
INTRODUCTION 

Acromioclavicular (AC) joint injury accounts for 9%–12% of 
shoulder injuries that are caused by falling on outstretched hands 
[1]. Recently, as the frequency of traffic, industrial, and falling 
accidents has increased, the frequency of AC joint injuries also 
has increased. AC joint dislocations are classified according to 
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the Rockwood classification [2]. Despite controversies, surgical 
treatment is considered in injuries more severe than type 3 [3-5]. 
Among the previously introduced treatment options, such as 
pinning, tension band wiring, washer screw, and clavicular hook 
plate, the best option remains controversial [6-8]. 

After being introduced by Hackenbruch, open reduction and 
internal fixation (ORIF) with a hook plate gradually grew to be 
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considered the ideal method as it could easily maintain reduction 
without affecting the injury to the AC joint space, and it allows 
normal biomechanical rotation between the clavicle and scapula 
with non-rigid fixation. This allows long-term retention of the 
plates, which can help in appropriate recovery of the coracocla-
vicular (CC) ligament [9-12]. 

As the use of hook plates increased, complications related to 
internal fixation also increased. Complications such as subacro-
mial impingement syndrome, subacromial erosion, metal failure, 
need for secondary surgery for metal removal, wide skin incision, 
widening of the hook hole, and pain due to metal irritation when 
retained for long-term and stress fractures have been reported 
[7,13,14]. In particular, postoperative pain was reported as a 
comprehensive sign of various complications that affected the 
shoulder. According to a report, 14% of subjects who underwent 
surgery with hook plates for distal clavicular fracture experienced 
postoperative pain [15]. 

Studying the cause of postoperative pain and its prevention 
methods has become an important task. Many studies have report-
ed that these are related to the position of the hook plate, subacro-
mial impingement syndrome, and functional exercise [11,12]. 

According to Ko [14], if the tip of the plate hook was pointing 
upward to the subacromion, such as in Wolter’s crook plates, the 
pain resulting from impingement and metal irritation could not 
be overlooked, as three of 11 patients in that study complained of 
persistent pain before metal removal. In this study, we aimed to 
determine the effect of plate hook bending by analyzing clinical 
and radiological results based on the shape of the plate hook. 

METHODS 

We conducted this study in compliance with the principles of the 

Declaration of Helsinki. The study’s protocol was reviewed and 
approved by the Institutional Review Board of Wonkwang Uni-
versity Hospital (IRB No. WKUHIRB 2021-07-032), and agree-
ment of the patient was exempted as it was a retrospective study.

Subjects 
This study was retrospectively performed on patients who had 
acute (less than 2 weeks) Rockwood type III, IV, or V AC joint 
dislocation and were treated with hook plate fixation at our hos-
pital from 2011 to 2019. Among 103 patients, three who were 
younger than 18 years, 17 with concomitant injury, four with ab-
normal range of motion (ROM) before injury, and three who 
could not be followed up after metal removal were excluded from 
the study according to exclusion criteria. A total of 76 patients 
was included in the study. Most of the injuries were low energy, 
such as slipping and sports injuries, or high energy, such as falls 
and traffic accidents. As a result of the retrospective analysis, 31 
cases underwent surgery without bending of the plates prior to 
and in the year 2014. As patients complained of complications 
such as postoperative pain, we performed downward plate bend-
ing in 45 cases from the year 2015 onward. 

Surgical Technique 
Surgery was performed under general anesthesia in the supine 
position. A senior surgeon (JWK) performed all the surgeries. 
The incision was made from the lateral tip of the acromion to the 
medial side of the coracoid process. After subcutaneous dissec-
tion, the AC joint and CC ligament were exposed. The site for 
the insertion of the hook plate (Arbeitsgemeinschaft für osteo-
synthesefragen hook locking compression plate [LCP]; Synthes, 
Solothurn, Switzerland; LCP clavicle hook plate, Taeyeon Medi-
cal, Seoul, Korea) was determined to be on the soft tissue posteri-

Fig. 1. (A) Plate inclined 15° downward. Angle of plate hook is the angle between the tip and longitudinal post, determined as the angle (white 
curved line) between the perpendicular line (yellow line) of the lateral edge of the plate (blue line) and the superior edge of the tip of the hook 
(red line). (B) Anteroposterior view of the shoulder radiograph with a bent plate hook. (C) Anteroposterior view of the shoulder radiograph 
with an unbent plate hook.
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or to the AC joint. From 2015, a bending iron and flier were used 
to bend the plate hook approximately 15° downward by bending 
the tip and longitudinal post of the plate hook (Fig. 1). The plate 
was inserted to reach the lower part of the acromion. Downside 
pressure on the clavicular part of the plate was used for reduc-
tion. Furthermore, the acromion helped the reduction, as it 
worked as a lever. Before inserting the screws, the authors used a 
radiographic image intensifier to confirm the adequacy of reduc-
tion by evaluating the positions of the acromion, clavicle, and the 
hook fixed on the acromion. 

