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Foreword

It is an honor to write a foreword for this important book on scapula fractures. The 
amount of information has exploded in the last two decades to improve diagnosis, 
management, approaches and outcomes of severe scapular fractures, and shoulder 
girdle injuries. As a resident, I saw only one formal Judet approach to the scapula 
with master surgeons, Steven Benirshke and Keith Mayo. These are relatively rare 
injuries and surgical indications were few at the time. As a young faculty, I 
approached my first severely comminuted, displaced scapula neck and body frac-
ture with the formal Judet approach and thought that there must be a better way that 
is less invasive. This was in the early years of minimally invasive osteosynthesis and 
we described the modified Judet approach which I used for years, but others modi-
fied this modification to identify that the deltoid rarely needs to be released and that 
many fractures can be treated with even less invasive approaches. It also was noted 
that the reduction usually was to medialize the body and not to lateralize the gle-
noid. Further imaging studies confirmed that the glenoid remains in place as long as 
it is connected to the shoulder girdle and the scapula body lateralizes due to the pull 
of the posterior scapular muscles. This book reviews the increased knowledge of the 
last 20 years of scapula fracture diagnosis, approaches, and fixation strategies. We 
still have much to learn, but I believe these chapters increase our knowledge and 
understanding and guide us to improved outcomes for patients.

 William Obremskey Nashville, TN, USA
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Foreword

In the craft of surgery the master word is simplicity
—Berkeley George Andrew Moynihan (1865–1936)

It is an honor to introduce this well-written textbook. My good friends Robinson 
E. Pires, Pedro J. Labronici, and Vincenzo Giordano, superb Brazilian surgeons and 
educators, have worked closely with a first-class group of international contributors 
to deliver this book written in a comprehensive way dedicated to the ones involved 
with reconstruction of the scapula region. The publication is updated and reviews all 
the important aspects—from basic science to complex reconstruction—of this intri-
cate and singular anatomic area.

Osteosynthesis was one of the greatest advances in orthopedic surgery—together 
with and arthroplasty and arthroscopy—of the twentieth century. The advances in 
this field take place every day around the globe and a textbook like this brings us the 
well-established principles and concepts.

From the nonoperative management to the still not well-recognized floating flail 
chest, the authors bring their own way of performing procedures to the benefit of the 
patients.

I congratulate the authors for this worthwhile addition to the trauma and shoulder 
surgery literature.

 Osvandre LechPasso Fundo, Brazil
April 2024



ix

Preface

The idea of this book stemmed from the collective expertise of three orthopaedic 
trauma surgeons deeply passionate about this subject. In recent decades, we have 
devoted a substantial portion of our professional careers to providing care for 
patients affected by this uncommon but challenging fracture.

Fractures of the Scapula: Current Management Concepts serves as a compre-
hensive guide for orthopaedic trauma surgeons, shoulder surgeons, thoracic sur-
geons, orthopaedic fellows and residents, medical students, physical therapists, and 
medical professionals involved in the care of patients with scapular fractures either 
isolated or associated with other injuries. This book aims to provide an in-depth 
exploration of the latest management strategies, surgical techniques, and rehabilita-
tion protocols for these complex injuries.

In this book, renowned experts in the field from all over the globe share their 
insights and experiences, offering practical advice and evidence-based recommen-
dations to navigate the diagnosis and treatment of scapular fractures effectively. 
Chapters cover a wide range of topics, including anatomy, embryology, classifica-
tion systems, imaging, non-operative management, surgical indications, traditional 
and minimally invasive approaches, reduction and fixation strategies, rehabilitation 
protocols, and complications. The book will also delve into the concept of the float-
ing shoulder and tackle a pertinent and emerging issue: periprosthetic scapular frac-
tures subsequent to reverse shoulder arthroplasty.

As the understanding of scapular fractures continues to evolve, it is essential for 
healthcare providers to stay abreast of the latest advancements in the field. This 
book serves as a valuable resource, combining theoretical knowledge with practical 
guidance to enhance the care of patients with fractures of the scapula.

We hope that Fractures of the Scapula: Current Management Concepts will serve 
as a trusted companion for professionals involved with the care of patients sustaining 
scapular fractures, seeking to optimize their outcomes and improve their quality of life.

