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Background: Suspension stabilization is a commonly used surgical method for acute acromioclavicular
(AC) joint dislocation. However, a failure rate of around 26% caused various emerging surgical techniques
and recommendations. We aimed to identify the significance of postulated factors relevant to the
radiographic success of AC joint stabilization.
Methods: The data of patients with acute AC joint dislocation treated with suspension stabilization in
our institution from January 2012 to December 2022 were reviewed. Zanca views x-ray films of both AC
joints were reviewed including the preoperative, immediate postoperative, and final follow-up film.
Failure of stabilization was classified by coracoclavicular distance, AC joint subluxation ratio, and AC joint
widening. Factors of interest were age, type of injury classified by Rockwood, K-wire augmentation, over-
reduction, clavicular tunnels osteolysis, tunnel position, AC ligament repair, the timing of surgery, and
stabilization technique. Univariate and multivariate logistic regression analysis was done for the factors
contributing to each failure mode.
Results: There were 57 patients included in the study. Multivariate logistic regression analysis showed
that AC ligament repair was significantly related to the success of stabilization using coracoclavicular
distance criteria (odd ratio [OR] 0.22, P ¼ .04). Age older than 40 years significantly related to the success
of stabilization using AC subluxation ratio and by any type of failure (OR 0.23, P ¼ .02 and OR 0.20,
P ¼ .049). Other factors failed to show their significance by any mean of failure criteria.
Conclusion: AC ligament repair is related to the success of AC joint stabilization, while additional of K-
wire augmentation, direct tunnel position, over-reduction, and earlier surgery could not show their
significance in maintaining the reduction.

© 2025 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Acromioclavicular (AC) joint injury accounts for 12% of overall
shoulder trauma. Its incidence is the highest in males aged 20-40
years old. The acromioclavicular e coracoclavicular (AC-CC) com-
plex, together with the periscapular muscles, acts as a link joining
the upper extremity to the body, thus injury to the complex might
hinder the function of the upper extremity.1
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AC joint injury can present with varying severity. The most
common classification used nowadays is the Rockwood classifica-
tion.7 Surgical stabilization is indicated in Rockwood type 4-6, and
some of the type 3 patients. There are many ways to stabilize the
AC-CC complex. A frequently used technique is the anatomical
repair of the AC-CC complex with suspension technique, which also
has various technical details according to the surgeons’ preferences,
such as a number of tunnels and suturing materials.1 Even with
decades of improvement in surgical techniques, loss of reduction,
which is a common complication found in 26.8% of the cases, can
lead to pain and poor functional outcomes.25 Many surgeons tried
to propose techniques to improve the loss of reduction rate, such as
using K-wire augmentation or over-reduction.9,15,23,27 However,
ulder and Elbow Surgeons. This is an open access article under the CC BY-NC-ND

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Sorachat.suk@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jseint.2024.12.020&domain=pdf
www.sciencedirect.com/science/journal/26666383
http://www.jsesinternational.org
https://doi.org/10.1016/j.jseint.2024.12.020
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jseint.2024.12.020
https://doi.org/10.1016/j.jseint.2024.12.020


Figure 1 The Zanca radiograph of the shoulders. (A) A Single coracoid and clavicular tunnel technique of the right shoulder. (B) Coracoid loop around the clavicle with 2 clavicular
tunnels.
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studies that evaluate the factors related to the success or failure of
fixation are scarce, especially when considering the contribution of
the added-on technique to suspension fixation. Furthermore, the
criteria for failure of fixation or loss of reduction are different from
previous studies. Usually, the coracoclavicular distance (CCD)
compared to the uninjured side is used but the value of the
threshold to determine loss of reduction varies, including 2 mm,
5mm, or 50%.12,20,21 With the heterogeneity of technique and cri-
terion of failure, our study aims to evaluate the effect of contrib-
uting factors to the success or failure of acute AC-CC fixation using
different criteria.

Materials and methods

Study design, patient selection, and data collection

This study is a retrospective cohort study and was approved by
our Institutional Human Research Ethics Committee (MTU-EC-OT-
0-183/66). The patients aged 18-60 years with acute AC joint injury
who underwent AC-CC fixation from January 2012 to December
2022 in our institution were included. Patients with graft
augmentation or AC-CC reconstruction, hook plate augmentation,
prior history of AC-CC complex trauma on either side of the
shoulder, and latest follow-up x-ray less than 3 months post-
operatively were excluded from the study.

