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Background: The purpose of this study was to compare the radiologic results of patients who underwent surgery with a hook plate and 
a locking plate in distal clavicle fractures.
Methods: Sixty patients underwent surgical treatment for Neer type IIa, IIb, III, and V distal clavicle fracture. Twenty-eight patients un-
derwent fracture fixation with a hook plate and 32 with a locking plate. Coracoclavicular distance was measured on standard antero-
posterior radiographs before and after the surgery, and union was confirmed by radiograph or computed tomography taken at 6 months 
postoperatively. Other radiologic complications like osteolysis was also checked. 
Results: Bony union was confirmed in 59 patients out of 60 patients, and 1 patient in the hook plate group showed delayed union. 
Coracoclavicular distance was decreased more in the hook plate group after surgery (p<0.01). After 6 weeks of the hook plate removal, 
the coracoclavicular distance was increased a little compared to before metal removal, but there was no difference compared to the 
contralateral shoulder. Eleven out of 28 patients (39.3%) showed osteolysis on the acromial undersurface in the hook plate group.
Conclusions: Both the hook plate group and the locking plate group showed satisfactory radiologic results in distal clavicle fractures. 
Both hook plate and locking plate could be a good treatment option if it is used in proper indication in distal clavicle fracture with acro-
mioclavicular subluxation or dislocation. 
(Clin Shoulder Elbow 2018;21(4):227-233)
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Introduction

Distal clavicle fractures account for about 15% to 25% of all 
clavicle fractures.1,2) Many surgical techniques for unstable distal 
clavicle fractures requiring surgical treatment, such as fixation 
with Kirschner wire (K-wire),3) Weaver-Dunn operation,4) ten-
sion band wiring,3,5) coracoclavicular screw fixation,6-8) fixation 
with plate,9-12) and arthroscopic coracoclavicular ligament repair 
using endobutton,13) have been introduced. Among metal plate 
fixation techniques, the use of a hook plate facilitates reduction 
of superior migration of proximal bone fragments and mainte-
nance of reduction, and makes it possible to maintain reduction 
indirectly without direct fixation of distal fragments with screws 

when distal fragments are very small.14) However, subacromial 
osteolysis is more likely to occur in the subacromial space where 
the hook plate is placed,15,16) and it is impossible to recover the 
full range of motion (ROM) due to the hook plate. Therefore, 
it is known that it is better to remove the hook plate within 6 
months after surgery. However, 6 months may not be sufficient 
for fracture healing.17) In addition, side effects such as rotator cuff 
tears, subacromial impingement syndrome,18) and periprosthetic 
fractures19) have been reported. On the other hand, fixation 
with a locking plate involves the difficulty of direct placement 
of screws on distal fragments, and has the disadvantage that it 
cannot be performed if distal fragments are small.20) In addition, 
distal clavicle fractures accompanied by a rupture of the coraco-
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clavicular ligament have the problem that the coracoclavicular 
distance is not easily restored without performing direct repair or 
reconstruction of the coracoclavicular ligament,21) but the above-
mentioned disadvantages of hook plates can be complemented 
or overcome. In this study, we aim to compare the radiological 
results of patients with distal clavicle fractures who were surgi-
cally treated with a hook plate or a locking plate. 

Methods

The subjects were 60 patients who underwent internal fixa-
tion with a 3.5 mm LCP Clavicle Hook Plate (Synthes, West 
Chester, PA, USA) or Locking Clavicle Plate (Hankil Techmedical 
Co., Hwaseong, Korea) from 2009 to 2017 among patients with 
Neer type IIa, IIb, III, and V distal clavicle fractures. The patients 
who had Neer type I or IV distal clavicle fractures, received 
conservative treatment, underwent fixation with only K-wires or 
screws, or underwent coracoclavicular ligament reconstruction 
were excluded from this study. Among the subjects, 28 patients 
underwent surgery with a hook plate, and 32 patients with a 
locking plate. Metal removal was performed when we were 
able to detect signs of fracture healing on plain radiographs or 
computed tomography images (CTs) taken at 6 months after 
surgery. Since complications such as osteolysis or fracture may 
occur in patients who underwent surgery with a hook metal 
plate, we planned to perform implant removal if fracture union 
was detected 6 months after surgery, and locking plate removal 
was performed within one year after surgery at the latest. At 6 

weeks after implant removal, clavicular anteroposterior plain 
radiographs were taken, the coracoclavicular distance of both 
the left and right sides was measured. In addition, when a hook 
plate was used, it was also examined whether osteolysis around 
the hook or other complications like a fracture occurred.

