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Abstract:We retrospectively analyzed the clinical data of
635 patients with acute acromioclavicular dislocation,
who underwent surgery in our hospital between May
2014 and June 2020. Patients were divided into group A
(clavicular hook plate) and group B (Triple-Endobutton
plates via double-incision). The propensity score analysis
using one to one match was performed for comparisons.
We obtained 292 matched patients’ data. The matched
preoperative clinical characteristics were a balance between
the two groups. All clinical parameters showed insignificant
differences (P > 0.05). Compared with group A, group B
has longer operative time (P < 0.001) and more blood loss
(P < 0.001); however, the mean incision length (P < 0.001)
and length of hospitalization (P < 0.001) were shorter in
group B than in the group A. The mean VAS in group B
were significantly lower than in group A at each time point
(P < 0.001), and the UCLA shoulder score was higher in the
group B. The CMS scores were also higher in group B than in
group A, including before removal and 12 weeks after
removal (P < 0.001). The clinical efficacy of the double-inci-
sion Triple-Endobutton plate is better than the clavicular
hook plate technology, and achieves anatomical reduction
by reconstructing coracoclavicular ligament.

Keywords: acute acromioclavicular joint dislocation, Triple-
Endobutton plates, clavicular hook plate, propensity score
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1 Introduction

Acute dislocation of acromioclavicular joint is one of
the most common injuries, accounting for about 12% of
shoulder injuries [1]. Acromioclavicular dislocation is
mostly caused by direct violence, such as heavy injury
or direct shoulder landing. It can also be caused by
indirect violence, such as upper limb adduction when
falling, and the dislocation is caused by the transmission
of upper arm strength to the acromioclavicular joint. The
acromioclavicular joint is composed of distal clavicle and
acromion, belongs to the micro joints, and is able to move
up and down, front and back, and perform rotating
activity along the longitudinal axis of the clavicle. The
coracoclavicular ligament of the acromioclavicular joint
is in turn composed of the posteromedial cone ligament
and the anterolateral trapezoid ligament [2]. Dislocated
acromioclavicular joint causes joint instability, abnormal
activity, “Piano-key sign” deformity, thereby causing
obvious pain in shoulder joints and during shoulder
joint movement, seriously affecting the work and life of
patients, so the treatment of acromioclavicular joint dis-
location is very important.

The clinical classification methods of acromioclavi-
cular dislocation are varied. Rockwood classified the
acromioclavicular dislocation into 6 types according to
the pathological anatomical characteristics and the severity
of injury [3]. The ligament of patients with IV–VI type acute
acromioclavicular joint dislocation was completely broken,
and second traumatic arthritis occurred easily [4]. So, most
scholars suggest that surgical treatment should be per-
formed first, but there are different opinions for treatment
of acute dislocation type III. There are dozens of surgical
methods reported for the treatment of acromioclavicular
dislocation, each with its own advantages and disadvan-
tages [5,6].

At present, the most widely used surgical method in
clinical practice is internal fixation of clavicle hook plate,
which has definite efficacy [7]. However, postoperative
complications such as limited shoulder joint motion,
shoulder pain, acromial impingement, and re-dislocation
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after internal fixation are prone to occur. In 2007, Struhl
first proposed the anatomical reconstruction of the cora-
coclavicular ligament with Double-Endobutton for the
treatment of acromioclavicular joint dislocation, and the
clinical effect of short and mid-term follow-up was satis-
factory [8]. On this basis, the surgeon used Triple-Endo-
button technique with double incision, combined with 2
(4 strands)No. 5 sutures to anatomize and reconstruct the
coracoclavicular ligament and indirectly reduce the acro-
mioclavicular joint dislocation. Using propensity score
matching (PSM)method, we assessed the clinical efficacy
of the double-incision Triple-Endobutton plates and cla-
vicular hook plate in treatment of acute acromioclavi-
cular joint dislocation.

