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Objective: To evaluate the clinical and radiographic outcomes of patients undergoing coracoclavicular (CC) ligament
repair by two suture anchors and acromioclavicular (AC) joint (ACJ) fixation using heavy nonabsorbable sutures for the
treatment of types III–V ACJ injuries with a minimum of 1-year follow-up.

Methods: The clinical and radiographic outcomes of 36 consecutive patients (26 men and 10 women) who under-
went anatomic reduction for acute ACJ dislocation using two suture anchors for CC ligament reconstruction and two
strands of non-absorbable stitches for ACJ fixation between December 2013 and December 2018 were reviewed.
Two 3.5 mm suture anchors with double-loaded sutures were separately inserted into the anterolateral and post-
eromedial portions of the coracoid process. The suture strands were passed through the hole created in the clavicle
using 2.0 mm drill and tied over the clavicle. Additional ACJ augmentation using two strands of non-absorbable
heavy sutures was performed in all patients. At 3, 6, and 12 months and last follow-up visit, the scores on the
visual analog scale (VAS), the American Shoulder and Elbow Surgeons (ASES) score, Constant–Murley score, and
simple shoulder test (SST) questionnaires were used to provide a final evaluation of shoulder function. Comparison
between baseline and treatment results was performed. Radiographic analysis included vertical displacement and
horizontal shift.

Results: A total of 29 patients (20 men and nine women) were included in the study. A total of seven, six, and 16
patients had Rockwood type III, type IV, and type V ACJ dislocations, respectively. The mean patient age was
42.8 � 13.5 years, with a mean follow-up of 28 months (range, 12–56 months). At the 12-month follow-up, the mean
ASES score was 92.1 � 3.5, with a mean pain score of 0.5 � 0.7 on the VAS and mean Constant–Murley score of
93.0 � 2.4. The new number of positive answers on the SST was 11.5 � 0.6. Compared with the baseline, the clini-
cal results improved significantly (P < 0.05). No significant difference could be found between the 6- and 12-month
follow-up evaluations (P > 0.05). Radiographs showed two partial loss of reduction, whereas no horizontal displace-
ment was found in all patients. One patient developed a superficial wound infection 3 weeks postoperation. The
wound healed after routine wound care. No neurovascular complications were recorded.

Conclusions: CC ligament reconstruction using two suture anchors and ACJ augmentation using two strands of non-
absorbable heavy sutures on high-grade AC dislocation is a reliable technique for restoring stability to the ACJ and can
obtain good to excellent clinical results.
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Introduction

Acromioclavicular (AC) joint (ACJ) dislocations are com-
mon injuries and compose a sizeable portion of shoul-

der injuries1. These conditions account for 9% to 12% of
shoulder girdle injuries2 and are more frequent in young
adults and athletes, often resulting from a direct fall onto the
superior aspect of the shoulder when the arm is adducted3,
and five times more common in men than in women.
Although the incidence of high-grade ACJ injuries requiring
surgery is low, indications for the conservative versus surgi-
cal treatment of type III and V injuries produce controversy1,
1, 3–6. This disagreement has encouraged the development of
multiple surgical techniques and may reflect a general dissat-
isfaction with treatment options and outcomes3, 4, 6–8.

Numerous surgical repairs or reconstruction tech-
niques have been published. More than 150 techniques for
surgical treatment of AC injuries have been described4.
These techniques generally fall under several categories: AC
fixation, coracoclavicular (CC) fixation, or ligament recon-
struction. Regardless of technique used, the reduction needs
to be maintained long enough for the biological healing pro-
cess to occur in acute settings9. Fixation with one or two
suture buttons as an acute repair technique has high biome-
chanical stability10. This technique is optimal for the repair
of acutely torn ligaments, providing stabilization to allow
native ligaments to heal11. The advantage of this procedure
is that autograft or allograft or hardware removal is unneces-
sary12, 13. High complication rates ranging from 20% to 44%
potentially limit its promotion and application. Another con-
cern is the adverse clinical results by residual horizontal
instability after CC ligament repair14, 15.

