
Acromioclavicular (AC) joint injuries constitute 9% of all 
shoulder injuries and commonly occur in men aged 20–39 
years.1) These injuries result from a direct contusion to the 
shoulder, usually in high-collision sports or motorcycle 
accidents. Injury severity is classified according to the 
Rockwood classification. As per expert consensus, Rock-
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wood grade I and II injuries should be treated conserva-
tively, and Rockwood grade IV, V, and VI injuries should 
be treated surgically.2) However, no compelling guideline is 
available for the treatment of grade III injuries.

For acute injuries, the available surgical options in-
clude hook plate fixation and coracoclavicular (CC) loop-
ing with high-strength artificial materials and suspensory 
devices.3) For chronic injuries, coracoacromial (CA) liga-
ment transfer (the modified Weaver–Dunn procedure) is 
the traditional procedure, but it only provides 20%–50% 
stability of the native joint and is significantly inferior to 
tendon graft reconstruction.4,5) According to clinical stud-
ies comparing CA ligament transfer with tendon graft 
reconstruction, ligament reconstruction yields superior 
functional results and a lower loss of reduction rate.6,7) At 
present, no ligament reconstruction procedure is optimal. 
An emerging clinical trend of concomitant AC and CC 
ligament reconstruction involves resembling stabilizers 
in both the horizontal and vertical planes.8-14) According 
to the International Society of Arthroscopy, Knee Surgery 
and Orthopaedic Sports Medicine upper extremity com-
mittee, in patients with a chronic AC injury, instability 
should be addressed in both planes by re-establishment 
of AC and CC ligaments.2) However, ligament reconstruc-
tion carries the risk of complications of potential graft 
loosening and peri-tunnel fractures of either the clavicle 
or coracoid process.15-17) For preventing above-mentioned 
complications, we used a “duo-figure-8” graft wrapping 
technique. In this technique, a single autogenic tendon 
graft is used to concomitantly reconstruct the AC and CC 
ligaments. The purpose of this study was to retrospectively 
analyze the clinical and radiological outcomes of the “duo-
figure-8” graft wrapping technique. 

METHODS
Ethical approval was provided by the Institutional Review 
Board of Kaohsiung Veterans General Hospital (IRB No. 
KSVGH20-CT7-08). All patients signed an informed con-
sent before the surgery. They were operated on by a single 
orthopedic surgeon (FTH) in Kaohsiung Veterans General 
Hospital, Taiwan. 

Patient Enrollment
Patients were included if they (1) were aged > 18 years, 
(2) had a chronic (defined as > 3 months of nonoperative 
treatment)16) Rockwood grade III or V AC joint injury, 
and (3) had undergone concomitant AC and CC liga-
ment reconstruction with a single autogenic tendon at any 
time between January 2014 and November 2018. Surgical 

treatment was indicated for patients with grade-III AC 
separation who had prolonged pain, weakness, or scapular 
dyskinesis after the failure of a 2-month conservative treat-
ment.2) However, we excluded patients with (1) a follow-
up period of < 18 months, (2) concomitant upper limb 
injuries, or (3) a prior ipsilateral shoulder surgery. Patients 
who had undergone revised ligament reconstruction sur-
gery for recurrent AC separation were also excluded.

Surgical Procedures
Concomitant AC and CC ligament reconstruction with a 
single autogenic tendon graft (“duo-figure-8” graft wrap-
ping method) was performed (Fig. 1). Patients were placed 
under general anesthesia, and in the supine position, a 
bump was placed beneath the medial scapula border. 
The appropriate images of the AC joint were obtained by 
a prepositioned C-arm. The ipsilateral semitendinosus 
tendon was harvested in samples 4–5 mm in diameter 
and 20–28 cm in length. A transverse skin incision (6–8-
cm long) was made along the anterior border of the distal 
clavicle to the anterolateral edge of the acromion. The del-
totrapezial fascia was incised to expose the distal clavicle, 
coracoid process, and anterolateral corner of the acromi-
on. The distal clavicle resection of 5 mm and the excision 
of the interposed fibrocartilaginous disc were routinely 
performed. Conoid and trapezoid tunnels—3.5 cm and 1.5 
cm, respectively—were created medial to the lateral border 
of the distal clavicle. After determining the entry point of 
the intramedullary acromial tunnel over the lateral edge 
of the acromion, the pin was fixed from the entry point 

