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Background: The purpose of this study was to evaluate the clinical outcomes and complications of hook plate fixation in acromiocla-
vicular (AC) joint dislocations and distal clavicle fractures.
Methods: We retrospectively reviewed a series of 60 consecutive patients with hook plate fixation for AC joint dislocation (group I) and 
distal clavicle fracture (group II). Groups I and II had 39 and 21 patients, respectively. Clinical results were evaluated using the pain visual 
analogue scale (VAS), simple shoulder test, and Constant-Murley scores. In addition, subacromial erosion and stiffness were evaluated as 
complications.
Results: At the removal, the pain VAS was 2.69 ± 1.30 and 4.10 ± 2.14 in groups I and II, respectively, which were significantly differ-
ent (p=0.003). The simple shoulder test score was 9.59 ± 1.60 and 7.81 ± 2.67 in groups I and II, respectively, which were also signifi-
cantly different (p=0.002). Subacromial erosion was significantly more frequent in group II (14/21 patients, 66.7%) than in group I (15/39 
patients, 38.5%) (p=0.037), and stiffness was also higher in group II (17/21 patients, 81.0%) than in group I (22/39 patients, 56.4%), but 
it was not significant.
Conclusions: Hook plate fixation showed good clinical and functional results for the treatment of acute unstable AC joint dislocation 
and distal clavicle fracture. But, in distal clavicle fractures, there are more subacromial erosion and stiffness compare with acute unstable 
AC joint dislocation.
(Clin Shoulder Elbow 2018;21(2):95-100)
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Introduction

Acromioclavicular (AC) joint dislocation is a common injury 
that accounts for about 50% of shoulder injuries from sports.1,2) 
AC joint dislocation is classified according to the Rockwood 
classification based on the severity. Controversy exists in this clas-
sification, but only dislocations of type III or higher have surgical 
indications. Surgery is performed using a K-wire, coracoclavicu-
lar (CC) screw, tight loop, and hook plate.3)

In addition, distal clavicle fracture accounts for 15% to 25% 
of all clavicle fractures, and the treatment depends on the clas-
sification of the fracture.4,5) If a surgical treatment is considered, 
instruments such as K-wire, tension band wire, and various types 
of plate can be used.6)

Among the various surgical procedures, hook plate is a device 
that can be used in both AC joint dislocation and distal clavicle 
fracture. It is easy and convenient to operate, and it has the ad-
vantage of showing stiffness similar to that of the original AC joint 
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due to its rigid fixation.7,8) Therefore, it is possible to reduce the 
patient’s immobilization period and to promote early rehabilita-
tion, resulting in rapid healing of conoid and trapezoid ligaments 
as reported by previous studies.9,10)

However, despite the advantages described above, the hook 
plate has several problems. The hook plate may induce a pres-
sure rise of the hook under the surface of the acromion, which 
causes erosion.11,12) Moreover, because the plate design allows 
the normal biomechanics of the AC joint to be maintained, the 
hook moves freely as the clavicle rotates and elevates when the 
arm is elevated.13) Therefore, the hook plate may cause impinge-
ment, osteolysis, arthritis of the AC joint, and other complica-
tions, such as calcification and ossification of the CC ligament.1,14) 
Although there are many reports of AC joint dislocation and 
distal clavicle fractures treated with a hook plate, there have 
been few reports comparing AC joint dislocation with distal 
clavicle fracture. In addition, there were no studies comparing 
the incidence of complications. The purpose of this study was 1) 
to evaluate the clinical and radiological outcomes of hook plate 
fixation in AC joint dislocation and distal clavicle fracture and 2) 
to compare the clinical result and their complications.

Methods

We retrospectively reviewed a consecutive series of 73 pa-
tients with a hook plate for AC joint dislocation and distal clavi-
cle fracture between 2009 and 2015.

For AC joint dislocation, the inclusion criteria included Rock-
wood lesion types III to V and a minimum clinical follow-up of 
12 months. For distal clavicle fracture, the inclusion criterion is a 
minimum clinical follow-up of 12 months. We excluded patients 
with chronic AC joint dislocations, a history of stiff shoulder, AC 
joint arthritis, and had further surgical intervention or injury to 
the shoulder girdle. All the study protocols were approved by 
Institutional Review Board of the Kyungpook National University 
Hospital (No. KNUH 2012-09-042). 

