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Abstract

Distal clavicle fractures are common in patients with shoulder injuries. We retrospectively eval-

uated the clinical outcomes of a novel fixation technique using a miniature locking plate with a

single button in patients with distal clavicle fractures associated with coracoclavicular ligament

disruption. The study involved seven patients with distal clavicle fractures with a follow-up period

of 12 months. All patients were diagnosed with type IIb fractures according to the Neer classi-

fication. The distal clavicle fracture was fixed with a miniature locking plate, and the coracocla-

vicular ligaments were reconstructed using a single button. Functional outcomes were assessed at

the final follow-up visit. At the 1-year follow-up, all patients had achieved radiographic union.

There were no cases of nonunion or osteolysis. The mean Constant score at the final follow-up

was 88� 5.13 (range, 78–93); the mean Disabilities of the Arm, Shoulder and Hand score was

19.17� 7.70 (range, 11.67–25); and the mean University of California Los Angeles score was

30� 2.52 (range, 25–33). In summary, internal fixation using a miniature locking plate and cor-

acoclavicular reconstruction with a single button is a reliable surgical technique for restoring

stability in patients with Neer type IIb distal clavicle fractures.
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Introduction

Because of the subcutaneous position of the
clavicle, fractures of the clavicle are
common in patients with shoulder injuries.
Approximately 16.6% of all clavicle frac-
tures occur in the lateral third distal to the
conoid tubercle, and 52.8% of them are dis-
placed.1 Neer2 and Craig3 classified distal
clavicle fractures into five types.
According to their definition, in type IIb
fractures, the proximal fragment is
detached from the coracoclavicular (CC)
ligaments, whereas the lateral fragment
remains attached to the scapula via the
acromioclavicular (AC) joint capsule.2,3

The distal fragment is pulled by the weight
of the arm and the strong pectoral and latis-
simus dorsi muscles, whereas the proximal
fragment is pulled by the trapezius muscle
posteriorly, causing instability in type IIb
fractures.4 The nonunion rate after nonsur-
gical treatment of Neer type IIb distal clav-
icle fractures reportedly ranges from 30%
to 45%.3,4 Risk factors for nonunion
include advancing age, fracture displace-
ment, and mechanical failure.5,6 Surgical
management is recommended for type IIb
distal clavicle fractures.

Various methods have been developed
for fixation of type IIb distal clavicle frac-
tures. Early fixation techniques were mainly
transacromial Kirschner wire (K-wire) fixa-
tion and Knowles pin fixation.3,7–10

Alternatively, K-wire fixation with a ten-
sion band has been reported.11,12 Fixation
with a CC screw has also been suggested.
This type of fixation has a remarkable

healing rate but causes more immobiliza-

tion.13,14 CC ligament fixation with a poly-

ethylene terephthalate tape loop and direct

suture fixation of the fragments has been

reported.15,16 A distal clavicle locking

plate or a hook plate can also be used to

capture the lateral fragment.17–19 The com-

bination of a locking plate with a titanium

cable under the guide has shown promising

curative effects.19 However, all of these fix-

ation methods have drawbacks, including

delayed union, nonunion, and implant

failure.
In type IIb distal clavicle fractures, the

lateral fragment is often too small and com-

minuted to allow implantation of enough

screws for fixation with an anatomic plate,

resulting in relatively high failure rates with

this technique. The use of an anatomic

locking plate in combination with CC liga-

ment reconstruction remarkably improves

the reliability of internal fixation, but it

may be difficult to place both implants at

satisfactory sites. In addition, this method

leads to increased cost. In the current study,

we developed a modified fixation system for

treating patients with Neer type IIb distal

clavicle fractures with a miniature locking

plate and a single button. The present

report describes this novel fixation tech-

nique and its clinical outcomes.

Methods

This study was approved by Ethics

Committee of Shanghai Ninth People’s

Hospital [SH9H-2019-T28-1] on 16
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September 2019. Written informed consent
to undergo treatment was obtained from
all participants involved in this study, and
all patients’ details were de-identified prior
to publication. The reporting of this study
conforms to the STROBE statement.20

We conducted a retrospective study of
seven consecutive patients who underwent
surgery in our department from 2015 to
2017. After review of the patients’ radio-
graphic films, all patients were diagnosed
with Neer type IIb distal clavicle fractures
and were treated with miniature locking
plate fixation in combination with a single
button.

