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Abstract

this rare injury remains controversial.

precision and decreased trauma.

Background: According to the published literature, Ipsilateral displaced clavicle and scapular neck fractures, also
called floating shoulder injury (FSI), can be managed conservatively or surgically; however, the therapeutic option for

Case Description: We presented a 18-year-old male patient who suffered FSI of the right shoulder. A three-
dimensional (3D) impression of the injured shoulder joint was obtained to plan the operation. The patient was operated
by open reduction and plate internal fixation (ORIF) of the fractures with the aid of 3-D printing model.

Literature Review: Our literature review included various treatments associated with FSI. We identified that no
previous reports of floating shoulders treated by ORIF with the aid of 3-D printing technique.

Purposes and Clinical Relevance: This report illustrates the practicability of 3-D printing technique in surgical
treatment, which could enhance the surgeon’s understanding the trauma of FSI, resulting in increased surgery

Introduction

The term “floating shoulder ” was introduced by Herscovici in
1992 [1], charactered by ipsilateral scapular neck and clavicular shaft
fractures. The definition of ‘floating shoulder” has been criticized by
many authors, and the widely accepted definition is a double disruption
of the superior suspensory shoulder complex (SSSC) [2-5]. SSSC is a
bony/soft tissue structure, playing important roles in the stability and
some mobility of the shoulder girdle. Therefore, floating shoulder
injury (FSI) involves the double destroy of osseous structure and
ligament complex as well. Generally, the injury is caused by a high-
energy trauma directly onto the shoulder, and traffic accident is one of
the most common cases. It’s difficult to manage the trauma without a
thorough understanding of the complex anatomy of the shoulder girdle.
Current best practice methods are used to obtain a three-dimensional
(3D) impression of a injured shoulder joint to plan the operation.
Especially, the rapid development of three-dimensional (3D) printing
technology has proven efficacy in the fabrication of a shoulder joint
with excellent dimensional accuracy. The goal of the preliminary study
was explore the feasibility and reality of the low cost 3D printed model
in the treatment of FSI. We presented a 18-year-old male patient which
suffered FSI. I believe this is the first reported case of a floating shoulder
treated by ORIF with the aid of 3-D printing technique.

Case Report

This case report didn't need the approval of the investigational
Review Board.

A 18-year-older male patient sustained a traffic accident on the
right shoulder. He was initially seen at a local hospital after injury. An
anteroposterior X-ray was performed and the patient was diagnosed
as clavicle and scapular fractures by the emergency doctor. Then the
patient was transferred to our department of orthopedics. Then a
computed tomography (CT) scan of the right shoulder with 3-D
reconstruction was done, which revealed a comminuted right calvicle
and acromial fractures, combined with scapular neck fracture (Figure
1). Based on the patient'’s CT DICOM data, then, a 3D shoulder model
was printed (Figure 2). Preoperatively, the 3D printing model of the
injured shoulder was used to evaluate the size and shape of the defect,

Figure 1: A patient with displaced, ipsilateral scapular neck and clavicular
fractures. (A) A preoperative anteroposterior X-ray view of the right shoulder.
(B-D) Preoperative computed tomography (CT) scans and 3D reconstruction
showing a double disruption of the SSSC resulting in a floating shoulder.
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Figure 2: 3D printed model of the right shoulder. (A) Front view (B) side view.
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Figure 3: Intaoperative digital photograph demonstrating the operation
process. (A) The patient was placed in left lateral position (B) open reduction of
the displaced acromion (C) the pre-bended plate(D) fixation the acromion with
plate(E) fixation the fractured clavicle with plate (F) reduction of the displaced
scapular neck.

Figure 4: Postoperative imaging of the shoulder. Postoperative AP (A) and
lateral radiographs(B) of the right shoulder. Six months after operation, the
degree of shoulder abduction (C) and shoulder anteflexion (D).

then to simulate the operation and make the operation plan. The main
fractured fragments contained the clavicle and the scapular neck. The
clavicle was intact, but the acromioclavicular joint was significantly
displaced with the coracoid fragment. The right shoulder showed
moderate soft tissue swelling, bruises, without neurovascular injury.
The patient was subsequently operated by open reduction and internal
fixation of the fracture. Open reduction and internal fixation (ORIF)
was performed under general anaesthesia. The patient was placed on
a radiolucent table in left lateral position. Firstly, the lateral calvicle
and acromial area were surgically exposed. The acromion was open
reduced and fixed with pre-bended reconstruction plate, followed by
the reduction and fixation of the clavicle (Figure 3). The ligaments
around the acromioclavicular joint were preserved and strengthened,
including acromioclavicular capsular ligaments and coracoacromial
ligament. Standard radiographs of the right shoulder were obtained the
third day after operation, which confirmed an anatomically aligned of
the acromioclavicular joint (Figure 4).