2 Materials and methods

2.1 Study design and population

We retrospectively analyzed the clinical data of patients
with acute acromioclavicular dislocation who underwent
surgery in our hospital between May 2014 and June 2020,
and the patients were confirmed according to the preo-
perative clinical and radiographic assessment. The PSM
method was performed to compare patients with Triple-
Endobutton plates via double-incision to patients with
clavicular hook plate. The diagnostic criteria were as fol-
lows: (1)History of trauma when the shoulder touches the
ground or the patient’s arm rests on the ground. (2) The
shoulder movement is restricted followed by local bruising,
swelling, pain, aggravation of pain during abduction or
lifting. (3) The piano-key sign is positive or acromioclavi-
cular joint bulge and tenderness. (4) The imaging data con-
firmed acromioclavicular joint dislocation.

Ethic statement: This study was approved by the Ethics
Committee of Siyang Renci Hospital. The research was per-
formed in accordance with the World Medical Association
Declaration of Helsinki, and all subjects provided written
informed consent.

2.2 Eligibility

The criteria for the inclusion were as follows: (1) No pre-
vious history of shoulder injury and related surgery. (2)
The acromioclavicular joint dislocation occurred within

2 weeks. (3) The complete clinical and follow-up data are
available.

The criteria for exclusion are as follows: (1) Patients
with fractures and dislocations of other parts of the body.
(2) Combined with osteoporosis. (3) Combined brachial
plexus nerve and blood vessel injury. (4) Patients with
other major physical diseases such as liver, kidney, and
malignant tumor. (5) Combined with a history of other
diseases of the ipsilateral shoulder joint or surgery.

2.3 Operating methods and postoperative
management

Patients in group A received the clavicular hook plate
method and the patients in group B received the Triple-
Endobutton plates via double-incision. The drainage sheet
was removed within 48 h after the operation, and sympto-
matic treatments such as postoperative swelling and pain
were routinely treated. The postoperative neck-wrist sling
was suspended for 4 weeks, and the functional exercise was
divided into three stages; (1) 0–3 weeks after treatment:
gradually start moving the joints of the hands, wrist, elbow,
and shoulder one day after the patient’s pain tolerance.
Step by step functional exercises, mainly passive exercises,
and shoulder pendulum exercises can be done in the first
2–3 weeks, from passive exercise to active, the range of
exercise is from small to large. (2) 4–6 weeks after opera-
tion: 4 weeks after operation, the neck and wrist sling can
be removed, the shoulder joint can be actively moved, and
attention should be paid to avoid excessive shoulder joint
movement. (3) Six weeks after surgery: Moderate total
shoulder strength training, and patient can participate in
outdoor exercises appropriately, but attention should be
paid to avoid strenuous activities to avoid injury and dis-
location again.

2.4 Data collection and definitions

All data were collected in a standard Excel sheet. The
preoperative variables included baseline data, such as
sex (male vs female), age (year), the affected side, body
mass index (weight kg/height m2, kg/m2), cause of injury,
Rockwood classification, and time from injury to surgery.
The intraoperative variables included incision length,
blood loss, operative time, and length of hospitalization.

The postoperative assessment consisted of after sur-
gery, 7 days, 3 weeks, 6 weeks, 12 weeks, and 12 weeks
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after removal. The degree of pain was scored by the visual
analogue scale (VAS), a total of 0–10 points, the higher
the score, the more obvious the pain [9]. The UCLA (the
University of California at Los Angeles) shoulder rating
scales were used for upper limb function after surgery as
well as the VAS time point [10]. Constant–Murley score
(CMS)was used to score the function of the shoulder joint
before removal and 12 weeks after surgery. The CMS
includes shoulder pain (15 points), daily life (10 points,
including normal work, entertainment, sleep is affected),
the final height of the affected side’s hand (10 points), the
active range of movement of the affected side’s shoulder
joint, including front Flexion (10 points), abduction
(10 points), internal rotation (10 points), and external
rotation (10 points), and abduction muscle strength
(25 points). Full score is 100 points [11].

The postoperative complications included coracoid
fracture, re-dislocation, loss of reduction (slight and obvious),
heterotopic ossification, and total complications.

2.5 Primary and secondary outcomes

The primary outcome was 7-days, 3-, 6-, and 12-weeks
postoperative assessment score of VAS, UCLA, and CMS.
The secondary outcomes were 12-week postoperative
complications.