Given the disadvantages of previously reported proce-
dures, we advocate a new method to address vertical and
horizontal stabilities simultaneously. A small diameter tunnel
was used to reduce the risk of fractures (Fig. 1). Review of
English literature revealed no similar clinical reports. This
study aimed to: (i) review the pros and cons of current treat-
ment modalities for ACJ dislocation; (ii) introduce our oper-
ative technique in detail, reconstructing both CC ligamnet
and AC augmentation; and (iii) report and analyze the radio-
graphic and functional results of patients treated with our
methods.

Materials and Methods

From December 2013 to December 2018, 77 patients with
Rockwood16 type IV, type V, and unstable type IIIB17

AC dislocations were treated surgically in our department. A
total of 41 patients received hook plate fixation and were
excluded from this study. The inclusion criteria were: (i) all
type IV and V dislocations and unstable type IIIB

dislocations; (ii) acute (<3 weeks) injuries; (iii) two suture
anchors for CC repair and nonabsorbable heavy stitches for
AC augmentation; (iv) follow-up of at least 12 months. The
exclusion criteria were: (i) hook plate fixation;
(ii) concomitant coracoid fractures; (iii) chronic separations.

Of the initial 36 patients who underwent CC ligament
and ACJ repair, seven were excluded: two chronic injury
patients and five patients who were lost to follow-up before
the 12-month follow-up visit. Finally, 29 cases were included
in this study (Fig. 2). Table 1 shows the clinical data of
patients. A total of seven patients were injured in traffic acci-
dents and 22 by falling during sports. All the 29 patients
were prospectively assessed clinically and radiographically
preoperatively and at 3, 6, and 12 months postoperatively.
Clinical and radiographic data from the 12-month follow-up
were statistically compared with the baseline. All operations
were performed by the same experienced surgeon. The work
was approved by the ethical committees in our institution,
and patients gave their informed consent.

Fig. 1 Schematic of four number-2 Ethibond sutures from two suture

anchors were tied over the top of the clavicle for repair CC ligament,

and two strands of number-2 Ethibond sutures crossing the ACJ were

tightened for augmentation and restoring horizontal stability.
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Operative Technique

Anesthesia and Position
The procedure was performed with the patient in beach chair
position and under brachial plexus block or general
anesthesia.

Approach and Exposure
An incision was made starting at the posterior edge of the
clavicle, 2 cm medial to the ACJ and extending inferiorly
toward the coracoid process along the Langer line. Dis-
section was performed to the deltotrapezial fascia with elec-
trocautery. The fascia was elevated off the clavicle by
creating full-thickness flaps. The intra-articular disc was
removed, all soft tissues preventing proper joint reduction
were resected, and a trial reduction was performed8, 18. Effort
was made not to excise nor damage the distal clavicle.

Vertical Stability Repair
Through dissection, the base of the coracoid process was
exposed. Two 3.5 or 5.0 mm (for stronger patients) suture
anchors (Twinfix, Smith & Nephew, Memphis, Tennessee,
US) with double-loaded sutures were separately inserted into
the anterolateral and posteromedial portions of the coracoid
process and matched to the conoid and trapezoid ligament

anatomic insertion19. The clavicle was preoperatively
templated to place the conoid tunnel at 20% to 25% of the
clavicular length from the distal clavicle, and the trapezoid
tunnel was placed 1.5 cm to 2 cm lateral to this position
(near the anatomic insertion at 17% of clavicular length)
(Fig. 3)20. Two holes, at least 1 cm apart, were created in the
clavicle with a 2.0 mm drill for conoid and trapezoid liga-
ment insertion separately. A special passer (Fig. 4B) was used
to assist in passing the loaded sutures of anchors quickly.
The sutures were left for later tightening.

