12:2%4552 The overall failure rate
has been shown to be as high as 21% of cases, resulting in
a subsequent revision rate of almost 10%.2° However, fail-
ure and revision rates may be highly dependent on the

The Orthopaedic Journal of Sports Medicine, 8(9), 2325967120947033
DOI: 10.1177/2325967120947033
© The Author(s) 2020

accuracy of the initial diagnosis and stabilization
technique.'?20:36

In the past decade, a trend toward arthroscopically
assisted techniques for AC joint stabilization has emerged,;
however, open approaches, such as anatomic coracoclavicu-
lar ligament reconstruction (ACCR), have been shown to
achieve high subjective satisfaction rates along with signif-
icant clinical and radiographic improvement.>® 123538 Bjo.-
mechanically, ACCR using a free tendon allograft to
replicate the native coracoclavicular (CC) ligaments has
been demonstrated to provide better vertical and horizontal
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stability compared with that of nonanatomic techni-
ques.2b2532 Egpecially in the setting of revision surgery,
this technique may allow for more detailed visualization
of existing anatomic alterations along with effective resto-
ration of the native joint kinematics. Additionally, using
free tendon grafts results in similar loads to failure and
elongation when compared with the native CC ligaments
while being a less stiff construct.12

However, the effect of previous AC joint stabilization on
postoperative outcomes in revision surgery is still lacking
in the current literature or limited to short follow-up peri-
ods and small case series.1%23:254549 When considering
revision cases, a higher rate of complications may be
expected because of bony disorders, such as bone loss at the
distal clavicle or large bone tunnels created in the clavicle
and/or coracoid.l?13:25:28,29,47.48,50 M} ;5 performing a
detailed failure analysis is of great importance to reduce
failure rates and adequately restore native joint biome-
chanics for ensuring an optimal healing environment.'2

The purpose of this study was to investigate the long-
term clinical and radiographic outcomes of patients under-
going revision ACCR after previously failed AC joint recon-
struction of type III through V injuries. We hypothesized
that patients undergoing revision ACCR would maintain
significant improvement in clinical and radiographic out-
comes at a minimum 10-year follow-up.

METHODS
Patient Selection

Institutional review board approval was obtained before
the initiation of the study (No. 17-066-3). A retrospective
chart review was performed on patients undergoing revi-
sion ACCR using a free tendon allograft by a single shoul-
der fellowship-trained surgeon (A.D.M.) between January
2003 and December 2009. Patients eligible for study inclu-
sion were those aged >18 years who underwent a revision
ACCR procedure for failed AC joint reconstruction or repair
after an acute or chronic type III, IV, or V AC joint disloca-
tion (defined by the Rockwood classification®?). Failure was
defined as loss of reduction, leading to chronic scapular or
glenohumeral joint dysfunction or pain, upper limb impair-
ment, persistent vertical or horizontal instability of the AC
joint, hardware failure, and fractures."283%46-48 After the
diagnosis of recurrent instability, all patients underwent
nonoperative treatment for a minimum of 1 month, which
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included physical therapy. Exclusion criteria included vul-
nerable populations (eg, inmates).

Surgical Technique

Each patient underwent ACCR using a tendon allograft
(semitendinosus or peroneus longus) with subsequent
interference screw fixation in the clavicle as previously
described.®?%2® Qverall, two 5.0-mm bone tunnels (poster-
omedial and anterolateral) were drilled into the clavicle
according to the anatomic locations of the conoid and trap-
ezoid ligaments and then tapped to 5.5 mm. When possible,
a minimum distance of 20 to 25 mm was maintained
between tunnels, and the trapezoid tunnel was placed at
least 15 mm medial from the distal end of the clavicle.?32:38