Surgical Methods and Postoperative Management
Under general anesthesia, the patient was placed in the 

beach chair position and a skin incision was made over the 
distal clavicle fracture site using the standard approach. After 
exposing the fracture site and performing reduction, fixation was 
performed with a locking plate when it was possible to place 
at least three screws in the distal fragment, but when they were 
small or the fracture was severely comminuted, distal fragments 
were fixed with a hook plate (Fig. 1, 2). After confirming that sat-
isfactory reduction was achieved using C-arm fluoroscopy, fixa-
tion was performed using a metal plate and screws. Additional 
reduction and fixation for displaced bone fragments were per-
formed with a K-wire or wire loop if necessary (Fig. 3). K-wires 
were additionally used in 1 case of the hook plate group and in 
4 cases of the locking plate group, and wire loops were addition-
ally used in 1 case of the hook plate group. No patient in either 
of the two groups underwent coracoclavicular ligament repair. 
All the patients wore a shoulder immobilizer for 6 weeks post-
operatively, and active ROM exercises of the elbow joint, wrist 
joint, and fingers were performed immediately after surgery. At 
6 weeks postoperatively, the shoulder immobilizer was removed 
and active ROM exercises of the shoulder joint were performed.

A B C

Fig. 1. (A) A 30-year-old male sustained a 
Neer type IIa left distal clavicle fracture. (B) 
The fracture was reduced with locking plate. 
(C) The last follow-up radiograph after im-
plant removal shows solid union. 

A B C

Fig. 2. (A) A 27-year-old male sustained a 
Neer type IIb left distal clavicle fracture. (B) 
The fracture was reduced and fixed with 
hook plate. (C) The last follow-up radio-
graph after implant removal shows solid 
union.
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Statistical Analysis
Statistical analysis was performed using IBM SPSS ver. 22 (IBM 

Co., Armonk, NY, USA). The independent t-test and chi-square 
test were performed, the significance level was defined as 0.05, 
and if the p-value was less than 0.05, it was considered to indi-
cate a statistically significant difference.

Results

There was no statistical difference in demographic data 

between the two groups (Table 1). A total of 60 cases of distal 
clavicle fractures included 23 cases of Neer type IIa, 18 cases of 
Neer type IIb, 1 case of Neer type III, and 18 cases of Neer type V. 
There was no difference in fracture types classified according to 
the Neer classification between the two groups (p=0.26) (Table 
2). There were no specific complications after surgical treatment 
in all of 60 patients. The mean operative time was 65.7 ± 14.8 
minutes in the hook plate group and 70.5 ± 17.2 minutes in 
the plate group. There was no significant difference in opera-
tive time between the two groups (p=0.25). Complete fracture 

Table 1. Patient Demographic Data 

Variable Hook plate Locking plate p-value

No. of patient 28 (100) 32 (100)

Age (yr) 39.9 ± 14.8 47.4 ±14.8 0.054

Sex (male/female) 24 (85.7)/4 (14.3) 21 (65.6)/11 (34.4) 0.073

Fracture site (right/left) 13 (46.4)/15 (53.6) 9 (28.1)/23 (71.9) 0.142

Values are presented as number (%) or mean ± standard deviation.

Table 2. Neer Classification between Hook Plate and Locking Plate

Neer classification Hook plate Locking plate Total

IIa 8 (28.6) 15 (46.9) 23 (38.3)

IIb 8 (28.6) 10 (31.3) 18 (30.0)

III 1 (3.6) 0 (0) 1 (1.7)

V 11 (39.3) 7 (21.9) 18 (30.0)

Values are presented as number (%). 

