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Abstract N\
The treatment of type 3 acromioclavicular joint injuries has still controversial issues. In this retrospective study, we aimed to compare |
the radiological and functional outcomes of the suture anchor and double-button fixation methods for the treatment of type 3
acromioclavicular joint injuries.

This study included 20 patients who underwent suture anchor (9 patients) and double-button fixations (11 patients) for isolated
type 8 acromioclavicular dislocation. Injuries were classified according to the Rockwood Classification System. Coracoclavicular(CC)
distances and anterior translation have been measured pre-operatively and at the 12th month follow-up. Functional evaluation was
performed using the DASH, and Constant-Murley scores of the patients were recorded at the12th-month follow-up.

The mean age of the patients was 37 (22-50) years in Group 1(double-button group) and 39 (24-56) years in Group 2(suture
anchor group). All of the patients were male. There was no statistically significant difference between the DASH and Constant-Murley
scores of the 2 groups (P >.05). The mean DASH score of the patients evaluated at the postoperative 12th month was 6.65 (0-38.3)
in Group 1 and 2.48 (0-4.2) in Group 2. The mean Constant-Murley score of the patients evaluated at the postoperative 12th month
was 89,6 (50-98) in Group 1 and 93,6 (90-98) in Group 2. Comparison of the pre- and post-operative CC distances and pre- and
post-operative anterior translation distances of both groups revealed that there was no statistically significant difference between
groups regarding postoperative CC distances and anterior translation distances (P> .05).

Suture anchor and double-button techniques are reliable treatment methods that are not superior to one another and can yield
excellent functional outcomes

Abbreviations: AC = acromioclavicular, ACJ = acromioclavicular joint, CC = coracoclavicular, CC DISTANCE = Distance
Between the Clavicle and Coracoid Process, DASH = The Disabilities of the Arm, Shoulder, and Hand, ROM = range of motion.
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1. Introduction

Acromioclavicular joint (ACJ) injuries are one of the most
common injuries of the upper extremity.'!! ACJ injuries which
roughly account for half of the athletic shoulder injuries are
frequently observed in the young, athletic population as well as in

Optimal management for Rockwood type 3 AC]J injuries is still
controversial, and further sub-classification depending on the
stability of the ACJ was proposed to assist clinical decision
making.!*! Various techniques with different success rates,
advantages, and disadvantages, have been proposed for the
surgical treatment of AC]J injuries, such as pinning of the AC

all age groups after high energy trauma.l*’! joint, coracoclavicular (CC) loop cerclage technique, hook plates,
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CC screws, CC ligament repairs, coracoid transfer, distal clavicle
excision, muscle-ligament transfers, and various arthroscopically
assisted techniques.l~"*! However, still, no single technique has
been proved to be superior to others.['¥]

The suture anchor technique defined by Jingwei et al is
advocated to provide restoration of AC] stability in both
planes.™>! Also, double-button technique reported providing
satisfactory stability via a simple technique.[*®!

This study aims to compare the functional and radiological
outcomes of the suture anchor and double-button methods for
the fixation of type-3 ACJ injuries.

2. Materials and methods

This retrospective study was performed at our institution, which
is a regional Level 1 trauma center. Shoulder trauma patients had
been consulted by a single orthopedic surgeon experienced in
shoulder surgery between 2014 and 2018. Patients with type 3
AC joint injuries were managed surgically unless there was a
contraindication for surgery or the patient refused surgical
treatment.

The patients had surgical fixation of the AC joint injuries with
the use of either suture anchors or Biomet Zip-Tight™ system
depending on the availability of the fixation material. This
resulted in 2 groups of consecutive patients who are the subjects
of this study.