Horizontal Stability Reconstruction
To horizontally stabilize the ACJ, we created two tunnels by
using a special 2 mm-diameter awl (Fig. 4A). The tunnel
started from the acromion, passed through the ACJ, and
obliquely exited the superior surface of distal clavicle 1 cm
from ACJ. Two number-2 Ethibond sutures (Ethicon, Som-
erville, New Jersey, US) were then pulled through the holes
of the acromion and distal clavicle separately. The dislocated
ACJ was reduced under direct vision with shoulder abduc-
tion by manually pressing down the distal end of the clavicle.
After reduction of the ACJ, the sutures on the superior sur-
face of clavicle for CC ligament repair were tightened and
tied, followed by tightening of the sutures on the distal clavi-
cle for ACJ augmentation. After repairing the AC ligament
and capsule, the stability was then assessed by passively mov-
ing the shoulder. The deltotrapezial fascia was carefully
repaired, and a routine wound closure was performed
(a typical case is shown in Figs 5, 6, 7, 8, 9).

Postoperative Management
Postoperative rehabilitation included wearing a strict sling
for 6 weeks. Passive shoulder motion was begun at 3 weeks,
and exercises against resistance were subsequently added at

77 patients with AC injuries 

received operation from December 

2013 to December 2018 

Hook plate group 
n=41

Suture anchors group

n=36

Chronic injuries 
n=2

Follow-up less than 

12 months n=5

Acute injuries

n=34

Included for analysis

n=29

Fig. 2 Flow diagram demonstrating the patients included for study

analysis.

TABLE 1 Patient demographics (N = 29)

Demographics Data

Sex(N，%)
Male 20 (69.0)
Female 9 (31.0)

Age, mean � SD, years 42.4 � 12.8
Follow-up, mean � SD, months 28 � 10.2
Injury site(N，%)
Left 16 (55.2)
Right 13 (44.8)

Injury cause(N，%)
Traffic accident 7 (24.1)
Falling over 22 (75.9)

Fracture type(N)
III 7
IV 6
V 16

Operation time, mean � SD, min 77.3 � 14.1
Bleeding, mean � SD, mL 67.1 � 18.6

SD, standard deviation.
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Fig. 3 Superior view of 3-D-CT reconstruction of a left shoulder showing

an example of the planned tunnel location of the conoid (red) and

trapezoid (blue) limbs based on anatomic ratios.

Fig. 4 Self-made special passer (right) and awl (left).

Fig. 5 Male patient, 42 years old, Rockwood type V right AC

dislocation.

Fig. 6 Intraoperative, superior view, two suture anchors with four

number-2 Ethibond sutures for CC ligament and two number-2 Ethibond

sutures for ACJ.

Fig. 7 Postoperative CT-scan shows four holes for CC ligament repair.
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6 to 8 weeks postoperatively. Motion was gradually increased
after cessation of sling wear with a goal of full motion at
3 months. Strengthening started at this point, and patients
were allowed to return to contact sports at 6 months5, 21.

Follow-up Analysis
Follow-up ranged from 12 to 56 months, with an average of
28 months. At the 3-, 6-, and 12-month and the latest
follow-up, radiographic analysis and visual analog scale
(VAS), American Shoulder and Elbow Surgeons (ASES)
score, Constant–Murley score, and simple shoulder test
(SST) questionnaires were utilized for the final evaluation of
shoulder function.

Radiological Assessment
Anteroposterior radiographs of both ACJs were produced for
each patient. Axillary radiographs were obtained for the
injured side only. Maintenance of vertical reduction of the
ACJ was defined as follows: (i) a maintained reduction, that
is, no side-to-side difference on the anteroposterior radio-
graphs; (ii) a partial loss of reduction, that is, a side-to-side
difference of less than the width of the clavicle; (iii) complete
loss of reduction, that is, evidence of a side-to-side difference
in excess of the clavicle width21. Horizontal stability was
assessed by axillary view and three-dimensional computed
tomography (3-D-CT). The anterior tip of acromion and
anterolateral edge of the distal clavicle were in line or at dis-
placement less than 2 mm with the ACJ in anatomical posi-
tion, indicating no subluxation nor dislocation in terms of
horizontal instability. Anterior–posterior displacement
exceeding 2 mm was defined as horizontal instability22, 23.

