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Background: Anatomic ligament reconstruction using the EndobutBon device has been proven an effective 
technique for the management of acute acromioclavicular (AC) joint dislocation. The aim of this study was 
to analyze the risk factors causing loss of reduction after AC joint dislocation treated with the EndoButton 
device for open procedures.
Methods: A total of 107 patients who met the inclusion and excluded criteria finally were enrolled. We 
retrospectively analyzed the clinical tests, imaging data, and postoperative rehabilitation of patients in a 
stable reduction group and a loss of reduction group. 
Results: Among all patients included in the study, the incidence of reduction failure was 14%. Univariate 
analysis identified that the time between injury to surgery, double or triple EndoButton, coracoid 
EndoButton position, weight-bearing time of the upper limb, and osteolysis had statistically significant 
associations with loss of reduction for the AC joint (P=0.022, 0.002, 0.000, 0.000, and 0.000 respectively). 
By using multivariate logistic regression analysis, we found that coracoid EndoButton position (P=0.002), 
weight-bearing time of the upper limb (P=0.011), and osteolysis (P=0.036) were the significant independent 
risk factors related to the loss of reduction after AC joint dislocation treated with the EndoButton device 
used with open procedures.
Conclusions: In order to reduce the incidence of reduction failure and improve the prognosis of patients, 
more accurate placement of EndoButton plates in surgery and guidance for patients in completing planned 
rehabilitation training are needed.
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Introduction

There are more than dozens of surgical methods for the 
treatment of acute acromioclavicular (AC) joint dislocation; 
however none can be regarded as the current gold standard. 
These different schemes do share a concept based on 
anatomical coracoclavicular (CC) ligament reconstruction 
technology (1,2). These anatomical techniques typically 

involve cortical fixation devices (3-5), free tendon grafts (6), 
or a combination of both (7), each of which require holes 
to be drilled into the distal clavicle and/or the coracoid 
process. The EndoButton technique is among the methods 
that biomechanical studies have consistently shown to 
provide sufficient biomechanical strength for patients 
with AC joint dislocation, with most patients achieving 
satisfactory prognosis (8,9). However, with the continuous 
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extension of follow-up time, a series of complications such 
as loss of reduction, osteolysis, wire cutting of the steel 
plate, iatrogenic fracture of the clavicle or coracoid process, 
heterotopic ossifications, and others have been reported in 
quick succession (4,8,10-12). Improper surgical indications, 
unsuitable surgical methods, erroneous selection of the 
EndoButton, inaccurate positioning, and other some minor 
operational errors in the operation can cause corresponding 
complications, with some patients even requiring a second 
revision operation (13). Thus far, no studies have analyzed 
and compared all the proposed risk factors for complications 
of the Endobutton device. 

 We conducted a systematic retrospective study on 
patients with AC joint dislocation, summarized and 
recorded all the possible risk factors, and conducted 
statistical analysis, to ultimately identify the statistically 
significant risk factors. It is hoped that if these risk 
factors can be avoided in clinical work, the incidence of 
complications can be reduced, with patients benefitting 
from a better prognosis. 

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-404).

Methods

Patients

We retrospectively analyzed the age, sex, BMI index, time 
between injury and operation, and Rockwood classification 
of patients who underwent EndoButton device surgery in our 
hospital from February 2014 to February 2017. Other risk 
variables were also recorded, including the use of double or 
triple EndoButton technique, alignment of the EndoButton, 
position of the coracoid EndoButton (central, medial, 
or lateral), weight-bearing time of the upper limb (<6 or  
>6 weeks), heterotopic ossifications, and osteolysis. We used 
strict inclusion and exclusion criteria for all patients. The 
inclusion criteria were as follows: (I) age range 18–65 years, 
(II) Rockwood type III, IV, and V dislocations, (III) complete 
follow-up data, (IV) EndoButton device with open surgery 
technique. The exclusion criteria were the following: (I) 
combined with basic diseases, (II) complicated with multiple 
injuries, (III) vascular and nerve injury on the injured side. 

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Ethics Committee of Tongde Hospital of Zhejiang and 

informed consent was taken from all the patients. 

Procedure

All patients underwent surgery that included the double 
EndoButton (2) or triple EndoButton technique (4) 
as performed by the same group of surgeons in our 
department (a chief physician and an attending physician 
with more than 2 years of experience). Arthroscopically 
assisted techniques were not included in the procedure.