Fig. 1. Single autogenic tendon graft for concomitant acromioclavicular 
and coracoclavicular ligament reconstruction with the “duo-figure-8” 
graft wrapping method.
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through the acromion to the distal clavicle to guide the 
tunnel reamer and maintain the AC joint reduction (Fig. 
2A). To reconstruct the CC ligament, a tendon graft was 
passed under the coracoid process and then through the 
predrilled conoid and trapezoid tunnels (Fig. 2B). After 
passing through the tunnels of the distal clavicle, 2 tails of 
the graft (the long tail through the conoid tunnel and the 
short tail through the trapezoid tunnel) were tied over the 
clavicle in an overhand configuration (the tendon-knot 
technique) to complete the vertical figure-8 graft wrap-
ping (Fig. 2C). Subsequently, a No. 2 FiberWire (Arthrex, 
Naples, FL, USA) was sutured for additional security. The 
long tail of the remaining graft was introduced into the 
intramedullary acromial tunnel (Fig. 2D), pulled back (Fig. 
2E), and then sutured upon itself with a No. 2 FiberWire 
over the superior aspect of the AC joint to complete the 
horizontal figure-8 graft wrapping (Fig. 2F). Finally, CC 
augmentation with a nonabsorbable, braided polyester 
tape (Mersilene Polyester Fiber Suture; Ethicon, Cincin-
nati, OH, USA) was performed to protect the tendon graft. 
The tape looping around the coracoid process was tied 
over the tendon graft superiorly on the distal clavicle.

Postoperative Management
The shoulder was protected with an arm sling for 4 weeks 
to ensure no tension other than that from the arm’s weight. 
One month after surgery, patients started with passive 

elevation and then had active forward elevation, which 
was restricted to 90°. Two months after surgery, patients 
moved freely. Three months after surgery, if patients re-
ported no pain and could move their shoulder relatively 
freely, a strengthening exercise for the shoulder joint was 
implemented, particularly through the use of scapular 
stabilizers. A return to contact sports was allowed from 6 
months after the surgery.

Assessment of Radiographic and Clinical Outcomes
We reviewed the enrolled patients’ charts retrospectively 
and collected data on their age, gender, and time from 
trauma to surgery. Radiographic outcomes were evalu-
ated by comparing the bilateral CC distance (CCD) in 
the Zanca view (vertical translation) and the overlapping 
length of the acromioclavicular joint (OLac) in the modi-
fied Alexander view (horizontal translation) on a plain ra-
diograph; preoperative, immediate postoperative, and final 
follow-up outcomes were evaluated. The CCD is defined 
as the length of a vertical line from the highest point of the 
coracoid process to the inferior cortex of the clavicle on 
the Zanca view.18) To assess the OLac on the modified Al-
exander view, we employed the method of identifying the 
AC axis and then measuring the length from the highest 
to the lowest point of the overlapping area along the AC 
axis. In cases of complete AC separation, the overlapping 
length was defined to be negative and measured from the 

