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Preface

A surgical textbook devoted only to clavicle injuries would have been unthinkable
in the twentieth century. Clavicle injuries were common but had long been under-
stood to be predominately treated nonsurgically. The results of these injuries were
uniformly reported to be good and any debate centered on the type and duration of
immobilization.

The close of the twentieth century saw the rise of evidence-based medicine and a
reinvestigation of the previously published reports of clavicle injuries. Investigators
compared their results to historical controls and found considerable divergence in
fracture healing and other variables. Current investigators have drawn attention to the
considerable heterogeneity of earlier reports, which often included pediatric popula-
tions which demonstrate better results in fracture healing than adult populations.

Evidence-based medicine included the emergence of outcome measurements
across the orthopedic spectrum. While these measures are imperfect, they attempt to
infuse a component into our treatment process which was missing in medical treat-
ment. These measures continue to push the boundaries of orthopedic treatment and
introduce new concepts. Emerging concepts include clavicle malunion with resul-
tant scapular dyskinesis—an oxymoron from historical reports which viewed all
clavicle fractures with union as success.

This textbook emerges from the ashes of twentieth-century expert opinion and
relies on biomechanics, anatomy, radiography, evidence-based medicine, and out-
come studies to reach the conclusions relayed in each chapter. The state of the art of
treatment of clavicle injuries is not static by any means and considerable debate
exists regarding the diagnosis and proper treatment of these injuries. This debate is
a healthy sign of the orthopedic community, where diversity of opinions based on
science leads to a relentless improvement in patient outcomes.

Although the textbook is centered on science and data, it would be foolhardy to
ignore the power of a story in human existence and medical treatment. Oral stories
have dominated human existence and are as powerful as the mastery of fire in the
development of civilizations. The importance of a story has been strongly inter-
weaved in medicine by the use of case conferences, reviews, and didactic sessions.
Although data is a strong lure, often the story of a medical treatment is the hook
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which engages changes in behavior and treatment. In keeping with this oral tradi-
tion, we have sought to augment the scientific principles of each chapter and include
selective cases at the end of each chapter.

In the lineage of human history, failures are considered orphans. This textbook
has reached success and by some definition springs from many fathers. Springer
publishing of course is the original source of this creation and has been wonderful
in my first stint as a book editor. I am indebted to Kristopher Spring at Springer for
the confidence in placing me at the helm of the publication. Patrick Carr has accom-
panied the text from its recruitment phase through production with guidance that
insured equanimity among the authors and insured delivery of a quality work on
time—a difficult task which Patrick handled adeptly.

The editing world brims with horror stories of multiauthor texts and the difficul-
ties in gaining an acceptance and producing a book chapter. Happily, this was far
from the truth in this text. I asked many of my professional friends to produce a
chapter and leaned heavily on them for suggestions of other sources. The authors of
each chapter are recognized experts in their field and have each produced elegant
works which required only the lightest touch of editing. The quality of work pro-
duced may have spoiled me forever as an editor going forward.

The seminal event in my professional life was my time as a fellow for Dr. Charles
A. Rockwood, Jr. Dr. Rockwood provided an environment which produced innovation
and education. Although incredibly prescient about a number of topics, he extolled the
value of investigation and the scientific process. Being identified as a Rockwood
Fellow is still one of my proudest academic achievements and biggest influences. The
corollary of training with Dr. Rockwood has been the blessing to have many mentors
and friends from the fellowship in my life, including Dr. Carl Basamania, Dr. Wayne
Burkhead, Dr. Federico Grassi, Dr. Michael Simoni, Dr. Gerald Williams, and Dr.
Michael Wirth. My life is much richer due to their teaching and friendship.

Family of course is the other ingredient in this creation. I am fortunate to have
both of my parents (Don and June Groh) extremely vigorous and involved in their
80s. They forged a spirit of aspiration in lockstep with the value of hard work which
has served well throughout my life. My academic interests I attribute to my uncle
and aunt (Nancy and John E. Groh, PhD) who helped guide my trajectory and have
always shown interest in my endeavors.

All of this would ring hollow if Susan, my wife of 25 years, had not burst into my
life. She has always had the utmost confidence in me, even when what I was doing
seemed counterintuitive. She endured a fellowship in hand surgery after I had com-
pleted a shoulder fellowship and provided a pathway to achieve an MBA via the
Kenan-Flagler School of Business at the University of North Carolina, Chapel Hill.
She is the glue which holds our family together and produced the three most precious
gifts—our children Griffin, Parker, and Bailey. It is a joy to watch my children achieve
and flourish—I am extremely proud of each of them. My wife and children have been
my anchor through my life and have freely given their time, love, and understanding.
I love, honor, and cherish each of them and acknowledge how truly fortunate I am.

Asheville, NC Gordon I. Groh
July 2016
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Chapter 1
Anatomy of the Clavicle and Its Articulations

Firas I. Kawtharani and Samer S. Hasan

Background

The clavicle is a unique bone that connects the axial skeleton to the shoulder girdle
via the sternum medially and the scapula laterally. Consequently, the clavicle func-
tions as a strut and also provides an anchor point for glenohumeral, acromioclavicu-
lar, and scapulothoracic motion [1]. It also provides a mechanical barrier that
protects crucial neurovascular structures. The clavicle is a mostly subcutaneous
bone and, consequently, is vulnerable to traumatic injuries, such as fractures and
separations. Additionally, it is subject to various gender, ethnic, and side-specific
variations, which has implications for surgical repair of fractures and separations
[2]. In the following chapter, we will attempt to expand on the basic and clinical
anatomy of this complex bone.

Osteology of the Clavicle

The clavicle is a long and slender bone with a double curve or “S” shape. Its medial
two-thirds is rather wide and tubular, convex anteriorly, and articulates with the
clavicular notch of the sternal manubrium at the sternoclavicular joint. The lateral
one-third is flattened, concave anteriorly, and articulates with the acromion process
of the scapula to form the acromioclavicular joint. The clavicle has a medial and a
lateral process, each with an articular surface. Bony anatomic landmarks character-
ize the shaft such as the rhomboid fossa, which is present medially in one-third of
the population, precisely on the inferior surface of the clavicle where the
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Fig. 1.1 Illustration depicting the bony anatomy of the clavicle, with anterior and posterior views
showing both articular ends and the important muscle and ligament attachments along its length.
(Borrowed from Rockwood C, Matsen F, Wirth M, Lippitt S. The Shoulder, Volume 1, page
33-100, 4th edition. Saunders; Philadelphia, PA. 2009)

costoclavicular ligaments insert [3]. In a smaller percentage of individuals, the clav-
icle contains an articular surface that engages the first rib. The subclavian groove is
located in the middle inferior shaft where the subclavius muscle has a fleshy inser-
tion [4]. The lateral aspect of the clavicle may carry a coracoclavicular process
containing bony impressions for the conoid and trapezoid ligaments (Fig. 1.1) [5].

The average length of the clavicle is around 15 cm, but this varies according to
laterality, gender, ethnicity, and body height [6]. Overall, the clavicle is longer,
wider, and thicker in men [7]. Mathieu et al. [8] defined the hourglass morphology
of the clavicle using anatomical and two-dimensional CT (computed tomography)
study. The study demonstrated intramedullary canal narrowing in the middle of the
clavicle, in addition to a more pronounced medial curvature and larger epiphyseal
diameter in men, in the axial plane. The left clavicle is wider and longer than the
right one at most intervals [7]. The cortex of the clavicle is thinnest on the dorsal
side at the acromial end and on the ventral side of the sternal end [2]. The impor-
tance of understanding the three-dimensional morphology of the clavicle as a pre-
lude to establishing consistent therapeutic criteria for various clavicular pathologies
cannot be understated.

Muscular Attachments

Several muscles attach to the clavicle along its length. The platysma is a thin broad
muscle that originates in the subcutaneous tissue around the clavicle and attaches to
the base of the mandible and angle of mouth. It is superficial to the cervical fascia.
Although the platysma does not originate or attach on the clavicle, it must be divided
when surgically approaching the middle one-third of the clavicle, such as during
open reduction and internal fixation using a plate and screws construct. The superior
surface of the clavicle is smooth and subcutaneous. The clavicular head of the pec-
toralis major muscle originates anteriorly on the medial two-thirds. Posterior to the
pectoralis major, the clavicular head of the sternocleidomastoid originates at the
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Fig. 1.2 Illustration depicting the anatomy of the medial clavicle and the sternoclavicular joint
and demonstrating the robust ligamentous structures around the joint including the sternoclavicu-
lar, costoclavicular, and interclavicular ligaments. The subclavius muscle is seen inserting on the
inferior surface of the clavicle along its groove. (Borrowed from Lee JT, Campbell KJ, Michalski
MP, Wilson K1J, Spiegl UJ, Wijdicks CA, Millett PJ. Surgical anatomy of the sternoclavicular joint:
a qualitative and quantitative anatomical study. J Bone Joint Surg Am, 96(19): e166, 2014)

middle one-third of the clavicle. Toward the lateral end of the clavicle, the origin of
the deltoid muscle spans the whole anterior surface from superior to the inferior.

The only muscle that inserts on the superior surface of the clavicle is the upper
portion of the trapezius muscle, which attaches posteriorly at the lateral end of the
clavicle. In contrast to the superior surface of the clavicle, its inferior surface is
rough, owing to a number of ligamentous attachments. Two muscles attach to the
inferior surface the clavicle, the sternohyoid, and the subclavius muscles. The ster-
nohyoid muscle originates on the most medial end of the inferior clavicle, its origin
continues over the posterior surface of the sternoclavicular ligament and the ster-
num. In the middle one-third of the clavicle, the subclavius muscle inserts in a
groove known as the subclavius groove, which serves as an attachment site of the
clavipectoral fascia (Fig. 1.2) [4].

Ligamentous Attachments

Medially, and posterior to the sternohyoid muscle origin, there is often a rough
depression referred to as the rhomboid fossa which, as discussed earlier, serves as
the attachment site of the costoclavicular ligament. Laterally on the inferior surface
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of the clavicle, the conoid and trapezoid ligaments form the coracoclavicular liga-
ments. The conoid tubercle serves as the attachment of the conoid ligament. Directly
lateral to the conoid tubercle is the trapezoid line that serves as an attachment to the
trapezoid ligament [5]. We will elaborate further on these important static stabiliz-
ers in the section on the anatomy of the acromioclavicular joint.

Neurovascular Anatomy

The anterior curve of the medial two-thirds of the clavicle provides a rigid arch
under which the great vessels emerge as they exit the mediastinum toward the
axilla. The subclavian and axillary vessels, the brachial plexus, and the lung
are all located immediately posterior to the medial third of the clavicle. Hence
the clavicle also functions as a bony protector of the neurovascular structures at
the thoracic outlet.

Robinson et al. [9] used high definition photography of sagittal cadaveric sec-
tions to identify the neurovascular structures in closest proximity to the clavicle. On
the medial aspect, the subclavian vein was at 4.8 mm from the posterior cortex of
the clavicle. In the middle one-third of the clavicle, the brachial plexus was the clos-
est structure, lying at an average of 15.2 mm from the posterior and inferior cortices.
The subclavian vessels and the brachial plexus trunks and divisions were located
more than two centimeters from the lateral clavicle.

Vascular Structures

The axillary vein joins the subclavian vein behind the medial one-third of the clav-
icle. The external jugular vein joins the subclavian vein at its confluence with the
internal jugular vein at the level of the omohyoid fascia. Distal to that junction, the
external jugular vein is joined on its lateral aspect by the transverse cervical and
scapular veins and on its medial aspect by the anterior jugular vein. This confluence
usually lies behind the angle formed by the sternocleidomastoid muscle and the
clavicle [10]. The subclavian artery takes the same path as the brachial plexus lying
in an anterior and inferior position progressing into the arm through the interval
between the anterior and middle scalene muscles. It is divided into three segments
in relation to the insertion of the scalenus anterior muscle. The vertebral artery
branches out in the first segment, and the costocervical trunk and thyrocervical
trunk branch out in the second segment. No branches are found in the third seg-
ment. The thyrocervical trunk gives rise to the transverse scapular artery and the
suprascapular artery, which are mostly found in dissections involving the shoulder
girdle (Fig. 1.3) [11].
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Fig. 1.3 Schematic representation of the main vascular branches of the subclavian artery arising
around the clavicle. The subclavian artery continues as the axillary artery distally to supply the
entire upper extremity. (Borrowed from Netter FH. Atlas of Human Anatomy, page 430, 6th edi-
tion. Saunders, Philadelphia, PA. 2014)

Neurological Structures

The brachial plexus lies posterior and superior to the subclavian artery at the level
of the clavicle (Fig. 1.4). It forms from C5 through T1 cervical roots and exits the
neck through the interval between the anterior and middle scalene. The five cervical
roots form three trunks that separate into the anterior and posterior divisions. As the
brachial plexus crosses beneath the clavicle it gives rise to three cords. The medial
cord derives from the eighth cervical and first thoracic roots and forms a branch of
the median nerve, the medial pectoral nerve, the entire ulnar nerve, and the medial
cutaneous nerve. A lateral cord deriving from the fifth, sixth, and seventh cervical
roots forms the lateral pectoral nerve, musculocutaneous nerve, and another branch
of the median nerve. Both the medial and lateral cords are anterior whereas the
posterior cord of the plexus forms the upper and lower subscapular, thoracodorsal,
axillary, and radial nerves. The medial cord passes between the first rib and medial
third of the clavicle. It is vulnerable to compression in this location so much so that
severe trauma can lead to proximal ulnar neuropraxia [12].

Supraclavicular Nerves

The supraclavicular nerves emerge from C3 and C4 nerve roots of the cervical
plexus and divide more distally into medial, intermediate, and lateral rami. Havet
et al. [13] conducted a cadaveric study on the anatomy of the supraclavicular nerves
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Fig. 1.4 Diagram of the brachial plexus, highlighting its complexity and formation from roots,
trunks, divisions, cords, and branches. The clavicle serves as a solid barrier protecting the plexus
from traumatic injury. (Borrowed from Agur AM, Dalley AF. Grant’s Atlas of Anatomy, page 488,
13th edition. Lippincott, Williams and Wilkins. 2013)

describing the path of the intermediate and lateral rami from a common trunk behind
the posterior border of the sternocleidomastoid. The intermediate ramus courses
below platysma and divides into two or three terminal branches. The lateral ramus
courses in a frontal plane toward the acromion process crossing the anterior belly of
the trapezius. This ramus is probably the nerve that supplies the acromioclavicular
joint as reported by Ebraheim et al. [14]. In about 6—10% of cases, the shaft of the
clavicle has an accessory osseous canal, called the canalis nervi supraclavicularis,
which allow a ramus of the medial supraclavicular nerve to traverse to the chest [15].

Information regarding the anatomy of the supraclavicular nerves may help in
preventing potential injury to these branches during surgery about the clavicle,
especially during open reduction and internal fixation of midshaft clavicle fractures.
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The supraclavicular nerves are pure sensory nerves that supply sensation over
the clavicle, the anteromedial shoulder, and the proximal chest. Although the pre-
cise locations of the principal rami and terminal branches are variable, there are safe
zones extending 2.7 cm from the medial end of the clavicle and 1.9 cm from the
lateral end that are devoid of any suprascapular nerve branches, according to a
cadaveric study by Nathe et al. [16]. Nevertheless, preserving branches of the supra-
clavicular nerve remains a major challenge during the surgical approach to the clav-
icle because these lie in close proximity to its anterior surface. Even when the
branches are identified they are often injured from repetitive stretch due to retrac-
tion or manipulation. As a result, incisional and chest wall numbness are reported in
10-29% of patients following plating of clavicular fractures [16].

Blood Supply to the Clavicle

The main blood supply of the clavicle is periosteal involving mainly the anterior and
superior surfaces [13]. A secondary blood supply is intramedullary and canalicular,
but this is of secondary importance. The prominent periosteal perfusion underscores
the importance of minimizing dissection and avoiding periosteal stripping during
the treatment of clavicle fractures, whether by intra-medullary or plate fixation.

Clavicle Biomechanics

The clavicle serves as a point of insertion for two muscles: the trapezius and subcla-
vius and the point of origin for four muscles: the deltoid, pectoralis, sternocleido-
mastoid, and sternohyoid. However, the biomechanical role of the clavicle, in terms
of overall shoulder motion and strength is not entirely understood. Proponents of
total clavicular resection during tumor surgery or after multiple failed fracture
surgeries point to the absence of substantial functional deficits postoperatively, if
claviculectomy is performed with careful muscle repair.

However, the clavicle functions as a strut that allows shoulder motions such as
cross body adduction and internal rotation, and also serves as a bony arch that pro-
tects major neurovascular structures. In fact, the clavicle rotates 45° with full shoul-
der abduction but for only 5°-8° relative to the acromion due to the synchronous
scapuloclavicular motion [17]. By assuming the role of a strut, the clavicle permits
the scapulohumeral and the scapulothoracic muscles to work at their optimal lever
arms, thereby improving muscle efficiency and minimizing energy expenditure and
muscle fatigue.

In addition, the clavicle serves a suspensory role that prevents the shoulder from
drooping down due to the weight of the arm and avoids the recruitment of stabiliz-
ing muscles such as the trapezius from overcompensating to level both shoulder
girdles. Thus, it largely contributes to the superior shoulder suspensory complex
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from which the upper extremity is suspended [18]. As a result, the clavicle is clearly
an integral part of the kinetic chain responsible for an effective throwing mechanism
starting with the hips and abdominal core muscles moving to the scapula, which is
partly stabilized by the clavicle, and ending with a well-centered glenohumeral
shoulder motion [19].