Belo Horizonte, Brazil Robinson Esteves Pires  
Niterói, Brazil Pedro José Labronici  
Rio de Janeiro, Brazil Vincenzo Giordano   
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Chapter 1
Embryology, Anatomy, Biomechanics, 
Injury Mechanism, and Epidemiology 
of Scapular Fractures

Robinson Esteves Pires, Pedro José Labronici, and Vincenzo Giordano

1.1  Embryology of the Scapula

The development of the scapula is controlled by different genetic regulation in rela-
tion to the rest of the upper extremity. The embryology and genetic origin of the 
scapula are more similar to the spine, which explains the association between scap-
ular and vertebral anomalies [1]. The knowledge of the embryology of the scapula 
is of paramount importance, since congenital anomalies, malformation, and abnor-
mal scapular positioning may affect heart and respiratory functions and directly 
impair the function of the ipsilateral upper extremity [2].

Hita-Contreras et al. [3] reported three outgrowths of the mesenchymal conden-
sation with irregular shape corresponding to the scapular body, the coracoid pro-
cess, and a large mass of the acromion, scapular spine, and the humerus. However, 
the authors have not described whether the three outgrowths were connected. The 
morphogenesis of the coracoid process is different from the scapular body in several 
aspects. The coracoid ossification begins after the birth, differently from the scapu-
lar body. In average, between the 15th and 18th months after birth, ossification 
occurs in the middle of the coracoid process, which merges with the rest of the bone 
at 15 years of age [4–6].
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Müller and O’Rahilly [7] reported that the scapula is enlarged in the embryonic 
period, but it does not descend. Tanaka et al. [6] supported this finding in a morpho-
metric study. Landmarks on the scapula and clavicle (superior angle, sternoclavicu-
lar joint, acromioclavicular joint, and glenoid fossa) remain in similar axial position, 
while only the axial position of the inferior angle decreases, which indicates that the 
scapula increases caudally, although it didn’t descend.

1.2  Anatomy

The scapula is attached to the axial skeleton by the clavicle through the acromiocla-
vicular and sternoclavicular joints, forming part of the shoulder girdle. The scapula 
rests on the posterior chest wall between the second and seventh costal ribs. The 
trapezius and the elevator scapulae are mainly responsible for holding the scapula in 
this position.

With an angle of approximately 30° between the scapula and the frontal plane, 
the scapula is primarily responsible for providing support to the humeral head.

The scapula presents a flat triangular shape divided into parts defined by the 
superior, medial, and lateral borders. In addition to the scapular spine and medial 
and lateral pillars, the scapula presents a three-dimensional anatomy which forms 
the scapular neck and the glenoid fossa. Posteriorly, the division between the scapu-
lar body and neck is marked by the spinoglenoid notch. The coracoid process is 
originated by the anterosuperior surface of the scapular neck. The glenoid fossa is 
concave and presents a pear-shaped articular surface with a prominent ring of fibro-
cartilage at its wider end (the glenoid labrum). The scapular spine divides the pos-
terior surface of the scapula into the supra- and infraspinatus fossa. On the lateral 
aspect, the scapular spine becomes more elevated and ends on the acromion 
(Fig. 1.1). Knowing the distribution of the bony mass of the scapula is quite impor-
tant, since implants are frequently applied on the surfaces which present a denser 
bone. The margins of the glenoid fossa, the scapular neck, and the base of the cora-
coid process are the regions with the highest bone density. Cancellous bone can be 
found only in the lateral angle of the scapula. The scapula presents two bony pillars, 
which cross from the glenoid to the scapular body, and transmit compression forces 
from the glenoid fossa.

The central zone of the scapula is a flat, extremely thin, and weak area. Most 
scapular body fractures cross this weak zone. Similarly, the central part of the scap-
ular spine is also a relatively weak area, which justifies the fact of fracture lines 
generally reach this area [8]. The muscular complex that acts on the scapula should 
be divided into two main systems (scapuloaxial and scapulobrachial) [8]. The for-
mer connects the scapula with the axial skeleton, the spine, and the chest wall, being 
responsible for moving the scapula over the chest wall, whereas the latter is 
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