Discussion

The superior shoulder suspensory complex (SSSC), a bone and
soft tissue structure, comprised of the glenoid, coracoid, and acromial
processes, the CC ligament, the lateral clavicle, and the AC joint. Each
of its components has its own individual function, together, maintain a
normal, stable joint. Injuries to SSSC, also known as the floating shoulder,
results in a adverse healing and long term functional consequences of
the unstable shoulder [3,6]. Based on the concept of SSSC, a double
disruption of the bone and soft tissue may be effectively to explain
the unstable situation of the injured shoulder. The FSI consists of a
double disruption of the scapula neck and clavicle fracture, associated
with coracoacromial and acromioclavicular ligament disruption. The
“floating shoulder injuries” (FSI) is a rare injury consisting of ipsilateral
displaced clavicle and scapular neck fractures, usually associated
with complications and mortality. The incidence of FSI ranged from

0.10% to 0.15% [1]. Classification of the clavicular and scapular neck
fracture is reliably made by an AP Radiograph. Clavicular fractures
are usually classified by the anatomical area: the middle third fractures
(Group 1), the lateral third fractures (Group II), and the medial third
fractures (group III) [7]. Among them, middle third fractures are the
most common injury in patients with a floating shoulder [8]. Scapular
neck fractures are also separated in two anatomical groups: type A
(anatomic neck fractures) and type B (surgical neck fractures), and
type B are the common fractures in the injury of floating shoulder.
Three-dimensional CT scan and reconstruction images may be
more intuitively for demonstrating the fractures, especially exact
interpretation of the amount of fracture displacement and angulation
of the glenoid fragment [9]. Based on literature, three treatment options
for floating shoulder have been mentioned: conservative treatment,
operative treatment only for clavicle, and operative treatment for both
the clavicular and scapular neck fractures. Conservative treatment has
been reported with good functional outcomes by retrospective studies
[5,10]. Good clinical results are also reported for operative treatment
[11,12]. According to the published literature, FSI can be managed
conservatively or surgically; however therapeutic option for this rare
injury remains controversial [5,11,13,14]. With the gradually deepening
understanding of the disease, FSI were considered inherently unstable
required clavicle fixation alone or ORIF for both fractures. The order of
fixation remains debatable: clavicle first or Scapular neck first? Initial
fixation of the clavicle may benefit the indirect reduction of the glenoid
segment. If the displacement was corrected, clavicle fixation alone will
be enough for the treatment of the disease; otherwise, the fracture of the
Scapular neck should be operated and fixed. Conversely, reduction and
fixation of the displaced glenoid segment are more important, which
should be carried out first, not the fracture of the clavicle. In addition,
coracoacromial ligament (CAL) is the only ligament connecting the
proximal (scapular body, spine and acromion) and distal (glenoid and
coracoid process) fragments of the shoulder, therefore, which is an
important stable structure for the scapular neck fractures [15]. During
the operation, the CAL should be repaired and reconstructed.

In order to obtain optimal restoration of function in trauma surgery,
an accurate anatomic understanding the injured structure is required.
Based on computer-aided design (CAD) data, three-dimensional (3D)
visualization model could be produced, which could precisely show the
anatomical details of tissue. CAD technique has been widely used in
manufacturing design, and which has been introduced in the medical
applications, especially for implant design and preoperative planning
[16]. From the 3D reconstruction model, surgeons could get intuitive
and accurate information of the interesting area, which will be helpful
for preoperative surgical planning, resulting in reduced operative time
and increased operative outcomes [17,18]. 3D printing technique, a type
of rapid prototyping (RP) process, which is faster, more convenient,
less expensive, and more appropriate, compared to stereolithography.
In recent years, 3D printing technique has been widely described and
used in medical area, such as in skull deformities [19], mandibular
deformities [20], facial deformities [21], and so on. The printed 3D
model could enhance the surgeons understanding of the morphology,
and enable hands-on preoperative planning for the patient. Subsequent
benefits may include increased surgery precision and decreased trauma.

Conclusions

3D printing model can intuitively reflect the pathological state of
the patient, therefore, it could improve the operation accuracy and
optimize the operation scheme for FSI.
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