Embryology and Fetal Development

Prenatal Development

The clavicle is the first bone to ossify in the developing embryo. In the embryonic
period, the mesenchymal cells of the clavicular blastema separate into medial and lat-
eral groups and then differentiate into osteoblasts following the fifth week of gestation
[20]. Thereafter, primary ossification begins. The clavicle undergoes intra-membranous
ossification initially, in contrast to axial long bones, which undergo endochondral ossi-
fication. The medial and lateral ossification centers fuse during week 7 of gestation.
Subsequently, longitudinal growth of the clavicle becomes cartilaginous similar to
axial long bones; acromial and sternal ossification centers lead to the formation of the
acromioclavicular and sternoclavicular joints [20]. By studying cadaveric transverse
and coronal sections, Ogata and Uhthoff [21] confirmed these observations and noted
that by week 8 of gestation, which corresponds to the beginning of the fetal period, the
endochondral ossification and longitudinal growth of the clavicle has already com-
menced and the S-shaped morphology of the clavicle has been established [21]. These
authors also determined that the less prominent medial growth center contributed more
to overall clavicle length and curvature than the lateral growth center.

Periosteal bone formation is another determinant of clavicle development. It
results in an increase in girth or cross-sectional area and subsequent remodeling of
the clavicle. Garzon-Alvarado et al. [22] took a novel approach to the study of
embryonic clavicle development and redefined it according to interplay between sys-
temic, local biochemical, and mechanical factors. The first phase happens during the
fifth week of gestation whereby mesenchymal cells forming the blastema at the cen-
ter of the clavicle are prepared for ossification. The second phase during the sixth and
seventh week dictates progression of ossification from the center to periphery fol-
lowing the same model whereby local mechanical and biochemical cues at the ster-
nal and acromial ends promote cartilage formation and endochondral ossification.

Post-natal Development

As mentioned above, most of the longitudinal growth of the clavicle derives from
the medial epiphysis, through the process of endochondral ossification [21]. The
ossification of the medial growth plate starts at approximately 18 years of age
and fuses with the remainder of the clavicle between the ages of 22 and 25 years.
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The lateral epiphysis ossification is more vaguely defined and often confused with
a lateral clavicle fracture owing to a poorly demarcated border with the shaft of
the clavicle.

Joints: Acromioclavicular (AC) and Sternoclavicular (SC) Joints

The Acromioclavicular Joint
Anatomical and Functional Considerations

The acromioclavicular, or AC, joint is the sole articulation between the clavicle and
the scapula, excepting the rare true coracoclavicular joint arising in less than 1% of
the population. The acromioclavicular joint is a synovial diarthrodial joint with a
meniscal homologue that usually degenerates by the fourth decade. The acromiocla-
vicular joint height is 9 mm and its antero-posterior width is 19 mm, but this is
variable in size. The width of the acromioclavicular joint is between 1 and 3 mm.
Park et al. [23] used ultrasonography to demonstrate that the joint space is minimal
during cross-body adduction and active compression maneuvers so that these appear
to be the most specific in diagnosing acromioclavicular pathology. The acromiocla-
vicular joint is inclined 50° in the axial plane and 12° in the coronal plane whereby
the distal clavicle is oriented posterior and lateral while the acromion is medial and
anterior [24]. Colegate-Stone et al. [25] analyzed cadaveric, CT, and radiographic
data to classify the 3-D morphology of the AC joint as either flat, oblique, or curved.
The volume of the acromioclavicular joint is quite small, given its linear measure-
ments. According to Edelson et al. [26], the joint may accept 0.5-1.2 mL of fluid
when injected under sonographic guidance (Fig. 1.5).

The acromioclavicular joint contains a meniscoid fibrocartilaginous disk. This
disk composed of 75% water, 20% collagen, and 15% proteoglycan. Emura et al.
[27] classified the acromioclavicular joint according to the intra-articular disk mor-
phology (Fig. 1.6): type 1 has a complete articular disk, type 2 has an incomplete
disk deficient inferiorly, and type 3 has no disk. The latter type may have an ellipsoid
configuration that prevents rotational movement. The articular hyaline cartilage
turns into fibrocartilage with age. The inferior part of the AC joint is weaker and
more prone to degeneration [28].

The principal static stabilizers of the acromioclavicular joint are the AC liga-
ments and the joint capsule. The AC ligaments, mainly the superior and posterior
components, resist movement in the axial plane including posterior displacement as
well as rotation [24]. Posterior translation can lead to abutment against the scapular
spine. The capsule and mainly its inferior part represent the primary restraint to
anterior translation [5]. The acromioclavicular joint capsule inserts 2.8 mm from the
medial edge of the acromion and 3.5 mm from the lateral edge of the clavicle [24].

The capsuloligamentous attachments about the AC joint have implications
for AC joint resection arthroplasty or Mumford procedure, especially when this is
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Fig. 1.5 Ultrasound image displaying the width and depth of the acromioclavicular (AC) joint.
The AC joint was found to absorb around 1 mL of fluid upon repeated injections under ultrasound
guidance. (Borrowed from Edelson G, Saffuri H, Obid E, Lipovsky E, Ben-David D. Successful
injection of the acromioclavicular joint with use of ultrasound: anatomy, technique, and follow-up.
J Shoulder Elbow Surg, 23(10): e243-250, 2014)

Fig. 1.6 Coronal cadaveric section showing a complete intra-articular disk that separates the convex
clavicular and acromial ends. (Borrowed from Emura K, Arakawa T, Miki A, Terashima T. Anatomical
observations of the human acromioclavicular joint. Clin Anat, 27(7): 1046-1052, 2014)

performed arthroscopically and without subsequent capsular imbrication or repair.
Generous AC joint resection may lead to destabilization of the joint. Stine and
Vangsness [24] have recommended limiting the amount of lateral clavicle resection
during the Mumford procedure, by excising 2-3 mm from the acromial side and
3—4 mm from the clavicular side. Furthermore, the coracoacromial (CA) ligament
does not contribute to stability of the acromioclavicular joint.

In addition to the static capsuloligamentous stabilizers, the deltoid, trapezius,
and serratus anterior muscles represent the principal dynamic stabilizers of the AC
joint [29]. The superior AC ligament blends with the deltotrapezial fascia to provide
further dynamic stability.
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The acromioclavicular joint is located subcutaneously and is subject to high
impact loading during trauma. Consequently, injury to the acromioclavicular joint
is exceedingly common and represents 9—-12% of all shoulder girdle injuries, and up
to 40-50% of shoulder injuries in athletes [17].

AC Joint Biomechanics and Kinematics

Scapular clearance for arm elevation is only possible through motion mainly rota-
tion exerted at the level of the AC and SC joints. With full forward elevation there is
a 5°-8° of true rotation at the AC joint [5].

AC Joint Neurovascular Anatomy

The acromial artery, a branch deriving from the deltoid artery, constitutes the main
blood supply for the acromioclavicular joint after it perforates through the clavipec-
toral fascia. The artery is named as such because branches from this artery perfuse
the acromion as well. The lateral pectoral nerve, lateral ramus of the supraclavicular
nerve [14], axillary nerve, and suprascapular nerves all contribute variably to inner-
vating the acromioclavicular joint.

The Coracoclavicular Ligaments and Surgical Considerations

The distance between coracoid and clavicle ranges between 1.1 and 1.3 cm. The
coracoclavicular ligaments, whose precise function and morphology have been
carefully described, help maintain this distance. The conoid inserts at 2.5 cm pos-
teromedial and the trapezoid at 4.5 cm anterolateral with respect to the lateral end
of the clavicle (Fig. 1.7) [30]. The trapezoid covers the posterior half of the cora-
coid’s dorsal surface while the conoid originates more posterior on the base.
According to Harris et al. [31] the clavicular insertion of the conoid ligament was
found to be twice as wide as its coracoid insertion, giving rise to its inverted cone
shape. The trapezoid was three times thicker at its clavicular end but shows less nar-
rowing of its width than the conoid [32]. Bursae can exist between these ligaments.
The average length of the trapezoid ligament is 14—16 mm while the coronoid liga-
ment is 10-11 mm [33].

Understanding the anatomy of the AC joint and coracoclavicular ligaments
has implications for the diagnosis and treatment of AC joint separations. AC joint
separations have been described and classified radiographically by Rockwood et al.
(Fig. 1.8), and this classification remains commonly employed worldwide [34].
A recent study by Eschler et al. [35] confirmed anatomically the Rockwood classi-
fication. Acromioclavicular ligamentous disruptions, or type II injuries, resulted in
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Fig. 1.7 (a) Cadaveric photo in the coronal plane showing grossly the posteromedial and antero-
lateral insertions of the conoid and trapezoid ligaments, respectively, on the coracoid process. (b)
Cadaveric photo of the superior aspect of the coracoid process revealing the more prominent
anterolateral footprint of the trapezoid in comparison to the more narrow posteromedial conoid
footprint. (Borrowed from Salzmann GM, Paul J, Sandmann GH, Imhoff AB, Schéttle PB. The
coracoidal insertion of the coracoclavicular ligaments. An anatomic study. Am J Sports Med,
36(12): 2392-2397, 2008)

Fig. 1.8 Schematic representation of the Rockwood classification of AC joint separations. (I) AC
sprain; (IT) AC capsular disruption with coracoclavicular (CC) sprain; (III) Complete CC ligamen-
tous injury with superior displacement, from 25 to 100%; (IV) Complete CC injury with posterior
clavicular displacement through the deltotrapezial fascia; (V) Complete CC injury with superior
displacement more than 100%; (VI) Complete CC injury with inferior clavicular (subcoracoid)
displacement. (Borrowed from Rockwood CA. Injuries to the acromioclavicular joint. In: Rockwood
CA, Freen DP, eds. Fractures in adults, vol 1, 2nd ed. Philadelphia: JB Lippincott, 1984:860)
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widening of the acomioclavicular joint from 3.12 to 8.6 mm whereas the coracocla-
vicular distance remained stable. In contrast, type III injuries leading to disruption
of the coracoclavicular ligaments resulted in dramatic increases in both the acro-
mioclavicular and coracoclavicular distances to 16.7 mm and 20.6 mm, respec-
tively. Thus in the absence of the acromioclavicular ligaments the coracoclavicular
ligaments assume the role of resisting horizontal and vertical joint motion. The
conoid ligament resists anterior and superior loading while the trapezoid ligament
resists posterior loading [32].

The precise attachment sites of the conoid and trapezoid ligaments on the clavi-
cle have important implications regarding the anatomic reconstruction of these liga-
ments. Rios et al. [36] defined the exact point of attachment of the conoid and
trapezoid ligaments on the clavicle as a ratio of point of ligament insertion over the
length of the clavicle. These ratios for conoid and trapezoid ligament attachments
remained constant at 0.17 and 0.31, respectively, across gender, and are helpful for
surgical planning.

As described elsewhere in this book the anatomic reconstruction of the coraco-
clavicular ligaments has been favored over non-anatomic repairs, such as the modi-
fied Weaver—Dunn procedure due to its superior biomechanical conformation [37].
In fact, the clavicle bone mass density and load to failure increases from lateral to
medial in the clavicle therefore, far lateral fixation is prone to failure especially by
graft pullout. Non-anatomic methods of coracoclavicular reconstruction are more
prone to failure either because of suboptimal or excessively rigid fixation or because
of inferior construct biomechanics. Anatomic techniques that respect the correct
orientation, footprints, and chronicity of the injury whether performed open or
arthroscopically should provide optimal outcomes. Furthermore, Niichtern et al.
[38] have advocated acromioclavicular joint reconstruction at the time of coracocla-
vicular ligament reconstruction in order to compensate for the rotational stiffness
resulting from solely addressing the coracoclavicular ligaments.

The Sternoclavicular Joint

The sternoclavicular (SC) joint is the only true joint connecting the axial skeleton to
the shoulder girdle. The sternoclavicular joint lacks inherent bony stability with less
than half of the medial clavicle articulating with the manubrium. Consequently, a
thick capsule and ligamentous structures provide joint stability. The joint is oriented
posteromedially in the axial plane, and medially toward the superior end in the coro-
nal plane. The clavicular end of the joint is convex in the coronal plane and concave
in the transverse plane. It is more prominent than the sternal end in both the antero-
posterior and medio-lateral dimensions, and extends superiorly and posteriorly rela-
tive to the sternum (Fig. 1.2) [4].

The anterior capsule of the sternoclavicular joint is formed from a medial sternal
soft spot, a middle anterior sternoclavicular ligament covering the intra-articular
disk and a lateral clavicular soft spot. The intra-articular disk of the sternoclavicular
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degenerated intra-articular disc

il

Fig. 1.9 Photograph of a cadaveric shoulder displaying the often ill-defined and degenerated
intra-articular disk of the stenoclavicular joint. (Borrowed from van Tongel A, MacDonald P,
Leiter J, Pouliart N, Peeler J. A cadaveric study of the structural anatomy of the sternoclavicular
joint. Clin Anat, 25(7): 903-910, 2012)

joint is present in 97% of individuals (Fig. 1.9). It is firmly suspended between the
interclavicular ligament superiorly and the first rib inferiorly and it rarely ruptures
or dislocates [39]. Posteriorly, the capsule is thick and uniform and forms a strong
barrier that provides stability and separates the joint from the adjacent neurovascu-
lar structures [40].

The sternoclavicular joint relies as well on the costoclavicular, interclavicular
ligaments and the intra-articular disk for additional stability. In addition to the pos-
terior capsular sternoclavicular ligament, the costoclavicular ligament (Fig. 1.2) is
robust and important in resisting joint displacement [4]. Furthermore, Tubbs et al.
[41] stressed the importance of the interclavicular ligament (Fig. 1.2). The authors
reported that the ligament had a mean length of 2.1 cm and a mean width and
thickness of respectively 7.2 and 3.6 mm preventing upward displacement of the
clavicle. However, this ligament may be absent in up to 10% of the population [41].

The sternoclavicular joint moves between 30° and 35° in the coronal plane, 35°
in the axial plane, and permits 50° of rotation along the clavicle axis [42].
Sternoclavicular elevation occurs mainly between 30° and 90° of arm elevation
whereas rotation occurs after 70°-80° of elevation. The dependence on soft tissue
restraints for stability renders the sternoclavicular joint vulnerable to dislocations.
Sternoclavicular joint dislocations account for 2-3% of all dislocations across the
shoulder girdle; most of these are anterior and result from indirect joint loading.

Although less common, posterior sternoclavicular dislocations are far more seri-
ous, because of the proximity of the joint to the neurovascular structures. Merriman
et al. [43] measured the critical distance between the medial clavicle and the closest
retrosternal neurovascular structures using three-dimensional study of contrast-
enhanced CT scans and found gender-based differences. At the sternoclavicular joint,
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the safety distance from the major vessels for the medial segment (first 10 mm of the
medial clavicle) was 3.5 mm for males and 2.4 mm for females whereas for the lat-
eral segment (next 10 mm) the safety distance was 3.3 mm for males versus 1.7 mm
for females. These measurements have implications for sternoclavicular joint arthro-
plasty and for reconstruction for chronic sternoclavicular joint dislocation. Han et al.
[44] reported on the presence of two structures that they named “SI” for soft tissue
structure inferior and “SL” for soft tissue structure lateral in reference to their loca-
tion with respect to the head of the clavicle, the strap muscles being situated more
posteriorly. The interval between these structures provides a useful avascular plane
away from vital mediastinal structures. “SI” and “SL” are continuous with the joint
and with each other but may be occupied by fibrocartilage and disk. These structures
may be identified preoperatively using CT scan with 1-2 mm thin cuts.

Neurovascular Anatomy of the Sternoclavicular Joint

The clavicular branch of the thoracoacromial artery is the essential blood supply of
the sternoclavicular joint (Fig. 1.3), with supplemental contributions from the inter-
nal thoracic and the suprascapular arteries. The joint is innervated through a branch
from the nerve to the subclavius, with additional contribution from the medial
supraclavicular nerve.

Summary

The clavicle is a unique bone with unique embryonic development that serves a vital
biomechanical role, both as a strut connecting the axial and appendicular skeletons
and as a bony arch to protect the neurovascular supply to the upper extremity.
Its subcutaneous location and potential for high impact loading makes the clavicle
vulnerable to injuries including fractures along its length and dislocations or
separations at both sternal and acromial ends. The remaining chapters will focus on
identifying and treating this various injuries.
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Chapter 2
Biomechanics of the Clavicle

Sergio Gutiérrez, Ioannis P. Pappou, Jazmine Aira, Peter Simon,
and Mark A. Frankle

Introduction

The clavicle is an S-shaped bone that acts as the only osseous link between the
upper extremity skeleton and the thorax. In animals that do not bear weight on their
forelimbs, it is absent. In such animals, the scapula is stabilized to the thorax by
numerous powerful muscles. The absence of a clavicle improves running and agility
on four limbs. In brachiating animals however, including man, it serves as a solid
strut to position the upper limb away from the trunk and enhance more global posi-
tioning and use of the limb.

