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Abstract
Background: Subacromial osteolysis is a serious complication caused by clavicle hook plates.
Incongruency between the hook and undersurface of the acromion has been reported as a cause of
subacromial osteolysis. The aim of this study was to retrospectively examine the effectiveness of hook
bending in reducing subacromial osteolysis.

Methods: Twenty-two patients with unstable distal clavicle fractures were treated with clavicle hook
plates. There were 19 males and 3 females, with a mean age of 55.0 years. They were followed for a
mean period of 9.5 months. The patients were divided into two groups; there were 10 patients whose
hook was bent (the bending group) and 12 patients whose hook was not bent (the nonbending group). In
the bending group, the hook was bent using a dedicated bender such that the hook and the undersurface
of the acromion were parallel, and the direction of the hook was con�rmed arthroscopically. At plate
removal, arthroscopy was performed in both groups to observe the subacromial bony defect and the
rotator cuff injury.

Results: One patient in the nonbending group had a �brous union, but bone union was achieved in all
other patients. In the bending group, the angle at which the hook was inclined downward with respect to
the distal portion of the plate (hook inclination angle) was 9.3 ± 6.1˚ (range, 2-23˚). The subacromial bony
defects were signi�cantly smaller in the bending group (1.7 ± 2.4 mm) than in the nonbending group (4.7
± 2.3 mm) (P<0.05). Partial-thickness rotator cuff tears localized around the hook were observed
arthroscopically in 6 patients in the bending group (60%) and in 7 patients in the nonbending group
(58%).

Conclusions: When the hook was bent such that it was parallel to the undersurface of the acromion, the
degree of subacromial osteolysis was reduced.

Background
Clavicle hook plates used for the treatment of distal clavicle fractures provide strong �xation, and the
surgical procedure is relatively easy to perform. However, complications such as subacromial osteolysis
and rotator cuff injury due to the hook have been reported [1–11]. The hook portion of the clavicle hook
plate is placed under the acromion, and downward pressure is applied from the plate portion on the
clavicle to reduce the fracture. Pressure is continuously applied to the undersurface of the acromion after
the operation to suppress the upward dislocation of the distal end of the clavicle, and this pressure has
been shown to cause subacromial osteolysis [2–4, 6–10]. If the severity of subacromial osteolysis
progresses signi�cantly, a serious complication, acromial fracture, occurs [12–14]. There is a report
recommending the locking plate because the complication rate of the clavicle hook plate is higher than
that of the locking plate [15–17]. However, there are cases for which a clavicle hook plate must be used,
such as cases involving a highly comminuted distal bone fragment. Therefore, it is important to take
measures to reduce complications so that the clavicle hook plate can be used safely.
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When only the tip of the hook is in contact with the undersurface of the acromion and the stress is
concentrated at one point, the severity of subacromial osteolysis progresses. If the hook is bent to be
parallel to the undersurface of the acromion, the contact area between the hook and the acromion
increases, and the pressure disperses. We hypothesized that subacromial osteolysis can be suppressed
by bending of the hook. To assess the state of subacromial osteolysis, the subacromial bony defect was
quantitatively assessed arthroscopically at plate removal. In this article, we examined the effect of hook
bending on subacromial osteolysis by comparing groups with and without hook bending.

Methods
Twenty-two patients with unstable distal clavicle fractures who underwent surgical treatment with
clavicle hook plates were evaluated retrospectively. There were 19 males and 3 females, with a mean age
of 55.0 years (range, 32–77 years). The right shoulder was treated in 13 patients, and the left shoulder
was treated in 9. The mechanism of injury was a fall in 19 patients and a tra�c accident in 3. The
fracture types according to the Craig classi�cation were type IIA in 11 patients, type IIB in 9, and type V in
2 [18]. The patients were followed for a mean period of 9.5 months (range, 5.1–20.3 months). The
patients were divided into two groups; there were 10 patients whose hook on the plate was bent such that
the hook was parallel to the undersurface of the acromion (the bending group) and 12 patients whose
hook was not bent (the nonbending group). The patients in the bending group were treated with an HTS
clavicular plate (HOYA Technosurgical Corporation, Tokyo, Japan; Fig. 1A), which has a hook that can be
bent at the base using a dedicated bender (arrow in Fig. 1A, Fig. 2). This plate was made commercially
available in March 2015 and is the only clavicle hook plate that has a dedicated hook bender. The
patients in the nonbending group were treated with a different clavicle hook plate (DePuy Synthes, West
Chester, USA; Fig. 1B). The bending group consisted of cases consecutively included from June 2017 to
January 2019 and was compared with the nonbending group, which included cases consecutively
included from May 2006 to September 2007, and there were no patients lost to follow-up in either group.