The demographic data including sex, age, side of injury, weight,
body mass index, type of AC joint injury classified by Rockwood
classification, evaluated in preoperative bilateral AC joint Zanca
view x-ray digital film, and the operating surgeon’s name were
recorded. Then the acute postoperative and the most recent post-
operative (final follow-up film) bilateral AC joint Zanca view x-ray
digital film, which must be at least 3 months after the operation,
were reviewed. Only good quality Zanca view x-ray digital films,
which defined by no superimposition of the AC joint, were used for
measurement.

The most recent postoperative bilateral AC joint Zanca view x-
ray digital film was used to classify the patient into success and
failure groups. We defined failure using 3 radiographic parameters.
Each parameter has its own thresholds that define failure. First, by
using the CCD - the patient had CCD of the injured side �150%
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compared to the uninjured side.12 Second, by using the AC sub-
luxation - the patient had the AC subluxation ratio� 50%.6 Third, by
using AC widening �2 mm compared to the uninjured side.19

After we classified patients into success or failure groups ac-
cording to the 3 criteria, we evaluated the factors that might related
to the outcome which were age >40 years or �40 years, AC injury
type 3 or 5, the use of trans AC joint K wire augmentation, over-
reduction, the presence of tunnel osteolysis, the tunnel position,
the AC ligament repair, the timing of operation �14 days or <14
days after the injury, and the technique used which were coracoid
loop around with 2 clavicular tunnels and single coracoid and
clavicular tunnel (Fig. 1).

The measurement was done by the author, S.S., 2 times, one
month apart, and the result was then used for intrarater reliability
analysis. The data were then measured again by a same-level
evaluator for inter-rater reliability analysis.

Measurement

The process of reviewing digital film was done on a picture
archiving and communication system workstation (PACS).

1. CCD was measured in bilateral AC joint Zanca view x-ray digital
film from the superior most of the cortex of the coracoid process
vertically up to the inferior cortex of the clavicle

2. AC joint subluxation ratio was measured in bilateral AC joint
Zanca view x-ray digital film. Starting by drawing a line along
the inferior border of the acromion process and drawing a
perpendicular line to the superior border of the acromion
process at the center of the acromion process and the length
was measured (A). Then another perpendicular line was
drawn from the line of inferior border of the acromion pro-
cess to the inferior border of the clavicle and the length was
measured (D). The AC joint subluxation ratio was calculated
by D/A x 100%.

3. AC joint widening wasmeasured in bilateral AC joint Zanca view
x-ray digital film. The value was derived from a mean of the
distance between the upper border of the clavicle to the upper
border of the acromion and the distance between the lower
border of the clavicle and the lower border of the acromion.



Figure 2 The radiographic measurement parameter in the study. (A) CCD measurement in both shoulders. (B) AC subluxation ratio measurement of the right shoulder. (C) AC joint
widening measurement of the right shoulder. (D) Tunnel position measurement of the right shoulder. (E) An immediate postoperative measurement of clavicular tunnels of the
right shoulder. (F) The final follow-up measurement of the clavicular tunnel of the right shoulder. CCD, coracoclavicular distance; AC, acromioclavicular.
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4. Tunnel position was evaluated in immediate postoperative
bilateral AC joint Zanca view x-ray digital film, starting by
drawing a circle over the cortex of the coracoid process and
drawing another line along the superior cortex of the clavicle.
Then, a rectanglewas createdwith its upper border touching the
line on the superior cortex of the clavicle, and other borders
touching the circle. If all tunnels fall within the rectangle,
consider it a good tunnel position, otherwise, a bad tunnel
position.22

5. Over-reductionwas defined as a CCD of the operated side <2mm
compared with the uninjured side in immediate postoperative
bilateral AC joint Zanca view x-ray digital film.20

6. Tunnel widening was defined by a ratio of final tunnel diameter
over initial tunnel diameter�150%. The measurement was done
in the immediate postoperative and the final follow-up bilateral
AC joint Zanca view x-ray digital film.8

All measurement examples are shown in Figure 2.
Data analysis

After the data were complete, we then analyzed the data using
Stata software (version 14.2; StataCorp, College Station, TX, USA).
The continuous data were expressed in mean ± SD and categorical
data were expressed in percentage. Univariate analysis for all fac-
tors contributing to the failure was done. Then we included factors
that had P value < .4 into a multivariate logistic regression model.
The result was expressed in odd ratio (OR) and P value.We consider
the P value of <.05 as a statistical significance level. The risk factor
analyses for the failure were done for CCD failure, AC subluxation
failure, AC widening failure, and any of the three failure modes. The
agreement between mode of failure (CCD, AC subluxation, and AC
widening), intrarater reliability, and inter-rater reliability were
then analyzed using Kappa analysis.
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Results

74 patients met the inclusion criteria. After exclusion, there was
a total of 57 patients left for the analysis (13 patients had graft
reconstruction, 2 patients had hook plate implemented, and 2 pa-
tients had final follow-up x-rays less than 3 months
postoperatively).