Some consider the clavicle to be expendable. Although children with congenital
absence of the clavicle [1] and malunions [2] adapt surprisingly well and patients
with tumors or infections treated by clavicular resection sometimes function ade-
quately, adults with malunited clavicles often report difficulty with overhead activi-
ties requiring strength or dexterity [3]. Patients with total claviculectomy have
decreased strength and patient-reported outcomes in the aclaviculate limbs [4]. It is
clear that the evolutionary process has determined an important function for the
clavicle and we should always strive to preserve the length and alignment of the
clavicle.
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Anatomy

The clavicle is classified as a long bone that is on average 151.8 = 11.7 mm long,
143.9 + 8.4 mm long in females, and 160 + 8.5 mm long in males. They are typically
longer if they originate from a male or from the left side of the body [5]. The clavi-
cle is named for its S-shaped curvature, with an apex anteromedially and an apex
posterolaterally, similar to the musical symbol clavicular (Fig. 2.1).

The larger medial curvature allows more space for passage of neurovascular
structures from the neck into the upper extremity through the costoclavicular inter-
val. The transition from medial to lateral curvature occurs at approximately two-
thirds the length of the bone as measured from its sternal end, a site that roughly
corresponds to both the medial limit of attachment of the coracoclavicular liga-
ments and the entrance point of the main nutrient artery of the clavicle.

Males have significantly greater medial curvatures than females, most likely due to
their greater size. Similarly, left-sided clavicles tend to be longer and have a greater
medial curvature. On the other hand, it appears that the lateral curvature of the clavicle
is not affected by either gender or anatomical side. Longer clavicles do not necessarily
confer larger lateral curvatures (Table 2.1). The curvature of the IM canal represents
the curvature an IM device should be shaped to in order to fit inside properly [5].

The clavicle is made up of dense trabecular bone lacking a well-defined medullary
canal. In cross-section, the clavicle changes gradually between an expanded prismatic
medial end, a tubular midportion, and a flat lateral aspect. In addition to the variation in
cross-sectional shape, the diameter of the clavicle and IM canal experience significant
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Table 2.1 Radius of curvature and standard deviation of the clavicle when grouped for gender and
anatomical side from a 104 sample size clavicle morphometry study

Radius of curvature (mm) + SD

Females—Right Females—Left Females Overall
Medial 83.51 +11.82 91.13 £ 15.90 87.54 + 14.51 9121+ 144
Lateral 31.86 + 12.08 34.68 + 12.57 33.35+12.31 3251+ 11.1
Males—Right Males—Left Males Overall
Medial 93.63 £ 15.03 96.65 = 11.06 94.99 + 13.34 91.21 £ 14.4
Lateral 31.51+11.23 31.90 +7.77 31.69 £9.73 3251 +=11.1
Medial side : . Lateral side
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Fig. 2.2 Average clavicle and IM canal diameter as a function of percent clavicle length starting
from the medial end from a 104 sample size clavicle morphometry study

change in size. A recent clavicle morphometry study has found that the medial and
lateral ends of the bone are the widest regions with an average diameter of 28 mm,
while the midportion is significantly narrower, at 13.7 mm. The IM canal also shares
this ‘hourglass’ shape, with a smallest diameter of 4.5 mm; however, it is important
to note that the location of the narrowest diameter for both clavicle and IM canal
occurs at different locations along the midportion (5% clavicle length difference).
This offset was observed across all groups (male/female, right/left) and suggests
that one may not estimate the location of narrowest region of the IM canal based on
external visualization of the clavicle alone (Fig. 2.2). The size and location of the
smallest diameter of the IM canal is of special interest as it is the limiting region for
IM device design and must be understood for proper implant fit.

Furthermore, clavicle and IM canal are not perfectly congruent. There exists an
eccentricity of the IM canal center with respect to the clavicle because cortical
thickness and shape are not consistent throughout any given cross-section. This
finding also allows us to understand proper IM device fitting inside the canal, as the
eccentricity tells us how close the device is to the surface of the bone and how thin
the cortex is at any point around it [5] (Fig. 2.3).
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Fig. 2.3 Clavicle cross-section illustrating IM canal eccentricity. The purple circle is the largest
circular space that could potentially fit an IM device

The above-mentioned peculiarities of the clavicle, namely its curvature, narrow-
ing offset between clavicle and IM canal, and IM canal eccentricity become impor-
tant when intramedullary fixation of the clavicle is being considered. Since a 3-D
morphometric analysis is a requisite for noting these features, a pre-operative CT
scan and canal analysis would be warranted in pre-operative planning and implant
selection for fracture treatment with an IM device.

As viewed in Fig. 2.1, several muscles attach to the clavicle. The muscles that
contribute to shoulder motion are the deltoid, trapezius, and pectoralis. The subcla-
vius muscle serves mainly as a protective layer between the clavicle and the neuro-
vascular structures.

In view of the intimate relationship of the clavicle to the brachial plexus, the
subclavian artery and vein, and the apex of the lung, it is surprising that injury to
these structures in association with fracture of the clavicle is so uncommon. Brachial
plexus palsy may develop weeks or years after injury as a result of compromise of
the costoclavicular space by hypertrophic callus, with or without malalignment of
the fracture fragments. Narrowing of the costoclavicular space because of malunion
or nonunion can also lead to dynamic narrowing of the thoracic outlet. Prolonged
compression of vascular structures can likewise be problematic. The course of the
neurovascular structures makes it such that medially it is safer to drill superior to
inferior and laterally anterior to posterior (Fig. 2.4) [6].

The scapula is a broad thin bone that serves as the origin or insertion for at least
18 different muscles. It also supports the upper extremity through its articulation
with the humerus at the glenoid. The glenoid is a narrow, shallow concavity that
relies on the surrounding labrum, ligaments, and muscle-tendon units for stability.
The acromial and coracoid processes have enlarged during the evolutionary process,
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Fig. 2.4 Relationship of neurovascular structures to clavicle and safe drilling trajectories.
From Sinha et al.

presumably to provide an origin for more powerful and mechanically efficient upper
extremity musculature as well as to give the inherently unstable glenohumeral joint
a measure of stability.

Clavicle Contribution to Motion of the Shoulder Girdle

The clavicle articulates on the medial end with the sternum and laterally with the
acromion. The sternoclavicular (SC) and acromioclavicular (AC) joints are both
diarthrodial articulations (hyaline articular cartilage-covered and synovium-lined
mobile joints) with intervening fibrocartilage disks. Both joints lack inherent osse-
ous articular stability and are maintained by strong ligaments. The acromioclavicu-
lar joint is unusual in that negligible motion occurs through the joint and yet
degenerative arthritis is common, particularly after trauma. The function of the
acromioclavicular articulation is unclear. Patients with acromioclavicular or coraco-
clavicular fusion or coracoclavicular screw fixation have full or nearly full shoulder
motion. Most of motion between the shoulder girdle and the axial skeleton must
therefore occur at the (SC) joint; a recent study in healthy asymptomatic volunteers
documents some motion in the AC joint (19° of scapular tilting maximally) [7].
Motion at the SC joint is commonly thought to be 35° of elevation-depression, 35°
of protraction-retraction, and 50° of rotation, as reported by Inman [8].
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Ligament-cutting studies in cadavers suggest that the coracoclavicular ligaments
limit superior displacement of the clavicle and the acromioclavicular ligaments
limit posterior displacement [9]. The capsuloligamentous covering of the acromio-
clavicular ligament is most stout superiorly. Because one of the complications of
distal clavicular excision is posterior displacement of the clavicle with impingement
on the scapular spine, many surgeons emphasize preservation of the acromiocla-
vicular ligaments, particularly superiorly.

Forces Seen by the Clavicle and Relation to Fracture

Clavicle fractures are common injuries (2.6-5% of all fractures), with 80% of the
fractures occurring in the diaphysis [10]. The chapter will concentrate on the
mechanics pertinent to mid-shaft injuries as they are the most common. It is not
surprising that the middle third is the most common site of clavicular fracture, since
the midportion is the thinnest and narrowest portion of the bone; it represents a
transitional region of the bone, both in curvature and in cross-sectional anatomy,
which makes it a mechanically weak area, and it is the only area of the clavicle that
is not supported by ligamentous or muscular attachments. It is possible that this
anatomy was selected during evolution because clavicular fracture protects the bra-
chial plexus during difficult births (shoulder dystocia).

Mechanics of Clavicle Malunion

Clavicular malunion (Fig. 2.5) [11] is emerging as a clinical syndrome identified by
shortening, deformity of the shoulder girdle (including the scapula), pain, and
fatigue with overhead activity and weakness in strength testing [3, 11, 12]. The
forces contributing to persistence or worsening of deformity after fracture include
the weight of the shoulder as transmitted to the distal fragment of the clavicle, pri-
marily through the coracoclavicular ligaments, and the deforming forces of the
attached muscles and ligaments. The medial fragment is elevated by the clavicular
head of the sternocleidomastoid muscle, which inserts onto the posterior aspect of
the medial portion of the clavicle. The pectoralis major contributes to adduction and
inward rotation of the shoulder.

A study simulating the effect of clavicle shortening on upper extremity muscles
found that shortening of the clavicle decreases the moment-generating capacity as
well as the total force-generating capacity of the shoulder girdle muscles, especially
elevation moments of the upper extremity muscles during abduction and internal
rotation [13]. Flexion moments were affected less through physiologic range of
motion. Additionally, shortening of the clavicle increases coronal angulation of the
clavicle at the sternoclavicular joint thus providing a basic science support to the
clinical syndrome of malunion.
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Fig. 2.5 Anterior (a) and posterior (b) view of clavicle malunion. Shortening, drooping of the
shoulder girdle and scapular winging of inferior-medial border of clavicle is evident. From
Ristevski et al.

A cadaveric study found that shortening of the clavicle produces change to the
resting position of the shoulder girdle quite similar to the clinically observed mal-
unions. Moreover, the motion of the shoulder girdle is progressively affected with
increasing amounts of shortening [14].

Complications from Clavicle Fractures,
Nonoperative Treatment

Traditionally, treatment has been conservative, due to influential historic litera-
ture with high rates of healing [15, 16]. More recent literature suggests that the
results of nonoperative treatment are worse than what was previously thought.
Inferior outcomes and higher risks of nonunion are documented when there is
significant displacement (i.e., >2 cm or no cortical contact) and other risk fac-
tors such as comminution, z deformity, increasing age, female sex, and smoking
[2, 3,12, 16-18].

In a systematic review of 2144 clavicle fractures, a nonunion rate of 15% with
nonoperative management was found [19]. Displacement and comminution were
the primary risk factors contributing to nonunion. Operative treatment resulted in a
relative risk reduction of 86% for nonunion. It is possible that a displacement of
2 cm noted on X-ray may be underestimating fracture severity. Because of the clav-
icle’s signature S-shape, the dimensions of the bone are often misrepresented on
two-dimensional film. A recent three-dimensional clavicle morphometry study
investigated the difference between total clavicle length and true clavicle length [5].
Total clavicle length is a straight end-to-end measurement in the frontal plane,
while true length is the length of the bone if it were straight (Fig. 2.6). The study
found an average of 1.5 cm difference between these two types of measurements.
True length of the clavicle is a superior estimation of the bone’s length as it takes
into account the curvatures in 3-D space, and suggests a longer region of bone over-
lap not appreciable on X-ray.
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Fig. 2.6 The difference True clavicle length
between two types of
clavicle length
measurement: true length
in green, total length in
blue

T'otal clavicle engin

Operative Versus Nonoperative Management
of Midshaft Clavicular Fractures

The first randomized controlled trial (RCT) in 2007 demonstrated earlier healing
rates (16 versus 28 weeks) and lower nonunion rates (3% versus 11%) for ORIF
compared to nonoperative management [20]. In addition, operative treatment
resulted in better DASH scores and fewer symptomatic malunions. However, there
was a 12% complication rate with surgical management—mainly symptomatic
hardware.

Virtanen in 2012 reported on an RCT of 60 patients with 1 year average
follow up [21]. Nonunion rates were 0% for ORIF versus 24% for sling.
Complication rates were 7% for ORIF versus 12% for sling, none were major.
The patients with nonunions [6] and malunions [2] in the sling group had worse
DASH scores.

Robinson in 2013 reported a significantly reduced nonunion rate and better out-
come scores after ORIF compared to nonoperative treatment (1% compared to
16%) [16]. When nonunion patients were excluded from analysis however, there
were no differences in functional outcome between operative and nonoperative
treatment. Improved outcomes resulted from the prevention of nonunion. Due to the
cost and implant-related complications, the authors did not support routine primary
ORIF for the treatment of displaced midshaft clavicular fractures.

Indications

Open or impending open injuries, neurologic or vascular compromise, unstable or
displaced floating shoulder injury, and posteriorly displaced medial clavicular frac-
tures or sternoclavicular injuries constitute absolute indications.

Relative indications for surgical treatment include widely displaced fractures
with shortening >2 cm or significant comminution, unacceptable cosmesis, multiply
injured trauma patients, predicted functional deficits, and painful nonunion or
malunion.
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Surgical Techniques

Plate Fixation

Open reduction and internal fixation can be done with a superior or anterior-inferior
plate position. Newer plate technology allows for pre-contoured plates that are
lower profile and allow locking fixation if necessary [22].

The surgical approach should allow for cosmesis and prevent wound complica-
tions. A full-thickness skin and subcutaneous layer should be created down to the
platysma, which is then incised longitudinally along the clavicle and then the mus-
cle insertions of the pectoralis major, trapezius, and deltoid on the clavicle are
released as required. This will allow for a full thickness fascial layer over the plate
at the time of closure.

Superior plate fixation allows the plate to be placed on the tension surface of the
bone and requires less muscle origin release. Anterior-inferior plating allows for
reduced plate prominence and less plate irritation. In addition, screw length is
increased and there is less risk of neurovascular injury during drilling during lateral
screw placement [6]. Reconstruction plates are malleable allowing contouring to the
patient’s anatomy but are weak in comparison to dynamic compression plates.
Standalone semi-tubular plates should be avoided.

Anatomically contoured plates fit most of the time and are lower profile which
lessens the chance of needed plate removal, but they are more expensive [22].
In cases of comminution, the use of mini-fragment screws can be useful to allow
for reduction and lagging of small butterfly fragment and an anatomic reduction.
The plate is then placed as a neutralization plate.

The biomechanics on plating position are mixed. Some studies favor superior
plating, others anterior plating and finally results may differ in the same study
depending on loading conditions [23-25].

Intramedullary Fixation

Intramedullary devices for clavicle fracture fixation may result in shorter operat-
ing room time, less narcotic use, fewer complications, and less symptomatic
hardware [26]. However, intramedullary devices are biomechanically inferior to
plates [27], especially with increasing comminution. Cannulated screws, flexible
nails, and clavicle-specific pins for the treatment of these fractures have been
reported. The use of small diameter smooth pins is contraindicated. A systematic
review comparing plate fixation versus intramedullary devices for displaced
clavicle fractures did not show differences in functional outcome or complication
rates [26].
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Surgical Treatment of Malunion/Nonunion

Malunion and/or nonunion of a clavicle fracture have adverse effects on the func-
tional result; risk factors were discussed. The goal in the treatment of malunions and
nonunions of the clavicle is to restore clavicular length and anatomy. This may
require an osteotomy as well as possible tricortical interposition graft. Lag screws
should be used if possible to allow for compression across the fracture nonunion site.

The clavicular length is evaluated preferably on a computed tomography of both
clavicles or at a minimum on anteroposterior and oblique radiographs of both clav-
icles. If there is greater than 2 cm of shortening, then an osteotomy with interposi-
tion bone grafting should be considered to restore the appropriate length.

Plate fixation of clavicle nonunions and malunions provides high union rates and
improvement in shoulder function. Plates and nails have been used successfully [12,
28-30]. We favor plates due to higher torsional rigidity.

Biomechanical Considerations for Nailing and Plating

Intramedullary Nailing

Intramedullary nailing of this curved bone deserves some special consideration.
A nail can be introduced through a medial entry point, a lateral entry point, and
finally through the fracture site. If a nail is introduced through the fracture site, then
it must be advanced through the medial or lateral end of the bone to allow reduction
of the fracture and then reinsertion to the desired depth.

The unique features of the clavicle, especially its curvature, narrowing offset
between clavicle and IM canal, and IM canal eccentricity influence the design of the
IM device in both size and shape. The implant must be flexible enough to adapt to
the S-shape of the clavicle, thin enough to pass through the narrow middle portion
but also strong enough to allow clavicle healing and minimize interfragmentary
motion below the nonunion threshold.

The unique curvatures of the IM canal also dictate implant insertion, as they
represent the safest trajectory an IM device would take as it is being introduced into
the canal (Fig. 2.7) [31]. Due to the clavicle shape the implant will predictably exit
the anterior cortex medially and the posterior cortex laterally [31].

Therefore, different types of implant can been utilized [32]:

(a) Titanium nails/K wires/Cannulated screws: These implants are typically intro-
duced through a medial entry site or more commonly through the fracture, out
the anterior medial cortex and retrograded into place.

(b) “Locking” nails: Examples are the older Hagie and Rockwood nails and the
newer Sonoma nail. These nails are introduced through the fracture, exit out the
posterior lateral cortex and then advanced antegrade and engage the medial
cortex. The Hagie and Rockwood nail use a similar philosophy of compressing
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Fig. 2.7 Position of the TEN within the clavicular canal. Contact point and the cortical thickness
next to the respective positions become clear. The medial and lateral portions of the bone are the
danger zones for nail perforation, while in the middle third a relative narrowing is present. From
Andermahr et al.

the fracture using a lateral nut and fixation into the medial end. The Sonoma
nail affords true locking screws laterally and the medial fragment is engaged
with deployable spikes. The reader is referred to the manufacturer websites for
further details on the surgical technique.