After ethical approval of the study by the Ethical Board of
Erzurum Regional Research and Training hospital with the file
number 19.02.18/37732058-514.13, charts of all patients who
had suture anchor or double-button technique between January
2014 and September 2017 for acute type 3 ACJ injury were
retrospectively reviewed. All of the patients were operated by the
same surgeon experienced in shoulder trauma. The inclusion
criteria were acute type 3 AC]J injury, the availability of at least 1
year follow-up and age between 18 and 60. Exclusion criteria
were skeletally immature patients with open physis, and patients
having concomitant injuries. The patients were randomly selected
for the suture anchor and the double button fixation groups.
Written informed consent was obtained from all of the patients
regarding scientific research and medical interventions at the
initial admission to the hospital.

Twenty six patients who had surgical treatment for type 3 AC]J
injuries and had a minimum follow-up period of 1 year were
retrieved. One patient with open physis, 1 patient with bilateral
AC]J injury, 1 with concomitant ipsilateral acromial fracture, 2
with concomitant ipsilateral proximal humeral fractures, and 1
with subarachnoid hemorrhage were excluded. Eleven of the
remaining patients had double-button fixation, 9 had suture
anchor fixation methods.

2.1. Surgical method and postoperative protocol

All patients underwent surgery under general anesthesia in the
beach-chair position. The infraclavicular block was performed at
the end of the operation to provide postoperative analgesia. All
patients were administered 2 g of a first-generation cephalosporin
preoperatively. Following the confirmation of the dislocated side
with fluoroscopy, a longitudinal incision of approximately 3 to §
cm was done from the medial side of the AC joint extending to the
coracoid process. The dislocated AC joint was exposed with
minimum soft tissue injury and by blunt dissection of soft tissues,
and then the coracoid process was exposed.
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2.2. Suture anchor method

A 5-mm suture anchor with 4 strands was placed by drilling
toward the base of the coracoid process. Two holes were created
on the coronal plane with a 2.7-mm drill over the clavicle at the
region of the remnants of trapezoid and conoid ligaments. After
the reduction of the AC joint, temporary fixation was performed
with a 2-mm Kirschner wire. Strands of the suture anchor were
passed through the holes in pairs and tied over the clavicle.
Following the removal of the Kirschner wire, a 5-mm suture
anchor with 4 strands was inserted into the distal part of the
clavicle. The strands were passed through the holes drilled with
the 2.7-mm drill over the acromion and clavicle and tied over the
joint (Figs. 1-3). Following the completion of the fixation, the AC
joint was examined for implant irritation and stability.

2.3. Double-button method

The double-button knotless suture anchor technique was
performed using Biomet Zip-Tight™ system. Temporary
fixation of AC joint was performed with a 2-mm Kirschner
wire, and then the sharp end of the guide was placed under the
coracoid process. A Kirschner wire guide was advanced toward
the base of the coracoid process over the clavicle. The holes on the
clavicle and coracoid were opened with a 3.2-mm drill to be
aligned on a single axis. The buttons were placed and tightened.
After the adjustment of the tightness of the strands, the Kirschner
wire was removed. The stability of the fixation and the presence
of translation were assessed (Figs. 4-6).

The follow-up, functional, and radiologic evaluation of the
patients had been performed by the same orthopedic surgeon who
operated the patients. Patients had been kept in a sling for 1 month
after the operation, allowing only passive range of motion (ROM)
exercises. In the following weeks, patients progressed to active
motion until full ROM is achieved, and strengthening exercises
were begun afterward. Patients were routinely followed up with
anteroposterior and axial radiographs obtained at 1st, 3rd, 6th,
and 12th months postoperatively unless there was a complication
that required intervention and close follow-up. Additionally, 3D
CT images of the patients were obtained only at the postoperative
12th-month follow-up for the evaluation of the ACJ in both
vertical and horizontal planes. Depending on the radiographic
evaluation, AC]J injuries were graded, and distances between the
clavicle and coracoid process (C-C distance) were measured.
Functional scores were evaluated the Disabilities of the Arm,
Shoulder, and Hand (DASH), and Constant—Murley scores of the
patients were recorded at the 12th-month follow-up. Complica-
tions such as infections, loss of fixation, reoperation, and implant
failures observed during the follow-ups were also recorded.