The mean age was 43.65 ± 1.86 years, with male sex pre-
dominance (n ¼ 46, 80.70%). For the severity of the injury, 40
patients (70.18%) sustained an AC joint injury type 5, and the rest
had type 3 injuries (n ¼ 17, 29.82%). The mean follow-up time
was 8.23 ± 1.11 months (range 3-36 months). The patients were
operated by 3 sports surgeons separately. There was 89.47% of
the patients that had K-wire augmentation, and the K-wire was
removed at 6 weeks for every patient. There was 42.11% of the
patient that got over-reduction. Tunnel osteolysis occurred in
64.91% of the patients and good tunnel position was identified in
56.14% of the patients. AC ligament repair was done in 71.93% of
the patients; all surgeons had both repair and unrepaired cases
as their surgical technique changes over 10 years. Mean time
from injury to surgery is 8.23 ± 7.82 days (range 3-21 days), of
which, 68.42% of the patients had a surgery less than 14 days
after the accident. Coracoid loop around with 2 clavicular tunnels
technique was used in 84.21% of the patient, while single tunnel
on clavicle and coracoid technique was used for the rest (15.79%).
Note that the surgeon with the most case performed (28 cases)
had 10 (35.71%) overreduction, 20 (71.43%) good tunnel position,
25 (89.29%) AC ligament repair, 25 (89.29%) K-wire augmentation
and 28 (100%) coracoid loop around with 2 clavicular tunnels
technique.

Loss reduction occurred in 20 patients (35.09%) classified by
CCD, 20 patients (35.09%) classified by AC subluxation ratio, and 34
patients (59.65%) classified by AC widening. There were only 16
patients (28.07%) who did not meet any of the failure criteria. The
complete data are shown in Table I.



Table I
Demographic data and binary data are shown as N (percentage).

Factors Binary data

Age Mean 43.65 ± 1.86
>40 y: 34 (59.65%) �40 y: 23 (40.35%)

BMI Mean 25.62 ± 2.94
Sex Male: 46 (80.70%) Female: 11 (19.30%)
Side of injury Right: 33 (57.89%) Left: 24 (42.11%)
AC injury type Type 5: 40 (70.18%) Type 3: 17(29.82%)
Surgeon A: 31 (54.39%)

B: 19 (33.33%)
C: 7 (12.28%)

CCD loss reduction Yes: 20 (35.09%) No: 37 (64.91%)
AC subluxation loss reduction Yes: 20 (35.09%) No: 37 (64.91%)
AC widening loss reduction Yes: 34 (59.65%) No: 23 (40.35%)
Any failure Yes: 41 (71.93%) No: 16 (28.07%)
K-wire augmentation Yes: 51 (89.47%) No: 6 (10.53%)
Over-reduction Yes: 24 (42.11%) No: 33 (57.89%)
Tunnel osteolysis Yes: 37 (64.91%) No: 20 (25.09%)
Good tunnel position Yes: 32 (56.14%) No: 25 (43.86%)
AC ligament repair Yes: 41 (71.93%) No: 16 (28.07%)
Timing of surgery �14 d: 39 (68.42%) >14 d: 18 (34.58%)
Technique of CC stabilization Single

tunnel: 9 (15.79%)
Double

tunnel: 48 (84.21%)
AC joint OA change Yes: 21 (36.84%) No: 36 (63.16%)

BMI, body mass index; CCD, coracoclavicular distance; AC, acromioclavicular; CC,
coracocalvicular; OA, osteoarthritis; SD, standard deviation.
The continuous data was shown in mean ± SD.

Table II
The relation between each mode of failure in the same patient was evaluated by
Kappa analysis.

