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Abstract

Background: The clavicular hook plate is an accepted surgical procedure for distal clavicle fractures. The
relationship of the characteristics of the hook plate, acromioclavicular joint and acromion morphology, and clinical
outcome has remained poorly understood. We reviewed the clinical records of patients who had distal clavicle
fractures with different lateral acromion angles treated using a clavicle hook plate and evaluated their clinical
outcomes with respect to shoulder pain and acromial morphology.

Methods: We retrospectively reviewed 102 patients with distal clavicle fractures treated with hook plates at our
institution from 2010 to 2017. They were divided into four groups according to lateral acromion angle on shoulder
AP view X-rays. The angle was defined as the incline angle between the superior surface of distal clavicle and the
inferior facet of acromion on coronal plane. We reviewed their clinical features, including Neer’s impingement sign,
MRI findings, and outcomes using Japanese Orthopaedic Association Scores. The mean follow-up was 25.5 months
(range, 24 to 28 months).

Results: All patients in group D (large lateral acromion angle (α) > 40°, acromion coronal angle (β) < 60°)
complained of postoperative symptoms. Compared to those with common lateral acromion angle, the incidence of
postoperative impingement in group D was undoubtedly much higher (100%). Japanese Orthopaedic Association
(JOA) scores in group D were worse at 3 months post-surgery, 3 months post plate removal, and at the last follow-
up despite a slightly earlier removal in this group.

Conclusion: Lateral acromion angle appears to be an important factor in the development of postoperative pain
and worse outcomes (JOA scores) in patients treated with the hook plate. The incidence of subacromial
impingement and rotator cuff lesion (RCL) increased with the α angle. Early limited mobility and removal of the
implant may improve the prognosis and resolve the postoperative shoulder pain.

Study design: Retrospective review, level of evidence IV.

Keywords: Distal clavicle fractures, Clavicle hook plate, Lateral acromion angle, Distal clavicle–acromion coronal
angle, Subacromial impingement, Rotator cuff lesion
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Introduction
Distal clavicle fractures are usually caused by indirect vio-
lence and account for approximately 21% of all clavicle
fractures [1]. They are divided into three types according
to the relationship of the fracture line to the coracoclavi-
cular ligaments and acromioclavicular joint by Neer [2].
These fractures have been documented to have a signifi-
cant non-union rate (as high as 22–31%) when treated
conservatively, particularly Neer type II [3]. Surgery has
been recommended and been shown to reduce this non-
union rate and improve clinical outcomes [3].
There is an array of surgical options in the literature

including K-wire transfixation [4], tension band wires
[5], coracoclavicular screw fixation [6], ligament repair
or reconstruction [7], and clavicular hook plate. The cla-
vicular hook plate is a popular surgical treatment, which
can provide high stability for the acromioclavicular joint.
Clinical research has demonstrated stable fixation, good
union rates, and few complications [8]. However, there
are well-documented complications such as acromial
osteolysis, subacromial shoulder impingement, rotator
cuff tears, and subacromial pain [9, 10].
Clinical studies have reported this postoperative pain

and suggested it is related to subacromial shoulder im-
pingement and rotator cuff lesions (RCL) due to the pos-
ition/type of implant [10, 11]. They have recommended
that it was necessary to remove the hook plate as soon
as bony union was achieved [10, 11].
We believe that postoperative pain may be more

closely related to the morphology and complex structure
of the plate, distal clavicle, and acromion, and not just
the presence of the hook plate itself in the subacromial
plate. Other authors have suggested that the morphology
of the acromioclavicular joint and impingement is based
on the sagittal diversity of acromioclavicular joint seen
in the general population [12–14].
The present study is to explore the relationship of the

angle of the acromion to the clavicle and clinical out-
comes specifically postoperative pain and impingement.
We defined a large lateral acromion angle as a distal
clavicle–acromion coronal angle > 40° and an acromion
coronal angle < 60°. In addition, we provided a new
method for measuring the distal clavicle–acromion cor-
onal angle, which could make it more efficient in the ap-
plication of the clavicular hook plate.