Overall, a total of 60 patients (51 men and 9 women) with an 
average age of 39.93 ± 14.45 years were included in the study. 
Groups I (AC joint dislocation) and II (distal clavicle fracture) 
had 39 and 21 patients, respectively. In group 1, there were 15 
patients of Rockwood lesion types III, 2 patients of Rockwood 
lesion types IV, and 22 patients of Rockwood lesion types V. In 
group 2, there were 15 patients of Neer types II fracture, and 6 
patients of Neer types III fracture. All clinical data were prospec-
tively collected in our database and retrospectively reviewed.

All surgeries were performed in both groups in the beach 
chair position. An incision was made over the clavicle, and the 
trapezius was opened to expose the AC joint and distal clavicle. 
In group I, manual reduction of the AC joint dislocation was 
performed, and the adequate 3.5-mm LCP Clavicle Hook Plate 
(Synthes Inc., West Chester, PA, USA) was inserted under the 

surface of the acromion and the screw was fixed to the distal 
clavicle. In group II, the same approach was used to expose the 
fracture site of the distal clavicle and to perform a reduction of 
fracture fragment first. If needed, after fixing with a tension band 
wire for interfragmentary fixation, the hook plate was applied. 
Fourteenpatients had additional tension band wiring. Additional 
screws or wiring was used if necessary. In both groups, the trape-
zius was tightly sutured after hook plate fixation using the same 
technique.

After 2 weeks of operation, all patients were allowed to use 
their arm for daily activities, and rehabilitation was progressively 
initiated. After 5 weeks, the patients were allowed to move 
freely. Resumption of strength-related activities was permit-
ted 3 months postoperatively. Removal of the hook plate was 
performed after 4 to 6 months in group I, whereas in group II, 
the hook plate was removed after confirming bone union. As a 
result, there was a significant difference in the period from op-
eration to removal in both groups (group I: 5.31 ± 2.23 months, 
group II: 9.65 ± 1.78 months, p=0.001). Subacromal erosion 
was evaluated using simple radiograph as previous studies de-
scribed.11,15)

All patients were followed-up at least 1 year after the opera-
tion. The clinical outcome assessment was evaluated at the re-
moval time and at the final follow-up using the visual analogue 
scale (VAS), simple shoulder test, and Constant-Murley scores by 
an independent researcher who was not involved in the patient 
treatment. The final clinical assessment was performed at 24.90 
± 5.43 months and 26.01 ± 4.19 months in groups I and II, 
respectively. Shoulder stiffness for forward elevation was defined 
as 120° passively; external rotation, as 30° passively; and inter-
nal rotation at the back, as lower than L3 passively.16) A clinical 

Table 1. Preoperative and Baseline Data

Variable Group I Group II p-value

No. of patient 39 21

Age (yr) 40.10 ± 15.04 39.62 ± 13.65 0.903

Sex (male:female) 35:4 16:5 0.161

Side of involvement 
(dominant:non-dominant)

13:8 23:16 0.825

Time interval (from injury to 
surgery) (d)

9.51 ± 8.41 7.95 ± 7.79 0.485

Etiology 0.236

      Fall down 4 4

      Slip down 14 22

      Traffic accident 3 13

Rockwood classification III: 13, V: 26 – NA

Values are presented as number only or mean ± standard deviation.
Group I: patients with hook plate fixation for acromioclavicular joint disloca­
tion, Group II: patients with distal clavicle fracture, NA: not available.
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researcher measured the range of motion of each patient with a 
goniometer.

Radiologic assessment of reduction and reduction-loss of AC 
joint dislocation was performed preoperatively, postoperatively, 
and at the final follow-up using plain radiographs, which were 
compared with the normal side. The images were analyzed 
and standardized to assess the coracoclavicular distance (CCD, 
height [in percent] to the contralateral shoulder between the 
upper border of the coracoid process and the inferior cortex of 
the clavicle). Reduction loss after plate removal was defined as 
mild (CCD<50% comparing with normal side), severe (CCD 
50%–100%), and re-dislocation (CCD>100%).8)

Statistical analysis was performed using SPSS Statistics ver. 
17.0 (SPSS Inc., Chicago, IL, USA), and the null hypotheses were 
rejected when p-values were <0.05. Descriptive statistics, Stu-
dent’s t-test, and Mann-Whitney U-test were used to determine 
the outcome differences between the two treatment groups.