A B C

D E F

AcromionAcromion

Right shoulder

ClavicleClavicle
AcromionAcromion

AcromionAcromion

ClavicleClavicle

ClavicleClavicle AcromionAcromion ClavicleClavicle

ClavicleClavicle AcromionAcromion

Fig. 2. Representative intraoperative images of a right shoulder. (A) Creating the conoid and trapezoid tunnels (white dotted arrow) over the distal 
clavicle and reducing the acromioclavicular (AC) joint with temporary guide-pin fixation via the acromion tunnel (white arrow). (B) Autogenic 
semitendinosus tendon passed under the coracoid process and through the predrilled tunnels on the clavicle. (C) Both tails tied over to each other: “the 
tendon-knot technique” (white arrow). (D) Long graft tail (white arrow) introduced into the acromial intramedullary tunnel. (E) Long graft tail (white 
arrow) pulled back. (F) Coracoclavicular ligament reconstruction with “vertical figure-8 graft wrapping” (black arrow); AC ligament reconstruction with 
“horizontal figure-8 graft wrapping” (white arrow).
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lowest point of the distal clavicle to the highest point of the 
acromion along the AC axis (Fig. 3).19) The quality of re-
duction was classified in 4 grades according to the bilateral 
CCD difference into overreduction (< 0 mm), anatomic 
reduction (0–4 mm), partial loss of reduction (4–8 mm), 
and recurrent dislocation (> 8 mm).20)

Clinical outcomes were evaluated using the Ameri-
can Shoulder and Elbow Surgeons (ASES) score and the 
Constant score both preoperatively and at final follow-up. 

Statistical Analysis
Continuous variables are presented in terms of mean ± 
standard deviation, and categorical variables are presented 
in terms of frequency (%). A paired sample t-test was 
used to determine the difference between preoperative 
and postoperative outcomes (CCD and OLac side-to-side 
difference, ASES, and Constant scores). The clinical differ-
ences between patients with respect to anatomic reduction 
and partial loss of reduction after ligament reconstruction 
were analyzed using a Mann-Whitney U-test. Statistical 
significance was indicated if a p-value was < 0.05. Statisti-
cal analyses were performed using IBM SPSS ver. 20.0 
(IBM Corp., Armonk, NY, USA).

RESULTS
Selected Population
From January 2014 to November 2018, 19 patients re-
ceived concomitant AC and CC ligament reconstruction. 
Among 5 patients with a follow-up period of less than 
18 months, 1 with concomitant upper-limb injuries and 
1 who had received ipsilateral shoulder surgery were not 
enrolled. Furthermore, 2 patients who had undergone re-
vised surgery for recurrent AC dislocation were excluded. 
Ten patients who had received primary ligament recon-
struction surgery met the inclusion criteria. The statistics 
for age, sex, dislocation classification, and time from 
trauma to surgery are listed in Table 1. The participants’ 
mean age was 47.0 years (range, 20–70 years), the mean 
time from trauma to surgery was 4.7 months (range, 3–8 

A B

p1

p2 p1

p2

Fig. 3. Measurement of the overlapping length of the acromioclavicular 
joint (OLac) from modified Alexander views for type III injury (A), where 
the OLac is positive and measured along the acromioclavicular (AC) axis 
from the most superior to most inferior overlapping points (from p1 to p2), 
and type V injury (B), where the OLac is negative and measured at the 
greatest distance between the inferior cortex of the clavicle (p1) and the 
superior cortex of the acromion (p2) along the AC axis. The AC axis runs 
parallel to the line (black dotted line) that connects the most superior 
point to the most inferior point of the anterior cortex of the scapular 
spine.19)

Table 1. Patient Demographics

Patient Sex Age (yr) Follow-up (mo) Rockwood classification Dominant side injury Time from trauma to surgery (mo)

1 M 63 28 V N (left) 7

2 M 57 28 III Y (right) 6

3 M 70 31 V N (left) 4

4 M 46 36 V Y (right) 3

5 M 30 28 III Y (right) 5

6 F 32 25 V Y (right) 3

7 M 46 24 V N (right) 8

8 F 29 24 III Y (right) 3

9 F 47 20 III Y (right) 5

10 M 50 19 V N (left) 3

Mean ± SD 47.0 ± 13.8 26.3 ± 5.1 4.7 ± 1.8

SD: standard deviation.
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months), and the mean follow-up period was 26.3 months 
(range, 19–36 months). Seven patients had received sur-
gery on their right side, whereas 3 had received it on their 
left side.

Outcomes
The functional and radiologic results are presented in 
Table 2. The mean ASES score improved from 72.2 (range, 
65–80) to 91.9 (range, 88–96), and the mean Constant 
score improved from 67.2 (range, 60–78) to 87.8 (range, 
82–92). On comparison of the preoperative and postop-
erative functional scores, the differences for the ASES and 
Constant scores were statistically significant (p < 0.05). Of 
the 10 patients, 8 (80%) had resumed exercise or returned 
to their previous occupation at the final follow-up.