A

B

Fig. 3. (A) A 37-year-old male sustained a Neer type V right distal clavicle 
fracture with acromioclavicular joint subluxation. (B) The fracture-disloca-
tion was reduced and fixed with hook plate and wiring.

Fig. 4. (A) A 52-year-old male sustained a Neer type V right distal clavicle fracture. (B) Immediate postoperative radiograph shows fracture site reduced with 
hook plate. (C) Hook was moving toward to acromion on follow-up radiograph taken at 6 months postoperatively. (D) Partial union was observed on comput-
com tomography image taken at 6 months postoperatively. (E) Pelvic bone graft was done on nonunion site during implant removal and union was found on 3 
months later. 

A B C

D E
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healing was obtained in 59 out of 60 patients. One patient who 
underwent surgery with a hook plate showed delayed union at 
6 months postoperatively. In the patient showing delayed union, 
X-rays taken immediately after surgery showed that the hook 
plate was properly placed under the acromion (Fig. 4B), but the 
hook gradually migrated into the acromion during the follow-up 
period, so we decided to remove the metal plate 6 months after 
surgery. Although X-ray taken at 6 months postoperatively did 
not show fracture union, partial bone union was detected on CT 
(Fig. 4D), so it was considered unnecessary to perform refixation. 
Therefore, while removing the metal plate, only autogenous iliac 
bone graft was performed for the site showing delayed union. 
X-ray taken at 3 months after the surgery provided radiographic 
findings of complete fracture union (Fig. 4E). In 11 of 28 patients 
(39.3%) who were surgically treated with a hook plate, osteolysis 
of the acromion where the hook plate was located were de-
tected, but there were no complications such as fractures (Fig. 5).

The mean coracoclavicular distance was measured to be 19.4 
± 4.3 mm in the hook plate group and 17.7 ± 6.7 mm in the 
locking plate group before surgery. After surgery, the mean cora-

coclavicular distance was 6.8 ± 3.3 mm in the hook plate group, 
and 10.8 ± 2.5 mm in the locking plate group, respectively, so 
significant decreases were observed compared to the preopera-
tive measures (p<0.01). As for the value obtained by subtracting 
the coracoclavicular distance of the uninjured side from that of 
the injured side (henceforth, CCDD), the preoperative mean 
value was 10.3 ± 4.3 mm in the hook plate group and 9.4 ± 6.2 
mm in the locking plate group, so there was no statistically signifi-
cant difference between the two groups (p=0.51). After surgery, 
the mean CCDD values were -1.9 ± 3.4 mm in the hook plate 
group and 3.0 ± 2.5 mm in the locking plate group, showing that 
an overcorrection was made in the hook plate group compared 
to the degree of reduction in the locking plate group (p<0.01), 
and that there was a significant decrease in both the groups com-
pared to the preoperative values (Table 3).

Twenty-six out of 32 patients in the hook plate group under-
went implant removal at 7.7 months (4.6 to 14.1 months) after 
surgery on average. In the locking plate group, 23 out of 28 pa-
tients underwent implant removal at 13.5 months (8.8 to 35.9 
months) after surgery on average. In the locking plate group, 
there was almost no change in the coracoclavicular distance 
before and after implant removal, but in the hook plate group, 
X-ray taken at 6 weeks after implant removal showed that the 
coracoclavicular distance was slightly increased to 8.22 ± 2.62 
mm compared to the values before implant removal, but CCDD 
was measured to be -0.30 ± 2.48 mm, showing almost no dif-
ference in the coracoclavicular distance between the injured 
side and the contralateral side (Table 4).

A B

Fig. 5. (A) The immediate postoperative 
radiograph of a 30-year-old male sustained 
a Neer type V left distal clavicle fracture 
reduced with hook plate. (B) The last follow-
up radiograph before implant removal 
shows osteolysis on acromion (white arrow).