2.6 PSM

The PMS was used to achieve a balanced exposure between
two groups at some potential confounding factors. The
score calculation was obtained via the logistic regression.
The matched baseline variables included sex (male vs
female), age (year), the affected side, body mass index
(weight kg/height m2, kg/m2), cause of injury, Rockwood
classification, and time from injury to surgery. The matched
ratio is 1:1 for the two groups based on the propensity score
with a standard caliper width of 0.2.

2.7 Statistical analysis

Normally distributed continuous data were expressed as
mean value ± standard deviation, and t test was used
for comparisons between the two groups. The Mann–
Whitney test was used for non-normally distributed con-
tinuous data. The ANOVA for repeated measurement was
used for multiple time points comparison. The Chi-square

test was used for category data. We performed the pro-
pensity score analysis using one to one match. The
nearest-neighbor matching method was used with a
caliper width equal to 0.2. The match algorithm was
based on logistic regression. PSMmatching was performed
using the PSM 3.04 extension program [9]. The SPSS 23.0
was used for all analysis. P < 0.05 was considered signifi-
cance level.

3 Results

3.1 General characteristic of study
population

We finally enrolled 635 patients with acute acromioclavi-
cular joint dislocation, including 419 (66.0%) males and
216 females (34.0%). The mean age was 42.0 ± 14.4 years.
Among all patients, 150 patients received Triple-Endo-
button plates via double-incision and 485 patients under-
went clavicular hook plate. The surgery was performed
in right shoulder for 385 (60.6%) patients and in left
shoulder for 250 (39.4%) patients. The dislocation was
caused by road accident in 58.3% (n = 370) of patients
and due to fall in 41.7% (n = 265) of patients. According to
the Rockwood classification, the types III, IV, and V were
72.3, 17.3, and 10.4%, respectively. The mean time from
injury to surgery was 5.02 ± 2.3 days.

Table 1 presented the overall patient’s preoperative
characteristics. Compared to patients in group A (clavi-
cular hook plate), patients in group B (Triple-Endobutton
plates via double-incision) tended to be younger (43.2 vs
38.3, P < 0.001). The number of right shoulder dislocation
was higher in group B than in group A (68.7 vs 58.1%, P =
0.027). The mean BMI was also higher in group B than in
group A (P < 0.001). About the Rockwood classification,
significant difference was observed between two groups
(P = 0.013). There were no significant differences in sex
ratio and cause of injury (P > 0.05). No significant differ-
ence was observed in injury to surgery time (P = 0.501)
between the two groups.

3.2 Matched patient’s clinical
characteristics and outcomes

To reduce the effects of data bias and confounding factors,
we performed a 1:1 PSM analysis. We obtained 292
matched patients’ data (group A = 146 and group B = 146).
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The matched patient’s preoperative characteristics are pre-
sented in Table 2. The matched preoperative clinical charac-
teristics were a balance between the two groups. All clinical
parameters showed insignificant differences (P > 0.05).

Table 3 presented matched patient’s intraoperative
characteristics between the two groups. Compared with
group A, group B had longer operative time (61.9 ± 16.0 vs
75.9 ± 28.0, P < 0.001), and more blood loss (81.3 ± 5.4 vs
87.5 ± 2.9, P < 0.001). However, the mean incision length
(5.9 ± 0.8 vs 10.0 ± 0.7, P < 0.001) and length of hospi-
talization (5.8 ± 2.4 vs 7.5 ± 3.4, P < 0.001) were shorter in
group B than in the group A.

The postoperative outcomes were presented in Table 4.
The mean VAS in group B were significantly lower than
in group A at each time point (P < 0.001). The VAS of
group B did not change after 6 weeks post operation. The
VAS went down slowly in group A. In the time period
from the completion of the operation to the time before

the second operation when clavicle hook plate was removed,
P < 0.05 which was statistically significant, indicating that
the recovery effect of shoulder function after treatment was
better before the second operation. However, no significant
difference was observed at 12 weeks after removal, indicating

Table 2: Matched patient’s preoperative characteristics

Characteristics Level Group A (n = 146) Group B (n = 146) P

Sex (n, %) Male 45 (30.8%) 47 (32.2%) 0.801
Female 101 (69.2%) 99 (67.8%)

Age (mean value [SD]) 40.2 (14.4) 38.7 (11.4) 0.309
The affected side (n, %) Right 99 (67.8%) 100 (68.5%) 0.900