Visual Analog Scale (VAS)
The Visual Analog Scale (VAS) is used in epidemiological
and clinical studies to evaluate subjective phenomena, such
as the extent of pain, fatigue, psychological suffering, itching
intensity, facial esthetics, as well as changes in dental and
smile esthetics. This scale is commonly graded from 0 to
10 and contains user instructions, allowing respondents to
classify the outcome using numbers. In this system, 0 repre-
sents no pain and 10 represents maximal imaginable pain.

American Shoulder and Elbow Surgeons (ASES) Score
The ASES score was developed to measure functional limita-
tions and shoulder pain in people with musculoskeletal
pathologies. Pain score was calculated from a single pain

Fig. 8 X-Ray image at 12-Month follow-up demonstrating the good

position of ACJ.

Fig. 9 The patient obtained full range of motion of injury shoulder and

no pain.
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question on a visual analog scale (pain symptoms) and a
function score from the sum of 10 questions addressing
function using a 4-point ordinal scale (physical function).
Pain and function are weighted equally and the total score
ranges from 0 to 100 points, where 0 is worst and
100 is best.

Constant–Murley Score (CMS)
The CMS is a multi-item functional scale assessing pain,
activities of daily living, range of motion, and strength of the
affected shoulder. Its score ranges from 0 to 100 points, rep-
resenting worst and best shoulder function, respectively.

Simple Shoulder Test (SST)
The SST measures functional limitations of the affected
shoulder in people with shoulder dysfunction, and consists
of 12 questions with dichotomous (1 = yes or 0 = no)
response options. For each question, the patients indicated
that they were able or were not able to do the activity (physi-
cal function). The scores range from 0 to 100, where 0 was
worst and 100 was best, and are reported as the percentage
of items that a person reports being able to do.

Statistical Analysis
Descriptive statistics, including the mean and standard devi-
ation (SD) for continuous variables, and the frequency and
proportion of categorical variables were calculated. Statistical
analysis was performed using SPSS for Windows (version 22;
SPSS Inc., Chicago, Illinois, US). Comparisons between more
than two groups were conducted using the Kruskal–Wallis
test. A P value <0.05 was considered significant. The data are
reported below.

RESULTS

Patient Information
The study cohort comprised 20 men and nine women, with
an average age of 42.8 � 13.5 years. A total of seven, six, and
16 patients had Rockwood type III, type IV, and type V sep-
arations, respectively. Seven patients were injured in traffic
accidents and 22 by falling during sports.

Operative Details
The mean duration of operation was 77.3 � 14.1 min, and
the mean blood loss was 67.1 � 18.6 mL. The average post-
operative follow-up was 28 � 10.2 months (Table 1).

Visual Analog Scale (VAS)
The mean preoperative VAS score (baseline data) was
6.6 � 1.3. At the 3-month, 6-month, and 12-month follow-
up evaluation, the mean pain score, as measured from 1 to
10 on the VAS, was 4.2 � 1.1, 2.7 � 1.4, and 0.5 � 0.7,
respectively. The VAS score at 12 months postoperative was
6.1 higher than the preoperative VAS score (P < 0.01). No
significant difference between the 6- and 12-month follow-
up evaluations could be found (P > 0.05) (Table 2).

American Shoulder and Elbow Surgeons(ASES) Score
The mean preoperative, 3-month, 6-month, and 12-month
follow-up evaluation ASES scores were 44.8 � 3.1,
77.3 � 3.2, 91.0 � 2.6, and 92.1 � 3.5 respectively. The ASES
score at 12 months postoperative was 47.3 higher than the
preoperative ASES score (P < 0.01). There was no significant
difference in ASES score between the 6- and 12- month
follow-up evaluations (P > 0.05) (Table 2).

TABLE 2 Scores of the VAS for pain, Constant–Murley, SST, and ASES preoperatively and at 3, 6, and 12 months postoperatively (N = 29)

The Functional score Preoperative Postoperative 3rd month Postoperative 6th month Postoperative 12th month P Value

VAS 6.6 � 1.3 4.2 � 1.1 2.7 � 1.4 0.5 � 0.7 <0.001
CS 30.3 � 4.3 71.3 � 6.4 88.2 � 4.5 93.0 � 2.4 <0.001
SST 2.3 � 0.8 8.0 � 1.6 10.9 � 0.9 11.5 � 0.6 <0.001
ASES 44.8 � 3.1 77.3 � 3.2 91.0 � 2.6 92.1 � 3.5 <0.001

ASES, American Shoulder and Elbow Surgeons; CS, Constant and Murley score; SST, simple shoulder test; VAS, visual analog scale.