Plating

Surgeons have used DCP plates and reconstruction plates, locking and non-locking
variations. Due to the biomechanical advantages of locking and the ease of use
afforded by pre-contoured plates they are dominating the implant use at this time. It
should be noted that pre-contoured plates do not always fit well and hence intraop-
erative further contouring may be necessary and the surgeon should have the neces-
sary tools available [22]. There is significant debate over superior versus anterior
plate position.

Clinical studies support anterior plating as advantageous in terms of secondary
operations for removal of hardware [33]. Otherwise, the literature offers mixed
results of biomechanical advantage of superior versus the other location [23-25,
34]. Union rates are similar. Since union rates and biomechanical results appear
relatively equivalent, we prefer anterior plate position to minimize irritation by
hardware and secondary removal of hardware. Three studies suggest that unicortical
screws may offer sufficient fixation strength with locking plates [34-36], but it is
our preference to use bicortical screws.
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Nails Versus Plates

In a systematic review of 2144 clavicle fractures, the nonunion rate was slightly
higher for intramedullary nails 1.6% for 364 fractures versus 2.5% for 635 plated
fractures (pooled data) [19]. Other comparative studies have shown similar results,
i.e., slightly higher rates of nonunion for nailing, but overall very satisfactory results
for nailing [26]. Nails have also been used for repair of clavicle malunions [28].

Biomechanical comparison of nailing versus plating demonstrates better stabil-
ity for plating [28]. The reason that nailing has a higher nonunion rate than plating
is perhaps not only device-related but biology-related; the hematoma which typi-
cally affords excellent healing after IM nailing of long bones is removed during
the process of reduction and introduction of the device for a clavicle fracture.
Therefore, in highly comminuted fractures we prefer plating. Nailing is very suc-
cessful for simpler fracture patterns. One should also consider that most of the
intramedullary implants are designed to be removed postoperatively after union;
however; this procedure can be typically done with sedation/local anesthetic
avoiding general anesthetics.

Conclusion

The clavicle is an important osseous link of the upper extremity to the axial skele-
ton. Preservation of length and anatomy is important for optimal function of the
upper extremity. The most frequent fracture location is in the mid-diaphysis, the
isthmus, where the bone is the narrowest. Operative treatment has shown superior
results in displaced fractures. Nailing and plating are both acceptable methods of
treatment with a different subset of complications and reoperations. This chapter
should help the surgeon be more cognizant of the type of implant he/she uses and
the biomechanical/clinical considerations.
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Chapter 3
Evaluation of Clavicle Injuries

John G. Horneff III, Surena Namdari, and Gerald R. Williams

The approach to evaluating clavicle injuries should hinge on the general
principles of all orthopaedic injury evaluation. Injuries to the clavicle are often
the result of acute trauma that can be high in energy. In addition, the proximal
location of the clavicle within the upper extremity places it extremely close to the
head, neck, and chest, which, if also injured, can lead to rapid decompensation of
a patient. Therefore, as with any patient who sustains a traumatic injury, the treat-
ing provider should first ensure proper trauma triage stabilization of airway,
breathing, and circulation along with proper immobilization of the cervical spine
if there is any concern for injury to these areas. Once the patient is stabilized fol-
lowing this primary survey, the more detailed examination of any clavicle injury
can begin.

Serving as the strut between the scapula of the upper extremity to the sternum of
the chest wall, the clavicle can be injured at either one of its articulations or any-
where along its shaft. The proper treatment for these various locations can differ
substantially and, as such, it is important to recognize where the injury has occurred
to the clavicle before deciding on a treatment plan. In order to organize the approach
to clavicle injury evaluation, this chapter examines clavicle injuries as they progress
from the medial articulation of the sternoclavicular (SC) joint to the lateral articula-
tion of the acromioclavicular (AC) joint.
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Sternoclavicular Dislocation

The sternoclavicular (SC) joint is the most medial articulation of the clavicle as it
joins the sternum to the chest wall. SC dislocations are one of the rarest injuries to
the shoulder girdle representing 1% of all joint dislocations and only 3% of all
shoulder girdle dislocations [1, 2]. Dislocations can occur in either an anterior or a
posterior direction with anterior dislocations being much more common. Nettles
and Linscheid reported one of the first series on 60 SC dislocations and found ante-
rior dislocations to be much more common than posterior by a ratio of 20:1 [2, 3].
More recently, Rockwood found anterior dislocations to also be more common than
posterior but at a much smaller ratio of 3:1 [2, 4-6]. Many authors feel that the true
ratio is hard to determine due to the fact that anterior dislocations can often go unre-
ported and untreated [2]. Posterior dislocations, however, can place the mediastinal
structures at risk and, as such, are followed and treated more aggressively.

Grading

Disruption of the sternoclavicular joint requires injury to the various ligamentous
structures that serve to stabilize the joint. The sternoclavicular and costoclavicular
ligaments are the two most important structures. As with any ligamentous struc-
tures, the injury to the ligaments of the SC joint can range from a simple sprain to a
complete tear. These injuries are graded into three categories [7]:

First degree injury: Sprain involving stretch or incomplete tear of the sternoclavicular
and costoclavicular ligaments.

Second degree injury: Subluxation of the medial clavicle in either the anterior or the
posterior direction with a complete breach of the sternoclavicular ligament and
only partial tearing of the costoclavicular ligament.

Third degree injury: Complete tear of the sternoclavicular and costoclavicular liga-
ments with subsequent dislocation of the medial clavicle from the manubrium.

History

Most sternoclavicular dislocations are a result of a high-energy trauma such as a
motor vehicle accident, fall from height, or contact sports. The energy imparted on
the SC joint to cause dislocation can be either direct or indirect in nature. Many
consider the history of a high-energy mechanism to be a requirement for SC dislo-
cations due to the overwhelming ligamentous stability of the SC joint. Eighty per-
cent (80%) of SC dislocations are motor vehicle collisions or sport-related contact
[2-10]. There are reports of atraumatic spontaneous SC dislocations in the setting
of ligamentous laxity seen with conditions such as Ehlers Danlos syndrome, but
those conditions are outside the scope of this chapter [11].
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Fig. 3.1 Direct force mechanism for posterior SC dislocation

Direct Force

For direct force injuries, energy is directed at the medial clavicle with the resultant
dislocation occurring in the posterior direction (Fig. 3.1). Examples of this mecha-
nism include a patient who strikes his clavicle against the steering column in a
motor vehicle accident or an athlete who receives a direct blow to the clavicle from
another player. Patients with such a mechanism may have ecchymosis or abrasions
to the skin overlying the area of contact, which can give further clues to the nature
of the injury. It is nearly impossible for a direct force injury to cause an anterior
dislocation.

Indirect Force

Indirect force injuries are much more common with the energy force directed to the
lateral aspect of the clavicle as it is near the glenohumeral joint. With indirect force
injuries, the medial clavicle can be dislocated either anteriorly or posteriorly. The
direction of the dislocation is opposite of the force vector that was experienced by
the patient. For example, if the patient experiences an anteriorly directed force to the
posterior aspect of the shoulder, the medial clavicle dislocates posteriorly as the
lateral clavicle is driven forward (Fig. 3.2). The opposite occurs if the shoulder
experiences a posteriorly directed force with the medial clavicle dislocating anteri-
orly. Patients who sustain these types of injuries can have ecchymosis and abrasions
over the anterolateral aspect of the shoulder girdle where the site of impact occurred.
Lastly, some patients may only be able to recall a direct lateral blow to the shoulder
with a medial directed force. Such a mechanism will typically have some sort of
anterior or posterior component to the force as well, but the patient is unable to
recall secondary to the speed and energy of the impact.
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Fig. 3.2 Indirect force mechanism for posterior SC dislocation

Physical Examination

Physical examination of a patient with a suspected SC joint dislocation should be
conducted in the seated or semi-reclined position. This is the best position to evalu-
ate any patient with a suspected clavicle injury as it allows gravity to pull down the
weight of the arm and accentuate any deformity.

Anterior Dislocation

Inspection of an anterior dislocation will present with a prominent medial clavicle.
The integrity of the skin overlying this anterior prominence should be taken into
consideration to ensure that the injury is not open from concurrent laceration or at
risk of becoming open from excessive pressure on the skin. Signs of “at-risk” skin
include taut, blanched, or even necrotic skin changes. If the skin displays any of
these signs, the urgency to reduce the clavicle and save the soft tissue is increased.
Palpation of the prominence will often be painful but can help the clinician
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delineate between a palpable medial clavicle and soft tissue swelling. Lying the
patient supine and moving the ipsilateral extremity in an extended position will
often exacerbate the anterior deformity. Anterior dislocations of the SC joint can
often be reduced with gentle posteriorly directed pressure over the medial end of the
clavicle. Such a reduction may be possible upon presentation, but there is a risk of
recurrent dislocation as anterior SC dislocations tend to be more unstable than their
posterior counterparts.

Posterior Dislocation

Inspection of a posterior dislocation may be less obvious than an anterior disloca-
tion. Patients with a posterior SC dislocation may still display an anterior promi-
nence as the soft tissue swells over the underlying dislocation. Palpation of this
anterior fullness can help discern between a prominent medial clavicle, corner of
the sternum, or/and swollen soft tissue [3, 12]. As with an anterior dislocation,
movement of the ipsilateral upper extremity can also result in increased pain but is
less able to accentuate the deformity as posterior dislocations tend to be a fixed
deformity. The most concerning aspect of examining a patient with a posterior SC
dislocation is the appreciation of the mediastinal structures that lie posterior to the
SC joint. The trachea, esophagus, great vessels, and brachial plexus are all in close
vicinity to the SC joint. Ponce et al. performed a radiographic anatomical study
measuring the distance between the posterior SC joint and the adjacent mediastinal
structures [13] (Fig. 3.3). The authors found that many of the important cardiopul-
monary structures all lay within 3 cm of the posterior SC joint with such structures
as the carotid artery and brachiocephalic vein as close as 1 mm of the articulation [13].
It is important for the treating clinician to appreciate this anatomy and have serious
concern for any symptoms such as venous congestion, dysphagia, dyspnea, or
hoarseness. These symptoms can be a result of compromised structures of the medi-
astinum and increases the urgency for immediate closed versus open reduction.

Radiographic Evaluation
Plain Radiography

Although the SC joint is readily visible on routine anteroposterior (AP) chest radio-
graphs, the interpretation of its position is often hard to discern. Standard AP chest
radiographs are typically part of the trauma primary survey and, on occasion, can
suggest displacement of the medial clavicle when compared to the contralateral
side. Overlap of the ribs and vertebrae, however, make accuracy of diagnosis quite
low [2, 12]. McCulloch et al. looked at a series of three SC dislocations and reported
that a difference in the craniocaudal position of the medial clavicles that measured
greater than 50% the width of the clavicular heads was suggestive of dislocation.
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Fig. 3.4 Radiograph of serendipity view showing anterior SC dislocation

The authors acknowledged that when the diagnosis remains unclear, adjunctive
imaging is indicated [14].

For plain radiography, the most common adjunctive imaging option is the “ser-
endipity” view as described originally by Rockwood in 1975 (Fig. 3.4). For this
view, the patient lies supine with the X-ray tube aimed directly at the manubrium at
a40°-45° cephalic tilt (Fig. 3.5). The X-ray cassette must be large enough to accom-
modate the medial halves of both clavicles [12]. On the film, a horizontal line can
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Fig. 3.5 Serendipity view patient positioning

Fig. 3.6 Serendipity view with horizontal reference line showing dislocation

be drawn along the axes of both clavicles. In the case of an anterior dislocation, the
medial half of the affected clavicle will project above the horizontal line drawn
along the axis of the unaffected clavicle. If the patient has a posterior dislocation,
then the medial half of the affected clavicle will project below this line (Fig. 3.6).
Since it is impossible to accurately project the X-ray beam perpendicular to the
anteroposterior plane, this view affords the clinician the view closest to this
perspective.
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Fig. 3.7 CT scan axial cut
showing SC dislocation

Computed Tomography

Computed tomography (CT) scans are capable of achieving the axial images that
are perpendicular to the anteroposterior plane that makes them unequivocally the
best technique to identify an SC dislocation (Fig. 3.7). This has made CT the modal-
ity of choice for evaluating the anatomic detail of SC joint and its surrounding soft
tissues [15]. In addition to providing multiple axial images that are perpendicular to
the plane of dislocation, CT scans are also better able to discern between sprains,
dislocations, and medial clavicle fractures [6]. Besides becoming the gold standard
for SC dislocation diagnosis, many authors support the use of the CT scan in the
operating room during the time of reduction. Sullivan et al. reported on two cases of
posterior SC dislocation in which an intraoperative O-arm was used to verify reduc-
tion [16]. The added benefit of performing a CT scan with intravenous (IV) contrast
enhancement allows for higher quality assessment of the mediastinal vasculature
that may be compromised with such an injury.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) can also be used as an imaging technique for
SC dislocations. Its most useful application is in the treatment of children and young
adults for determining the diagnosis between SC dislocation and medial clavicle
physeal injury [12, 17]. Like the CT scan, the MRI also gives great detail of the sur-
rounding soft tissues, gives structures within the mediastinum, and has the capabil-
ity of being used with IV contrast. However, the speed of the CT scan compared to
MRI makes the CT scan a more favorable imaging modality in the acute setting.
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Clavicle Fracture

Unlike SC dislocations, fractures of the clavicle are a much more common injury.
Fractures of the clavicle account for 2.6-5% of all fractures [18-21]. The most
common region of the clavicle fractured is the middle third with 85% of fractures
occurring in this portion [22, 23]. The lateral and medial clavicles are less commonly
fractured at 15-21% and 3-5%, respectively [21, 24, 25]. Like SC dislocations,
clavicle fractures are often the result of a high-speed fall or violent collision as seen
with motor vehicle collisions, cycling accidents, and contact sports. Historically,
fractures of the clavicle were considered to have a good healing prognosis. Neer
initially reported a 99% union rate in over 2000 midshaft clavicle fractures treated
nonoperatively [26]. Rowe similarly reported a low-nonunion rate of only 0.8% in
his series of over 500 nonoperative clavicle fractures [22]. In recent years, the para-
digm has shifted toward operative treatment of clavicle fractures; this is especially
true regarding fractures with significant displacement or shortening. McKee et al.
found a nonunion rate of nearly 15% amongst 200 clavicle fractures treated nonop-
eratively compared to 0% in those treated with surgery [27]. Other studies have
demonstrated similar rates of nonunion much higher than originally reported [28-30].
Given the increased concern for nonunion, proper evaluation of clavicle fractures
has become more imperative.

Grading

The original classification system of clavicle fractures was created by Allman who
based grouping on the position of the fracture along the shaft of the clavicle:

Group I: Fracture of the middle third of the clavicle
Group II: Fracture of the lateral third of the clavicle
Group III: Fracture of the medial third of the clavicle.

For fractures in Group I, further description has simply divided fractures as non-
displaced and displaced. Similarly, medial fractures in Group III are further divided
into only two types: anteriorly displaced and posteriorly displaced. This classifies
them similarly to SC dislocations as previously discussed. For Group II fractures,
the concern of a high-nonunion rate led Neer to divide these lateral clavicle frac-
tures even further. This classification has since been modified by Craig and
Rockwood to classify fracture patterns based on their relationship to the nearby
coracoclavicular (CC) ligaments and acromioclavicular (AC) joint (Fig. 3.8):

Type I: Fracture lateral to the CC ligaments but medial to the AC joint
Type II: Medial fracture fragment detached from CC ligaments with trapezoidal
ligament attached to lateral fragment

Type IIA: Both conoid and trapezoid attached to the lateral fragment
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Fig. 3.8 Lateral clavicle fracture classification

Type IIB: Conoid detached from medial fragment

Type III: Fracture lateral to the CC ligaments with extension into the AC joint

Type IV: Physeal fracture with epiphysis and physis adjacent to the AC joint but
displacement between metaphysis and physis

Type V: Comminuted fracture with a small inferior fracture fragment attached to the
CC ligaments

History

The majority of clavicle fractures occur due to a direct blow to the shoulder. This is
typically the result of a high-energy mechanism with being thrown from a bicycle
serving as one of the most common etiologies. Typically, the patient’s ipsilateral
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Fig. 3.9 Direct superior impact for lateral clavicle fracture

upper extremity is adducted at the time of impact allowing for the force of impact to
occur directly to the superior aspect of the shoulder (Fig. 3.9). Stanley et al. looked
at the mechanism of over 100 clavicle fractures and found that 87% were a result of
a fall directly onto the shoulder, 7% were caused by a direct blow to the point of the
shoulder, and 6% resulted from a fall on an outstretched hand [31]. Even among
those patients who described their injury as involving an outstretched limb, the
authors suggested the secondary impact occurring directly at the shoulder. For most
patients, the history of a high-energy fall will correlate with injury findings. Low-
energy mechanisms, such as a fall from standing height, are less likely to cause a
clavicle fracture except for in the elderly, osteoporotic, or pathologic setting.