Left 47 (32.2%) 46 (31.5%)
BMI (mean value [SD]) 23.0 (3.2) 23.0 (3.5) 0.916
Cause of injury (n, %) Road accident 100 (68.5%) 92 (63.0%) 0.324

Fall 46 (31.5%) 54 (37.0%)
Rockwood (n, %) III 116 (79.5%%) 112 (76.7%) 0.848

IV 25 (17.1%) 28 (19.2%)
V 5 (3.4%) 6 (4.1%)

Injury time (mean value [SD]) 5.4 (2.3) 5.1(2.3) 0.347

Table 3: Matched patient’s intraoperative characteristics between
two groups

Parameters Group A
(n = 146)

Group B
(n = 146)

P

Incision length (cm) 10.0 ± 0.7 5.9 ± 0.8 <0.001
Blood loss (mL) 81.3 ± 5.4 87.5 ± 2.9 <0.001
Operative time (min) 61.9 ± 16.0 75.9 ± 28.0 <0.001
Length of
hospitalization
(days)

7.5 ± 3.4 5.8 ± 2.4 <0.001

Table 1: Overall patient’s preoperative characteristics

Characteristics Level Group A (n = 485) Group B (n = 150) P

Sex (n, %) Male 167 (34.4%) 49 (32.7%) 0.764
Female 318 (65.6%) 101 (67.3%)

Age (mean value [SD]) 43.2 (15.0) 38.3 (11.6) <0.001
The affected side (n, %) Right 282 (58.1%) 103 (68.7%) 0.027

Left 203 (41.9%) 47 (31.3%)
BMI (mean value [SD)] 22.1 (3.0) 23.2 (3.8) <0.001
Cause of injury (n, %) Road accident 274 (56.5%) 96 (64.0%) 0.125

Fall 211 (43.5%) 54 (36.0%)
Rockwood (n, %) III 343 (70.7%%) 116 (77.3%) 0.013

IV 82 (16.9%) 28 (18.7%)
V 60 (12.4%) 6 (4.0%)

Injury to surgery time (mean [SD]) 5.0 (2.3) 5.1 (2.3) 0.501

Group A: Clavicular hook plate, Group B: Triple-Endobutton plates via double-incision.
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that the recovery effect of the shoulder function after the new
minimally invasive Triple-Endobutton plates is similar to the
second operation of the clavicle hook plate in the 12th week
when the hook plate is removed, but the new type of Triple-
Endobutton plates is minimally invasive. In patients with
Triple-Endobutton plates therapy, shoulder joint function
recovers faster.

We further compared the CMS scores between the
two groups, when the Triple-Endobutton plates therapy
group was equivalent to the clavicle hook plate group
without second removal, P < 0.05, which was statistically
significant. It shows that Triple-Endobutton plates treat-
ment of double-incision is better in the time period before
the second operation of removing the clavicle hook plate.
This is consistent with the UCLA shoulder score statistics
for the same time period. In the two operations, P < 0.05
during the 12th week after the second operation when the
clavicular hook plate was removed, which was statistically
significant. It shows that the recovery effect of shoulder
function after the Triple-Endobutton plates is better in the
12th week compared with the secondary operation of clavi-
cular hook plate after the hook plate removal.

3.3 Complications

There were no significant differences in coracoid fracture,
re-dislocation, and heterotopic ossification. However, the

obvious loss of reduction is lower in group B than in
group A (5.5 vs 13.7%, P = 0.017, Table 5).

4 Discussion

The acromioclavicular joint is a micro-movement joint that
participates in assisting the movement of the shoulder
joint and plays a very important role in the functional
activities of the shoulder joint. When Fukuda studied the
anatomy and function of the acromioclavicular joint, it
was found that the coracoclavicular ligament maintains
the vertical stability of the acromioclavicular joint, and
the conical ligament and the trapezoidal ligament are
opposite in opposing forces and maintain a balance [10].
Klassen conducted research and analysis on the ligaments
around the acromioclavicular joint and found that the
acromioclavicular joint complex was the strongest, fol-
lowed by the tapered ligament, and the trapezoid ligament
the weakest [11]. The detailed anatomical structure and
biomechanical research provide sufficient basis for the
treatment of acromioclavicular joint dislocation that is
not rigidly fixed, elastic, and more in line with anatomy
and human biomechanics [12].