Table 3. Overall Radiologic Outcomes (Unit: mm)

Variable Hook plate Locking plate p-value 

Preoperative

   CCD 19.4 ± 4.3 17.7 ± 6.7 0.24

   CCDD 10.3 ± 4.3 9.4 ± 6.2 0.51

Postoperative

   CCD 6.8 ± 3.3 10.8 ± 2.5 <0.01

   CCDD -1.9 ± 3.4 3.0 ± 2.5 <0.01

Postremoval

   CCD 8.2 ± 2.6 10.0 ± 2.7 0.03

   CCDD -0.3 ± 2.5 1.5 ± 2.2 0.01

Values are presented as mean ± standard deviation.
CCD: coracoclavicular distance of injured side as measured in anteroposterior 
(AP) radiographs, CCDD: subtraction of coracoclavicular distance of unin-
jured side from that of injured side as measured in bilateral AP radiographs.

Table 4. Radiologic Outcome of Hook Plate in Postoperative and Postremoval 
(Unit: mm)

Variable Postoperative Postremoval p-value 

CCD 6.83 ± 3.51 8.22 ± 2.62 0.022

CCDD -1.74 ± 3.65 -0.30 ± 2.48 0.011

Values are presented as mean ± standard deviation.
CCD: coracoclavicular distance of injured side as measured in anteroposterior 
(AP) radiographs, CCDD: subtraction of coracoclavicular distance of unin-
jured side from that of injured side as measured in bilateral AP radiographs.
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Discussion

In this study, we could obtain fracture union without major 
complications in both the group surgically treated with a hook 
plate and the group surgically treated with a locking plate for dis-
tal clavicle fractures. There was no difference in operative time 
between the two groups, and there was a significant decrease in 
the coracoclavicular distance, which had been increased preop-
eratively in both the groups.

Unlike hook plates, locking plates cannot fix the acromiocla-
vicular joint, but in most cases of distal clavicle fractures, there is 
no rupture of the acromioclavicular ligament and the coracocla-
vicular ligament is attached to the distal bone fragment, so the 
coracoclavicular distance is expected to be improved only by 
fracture reduction.22) 

In this study, we were also able to confirm the reduction of 
the coracoclavicular distance in all patients who underwent sur-
gery with a locking plate. However, the coracoclavicular distance 
was different by about 3.0 mm from that of the uninjured side. 
This finding suggests that coracoclavicular distance cannot be 
maintained if only fracture reduction is performed without sta-
bilizing the coracoclavicular ligament. In the hook plate group, 
it was found that a slight overcorrection of thecoracoclavicular 
distance was made compared to the uninjured side. This can 
be attributed to the fact that an overcorrection was attempted 
intentionally to avoid the loss of reduction after implant removal. 
In the case of acromioclavicular joint dislocations where both 
the acromioclavicular ligament and coracoclavicular ligament 
are ruptured, a partial loss of reduction is commonly observed 
after implant removal when fixation is performed using a hook 
plate.23) However, in this study, it was found that reduction of the 
coracoclavicular ligament was maintained even when the hook 
plate was removed. This is presumed to be due to the fact that 
the acromioclavicular ligament is intact and the coracoclavicular 
ligament is partially attached to the bone fragments in most cases 
of distal clavicle fractures. 

It is known that there is no significant difference in the clinical 
results of distal clavicle fractures between the cases where the 
difference in the coracoclavicular distance between the injured 
and uninjured sides is 10% or higher and the cases where the 
difference is less than 10%,21) so implications of the difference 
in the coracoclavicular distance are not clear yet. However, it is 
thought that there is a need for continuous follow-up since there 
has not been research on complications requiring long-term fol-
low up such as acromioclavicular arthritis.