When we compared the Zanca views of bilateral 
clavicles, the mean side-to-side differences for CCD were 
11.9 mm (range, 4.2–20.7 mm), −0.1 mm (range, −3.5–3.2 
mm), and 3.4 mm (range, 1.4–5.5 mm) at the preopera-
tive, immediate postoperative, and final follow-up stages, 
respectively. When we compared the modified Alexander 
views of bilateral shoulders, the mean side-to-side differ-
ences for OLac were 9.4 mm (range, 5.0–18.0 mm) and 
2.7 mm (range, 1.0–4.6 mm) at the preoperative and final 
follow-up stages, respectively. The differences for CCD 
and OLac significantly improved at final follow-up relative 
to their preoperative radiographic values (p < 0.05).

The results for reduction quality were as follows: 
At the immediate postoperative stage, 6 patients exhib-
ited overreduction and 4 patients exhibited anatomic 
reduction; at the final follow-up stage, 7 patients exhib-
ited anatomic reduction (Fig. 4) and 3 patients exhibited 
partial loss of reduction (Fig. 5). Two of the patients with 
anatomic reduction at the immediate postoperative stage 
exhibited partial loss of reduction at the final follow-up, 
and 5 of the patients with overreduction at the immediate 
postoperative stage achieved anatomic reduction at the 
final follow-up. In a comparison between patients with 
partial loss of reduction and patients with anatomic reduc-
tion with respect to functional outcomes, we noted no sig-
nificant difference in ASES (p = 0.20) and Constant scores 
(p = 0.25) at final follow-up (Table 3).

Complications
At final follow-up, the patients had no recurrent dis-
location, peri-tunnel fracture, or donor site morbidity. 
Shoulder stiffness occurred in 2 patients. One underwent 
manipulation under general anesthesia 5 months after the 
index surgery, whereas the other started the aggressive 
stretch exercise 3 months after the index surgery. Ta
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DISCUSSION
In this study, we noted acceptable clinical results in con-
comitant AC and CC ligament reconstruction using a 
single autogenic tendon graft; patients either had anatomic 
reduction or partial loss of reduction. In existing surgi-
cal techniques for ligament reconstruction, the graft for 
CC ligament reconstruction is fixed with an interference 
screw, suspensory button, or tendon-knot.12,14,15) Several 

surgeons have performed AC ligament reconstruction with 
a remaining tendon graft, including over-the-top suturing, 
the docking method, direct suturing to the trapezial fascia, 
and looping the acromion through the vertical tunnel or 
intramedullary tunnel (Table 4).8-14) The procedure we de-
scribed in this study comprises initial tendon-knot fixation 
for CC ligament reconstruction and subsequent combined 
transacromial looping into the intramedullary. None of the 
clinical studies on the tendon-knot technique has featured 

Table 3. Comparison of Clinical Results between Anatomic Reduction and Partial Loss of Reduction

Reduction quality Anatomic reduction (n = 7) Partial loss of reduction (n = 3) p-value

ASES score

Preoperative 73.3 ± 5.3 69.7 ± 3.5

Postoperative 92.9 ± 2.5 89.7 ± 1.5

Improvement 18.1 20.0 0.20

Constant score

Preoperative 68.9 ± 5.7 63.3 ± 2.9

Postoperative 88.7 ± 3.2 85.7 ± 3.5

Improvement 19.9 22.3 0.25

Values are presented as mean ± standard deviation.
ASES: American Shoulder and Elbow Surgeons.

A B C D E

Fig. 4. A 57-year-old male patient who underwent ligament reconstruction. (A, B) Type III injury, preoperative Zanca view and modified Alexander view. 
(C) Zanca view of the contralateral side. (D, E) Anatomic reduction at final follow-up. Double-headed arrows represent the coracoclavicular distance.