All procedures were performed by the
same surgeon (C.Y.). Surgery was

performed under general anesthesia with
the patient in the beach chair position.
An 8-cm curved incision was made at the
distal end of the clavicle, and the perioste-
um was cut layer by layer along the surface
of the clavicle to expose the fracture site
(Figure 1(a)). The attachment of the deltoid
to the anterior surface of the clavicle was
dissected to expose the base of the coracoid
process. During the procedure, care was
taken to maintain the integrity of the AC
joint without damaging the AC ligament.
The fracture ends were debrided of fibrous
tissue, and the CC ligament was explored to
confirm rupture of the conoid ligament.
The width of the coracoid process was
determined by clamping both sides of the

Figure 1. Illustration of the surgical technique using a miniature locking plate with a single button. (a) An 8-
cm curved incision was made at the distal end of the clavicle, and rupture of the coracoclavicular ligament
was confirmed. (b) The width of the coracoid process was determined by clamping both sides of the
coracoid process with an avascular clamp. (c) A guide pin was inserted into the center of the cross point
between the coracoid process and the clavicle. (d) The drill penetrated four layers of the cortex of the
clavicle and the coracoid process along the guide needle. (e) A button was pushed through the drill holes and
deployed under the inferior surface of the coracoid. (f) The button loop was tied around the miniature
locking plate.
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coracoid process with an avascular clamp

(Figure 1(b)). After reduction of the frac-

ture, a guide pin was inserted into the

center of the cross point between the cora-

coid process and the clavicle (Figure 1(c)).
A 4.0-mm drill was used to penetrate

four layers of the cortex of the clavicle

and the coracoid process along the guide

needle (Figure 1(d)). The loop length was

determined by measuring the channel

length from the superior surface of the clav-

icle to the inferior surface of the coracoid

with a depth gauge. A button (Endobutton;

Smith & Nephew Inc., London, UK) of

suitable loop length was pushed through

the drill holes and deployed under the infe-

rior surface of the coracoids (Figure 1(e)).

With the fracture held in reduction, the

loop stitch was pulled up until only the tip

protruded from the clavicular hole, and a

miniature locking plate (F3 Fragment

Plating System; Zimmer Biomet, Warsaw,

IN, USA) was then slid into the loop and

applied on the superior surface of the distal

clavicle (Figure 1(f)). Notably, the plate did

not cross the AC joint. The medial frag-

ment was fixed by three locking or nonlock-

ing screws, and the lateral fragment was

fixed with three 2.5-mm locking screws.

The loop was fixed in the groove between

the two screw holes on the plate, and no

screw was inserted into the adjacent two

holes to avoid cutting the loop. Reduction

and the position of internal fixation were

again assessed with intraoperative fluoros-

copy. Routine irrigation of the wound was

performed, and the incision was closed

layer by layer.
Postoperative management was identical

for all patients. The shoulder was protected

with an arm sling for 1 to 2 weeks.

Pendulum exercises of the shoulder in the

arm sling were allowed as soon as pain per-

mitted. Active shoulder exercises were

allowed 3 to 4 weeks after surgery depend-

ing on the patient’s clinical situation.

All patients were followed up at 2 weeks,
6 weeks, 12 weeks, 6 months, and 12
months postoperatively. At each outpatient
visit, the patients were assessed clinically
with a physical examination and radio-
graphically with an anteroposterior plain
film of the shoulder joint. Successful
union was defined by obliteration of the
fracture gap on the plain film and no ten-
derness or pain at the fracture site during
shoulder exercises. For assessment of shoul-
der functional outcomes, the Constant
score, University of California Los
Angeles (UCLA) shoulder score, and
Disabilities of the Arm, Shoulder and
Hand (DASH) score were recorded at the
last follow-up by a surgeon (H.Y.) who was
not involved in the patients’ treatment.21–23

Results

We retrospectively reviewed seven patients
(five men, two women) with a mean age of
48.57� 16.18 years (range, 28–76 years).
The mechanism of injury was traumatic in
all cases and included falling from a stand-
ing height in three patients, traffic accident
in three patients, and sports injury in one
patient. The left shoulder was fractured in
three patients and the right shoulder was
fractured in four. On initial assessment, no
patient had neurologic compromise. The
interval to the operation, operative time,
and intraoperative blood loss (blood
volume from the suction apparatus) are
shown in Table 1.