Mode of failure Kappa

CCD and AC subluxation 0.45
CCD and AC widening 0.14
AC subluxation and AC widening 0.3

CCD, coracoclavicular distance; AC, acromioclavicular.
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The result of multivariate logistic regression analyses showed
that doing AC ligament repair could prevent the loss of reduction
defined by CCD with OR ¼ 0.22 (P ¼ .04), and by AC subluxation
ratio with OR ¼ 0.23 (P ¼ .046). Age older than 40 years was
identified as a protective factor for loss of reduction by AC sub-
luxation ratio with OR¼ 0.23 (P¼ .02). We found no factor that was
significantly related to the loss of reduction by AC widening. For
analysis factors contributing to the failure by one of any criteria, we
also found that age older than 40 years was a protective factor with
OR ¼ 0.20 (P ¼ .049).

The relation between each mode of failure in the same patient
was evaluated by Kappa analysis. The result showed only poor to
moderate agreement. (Table II)

The results of univariate analyses for each factor and each
definition of failure were shown in Table III and the total results for
multivariate logistic regression analyses for each definition of
failure were shown in Table IV.

Intrarater reliability and inter-rater reliability fell into the range
of substantial agreement to almost perfect agreement. The detailed
data are shown in Table V.

Among 57 cases, there were 6 cases (10.53%) with recorded
complication. There were 2 cases with shoulder stiffness. The pa-
tients were treated with rehabilitation. There were 2 cases with pin
tract infection. One case needed surgical d�ebridement while the
other case, the infection is mild and was treated with oral antibi-
otics and wound dressing. There were 2 cases that underwent
revision surgery. Both cases reached failure by all criteria (CCD, AC
subluxation ratio and AC widening). The patient was symptomatic
and got revision surgery with AC-CC reconstructionwith hamstring
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graft. Osteoarthritic change of AC joint occurred in 21 patients, 20/
51(39.22%) in K-wire augmentation group and 1/6 (16.67%) in non-
K-wire group. From univariate analysis, K-wire augmentation did
not relate with osteoarthritic change (OR 3.23, P ¼ .30).

Discussion

Nowadays, acute AC joint dislocation is commonly treated by
either open reduction - internal fixation with hook plate or AC-CC
stabilization. The functional and radiologic outcomes are compa-
rable. However, AC-CC stabilization mitigates the need for reoper-
ation for hook plate removal and risk for subacromial osteolysis
making it an appealing option for many surgeons.4,10

Even though AC-CC stabilization is an effective treatment op-
tion, one of the most common complications after AC-CC stabili-
zation was a loss of reduction which in turn might cause pain and
poor functional outcome. In the literature, the CCD was the most
common and acceptable parameter to evaluate radiographic suc-
cess or failure of fixation. Our study showed an overall loss of
reduction rate of 35% which was within the range of previous
studies that showed a failure rate between 6.5%-80%, but slightly
higher than the pooled rate of 26.8%.25 Performing AC ligament
repair and patient’s age older than 40 years were strong protective
factors found in this study. However, other surgical factors
including K-wire augmentation, over-reduction, and even having a
direct straight, perpendicular tunnel position to the clavicle related
to the coracoid process had failed to have a significant effect on the
success or failure of the fixation by any of the radiographic criteria
evaluated in this study.

Kai Chen, et al2 conducted a study identifying factors related to
loss of reduction after AC-CC stabilization using the EndoButton
(Smith & Nephew, Andover, MA, USA) device. There were 107 pa-
tients with acute AC joint dislocationwith amean follow-up time of
24 months. The loss of reduction rate was 14%. They found that the
noncenter drilling of coracoid EndoButton, early upper limbweight
bearing (<6 weeks), and the presence of osteolysis were significant
risk factors for postoperative loss of reduction, while the number of
EndoButton (2 or 3), the time between injury and surgery and
Rockwood classification were not significant risk factors. The result
regarding the time between injury and surgery, and the Rockwood
classification was concordant with our study, even though the
technique of fixation was different from our study.

Liao-Jun Sun, et al22 also conducted a multivariate regression
analysis on the risk factors related to the loss of reduction after AC-
CC fixation with the suture button. There were 130 patients
investigated with a mean follow-up of 26 months. They found that
osteoporosis, clavicular tunnel location, and position of coracoid
button plate were risk factors that were significantly associated
with the loss of reduction. The type of injury classified by Rock-
wood between the loss of reduction group and remain reduction
group did not differ significantly. Our study had a similar result
regarding the insignificance of the type of injury. Contrary to our
study, they found that AC ligament repair was not a significant
factor from the multivariate logistic regression analysis, even
though there was a significant difference between groups. How-
ever, in the biomechanics study, the AC capsule had a significant
contribution to the translational stability.5 Many studies incorpo-
rate AC ligament repair into their repertoire. Their studies showed
good radiologic and clinical outcomes but did not directly investi-
gate the merit of AC ligament repair.9,13,23,27 Furthermore, in the
case of ligament reconstruction, the addition of AC reconstruction
to the CC reconstruction using either synthetic tapes, grafts, or al-
lografts without bone tunnels significantly improved the radiologic
outcomes and improved reoperation rate.24 We believed that a
combination of AC-CC ligament repair would reduce the failure rate



Table III
Univariate analysis of each factor for failure of fixation by each mode of failure and by any mode of failure.