 In the Endobutton procedure, the injured shoulder 
was immobilized in a brace at 30° of abduction and at 
neutral position for 6 weeks. Analgesia was performed by 
cold compress and oral or intravenous drug on the first 
day after surgery, with non-steroidal anti-inflammatory 
drugs (NSAIDs) having been administered for the previous  
6 weeks after operation. After their pain had subsided, the 
patients could begin shoulder joint pendulum exercises. 
Passive training was mainly used for the first 4 postoperative 
weeks, with the range of abduction and flexion not 
exceeding 90°. Active training was generally performed 
after postoperative week 4, gradually reaching the full range 
of shoulder joint activities. All patients were told to avoid 
lifting weight for up to 6 weeks postoperatively.

Data

The imaging data we collected and evaluated included 
radiologic examinations (anterior-posterior, axillary and 
bilateral shoulder contrast of Zanca views) at the time 
of injury, radiology reviews the day after surgery, and 
radiologic examinations from multiple follow-up visits in 
the outpatient department. We used a picture archiving and 
communication system (PACS) to record our measurements. 
The main outcome variable was loss of reduction, which 
was defined as an upward clavicle displacement exceeding 
6 mm (7). The position of the coracoid EndoButton 
device was defined as central, medial, or lateral according 
to the anterior and posterior shoulder X-ray scans after 
the operation (see Figure 1). Heterotopic ossifications and 
osteolysis were identified according to the postoperative 
or final follow-up anterior-posterior views of the injured 
shoulder. 

Statistical analysis

The measurement data in this study are expressed as mean 
and standard deviation, and were analyzed using one-
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way ANOVA. Counting data are expressed as percentage 
and were analyzing using a chi-square test. The examined 
variables in a loss of reduction group were compared with 
those of a stable reduction group. After the variables with 
statistical significance were selected, multivariate logistic 
regression analysis was performed to exclude the related 
interference factors. Finally, the factors that had significant 
significance for the loss of reduction were selected, and the 
relationship between these factors was identified and tested. 
All analyses were performed using SPSS software, v.23.0 
(IBM Corp., Armonk, NY, USA). 

Results

A total of 107 patients, including 60 males and 47 females, 
were included in this study. The average follow-up time was 
24.3 months and the median age was 46.70 years. There were 
35 Rockwood type III cases, 42 type IV cases, and 30 type V 
cases. The mean time from injury to operation was 4.85 days 
(range, 1–12 days). The average BMI was 22.94 kg/m2. 

 For the main outcome variable, 15 of 107 (14.0%) 
patients had loss of reduction. In the loss of reduction 
group, 3 patients were managed with the triple EndoButton 
technique, and the other 12 patients were treated with the 
double EndoButton technique; 10 of the 15 patients had the 
coracoid button placed laterally and 3 had it placed medially 
(Figure 2 and Figure 3) to the center of the coracoid base; 7 
of 15 patients (46.7%) were identified to have osteolysis; 12 
of the 15 patients began upper limb weight-bearing within 
6 weeks postoperatively, while the other 3 patients began 
after 6 weeks; heterotopic ossifications were detected in 2 

Figure 1 The position of  coracoid endobutton plate (central, 
medial, lateral).

A

B

C

Figure 2 loss of reduction because the medial position of 
the coracoid button. (A) A 50-year-old woman with AC joint 
dislocation (Rockwood type III). (B) X-ray examination on the 
second day after operation showed that the reduction was good, 
but the coracoid button was placed too far medially. (C) Two 
months after operation, the reduction was lost. 

medially
centrally

laterally
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cases (1.9%).
Univariate analysis showed that the time between injury 

to surgery, double or triple EndoButton technique, coracoid 
EndoButton position, weight-bearing time of the upper 
limb, and osteolysis were significantly different between 
the two groups (P=0.022, 0.002, 0.000, 0.000, and 0.000 
respectively) (Table 1). 

 The results of multivariate logistic regression analysis 
are shown in Table 2. The results showed that there were 
significant differences in the position of the coracoid button 
(P=0.002), osteolysis (P=0.036), and weight-bearing time of 
the upper limb (P=0.011) between the two groups. 