The graft was passed beneath the coracoid process from
medial to lateral under direct visualization and crossed
before being shuttled through both tunnels. An additional
suture augmentation procedure was performed to act as an
internal brace and support the healing process. While
maintaining accurate AC joint reduction, both graft limbs
were secured using 5.5 x 8—-mm PEEK interference screws
(Arthrex) with continuous tension on the graft. One patient
required 7.0 x 8—mm PEEK interference screw fixation for
the lateral limb. The longer limb of the graft was used to
reinforce the superior and posterior parts of the repaired
AC joint capsule by suturing it to the acromion. Small drill
tunnels or suture anchors were placed into the acromion,
when possible.3® Additional distal clavicle excision (DCE; 5-
8 mm) was performed in 2 patients, as osteophytes did not
allow optimal AC joint reduction. By removing some of the
bony tissue, optimal reduction was achieved. Meticulous
closure of the deltotrapezial fascia was performed using
interrupted nonabsorbable sutures.®3%38

Postoperative Rehabilitation

Postoperative rehabilitation consisted of wearing a shoul-
der unloader brace (Lerman Shoulder Orthosis; Dondoy)
for 6 weeks as previously described by Muench et al.?® Pen-
dulum exercises were allowed for the first 6 weeks. Patients
were permitted to initiate upright range of motion exercises
at 2 months postoperatively. Strengthening exercises were
implemented after 12 weeks, focusing on scapular stabili-
zers, to decrease AC joint loads. Weight training was incor-
porated within 3 to 5 months, and contact athletic activity
began as early as 6 months after surgery.®3®
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Clinical Outcomes

Outcome measures included the American Shoulder and
Elbow Surgeons (ASES) score, the Simple Shoulder Test
(SST), and the Single Assessment Numeric Evaluation
(SANE).27:38:41,51 Mhege scores were collected preopera-
tively and at a minimum of 10 years postoperatively. Pre-
vious studies®'®385! have confirmed these scores in terms
of reliability, validity, and responsiveness.

Radiographic Outcomes

Radiographic measurements were performed on
unweighted anterior-posterior bilateral Zanca view radio-
graphs. Loss of reduction during follow-up was evaluated
by calculating the difference between the coracoclavicular
distance (CCD) of the involved side immediately postoper-
atively and that at final radiographic follow-up. The CCD
was measured in millimeters as the distance between the
tip of the coracoid and the inferior cortex of the clavicle.?®5

Statistical Analysis

Descriptive statistics including mean, standard deviation,
median, and interquartile range were calculated to charac-
terize the clinical and radiographic outcomes of the study
cohort. Differences between preoperative and postoperative
(change in score from preoperatively to postoperatively
[delta]) outcomes were examined using the Wilcoxon
signed rank test. A P value of <.05 was considered statis-
tically significant. All analyses were performed using Stata
statistical software (Release 15; StataCorp).

RESULTS
Participants

In a single surgeon’s practice, 37 consecutive patients
underwent ACCR using a free tendon allograft between
January 2003 and December 2009. Of these, 10 patients
were eligible for inclusion in the study (Figure 1). However,
2 of these patients declined to participate in the study. The
mean age of the patients at the time of surgery was
44.6 £ 10.6 years (range, 29-57 years), with a mean
follow-up of 135.0 + 17.4 months (range, 120-167 months).
Overall, 7 patients (87.5%) were male. The mean time
from initial (primary) instability to revision surgery was
112.4 + 158.8 months (range, 7-400 months). Moreover,
50.0% of the patients had a new injury resulting in recur-
rent instability. The mean time from primary AC joint sta-
bilization to revision surgery was 10.2 + 12.4 months
(range, 0.5-36 months).

All 8 patients had undergone previous CC ligament recon-
struction. The most common procedures were noted to be
DCE and ACCR, with 5 cases each (35.7%). In those patients
with failed ACCR, previous anatomic bone tunnels could be
reused. However, as noted, 1 patient required larger screw
fixation (7.0 x 8—mm PEEK interference screw) for the lateral
limb. Previous nonanatomic CC ligament reconstruction
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Patients treated with anatomic coracoclavicular ligament
reconstruction (ACCR) by a single-surgeon from January
2003 to December 2009
(N=37)

Total Primary ACCR (N=27)

Revisions (N=10)

Lost to follow-up (N=2)

Patients meeting study criteria
(N=8)

Figure 1. Flowchart displaying patients meeting study
criteria.