Materials and methods
Patient characteristics
From January 2010 to August 2017, 129 patients who sus-
tained displaced distal clavicle fractures and presented to
our trauma center (Department of Orthopedics, The First
Affiliated Hospital of Soochow University) were identified
from our database. All preoperative X-ray showed the ob-
vious fracture displacement. With the failure of manual

reposition, internal fixation must be performed on a re-
duced and aligned fracture. All patients underwent sur-
gery using the clavicular hook plate for fixation. This
study was approved by the Ethics Committee of our hos-
pitals, and all patients provided written informed consent.
Fifteen patients were excluded from the study due to

one or more of the following: (1) bilateral clavicular frac-
tures, (2) fractures that underwent prior surgery, (3) severe
additional associated shoulder injuries, (4) abnormal
shoulder function prior to injury, (5) type III fractures
(classified according to the Neer classification: Type I oc-
curs lateral to the coracoclavicular ligaments, type II is
characterized by a medial fracture with the coracoclavicu-
lar ligaments ruptured, type III is an intraarticular fracture
of the acromioclavicular joint). Twelve were lost to follow-
up within the 2 years.
We defined the distal clavicle–acromion coronal angle

(α) as the incline angle between the upper surface of dis-
tal clavicle and the inferior facet of acromion on coronal
plane, which was consistent with the practical situation
of implanting the clavicular hook plate. The acromion
coronal angle (β) was then measured as the angle be-
tween a line drawn along the inferior facet of acromion
and the line from the superior and inferior margin of the
glenoid cavity on coronal plane (Fig. 1). Of note, when
the acromial under-surface was uneven to the extent
that a parallel line cannot be determined, the under-
surface line was drawn through the most medial and lat-
eral points of the inferior acromion. Similarly, for the

Fig. 1 Calculate the distal clavicle–acromion coronal angle (α) and
acromion coronal angle (β) on a standardized true
anteroposterior radiograph
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large deformation shaft of distal clavicle, the upper-surface
line was drawn through the points marking the most lat-
eral aspect and the corner of the superior clavicle. All ra-
diographs were evaluated at the end of the study by one
observer (XS), who was blinded to the outcome.
There were nine cases with large lateral acromion

angle as group D. The common characteristics of these
patients included a distal clavicle–acromion coronal
angle (α) > 40°, acromion coronal angle (β) < 60°, and
the inferior facet of acromion being particularly wide re-
ferring to the uninjured side (Fig. 2a, b). The other 93 pa-
tients who had distal clavicle fractures with common
lateral acromion angle (α < 40° and β > 60°) were com-
pared. In order to better describe it, they were divided into
three groups based on angular variation (group A 0° < α <
20° and 70° < β < 90°; group B 20° < α < 30° and 60° < β <
80°; group C 30° < α < 40° and 60° < β < 70°). Classification
and measurement of the acromioclavicular joint index
were made at standardized true anteroposterior radio-
graphs using X-rays with a resolution of 0.1 mm. The
above mentioned morphological parameters were mea-
sured using Digimizer Image Analysis Software.

Surgical procedures
All surgeries were performed by trauma trainees at our
orthopedic trauma center (The First Affiliated Hospital
of Soochow University) within 1 week (mean time, 3.2

days) after injury. Surgery was performed under general
anesthesia and in the beach-chair position. A linear inci-
sion was made on the distal clavicle. After reduction and
confirming of the subacromial space, the hook plate was
placed beneath the acromion posterior to the acromio-
clavicular joint. Two different depths of hook (15 mm
and 18mm) were available. However, during surgery, a
hook type of 15 mm has difficulty in accommodating the
thicknesses of the acromion with a large lateral acro-
mion angle. Unexpectedly, the fracture could not be re-
duced after positioning the clavicular hook plate in
group D, which manifested as the endpiece of the plate
uplifted or a fracture shift (Fig. 2c). Taking the contours
of the bone into consideration, we tried a number of im-
plants with different angles (90°, 95°, 100°, 105°, and
110°). No matter how we configured the plate to the
shape of the clavicle, it turned out that the resistance of
reduction increased with the bending angle reducing.