The hook plates were removed 4 months after ORIF [16,17]. 
The patients performed passive forward elevation and pendulum 
exercises using Kenny-Howard braces from postoperative day 1 
(POD 1) and then active exercise with the braces from POD 3 
weeks. They were allowed to return to their everyday lives with-
out strenuous exercise and without the braces starting at POD 6 
weeks. 

Hook Plate Factors 
We performed a retrospective analysis by dividing the subjects 
into bending and non-bending groups. The angle of the plate 
hook (APH), that of the tip and longitudinal post of the hook 
plate, determined as the angle between the perpendicular line of 
the lateral edge of the plate and the superior edge of the tip of the 
hook, was evaluated in the two groups. 

Clinical Evaluation 
The visual analog scale (VAS) was evaluated before surgery, 4 
months after the surgery (just before metal removal), 6 months 
after metal removal, and at the final follow-up (1 year after metal 
removal). 

Radiological Evaluation 
To evaluate AC joint reduction after the surgery, the CC distance 
(the height between the upper border of the coracoid process and 
the inferior cortex of the clavicle) was measured before ORIF and 
at 6 months to 1 year after metal removal. The percentage in-
crease of the affected side compared to that of the unaffected side 
was calculated (comparative coracoclavicular distance [CCD]). 
Subluxation, re-dislocation, subacromial osteolysis, metal dis-
placement, or peri-implant fractures were evaluated as postoper-
ative radiological complications. Subluxation was defined as the 
clavicle being less than 50% displaced compared to the height of 
the acromion; displacement greater than 50% was defined as dis-
location [18]. 

Statistical Analysis 
The paired t-test was used to assess differences between the pre-
operative and postoperative outcomes in each group, while an 
independent t-test was used to compare results between the 
groups. The chi-square test and Fisher’s exact test were used to 
assess categorical data of the injury type. Pearson’s coefficient was 
used to describe the correlations of APH and other outcomes 
with statistically significant difference between the two groups. 
The SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) was used for all 
statistical analyses. The significance level for all analyses was set 
at p < 0.05. 

RESULTS 

The mean age of the subjects was 52.9 years (range, 24–82 years) 
for the bending group and 56.4 years (range, 29–81 years) for the 
non-bending group. The American Shoulder and Elbow Sur-
geons (ASES) shoulder score and ROM were used to evaluate 

Table 1. Demographics of the subgroups

Variable Bending group Non-bending group p-value
Case 45 31 -
Type of hook plate (AO/Taeyeon) 14:31 13:18 0.333
Sex (male:female) 26:19 17:14 0.799
Age (yr) 52.9 (24–82) 56.4 (29–81) 0.254
Angle of plate hook (°)  2.8± 1.2 21.2± 6.9 0.031
Follow-up period after metal removal (mo) 16.1± 1.4 15.7± 1.1 0.352
Injury type 0.862
  High-energy (fall down, traffic accident) 37 25
  Low-energy (slip down) 8 6
Classification  0.976
  Rockwood III 14 9
  Rockwood IV 6 4
  Rockwood V 25 18
Values are presented as number, median (range), or mean±standard deviation. A p-value <0.05 was considered significant.
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functional outcomes at every regular follow-up. Metal removal 
was performed 4.1 ± 0.4 months after surgery. The mean fol-
low-up periods were 16.1 ± 1.4 and 15.7 ± 1.1 months for the 
bending and non-bending groups, respectively. The demograph-
ic data are shown in Table 1. The number of low-energy injuries 
was 14, while that of high-energy injuries was 62. The mean APH 
of the bending group was 21.2°±6.9°, while that of the non-bend-
ing group was 2.8° ± 1.2° (p = 0.031).  

In the clinical outcomes, the VAS of the bending group im-
proved from 3.8 ± 0.9 before surgery to 2.2 ± 0.4, 1.2 ± 0.2, and 
1.1 ± 0.1 at 4 months after surgery (just before metal removal), 6 
months after metal removal, and at the final follow-up (1 year af-
ter metal removal), respectively; while that for the non-bending 
group improved from 3.7 ± 0.6 to 3.5 ± 0.3, 1.4 ± 0.3, and 1.2 ± 0.2, 
respectively. In particular, the VAS at 4 months after surgery was 
better in the bending group than in the non-bending group with 
statistical significance (p = 0.021) but did not show a statistically 
significant difference at 6 months after metal removal or at the 
final follow-up (Table 2). 

