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Abstract

Objective: This study was performed to compare the clinical effects of locking plates (LPs) with
those of hook plates (HPs) in the treatment of Neer type Il distal clavicle fractures.

Methods: From August 2014 to April 2018, 64 patients with Neer type |l distal clavicle fractures
were treated in our department. The clinical effects were assessed with respect to the operation
time, intraoperative blood loss, incision length, fracture healing, postoperative pain, postoperative
complications, and postoperative shoulder joint function.

Results: There were no significant differences in the healing time, operation time, or intra-
operative blood loss between the LP and HP groups. The incision length was significantly shorter
in the LP than HP group, and the postoperative complication rate was significantly lower in the LP
than HP group. The visual analog scale score, Constant—Murley score, and University of California
Los Angeles score were significantly better in the LP than HP group.

Conclusions: Compared with HPs, the use of LPs involves a smaller incision in the treatment of Neer
type Il distal clavicle fractures and significantly reduces postoperative pain and complications. Therefore,
priority can be given to the use of LPs in the treatment of Neer type Il distal clavicle fractures.
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Introduction

The clavicle is the only bone scaffold con-
necting the upper limb and trunk. Fractures
are prone to occur when this bone is sub-
jected to external forces. Clavicle fractures
account for 2% to 5% of fractures in
adults and 10% to 15% of fractures in chil-
dren."? A distal clavicle fracture is defined as
a fracture that occurs in the distal one-third
of the lateral clavicle, and such fractures
account for 15% to 30% of all clavicle frac-
tures.” Neer' divided distal clavicle fractures
into three types according to the relationship
between the fracture line and the coracocla-
vicular ligament and acromioclavicular joint:
Neer types I, I1, and III. Neer type I and III
fractures can achieve ideal healing with non-
surgical treatment because the proximal end
of the fracture is fixed by the coracoclavicu-
lar ligament; however, Neer type II fractures
occur in the medial coracoclavicular liga-
ment. Because the distal part of the fracture
is pulled by the limbs and proximal trapezius
muscle, the fracture ends often become
markedly displaced, and the fracture non-
union rate is high. Internal fixation is often
needed for such fractures. Several surgical
treatments are available for distal clavicle
fractures, including a Kirschner wire tension
band, coracoclavicular screw, distal clavicle
locking plate (LP), clavicle hook plate (HP),
and arthroscopic treatment.* Among these
treatments, distal clavicle LPs and clavicle
HPs are commonly used for the treatment
of Neer type Il distal clavicle fractures.
The purpose of this study was to compare
the clinical efficacy of these two surgical
methods in the treatment of Neer type II
distal clavicle fractures.

Materials and methods

Patients

This study involved patients with Neer type
II distal clavicle fractures who were treated

in our department from August 2014 to
April 2018. The inclusion criteria were
fresh closed fractures diagnosed as Neer
type II distal clavicle fractures by a preop-
erative X-ray examination of the shoulder
joint, treatment with an LP or clavicle HP
for internal fixation, and postoperative
follow-up for treatment and functional
exercises. The exclusion criteria were other
injuries or diseases that could affect the sur-
gical treatment and prognosis of the clavicle
fracture, a preoperative history of shoulder
pain, and an inability to complete follow-
up. The patients were divided into an LP
group and a clavicle HP group using a
random grouping method.

Measurement of distal clavicle bone block

Before surgical treatment, we measured and
recorded the length of the distal clavicle
fracture block of each patient using our
hospital’s preoperative three-dimensional
computed tomography imaging system
(Figures 1(a), 2(a)).

Surgical methods

LP group. After satisfactory brachial plexus
anesthesia, the patient was placed in the
supine position. Shoulder pads were used
to raise the affected side, and the patient’s
head was leaned toward the healthy side.
In the operative area, the skin incision
over the upper clavicle extended from the
lateral clavicle to the lateral acromioclavic-
ular margin. The acromioclavicular joint
capsule was not incised. After clearing the
hematoma at the broken end of the frac-
ture, the fracture was anatomically reduced
and temporarily fixed with reduction for-
ceps or Kirschner wires. A titanium LP
(Tianjin Walkman Biomaterial Co., Ltd.,
Tianjin, China) was placed on the clavicle,
and several locking screws were screwed
into the distal and proximal ends of the
fracture. During the operation, C-arm fluo-
roscopy was used to confirm that the
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Figure |. Imaging examination of a patient undergoing treatment with a locking plate. (a) Preoperative
three-dimensional computed tomography. (b) Preoperative X-ray imaging. (c) Postoperative X-ray imaging.
The length of the distal clavicle fracture block was 37.5 mm.