Postoperative management
The shoulder was kept in a shoulder immobilizer for 1
month. Passive pendulum exercises were encouraged 3
days postoperatively with the aid of the uninjured arm.
Ice compression was applied after exercise. Active exer-
cises were started at 3 weeks post-surgery. Patients were
required to take active exercise after 3 weeks. Active mo-
tion of over 90° was permitted at 6 weeks post-surgery.

Fig. 2 Case 1: A 30-year-old man with left distal clavicle fracture treated with clavicular hook plate. a Preoperative radiography indicated Neer
type I fracture of the distal clavicle. b distal clavicle–acromion coronal angle (α) and acromion coronal angle (β) on X-ray films of uninjured side. c
Intraoperative fluoroscopy showed the endpiece of plate uplifted (black arrow). d Postoperative X-ray demonstrated accepted fracture reduction
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Patients were followed up 3monthly with X-rays and
were scored using Japanese Orthopaedic Association
(JOA). After the fractures healed, the patients were
allowed to have removal of the hook plate.

Clinical assessment
Subacromial impingement was diagnosed according to
Neer’s impingement sign. The Japanese Orthopaedic Asso-
ciation (JOA) scoring system was used for functional assess-
ment at 3months after internal fixation and 3months after
removal of fixation [15]. The JOA score is based on 100
points including pain assessment (30 points), shoulder
function (20 points), range of movement (ROM) (30
points), radiographic evaluation (5 points), and joint stabil-
ity (15 points). In accordance with the JOA shoulder assess-
ment by Tomoya et al. [16], we defined functional recovery
as a score more than 80% in each JOA shoulder assessment
component. Magnetic resonance imaging (MRI) was per-
formed if constant pain remained for 3months after bony
union and plate removal. The rotator cuff lesion is based
on critical identification of the MRI for the changes seen in
rotator cuff tissue signal and morphologic appearance. Ro-
tator cuff tear refers to a supraspinatus tendon with both
abnormal signal and morphologic appearance with or with-
out a definite area of discontinuity within the tendon.

Statistical analysis
All data were analyzed using the SPSS statistical package
(version 20.0; SPSS Inc.) and represented as mean and
standard deviation (SD) for continuous response vari-
ables, or numbers and percentages for discrete vari-
ables. The independent samples t test was used for
analysis of continuous variables. The level of signifi-
cance was set at P < 0.05.

Results
In group D, the mean of α angle was 44.6°, while that of
β angle was 53.4°. Hooks with a 15-mm depth were used
in four cases, and in three cases, a big angle hook with
exceeding 100° was used. JOA Scores at 3 months post-
operatively (mean 65.8) was lower than that at 3 months
(mean 75.7) and 1 year (mean 79.1) after removal. How-
ever, one patient (case 1) was an exception before and
after the removal with no difference. Radiography at the
immediate postoperative period showed good fracture
reduction. According to clinical and radiographic results,
all fractures achieved bony union within 3 months after
surgery. The clinical and demographic data were shown
in Tables 1 and 2.
Postoperatively, all patients in group D complained of

implant-related symptoms including pain, scraping feel-
ing, and limited motion of the operated shoulder. The
clinical subacromial impingement (positive Neer’s sign)
was observed in all. Nevertheless, cases 5 and 7 had re-
lief gradually within approximately 2 months after im-
plantation. The symptom of case 8 was relieved
significantly after withdrawal of the plate. In contrast,
unbearable pain was noted for daily life and work in the
remaining 6 patients with the range of JOA from 50 to
65 points. Their symptoms did not subside (strength and
ROM of shoulder was slightly improved, but with no sig-
nificant differences in pain), even if undergoing early re-
moval of the plate like case 1. A RCL was further
confirmed eventually with the aid of MRI examination
in these cases (Fig. 3), five of whom received rotator cuff
repair and achieved remission. At final follow-up, case 1
refused a second surgery and was lost to follow-up.
Of the 93 patients with common lateral acromion

angle, eight (six in group A and two in group B) refused

Table 1 Summary of our cases of distal clavicle fractures with large lateral acromion angle

Case
no.