The ASES score in the bending group improved from 66.2±49.1 
at 4 months after the surgery to 83.2±44.8 at 6 months after metal 
removal and 85.1±42.3 at the final follow-up; in the non-bending 

group, it improved from 56.2 ± 39.8 at 4 months after the surgery 
to 79.2 ± 9.8 and 82.1 ± 30.1. The ASES at 4 months after surgery 
was better in the bending group than in the non-bending group 
with statistical significance (p = 0.019) but did not show a statisti-
cally significant difference at 6 months after metal removal or at 
the final follow-up (Table 2). 

In ROM, active forward elevation angles at 4 months after sur-
gery were 121.1° ± 13.8° and 105.1° ± 16.4° in the bending and 
non-bending groups, respectively. At 6 months after metal  
removal, they improved to 141.1° ± 16.4° and 139.3° ± 15.5°, re-
spectively. At the final follow-up, they were 151.1° ± 12.3° and 
148.7° ± 10.1°, respectively. There was no statistically significant 
difference at any time point. External rotation, internal rotation, 
and abduction showed the same tendencies (Table 2). 

CCD measurement for evaluation of radiological outcomes was 
183.2% ±25.4% preoperatively and 114.3% ±18.9% at 4 months  
after surgery in the bending group and 188.2% ±34.4% and 
119.1%±16.7%, respectively, in the non-bending group. The chang-
es in CCD between the initial measurement and the post-metal  
removal measurement were 60.2%±11.2% in the bending group 
and 57.3%±10.4% in the non-bending group, with no statistical  
significance (p = 0.241). The two groups showed decreased post-

Table 2. Comparison of clinical outcomes between the subgroups

Variable Bending group Non-bending group p-value
Initial outcome
  VAS  score 3.8± 0.9 3.7± 0.6 0.361
POD 4-month outcome
  VAS score 2.2± 0.4 3.5± 0.3 0.021
  ASES score 66.2± 49.1 56.2± 39.8 0.019
Post-metal removal outcome
  VAS score 1.2± 0.2 1.4± 0.3 0.235
  ASES score 83.2± 44.8 79.2± 9.8 0.247
Last FU outcome
  VAS score 1.1± 0.1 1.2± 0.2 0.317
  ASES score 85.1± 42.3 82.1± 30.1 0.251
Range of motion (POD 4 mo, °)
  Active FE 121.1± 13.8 101.5± 14.7 0.341
  ER 55.2± 8.3 54.3± 11.3 0.237
  IR 24.5± 6.9 25.1± 3.8 0.155
  Abduction 75.1± 4.9 64.0± 8.5 0.148
Range of motion (last FU, °)
  Active FE 151.1± 12.3 148.7± 10.1 0.982
  ER 74.2± 12.3 73.8± 11.7 0.754
  IR 33.2± 5.8 32.7± 6.3 0.894
  Abduction 85.2± 10.4 84.9± 7.4 1.014
Values are presented as mean±standard deviation. A p-value <0.05 was considered significant.
VAS: visual analog scale, POD: postoperative day, ASES: American Shoulder and Elbow Surgeons, FU: follow-up, FE: forward elevation, ER: exter-
nal rotation, IR: internal rotation.
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operative CCD compared to the preoperative states and showed 
no significant difference between the two groups (Table 3). 

After metal removal, nine cases in the bending group and six 
in the non-bending group showed subluxation, and there was an 
increasing tendency according to the increase in severity of the 
injury subtype. Asymptomatic patients underwent conservative 
treatment. One patient showed symptoms of pain and discomfort 
and underwent the Weaver-Dunn procedure. One case in the 
bending group showed re-dislocation, which required refixation 
with another hook plate (Table 3). 

A total of 11 cases showed subacromial osteolysis during the 
final radiological follow-up with X-rays, with most of these cases 
(n = 8) being in the non-bending group. The odds ratio between 
the two groups was 3.87 (8/31:3/45), showing significantly  
increased subacromial osteolysis in the non-bending group 
(p=0.020) (Table 3). 

Among the outcomes, VAS and ASES at 4 months after surgery 
and the proportion of the number of patients with subacromial 
osteolysis showed statistically significant difference between the 
two groups. The amount of subacromial osteolysis was not quan-
tifiable, thus the odds ratio between the groups were not evaluat-
ed. Therefore, we used Pearson’s coefficient for the correlation 
between APH and VAS at 4 months after surgery, along with the 
correlation between APH and ASES at 4 months after surgery. 
Pearson’s coefficient of the former was 0.74 (p= 0.027), while that 
of the latter was −0.63 (p= 0.032) (Table 4). 