One-year follow-up data were obtained
for all seven patients. Overall, patient satis-
faction was high in all cases. Individual
functional outcome scores are shown in
Table 1. The mean Constant score at the
final follow-up was 88� 5.13 (range, 78–
93), the mean DASH score was 19.17�
7.70 (range, 11.67–25), and the mean
UCLA score was 30� 2.52 (range, 25–33).
At the 1-year follow-up, all patients had
achieved radiographic union. There were
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no cases of nonunion or osteolysis. There
were also no hardware-associated complica-
tions, including breakage or fracture. No
surgical site infections or perioperative frac-
tures were observed. No patients developed
hardware irritation or prominence.

A representative case is described as fol-
lows. A 61-year-old man fell on his left
shoulder 2 days before hospitalization. He
had a history of scapulohumeral periarthri-
tis. A plain film and computed tomography
scan showed a Neer type IIb distal clavicle

Figure 2. Preoperative and postoperative X-rays of Neer type IIb distal clavicle fracture and
photographs demonstrating range of motion. (a) Preoperative anteroposterior shoulder X-ray. (b and c)
Computed tomography reconstruction of the injured shoulder. (d) Postoperative anteroposterior
shoulder X-ray. (e–h) Twelve-month postoperative photographs demonstrating healing and return to
preinjury level of function.

Table 1. Patient information and clinical outcomes.

Case

No. Sex

Age

(years) Side

Mechanism

of injury

Interval to

operation

(days)

Operative

time

(minutes)

Blood

loss (mL)

Constant

score

DASH

score

UCLA

score

1 F 44 Left Fall 5 58 62 88 15 31

2 M 39 Left Sport 11 83 80 93 11.67 33

3 M 60 Left Bicycle

accident

3 70 58 85 25 29

4 M 38 Right Motorcycle

accident

4 67 50 90 17.5 31

5 F 28 Right Bicycle

accident

3 55 75 92 12.5 31

6 M 76 Right Fall 8 74 68 78 33.33 25

7 M 55 Right Fall 17 62 50 90 19.17 30

DASH, Disabilities of the Arm Shoulder and Hand; UCLA, University of California Los Angeles; F, female; M, male.
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fracture (Figure 2(a)–(c)). The distal clavi-
cle fracture was fixed with a miniature lock-
ing plate, and the CC ligaments were
reconstructed using a single button

(Figure 2(d)). Twelve months after the
injury, the patient had a pain-free, stable
shoulder with flexion of 0 to 135 degrees
and abduction of 0 to 120 degrees (Figure
2(e), (f)). External and internal rotation on
the injured side were slightly limited com-

pared with the contralateral arm (Figure 2
(g), (h)), which might have been due to the
history of scapulohumeral periarthritis.

Discussion

Surgical treatment of Neer type IIb

distal clavicle fractures involves internal fix-

ation of the distal clavicle, CC ligament

reconstruction, or a combination of both.
Although all of these methods have been
reported to achieve positive clinical results,
none has been shown to be superior to
the others.

Commonly used operative techniques for
internal fixation of distal clavicle fractures
include transacromial K-wire or Knowles
pin fixation, use of a distal clavicle anatom-
ic locking plate, and use of a hook plate.24

To date, many orthopedic surgeons have
recommended anatomic locking plates to
treat type IIb fractures, and satisfactory
clinical results and high union rates have
been obtained. However, some argue that
in Neer type IIb fractures, the lateral frag-

ment is often too small and comminuted to
accommodate enough screws, and the fixa-
tion may not provide sufficient mechanical
strength. Biomechanical studies performed
by Madsen et al.25 showed that the distal
fragment of type IIb distal clavicle fractures

needed at least five-screw fixation to effec-
tively withstand the moderate force
required for postoperative rehabilitation
training (40 to 80 N). Therefore, the
authors implied that the plate-and-screw

construct alone was not sufficient when it
was not possible to obtain fixation with five
screws in the small or comminuted distal
fragment.25,26 An alternative option is a
hook plate mounted on the medial frag-
ment of the fracture that serves as a lever
below the acromion. Screws can be
implanted on the distal end of the plate to
enhance fixation. Unfortunately, however,
this frequently used method is associated
with a higher complication rate than other
methods. Complications include AC joint
arthritis, shoulder dysfunction, acromion
impingement, rotator cuff injury, and
stress fracture.27–29 Therefore, consensus
has been reached on the need to remove
the implant approximately 8 to 12 weeks
postoperatively.30