Figure 2. Imaging examination of a patient undergoing treatment with a hook plate. (a) Preoperative three-
dimensional computed tomography. (b) Preoperative X-ray imaging. (c) Postoperative X-ray imaging. The
length of the distal clavicle fracture block was 21.0 mm.

positions of the plate and screws were sat-
isfactory and that no screw had entered the
acromioclavicular joint. A large amount of
saline was used to wash the wound and
suture the wound layer by layer (Figure 1).

HP group. After satisfactory brachial plexus
anesthesia, the patient was placed in the
supine position. Shoulder pads were used
to raise the affected side, and the patient’s
head was leaned toward the healthy side.
Routine disinfection and towel-laying were
performed in the operative area. A skin
incision was made with the fracture end as
the center. The fracture end and acromio-
clavicular joint were exposed layer by layer.
After clearing the hematoma at the broken
end of the fracture, the fracture was ana-
tomically repositioned, and the appropriate

type of titanium clavicle HP (Tianjin
Walkman Biomaterial Co., Ltd.) was select-
ed. After proper shaping, the hook was
inserted into the subacromioclavicular
joint along the posterior side of the acro-
mioclavicular joint, and the plate was
pressed down to reduce the fracture. The
plate was placed on the lateral upper edge
of the clavicle. During the operation, C-arm
fluoroscopy was used to confirm the accu-
rate position of the clavicle HP. Finally, the
plate was fixed with screws, a large amount
of saline was used to wash the wound, and
the incision was sutured layer by layer
(Figure 2).

Postoperative management

Forearm suspension was used for 3 weeks
after the operation. On postoperative day 3,
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passive exercise within pain tolerance limits
was performed. After 3 weeks, active func-
tional exercise was performed. When a
callus formed at the fracture end, the
range of motion was gradually increased.
Finally, intensive resistance training was
carried out. After 2 months, active range-
of-motion and shoulder extension exercises
were performed. After 3 months, the imag-
ing examination showed that the degree of
fracture healing allowed participation in
sports activities. X-ray films of the shoulder
joint were obtained and reviewed regularly
in the outpatient clinic to continue observ-
ing the fracture healing and guide the
patients in performing functional exercises.

Observation and evaluation indexes

All operations in this study were performed
by the same doctor. The operation time,
intraoperative bleeding volume, and inci-
sion length were collected. Before the oper-
ation, the sterile gauze was weighed. After
the operation, the blood-soaked gauze was
weighed again. The difference between the
weight of the sterile gauze and blood-
soaked gauze was used to calculate the
intraoperative bleeding volume. All patients
were followed up at 2 weeks, 4 weeks,
8 weeks, 10 weeks, 3 months, 6 months,
and 12 months after the operation. X-ray
imagery of the shoulder joint was taken.
Complications and fracture healing were
assessed based on the follow-up and X-ray
findings. The incidence of postoperative
complications was statistically analyzed at
12 months after the operation. Fracture
healing was indicated by no obvious tender-
ness, disappearance of the fracture line, and
callus formation. Pain perception and
shoulder function were evaluated by the
visual analog scale score, Constant—
Murley score, and University of California
Los Angeles (UCLA) score at 3 and 6
months after the operation.’

Statistical analysis

SPSS 17.0 statistical analysis software (SPSS
Inc., Chicago, IL, USA) was used for the data
analysis. Measurement data are expressed as
mean + standard deviation. An independent-
samples t test was used for normally distribut-
ed data, a rank sum test was used for non-
normally distributed data, and an 3> test was
used for comparisons of count data. A P value
of <0.05 indicated statistical significance.

Ethics statements

The study protocol was approved by the
ethics committee of the Second Affiliated
Hospital of Guilin Medical University. All
patients participating in the study provided
verbal informed consent.

Results

Patient characteristics

Sixty-four patients with Neer type II distal
clavicle fractures were included in the study.
The LP group comprised 31 patients (19
male and 12 female patients) ranging in age
from 17 to 55 years (mean age, 38.77 +8.55
years). The fracture was present on the left
side in 17 patients and on the right side in
14 patients. The causes of injury were falls in
21 patients, traffic accidents in nine, and
other in one. The HP group comprised 33
patients (21 male and 12 female patients)
ranging in age from 18 to 58 years (mean
age, 37.034+10.01 years). The fracture was
present on the left side in 19 patients and
on the right side in 14 patients. The causes
of injury were falls in 23 patients, traffic acci-
dents in eight, and other in two. There were
no significant differences in the general data
between the two groups (Table 1).

Perioperative conditions

In all patients, the operation was completed
smoothly with no complications. The mean
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Table I. Comparison of general data between the LP and HP groups.