Discussion

To our knowledge, this is the first study to systematically 
analyze and compare all the proposed risk factors related 
to the loss of reduction after AC joint dislocation managed 
with the EndoButton device using open procedures. 
Although some authors have speculated on and proposed 
several factors associated with loss of reduction for AC joint 
dislocation, single factor analysis of this kind often leads to 
erroneous conclusions due to the interference of various 
factors. Therefore, our study used multivariate logistic 
regression analysis to exclude the interference from factors 
and obtain a more accurate conclusion. The most important 
finding of the present study was that the significant risk 
factors for loss of reduction were the position of the 
coracoid button, the weight-bearing time of the upper limb, 
and osteolysis. 

Both medial and lateral dislocations of the coracoid 
button may increase the probability of postoperative loss 
of reduction. In the loss of reduction group, 10 of the 15 
patients had the coracoid button placed laterally and 3 had 
it placed medially to the center of the coracoid base. This 
is in line with the conclusions of other authors (7,11,14,15). 
One factor that might contribute to this is the deviation 
of positioning and drilling position due to improper steps 
taken during the operation. Research by Ferreira et al. (14) 
has shown that center-to-center coracoid tunnel drilling 
is an ideal surgical technique that offers a reduced risk of 
postoperative reduction loss. We believe that during the 
operation, the first step should be to drill a bone tunnel in 
the central part at the base of the coracoid process, followed 
by excessive reduction to the AC joint, and drilling a hole 
into the clavicle; this can achieve a relatively accurate 
positioning and avoid the deviation of direction as much as 
possible. This misplacement of the coracoid button caused 

A

B

C

Figure 3 loss of reduction because the lateral position of the 
coracoid button. (A) A 38-year-old man with AC joint dislocation 
(Rockwood type III). (B) Double EndoButton technique was 
performed. Two days after the operation. X-ray film showed a good 
reduction of the AC joint, but the coracoid button was placed too far 
laterally. (C) A loss of reduction was found 1 month after surgery. 
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by the operative procedure might eventually lead to an 
increased loss of reduction (11). Undeniably, the surgeons 
experience is an important factor in determining whether 
or not the drilling of the coracoid tunnel is in the correct 
position or not. When drilling, we prefer using a bit with a 
smaller diameter, as a bit that is too thick can damage the 
bone of the coracoid process and clavicle, leading to a loss 

of bone mass. In addition, we find plate alignment to not 
be a significant risk factor affecting reduction loss, which is 
not the view held by other researchers (11), for whom the 
position of the button seems to be more important.

 Osteolysis was another risk factor associated with loss of 
reduction. Although few studies have analyzed the development 
of clavicle osteolysis as a risk factor for loss of reduction, it was 

Table 1 A comparison of possible risk factors between the loss of reduction and stable reduction groups

Risk factors Stable reduction (n=92) Loss of reduction (n=15) P

Age (years) 35.28±6.21 42.10±7.17 0.996

BMI (kg/m2) 21.30±1.22 22.12±1.05 0.540

The time between injury to surgery (days) 4.66±2.06 6.00±2.07 0.022

Sex 0.818

Male 52 (56.5%) 8 (53.3%)

Female 40 (43.5%) 7 (46.7%)

Rockwood classification 0.886

III 31 (33.7%) 4 (26.7%)

IV 36 (39.1%) 6 (40.0%)

V 25 (27.2%) 5 (33.3%)

EndoButton technique 0.002

Triple 58 (63.0%) 3 (20.0%)

Double 34 (37.0%) 12 (80.0%)

Position of the coracoid EndoButton 0.000

Central 78 (84.8%) 2 (13.3%)

Medial 8 (8.7%) 3 (20.0%)

Lateral 6 (6.5%) 10 (66.7%)

Weight-bearing time of the upper limb 0.000

<6 weeks 36 (39.1%) 12 (80.0%)

>6 weeks 56 (60.9%) 3 (20.0%)

Osteolysis 0.000

Yes 6 (6.5%) 7 (46.7%)

No 86 (93.5%) 8 (53.3%)

Button alignment 0.809

Yes 16 (17.4%) 3 (20.0%)

No 76 (82.6%) 12 (80.0%)

Heterotopic ossifications 0.251

Yes 5 (5.4%) 2 (13.3%)