Factors CCD AC subluxation AC widening Any failure

OR P value OR P value OR P value OR P value

Age >40 y 1.98 .25 0.28 .03 0.68 .48 0.24 .05
AC injury type 5 3.45 .08 1.44 .56 0.34 .10 0.45 .26
K wire augmentation 1.09 .92 0.50 .43 0.71 .71 0.48 .52
Over-reduction 0.63 .43 0.88 .81 0.68 .47 0.64 .45
Tunnel osteolysis 1.42 .56 2.05 .25 2.55 .10 3.51 .04
Good tunnel position 1.28 .67 0.93 .90 0.97 .96 0.99 .99
AC ligament repair 0.41 .15 0.41 .15 1.22 .74 0.50 .33
Timing <14 d 0.56 .32 0.56 .32 0.91 .88 0.98 .97
Single tunnel technique 0.19 .13 0.48 .39 0.48 .32 0.24 .06

Factors with P value < .4 are highlighted in bold letters, and will be further included in multivariate logistic regression analysis.
CCD, coracoclavicular distance; AC, acromioclavicular; OR, odd ratio.

Table IV
Multivariate logistic regression analysis for each mode of failure and for reaching any of the failure modes.

Factors CCD AC subluxation AC widening Any failure

OR P value OR P value OR P value OR P value

Age >40 y 2.15 .25 0.23 .02 0.20 .049
AC injury type 5 2.56 2.00 0.33 .11 0.58 .52
K wire augmentation
Over-reduction
Tunnel osteolysis 2.59 .18 2.03 .24 4.29 .06
Good tunnel position
AC ligament repair 0.22 .04 0.23 .046 0.27 .14
Timing <14 d 0.29 .08 0.33 .12
Single tunnel technique 0.10 .72 0.27 .21 0.43 .26 0.18 .09

Factors with P value < .05 were bolded.
CCD, coracoclavicular distance; AC, acromioclavicular; OR, odd ratio.

Table V
Kappa analysis for intrarater and inter-rater reliability.

Categorization Intrarater reliability
(Kappa)

Inter-rater reliability
(Kappa)

CCD loss reduction 0.89 0.83
AC subluxation loss

reduction
0.87 0.79

AC widening loss
reduction

0.85 0.66

Over-reduction 0.79 0.85
Tunnel osteolysis 0.83 0.83
Good tunnel position 0.80 0.80

CCD, coracoclavicular distance; AC, acromioclavicular.
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as it might have a higher chance of AC ligament healing. We also
believed that the repaired AC ligament could share the load with
the repaired CC ligament which resisted vertical translation as
shown in the result as it was a significant preventing factor for
failure by CCD and AC subluxation ratio criteria. Further, AC liga-
ment repair might help prevent failure from horizontal translation,
which had not been investigated in our study, because the trans-
axillary view and Alexander view were not routinely used for
follow-up in our institution.

Another result that conflicted with previous studies mentioned
earlier2,22 was that patients with an age of more than 40 years at
the time of injury were a significant factor in preventing the failure
defined by AC subluxation ratio and by any type of failure. The
reason behind the result might be that the older patients yielded to
have lower postoperative activity and thus might have better
compliance to the immobilization protocol and less strenuous daily
activities compared to the younger counterpart.