A B C D E

Fig. 5. A 46-year-old male patient who underwent ligament reconstruction. (A, B) Type V injury, preoperative Zanca view and modified Alexander view. 
(C) Zanca view of the contralateral side. (D, E) Partial loss of reduction at final follow-up. Double-headed arrows represent the coracoclavicular distance.
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the use of the remaining graft for additional AC ligament 
reconstruction (Table 4).15,17,21)

Our reconstruction procedure, the “duo-figure-8” 
graft wrapping method, aims to mimic the native AC and 
CC ligaments that are the major restraints of the AC joint 
in the horizontal and vertical planes, respectively. Choi 
et al.15) conducted a case series study for isolated CC liga-
ment reconstruction and noted complications of 47% 
loss of reduction and 23% recurrent dislocation. Their 
argument that additional AC ligament reconstruction is 
necessary has been supported by biomechanical studies.22) 
Beitzel et al.23) compared 4 in vivo AC ligament recon-
struction methods (the wrapped, intramedullary, trans-
acromion, and figure-8 methods) and found the wrapped 
and intramedullary methods to offer superior stability to 
others. Garg et al.24) demonstrated that intramedullary 
AC ligament reconstruction yields a slighter anterior–
posterior translation and a higher ultimate load relative to 
extramedullary reconstruction. Reviewing previous clini-
cal studies of concomitant AC and CC ligament recon-
struction, Jensen et al.12) used the suspensory button with 
an integrated autogenic gracilis tendon for one-tunnel 
CC ligament reconstruction, and they also performed in-
tramedullary AC ligament reconstruction. Similar to our 
results, 4 of 16 of their patients had partial loss of reduc-
tion, and the mean of the Constant scores was 84.0 in their 
series. Several authors have proposed the “remaining graft 
over-the-top suturing” method to restore the superior 
portion of the AC ligament that is the main restraint for 
anterior–posterior translation,25) with satisfactory clinical 
results.8,9,14) Accordingly, we performed intramedullary 
AC ligament reconstruction and sutured the remaining 
pulled-back graft upon itself superiorly to reinforce the 
superior portion of the AC ligament.

As for the correlation between clinical and radio-
graphic outcomes, Garofalo et al.11) reported that 22% of 
their patients (7 of 32) had partial loss of reduction and 
none had a revision surgery or a poor result. Similarly, the 
CC distance and functional score have not been correlated 
in previous studies.16,26) Partial loss of reduction has been 
noted to result from graft elongation, which has occurred 
at either the mid-substance or the graft–screw interface 
during the healing period.27,28) In a biomechanical study 
by Lee et al.,5) the semitendinosus tendon had significantly 
greater elongation than did the native CC ligament before 
failure. However, the ultimate strengths of the native CC 
ligament and the semitendinosus tendon did not signifi-
cantly differ. In our series, graft elongation was common in 
the healing period. We posit that the graft was sufficiently 
strong to maintain its integrity, which explains why no pa-

tient encountered recurrent dislocation. At final follow-up, 
the clinical outcomes of patients with partial loss of reduc-
tion were comparable with the anatomic reduction in our 
series. This finding is consistent with the aforementioned 
studies, which implies that the stiffness and integrity of 
the CC and AC connection were emphasized in functional 
recovery instead of reduction quality. Nevertheless, we 
fixed the graft in a slightly over-reduced position; 6 of 10 
patients had overreduction immediately after surgery, and 
5 patients achieved anatomic reduction at final follow-up. 
Overreduction was an alternative for reaching the anatom-
ic position after graft union because elongation occurred 
in most tendon grafts during the healing period.

Combined distal clavicle resection in chronic AC 
separation is necessary for the treatment of associated 
arthritis. Distal clavicle resection damages the AC liga-
ment, decreases joint contact force, and greatly increases 
CC graft load.25) Nonetheless, we still performed routine 
distal clavicle resection to reduce joint contact force and 
prevent further deterioration into arthritis. Kowalsky et 
al.29) reported a significant increase in CC graft load after 
resection of the AC ligament and distal clavicle. Therefore, 
AC ligament reconstruction is necessary to protect the CC 
graft in the healing period and replace the joint contact 
force.