Physical Examination

Physical examination of the clavicle is best performed with the patient in the stand-
ing or seated position to allow gravity to exaggerate the deformity of the shoulder
girdle. Patients will typically have swelling, ecchymosis, and potentially an abra-
sion overlying the area of the fracture. The integrity of the skin should be carefully
considered, as a sharp end of a fracture fragment can tent the overlying soft tissue.
Any open lacerations, blanching, or necrosis of the skin should raise concern for an
open fracture and increase the urgency for irrigation and reduction to reduce the risk
of infection. Despite its superficial location in relation to the skin, open fractures of
the clavicle are a rare injury. When they do occur, they typically are a result of a
high-energy mechanism such as a motor vehicle collision. Taitsman et al. examined
20 patients with open clavicle fractures and found that the vast majority had an
associated high-energy injury including closed head trauma, pneumothorax, verte-
bral fractures, or scapulothoracic dissociation [32].

The deformity of medial and lateral clavicle fractures may be little more than a
prominence of the fragments at the fracture site. In the case of severely displaced
midshaft fractures or lateral fractures with disruption of the CC ligaments, the
shoulder may present as inferiorly displaced, shortened, and anteriorly rotated.
Some authors have described this posturing as shoulder “ptosis.” [21, 33, 34] The
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forward rotation of the shoulder girdle can often be appreciated by standing behind
the patient and observing a slight prominence of the inferior border of the scapula
as it rotates forward with the unsupported distal clavicle. Lastly, as mentioned at the
beginning of this chapter regarding all clavicle injuries, a thorough neurovascular
examination of the ipsilateral upper extremity should be conducted as injuries to the
subclavian vessels and brachial plexus can also result from the mechanism of injury.

Radiographic Evaluation
Plain Radiography

Unlike SC dislocations, clavicle fractures are more easily appreciated on routine AP
chest radiographs acquired during a primary survey. A well performed AP chest
radiograph should include both clavicles, allowing the injured clavicle to be com-
pared to the contralateral normal. If possible, the radiograph should be performed
with the patient in an upright position to accentuate the deformity of the fracture just
as one would do on physical examination. Supplementation of the AP radiograph
with a 20°-60° cephalic tilt radiograph involving both clavicles can help better
define the displacement, comminution, and rotation of the fracture fragments
(Fig. 3.10). On both views, the length of the affected and normal clavicle can be
compared to determine the degree of shortening. Shortening of 2 cm or more is
considered a relative indication for internal fixation [35]. Regardless of which view
is obtained, it is best to include both clavicles in the radiograph to better determine
the degree of shortening and deformity. Jones et al. found that standard plain unilat-
eral radiographs of the clavicle were insufficient as both inter- and intraobserver
agreement on the degree of shortening was weak [36]. The authors suggested views
of the contralateral clavicle to assist in the decision making for surgical indication.
Interestingly, Smekal et al. compared various views of the clavicle to the gold stan-
dard of CT scan and found that a posteroanterior thorax radiograph involving both

Fig. 3.10 Radiograph of clavicle fracture with cephalic tilt
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clavicles provided the highest agreement with CT [21, 37]. The authors of this
chapter recommend that multiple views of the clavicle be performed with preferable
inclusion of the contralateral clavicle if there are questionable indications for
surgery.

For medial clavicle fractures, plain radiography is a difficult imaging modality to
provide the most accurate assessment. Therefore, like the closely related SC dislo-
cation, a “serendipity” view may be performed. If ambiguity still remains, then CT
scan is recommended.

Lastly, for lateral clavicle fractures, an AP chest radiograph involving both clav-
icles can likely demonstrate the fracture. As an adjunct to this, the Zanca view that
involves a 15° cephalic tilt centered over the AC joint can help decrease the overlap
of the upper thoracic ribs and better define the fracture pattern. The use of 5-10 Ib
weights in the ipsilateral upper extremity can be utilized as a stress view to exagger-
ate the deformity [21]; however, this technique is uncommonly used by the authors
in clinical practice.

Computed Tomography

With the exception of medial clavicle fractures, the need for CT scan in the diagno-
sis and evaluation of most clavicle fractures is unnecessary (refer to the section on
computed tomography for sternoclavicular dislocations for the technique and evalu-
ation of medial clavicle fractures).

Acromioclavicular Dislocation

Acromioclavicular (AC) joint injuries constitute a third to half of all athletic shoul-
der injuries [38—41]. Overall, AC joint injuries account for almost 10% of all inju-
ries to the shoulder girdle [42]. Depending on the severity of the injury, a dislocation
of the AC joint or “shoulder separation” can involve damage to the AC joint capsule,
coracoclavicular (CC) ligaments, or even the nearby trapezius and deltoid muscle
tissue. The degree of medial clavicle displacement relative to the acromion is depen-
dent on the degree of injury to these AC and CC ligaments. Although the evaluation
of AC joint injuries is approached very similar to other injuries involving the clavi-
cle, their subsequent treatment remains one of the most controversial topics in
orthopaedic surgery.

Grading

The original classification of AC joint injuries was created by Tossy et al. and
Allman in the 1960s [43, 44]. Two decades later, Rockwood modified the classifica-
tion [45]. Based strongly on static plain radiographic findings, there is criticism in
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Fig. 3.11 Rockwood
classification of AC
separations

this classification system as many treating clinicians believe that the dynamic
physical examination is necessary to determine the proper treatment plan. Regard-
less, the Rockwood Classification is often quoted when describing AC injuries in
the literature and clinical setting (Fig. 3.11).

Type I: Sprain of the AC ligaments. No injury to the CC ligaments. No radiographic
abnormality.

Type II: Tear of the AC ligaments. Sprain of the CC ligaments. Slight elevation of
the clavicle relative to the coracoid on radiographs. No increase in CC distance
on stress view.

Type III: Tear of the AC ligaments. Tear of the CC ligaments. CC distance is
increased 25-100%.

Type IV: Tear of the AC ligaments. Tear of the CC ligaments. Clavicle is displaced
posteriorly on the axillary view.

Type V: Tear of the AC ligaments. Tear of the CC ligaments. CC distance is increased
100-300% with concern of disruption of the trapezial and deltoid fascia.

Type VI: Tear of the AC ligaments. Tear of the CC ligaments. Distal clavicle is dis-
placed inferiorly either subacromial or subcoracoid.
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History

Like a lateral clavicle fracture, the majority of AC injuries occur from a direct blow to
the lateral point of the shoulder with the arm typically in the adducted position [38, 42].
This direct force injury drives the acromion inferiorly and medially relative to the lat-
eral clavicle. This is an important concept to realize as many patients will think that
their deformity is caused by the clavicle “sticking up.” Instead, it is the superolateral
impact on the acromion that drives the acromion downward while the sternoclavicular
joint ligaments maintain the position of the clavicle [46]. The weight of the ipsilateral
upper extremity to gravity will continue to keep the acromion displaced inferior to the
clavicle with some mild upward pull on the clavicle from an unopposed trapezius. For
the rare inferior clavicular dislocation (Type VI), it is believed that the severe force is
directed more onto the distal clavicle rather than the acromion while the arm is abducted
rather than adducted [47].

Like the prior clavicle injuries described in this chapter, injuries to the AC joint
are typically the result of a high-energy mechanism with motor vehicle collisions,
bicycle accidents, falls from height, and contact sports as the leading causes.
Obtaining a complete history from the patient can help to determine the amount of
energy imparted on the patient at the time of injury. This information along with
radiographs are helpful in determining the degree of injury to the stabilizing soft
tissues as they fail systematically in the following order: (1) AC ligaments and cap-
sule, (2) CC ligaments, (3) deltotrapezial fascia.

Physical Examination

Physical examination for AC joint injuries should also be performed with the patient
in the standing or seated position to allow gravity to exaggerate the deformity of the
shoulder girdle. Depending on the degree of injury, there may be little swelling or an
obvious deformity. For Type I injuries where there is no displacement between the
clavicle and acromion, there is often tenderness to palpation over the AC joint with
possible mild swelling and ecchymosis. Moving the patient’s ipsilateral upper extrem-
ity may cause an exacerbation of pain. For Type II injuries, the AC ligaments are dis-
rupted leading to increased instability of the AC joint in the anteroposterior plane.
Gentle palpation and examiner-guided movement in this direction will elicit pain.
Since the CC ligaments remain intact, there should be no instability in the superoinfe-
rior plane, but slight prominence of the distal clavicle may be noted. A Type III injury
is the first type to involve disruption of both the AC and CC ligaments. Patients will
have a noticeable prominence of the distal clavicle that is painful upon palpation. The
patient will typically hold the arm in an adducted an elevated position via support
from the contralateral arm or a sling to help relieve the painful stress at the AC joint.
Since both the AC and CC ligaments are disrupted, the lateral clavicle will be pas-
sively unstable to both horizontal and vertical stress. The most important physical
exam finding for a Type III injury is the ability to reduce the AC joint with upward
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support on the ipsilateral elbow. If this is not possible, the concern for a Type IV or V
injury. Type IV and V injuries will examine quite similar to a Type III with the follow-
ing exceptions: (1) no reduction possible with manipulation of the arm and (2) the
distal clavicle is tenting the skin as it violates the deltopectoral fascia posteriorly
(Type IV) or superiorly (Type V). Lastly, the rare Type VI will often present much
differently than all the prior types. Since the distal clavicle is dislocated inferiorly, the
superior aspect of the shoulder will have a flat appearance with a slight prominence of
the acromion and a void just medially beneath the soft tissue as the clavicle rests
beneath the coracoid. The high energy necessary to create a Type VI should raise the
concern for a neurovascular injury as the lateral clavicle presses down on structures
below. As with all injuries, examination of the head, neck, chest, and ipsilateral
extremity should be performed to rule out concurrent injuries.

Radiographic Evaluation
Plain Radiography

Routine anteroposterior radiographs are best performed with the patient in an
upright position to accentuate the deformity of the fracture. Since the AC joint is
more superficial than the glenohumeral joint, a reduced penetration strength X-ray
will likely allow better visualization of the clavicle and acromion. As previously
described for SC joint dislocations and clavicle fractures, it is best to capture both
AC joints on one single radiographic image whenever possible to allow for bilateral
comparison. In 1971, Zanca recognized that standard AP images would often have
overlap of the scapular spine on the AC joint [48]. After assessing 1000 radiographs
in the standard AP projection, he recommended a cephalic tilt of 10°-15° to the
X-ray beam, which eliminated this overlap [48] (Fig. 3.12). This “Zanca” view is

Fig. 3.12 Radiograph Zanca view of AC separation
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now part of the standard series of radiographs for evaluating AC joint injuries. This
view allows for assessment of even the subtlest displacement or fracture fragment.
For assessing anteroposterior displacement, especially in Type IV injuries, an axil-
lary view is recommended. Lastly, the Stryker notch view is helpful when there is
concern for a concomitant coracoid fracture. This view places the coracoid on pro-
file and is best suited for when AP films display an AC dislocation but with a normal
CC distance. This view is performed with the patient placing the ipsilateral hand on
top of the head and the beam tiled 10°-15° cephalad.

Computed Tomography and Other Advanced Imaging

Unlike the more medially based clavicle injuries, the plain radiograph films des-
cribed earlier are often suitable for diagnosing and evaluating AC joint injuries. In
addition to being easy to obtain and most cost-effective, plain radiographs alone are
considered sufficient. Any advanced imaging obtained, such as in the setting of the
polytrauma patient, can certainly be used to supplement decision making.
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Chapter 4
Imaging of the Clavicle

Harry G. Greditzer IV, Ian D. Hutchinson, and Hollis G. Potter

Introduction

The shoulder girdle is composed of three synovial articulations: the glenohumeral,
the acromioclavicular (AC), and the sternoclavicular (SC) joints. The clavicle serves
as the bridge between the AC and SC joints. The purpose of this chapter is to discuss
imaging of the clavicle including the AC and SC joints. Radiography is the most
frequently used modality in the initial assessment of clavicular fractures as well as
injuries to both AC and SC joints. Radiography is ideal for the initial evaluation of
clavicular fractures with only mild displacement; however, there are significant
limitations in the assessment of posteriorly displaced clavicular fractures and in AC
and SC joint examination due to the inability of radiographs to delineate the requi-
site soft tissues. Thus, magnetic resonance imaging (MRI), and to a lesser degree
computed tomography (CT), are often warranted to complete a comprehensive
radiological assessment of these injuries. At the present time, ultrasound has limited
utility in the acute setting and is mainly used to guide therapeutic and/or diagnostic
injections of both the SC and AC joints.
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Radiography of the Clavicle

There are numerous classification systems used to describe clavicular fractures.
Commonly, fractures are divided by anatomic location, into thirds, by the Allman
classification [1]. However, despite its popularity, the Allman classification does not
take into account the presence of comminution or displacement of fracture frag-
ments. The Neer modification of the Allman classification subdivided distal clavicu-
lar fractures based on the integrity of the coracoclavicular ligament (CC) and AC
joint [2]. Craig subsequently adjusted the classification system, to include medial
fractures, degree of comminution, displacement and joint involvement [3]. A more
useful classification was proposed by Robinson, who divided the fractures into three
basic types with further subdivision based on displacement, angulation, intra-
articular extension, and comminution [4]. Regardless of the classification system
used, it is important for the orthopedic surgeon to carefully scrutinize the images, to
identify all abnormalities present and then determine appropriate treatment.

Imaging of the clavicle usually begins with standard radiography like most other
orthopaedic trauma. Radiographs should always be taken in two projections, as this
is necessary to evaluate the fracture pattern, presence of comminution, or displace-
ment. To further delineate the displacement of the fracture, a standard anteroposte-
rior (AP) view and a cephalic tilt (axial) view are necessary. It is essential that the
radiographs include both the acromioclavicular (AC) and sternoclavicular (SC)
joints to avoid missing associated injuries [5]. Furthermore, it is prudent to pay
close attention to the upper lung fields to avoid missing associated rib fractures or a
pneumothorax, which are not infrequent (Fig. 4.1).

The standard AP view of the clavicle is taken with the patient upright or sitting,
with arms at the sides, chin raised, and looking straight ahead. The posterior
shoulder should be in contact with image receptor (IR) or tabletop, without rotation

Fig. 4.1 AP axial radiograph of the left clavicle demonstrates a comminuted fracture with associ-
ated rib fractures and a moderate-sized pneumothorax (arrows)
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Acromioclavicular joint

fioclavicular joint

Fig. 4.2 AP radiograph of a normal left clavicle. Both the AC and SC joints are visible (arrows)
and the entire clavicle is seen

of body. In this position, the central ray (CR) should be perpendicular to the mid-
shaft of the clavicle. The collimation border should be visible with the entire clavi-
cle visualized, including both AC and SC joints (Fig. 4.2).

The standard axial view of the clavicle is taken with the patient in a similar posi-
tion; however, the CR should be angled 15-30° cephalic to the patient. Note is made
that in thinner patients, a greater angle may be needed. Correct angulation of CR
will project most of the clavicle above the scapula and ribs. It should be noted that
only the medial portion of the clavicle will be superimposed by the first and second
ribs. Both posteroanterior (PA) and PA axial views of the clavicle can also be
obtained if the patient is unable to tolerate the AP position. In this position, the
patient’s chest should be pressed against the IR or tabletop.

Computed Tomography (CT) of the Clavicle

CT scanning is of little diagnostic value in an acute clavicle injury and is often
reserved for cases of suspected neurovascular and/or visceral injury; CT angiogram
is indicated in the setting of a distal vascular deficit following a clavicle fracture.
The other utility of CT lies in the evaluation of delayed union or non-union of a
clavicle fracture.

The patient is placed in the scanner in the supine and neutral position, with the
arms at their sides. If the study aims to primarily evaluate the fracture, intravenous
contrast material would not typically be used. Depending on the area to be scanned,
the spiral length will generally vary from 30 to 40 s. Depending on the scanner used,
apitch up to 2 will be satisfactory [6]. Additionally, slice thickness is usually between
2 and 3 mm. Data reconstruction should be in 1 mm increments and using high (or
ultra-high) reconstruction mode, which makes the images sharper [7]. Generation of
both coronal and sagittal reformatted images is standard practice in the diagnostic
CT imaging. Because of the obliquity of the clavicle, three-dimensional (3D) recon-
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Fig. 4.3 (a) AP radiograph demonstrates a comminuted fracture of the medial third of the clavicle.
(b) CT 3D reformatted image of the clavicle demonstrates distraction, angulation, and
fragmentation

Fig. 4.4 Axial CT of the chest demonstrates a prominent but normal rhomboid fossa (arrow) of
the right clavicle. Note its irregular appearance

structions are an excellent illustration of the fracture (Fig. 4.3). Recently, the
development of 3D printing for fracture modeling has been used to help the surgeon
manipulate accurate anatomical replicas of the fractured bone to assist in fracture
reduction prior to surgery [8].

An important pitfall during the interpretation of clavicular fractures with CT
relates to correctly identifying the rhomboid fossa, which is a variable and fre-
quently irregular concavity on the undersurface of the medial clavicle above the
costal cartilage of the first rib, being more common in males. The normal variant
should not be mistaken for a lytic or erosive process (Fig. 4.4). It is also important
to comment on several muscles that have their origins or insertions on the clavicle.
Of the many surrounding muscles, the trapezius plays the most important role in
clavicular support [9]. The sternohyoid and sternothyroid muscles should also be
assessed medially as well as the subclavius and deltoid attachments.
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Fig. 4.5 Displaced fracture of the medial third of the clavicle (arrow) demonstrates close approxi-
mation to the brachiocephalic vein (v). However, a clear fat plane between the fragment and vein
demonstrates absence of vascular injury (dotted arrow). cla clavicle, t trachea

Medial clavicular fractures are uncommon and comprise 2-3% of all clavicle frac-
tures [10]. Most medial clavicle fractures are non-displaced, do not involve the SC
joint, and are usually managed non-operatively. Conversely, a posterior-directed frac-
ture has the potential to injure superior mediastinal structures. These types of fractures
should be evaluated preferably with CT angiography to exclude vascular injury and
closed or open reduction should be performed in an emergent fashion to reduce the
displaced fragment (Fig. 4.5) [11].