When a hook plate is used, it is impossible to maintain fixa-
tion for a long time due to problems such as acromion frac-
tures,24,25) acromion osteolysis caused by the hook plate,26) and 
a reduction of the ROM of the joint,27) so there are concerns 
about whether it is possible to maintain fixation for sufficient 
time until fracture union is achieved. In this study, complete 

fracture healing was achieved at about 6 months after surgery 
in all the subjects except one out of 28 patients who underwent 
surgical treatment with a hook plate. In one patient, delayed 
union was detected, so implant removal was performed. Then, 
the patient also showed complete bone union by autogenous 
bone graft alone without additional fixation. As shown in Fig. 4, 
CT taken at 6 months after surgery showed the migration of the 
hook of the hook plate into the acromion, so we determined 
that removal of the metal plate was necessary because of the 
possibility of fracture despite of partial union. In this case, it was 
expected to be difficult to obtain fracture union easily because 
of severe fragmentation and displacement of the fracture before 
surgery. Therefore, it is difficult to attribute partial union at 6 
months after surgery to the use of the hook plate. In distal clavi-
cle fractures, fixation for 6 months is thought to be enough time 
to obtain fracture union, and when surgery is performed with a 
hook plate, there is no need to make much subperiosteal dis-
section since the use of a hook plate obviates the need to make 
an effort to obtain anatomical reduction unlike when a locking 
plate is used. Therefore, the use of hook plates makes it possible 
to perform fixation minimizing damage of the blood flow to 
the cortical bone. In this respect, the use of hook plates may be 
helpful for fracture union.

Erdle et al.23) reported that the degree of correction of the 
coracoclavicular distance was greater when a hook plate was 
used than when a locking plate was used, but that the coraco-
clavicular distance was larger compared to that of the uninjured 
side. On the other hand, in this study, the coracoclavicular 
distance was measured to be smaller than that of the uninjured 
side in the hook plate group. This is a result reflecting the inten-
tional attempt to make a slight overcorrection compared to the 
uninjured side taking into account the fact that the coracocla-
vicular distance may be increased after implant removal. As a 
result, the coracoclavicular distance was measured to be smaller 
than that of the uninjured side while the hook plate was placed 
in the fracture site. However, after the hook plate was removed, 
the coracoclavicular distance recovered to almost the same level 
as the uninjured side.

In this study, we detected indications of osteolysis at the loca-
tion of the hook plate in about 40% (11 out of 28 cases) of the 
patients treated with a hook plate, and it was found that the 
hook plate migrated into the acromion in 2 cases. The incidence 
of osteolysis was not higher compared to other studies,18,26,28) 
and no major complications such as a fracture due to osteolysis 
or a fracture at the internal side of the hook plate occurred.24,25) 
This is thought to be a result from the fact that the metal plates 
were removed at a relatively early stage rather than placing them 
in the body for a long time. 

This study has several limitations which need to be pointed 
out. First, this study is a retrospective study. It is considered diffi-
cult to conduct a prospective study because the choice of metal 
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plate fixation techniques depends on the types of fracture even 
though the fracture site is identical. Second, types of metal fixa-
tion devices were not randomly assigned. As mentioned above 
regarding the first limitation, in this study, different methods of 
metal plate fixation were used depending on the type of frac-
ture. When the length of the distal fragment was enough to 
insert three or more screws, a locking screw was inserted to per-
form anatomical reduction. On the other hand, when the length 
of the distal fragment was not sufficient, fixation was performed 
with a hook plate without making much subperiosteal dissec-
tion. It is believed to be an inevitable choice due to the features 
of each metal fixation device, and it is thought that this factor did 
not have a significant impact on the results of this study because 
the choice of metal fixation devices was not made based on the 
coracoclavicular distance. Third, we made no comparison of 
clinical outcomes. However, both of the methods are known to 
show relatively good clinical outcomes,14) and this study focused 
on the comparison of radiological results between the two surgi-
cal techniques because we achieved fracture union finally in all 
the subjects without any particular complications. 

Conclusion

As a result of evaluation of the radiological results of surgical 
treatment of distal clavicle fractures accompanied by displace-
ment, satisfactory fracture reduction and bone union were con-
firmed in both the hook plate group and the locking plate group. 
The coracoclavicular distance was more decreased in the hook 
plate group than in the locking plate group, and fracture reduc-
tion was also more stably maintained in the hook plate group 
after the metal plate was removed. In many cases, radiographs 
showed phenomena such as osteolysis, but there were no ra-
diological findings of problems such as fractures when implant 
removal was performed approximately 6 months after surgery.
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