2.4. Statistical analysis

Statistical analyses were performed by IBM SPSS.20 computer
software. Data were presented as mean, number, percent, and
standard deviation. Shapiro-Wilk test was used to determine
whether the data were normally distributed or not. Mann-
Whitney U, Fisher exact, Chi-Squared, and the Student # test were
performed for comparison between the groups. The level of
significance was set at P <.05.

3. Results

Baseline characteristics of the patients (age, gender, dislocated
side, trauma etiology, time from admission to operation,
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Figure 1. Suture anchor technique for AC injury fixation.

operation time, fluoroscopy time, and duration of follow-up) are
noted in Table 1.

Eleven patients who underwent double-button fixation were
designated as Group 1, and 9 patients who underwent suture
anchor fixation were designated as Group 2. All patients included
in the study were male. The mean age of the patients was 37 (22—
50) years in Group 1 and 39 (24-56) years in Group 2. Group 1
consisted of 9 patients with the right shoulder, 2 patients with left
shoulder injuries. Group 2 consisted of 7 patients with right
shoulder, 2 patients with left shoulder injuries. Etiologically, out
of the 20 patients, the cause of injury was fall in 6 patients, traffic
accidents in 9 patients, athletic injuries in 4 patients, and physical
assault in 1 patient. All patients included in the study had type 3

Figure 2. Direct X-ray AP view of patient with type 3 AC injury.

AC]J injuries. The mean time to the operation was 23 (12-48)
hours in Group 1 and 18 (12-28) hours in Group 2. The mean
duration of follow-up was 13,8 (12-21) months in Group 1 and
12,7 (12-16) months in Group 2.

ACJ injuries were evaluated according to the Rockwood
Classification System.!'”! The mean preoperative distance
between the clavicle and coracoid process (C-C distance) in
Group 1 was 19 (12-30) mm. The mean C-C distance at the
postoperative 12th-month follow-up was 16 (9.6-23.1) mm. This

Figure 3. Direct X-ray AP view of patient with type 3 AC injury after fixation with
suture anchors.
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Figure 4. Double-Button technique for AC injury fixation.

distance in the intact shoulder of the patients in this group was
recorded as 7.4 (7-9.7) mm. The mean preoperative C-C distance
in Group 2 was 19 (14-30) mm. The mean C-C distance at the
postoperative 12th-month follow-up was 15.7 (9.8-18.8) mm.
This distance in the intact shoulder of the patients in this group
was recorded as 8.83 (7-10.4) mm. There was no statistically
significant difference in terms of the postoperative C-C distance
between the 2 groups (P>.05).

Translation of distal clavicle on the horizontal plane was
measured and recorded in both groups in comparison to the
intact shoulder in the preoperative period and at the postopera-
tive 12th-month follow-up. Translation in the posterior direction
was not observed in any of the patients. Anterior translation
compared to the intact shoulder in Group 1 was recorded as 17.16
(1.2-26.2) mm in the preoperative period and 3.51 (0-26.7) mm in
the postoperative period. This translation was recorded as 8.32

.20,dGy.cm? -

Figure 5. Direct X-ray AP view of patient with type 3 AC injury.

(1.3-22) mm in the preoperative period and 1.11 (0-2) mm in the
postoperative period in Group 2. There was no statistically
significant difference in terms of the postoperative anterior
translation between the 2 groups (P>.05).

The mean DASH score of the patients evaluated at the
postoperative 12th month was 6.65 (0-38.3) in Group 1 and 2.48
(0-4.2) in Group 2. There was no statistically significant
difference between the DASH scores of the 2 groups (P>.05).
The mean Constant—Murley score of the patients evaluated at the
postoperative 12th month was 89,6 (50-98) in Group 1 and 93,6

Figure 6. Direct X-ray AP view of patient with type 3 AC injury after fixation with
double buttons.
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Baseline characteristics of patients.