Age, year/
sex

Side α β Specification
(depth and
angle of
hook, mm)

Postoperative recovery Total follow-up
time (month)

Treatment
and outcomeJOA Scores

(3 months
postoperatively)

Time of
hardware
retention
(month)

JOA Scores
(3 months
after removal)

JOA Scores
(1 year after
removal)

1 30/M Left 49.1 40.6 15, 90° 62 5 60 65 24 Untreated, lost
to follow-up

2 52/F Right 44.7 52.4 15, 95° 65 6 75 76 28 RCR, remission

3 27/F Right 41.5 56.8 18, 110° 55 7 75 77 24 RCR, remission

4 44/M Right 47.8 54.8 15, 90° 50 8 62 70 27 RCR, remission

5 46/F Right 45.1 44.5 18, 100° 87 7 95 96 25 remission

6 39/F Left 44.1 59.7 18, 90° 65 5 70 75 24 RCR, remission

7 38/M Left 42.2 53.5 15, 90° 83 7 96 94 24 remission

8 55/F Right 40.4 58.9 18, 100° 70 6 82 87 26 Untreated, partial
remission

9 56/M Right 46.2 59.6 18, 90° 54 8 66 72 24 RCR, remission

M male, F female, JOA Japanese Orthopaedic Association, RCR rotator cuff repair
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to remove the internal fixation owing to advanced age
or family factors so that their conditions of rotator
cuff cannot be detected. The mean time of hardware
retention of the remaining patients was 7.9 months in
group A, 7.7 months in group B, and 7.3 months in
group C. Of particular note was the exponential
growth of RCL rate as the α angle increased. It was
not hard to see that a large lateral angle (α = 40°; β
= 60°) was a dividing line from Fig. 4, which was
consistent with the higher frequency of impingement.
Moreover, from the perspective of JOA scores, post-
operative pain and function were of significant differ-
ence among them. With the time extending, the

prognosis for the patients in groups A and B has got
a lot better, compared with group D. The clinical
data of patients with common lateral acromion angle
was recorded in Table 3.
Interestingly, when we used “6 months” as a divid-

ing line of the removal time, the results suggested
that early removal of internal fixation could achieve a
higher JOA Score 1 year after removal and a lower
rate of impingement. It was worth mentioning that
above difference turned out to be not significant in
terms of JOA Scores at 3 months after surgeries. Fur-
thermore, we also observed no significance regarding
RCL rate (Table 4).

Table 2 General clinical data of cases of distal clavicle fractures with common and large lateral acromion angle

N Age, year Sex, M/F α β Neer type (I/II) Total follow-up time (month)

Cases with common
lateral acromion angle

Group A 56 39.4 ± 9.6 25/31 16.65 ± 1.8 83.34 ± 3.8 11/45 25.6 ± 1.2

Group B 21 42.6 ± 10.1 12/9 23.86 ± 2.1 75.15 ± 3.2 4/17 25.8 ± 1.1

Group C 16 44.3 ± 9.3 9/7 34.12 ± 2.5 64.62 ± 4.3 2/14 26.3 ± 1.2

All variables are presented as mean ± SD except sex, Neer type
M male, F female, N number of patients