Graft failure and fractures of either the clavicle or 
coracoid process have been common problems after liga-
ment reconstruction.15-17) Clavicle fracture can occur in CC 
ligament reconstruction using the two-tunnel technique. It 
can be prevented by using a smaller tunnel, increasing the 
bone bridge between the two tunnels, fixing the graft with-
out using interference screws, and improving patient com-
pliance without early strenuous exercise.26) We suggest that 
the conoid and trapezoid tunnels should be placed 20 mm 
apart with a maximal tunnel width of 5 mm to prevent 
clavicle fracture. We applied the graft beneath the coracoid 
process instead of through the coracoid tunnel because 
graft looping lowers the risk of coracoid process fracture.9) 
Graft failure resulted from increased stress over the graft–
screw interface.27) Therefore, we tied two graft tails to each 
other on the distal clavicle without using an interference 
screw. This tendon-knot technique has been reported in 
previous studies.15,17,21) Although graft elongation, known 
as cyclic creep, was greater in the tendon-knot structure 
than the interference screws, the former yielded better ul-
timate strength.28) Furthermore, disused osteoporosis over 
the distal clavicle increased the graft-pullout risk, particu-
larly with interference screw fixation.30) 

Creating the intramedullary tunnel into the acro-
mion for the tendon-graft looping around it may bear the 
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risk of acromion fracture. Jensen et al.12) conducted AC 
ligament reconstruction by using this technique, and a 
similar surgical procedure was performed in our series. 
However, no patients encountered acromion fracture in 
either their study or our series. Owing to the morphology 
of the acromion, cortex blowout when creating the tun-
nel is a concern of surgeons. To prevent superior cortex 
blowout, we made a slightly oblique acromial tunnel in the 
superolateral-to-inferomedial direction.

For preventing excessive elongation of the tendon 
graft in the healing period, ideal implant augmentation 
after ligament reconstruction remains controversial. The 
surgical methods for protecting the graft have included the 
use of nonabsorbable tape, suture cord, suspension but-
ton, or cerclage wire.7,8,11,21) Metal implants carry the risk 
of complications of skin irritation, requiring secondary 
surgery to remove them. Therefore, we used a nonabsorb-
able tape to protect the CC graft, and none of our enrolled 
patients underwent secondary surgery. 

The present study has several limitations. The first 
is selection bias and weak statistical power from our ret-
rospective research design and small sample size. The sec-
ond is our follow-up with a mean of 25 months, which is 
insufficient for determining graft longevity and late com-
plications. The third is our use of the ASES and Constant 
scores to evaluate the functional results of the AC joint. 
Although these scores have been used in the literature, no 
standard and validated scoring system exists for the AC 
joint. Fourth, chronic AC injury (the time from trauma 
to surgery over 6 weeks, 3 months, or 6 months) has no 
consensus on the definition. Finally, we did not directly 

compare concomitant AC and CC ligament reconstruction 
with isolated CC ligament reconstruction. Because most 
patients with a high-graded AC injury underwent surgery 
in the acute stage, we had too few chronic cases to directly 
compare different reconstruction techniques. To eliminate 
performance bias, we had only 1 surgeon conduct all liga-
ment reconstruction procedures and all evaluations of the 
follow-up data.

Patients receiving concomitant AC and CC liga-
ment reconstruction with a single autogenic tendon graft 
achieved acceptable functional outcomes—either ana-
tomic reduction or partial loss of reduction—during the 
mid-term follow-up. The “duo-figure-8” graft wrapping 
method—a graft passing beneath the coracoid process 
with a tendon-knot fixation over the distal clavicle and 
looping around the acromion intramedullary—does not 
increase the risks of peri-tunnel fractures over the clavicle, 
coracoid process, or acromion.

CONFLICT OF INTEREST
No potential conflict of interest relevant to this article was 
reported.