Previous study indicated that conservative treatment
is usually used for patients with Rockwood classifica-
tion I and II [10–12]. When the acromioclavicular joint
dislocation is of Rockwood type III and above, the acro-
mioclavicular ligament and the coracoclavicular liga-
ment are completely broken, causing shoulder pain and
restriction of activities, thereby seriously affecting the
daily activities of patients [13]. Conservative treatment
cannot make the acromioclavicular ligament and coraco-
clavicular ligament heal by themselves, and it is impos-
sible to heal the dislocation of the acromioclavicular
joint. Rolf et al reported that the early reconstruction of

Table 4: Matched patient’s postoperative assessment between two
groups

Parameters Group A (n
= 146)

Group B
(n = 146)

P

VAS
7 days 4.42 ± 1.0 3.7 ± 1.5 <0.001
3 weeks 2.1 ± 0.7 0.65 ± 0.5 <0.001
6 weeks 0.9 ± 0.7 0.5 ± 0.5 <0.001
12 weeks 1.1 ± 0.8 0.5 ± 0.5 <0.001
12 weeks after
removal

0.9 ± 0.7 0.5 ± 0.5 <0.001

UCLA
7 days 8.3 ± 1.3 13.4 ± 0.9 <0.001
3 weeks 15.9 ± 1.9 19.8 ± 1.7 <0.001
6 weeks 19.3 ± 1.6 25.6 ± 1.3 <0.001
12 weeks 26.0 ± 2.4 30.3 ± 1.5 <0.001
12 weeks after
removal

30.7 ± 1.3 30.7 ± 1.4 0.896

CMS
Before removal 84.3 ± 6.4 90.2 ± 4.0 <0.001
12 weeks after
removal

87.4 ± 5.2 88.4 ± 3.9 <0.001

Table 5: Matched patient’s postoperative complications between
groups

Parameters Group A
(n = 146)

Group B
(n = 146)

P

Coracoid fracture 4 (2.7%) 3 (2.1%) 0.999
Re-dislocation 4 (2.7%) 2 (1.4%) 0.951
Loss of reduction

Slight 50 (34.2%) 42 (28.7%) 0.314
Obvious 20 (13.7%) 8 (5.5%) 0.017

Heterotopic
ossification

18 (12.3%) 22 (15.1%) 0.496

Total complications 96 (65.7%) 77 (52.7%) 0.023
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acromioclavicular joint injuries in type III–V avoids the
inferior clinical results of delayed reconstructions using a
modified Weaver–Dunn procedure after conservative treat-
ment [14].

Therefore, surgical treatment should be performed to
restore the function of coracoclavicular ligament and
acromioclavicular ligament. The joints are stable in all
directions, so surgery is needed to restore the anatomical
structure of the acromioclavicular joint and restore the
function of the acromioclavicular joint [15,16]. In the
past, the clavicular hook plate was used in the treatment
of acute acromioclavicular joint dislocation, and the clin-
ical effect was satisfactory. However, as the follow-up time
became longer, the complications gradually increased. There-
fore, in recent years, the Triple-Endobutton plate was used
for anatomy and reconstruction of the coracoclavicular liga-
ment [17,18]. The middle suture of the acromioclavicular
ligament has a safe and reliable clinical basis, and the clin-
ical effect of short-term follow-up is satisfactory.

This study found that in terms of operation time and
intraoperative blood loss, the double-incision Triple-
Endobutton plate technology group was higher than
that in the clavicular hook plate group, the differences
were clinically statistically significant (P < 0.05). The
reasons can be explained as follows: (1) Double-inci-
sion Triple-Endobutton surgery requires two Kirschner
wires to temporarily fix the acromioclavicular joint and
accurately locate the small plate. During the operation,
the base of the coracoid process needs to be fully exposed,
and the electric drill needs to be carefully used when dril-
ling holes, not too fast, so as not to damage the subclavian
nerves and blood vessels and drill into the chest cavity.
There are more steps in the operation process than the
clavicle hook plate. (2) As a new surgical method, the
selected cases are before the turning point of the learning
curve, their learning curve is longer, the surgeon is not
experienced enough, and the operation may be unskilled,
so the operation time is longer. (3)Due to the long operation
time and prolonged exposure, it is necessary to fully sepa-
rate the coracoid process and expose the acromioclavicular
joint, which requires high surgical skills and is challenging
for the surgeon, so the amount of intraoperative bleeding is
large.