Fig. 3 a–g Cases 1 ~ 4, 6, and 8 ~ 9: Preoperative sagittal T2-weighted magnetic resonance (MR) imaging reveals the interruption of
supraspinatus tendon continuity (white arrows)
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Discussion
Several recent studies have suggested that the use of the
clavicular hook plate is the best method for distal clav-
icle fracture, especially for Neer type II fracture, with re-
spect to the achievement of rigid fixation and a high rate
of fracture union [3, 9]. Karduna et al. proved that the
hook plate can provide stronger anti-deformation cap-
acity than conventional fixation such as tension band
wire [17]. However, other researchers believe that the
hook plate can exert adverse effects on subacromial tis-
sues, including subacromial impingement, acromial oste-
olysis, and rotator cuff tear. A cadaver study showed
that the placement of the implant should be positioned
according to the different types of acromion, because the
positioning may cause subacromial impingement [13].
Another cadaver study also indicated that the designs of
the hook plate have still not addressed the difference of
acromioclavicular joint morphologies [18]. All the above
suggested that appropriate selection of the clavicle hook
plate correlated with outcomes. Only by combining the
three factors of characteristics of hook plate (plate
length, hook depth, and hook angle), fracture pattern,
and acromioclavicular joint morphology can these prob-
lems be averted.
The literature has still lacked a clear understanding of

the relationship between characteristics of hook plate
and acromioclavicular joint morphology. To date, almost

all studies focused on the importance of acromion sagit-
tal angle and neglected distal clavicle–acromion coronal
angle [12, 19, 20]. Furthermore, conventional distal clav-
icle–acromion angle (measured from the central axis of
the distal clavicle and acromion) was insufficient for
practical requirements according to our experience.
Therefore, we undertook this review of our patients to
determine whether the different lateral acromion angle
correlated with the severity of postoperative pain in
treating distal clavicle fractures with a clavicular hook
plate.

Type selection of clavicular hook plate
Currently, clavicular hook plates still do not match the
anatomy of the distal clavicle and acromion perfectly
[21]. For remedying the situation, a number of alterna-
tive characteristics of hook plate during the procedure,
such as different plate length, hook depth, and hook
angle, have been recommended. However, for some rare
acromial morphology like large lateral acromion angle,
these characteristics cannot meet our demands.
In our study, only a plate equipped with a depth of 18

mm and big angle can barely accommodate the acro-
mion with a large lateral acromion angle. Interestingly,
as the angle of implant decreased, the resistance of re-
duction increased, which cannot be weakened by reshap-
ing the plate. In our experience, this phenomenon was

Fig. 4 Graphic presentation of impingement and RCL rates correlated with α and β angles

Table 3 JOA Scores and postoperative clinical data of cases of distal clavicle fractures with common and large lateral acromion
angle

N Postoperative recovery Impingement rate
and RCL rateJOA Scores

(3 months
postoperatively)

Time of hardware
retention (month)

JOA Scores
(3 months after
removal)

JOA Scores (1 year
after removal)

Cases with common
lateral acromion angle

Group A 50 82.5 ± 7.8 7.9 ± 1.5 86.9 ± 8.5 90.5 ± 6.9 16/56 (28.6%) and 2/50 (4.0%)

Group B 19 80.4 ± 8.5 7.7 ± 1.5 88.6 ± 8.2 90.8 ± 7.1 8/21 (38.1%) and 1/19 (5.3%)

Group C 16 77.6 ± 9.1 7.3 ± 1.5 83.1 ± 8.0 85.3 ± 7.2 10/16 (62.5%) and 3/16 (18.8%)

All variables are presented as mean ± SD except Impingement rate & RCL rate
N number of patients, JOA Japanese Orthopaedic Association, RCL rotator cuff lesion
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reflected obviously when α > 30° and β < 70°. Lee and
Shih et al. investigated the mechanics of the plate length
and hook depth using finite element analysis (FEA)
method and found that the stress on the acromion and
clavicle was smaller when using a hook plate with
greater length and depth [22, 23]. Hung et al. also used
FEA to investigate the impacts of different hook angles.
They found that a larger hook angle of implant exerted a
larger load on the acromion because the larger hook
angle made the contact position between the hook plate
and acromion more proximal [24]. This theory seemed
to accord with the phenomenon we encountered. On
the contrary, the contact position between the hook

plate and acromion was in fact away from the proximal
when using a small angle hook in large lateral acromion
angle (Fig. 5). Therefore, the hook plate was forced to be
attached to the distal and proximal part of the clavicle
simultaneously, leading to excessive stress. As to the
depth of hook, we found that different depths would
change the counterforce of acromion by the method of
shoving acromion rather than the moment arm. The
hook of 18 mm depth may withstand smaller stress.
Paradoxically, a greater depth of hook plate may in-

duce mechanical attrition of the supraspinatus aponeur-
osis more easily. Previous study has shown that the
proximal clavicular hook was the main part compressing