Other complications, such as deep infection or nerve injury, 
were not observed in this study. According to the results of this 
study, the mean APH of the two groups was different (2.8° ± 1.2° 
in the bending group and 21.2° ± 6.9° in the non-bending group), 
and this difference in APH was a factor of significant differences 
in VAS and ASES at 4 months after surgery (Table 2).  

DISCUSSION 

In this study, while APH according to bending of the plate hook 

did not affect postoperative CCD, it was an associated with post-
operative pain and clinical outcomes before implant removal and 
reduced complications such as subacromial osteolysis and im-
pingement. 

Postoperative shoulder pain is the most common complication 
associated with hook plate fixation, which adversely affects post-
operative rehabilitation. This suggests the need to study the cause 
of pain and its prevention. The main cause was suggested to be 
related to the plate itself, such as impingement between the clavi-
cle and hook, length of the hook tail, and position. Therefore, 
early metal removal is recommended for fast rehabilitation 
[1,19]. 

According to ElMaraghy et al. [20], the hook can injure the 
subacromial bursa, narrowing the space and decreasing ROM. In 
this study, patients showed restricted ROM at 4 months after sur-
gery. At the time of the last follow-up after metal removal, com-
pared to at 4 months after surgery, most patients recovered to 
normal ROM. In contrast, the non-bending group showed sig-
nificantly inferior results compared to the bending group in VAS 
and clinical scores at 4 months after ORIF, which was before 
metal removal. This is suspected to be due to the sharp tip of the 
hook plate, which irritates the subacromial space. Without bend-
ing, the tip of the hook has a high possibility of being upturned, 
which can increase the stress on the tip of the hook in the sub-
acromial space due to point contact rather than surface contact, 
leading to aggravation of the bony erosion and shoulder pain. 
According to a report by Xu et al. [21], as a mechanical factor, 

Table 3. Comparison of CCD measurement and complications between the subgroups

Variable Bending group (n= 45) Non-bending group (n= 31) p-value
Initial CCD (affected:unaffected, %) 183.2± 25.4 188.2± 34.4 0.214
Postoperative CCD (%) 97.3± 16.2 97.8± 12.7 0.857
Post-metal removal CCD (%) 114.3± 18.9 119.1± 16.7 0.613
Change between initial and post-metal removal CCD (%) 60.2± 11.2 57.3± 10.4 0.241
Pathology of AC joint (intact:subluxation:re-dislocation) 35:9:1 25:6:0 0.701
Subacromial osteolysis 3 8 0.020
Values are presented as mean±standard deviation or number. A p-value <0.05 was considered significant.
CCD: comparative coracoclavicular distance, AC: acromioclavicular.

Table 4. Correlations of APH with other outcomes

Variable Pearson’s  
coefficient p-value

APH and VAS score at 4 months after surgery 0.74 0.027
APH and ASES score at 4 months after surgery –0.63 0.032
A p-value <0.05 was considered significant.
APH: angle of plate hook, VAS: visual analog scale, ASES: American 
Shoulder and Elbow Surgeons.
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APH independently affected the outcome, showing better out-
comes in a group with a higher angle. The bending and 
non-bending groups had differences in APH, which led to signif-
icant differences in pain and clinical scores at 4 months after 
ORIF, with the bending group showing better clinical outcomes. 

When hook plates are used without modification, the risk of 
complications such as subacromial osteolysis, which can lead to 
pain, increases due to the concentration of stress on both tips of 
the plate [21,22]. In this study, CCD according to hook plate 
bending did not show a statistically significant difference be-
tween the two groups (postop CCD, p= 0.857) (Table 3), indicat-
ing that bending the plate had no effect on postoperative CCD 
(post-metal removal CCD, p = 0.613) (Table 3). Even though 
there was no significant difference between the groups according 
to bending itself, the non-bending group showed more severe 
subacromial osteolysis (8/31) compared to the bending group 
(3/45) (odds ratio, 3.87). 

ORIF with a hook plate can maintain shoulder function based 
on leverage [16] but can cause complications such as postopera-
tive pain. In particular, decreased APH, caused by not bending 
the plate, acted as a factor of pain at 4 months after ORIF. How-
ever, this can be managed by metal removal, as evidenced by the 
lack of significant difference in VAS, which was better in the 
bending group at 4 months after surgery, between the two groups 
at the last follow-up. 

This study has certain limitations as it was performed retro-
spectively in a single center with a small number of subjects. In 
addition, two types of implants were used, but analysis between 
the implants could not be performed due to the small number of 
samples. Also, the native acromial slope was not considered as a 
factor. This study, however, is meaningful for evaluating the fac-
tors that affect clinical outcomes and complications before and 
after metal removal. 

The APH was associated with improved postoperative pain 
and clinical outcomes before implant removal and with reduced 
complications; therefore, plate hook bending is considered useful 
clinically during plate implantation. 
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