The patients were placed in the beach chair position under general anesthesia. The skin incision was
made from the center of the clavicle shaft toward the hook insertion point, which was posterior to the
acromioclavicular joint. The depth of the hook was determined using �uoroscopy and trial implants
intraoperatively. The hook was passed under the acromion, and the plate was placed on the clavicle. If
necessary, the plate portion was bent according to the shape of the clavicle. In the bending group,
subacromial arthroscopy was performed at this point. The hook was bent by the dedicated bender such
that the hook and the undersurface of the acromion were parallel, and the direction of the hook was
con�rmed arthroscopically. The hook inclination angle was measured as the angle at which the hook was
inclined downward with respect to the distal portion of the plate (Fig. 3). In the nonbending group,
arthroscopy and the bending of the hook were not performed. Screws were inserted to secure the plate to
the clavicle.

Postoperatively, the patients used a sling for several days and then started a range of motion exercise.
The patients were instructed to restrict �exion and abduction of the shoulder to 90° until the plate was
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removed. The plates were removed after radiographs showed bone union. At plate removal, arthroscopy
was performed for both groups to observe the subacromial bony defect and rotator cuff injury. In
addition, we evaluated the level of pain, shoulder joint range of motion, Constant-Murley score at the
follow-up, and postoperative complications [19]. Statistical analysis was performed using the unpaired
Student’s t-test, and a P-value of less than 0.05 was considered to be statistically signi�cant.

Results
One patient in the nonbending group had a �brous union, but bone union was achieved in all other
patients. The duration from the operation to plate removal was 4.2 ± 1.0 months (range, 3.3–5.9 months)
in the bending group and 5.1 ± 1.5 months (range, 3.5–8.5 months) in the nonbending group. In the
bending group, the hook inclination angle was 9.3 ± 6.1˚ (range, 2–23˚; Fig. 4). Fig. 4 shows a histogram
of the hook inclination angle for the patients in the bending group. The hook inclination angle was most
commonly between 6 and 10 degrees. Before plate removal, subacromial osteolysis was observed
radiographically in 2 patients in the bending group (20%) and in 6 patients in the nonbending group
(50%). However, after plate removal, subacromial osteolysis was revealed in 5 patients (50%) and in 11
patients (92%) in the bending and nonbending groups, respectively. Shoulder pain at the last follow-up
was observed in 2 patients in the bending group (20%) and 2 patients in the nonbending group (17%), all
of which were mild. All patients had resumed normal activities. At the last follow-up, the �exion ranges of
motion in the operative shoulder were 148.0 ± 26.6° and 152.5 ± 38.0°, the abduction ranges of motion
were 156.0 ± 27.2° and 155.0 ± 36.6°, and the external rotation ranges of motion were 46.5 ± 55.8° and
45.8 ± 76.5° in the bending group and the nonbending group, respectively; the internal rotation range of
motion was up to L3 in both groups. At the last follow-up, the Constant-Murley score was 90.0 ± 4.2
points in the bending group and 91.3 ± 3.1 points in the nonbending group. There was no signi�cant
difference in the range of motion or Constant-Murley score between groups.