ORCID
Fu-Ting Huang https://orcid.org/0000-0003-0561-6579
Kai-Cheng Lin https://orcid.org/0000-0001-8124-4354
Chih-Yang Lin https://orcid.org/0000-0002-3893-1623
Wei-Ning Chang https://orcid.org/0000-0002-8200-1300

REFERENCES

1. Chillemi C, Franceschini V, Dei Giudici L, et al. Epidemiol-
ogy of isolated acromioclavicular joint dislocation. Emerg 
Med Int. 2013;2013:171609.

2. Beitzel K, Mazzocca AD, Bak K, et al. ISAKOS upper ex-
tremity committee consensus statement on the need for 
diversification of the Rockwood classification for acromio-
clavicular joint injuries. Arthroscopy. 2014;30(2):271-8.

3. Moatshe G, Kruckeberg BM, Chahla J, et al. Acromioclavicu-
lar and coracoclavicular ligament reconstruction for acromio-
clavicular joint instability: a systematic review of clinical and 
radiographic outcomes. Arthroscopy. 2018;34(6):1979-95.

4. Grutter PW, Petersen SA. Anatomical acromioclavicular 
ligament reconstruction: a biomechanical comparison of re-
constructive techniques of the acromioclavicular joint. Am J 
Sports Med. 2005;33(11):1723-8.

5. Lee SJ, Nicholas SJ, Akizuki KH, McHugh MP, Kremenic IJ, 
Ben-Avi S. Reconstruction of the coracoclavicular ligaments 
with tendon grafts: a comparative biomechanical study. Am 
J Sports Med. 2003;31(5):648-55.

6. Kocaoglu B, Ulku TK, Gereli A, Karahan M, Turkmen M. 
Palmaris longus tendon graft versus modified Weaver-Dunn 
procedure via dynamic button system for acromioclavicu-
lar joint reconstruction in chronic cases. J Shoulder Elbow 
Surg. 2017;26(9):1546-52.

7. Tauber M, Gordon K, Koller H, Fox M, Resch H. Semiten-
dinosus tendon graft versus a modified Weaver-Dunn pro-
cedure for acromioclavicular joint reconstruction in chronic 
cases: a prospective comparative study. Am J Sports Med. 
2009;37(1):181-90.

8. Banffy MB, van Eck CF, ElAttrache NS. Clinical outcomes 



375

Huang et al. Duo-Figure-8 Graft Wrapping for Chronic Acromioclavicular Separation
Clinics in Orthopedic Surgery • Vol. 13, No. 3, 2021 • www.ecios.org

of a single-tunnel technique for coracoclavicular and acro-
mioclavicular ligament reconstruction. J Shoulder Elbow 
Surg. 2018;27(6S):S70-5.

9. Carofino BC, Mazzocca AD. The anatomic coracoclavicular 
ligament reconstruction: surgical technique and indications. 
J Shoulder Elbow Surg. 2010;19(2 Suppl):37-46.

10. Fauci F, Merolla G, Paladini P, Campi F, Porcellini G. Surgi-
cal treatment of chronic acromioclavicular dislocation with 
biologic graft vs synthetic ligament: a prospective random-
ized comparative study. J Orthop Traumatol. 2013;14(4):283-
90.

11. Garofalo R, Ceccarelli E, Castagna A, et al. Open capsular 
and ligament reconstruction with semitendinosus ham-
string autograft successfully controls superior and posterior 
translation for type V acromioclavicular joint dislocation. 
Knee Surg Sports Traumatol Arthrosc. 2017;25(7):1989-94.

12. Jensen G, Katthagen JC, Alvarado L, Lill H, Voigt C. Ar-
throscopically assisted stabilization of chronic AC-joint 
instabilities in GraftRopeTM technique with an additive 
horizontal tendon augmentation. Arch Orthop Trauma 
Surg. 2013;133(6):841-51.

13. Kibler WB, Sciascia AD, Morris BJ, Dome DC. Treatment of 
symptomatic acromioclavicular joint instability by a dock-
ing technique: clinical indications, surgical technique, and 
outcomes. Arthroscopy. 2017;33(4):696-708.

14. Muench LN, Kia C, Jerliu A, et al. Functional and radio-
graphic outcomes after anatomic coracoclavicular ligament 
reconstruction for type III/V acromioclavicular joint inju-
ries. Orthop J Sports Med. 2019;7(11):2325967119884539.