Fig. 10 Female, 35 years old, left ACJ dislocation, type V.
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Constant–Murley Score (CMS)
The mean preoperative, 3-month, 6-month, and 12-month
postoperative CMS were 30.3 � 4.3, 71.3 � 6.4, 88.2 � 4.5,
and 93.0 � 2.4, respectively. The CMS at 12 months postop-
erative was 62.7 higher than the preoperative CMS (P < 0.01)
between the baseline and 12-month follow-up data. No sig-
nificant difference between the 6- and 12-month follow-up
evaluations could be found (P > 0.05).

Simple Shoulder Test (SST)
The mean preoperative SST score (baseline data) was
2.3 � 0.8. At the 3-month, 6-month, and 12-month follow-
up evaluation, the mean SST scores were 8.0 � 1.6,
10.9 � 0.9, and 11.5 � 0.6, respectively. The SST score at
12 months postoperative was 9.2 higher than the preopera-
tive SST score (P < 0.01). No significant difference between
the 6- and 12-month follow-up evaluations could be found
(P > 0.05) (Table 2).

Complications
One patient developed a superficial wound infection 3 weeks
postoperation. The wound healed after routine wound care.
The patient presented good results at the time of the final
follow-up. No neurovascular complications were recorded
(another typical case is shown in Figs 10, 11, 12, 13).

Radiographic Outcomes
Anterior–posterior radiographs showed two partial loss of
vertical reduction, which caused no adverse effects on patient
clinical results. No horizontal instability was noted in all
patients by axillary view and 3-D-CT.

Discussion

Characteristics and Surgical Options of ACJ Dislocation
No consensus has been reached regarding the treatment of
high-grade AC dislocation despite the prevalence of this
injury3, 5, 24. The choice of an adequate surgical procedure is
based on various factors, such as the surgeon’s preference,
the patient’s activity level, and biomechanical properties of
the surrounding ligaments25. More than 150 variations have
been described to treat symptomatic ACJ separations4; how-
ever, the superiority of a single technique has not been
defined up to this point. Regardless of the construct used,
reduction must be maintained long enough for the biological
healing process to occur9.

Fig. 11 Intraoperative image before and

after tightening the sutures.

Fig. 12 X-Ray taken at 28-month follow-up visit.
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All surgical procedures for AC dislocation can be classi-
fied into four categories: (i) fixation of the AC and/or CC with
hardware including screws and K-wires; (ii) hook plates;
(iii) fixation of the CC with suture buttons or anchors;
(vi) reconstruction of CC ligaments with autograft or allograft
tendon26. Temporary transarticular K-wire fixation of the ACJ
has led to unsatisfactory outcomes, including K-wire breakage,
migration, and loss of reduction27. Similarly, hardware failure
and obligatory screw removal have decreased the popularity of
CC cerclage or screw fixation28. The hook plate is a metal
device that keeps the ACJ in a reduced position by hooking its
tip under the acromion and fixing it to the clavicle with
screws29, 30. Given the supra-physiologic mechanical strength31

and good and excellent clinical outcomes32, 33, this technique is
popular all over the world, especially in Europe. On the other
hand, hook plates must be removed 8–12 weeks after surgery, a
situation that involves the need of a second surgery. Common
complications associated with hook plate fixation include func-
tional limitations and pain33, clavicle fracture at the medial end
of the plate34, subacromial impingement and rotator cuff
tears35, upward cutting of the hook through the acromion36,
acromial osteolysis37, and fracture38. Despite the timely plate
removal, an increased risk of fracture of the distal clavicle after
low-energy trauma may also exist39. These implant-related
adverse effects may influence a patient’s final functional out-
come and hinder the clinical application of such procedures40.