Results

There was no significant baseline difference between both 
groups in terms of age, side of involvement (dominant or non-
dominant), mechanism of injury, and the time from injury to 
surgery (Table 1).

In the clinical results at the removal time, the VAS was 2.69 
± 1.30 and 4.10 ± 2.14 in groups I and II, respectively, which 
showed significant differences (p=0.003) (Table 2). The simple 
shoulder test score was 9.59 ± 1.60 and 7.81± 2.67 in groups 
I and II, respectively, which also showed significant differences 
(p=0.002). The Constant-Murley score was 86.18 ± 7.25 and 
84.29 ± 7.53 in groups I and II, respectively, which showed a 
significant difference (p=0.345) (Table 2).

At the final follow-up, mean VAS (1.15 ± 0.98 vs. 1.43 ± 
1.07), simple shoulder test (11.03 ± 1.11 vs. 10.71 ± 1.23), 
and Constant-Murley scores (94.49 ± 5.38 vs. 92.14 ± 5.57) 

A B C

Fig. 1. Serial radiographs of a 36-year-old man treated with a hook plate fixation for acromioclavicular joint dislocation. Preoperative (A) and postoperative 4 
months (B) showing good maintenance of joint reduction and subacromial erosion (arrow) after plate removal (C).

Table 2. Clinical Results of the Two Groups 

Variable Group I Group II p-value

No. of patient 39 21

Removal time (d) 159.31 ± 66.98 289.38 ± 53.52 0.001*

   Postoperative VAS at removal 2.69 ± 1.30 4.10 ± 2.14 0.003*

   Postoperative simple shoulder test score at removal 9.59 ± 1.60 7.81 ± 2.67 0.002*

   Postoperative Constant-Murley score at removal 86.18 ± 7.25 84.29 ± 7.53 0.345

   Stiffness at removal (yes:no) 22:17 17:4 0.057

   Subacromial erosion at removal (yes:no) 15:24 14:7 0.037*

Final follow-up (mo) 24.90 ± 5.43 26.01 ± 4.19 0.418

   Postoperative VAS at final follow-up 1.15 ± 0.98 1.43 ± 1.07 0.323

   Postoperative simple shoulder test at final follow-up 11.03 ± 1.11 10.71 ± 1.23 0.340

   Postoperative Constant-Murley score at final follow-up 94.49 ± 5.38 92.14 ± 5.57 0.118

   Stiffness at final follow-up 3:36 2:19 0.578

Values are presented as number only or mean ± standard deviation.
Group I: patients with hook plate fixation for acromioclavicular joint dislocation, Group II: patients with distal clavicle fracture, VAS: visual analogue scale.
*p<0.05.
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were not significant in both groups (p=0.323, 0.340, and 0.118, 
respectively) (Table 2).

At the time of removal, subacromial erosion was significantly 
more frequent in group II (14/21 patients, 66.7%) than in group 
I (15/39 patients, 38.5%) (p=0.037) (Fig. 1, 2), and stiffness was 
also higher in group II (17/21 patients, 81.0%) than in group I 
(22/39 patients, 56.4%), but not significant (p=0.057). At the 
final follow-up, patients recovered from stiffness with no signifi-
cant difference in both groups (3 vs. 2, p=0.578) (Table 2).

With regard to the maintenance of the AC joint reduction, 
there were 3 mild subluxation cases (CCD<50%) after plate re-
moval and no re-dislocation in group I. In group II, there was 1 
partial nonunion case. However, no other complications requir-
ing surgical revision occurred in either group.

Discussion

The purpose of this study was to compare the results of AC 
joint dislocation and distal clavicle fracture using a hook plate. 
The overall final clinical results were good in both groups as 
reported in previous studies. In addition, we aimed to compare 
the incidence of complications of two other injuries using the 
same hook plate as well as their favorable good clinical results in 
our study.