Some Neer type IIb distal clavicle frac-
tures are treated with CC ligament recon-
struction without supplemental fixation.
Commonly used techniques include the use
of cerclage wires, coracoid loops, suture
anchors, double Endobutton plates, and
tendon grafts.28 Motamedi et al.31 suggested
that there was no significant difference in the
mean failure load and mean stiffness
between the intact CC ligament complex
and commonly used augmentations, such
as braided polydioxanone and polyethylene.
However, Shin et al.32 reported one case of
nonunion and two cases of delayed union in
a series of 19 patients who had distal clavicle
fractures associated with CC ligament dis-
ruption treated surgically with two suture
anchors combined with two nonabsorbable
suture tension bands.

The use of CC ligament reconstruction
alone cannot provide the rigid fixation
that is required for fracture healing and
early joint mobilization. The potential
risks of fixing type IIb distal clavicle frac-
tures merely with CC ligament reconstruc-
tion include insufficient fixation strength,
loss of fracture reduction, and fracture dis-
placement. Especially when the lateral frag-
ments are highly displaced and the
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surrounding soft tissues, such as the fascia

of the deltoid and trapezius muscle, are

compromised, CC ligament reconstruction

alone is likely to lead to nonunion or

delayed union.
From a biomechanical perspective, the

importance of the CC ligaments in control-

ling superior and horizontal translation of

the AC joint has been elucidated.33 Given

the unstable characteristics of Neer type IIb

distal clavicle fractures, the mainstream

therapy has shifted to the use of locking

plates with additional CC fixation.24 In

Neer type IIb fractures, CC ligament inju-

ries result in significant displacement of the

fracture fragments. Previous biomechanical

studies have shown that reconstruction of

the CC ligament can reduce the forces on

the internal fixation and that the use of a

locking plate with CC fixation can provide

better fracture stability than the use of

either alone.25,33,34 The combination of an

anatomic plate with CC fixation may lead

to increased fracture healing rates and

reduced failure rates.19,35

In our institution, we previously treated

Neer type IIb distal clavicle fractures with

an anatomic locking plate and double but-

tons. Although this approach provided sat-

isfactory clinical results, there were

drawbacks. Because the locking plate was

wide and occupied most of the space, the

button was usually placed above or beneath

the locking plate (Figure 3), which might

have a galvanic effect. Alternatively, the

button could be placed anterior or posterior

to the locking plate; however, iatrogenic

clavicle fractures would be likely to occur.

Moreover, if the position of the button

deviates from the middle line of the clavicle,

cutting of the loop is likely.
In this study, we used a miniature locking

plate and a single Endobutton as a system to

treat Neer type IIb distal clavicle fractures.

This approach provides the following bene-

fits over existing approaches. (1) A modified

fixation system that includes a miniature

locking plate and a single button can simul-

taneously fix the fracture and reconstruct the

CC ligament. (2) The miniature locking plate

provides 2.5-mm locking screw holes on the

distal end; these are smaller in diameter than

the 2.7-mm holes on most anatomic locking

plates. The smaller diameter allows more

Figure 3. Postoperative X-rays demonstrating the placement of double buttons and an anatomic locking
plate. The button was placed (a) above or (b) beneath the anatomic locking plate.

Ying et al. 7



screw implantation to increase purchase in

the bone and obtain adequate fixation. (3)

Because the miniature plate is thin and

narrow, the loop stitch can be tied around

the miniature locking plate, which avoids the

conflict of plate setup and reduces the

expense of the implant. (4) The button pro-

vides more rigid fixation than a suture

anchor, reducing the risk of loosening. We

treated seven patients with this system, and

no loosening or implant failure was observed

during follow-up.
Our study was not without limitations.

Because the study was retrospective with

prospective follow-up, it was affected by

selection bias. Although the results are

promising, the sample size was small and

there was no control group. Final follow-

up was obtained in all cases, but long-

term follow-up outcomes remain to be seen.

Conclusions

The herein-described novel internal fixation

system to treat Neer type IIb distal clavicle

fractures includes a miniature locking plate

and a single button. This system may stabi-

lize the fracture site and reconstruct the CC

ligament with reasonable efficacy in clinical

practice.
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