While the incidence of clavicular non-unions is low (0.1-15%), they can
cause significant discomfort and deformity in these patients [4]. Clavicular non-
unions are best evaluated with CT that typically demonstrates sclerotic margins
as well as 3D anatomy (Fig. 4.6). Additionally, the presence of infection can be
readily evaluated with CT demonstrating periostitis, bone resorption, as well as
surrounding soft tissue edema and fluid. If indicated, aspiration for culture and
sensitivity can subsequently be performed under ultrasound or CT guidance by
the clinician (Fig. 4.7).

CT is also useful in evaluating hardware failure and related complications. Steel
alloys are commonly used in fixation hardware and constitute most of the hardware
used by orthopaedic trauma surgeons. One of the benefits of multi-detector row CT
(MDCT) is its capability to reduce the severity of metal or streak artifacts. These
streak artifacts are essentially photopenic holes or black holes, in the X-ray beam
projection [12]. With MDCT, adjacent channels pick up excess tissue irradiation in
the penumbra of the beam, which partially fills these “black holes” [13]. Other
techniques that contribute to the lessening of metal artifacts include augmentation
of peak kilovoltage (kV) and tube current settings, as well as the use of decreased
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Fig. 4.6 Axial non-contrast CT scan of the right clavicle demonstrates a fracture of the distal third
of the clavicle with sclerosis of the fracture edges representative of non-union (arrow). acr acro-
mion, cla clavicle, t trachea

Fig. 4.7 (a) Coronal and (b) axial CT of the left clavicle demonstrates bone resorption (arrow-
heads) around the intramedullary rod with periostitis (arrow). (¢) Subsequent ultrasound evalua-
tion of the area demonstrated increased power Doppler flow, representing hyperemia (arrow) and
suggestive of infection. The intramedullary rod is seen as an echogenic line (dotted arrow). (d)
Subsequent ultrasound-guided needle aspiration (asterisk) was performed, which grew
Staphylococcus aureus from the collection (arrow). cla clavicle, M manubrium, 7 trachea
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Fig. 4.8 (a) Coronal reformatted CT of the right clavicle demonstrates lucency surrounding two
medial screws (arrows) in a loose implant which went onto non-union. (b) 3D reformatted image
of the right clavicle demonstrating osteolysis surrounding the screws (arrows)

collimation as well as pitch values [14]. Additionally, the use of post-processing
techniques such as multi-planar and 3D reformation with volume rendering also
contributes to producing CT images with less severe metal artifacts (Fig. 4.8) [15].

Most recently, dual-energy CT has been used as a means to reduce beam-
hardening metal artifacts by generating monoenergetic images. This is encouraging
as recent studies have demonstrated that dual-energy CT with iterative reconstruc-
tion algorithms allows a reduction of radiation dose with similar signal-to-noise
ratio relative to conventional MDCT [16, 17]. However, there is still little informa-
tion available regarding the effect of acquisition parameters and hardware composi-
tion on the severity of artifacts and more research needs to be done.

Magnetic Resonance Imaging of the Clavicle

MRI of the clavicle, while not routinely performed, can be helpful in the evaluation
of the osseous structures in the case of clavicular non-union. However, the promi-
nent advantages of MRI relate to visualization of the associated soft tissues while
assessing for infection, injury to the adjacent brachial plexus, vascular compression
in post-traumatic-induced thoracic outlet syndrome (TOS) and during evaluation of
the AC and SC joints. Most recently, there has been investigation in determining
patient’s bone age by using MRI to determine the presence of a fully ossified cla-
vicular epiphyseal plate as evidence of completion of the 20th year of life [18].

At our institution, MRI is performed on the patient in the supine position, as this
allows the most comfort for the patient and subsequently less motion with higher
quality images acquired. Routine images are obtained of the patient’s chest in coro-
nal, axial, and sagittal planes. Traditionally, we perform high-resolution proton den-
sity images in three planes with the addition of a fluid-sensitive sequence called a
short-inversion-time inversion-recovery (STIR) image. This provides uniform fat
suppression; however, this technique is sensitive to B; field inhomogeneities,
requires additional time for inversion pulses, and suffers from a low signal-to-noise
ratio (SNR) [19]. Iterative decomposition of water and fat with echo asymmetry and
least-squares estimation (IDEAL) is a newer method that provides uniform and reli-
able fat suppression creating high-quality fat-suppressed MR images [20].



60 H.G. Greditzer IV et al.

Fig. 4.9 (a) Coronal proton density image demonstrates fracture non-union of the distal third of
the clavicle (arrow). (b) Axial proton density image of the clavicle non-union, note the low-signal
intensity margins indicating sclerosis (arrow). acr acromion, cla clavicle

Clavicle fracture

Fig. 4.10 (a) Sagittal proton density MRI demonstrates posterior inferior displacement of the un-
united mid-shaft fracture fragments (solid arrows) narrowing the costoclavicular space (dashed
double arrow). The subclavius muscle (s) with associated scarring is prominent through this
region, narrowing the costoclavicular space (dashed double arrow). Note the scar tissue abuts the
trunks of the brachial plexus (n). (b) Coronal T2 IDEAL MRI demonstrates hyperintensity of the
divisions and cords of the brachial plexus (arrows), consistent with traumatic plexitis

The coronal and axial planes of imaging are useful for the evaluation of articu-
lar surfaces and optimal for the evaluation of a clavicular non-union (Fig. 4.9).
Thoracic outlet syndrome (TOS) is a rare complication of a clavicular non-union
and the sagittal plane of imaging can be used to measure and determine narrowing
of the costoclavicular space and the IDEAL sequence is useful to determine
hyperintensity, in the nerves, indicative of a plexitis (Fig. 4.10). Both the axial and
coronal plane of imaging can be used to detect subtle cord entrapment of the
plexus by callus formation (Fig. 4.11).
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lung

Fig. 4.11 (a) Coronal reformatted CT of the right clavicle demonstrates a displaced mid-shaft
non-union fracture. However, the extent of soft tissue involvement is seen to best advantage in the
sagittal MRI proton density sequence (b) as well axial MRI proton density sequence (c¢), where
there is profound hypertrophic callus (dotted arrows) with scar encasement of the upper trunk of
the brachial plexus (solid arrow). a subclavian artery, v subclavian vein, acr acromion, cla clavicle,
M manubrium, n brachial plexus

Anatomy of the Acromioclavicular Joint

Despite its small size, the acromioclavicular (AC) joint plays a crucial role in upper-
extremity function. It is essential in all motion of the arm/scapula, except in prona-
tion and supination [21]. The AC joint unites the distal end of the clavicle with the
acromion, at the lateral extension of the scapular spine. The AC joint itself is a
simple diarthrodial joint made up of a fibrocartilaginous articular disc, intra-articular
synovium, with articular cartilage, and a weak capsule. Of note, the size of the
articular disc is highly variable and it can be completely absent [22]. The hyaline
articular cartilage becomes fibrocartilage on the acromial side of the joint by the age
of 17 and on the clavicular side by the age of 24 [23, 24].

Because the AC joint capsule is relatively thin, it has substantial ligamentous
support. There are four AC ligaments: superior, inferior, anterior, and posterior, and
the superior AC ligament has been found to be larger and thicker than the inferior
ligament [25, 26]. Fukuda et al. found that the AC ligaments acted as the major
restraint to posterior displacement of the clavicle [26]. Follow-up biomechanical
studies have confirmed this observation by noting a 100% posterior displacement
after complete transection of the AC joint ligaments [27].

The coracoclavicular (CC) ligament complex consists of the conoid and trape-
zoid ligaments, which insert on the posteromedial and anterolateral regions of the
undersurface of the distal clavicle, respectively. Whereas the AC ligament works as
the primary restraint to horizontal stability, the CC ligaments act as the primary
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restraint to vertical stability. Costic et al. have evaluated the geometric and structural
properties of the conoid and trapezoid portions of the ligament and have found no
significant differences between them [28]. Load-to-failure test results by Mazzocca
et al. have established that the conoid ligament fails initially when a load is applied
to the CC complex in a superior direction [29]. Furthermore, they found the most
common site of rupture was the mid-substance portion of the ligament, followed by
rupture at the origin.

The deltoid, pectoralis major, and trapezius muscles have attachments on the
clavicle; the deltoid inserts onto the anterior surface of the lateral third of the clavi-
cle, and the trapezius inserts at its posterior aspect. The pectoralis major inserts onto
the medial two-thirds of the clavicle, anteriorly [30]. Anteriorly, the acromion has a
coarsened surface where the coracoacromial ligament inserts and it has fibers that
merge medially with the inferior AC ligament [31].

Radiography of the Acromioclavicular Joint

Both the AP standing and AP weighted stress views (using 5-15 Ib weight sus-
pended from each wrist) of the AC joint are performed at 15° of cephalad inclina-
tion, along the scapular spine. This technique aids in opening the joint and avoids
superimposition of the acromion at the distal clavicle (Fig. 4.12). Lateral and
Alexander views can also be performed; the latter is obtained while the patient is
standing, shoulders projected forward, with the ipsilateral hand in the contralateral
axilla [32]. Additionally, the lateral view of the acromion is particularly helpful in
posterior dislocations, which are often missed on stress views [33]. Often, contralat-
eral views of the AC joint are helpful for comparison, as are outlet views of the
supraspinatus, particularly for subtle injuries.

Fig. 4.12 (a) Normal AP view of the acromioclavicular joint. (b) Normal AP weighted stress view
(using 5 Ib weight) in the same patient, demonstrating normal slight widening with stress but no
abnormal distraction
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Fig. 4.13 Type I AC joint injury in a 22-year-old man who felt a “pop” in his shoulder while push-
ing a stretcher. (a) AP radiograph of the right AC joint demonstrates a normal appearing joint. (b)
Inversion-recovery coronal MRI of the right shoulder performed on the same day demonstrates
capsular edema (arrow) without widening of the AC joint, consistent with a type I injury. acr acro-
mion, cla clavicle

The radiographic classification of AC joint injuries, as described by Rockwood
et al., embodies a gamut of progressive soft tissue injury. In a type I injury, the AC
ligaments are sprained, but the joint is intact and radiographically there is no
abnormality (Fig. 4.13). The AC ligaments are torn, in type II injuries, but the CC
ligaments are intact. Radiographically, the joint can be widened or the clavicle is
displaced superiorly. However, it is important to remember that radiographic abnor-
malities are evident in 70-75% of type I or IT AC injuries but in virtually 100% of
type III injuries [32]. In type III injuries, both the AC and the CC ligaments are torn
and the clavicle is always superiorly displaced relative to the acromion. Type IV
injuries are characterized by complete dislocation with posterior displacement of
the distal clavicle. The posterior displacement of the clavicle will extend into or
through the fascia of the trapezius, the latter of which can only be seen with
MRI. Type V injuries are characterized by a larger degree of soft tissue damage to
the trapezius, whereas Type VI injuries are inferior AC joint dislocations into a
subacromial or subcoracoid location.

Petersson et al. found the AC joint space to be 3.1 mm +/— 0.8 mm on average
when studying healthy volunteers. According to their data, the normal AC joint
space is significantly wider in men as compared with women. Moreover, their data
demonstrates that a joint space wider than 7 mm in men and 6 mm in women is
abnormal [34]. Increased joint space widening can be seen most commonly status-
post trauma or after stress-induced osteolysis (Fig. 4.14) [35]. The differential diag-
nosis also includes rheumatoid arthritis, septic arthritis, gout, scleroderma,
hyperparathyroidism, and lytic neoplasms.

Joint space narrowing, osteophytes, and cystic changes of osteoarthritis can be
easily seen on radiographs of the AC joint, shoulder, or chest. Although specific in
the evaluation of these osseous alterations, routine radiography is not sensitive [36].
Other important AC joint radiographic findings are fracture lines and joint capsule
or ligamentous calcifications.
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Fig. 4.14 AP view of the
AC joint demonstrates a
patient has undergone
right-sided
coracoclavicular ligament
reconstruction
(arrowheads). There is
widening of the AC joint
and at the end of the
clavicle (arrow), there is
irregularity and resorption
representing post-traumatic
osteolysis around the
fixation

Computed Tomography of the Acromioclavicular Joint

CT with its superior contrast resolution is the best modality for fine osseous detail.
It is also ideal for the careful characterization of clavicular fractures involving the
AC joint including its capacity for multi-planar 3D reformations (Fig. 4.15). CT
demonstrates the extent of the fracture lines and the number, relationship, and align-
ment of fracture fragments. CT is also useful in the evaluation of intra-articular
bodies in the AC joint. Improvements in the speed of image acquisition make CT
imaging generally well tolerated, even in the setting of more severe trauma.
However, CT is limited in the evaluation of the surrounding soft tissues including
capsular, ligamentous, and synovial abnormalities.

Magnetic Resonance Imaging of the Acromioclavicular Joint

On MRI, the oblique coronal plane, parallel to the distal clavicle, best demonstrates
the AC joint, and this orientation purposefully displays the CC ligaments in the
same plane in which they tear (Fig. 4.16a, b). The oblique sagittal plane roughly
corresponds to the radiographic supraspinatus outlet view and also demonstrates the
CC ligaments well (Fig. 4.16¢) [37]. In addition to soft tissue injury, MRI offers the
added advantage of the assessment of cartilage, which, in the author’s opinion, is
best evaluated in the axial plane of imaging. The distal clavicle can also be evalu-
ated for osteolysis or an os acromiale (Fig. 4.17).

At our institution, patients undergo oblique coronal MR imaging performed par-
allel to the anterior fibers of the supraspinatus, with the humerus in the neutral posi-
tion. This optimizes evaluation of the AC joint and the CC ligaments. Proton
density-weighted fast spin echo as well as inversion-recovery fluid-sensitive
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Fig. 4.15 Three-
dimensional CT
reformation from a patient
with a comminuted distal
fracture with intra-articular
extension into the AC joint
(arrow)

glenoid

Fig. 4.16 Normal anatomy of the AC joint at MR imaging. (a) Coronal proton density—weighted
image shows the superior (black arrowhead) and inferior (small white arrow) acromioclavicular
ligaments. (b) Coronal proton density—weighted image, of the same shoulder, shows the conoid
(white arrow) and trapezoid (black arrow) portions of the coracoclavicular ligament. (c¢) Sagittal
proton density—weighted image shows the conoid component of the coracoclavicular ligament
(arrow). acr acromion, cla clavicle, cor coracoid
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Fig. 4.17 Axial proton
density—weighted image
shows the typical
appearance of an os
acromiale (white arrow),
which is seen well on the
axial images adjacent to
the AC joint. Note is made
of the presence of an
intra-articular disk (black
arrows). acr acromion, cla
clavicle

sequences are performed in the described plane. These sequences are then
accompanied with sagittal and axial proton density—weighted imaging, and injuries
are graded according to the Rockwood classification.

Type I AC joint disruption results from injury to the acromioclavicular ligament
and there is no complete disruption. In this setting, radiographs may demonstrate
swelling but are usually normal. Although Schaefer et al. described no specific MR
imaging findings for this injury [38], it is the author’s experience that patients, in the
acute setting, have capsular edema and/or a partial tear of the superior or inferior
ligaments or both. In the chronic setting, the diagnosis of type I AC joint injury
becomes much more difficult. In contrast, type II injuries result in disruption of the
AC joint capsule and ligaments, and radiographs typically display a widened joint
space (secondary to medial scapular rotation) [39]. MRI is key in demonstrating
type I versus II injury as it can show that the acromioclavicular ligaments are torn
and the CC ligaments are injured or partially torn (Fig. 4.18). The conoid compo-
nent is most frequently involved in this injury [26].

Type III injuries lead to complete disruptions of both the AC and CC ligaments.
The tear may extend to involve the deltoid and trapezius muscles and blood as well
as fluid within the interspace of the CC ligaments may be seen (Fig. 4.19). Type IV
injury occurs when the patient receives a blow to the acromion, with sufficient
force to push the scapula posteriorly. Consequently, there is disruption of the acro-
mioclavicular and CC ligaments with posterior and superior displacement of the
clavicle, and the trapezius and deltoid are separated from their distal clavicular
insertions (Fig. 4.20). The term “buttonholing” refers to the clavicle extending
superiorly through the trapezius muscle. A type V injury is virtually an extremely
severe type III injury, where the lateral trapezius and deltoid insertions as well as
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Fig. 4.18 Type II AC joint injury. (a) Coronal-inversion recovery of a 15-year old boy, after a
lacrosse injury, shows disruption of the superior (white) and inferior (black) acromioclavicular
ligaments off the clavicle. (b) Coronal proton density image shows the fibers of the trapezoid liga-
ment are attenuated at the coracoid insertion (arrow), indicating a partial tear. (c¢) Sagittal proton
density image demonstrates a partial tear of the conoid ligament (arrow). (d) Axial proton density
image demonstrates fluid in the AC joint and a torn meniscus (arrow). acr acromion, cla clavicle,
cor coracoid

the acromioclavicular and CC ligaments are torn. Additionally, unrestricted con-
traction of the sternocleidomastoid muscle can result in a large separation of the
CC distance (Fig. 4.21). Finally, type VI injuries occur from superior trauma to the
clavicle causing a reduction of the CC distance and a tear of the acromioclavicular
ligament solely [40]. This type of injury pattern is extremely rare.