15. Choi NH, Lim SM, Lee SY, Lim TK. Loss of reduction and 
complications of coracoclavicular ligament reconstruction 
with autogenous tendon graft in acute acromioclavicular 
dislocations. J Shoulder Elbow Surg. 2017;26(4):692-8.

16. Milewski MD, Tompkins M, Giugale JM, Carson EW, Miller 
MD, Diduch DR. Complications related to anatomic recon-
struction of the coracoclavicular ligaments. Am J Sports 
Med. 2012;40(7):1628-34.

17. Millett PJ, Horan MP, Warth RJ. Two-year outcomes after 
primary anatomic coracoclavicular ligament reconstruction. 
Arthroscopy. 2015;31(10):1962-73.

18. Lee SY, Kwon SS, Chung CY, Lee KM, Park MS. What role 
do plain radiographs have in assessing the skeletally im-
mature acromioclavicular joint? Clin Orthop Relat Res. 
2014;472(1):284-93.

19. Minkus M, Hann C, Scheibel M, Kraus N. Quantifica-
tion of dynamic posterior translation in modified bilat-
eral Alexander views and correlation with clinical and 

radiological parameters in patients with acute acromio-
clavicular joint instability. Arch Orthop Trauma Surg. 
2017;137(6):845-52.

20. Chernchujit B, Tischer T, Imhoff AB. Arthroscopic recon-
struction of the acromioclavicular joint disruption: surgical 
technique and preliminary results. Arch Orthop Trauma 
Surg. 2006;126(9):575-81.

21. Baran S, Belisle JG, Granger EK, Tashjian RZ. Functional 
and radiographic outcomes after allograft anatomic cora-
coclavicular ligament reconstruction. J Orthop Trauma. 
2018;32(4):204-10.

22. Saier T, Venjakob AJ, Minzlaff P, et al. Value of additional 
acromioclavicular cerclage for horizontal stability in com-
plete acromioclavicular separation: a biomechanical study. 
Knee Surg Sports Traumatol Arthrosc. 2015;23(5):1498-505.

23. Beitzel K, Obopilwe E, Apostolakos J, et al. Rotational and 
translational stability of different methods for direct acro-
mioclavicular ligament repair in anatomic acromioclavicu-
lar joint reconstruction. Am J Sports Med. 2014;42(9):2141-
8.

24. Garg R, Adamson GJ, Javidan P, Lee TQ. Biomechanical 
comparison of an intramedullary and extramedullary free-
tissue graft reconstruction of the acromioclavicular joint 
complex. Clin Orthop Surg. 2013;5(4):298-305.

25. 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):858-62.

26. Zhu Y, Hsueh P, Zeng B, et al. A prospective study of cora-
coclavicular ligament reconstruction with autogenous pero-
neus longus tendon for acromioclavicular joint dislocations. 
J Shoulder Elbow Surg. 2018;27(6):e178-88.

27. Roos PJ, Hull ML, Howell SM. Lengthening of double-
looped tendon graft constructs in three regions after cyclic 
loading: a study using Roentgen stereophotogrammetric 
analysis. J Orthop Res. 2004;22(4):839-46.

28. Tashjian RZ, Southam JD, Clevenger T, Bachus KN. Bio-
mechanical evaluation of graft fixation techniques for acro-
mioclavicular joint reconstructions using coracoclavicular 
tendon grafts. J Shoulder Elbow Surg. 2012;21(11):1573-9.

29. Kowalsky MS, Kremenic IJ, Orishimo KF, McHugh MP, 
Nicholas SJ, Lee SJ. The effect of distal clavicle excision 
on in situ graft forces in coracoclavicular ligament recon-
struction. Am J Sports Med. 2010;38(11):2313-9.

30. Geaney LE, Beitzel K, Chowaniec DM, et al. Graft fixation 
is highest with anatomic tunnel positioning in acromiocla-
vicular reconstruction. Arthroscopy. 2013;29(3):434-9.


