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We retrospectively evaluate the efficacy of a clavicle hook plate as a fixation device for unstable distal
end comminuted clavicle fractures. Seven patients who visited our hospital between March 2004 and
January 2009 were included in this study. The patients' age ranged from 26 years to 65 years, and the
mean follow-up period was 6.9 months. All fractures were united, and there was no case of delayed
union. There were no complications after surgery. At the final follow-up in January 2010, six excellent
and one good Constant-Murley scores were noted. We conclude that the use of a hook plate is
a reasonable option for fixation of an unstable distal end comminuted clavicle fracture, resulting in a high
rate of union and satisfactory functional results.
Copyright � 2011, Taiwan Orthopaedic Association. Published by Elsevier Taiwan LLC. All rights reserved.
1. Introduction

Lateral clavicle fractures account for approximately 12e15% of
all clavicle fractures, and unstable fractures are usually difficult to
treat.1 Neer2,3 subdivided these fractures into three categories. Neer
Type 2 fractures are characterized by fractures medial to the cor-
acoclavicular ligaments, with or without disruption of the cor-
acoclavicle ligaments, and are unstable because of the displacing
force that delays the bone union. The incidences of nonunion,
delayed union, and malunion are high (22e35%)3e7 when they
receive nonoperative treatments. Although the treatment for Neer
Type 2 fractures is still controversial, most researchers recommend
open reduction and internal fixation as the treatment of
choice.1,7e13 However, a variety of other possible fixation methods,
including tension-band wiring, Knowles pin fixation, cor-
acoclavicular screw fixation, and plate fixation, are also available.
Unfortunately, when the distal fragment is comminuted, rigid
fixation and early mobilization are difficult to achieve. A hook plate
(HP) with an extension under the acromionmay be a useful fixation
method for these specific fracture patterns.9,11 In the present study,
we retrospectively reviewed the clinical outcomes of unstable
distal end comminuted clavicle fractures fixed with a HP to
dic Surgery, E-Da Hospital,
ang, Kaohsiung County 824,
.
ao).

iwan Orthopaedic Association. Pub
evaluate the bony union, range of motion (ROM), shoulder function,
and rate of postoperative complications.

2. Materials and methods

Seven patients (5 men and 2 women) with isolated unstable
distal end comminuted clavicle fractures who underwent Arbeits-
gemeinschaft für Osteosynthesefragen clavicle-HP fixation at the
E-DA Hospital between March 2004 and January 2009 were
included in this study. We excluded patients with Neer Type 2
injuries with intact distal fragments and patients with acromio-
clavicular joint dislocations. Patients who were lost to follow-up
and those with incomplete data were also excluded. The mean
age of the patients at the time of surgery was 44 years (range,
26e65 years). The cause of injury was automobile accidents in four
cases, motorcycle accidents in two cases, and a fall in one case. The
right clavicle was involved in four cases and the left in three cases.
All patients were treated within 7 days of injury.

The operative procedure was performed under general anes-
thesia with the patients on sitting position with the injured limb
freely mobile. A standard sabre approach was used to expose and
reduce the fracture. We preserved the soft tissue as much as
possible and only the soft tissue above the clavicle was completely
dissected. The hookwas inserted into the soft tissue tunnel made in
the subacromial space behind the acromioclavicular joint. If
necessary, the plate was bent to conform to the clavicular shape. In
our study, plate bending was necessary for six patients (85%).
lished by Elsevier Taiwan LLC. All rights reserved.
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Fig. 1. (A) Twenty-six-year-old man with a right distal clavicle fracture caused by an
automobile accident. Four fragments are noted over the distal end of the clavicle.
(B) Postoperative X-ray showed that Hook plate fixation for Neer Type 2c fracture with
adequate fixation and stability. (C) Good bone union (3 months postoperatively) after
implant removal.

Fig. 2. (A) Forty-one-year-old woman with a left distal clavicle fracture caused by an
accidental fall. A vertical split parallel to the shaft with three fragments over the distal
end of the clavicle are noted. (B) Postoperative X-ray showed Hook plate fixation
for Neer Type 2c fracture with adequate fixation and stability. (C) Good bone union
(3 months postoperatively).

C.-K. Lu et al. / Formosan Journal of Musculoskeletal Disorders 2 (2011) 102e105 103
Pendulum exercises were performed by the patient from the
second postoperative day. In all cases, the arm was supported by
a sling for 6 weeks, during which overhead abduction and internal
rotation of the shoulder behind the back were avoided. Mobiliza-
tionwas initiated as soon as possible, and only forward elevation of
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the shoulder joint was encouraged after the operation until the
implant was removed. After HP removal, full ROM exercises were
recommended.

Heavy manual work was not allowed until the plate was
removed. The average follow-up period from March 2004 to
January 2010 was 6.9 months (range, 6e8 months). Plain radio-
graphs were taken once every month to evaluate bone union.
Fracture clinical union was defined here that the fracture site was
painless. Radiographical union was defined as a bridged trabeculae
across the fracture site or solid callus with cortical density con-
necting both fragments. At the final follow-up visit (2 months after
HP removal), outcomes were evaluated using the Constant-Murley
shoulder scoring system and the visual analog scale pain score.

3. Results

The fractures united uneventfully in all seven cases (Figs. 1
and 2). There was no case of delayed union or nonunion. The
mean union time was 3.9 months. The mean duration from surgery
until plate removal was 4.9 months (range, 4e6 months). Full ROM
and shoulder function were restored in all patients. At the latest
clinic follow-up visit (2 months after HP removal), the mean
Constant-Murley score14 was 93.9 (range, 89e99). Constant-Murley
scores are categorized as follows: excellent (90e100), good
(80e89), satisfactory (70e79), and fair (<70); in our study, there
were six excellent scores and one good score. The visual analog
scale pain score of the injured side was 1.1 (range, 0e3) (Table 1).
Furthermore, there were no postoperative complications.