TABLE 1
Patient Characteristics of Cohort (n = 8)*

Sex, n (%)

Male 7 (87.5)

Female 1(12.5)
Age, y 44.6 £10.6
Follow-up, mo 135.0+£17.4
Right shoulder, n (%) 4 (50.0)
Dominant extremity, n (%) 4 (50.0)
Injury pattern, n (%)

Type III 1(12.5)

Type IV 1(12.5)

Type V 6 (75.0)
Time from initial stabilization to recurrence, mo 10.2+124
History of trauma, n (%) 4 (50.0)
Type of primary surgery, n (%)

DCE 5(35.7)

CA ligament transfer 1(7.1)

ACCR 5(35.7)

Nonanatomic CC ligament reconstruction 3(21.4)

“Data are shown as mean + SD unless otherwise indicated.
ACCR, anatomic coracoclavicular ligament reconstruction; CA,
coracoacromial; CC, coracoclavicular; DCE, distal clavicle excision.

(including open or arthroscopic-assisted CC ligament repair
using high-strength tensile sutures) was noted in 3 patients.
Patient characteristics are demonstrated in Tables 1 and 2.

Clinical Outcomes

For all patients, there was a significant improvement on all
primary outcome measures from preoperatively to postoper-
atively. The ASES score improved from 43.9 + 22.4 preoper-
atively to 80.6 = 28.8 postoperatively (P = .012), the SST
score improved from 4.4 + 3.6 preoperatively to 11.0 + 2.2
postoperatively (P = .017), and the SANE score improved
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TABLE 2
Individual Patient Characteristics of All 8 Included Patients®

Time From Primary

Dominant Instability to Clinical
Patient Sex Age,y Side Revision ACCR, mo Follow-up, mo Previous Surgical Procedures
1 Female 55 Left 400 121 ACCR, DCE
2 Male 29 Left 12 120 Nonanatomic CC ligament reconstruction, CA ligament
transfer, DCE
3 Male 34 Left 22 147 ACCR, DCE
4 Male 56 Right 12 125 ACCR
5 Male 44 Left 324 167 ACCR, DCE
6 Male 57 Right 9 131 ACCR
7 Male 39 Right 7 149 Nonanatomic CC ligament reconstruction, DCE
8 Male 43 Right 108 120 Nonanatomic CC ligament reconstruction
Mean + 44.6 £ 10.6 112.4 + 158.8 135.0+ 174

SD

“ACCR, anatomic coracoclavicular ligament reconstruction; CA, coracoacromial; CC, coracoclavicular; DCE, distal clavicle excision.

Clinical Outcome Score

120

*

100

80

60

OUTCOME SCORE

40 43.9
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Pre-Op 10-Year FU

ASES

Pre-Op 10-Year FU
SANE

Figure 2. Preoperative and postoperative American Shoulder and Elbow Surgeons (ASES) and Single Assessment Numeric
Evaluation (SANE) scores at final follow-up for all patients undergoing revision anatomic coracoclavicular ligament reconstruction.
*Significant improvement (P < .05) when compared with preoperatively. FU, follow-up; Pre-Op, preoperative.

from 31.4 + 27.3 preoperatively to 86.9 + 24.1 postoperatively
(P = .018) at final follow-up (Figures 2 and 3).

Radiographic Outcomes

The mean time from the first postoperative radiographic
follow-up to last radiographic follow-up was 50.5 £ 32.7
months (range, 18-98 months). The CCD increased from
7.6 £ 3.0 mm to 10.6 + 2.8 mm at final radiographic follow-
up. However, this was found to be nonsignificant (P = .08).

Postoperative Complications

Overall, 1 patient was found to have postoperative osteoly-
sis at the distal clavicle, requiring no further surgical inter-
vention. Additionally, this patient was noted to have

undergone previous DCE. No infections or clinical failures
were noted.