The subacromial bony defects due to the hook observed arthroscopically at plate removal were
signi�cantly smaller in the bending group (1.7 ± 2.4 mm) than in the nonbending group (4.7 ± 2.3 mm) (p
< 0.05). In particular, the number of patients with a subacromial bony defect of 1 mm or smaller was 6
patients in the bending group (60%) and 1 patient in the nonbending group (8.3%). At plate removal,
partial-thickness rotator cuff tears localized around the hook were observed arthroscopically in 6 patients
in the bending group (60%) and in 7 patients in the nonbending group (58%). There were no full-thickness
rotator cuff tears in either group. There were no complications, such as infection, neurovascular injury,
nonunion, acromial fracture, or plate breakage. General information for the 22 patients is shown in Table
1, and a typical case is shown in Fig. 5 and Fig. 6.

Discussion
Subacromial osteolysis and rotator cuff injury caused by the hook are serious complications caused by
clavicle hook plates, and there are many reports of these complications [1–11]. An inappropriate hook



Page 5/14

depth and incongruency between the hook and undersurface of the acromion have been reported as
causes of subacromial osteolysis [20–23].

If the hook depth is too short, the pressure applied to the acromion by the hook will increase and cause
subacromial osteolysis [22, 23]. Lee et al. used �nite element analysis (FEA) and found that deeper
implantation of the hook reduces the force applied to the acromion by the hook [22]. However, if the hook
depth is too long, the hook will make contact the rotator cuff, causing impingement syndrome or rotator
cuff injury [1, 3, 5, 8, 11]. It is important to select the appropriate hook depth to prevent these
complications.

According to previous reports about the morphology of the acromioclavicular joint, there are many
patients whose acromion is inclined downward with respect to the distal end of the clavicle in the coronal
plane [6, 24]. The hook portion of the clavicle hook plate forms a right angle and does not match the
shape of the acromion. Therefore, when the clavicle hook plate is installed on a patient whose acromion
is inclined downward, only the tip of the hook comes into contact with the acromion. Shen et al. reported
that bending of the hook is necessary to increase the contact area between the hook and the acromion
because an increased acromioclavicular angle promotes osteolysis [6]. Li et al. compared clavicle hook
plates with hook angles of 0 and 15 degrees and reported that patients treated with the 15-degree hook
plate had less severe pain and better postoperative recovery than those treated with the 0-degree clavicle
hook plate [25]. Hung et al. reported that the more the hook was inclined downward, the more proximal
the contact position between the hook and the acromion [20]. Based on the above results, we
hypothesized that subacromial osteolysis can be reduced by bending the hook downward.

Since the angle between the acromion and the distal end of the clavicle varies greatly, the appropriate
bending angle of the hook varies from case to case. In our study, there were individual differences in the
hook inclination angle, which ranged from 2 to 23 degrees and was directed downward. It is necessary to
determine the appropriate hook bending angle for each patient. Hyun et al. reported that subacromial
osteolysis can be reduced by bending the hook using a �uoroscopic view obtained by directing the X-ray
beam from the anterior to posterior direction at approximately 30 to 40 degrees caudally [4]. However, Lee
et al. reported that arthroscopy is necessary because �uoroscopic assessments cannot be used to
accurately evaluate the presence of impingement of the hook and the rotator cuff [2]. In our study, even
when the hook was bent arthroscopically such that the hook was parallel to the acromion, there were
some cases in which the hook and the acromion did not appear parallel in the �uoroscopic view. The
reason for the di�culty in determining the proper �uoroscopic direction is that the position of the hook
relative to the acromion differs depending on the patient. ElMaraghy et al. reported that the posterior hook
implantation angle varied widely, ranging from 0˚ to 67˚, from the midline toward the posterior aspect of
the acromion [26]. According to the above results, arthroscopy was more useful than �uoroscopy in
bending the hook accurately such that it was parallel with the acromion.

The width of the hook of the Synthes clavicle hook plate is 5.2 mm. To avoid hook breakage, the surgical
technique manual provided by the manufacturer recommends not bending the hook more than 10 to 15
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degrees. However, the hook of the HOYA HTS clavicular plate is bent at the base of the hook (arrow in Fig.
1A) using a dedicated bender. The width of the hook tip is 5.2 mm, but the width of the portion to be bent
is 7.46 mm; therefore, it is di�cult to break the hook, even when it is bent. In the mechanical tests
conducted by the manufacturer, the hook of the HOYA HTS clavicular plate did not break, even when the
hook was bent 17.5 degrees downward and a force of 200 N was applied to the hook from the top
1,000,000 times. Since bending the hook back and forth many times may cause the hook to break, we did
not bend it in the reverse direction.