Patient Performed method Age (years) Side Gender Trauma type Dislocation type Time until operation (h)
1 Double-button 47 R M Fall Type 3 16
2 Double-button 40 R M Traffic Accident Type 3 18
3 Double-button 35 L M Traffic Accident Type 3 24
4 Double-button 50 R M Falling Type 3 32
5 Double-button 24 L M Sportive Direct Contact Type 3 24
6 Double-button 37 R M Traffic Accident Type 3 16
7 Double-button 38 R M Traffic Accident Type 3 24
8 Double-button 22 R M Sportive Direct Contact Type 3 32
9 Double-button 4 R M Falling Type 3 48
10 Double-button 38 R M Traffic Accident Type 3 12
11 Double-button 42 R M Traffic Accident Type 3 12
1 Suture Anchor 42 R M Phsical assault Type 3 12
2 Suture Anchor 38 R M Traffic Accident Type 3 14
3 Suture Anchor 37 L M Falling Type 3 22
4 Suture Anchor 52 R M Falling Type 3 28
5 Suture Anchor 56 L M Sportive Direct Contact Type 3 20
6 Suture Anchor 25 R M Traffic Accident Type 3 18
7 Suture Anchor 36 R M Traffic Accident Type 3 12
8 Suture Anchor 24 R M Sportive Direct Contact Type 3 16
9 Suture Anchor 42 R M Fall Type 3 24

Right(R), Left(L), Male(M).

(90-98) in Group 2. There was no statistically significant
difference between the Constant—-Murley scores of the 2 groups
(P>.05) All postoperative outcomes of the patients are presented

in Table 2 (Table 2).

No infection was observed in both groups. Revision surgery
was performed with a Kirschner wire after observation of fixation
loss in 1 patient in Group 1 ata 1st month follow-up. The wires in
this patient were removed 20 days after 3 weeks of immobiliza-

tion with Velpeau bandage.

4. Discussion

Both of the surgical techniques achieved satisfactory functional as
well as radiological outcomes in the treatment of type 3 AC]
injuries. The suture anchor method was proposed to provide
better anteroposterior stability. However, comparing the anterior
translation distance of the groups, at last, follow up, there was no
significant difference between the groups, and the overall
functional outcomes were similar.

Functional and radiological results of patients.

Healthy Preoperative AP Postoperative AP Constant

Preoperative Postoperative shoulder translation compared translation compared  Murley Follow-up

Performed C-C DISTANCE C-C DISTANCE C-C DISTANCE to healthy Arm to healthy arm shoulder Dash  duration

Patient method (vertical) (mm) (vertical) (mm) (vertical) (mm) (horizontal) (mm) (horizontal) (mm) score score  (months)
1 Double-button 24.2 9.6 9.7 1.2 2 90 5 16
2 Double-button 30.3 23.1 6.6 5.6 26.7 50 38.3 12
3 Double-button 15 14.2 7 30 0 94 3.3 13
4 Double-button 17 15 6.8 26.2 1 98 5 12
5 Double-button 22 204 10 12 3 90 4.2 13
6 Double-button 25 23 8.2 14.6 2 90 33 12
7 Double-button 15 14 7.6 18 3 90 5.8 21
8 Double-button 16 15 9.4 22 1 98 0 16
9 Double-button 18 16.8 1.2 24.2 0 98 0.8 13
10 Double-button 14 13.6 8 25 0 94 33 12
11 Double-button 12 11.8 7 10 0 94 4.2 12
12 Suture Anchor 20.2 9.8 8.7 1.3 2 90 5 12
13 Suture Anchor 30 10.2 7.6 6.6 0 94 0 13
14 Suture Anchor 14 13.6 8 75 0 94 4.2 12
15 Suture Anchor 15 15 7 7 1 98 0 12
16 Suture Anchor 20 18 11 11.2 2 90 33 13
17 Suture Anchor 22 21 9.2 10 2 90 3.3 12
18 Suture Anchor 14 13 5.6 12 2 90 5.8 13
19 Suture Anchor 18 17.2 10.4 14 1 98 0 16
20 Suture Anchor 20 18.8 12 22 0 98 0.8 12

The Disabilities of the Arm, Shoulder and Hand (DASH) Score.
Distance between the Clavicle and Coracoid process (C-C DISTANCE).
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The primary purpose of surgical treatment for AC injuries is to
reduce the AC joint and provide adequate stability for keeping
reduction. There is still no consensus on the best technique and,
there are more than 50 different methods for the treatment of ACJ
injuries reported in the literature.™®!