Postoperative shoulder joint function assessment:
The excellent and good ratings of the Triple-Endobutton
technique group was higher than that of the clavicle hook
plate group, which may be related to the fact that the
double-incision Triple-Endobutton technique is more bio-
mechanical and non-firm fixation. Analysis of the reasons:
(1) The hook part of the clavicle hook plate is inserted

outside the subacromial joint, which can easily damage
the subacromial capsule and form bursitis. Chronic inflam-
mation of the soft tissue around the shoulder joint capsule
causes shoulder joint pain and discomfort; (2) After the
hook of the clavicle hook plate is inserted under the acro-
mion, it destroys the normal anatomical structure under the
acromion and makes the subacromial space smaller. When
the shoulder joint is abducted, the greater tuberosity of the
humerus is easily connected with the acromion and hook.
When an impact occurs, the acromion impingement syn-
drome is formed, causing pain when the shoulder joint
is moved, which prevents the patient from moving the
shoulder joint and restricts its movement; (3) The hook
plate is poorly pre-bent and does not fit on the clavicle
surface. The hook plate is hooked. Excessive curvature can
cause uneven stress distribution in the acromioclavicular
joint, and it is easy to cause cumulative damage when
the shoulder joint moves, causing pain and discomfort;
(4) Due to shoulder joint pain, the patient’s affected side
shoulder joint activity is reduced, functional exercise is
lessened, and unable to complete daily activities and
work normally, resulting in shoulder joint stiffness and
a vicious circle. The Triple-Endobutton plate does not
need to fix the acromioclavicular joint. The plate only
contacts the clavicle and coracoid process, which can
reconstruct the coracoclavicular ligament to achieve an
anatomical reduction without affecting normal shoulder
joint movement.

In the case of internal fixation removal, the Triple-
Endobutton technology group does not need to be removed
if there are no special complications after the operation. The
patients in the clavicular hook plate group basically require
a second operation after recovery. The reason could be: the
Triple-Endobutton plate is a small plate and light weight,
placed on the outside of the clavicle and under the coracoid
process. Three small plates simulate the start and end
points of the conical ligament and the trapezoidal ligament
[19]. When the acromioclavicular joint moves, the force of
the acromioclavicular joint is distributed along the plate,
and the stress is evenly distributed. The loop ring is not
easy to wear and cut. Biomechanical studies have con-
firmed that its strength and rigidity are higher than that
of its own ligament, and it conforms to the anatomical
structure of the coracoclavicular ligament. The material
has good biocompatibility with human tissues, and will
not produce foreign bodies and discomfort. There is no
need to remove the steel plate through a second operation,
so that the acromioclavicular joint does not need to be
traumatized again, the shoulder joint function recovers
better after the operation, the patient satisfaction is also

Acute acromioclavicular joint dislocation  1333



higher, and the pain and economic burden of the patient
are reduced. The complications proportion is higher in
group A than in group B. The reason could be that one
patient may have more than one complication. The short-
observed time could be another reason.

This study has some limitations: First of all, this
study is a retrospective study, and the risks of selection
bias, implementation bias, and measurement bias may
exist. Second, the collection of case data is from the
same hospital. There is no multi-center hospital survey
in different regions, the number of cases in this study is
small, and there are certain limitations in the authenticity
and comprehensiveness of the statistical results. Finally,
the evaluation of postoperative efficacy of patients includes
medical history inquiry, physical examination, imaging
review, and other assessment scales for shoulder joint func-
tion scores. This study cannot be exhaustive, and there are
limitations in evaluation indicators.

Using a PSM, our study indicates that the clinical
efficacy of the double-incision Triple-Endobutton plate
is better than that of the clavicular hook plate tech-
nology, and the double-incision Triple-Endobutton plate
achieves anatomical reduction by reconstructing the
coracoclavicular ligament, which is elastic fixation and
has lower postoperative complications. Therefore, it is a
recommended surgical method.
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