Table 4 JOA Scores and postoperative clinical data of cases with different time of hardware retention

Time of hardware
retention (month)

N Postoperative recovery Impingement
rate

RCL rate

JOA Scores (3 months
postoperatively)

JOA Scores (3 months
after removal)

JOA Scores (1 year
after removal)

≤ 6 28 79.3 ± 6.7 86.5 ± 7.5 90.9 ± 7.4 9/28 (32.1%) 4/28 (14.3%)

> 6 66 79.8 ± 7.7 85.1 ± 5.6 87.6 ± 5.9 30/66 (45.5%) 9/66 (13.6%)

P – 0.739 0.212 0.049* 0.009* 0.870

All variables are presented as mean ± SD except Impingement rate and RCL rate
N number of patients, JOA Japanese Orthopaedic Association, RCL rotator cuff lesion
*P < 0.05

Fig. 5 a–c The situation of dynamically simulating the changes of contact position between the hook plate and large lateral acromion angle. a
Take 45° α angle for example and length of hook as one unit of moment arm (MA). b The change of contact position (red dot) and fracture shift
when pressing hook plate (15 mm and 90°). c The change of MA when using different hook specifications. d The contact position (red dot) and
MA between the 110°-hook plate and normal lateral acromion angle
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the supraspinatus tendon [11]. When using a small
angle, the corner of the proximal hook was fallen lower,
resulting in a larger contact area and force on the
supraspinatus. Furthermore, as the distal clavicle–acro-
mion coronal angle increased, the risk of proximal hook
slippage may increase [12]. Improper selection and poor
understanding of hook specification partially explain the
reason for postoperative persistent pain. Therefore, at
least in theory, we suggest that other schemes have to be
taken into account when the α angle exceeds 20°.
Whereas, from the observation in clinical practice, the α
angle exceeding 30° may be a clear indication.

Lateral acromion angle and impingement
In our research, all patients in group D complained of a
variety of pain related to impingement, especially when
their arms were lifted over their head. In addition, seven
patients who had shoulder impingement symptoms
scored lower JOA scores and had poor satisfaction. At
the end of this study, the impingements had developed
into rotator cuff tear in these seven cases for an overall
incidence of 77.8%! In our cases with common lateral
acromion angle, we have not found such a high rate of
RCL, though the incidence had a tendency to increase
with an increase in α angle.
Other investigators have also reported subacromial im-

pingement and rotator cuff tear associated with implant-
ation of a clavicular hook plate [9–11, 13, 25–30] (Table 5).
Of particular concerns were two articles. One study re-
ported that incidence of subacromial shoulder impinge-
ment and RCL was calculated by dynamic sonographic
evaluation, reaching as high as 37.5% and 15% [10]. An-
other one investigated 12 patients treated with hook plate
by arthroscopic evaluation, and 91.7% of them developed
signs of impingement [28]. Compared with the above, there
was a far higher incidence of pain and rotator cuff tear in

group D. We considered that the stress on supraspinatus
tendon increased on account of the large lateral acromion
angle. Subacromial space could further narrow the distance
between the supraspinatus tendon and the base of subacro-
mial hook due to the large lateral acromion angle. Mean-
while, the supraspinatus tendon and bursa could be
susceptible to irritating friction when the arm was elevated.
Almost all studies have neglected the effect of distal clav-
icle–acromion coronal angle in the treatment of distal cla-
vicular fracture, which was a significant factor impacting
the outcome of the hook plate in our study. Our research
also revealed that the rate of impingement and RCL had a
tendency to grow exponentially with the increasing of the α
angle (Fig. 4). However, this trend cannot be represented
very precisely due to uneven distribution of the angular
variation.
To the best of our knowledge, the only solution to