The relationship between good tunnel position and clavicular
tunnel widening was postulated in a study by Jeon N, et al8 They
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found that fixation using one cortical button on the clavicle and
suture looping around the coracoid process had more tunnel
widening compared to using a button fixing under a coracoid
tunnel. The final follow-up CCD was not different between the two
groups but 3 out of 14 in the coracoid loop group had a subsequent
clavicular fracture, while none of the coracoid tunnel group had a
clavicular fracture. The reason behind tunnel widening in the study
was that the oblique line of pull had a windshield-wiper or bungee
cord effect.26 Our study found that good tunnel position and tunnel
widening were not significant factors for failure by any criteria. We
hypothesized that even if the fixation line of pull was not ideal and
caused the windshield-wiper or bungee cord effect if the construct
was able to last until the AC and CC ligament healed, it would not
affect the radiographic outcome even if tunnel widening occurred.
This could also explain the finding that the technique used in our
study which were two clavicular tunnels e coracoid loop around
technique and one clavicular tunnel e coracoid tunnel technique,
did not relate to the loss of reduction. Cook, et al found that CC
stabilizationwhich had the tunnel fell into distal 25% of the clavicle
had no failure in their study.3 Noted that 20 of 25 cases that fell into
bad tunnel position group in our study, had the tunnel lateral to the
coracoid process.

Themerit ofK-wire augmentationwasnot found inour study.We
found that the augmentation of fixation with trans AC joint K-wire
did not significantly prevent the loss of reduction by any criteria.
Further, there were 20 out of 51 cases (39.22%) with osteoarthritic
change or distal clavicle osteolysis following the use of trans AC joint
K-wire, compared to 1 out of 6 cases (16.67%) in the group without
the use of K-wire (P¼ .40). However, the number of attempts drilling
with K-wire, which might affect the rate of osteoarthritic change or
distal clavicle osteolysis was not recorded. Further, the use of K-wire
had its complications such as breakage, migration, and pin tract
infection.17Our studydidnot support theuseof transAC jointK-wire
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augmentation as it did not help reduce loss of reduction and the
complications of using K-wire were avoided.

Over-reduction was supported by some studies.9,16 Maziak N,
et al16 found that over-reduction could prevent dynamic posterior
translation, which was significantly related to pain, but not vertical
translation. They also found that from an overall of 26 patients that
had over-reduction done, 12 (4%), remained over-reduced during
final follow-up, while 8 (31%) returned to anatomical position, and
10 (38%) to a nearly anatomical position (1-2mm CCD difference).
The result concurred with our study. Our study showed that over-
reduction did not affect the success rate of fixation judging by a
vertical parameter (CCD and AC subluxation), however, the hori-
zontal plane instability was not evaluated by our study. We also
found that 2 of 24 (8.33%) cases with over-reduction remained
over-reduced. The clinical effect of remaining over-reduced was not
yet to be determined. So, with the rate of around 4-8% remaining
over-reduced compared to the prevention of dynamic posterior
translation, the over-reduction might be considered beneficial.

This study is one of very few studies that analyze factors relating
to the failure and success of AC-CC stabilization. Many surgically
adjustable factors, including the use of K-wire augmentation, over-
reduction, AC ligament repair, tunnel positioning, and technique for
CC stabilization (two clavicular tunnels e coracoid loop around
technique and one clavicular tunnel e coracoid tunnel technique),
were studied and thus might provide more evidence supporting or
against the use of mentioned additional to the fixation techniques.
However, this study is not without limitations. First, this study is
retrospective. The performing surgeons gained more experience
during the 10 years that the patients were included. There were
also some differences between the 3 surgeons as two were seniors
with different surgical techniques and onewas younger. The details
about AC ligament repair were not sufficiently recorded, such as
repair material, suture configuration, suture to a bone tunnel, su-
ture anchor, or just soft tissue repair. The number of K-wire and size
of K-wire also have many differences throughout the cases. The
number of attempts that may affect the rate of distal clavicle
osteolysis or the injury to the CC fixation construct was not recor-
ded. Most of the bad tunnel position was laterally deviated and fell
in the distal 25% length of the clavicle, which had been related to
good radiographic outcome. Second, the sample size is significantly
smaller than previous study. Third, the functional outcome and
horizontal plane stability were not investigated. As of current evi-
dence, there was weak to no significant correlation between
increased CCD and functional outcomes.11,14,18 It is unfortunate that
we lack functional outcome data. Further study might shed light on
this aspect.

Conclusion

In acute AC dislocation types 3 and 5, integrating an AC ligament
repair with CC repair using suspension technique is a significant
factor contributing to the success of vertical stability judged by CCD
and AC subluxation ratio, while age older than 40 years old at the
timeof injurymight havebetter radiographic outcome thanyounger
counterpart. K-wire augmentation and over-reduction failed to
show their significance in preventing vertical instability. Thus, we
recommendAC ligament repair as it significantly reduces failure and
is easy toperform, andweare against the useof transAC jointK-wire
augmentation as it increases risk for complications without benefit.
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