No 87 (94.6%) 13 (86.7%)
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found to be an independent factor in our study. Osteolysis of 
the distal clavicle can occur for several reasons, including the 
direct violent injury of the AC joint and repeated excessive 
weight-bearing on the upper limb (16). In addition, as reported 
by many studies, regardless of internal fixation use, AC joint 
dislocation itself may cause osteolysis (17-19). From our 
statistical analysis, 13 of 107 patients were identified as having 
distal clavicle osteolysis, 7 of whom had a loss of reduction. The 
appearance of osteolysis ranged from 2 weeks to 10 months 
after the operation in our study. Osteolysis may appear within 
1 month of the initial injury, when the ligament healing has not 
been completed (15). The clavicular and acromial branches of 
the thoracoacromial artery are located in the lateral four-fifth 
of the clavicle and provide blood supply to the soft tissue and 
bone, so any injury to this vessel during the surgical procedure 
may cause clavicle osteolysis (20). Consequently, care should 
be taken during the surgical procedure to avoid damaging 
the clavicular and acromial vessel, especially the periosteal 
vascularity and branches of the thoracoacromial artery.

 In the present study, the risk of loss of reduction was 
significantly increased when the time upper limb weight-
bearing began earlier than 6 weeks after surgery. In the loss 
of reduction group, 12 of the 15 patients began upper limb 
loading before the postoperative week 6, while the other 3 
patients began after 6 weeks. A portion of patients did not 
follow the doctor’s medical orders and began upper limb 
loading before 6 weeks had passed. These patients generally 
had occupations involving heavy physical labor. Before the 
6-week period had elapsed, the ligament might not have 
completely healed by the time the patients began upper limb 
loading, and frequent stress stimulation might also have 
contributed to this. Clayton et al. (21) concluded that the 
sutured ligament had “functionally normal strength” after  
6 weeks, while Frank et al. (22) reported an experiment 
about characteristics of ligament that demonstrated 
significantly increased laxity at 3 weeks after injury, 
decreasing only slightly at 6 weeks. Studies (1) have shown 

that the soft tissue around the AC joint and the shackle 
gap is scarred 4–6 weeks after surgery, and this may confer 
a protective effect on the sutured tissue and the plate. 
According to the current multivariate analysis, we believe 
undertaking upper limb weight-bearing too early (less than 
6 weeks) may induce the loss of reduction, and recommend 
that patients strictly avoid subjecting the injured upper limb 
to weight-bearing for at least 6 weeks after the operation. 

 Our analysis found that age, sex, BMI, time between 
injury and surgery, Rockwood classification, EndoButton 
technique, button alignment, and heterotopic ossifications had 
no significant correlation with the loss of reduction. Similarly, 
other authors have suggested that Rockwood classification, 
time between trauma and surgery, and heterotopic ossifications 
had no impact on the loss of reduction (11). Struhl et al. (8) 
also reported that button selection, time of surgery, soft tissue 
procedure, and distal clavicle intervention did not significantly 
affect radiographic outcomes. These results were basically 
consistent with our conclusion.

 Some limitations to our study should be addressed. All 
the patients included in our analysis were from the same 
hospital, and thus our conclusions may not be applicable 
to other populations. Furthermore, the sample size of 
our study was generally low, and thus our results should 
be interpreted cautiously. Thirdly, all the operations in 
our study were performed using an open approach, and 
arthroscopically assisted techniques were not included in the 
procedure. Further investigation is necessary to determine 
whether an arthroscopically assisted EndoButton technique 
might reduce the failure rate. 

Conclusions

Using retrospective study and statistical analysis, we 
found that the significant risk factors for postoperative 
loss of reduction after AC joint dislocation treated with 
the EndoButton device using open procedures were the 

Table 2 Multivariate logistic regression analysis

Risk factors B S.E. Wald df Sig. Exp(B)

The time between injury to surgery −0.488 0.279 3.053 1 0.081 0.614

EndoButton technique 1.514 1.280 1.400 1 0.237 4.545

Position of the coracoid EndoButton −2.536 0.818 9.614 1 0.002 0.079

Weight-bearing time of the upper limb −3.162 1.250 6.400 1 0.011 0.042

Osteolysis −2.367 1.130 4.386 1 0.036 0.094



Annals of Translational Medicine, Vol 9, No 4 February 2021 Page 7 of 8

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(4):345 | http://dx.doi.org/10.21037/atm-21-404 

position of the coracoid button, early upper limb weight-
bearing (<6 weeks), and osteolysis. Accurate placement of 
the EndoButton plates and adherence to a rehabilitation 
plan are important factors in preventing loss of reduction.
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