Anatomic-type reconstructions of the acromioclavicular joint are becoming pop-
ularized and typically involve the placement of one or more tendon allografts or
autografts to reconstruct the CC ligaments, as discussed elsewhere (Fig. 4.22).
It currently remains unclear if these more complex procedures will result in superior
patient outcomes by approximating the native biomechanics of the joint more closely
than the traditional Weaver Dunn procedure. However, it is important to consider
that transplanted tendon grafts need to undergo a process of “ligamentization” and
achieve good bony integration to be successful in the longer term (Fig. 4.23).



Fig. 4.19 Type III AC joint injury. (a) Sagittal proton density image, of a 65-year-old male who
fell in the bathroom 1 month ago, demonstrates superior displacement of the clavicle relative to
the acromion and chondral injury on the clavicular side with bone fragmentation (white arrow).
(b) Coronal proton density image demonstrates complete disruption of the coracoclavicular liga-
ments (arrow). (¢) Sagittal proton density image, of the same patient, demonstrates chondral
fragments (white arrow) and fluid in the AC joint as well as complete disruption of the conoid
ligament (black arrow). acr acromion, cla clavicle, cor coracoid

Fig. 4.20 Type IV AC joint injury. (a) Coronal inversion recovery images of a 48-year-old male,
status post fall 1 day ago, with acute complete disruption of the AC joint capsule and supporting
ligaments, associated with acute tear and detachment of the adjacent distal lateral trapezius muscle
insertion upon the distal lateral clavicle, resulting in a fluid-filled gap (arrow). (b) Demonstration
of a tear at the attachment of the deltoid muscle (arrow). acr acromion, cla clavicle, cor coracoid
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Fig. 4.21 Type V AC joint
injury. T2-weighted
fat-saturated image, of a
47-year-old male who fell
down the stairs 3 days ago,
demonstrates marked
widening of the
coracoclavicular distance
and high-grade partial tear
of the trapezius (arrow).
cla clavicle, cor coracoid
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Fig. 4.22 Normal AC joint reconstruction. (a) Coronal proton density image demonstrates intact
AC joint with graft (arrow) in continuity as it wraps around the coracoid anteriorly and posteriorly
(b). (c) Sagittal proton density image demonstrates the intact graft as well. acr acromion, cla

clavicle, cor coracoid
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Fig. 4.23 Failed AC joint reconstruction. (a) Coronal T2 fat-saturated image of a 43-year-old man
with allograft reconstruction of the AC joint demonstrates the inferior margin of the allograft has
detached from the coracoid (arrow). (b) Sagittal proton density image demonstrates the proximal
graft and the clavicular tunnel (arrow). Note the superior displacement of the clavicle relative to
the acromion. (c) Sagittal image also demonstrates the disrupted graft, anterolateral to the coracoid
(not seen) and flipped upon itself (arrow). acr acromion, cor coracoid

In addition, graft fixation using bone tunnels and additional hardware may disrupt
the integrity of local bone stock; combined with altered loading following recon-
struction, these factors may contribute to fracture risk in this patient population
(Fig. 4.24). Going forward, the use of MR imaging (including quantitative paramet-
ric sequences) to objectively assess soft tissue healing and graft integration may be
used to compliment clinical outcome data and refine reconstruction techniques, and
thereby decrease associated risks of failure and fracture, thus improving patient care.
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Fig. 4.24 Coracoid fracture causing failed AC joint reconstruction. (a) Axial image of the clavicle
demonstrates drill holes in the clavicle for AC joint reconstruction. (b) Coronal T2 fat-saturated
image demonstrates a fracture of the coracoid with superior displacement of the fragment (solid
arrow) and retraction on the graft (dotted arrow). (¢) Axial image demonstrates the fracture
through the coracoid (arrow). cla clavicle, cor coracoid, hum humerus

In comparison to the rate of trauma to the AC joint, the incidence of osteoarthritis
is much more common. Yet compared to the occurrence of osteoarthritis in the knee
and hip, primary osteoarthritis in the shoulder is comparatively rare [41]. However,
involvement of the AC joint is much more common than primary involvement of the
glenohumeral joint and is the most common cause of pain in the AC joint [42]. The
evaluation of osteoarthritis with MRI is best performed with cartilage-sensitive
sequences such as fast spin echo techniques [43]. The authors prefer both the coro-
nal and axial planes for the evaluation of AC joint osteoarthritis.

An increasingly recognized but somewhat infrequent entity that causes AC joint pain
is distal clavicle osteolysis. Osteolysis related to repetitive microtrauma is seen com-
monly in weight lifters as well as in overhead occupations, such as builders and plaster-
ers [44, 45]. The most common MRI finding in clavicular osteolysis is bone marrow
edema as well as cortical irregularity and subchondral cystic changes (Fig. 4.25) [46].
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Fig. 4.25 Distal clavicular osteolysis. (a) Coronal-inversion recovery image in 37-year-old weight
lifter demonstrates a profound bone marrow edema pattern within the distal clavicle. (b) Coronal
proton density image shows marked capsular hypertrophy of the AC joint (arrow). (¢) Axial proton
density image shows subchondral cystic resorption of the distal clavicle (arrow). acr acromion, cla
clavicle, cor coracoid

Ultrasound-Guided Injection of the Acromioclavicular Joint

The AC joint is a relatively frequent source of clinical pain, most often due to pri-
mary osteoarthritis, posttraumatic arthritis, or rarely trauma. Diagnostic uncertainty
can be resolved through direct injection of local anesthetic and/or steroid into the AC
joint. The difficulty with blind injections is inaccuracy in entering the joint, which
has been estimated to succeed in only 40% of attempts [47]. Ultrasound guidance is
a clinically proven substitute for blind or manual palpation injections and has proved
to markedly increase intra-articular ingress of fluid in cadaver studies [48, 49].

At our institution, the authors perform AC joint injections with the patient in the
supine position with the arm at the patient’s side. The lateral aspect of the clavicle
is palpated and a 12-3-MHz linear array transducer is placed on the anterior aspect
of the clavicle, parallel to its long axis, and moved laterally to the level of the joint
(Fig. 4.26a). The anterior superior portion of the AC joint is then sonographically
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5 acromion
clavicle

Fig. 4.26 (a) Linear array transducer is placed on the anterior aspect of the clavicle, parallel to its
long axis, and moved laterally to the level of the joint. (b) Corresponding short-axis view of the AC
joint (asterisk)

Fig. 4.27 (a) Needle with syringe filled with lidocaine is advanced, perpendicular to the long axis
of the transducer. (b) Axial ultrasound shows the bony acoustic margins of the clavicle and acro-
mion. The hyperechoic needle tip appears as an echogenic dot (arrow) within the AC joint. Note
the echogenic cloud of steroid injectate filling the joint (dashed arrow)

visualized in the coronal plane (Fig. 4.26b). Subsequently, a 25-gauge needle is
advanced in a lateral-to-medial direction, perpendicular to the long axis of the trans-
ducer (Fig. 4.27a). A test injection is performed with lidocaine, and once
intra-articular positioning is achieved, the syringe is switched and a mixture con-
taining steroid and anesthetic is injected (Fig. 4.27b).

The Sternoclavicular Joint

Injuries to the SC joint are uncommon, which is largely attributed to the immense
amount of energy required to tear its ligamentous stabilizers [50]. In a series of 1603
traumatic injuries to the shoulder, the SC joint accounted for only 3% of the total
injuries [51]. Furthermore, it is one of the least commonly disrupted joints in the
body [52]. It is not surprising that motor vehicle accidents and athletic injuries
account for greater than 80% of injuries to this joint because of the high-energy
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trauma that is needed to disrupt this articulation, and in these settings, the incidence
of associated injuries is high [53]. Orthopaedic surgeons should carefully scrutinize
these injuries, as the joint lies in close proximity to the great vessels and other
important structures of the superior mediastinum.

Anterior dislocations are approximately 20 times more frequent than the more
clinically serious posterior dislocations [54]. Although posterior dislocations are
rare, failure to correctly diagnose them can have devastating consequences, where
there is a reportedly 25% incidence of injury to the vital structures of the superior
mediastinum following a posterior dislocation [55]. Direct anteromedial force to the
joint typically results in a posterior dislocation, and examples of this are often seen
in athletics such as a kick to the front of the medial clavicle, in mixed-martial arts,
or being jumped on while lying flat in football. In contrast, with indirect force, such
as in motor vehicle accidents, the mechanism of injury can result in either anterior
or posterior forces [56]. Rarely spontaneous dislocation can occur in patients with
ligamentous laxity, severe scoliosis, and congenital abnormalities [57]. In addition,
many presumed SC joint dislocations in patients younger than 25 years old are truly
fractures through the physis. Note is made that the medial clavicular epiphysis may
not close until the age of 24-25 and these physeal injuries represent Salter—Harris
type I or II fractures (Figs. 4.28 and 4.29) [58].

Fig. 4.28 Physeal shear fracture with displacement. (a) Coronal inversion recovery image, of a 16-year-
old girl after an all-terrain vehicle (ATV) accident, demonstrates a shear fracture through the physis
(arrow) of the right medial clavicle with extensive bone marrow and soft tissue edema within the strap
muscles. (b) Coronal proton density image shows that the epiphysis (dashed arrows) is still articulating
with sternum and the SC joint is maintained. (¢) Axial proton density image shows posterior displace-
ment of the fracture near the right carotid artery (a). cla clavicle, M manubrium, 7 trachea
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Fig. 4.29 Physeal shear fracture with meniscal transection. (a) Coronal proton density image of a
17-year-old male who fell while playing football 4 days ago. In addition to a vertical shear fracture
through the apophysis of the left SC joint the intervening meniscus has been completely transected
(arrow). (b) Note the normal-appearing meniscus of the right side (arrows). cla clavicle, M
manubrium

Anatomy of the Sternoclavicular Joint

The SC joint is a diarthrodial synovial joint and is the only true articulation
between the upper extremity and the axial skeleton. The joint is formed by the
medial clavicle, the clavicular notch of the manubrium, and cartilage of the rib.
The SC joint moves during virtually every arm movement. Interestingly, of all the
joints in the body, the SC joint is one of the most inherently unstable joints due to
the broad medial clavicle, which is twice the size of the sternal notch, with which
it articulates [59].

The SC joint is composed of a fibrocartilaginous articular disc, a fibrous cap-
sule, anterior and posterior SC ligaments, the costoclavicular ligament, and the
interclavicular ligament. The articular disc of the SC joint is a shock absorber,
functioning very similar to the meniscus of the knee [60]. The disc divides the
joint into two synovial lined cavities and is attached to the clavicle superiorly, the
first rib inferiorly, and to the capsule anteriorly and posteriorly [54]. Previous
studies have suggested the capsule to be most vital in stabilizing the joint [9].
However, recent work by Tubbs et al. has demonstrated the costoclavicular liga-
ment as the predominant stabilizer of the joint [61, 62]. Supporting these find-
ings, Lee et al. demonstrated that the costoclavicular ligament had the largest
footprint of all the SC joint-associated ligaments [63]. Additionally, both the
anterior and posterior SC joint ligaments are important in joint stability. In a
cadaveric study, Lee et al. found that articular cartilage covered approximately
70% of the medial end of the clavicle, with coverage only on the anteroinferior
aspect of the clavicle [63].

The costoclavicular ligament extends from the medial metaphysis of the clavicle
to the first rib. The interclavicular ligament connects the superomedial clavicle and
the costoclavicular ligaments. The most common site of injury of the SC joint is the
articular disc [64]. The SC ligaments are injured next most frequently and intercla-
vicular and costoclavicular ligament injuries are rare.
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Radiography of the Sternoclavicular Joint

Standard radiographic projections for the evaluation of the SC joint include postero-
anterior, oblique, and lateral views. However, these are often inadequate due to the
overlap of the medial clavicle with the sternum and the first rib. However, special
projections can aid in the diagnosis of SC joint injury and include the serendipity,
Hobbs, Heinig, and Kattan views. The serendipity view is performed with radiogra-
phy tube angled at 40° cephald, centering at the manubrium (Fig. 4.30). The Hobbs
view approximates a 90° lateral view of the SC joint and is performed with the
patient leaning over the table. The Heinig and Kattan views are rarely performed
today and have been replaced by multi-detector CT.

Computed Tomography of the Sternoclavicular Joint

CT of the SC joint is performed with the patient in the supine position, using a slice
thickness of approximately 1.5 mm with coronal and sagittal reformatted images. It
is necessary to image both joints for comparison and detection of subtle abnormali-
ties. The patient is usually placed in the neutral position or rarely, a “stress” scan can
be obtained by asking the patient to internally rotate the humerus of the affected side
and bring the arm medially across the chest and pull against the contralateral elbow
[65]. Scans should be viewed at both bone (window level 250 HU, window width
1000 HU) and soft tissue settings (window level 30 HU, window width 500 HU) [66].

CT, with its excellent visualization of joint alignment and articular surfaces, has
all but completely replaced radiographs in the evaluation of the SC joint. Additionally,
the wide availability of CT scanners and markedly shortened scan time makes it the
diagnostic modality of choice in trauma patients. Moreover, the ability to reformat
CT data to reconstruct additional imaging planes has been very beneficial, particu-
larly in pre-operative evaluation [67]. 3D reconstructions are an excellent method of
illustrating clavicle fractures as well as SC joint dislocations (Fig. 4.31). If the
patient sustains a posterior SC joint dislocation, the CT scan should be performed
with intravenous contrast to exclude vascular injury (Fig. 4.32).
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Fig. 4.30 Serendipity view of normal bilateral SC joints with the tube angled at 45°
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Fig. 4.31 (a) 3D reformatted CT image of normal and symmetric SC joints. (b) 3D reformatted
CT image of 84-year-old man with non-traumatic anterior subluxation of the right SC joint
(arrow). cla clavicle, M manubrium

Fig. 4.32 (a) Axial and (b) Sagittal-reformatted contrast-enhanced CT of the chest demonstrates
a posterior SC dislocation (arrow) with the clavicle coming in near approximation to the brachio-
cephalic vein (v) and artery (a). cla clavicle, M manubrium. Case courtesy of Roger J. Bartolotta,
M.D., Assistant Professor of Radiology, Weill Cornell Medicine
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In effect, the wide availability, rapid scan time, and ability to reformat in various
planes as well as three-dimensionally makes CT very valuable for screening as well
as pre-operative guidance in trauma patients [67]. However, note is made that
imaging protocols must take into account measures for optimizing radiation dose
and the exam must be performed as low as reasonably achievable (ALARA) [68].
This guiding principle for dose management in CT is that the correct dose for a CT
examination takes into account the specific patient attenuation (or size) and the
specific diagnostic question.

Magnetic Resonance Imaging of the Sternoclavicular Joint

While delineation of osseous anatomy is superior with CT, MRI allows for exami-
nation of both osseous and soft-tissue structures, including the supporting ligamen-
tous structures of the SC joint. Additionally, in the case of a posterior dislocation,
MR angiography can be performed at the same sitting [69].

Some authors advocate prone positioning for the evaluation of the SC joints, as
it stabilizes the joint as well as decreases respiratory motion artifact [54]. It is the
author’s preference to perform MR imaging in the supine position. In our experi-
ence, the prone position can be very uncomfortable for patients, ultimately resulting
in motion artifact, which degrades image quality. At our institution, imaging of the
SC joints is performed in both the coronal and axial planes of imaging. The coronal
plane is ideal for evaluating the articular surfaces of the SC joints as well for evalu-
ating symmetry. Additionally, the coronal plane with thin (2 mm) slices allows
accurate evaluation of the articular disc, and the costoclavicular and interclavicular
ligaments (Fig. 4.33). The axial plane is useful for depiction of the SC ligaments,
particularly the anterior ligament. The posterior SC ligament can also be seen on the
coronal images by scrolling posteriorly. Additional planes such as the sagittal can be
helpful in seeing the costoclavicular ligament and the oblique transaxial plane can
be used to define the relationship of the medial clavicle and the manubrium [70].

Because of the strong ligamentous stabilizers of the SC joint, a large energy vec-
tor is required to disrupt this articulation. Allman classified SC joint injuries based
on the degree of ligamentous disruption, almost 50 years ago [1]. Type 1 encom-
passes a simple sprain of the SC ligaments and capsule without subluxation or dis-
location (Fig. 4.34). A Type 2 injury involves disruption of the SC ligaments and
capsule and can result in subluxation without frank dislocation. Type 3 injuries
involve a rupture of virtually all supporting ligaments with a complete anterior or
posterior dislocation. In a study by Benitez et al., they found articular disk and ante-
rior SC ligament injuries were more frequent in patients who had a component of
superior subluxation compared to those who had a component of posterior sublux-
ation and conversely, posterior SC ligament injuries were more frequent in patients
who had posterior subluxation [64].