Current Trends and Existing Problems
Anatomic reconstruction of the CC and AC ligaments using
tendon grafts and endobutton CC fixation in acute ACJ dis-
location have rapidly gained popularity in the past few
decades8, 13. Clavicle and/or coracoid fractures resulting
from bone tunnels, which are usually 6 mm in diameter,
are the main reasons that restrict these techniques. Several
authors recommended the use of 3 mm bone tunnels to
avoid the use of large bone tunnels to reduce either clavicle
or coracoid fractures41–43.

Technical Characteristics and Key Technologies of this
Study
In the present study, the authors successfully maintained the
ACJ in a reduced position using two suture anchors in
patients with high-grade AC dislocation. This technology
offers the following important features: (i) Regardless of

whether 3.5 (295 N) or 5.0 mm (331N) was used, two suture
anchors provided comparable biomechanical strength com-
pared with the native CC ligament complex of 589 N and
had sufficient strength to withstand physiological loads and
restore stability12, 44; (ii) Suture anchor implantation in the
base of the coracoid process was easier and less dangerous
for the neurovascular structures than passing a loop under-
neath the coracoid process25; (iii) Jerosch et al.45 evaluated
eight different AC reconstruction techniques in a biome-
chanical study, observing the best restoration of anatomy
with suture anchor fixation in the base of the coracoid pro-
cess; (vi) When 3.5 mm suture anchors were used, both cora-
coid and clavicle tunnels were created by 2.0 mm drill bit or
Kirschner wire, which needed smaller clavicle holes than
those required for the tendon graft or endobutton procedure,
thus minimizing the possibility of intraoperative and postop-
erative fractures; (v) Hardware removal was unnecessary,
and implant-related complication was avoided, indirectly
reducing the cost for family members and the national
healthcare system. Numerous studies have confirmed the fea-
sibility and effectiveness of suture anchor fixation to repair
ACJ separation2, 21, 25, 46–48. Nevertheless, all shoulders were
immobilized in a sling for 6 weeks to ensure native CC liga-
ment healing and prevent reduction loss.

Distal clavicle resection (Mumford procedure) may
represent an effective solution to a painful old ACJ injury5,
49. Various modified Weaver–Dunn procedures which
include distal clavicle excision have been widely used21, 25, 50.
However, for acute AC injuries, a great controversy remains
about whether distal clavicle resection should be conducted3,
5. Aliberti et al.15 reported that horizontal instability injuries
are often neglected or poorly understood, resulting in diffi-
cult diagnosis, which may lead to high complication rates
and failure after surgical stabilization. Consistent evidence
indicates that stability of horizontal plane plays a decisive
role over the clinical outcome23. Other studies considered
that the remaining horizontal instability is the only factor
that may lead to an adverse effect on final clinical outcome51.
Several scholars explored stabilization methods in the hori-
zontal plane to address this important issue14, 52–54. In this
study, we exposed the ACJ, debrided and removed the dam-
aged cartilage disc, reduced the dislocated joint under direct
vision, and performed reliable fixation by two strands of
heavy nonabsorbable sutures. On one hand, horizontal

Fig. 13 Patient felt no pain and had full range of motion and normal strength joint.
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stability was obtained. On the other hand, this condition fur-
ther augmented and protected the vertical stability of CC
fixation.

Limitations
This study encountered several limitations, including its ret-
rospective analysis, small sample size, lack of comparative
cohort, and the displacement of 2 mm considered as arbi-
trary quantification standard. Therefore, further studies
involving randomized controlled trials with larger numbers
of cases are needed.

Conclusion
Currently, no single surgical technique has demonstrated
superior results over other forms of fixation. The authors
believe that the two-suture anchor fixation method for CC
ligament and suture augmentation for ACJ demonstrates a
reliable alternative for the surgical treatment of acute AC dis-
location. This technique restores the stable ACJ both verti-
cally and horizontally and provides sufficient strength to
hold the distal clavicle to the coracoid process for CC and
AC ligament healing. Nevertheless, other factors require
attention during the surgical procedure.
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