DISCUSSION

The most important finding of this study was that patients
undergoing revision ACCR for chronic AC joint separation
maintained postoperative clinical improvement at a mini-
mum 10-year follow-up. One patient had postoperative
osteolysis around the distal clavicle; however, this compli-
cation did not require a further surgical intervention. Inter-
estingly, this patient was noted to have undergone DCE
before the revision ACCR procedure.

Recurrent AC joint instability remains a common chal-
lenge in the orthopaedic literature.l'”12:20:36 The
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Clinical Outcome Score
16
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SST

Figure 3. Preoperative and postoperative Simple Shoulder
Test (SST) scores at final follow-up for all patients undergoing
revision anatomic coracoclavicular ligament reconstruction.
*Significant improvement (P < .05) when compared with pre-
operatively. FU, follow-up; Pre-Op, preoperative.

definition of failure includes loss of reduction, leading to
chronic scapular or glenohumeral joint dysfunction or
pain, (sub)luxation with persistent vertical or horizontal
instability of the AC joint, infections, hardware failure,
and fractures.»283046-48 T4 date, more than 150 different
stabilization techniques have been described, with compli-
cation rates being highly dependent on the type of
repair."1%2%:36 Currently, AC joint reconstruction is rec-
ognized as a safe procedure with distinct complication pro-
files, varying between 5% and 89% of cases, depending on
the specific surgical technique.'®?%52 The most common
complications can be classified into 5 categories including
infections, fractures, hardware/button failure, calcifica-
tion, and osteolysis of the distal clavicle.2® Subsequently,
most of these complications are caused by technical errors
and a steep learning curve of the operating surgeon, which
has to be taken into account when performing AC joint
reconstruction.>*

As the data from this study showed, 7 of 8 patients
underwent DCE. Complication rates after DCE for AC joint
instability remain high, with almost 65% of the patients
having postoperative complications.'®3! Thus, when per-
forming DCE, inadequate resection (underresection or
overresection) and wrong indications can result in signifi-
cant pain or instability (Figure 4).>4° Overresection, which
may cause persistent horizontal and vertical instability,
remains a challenging problem, resulting in significant
pain and dysfunction.*>** The precise amount of recom-
mended resection length remains unknown; however,
resection of greater than 8 mm (women) or 10 mm (men)
may put the trapezoid ligament at risk.>%1%39 Additionally,
there is little evidence that excision of the lateral clavicle
successfully addresses the pathological entities encoun-
tered at the AC joint.*° Thus, DCE, when needed, may not
exceed these 8- and 10-mm recommendations.

When considering revision cases, controversy exists on
how to best address recurrent AC joint instability, with
only limited data regarding clinical and radiographic out-
comes having been published.!%2%25:45:49 1 92007, Tauber
et al*® demonstrated good clinical and radiographic
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Figure 4. (A) A patient with recurrent acromioclavicular (AC)
joint instability after failed distal clavicle excision. (B) Postop-
erative imaging 18 months after revision anatomic coracocla-
vicular ligament reconstruction for AC joint instability.

outcomes in 12 patients undergoing revision AC joint recon-
struction with arthroscopically assisted CC ligament recon-
struction using a semitendinosus tendon autograft and
additional cerclage or Bosworth screw fixation. Kraus
et al®® investigated a series of 14 patients undergoing revi-
sion AC joint reconstruction with arthroscopic AC and CC
ligament stabilization using a gracilis tendon autograft and
TightRope augmentation, with good clinical and radio-
graphic outcomes after a median follow-up of 28.8 months.
In patients with previously failed ligament transfer (eg,
Weaver-Dunn), Kany et al?® proposed all-arthroscopic aug-
mented transposition of the conjoined tendons (eg, Vargas
technique) as a salvage procedure in 2 patients, with no loss
of reduction at final follow-up. However, long-term data
regarding clinical and radiographic outcomes of patients
undergoing revision ACCR after failed primary AC joint
reconstruction are limited.