Sex Side Causes of injury
Group M F Age, years L R Fall Accident Other
LP 19 12 38.77 £8.55 17 14 21 9 I
HP 21 12 37.03£10.01 19 14 23 8 2
P 1.000 0.458 1.000 1.000
Data are presented as n or mean = standard deviation.
LP, locking plate; HP, hook plate; M, male; F, female; L, left; R, right.
Table 2. Comparison of operative indexes between the LP and HP groups.
Length of distal Operation time, Bleeding Length of Healing time,
Group bone block, mm minutes volume, mL incision, cm weeks
LP 33.21 £4.15 63.16 £5.97 79.68 £7.67 6.63£0.32 9.87 £ 1.06
HP 31.17£3.97 62.33+7.85 82.97+7.15 7.28 £0.45 9.76 £ 1.48
P 0.261 0.638 0.081 <0.001* 0.727
Data are presented as n or mean = standard deviation.
*P < 0.05 in comparison of LP group and HP group.
LP, locking plate; HP, hook plate.
length of the distal bone block was 33.21 + follow-up successfully without loss to

4.15 mm in the LP group and 31.17+3.97
mm in the HP group, with no significant dif-
ference between the two groups. The mean
operative time was 63.16 £+ 5.97 minutes in
the LP group and 62.33 +7.85 minutes in
the HP group, with no significant difference
between the two groups. The mean intrao-
perative bleeding volume was 79.68 4+ 7.67
mL in the LP group and 82.97+7.15 mL
in the HP group, with no significant differ-
ence between the two groups. The mean
operative incision length was 6.63 £0.32
cm in the LP group, which was significantly
shorter than that in the HP group (7.28 +
0.45 cm, P<0.05) (Table 2). All patients
were discharged from the hospital 3 to 5
days after the operation, and no wound
healing complications occurred.

Postoperative follow-up

The follow-up period was at least 12
months, and all patients completed the

follow-up. All fractures healed well; the
healing time in the LP and HP groups was
9.87+1.06 and 9.76 4+ 1.48 weeks, respec-
tively, with no significant difference
between the two groups (Table 2).

The mean visual analog scale score,
Constant—Murley score, and UCLA score in
the LP group were 1.90+0.49, 82.13+5.21,
and 28.26 £+ 3.67, respectively, at 3 months
postoperatively. All of these scores were sig-
nificantly better than those in the HP group
(2.53+0.99, 72.58 +4.14, and 25.67+4.14,
respectively; P < 0.05) (Table 3). However,
there were no significant differences in any
scores between the two groups at 6 months
postoperatively (Table 3). At the last follow-
up (12 months postoperatively), two patients
in the LP group had shoulder joint pain, and
the main manifestation was pain during
shoulder abduction without obvious limita-
tion of movement. In the HP group, three
patients had subacromial osteolysis and nine
had shoulder joint pain, and the main
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Table 3. Postoperative pain and shoulder function scores in the LP and HP groups.

3 months postoperatively

6 months postoperatively

Constant—Murley

Constant—Murley

Group VAS score  score UCLA score  VAS score  score UCLA score
LP 1.90+049 82.13+£5.21 2826+3.67 1.15+039 90.00+4.16 31.77 £2.09
HP 253+£099 7258+4.14 25.67+4.14 1.18+0.32 8891 +5.24 30.88+3.36
P 0.002* <0.001* 0.010* 0.734 0.362 0.209
Data are presented as mean =+ standard deviation.
*P < 0.05 in comparison of LP group and HP group.
LP, locking plate; HP, hook plate; VAS, visual analog scale; UCLA, University of California Los Angeles.
Table 4. Comparison of postoperative complications between the LP and HP groups.

Postoperative Fracture Plate Shoulder
Group complication nonunion loosening Osteolysis joint pain
LP 2 (6.45) 0 (0.00) 0 (0.00) 0 (0.00) 2 (6.45)
HP 12 (36.36) 0 (0.00) 0 (0.00) 3 (9.09) 9 (27.27)
P 0.006* - - 0.239 0.045*

Data are presented as n (%).
*P < 0.05 in comparison of LP group and HP group.
LP, locking plate; HP, hook plate.

manifestation was pain during shoulder
abduction with mild limitation of shoulder
movement. The incidence of complications
was significantly lower in the LP than HP
group (P < 0.05) (Table 4).