A variety of surgical procedures have been tried to treat AC 
joint dislocation and distal clavicle fractures before using a hook 
plate. K-wires, tension band wires, metal screw, and anatomical 
locking plates have also been used.17-20) However, many compli-
cations such as loss of reduction, loosening, osteolysis, and mi-
gration of internal fixation frequently occurred in each case. In 
addition, due to other problems such as adjacent nerve or vas-
cular injury induced by the internal fixation failure internal,15,21) 
a new surgical method using a hook plate was developed and 
used until now. Surgical treatment of AC joint dislocation and 
distal clavicle fracture using a hook plate is relatively easy be-
cause of the small incision and minimal dissection. In addition, 
joint articulation can be preserved, and it is advantageous for 
early rehabilitation of patients because of its firm fixation.22)

Patients with AC joint dislocations and distal clavicle fractures 
who underwent surgery with a hook plate have been reported 
to have good surgical results. Di Francesco et al.9) performed an 
operation using a hook plate in 42 patients with Rockwood type 
III and V AC joint dislocations. They removed the plate at 1 to 
3 months postoperatively, and reported CC ligament healing in 
37 patients (88.1%) on follow-up magnetic resonance imaging 
at 18 months. Good et al.23) reported a 95% union rate and no 
complication in 36 patients with displaced distal clavicle frac-
tures (Neer type II) who underwent surgery with a hook plate. 
However, there have been no studies comparing both AC joint 
dislocation and distal clavicle fracture, and both of our groups 
showed good results in our study.

However, the greatest disadvantage of the hook plate is sub-
acromial erosion and impingement caused by the hook placed 
under the surface of the acromion. Eschler et al.11) reported that 
5 of the 27 cases (18.5%) showed signs of subacromial erosion 
on plain radiographs. Lin et al.15) treated 40 patients with AC 
joint dislocations or distal clavicle fractures with a hook plate 
and reported that 15 patients (37.5%) and 20 patients (50.0%) 
showed subacromial impingement syndrome and subacromial 
erosion, respectively, as revealed by dynamic sonography. They 
advocated plate removal immediately after obtaining bone 
union or ligamentous healing. In addition, AC arthritis may oc-
cur after the hook plate removal, which may cause pain persis-
tence. As a result, these erosions and other complications cause 
glenohumeral joint stiffness.

In our study, distal clavicle fractures had more subacromial 
erosion and stiffness. Erosion was significantly more common in 
the distal clavicle fracture group than in the AC joint dislocation 
group (p=0.037), and the stiffness was more frequent, although 
with borderline significance (p=0.057).

Therefore, we believe that the following are the possible 
explanations for these results: First, hook plate removal is per-
formed relatively early in the AC joint dislocation group. In the 
literature review, clinical and radiological results were good, 
without complications, in patients whose plates were removed 
within 3 months from fixation3,9,21,24) compared to that in patients 

A B C

Fig. 2. (A) A 53-year-old man treated with a hook plate fixation for distal clavicle fracture. (B, C) A markedly severe subacromial erosion (arrow) was present 
eight months postoperatively, which was caused by the hook plate.
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with delayed removal.25,26) Second, in distal clavicle fractures, 
a bone union period is needed, which requires the removal of 
the hook plate. In most studies, the union of the distal clavicle 
fracture could last up to 8 months; therefore, it was difficult to 
remove the hook plate until complete bone healing.27,28) 

Several limitations should be noted when interpreting our 
findings. First, our study has limitations that are inherent to those 
of similar retrospective and small-sized studies. Second, subacro-
mial erosion is difficult to evaluate accurately with radiographs. 
Therefore, it should be noted that highly precise determina-
tion of the presence and severity of erosion can still be elusive. 
Third, in the distal clavicle fracture, the AC joint was not injured 
as compared to that on AC joint dislocation. Therefore, the 
possibility that it may have affected the postoperative clinical 
outcome cannot be ruled out. Fourth, the bone union of distal 
clavicle fractures in our study were checked by simple radio-
graph. Estimation of bone union of distal clavicle fractures is hard 
by simple radiograph. It may cause incorrect determinations for 
complete bone union.

Conclusion

Hook plate fixation showed good clinical and functional re-
sults for the treatment of acute unstable AC joint dislocation and 
distal clavicle fracture. But, in distal clavicle fractures, there are 
more subacromial erosion and stiffness compare with acute un-
stable AC joint dislocation.
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