In case of failed AC joint reconstruction, conducting an
accurate failure analysis is essential.!? Recently, Dyrna
et al'2 proposed a treatment algorithm for revision AC joint
reduction based on the most common modes of failure. If
insufficient primary fixation is suspected, anatomic stabi-
lization of the CC and AC ligaments using a free tendon
graft should be considered, as anatomic reconstruction of
the conoid and trapezoid ligaments using a tendon graft
best restores native biomechanical properties.'3%3% Fur-
thermore, given that higher bone mineral density values
were found at the anatomic CC ligament insertions, this
may result in higher fixation strength along with a reduced
risk of fractures.'®?° In revision cases, bone tunnels can be
reutilized if no significant tunnel widening and correct tun-
nel positioning are given.’® Additionally, chronic scapular
or glenohumeral joint dysfunction or pain may be related to
(sub)luxation with persistent horizontal or rotational
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instability of the AC joint.! In case of persisting horizontal
and rotational instability, the scapula lacks an anterior
strut; therefore, additional augmentation of the AC joint
capsule should be considered, as chronic and painful limi-
tation of the shoulder girdle might result.!4121415,22.43
Furthermore, the importance of the superior-posterior cap-
suloligamentous structures of the AC joint and their defi-
ciency in chronic AC joint instability have been highlighted
in biomechanical studies.'*5-1%2437 Thus, surgeons should
carefully evaluate the AC joint intraoperatively and adapt
their treatment algorithm to the clinical findings.'?

The data from this study showed that the mean increase
in the radiographic CCD over the postoperative course was
almost 3 mm. However, this observation was found to be
nonsignificant, which may have been caused by type II
errors. For this, radiographic loss of reduction could not
be investigated at final clinical follow-up, which would have
been of interest, as the time from injury to surgery may
have an influence on postoperative clinical or radiographic
complications, such as loss of reduction and subsequent
clinical failure.?® However, Berthold et al® recently demon-
strated that radiographic alterations (eg, loss of reduction),
which may occur through a combination of complex loading
and unloading mechanisms, such as the windshield wiper
or bungee cord effect, and biological factors had no influ-
ence on clinical outcomes, benefits, and satisfaction after
surgery. Yet, patients with confirmed radiographic loss of
reduction should still be evaluated critically, as insufficient
stabilization techniques, wrong indications, or radio-
graphic complications may lead to the observed findings,
thus resulting in clinical failures. As a final point, the cur-
rent literature is still lacking a clear consensus for defining
a threshold for radiographic loss of reduction, which indi-
cates the difficulty in assessing the CCD over the postoper-
ative course.”’

There were several limitations to this study. First, out-
comes for this study were collected prospectively; however,
data were reviewed retrospectively, which could create
selection bias. Second, this study was conducted with a
small patient cohort over a long time period without having
a control group. However, patients requiring revision AC
joint surgery account for only 9.5% of all patients with AC
joint reconstruction, characterizing these patients with
chronic AC joint instability as a rare and challenging
cohort.2° The small cohort size may have resulted in type
II errors for the radiographic CCD measurements being
nonsignificant. Additionally, preoperative CCD measure-
ments were not performed, and no good method to assess
horizontal and/or rotational stability was available. Third,
the patient population in the current study was older than
was the younger, athletic population in which these inju-
ries have been described,? making the results possibly less
generalizable. For this, no data on activity or sports partic-
ipation could be collected. The patient cohort described in
this study was very heterogeneous with regard to previous
surgical procedures. Therefore, comparing our results to
the current literature was difficult, as to date, there is a
lack of studies regarding revision AC joint surgery. Lastly,
7 of 8 patients underwent DCE; thus, it remains unclear
how much of the benefit may be a result of DCE.

The Orthopaedic Journal of Sports Medicine

CONCLUSION

Patients undergoing revision ACCR after failed operative
treatment for type III through V AC joint injuries main-
tained significant improvement in clinical outcomes at a
minimum 10-year follow-up.
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