Discussion

Neer type II distal clavicle fractures are
often accompanied by obvious fracture dis-
placement, a high rate of fracture non-
union, a poor response to conservative
treatment, and the need for additional sur-
gical internal fixation. The purpose of sur-
gical internal fixation is to stabilize the
fracture and promote healing and early
functional exercise of the shoulder joint.
Although various surgical methods are
available, each has its own advantages and
disadvantages. Therefore, the choice of the
optimal internal fixation method remains
controversial.®

A clavicle HP is a commonly used inter-
nal fixation method for distal clavicle frac-
tures.” The principle of treatment with an
HP is insertion of the distal tip hook of the
steel plate into the subacromial space and
fixation of the proximal end with multiple
screws. With the help of the pressure under
the steel plate, the fracture can be reduced
with maintenance of stability. However,
because of the design characteristics of the
clavicle HP, acromial morphology, and
placement of the hook end of the clavicle
HP under the acromion, complications such
as subacromial impact and friction, rotator
cuff injury, and shoulder pain are prone to
occur during the use of clavicle HPs.”® The
incidence of complications after clavicle HP
surgery can reportedly reach 50%.” which
influences patients’ treatment experience
and quality of life. In the present study,
three patients had subacromial osteolysis
and nine patients had shoulder pain at
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1 year after treatment with a clavicle HP,
and the incidence of postoperative complica-
tions was significantly higher in the clavicle
HP group than in the LP group (36.36% vs.
6.45%, respectively; P<0.05). There is a
consensus that the clavicle HP should be
removed as soon as possible after fracture
healing.'® We usually suggest that the clavi-
cle HP should be removed 10 to 12 months
after the operation. In this study, among the
33 patients treated with a clavicle HP, 26
patients underwent removal of the clavicle
HP 1 year later; the remaining seven patients
refused removal of the clavicle HP. Of the 26
patients who underwent removal of the clav-
icle HP, 12 had postoperative complications
that were relieved after removal. No postop-
erative complications occurred in the seven
patients who did not undergo removal of the
clavicle HP.

With the continuous development of
internal fracture fixation materials, distal
clavicle LPs are being increasingly used
for distal clavicle fractures. In a Neer type
II distal clavicle fracture, the fragments are
very small, and it is difficult to achieve solid
internal fixation with an ordinary clavicle
LP. The small lateral screw of the distal
clavicle LP can be locked freely in many
directions, which ensures the holding force
of the screw. The distal clavicle LP is nei-
ther exposed to the acromioclavicular joint
nor interferes with the subacromial struc-
ture.'! In this study, the incision length in
the LP group was significantly shorter than
that in the clavicle HP group (P <0.05),
and the short-term pain and shoulder joint
function scores in the LP group were signif-
icantly better than those in the clavicle HP
group (P<0.05). As time passed during
follow-up, although the number of compli-
cations did not decrease in the clavicle HP
group, the degree of shoulder joint pain
with limited activity significantly decreased.
We speculate that this was related to the
patients’ performance of functional exer-
cises and their gradual adaptation to the

implants. Among the 31 patients treated
with an LP, 10 patients underwent removal
of the clavicle LP 1 year later. Of the 10
patients who underwent removal of the
clavicle LP, two developed postoperative
shoulder pain without significant shoulder
joint mobility limitation, and this pain was
relieved after removal of the LP. No post-
operative complications occurred in the
patients who did not undergo removal of
the LP. Therefore, the use of a distal clav-
icle LP can provide patients with a better
treatment experience.

In the treatment of a distal clavicle frac-
ture with a distal clavicle LP, it is necessary
to consider whether enough locking screws
can be inserted into the distal clavicle frag-
ment length to obtain sufficient stability. In
this study, the length of the distal clavicle
bone block was measured by preoperative
three-dimensional computed tomography.
We found that when the length of the
distal clavicle bone block was >20 mm, an
LP could be used. No loosening of the inter-
nal fixation occurred after the operation.
Therefore, we recommend that a >20-mm-
long distal clavicle fragment should be used
as a reference index for the application of
LPs. We choose the length of the plate to
be used according to the following princi-
ples. When an LP is used, at least four
screws should be placed in the distal fracture
block and three screws in the proximal frac-
ture block. When a clavicle HP is used, at
least three screws should be placed in the
proximal fracture block; if the distal fracture
block is stable enough after fracture reduc-
tion, there is no need to insert any screws in
the distal fracture block, otherwise, two to
three screws should be inserted. In meeting
the above conditions, we choose a shorter
plate whenever possible to reduce the
length of the surgical incision, which is con-
ducive to postoperative rehabilitation.

This study had two main limitations.
First, the sample size was small, and more
samples are needed to support our
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conclusions. Second, the follow-up dura-
tion was short, especially for patients who
did not undergo removal of the clavicle HP.
A longer follow-up time is needed to
increase our understanding of how leaving
the clavicle HP in place affects shoulder
function in the long term.

In summary, both LPs and clavicle HPs
can provide satisfactory clinical results in the
treatment of Neer type II distal clavicle frac-
tures. There were no significant differences
in the operative time, intraoperative bleeding
volume, or long-term follow-up between the
two plate groups. However, the LP group
was superior to the clavicle HP group in
terms of the incision length, incidence of
complications, short-term pain, and shoul-
der joint function scores. Therefore, LPs
should be given priority in the treatment of
Neer type II distal clavicle fractures.
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