In previous reports, X-ray or computed tomography (CT) was commonly used to evaluate subacromial
osteolysis [2, 4, 6–10]. However, it is di�cult to accurately evaluate subacromial osteolysis. The
radiolucent area cannot be evaluated accurately when the hook and the radiolucent area overlap in X-rays
or hook artifacts appear in CT scans. In our study, there were patients in which osteolysis was revealed
after plate removal, even though osteolysis was not visible before plate removal. We quantitatively
assessed the subacromial bony defects by performing subacromial arthroscopy at plate removal. Using
arthroscopy, the effect of hook bending on subacromial osteolysis could be accurately evaluated.

Rotator cuff injury is also a serious complication that is caused by the hook [1, 3, 5, 11]. Gu et al. reported
that the rotator cuff and shoulder joint capsule can impinge with the hook if the hook is placed deeply or
the subacromial space is small [1]. Lee et al. arthroscopically con�rmed the presence of impingement of
the rotator cuff and the hook, and a plate with a different hook depth was used or the hook portion was
bent if impingement was identi�ed [2]. We predicted that rotator cuff injury can be prevented by bending
the hook to be parallel to the undersurface of the acromion. However, the degree of rotator cuff injury in
the bending group was not different from that in the nonbinding group. Deng et al. reported that since
most hook plates do not match the shape of the shoulder exactly, the hook depth is longer than the
thickness of the acromion, then subacromial space is narrowed by the hook [27]. We considered that
some degree of rotator cuff injury was inevitable when using the clavicle hook plate. Fortunately,
although partial-thickness rotator cuff tears were observed, there were no patients with complete rotator
cuff tears. There are reports showing symptom improvement without special treatment after plate
removal, even in patients who exhibited pain due to the hook [1, 2, 5, 17]. We considered that localized
injury of the rotator cuff surface can be naturally repaired by plate removal. Additional studies are needed
to accurately determine the complications caused by the hook.

There were several limitations to this study. Our study was retrospective and nonrandomized, and the
sample size was small. Furthermore, different plates were used for the bending group and the
nonbending group. Therefore, the difference in the degree of subacromial osteolysis may be affected by
factors other than hook bending.

Conclusions
By bending the hook so that it was parallel to the undersurface of the acromion, the degree of
subacromial osteolysis was reduced. However, there was little difference in the degree of rotator cuff
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injury with or without hook bending. Subacromial arthroscopy was more useful than �uoroscopy in
bending the hook accurately.
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CT (computed tomography), FEA (�nite element analysis)
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Figures
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Figure 1

(A) HTS clavicular plate (bending group). The hook is bent at the base of the hook (arrow). (B) Clavicle
hook plate (nonbending group).
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Figure 2

HTS clavicular plate is bent using a dedicated bender.

Figure 3

Hook inclination angle. The angle at which the hook was inclined downward with respect to the distal
portion of the plate (*).
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Figure 4

Histogram of the hook inclination angle for the patients in the bending group.
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Figure 5

A 59-year-old man with a Craig type IIA distal clavicle fracture (bending group). Preoperative (A)
radiograph and postoperative (B) radiograph. During the operation, the hook was bent 16° downward. At
plate removal, (C) no rotator cuff injury was identi�ed arthroscopically. (D) The size of the subacromial
bony defect was 0 mm.
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Figure 6

A 51-year-old man with a Craig type V distal clavicle fracture (nonbending group). Preoperative (A)
radiograph and postoperative (B) radiograph. At plate removal, (C) a partial-thickness rotator cuff tear
localized around the hook was observed arthroscopically. (D) The size of the subacromial bony defect
was 8 mm, and outgrowth of the synovial membrane was observed inside the bony defect.
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