postoperative persistent pain was removal of the implant
as soon as a bony union has occurred. Leu et al. demon-
strated that the impingement problems can disappear
within 8 weeks after removal [30]. Of our patients, the
mean time of removal ranged from 6.6 to 7.8 months,
which was longer than the other studies. A shorter inter-
val between union and plate removal might provide a
key factor for preventing further development of im-
pingement. As evidenced by our supplementary research,
the rate of impingement was considerably lower for
those undergoing a removal surgery within half year
after operation. But the rate of RCL cannot be supported
by this comparison. In addition, early excessive mobility
of the acromioclavicular joint may be another reason for
developing a RCL in patients with a large lateral acro-
mion angle. According to a study by Kashii et al. [25],
patients should avoid forward flexion or adduction
greater than 90° and internal rotation of the shoulder be-
hind the back until the hook plate is removed.

Table 5 Summary of reported studies related subacromial impingement treating with clavicular hook plate

Author, reference Year Study design Case no. (M/F) Duration of follow-up
(mean, month)

Impingement rate
and RCL rate

Hardware removal (time
after fixation operation, N)

Kashii et al. [23] 2006 Case series 34 (28/6) 12.4 2/34 (5.9%) 5.3

Muramatsu et al. [24] 2007 Case series 15 (13/2) 15.5 0/15 (0%) 4.5, 12

Meda et al. [25] 2006 Case series 31 (24/7) 40 6/31 (19.4%) 5.56

Renger et al. [8] 2009 Case series 44 (29/15) 27.4 33/44 (75%) 8.4

Lee et al. [26] 2009 Case series 32 (14/18) 26.4 0/32 (0%) 4.8, 32

ElMaraghy et al. [12] 2010 Cadaveric studies 15 (7/8) NA 9/15 (60%) NA

Hsu et al. [27] 2010 Case series 35 (23/12) 6 9/35 (25.7%) and 0/35 (0%) 12, 35

Leu et al. [28] 2012 Case series 25 (13/12) 14.5 9/25 (36%) 5.8, 25

Lin et al. [9] 2014 Case series 40 (30/10) 13.6 15/40 (37.5%) and 6/40 (15%) 5.78, 40

Gu et al. [10] 2014 Case series 12 (7/5) NA 11/12 (91.7%) and 1/12 (8.3%) NA, 12

Our cases – Case series 9 (4/5) 23 9/9 (100%) and 7/9 (77.8%) 6.7, 9

M male, F female, N number of patients, NA not applicable, RCL rotator cuff lesion

Wu et al. Journal of Orthopaedic Surgery and Research          (2020) 15:217 Page 8 of 10



A limitation of this study is the small number of pa-
tients with a large lateral acromion angle. Similarly,
while one may assume the impingement from the plate
cause the rotator cuff tear, this study, as it is designed,
cannot establish causation. In order to establish caus-
ation, the patients each would have had to have an ultra-
sound or MRI before fracture fixation or the injury. But
it is unlikely to perfect interrelated examinations before
the injury. Also, angles measured on trauma X-rays may
not always be that reliable. The precise analysis of angles
could be established by comprehensive consideration of
the CT appearance. Lastly, a separate analysis of the
hook plate was incomplete. Instead, a comprehensive as-
sessment was available only by comparing a variety of
procedures.

Conclusions
A total 102 distal clavicle fractures were treated with
clavicle hook plate. Persistent pain caused by repeated
impingement or rotator cuff tear occurred. Firstly, al-
though the distribution of the angular variation is un-
even, we have demonstrated that the distal clavicle–
acromion coronal angle is an important factor for post-
operative efficacy of the hook plate. Secondly, the selec-
tion of characteristics of hook plate should make the
contact position between the hook and acromion more
proximal. Thirdly, early limited mobility and removal of
the implant may improve the prognosis and reduce the
rate of impingement. In our opinion, for patients with a
large lateral acromion angle, other surgical fixation
should be considered as the hook plate has a high com-
plication rate despite achieving union of the fracture.

Abbreviations
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