Jerosch et al compared 8 different fixation methods and
reported that a single coracoid sling procedure results in anterior
displacement and fixation with an anchor placed in the base of
the coracoid process, and the hole created in the medial clavicle is
a system that best restores the anatomy.!*”! Dimakopulos et al
reported that horizontal stability is just as important as vertical
stability and that they achieved good results because the CC
cerclage method that they used provided adequate stabilization in
both planes.*”! Breslow et al compared suture anchor and suture
cerclage methods and achieved similar results with both methods;
however, damage to the neurovascular structures was less likely,
and the operation time was shorter with suture anchor
method.?" Jingwei et al achieved excellent results with a method
in which they performed AC fixation with CC fixation in order to
obtain horizontal stability, which is also similar to the suture
anchor method used in our study.’!

Chernchujit et al used arthroscopy-assisted AC and CC
fixation methods and emphasized that the AC joint must be
stabilized in both vertical and horizontal planes. Particular
studies also reported that CC ligaments provide approximately
two-thirds of the force preventing the vertical translation,
whereas joint capsule and AC ligaments prevent horizontal
displacement.?>24! Other studies have shown that an essential
structure preventing translation in the anterior and superior
direction is the conoid ligament, which is one of the CC
ligaments.2%-2°!

Beris et al argued that sufficient strength against displacement
in both anterior and superior directions could be acquired with
double button fixation techniques alone, without applying
additional fixation to the AC joint. They stated that the fixation
loss in first-generation materials is usually because of the bone
erosion in the clavicle due to the use of small buttons, the
proximal button size was increased; thus, erosion was decreased,
and satisfactory results were obtained. The most important
aspect of this method is the anatomic location of the hole in the
coracoid. A hole that is not opened precisely at the center of the
coracoid in the coronal plane and as close to the base as possible,
will negatively affect the anterior stabilization of the fixation, can
cause the coracoid process to be broken, and lead to displacement
in the vertical plane.l*”!

While performing fixation, attention is almost always paid to
vertical stability, whereas horizontal stability is often overlooked.
Lack of adequate stabilization in the vertical or horizontal planes
after ACjoint dislocation can cause chronic pain and limitation in
the shoulder functions of the patient in the long-term. Adequate
fixation in both planes while choosing the surgical technique
would prevent pain and degenerative changes in the AC joint that
may occur in the future.[?873%

We think that the satisfactory functional outcomes achieved in
both groups with different surgical methods are associated with
the achievement of horizontal stability as well as the vertical
stability during the application of suture anchor and double-
button methods. We believe that prospective, clinical, or
biomechanical studies evaluating larger comparison groups are
needed to determine the single best method of ACJ injuries.

Although both methods seem to have yielded similar success,
there was a reduction loss in 1 patient in the group that
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underwent fixation using the double-button method. We believe
that this complication was due to fixation with inadequate thread
tightness during the application of the method and lack of surgical
experience because this was the first patient in the series. Thus, we
believe that when deciding the surgical method for type 3 AC
injuries along with the knowledge that these 2 methods have
similar results, it would be beneficial that the operating surgeon
prefers the method that he or she is most experienced with.

Being a single-center study, the same surgeon operating all of
the patients, comparatively homogenous groups of patients are
strengths of our study. The limitations of our study include the
small number of patients, relatively shorter follow-up time, and
problems associated with the retrospective design. Prospective,
randomized controlled, and multi-center studies on a more
extensive patient series will provide more information on the
treatment of type 3 AC joint injuries.

5. Conclusion

Both of the techniques resulted in satisfactory outcomes for the
patients without being superior to one another. Surgeons can
prefer both of these techniques reliably in the surgical treatment
of patients with type 3 AC]J injuries.
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