4. Discussion

The treatment for Neer Type 2 fractures remains controversial.
Nordqvist et al4 reported 22% nonunion of Neer Type 2 fractures in
the nonoperative group, but most nonunions were clinically
asymptomatic and no further operation was required. Robinson
and Cairns6 also recommended nonoperative treatment for
patients older than 35 years. But recently, most studies have
reported excellent results and a high bone union rate for Neer Type
2 clavicle fractures using various fixation methods, such as tension-
band wiring, Knowles pin fixation, coracoclavicular screw fixation,
and plate fixation. However, most studies in the literature reported
postoperative evaluations and assessment of Neer Type 2 injuries,
with the exception of one study, which focused on Neer Type 2b
injuries.15 According to Neer,2,3 a Type 2 injury is defined as a dis-
placed fracture secondary to a fracture medial to the cor-
acoclavicular ligament, and these can be further divided into two
subgroups. In Type 2a injuries, the conoid and trapezoid ligament is
attached to the distal clavicle, whereas in Type 2b injuries, the
coracoclavicular ligament is detached from the medial fragment.
Flinkkilä et al8 explained that the controversy over treatment for
Neer Type 2 injuries may be because of the degree of displacement
Table 1
Patient demographics and clinical outcomes.

Patient Sex Age Mec Side
injured

F/U
(mo)

Evidence of
on X-ray (m

1 M 26 AMA Right 6 3
2 M 65 AMA Right 8 5
3 M 57 MBA Left 8 4
4 M 52 MBA Right 6 4
5 F 38 AMA Left 7 4
6 M 41 Fall Left 6 3
7 F 29 AMA Right 7 4

All fracture patterns were Neer Type 2b with distal comminuted fragment injuries.
AMA¼ automobile accident; F/U¼ follow-up; MBA¼motorcycle accident; Mec¼Mecha
of the fragments, and soft tissue injuries are not taken into account
in the Neer fracture classification. In our study, we recognized
a specific fracture pattern of Neer Type 2 fractures, which may
differ from other subgroups, and have therefore introduced a new
subgroup called “Neer Type 2c injury.” In Neer Type 2c fractures,
the coracoclavicular ligament is detached from the medial frag-
ment in addition to the presence of a comminuted distal fragment
without acromioclavicular joint dislocation (Figs. 1 and 2A). As
compared with other subgroups, vertical and horizontal instability
is more likely to interfere with bone healing in Neer Type 2c frac-
tures. A surgical approach for Neer Type 2c injuries should there-
fore provide stability and allow for early mobilization. However, it
may be difficult to apply tension-band wiring, coracoclavicular
screws, and Knowles pin fixation because the distal fragment is
comminuted. In our study, HP fixation for Neer Type 2c fractures
(Figs. 1 and 2B and C) achieved bone union and excellent or good
clinical results.

Klein et al16 reported the results of fixation of Neer type 2
fractures using an HP and a superior locked plate with suture
augmentation. Both fixation methods resulted in a high union rate
(95% union rate in HP and 93.8% in superior locked plate with
suture augmentation) and equal functional outcomes. Hermann
et al15 also reported that the use of a locking T-plate osteosynthesis
with suture anchor stabilization for unstable Neer Type 2b fractures
resulted in good and excellent shoulder function and a 100% union
rate. Thus, using a locking plate with interosseous sutures for Neer
Type 2c fractures may be another good operational technique.

Although no complications were noted in our study, several
drawbacks have been reported, and it is therefore important to
exercise caution when using an HP. Impingement syndrome, peri-
implantation failure, asymptomatic subacromial osteolysis, and
rotator cuff tear have been reported by many authors.1,8,10,12,13,17,18

Kashii et al10 reported acromial fracture and hook cutout in 1
patient and widening of the hook hole in 19 of 34 patients who
underwent HP fixation; these outcomes were mainly related to the
hole that was drilled into the acromion for hook insertion. None of
these complications were reported in studies in which the hook
was inserted below the acromion, similar to the Arbeitsgemein-
schaft für Osteosynthesefragen clavicle HP used in our study.
Recently, ElMaraghy et al19 used cadaveric models for subacromial
morphometric assessment of the clavicular HP. They noticed that
despite the posterior orientation of the subacromial hook, the base
of the hook still rested in the middle of the supraspinatus fossa.
The occurrence of bursal inflammation in this space because of the
presence of the subacromial hook could further narrow the
distance between the supraspinatus tendon and the subacromial
arch, predisposing patients to postoperative complications associ-
ated with rotator cuff impingement. We encouraged only forward
elevation of the shoulder joint postoperatively until the implant
was removed. After plate removal, full ROM exercise was recom-
mended. In addition, to avoid impingement syndrome when using
union
o)

Plate
removal (mo)

Constant
score

VAS Forward elevation
of shoulder (degree)

4 99 0 0e180
6 93 1 0e180
6 89 3 0e160
4 93 1 0e180
5 95 1 0e180
4 95 1 0e180
5 93 1 0e180

nism; VAS¼ visual analog scale.
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HP fixation, plate removal is required. Patients were routinely
informed of this when fixation techniques were considered.

The main limitation of the present study is the small number of
cases. In general, the incidence of unstable distal clavicle fractures
is quite low, and herein, we further focused on “Neer Type 2c”
fractures, which are even rarer. However, in our study, the results of
HP fixation for this specific fracture pattern are promising.

In conclusion, we found that the use of a clavicle HP for the
fixation of unstable distal end comminuted clavicle fractures
resulted in union in 100% of cases and yielded good results with
regard to function, early mobilization, and ROM, without any
complications in our cases.
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