Similar to the AC joint, the articular cartilage of the SC joint is fibrocartilage when
the patient reaches skeletal maturity. Thus, the articular disk and the cartilage demon-
strate similar signal intensities on all pulse sequences. Also of note, the articular
cartilage covering the clavicle is thicker than that of over the manubrium [54].
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Fig. 4.33 Normal SC joints with rib fracture and muscular contusion. (a) Coronal proton density
image of a 36-year-old male, status post blunt trauma to the chest demonstrates symmetric SC joint
without dislocation. (b) Further inspection demonstrated a non-displaced fracture of the cartilagi-
nous portion of the right first rib (arrow). (¢) Coronal inversion recovery image demonstrates direct
contusion to the sternal head of the right pectoralis muscle (arrow). cla clavicle, M manubrium

However, it has been well documented that long-term sequelae after trauma to the
SC joint may result in painful degenerative changes if cartilage is damaged [71].
Thus, the added usefulness of MRI in evaluating not only the osseous and soft tissue
injury but also cartilage injury with fast spin echo pulse sequences (Fig. 4.35).
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Fig. 4.34 Type I SC joint injury. (a) Coronal proton density image in a 26-year-old NFL football
player after a tackling injury demonstrates a partial tear of the left interclavicular ligament (white
dashed arrow). Note the normal appearing right interclavicular ligament and articular disc (white
arrow). (b) Coronal proton density image, in the same patient, demonstrates a normal appearing
right costoclavicular ligament (white arrow). cla clavicle, M manubrium

Fig. 4.35 SC joint cartilage shear. (a) Coronal proton density image in a 17-year-old male after a
football injury demonstrates complete transection of the articular disk (dashed arrow), with con-
comitant articular cartilage shear (solid arrow). (b) Axial proton density image demonstrates car-
tilage shear posteriorly (dashed arrow). Note the preserved cartilage anteriorly (white arrow). cla
clavicle, M manubrium

Ultrasound-Guided Injection of the Sternoclavicular Joint

The evaluation and management of patients presenting with SC joint region pain
can be clinically challenging. Diagnostic SC joint injections may be used to confirm
the joint as a pain generator, and therapeutic corticosteroid injections can reduce
symptoms in cases of pain [72, 73]. Guaranteeing precise needle placement into the
joint is of utmost importance to ensure both diagnostic specificity and therapeutic
benefit [74]. Accordingly, radiologists and orthopaedic surgeons have traditionally
used CT and fluoroscopic guidance to inject the SC joint with good clinical out-
comes [75]. However, with the advent of musculoskeletal ultrasound, physicians are
now able to see the joint in real time with excellent soft tissue imaging. Additionally,
ultrasound provides additional advantages over computed tomography and fluoros-
copy, such as transportability and most importantly the absence of ionizing radia-
tion [76]. Pourcho et al., in a cadaver study, has reported 100% accuracy of
intra-articular SC joint injections when used with sonographic guidance [76].
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At our institution, the patient is placed in a supine position, the clavicle is pal-
pated, and a 12-3-MHz linear array transducer is placed on the anterior aspect of
the clavicle, parallel to its long axis, and moved medially to the level of the joint
(Fig. 4.36a). The appearance of the SC joint demonstrates bony acoustic margins of
the clavicle laterally and the manubrium medially. Additionally, in a normal patient,
the clavicle lies superficial to the manubrium, creating a step-off that is conspicuous
sonographically (Fig. 4.36b) [76]. Next, the transducer location is marked with a
pen on the patient’s skin and the patient and probe are dressed and draped in the
usual sterile fashion. Subsequently, a 25-gauge needle, filled with lidocaine is
placed into the joint with sonographic guidance (Fig. 4.37a). The joint is then dis-
tended with 1-2 mL of lidocaine, to confirm intra-articular positioning of the needle
(Fig. 4.37b). The syringe is next switched to a long-acting anesthetic mixed with
steroid, with the needle still in the joint. After the echogenic injectate is seen swirl-
ing around in the joint, the needle is removed and the injection site is cleaned.

Fig. 4.36 (a) Linear transducer is placed in long axis, parallel to the clavicle over the SC joint,
near the midline of the neck. (b) Axial ultrasound of the SC joint (asterisk) with power Doppler
does not demonstrate hyperemia in a 24 year-old female with pain referable to the joint. The echo-
genic anterior SC ligament is seen (white arrow)

Fig. 4.37 (a) The needle is advanced using a sonographically guided out-of-plane approach. Note
position of transducer is similar to Fig. 4.36a. (b) Axial ultrasound shows the bony acoustic mar-
gins of the clavicle (cla) and manubrium (M). The hyperechoic needle tip appears as an echogenic
dot (arrow) within the SC joint (asterisk)



82 H.G. Greditzer IV et al.
Conclusion

It remains that the sustained improvements in the treatment of clavicular pathology
will rely on regular, updated communication between orthopaedic surgeons and
radiologists. As outlined earlier, the scope and logistics of advanced imaging of the
clavicle (and associated structures) have evolved in recent years. While radiography
of the clavicle is far from redundant, MRI allows clinicians to further characterize
more high-energy, complex injury patterns in the acute setting without compromis-
ing patient safety. In the post-operative setting, clinical suspicions regarding hard-
ware failure, fracture non-union, and the status of soft tissue repairs may now be
evaluated in finer detail with both CT and MRI. Finally, there is little doubt that
incorporating these advances in the delivery of clinical care will optimize treatment
strategies and guide patient expectation.
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Chapter 5
Anesthesia for Clavicle Fractures

Joshua Dooley and Gavin Martin

Clavicle fractures are common, occurring in up to 5% of all fractures and 35% of
shoulder girdle fractures [1]. Many of these will require surgical correction and thus
also require anesthesia. There are well documented complications associated with
clavicle fractures and surgical correction of clavicle fractures [2—4]. Pain from the
fracture and from surgical correction can be difficult to manage.

Anesthesia considerations should include complications from the initial injury.
Possible complications would include vascular compression or laceration, inwardly
displaced fracture fragments with corresponding pneumothorax/hemothorax, pul-
monary contusion, rib fractures and brachial plexus injury. Direct injury to the clav-
icle can occur during road traffic accidents from either the seatbelt or the steering
wheel. With such a blunt force trauma associated injuries include sternal fracture and
cardiac contusions. Cardiac contusions are not a contraindication to general anesthe-
sia, but invasive hemodynamic monitoring during the anesthetic would be prudent
[5]. In addition to proper monitoring, patients with a myocardial contusion have a
1.5-fold increase in mortality [6]. Advances in ultrasound imaging have led to wide-
spread use in evaluation of the trauma patient. Specifically, chest ultrasonography
has been shown to have a higher diagnostic value in detection of pneumothorax and
pulmonary contusion compared to radiography [7]. In addition to improving detec-
tion, point of care ultrasound is less costly, is easier to access and offers less expo-
sure of the patient to radiation. It is vitally important to recognize a pneumothorax
prior to induction of general anesthesia and positive pressure ventilation because of
the risk of the pneumothorax becoming a life-threatening tension pneumothorax.
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Not only should there be hyper-vigilance in evaluating clavicle fractures from
high-energy sources but also that of low-energy fractures. Prompt recognition of
hemopneumothorax in a low-energy clavicle fracture with placement of a chest tube
and involvement of a multidisciplinary team including cardiothoracic, trauma and
orthopedic surgery has been employed with good outcome [8]. The use of nitrous
oxide is often part of the maintenance phase of a general anesthesia; this has been
shown to rapidly increase any existing pneumothorax [9]. With any suspected lung
injury, nitrous should be avoided. Unrecognized arterial damage on the affected side
may be continuously monitored through the use of ipsilateral pulse oxymetry such
that any decrease in waveform or saturation may indicate evolving arterial disruption
and/or occlusion. Depending on the particular kind of fracture and the surgical plan
for correction, cardiac bypass may need to be on standby during the case due possi-
ble risk of injury to large vessels. Imaging studies and a full clinical evaluation of the
patient by the anesthesiologist should be performed prior to any procedure with
particular attention to a directed neurological exam to determine any pre-existing
brachial plexus injury.

The use of regional anesthesia in this setting has allowed for improved pain con-
trol. The particular nerve block appropriate for clavicle fractures and surgery is
currently in debate. Interventional strategies proposed include superficial cervical
plexus blocks (SCPBs), inter-scalene brachial plexus blocks (ISBs) or a combina-
tion. The reason for controversy is due to the multiple nerves that may innervate the
clavicle. While most anatomy textbooks describe innervation of the skin above the
clavicle via the supraclavicular nerve, very few texts describe the actual bone inner-
vation of the clavicle and these descriptions differ. The supraclavicular, subclavian,
long thoracic and suprascapular nerves may all, partially or singularly be responsi-
ble for pain transmission. As reviewed by Tran in 2013 as many as eight renowned
anatomists have characterized the sclerotomal innervation of the clavicle and noted
varied input from C4 to C6 [10].

Superficial Cervical Plexus Block

The superficial cervical plexus (SCP) originates from ventral rami of C1-C4 spinal
nerves. Importantly the plexus supplies the supraclavicular nerve (C3—C4), which
innervates the clavicle and the sternoclavicular and acromioclavicular joints [11].
The SCP block is classically taught as a blind field block. Complications from this
blind technique can occur from inadvertent deep injection of local anesthetic.
Specifically, this can lead to interruption of the phrenic nerve, cervical plexus, bra-
chial plexus and recurrent laryngeal nerve. With the recent increased utilization of
ultrasound for nerve blocks and real-time visualization of local anesthetic deposi-
tion, a decrease in these complications can be achieved. However, even with a well-
placed block, migration of local anesthetic can lead to Horner’s syndrome after the
block [12]. The physician should be aware of this and discuss with the patient prior
to block placement as a benign side effect.
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Fig. 5.1 Ultrasound image for placement of superficial cervical plexus (SCP) block. The SCP
block is performed after identifying the carotid artery (CA), internal jugular vein (1J), levator
scapulae muscle (LSM) and sternocleidomastoid muscle (SCM) noting its posterolateral border
and injection site (arrows) just deep the SCM fascia

Placement of this nerve block is performed using a high-frequency linear ultra-
sound probe. Structures that need to be identified prior to block placement are the
sternocleidomastoid muscle (SCM), levator scapulae muscle, hypoechoic greater
auricular nerve and Doppler identified carotid artery and other vessels, which should
be avoided during block placement (Fig. 5.1). Real-time continuous needle visual-
ization should be maintained throughout the procedure with needle insertion at the
posterior border of the SCM at the level of the cricoid cartilage. Final needle tip
position should be such that local anesthetic deposition occurs just deep to the SCM
along the posterolateral border. The injection of local anesthetic should be above the
pre-vertebral fascia in order to avoid a deep cervical plexus block. This block can be
performed for surgical analgesia or for analgesia for clavicle fractures in the emer-
gency department [13].

Interscalene Block

While the SCP can reliably block pain fibers originating in the C4 root, it will not
cover C5 or C6, which is necessary for complete coverage of all pain fibers from the
clavicle. Post-operative pain relief has been achieved with SCP, but it is unclear if
this would allow for complete surgical anesthesia/analgesia [14].

In order to achieve complete coverage of the pain originating from the clavicle,
an interscalene block can offer increased coverage. Either nerve stimulation or
ultrasound can be used to perform an interscalene nerve block, but the use of
ultrasound compared to nerve stimulation decreases risk of local anesthetic sys-
temic toxicity and the incidence and intensity of phrenic nerve disruption [15].
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Fig. 5.2 Ultrasound image for placement of interscalene block (ISB). The ISB is placed after
identifying the anterior scalene muscle (ASM) and the middle scalene muscle (MSM) with the
hypoechoic brachial plexus sandwiched between the muscles

Using a high-frequency ultrasound probe, the structures that need to be identified
are the carotid artery, the internal jugular vein, the SCM, the anterior and middle
scalene muscles and the brachial plexus in the interscalene groove. The plexus at
this level is hyperechoic and the block is performed by placing local anesthetic
within the fascia and avoiding an intra-fascicular injection into the nerve roots of the
plexus (Fig. 5.2). An interscalene block will reliably block nerve fibers originating
from C5 to C7. Because of the distribution of this block, there is often sparing of the
ulnar nerve, which is why this block is not used for procedures below the elbow.
With this block, there is a real risk of hemidiaphragmatic paresis, which can be
nearly 100% when traditionally performed [16]. The degree of hemiparesis can be
decreased by using lower volumes of local anesthetic, and using ultrasound the
volume of local anesthetic should be based on visual spread, not a particular pre-set
volume [17]. Patients may have some respiratory compensation by having increased
contralateral diaphragm movement. Despite the ability of some patients to compen-
sate, it is paramount to try to decrease phrenic nerve disruption as we are encounter-
ing an increased number of elderly patients with baseline respiratory dysfunction.
Ultrasound-guided interscalene block with extrafascial injection can reduce the
incidence of respiratory disruption with similar analgesia to conventional injection
techniques [15]. While injecting in an extrafascial plane did reduce phrenic nerve
disruption it did increase the time to onset of block and decreased duration.

In addition to providing immediate pain relief for a period of hours during the
duration of the local anesthetic, prolonged anesthesia/analgesia can be supplied by
anerve catheter. Through this nerve catheter, either SCP or interscalene, local anes-
thetic can be delivered in a continuous infusion from a pump for a period of days
for pain relief. Ambulatory interscalene nerve catheter infusions have been proven
to be effective, convenient and safe [18]. Not all locations are able to provide the
necessary infrastructure or trained personnel to manage ambulatory catheters.
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In addition to having a clinical framework in place, it is vital that there is appropri-
ate patient selection to ensure a safe, effective implementation of an outpatient
nerve catheter service [19].

Historically, opioids have been the sole method for pain control. Opioid-based
analgesic therapy has many side effects, and limiting these side effects is one of the
main objectives of multimodal analgesia (MMA). Clinical pathways that include
MMA have been shown to effectively improve length of stay, post-operative compli-
cations, discharge to home and hospital cost [20]. In addition to nerve blocks to aid
in pain control, a multimodal analgesia approach is thus recommended. The key to
any MMA program is through the use of drugs from different drug classes. Classes
most commonly used are opioid (morphine, hydromorphone, and oxycodone), non-
steroidals (ibuprofen and COX2-inhibitors), acetaminophen, ketamine, alpha-2 ago-
nists (dexmedetomidine and clonidine) and anti-epileptics (pregabalin, gabapentin).

Sensory innervation of the clavicle remains controversial and thus creates a
dilemma when attempting to provide regional anesthesia. Also complicating current
understanding of the innervation of the clavicle is the lack of comparative studies
evaluating the different types of fractures that can occur and the corresponding dis-
tribution of pain. The innervation of the medial portion of the clavicle is ostensibly
different than that of the lateral portion. In short, more research is definitely needed,
but until a definitive answer has been reached, we are left with choices with little
evidentiary support. There are two situations that can be addressed in the near term
from strong practical and anatomic standpoint. The first situation to be addressed is
analgesia that needs to be provided in the emergency department for pain from a
clavicle fracture. The nerve block most appropriate for this setting is the SCP block;
it is fairly easy to learn, avoids phrenic nerve paralysis and can be performed quite
quickly with good pain relief [12]. Nerve blocks have also been shown to decrease
length of stay compared with procedural sedation for upper extremity fractures in
the emergency department [21]. The second situation is in the perioperative arena.
This location has numerous advantages including time to perform multiple proce-
dures, regional anesthesiologists and a block team to perform more complex nerve
blocks. To completely block all of the anatomically understood pain fibers for cla-
vicular surgery, an ISB combined with an SCP block can be performed. Combining
these two blocks may be complex and time-consuming but has been demonstrated
to provide complete surgical anesthesia for clavicular fracture [22].

Case Report

A 74-year-old female was evaluated in the emergency department for hip pain after
amotor vehicle accident. A physician anesthesiologist arrived to evaluate the patient
for placement of a femoral nerve catheter per institutional hip fracture protocol.
After placement of the femoral nerve catheter and deposition of local anesthetic for
immediate pain control the patient noted pain relief in her hip. Upon resolution of
her hip pain the patient immediately complained of 8/10 pain in her ipsilateral
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shoulder. It was noted that she had bruising consistent with a seatbelt, but a chest
X-ray and physical exam did not appreciate any sign of pneumothorax. After dis-
cussion with the orthopedic trauma team, an X-ray was also taken of the shoulder,
which showed a mid-clavicle fracture.

The patient had several comorbidities. A recent trans-thoracic echocardiogram
noted an ejection fraction of 20% from ischemic cardiomyopathy. She had a body
mass index of 47 kg/m?, her daily activity was limited and she became short of
breath walking in her home. The patient also had hypertension, obstructive sleep
apnea and uncontrolled type II diabetes mellitus. During a previous surgery with a
general anesthetic, she required re-intubation the in the post-anesthesia care unit for
respiratory distress, continued airway obstruction with elevated blood carbon diox-
ide levels. She recovered fully after 48 h in the surgical intensive care unit.

The orthopedic surgical team concluded that surgical correction was the most
appropriate method of treatment. In discussion with the anesthesiologist, it was
decided that a general anesthesia should be avoided, given her comorbidities and
previous anesthetic history. In order to accomplish surgical anesthesia for operative
closure, an interscalene nerve catheter and a single injection superficial cervical
plexus block was performed pre-operatively. After performance of the blocks the
patient noted complete relief of pain. The patient was minimally sedated during the
case and was able to converse throughout. The surgical repair was successful and
the patient was maintained on a local anesthetic infusion of ropivacaine 0.2% at 8
milliliters per hour. The patient was discharged to home 3 days post-operatively
with an ambulatory nerve catheter infusion at the same rate and did not require opi-
ates during her hospitalization. The nerve catheter was removed by the patient 2
days after discharge.
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Chapter 6
Nonoperative Clavicle Fractures

Michael R. Koerner and Kyle J. Jeray

Abbreviations

AP Anteroposterior
ASES American shoulder and elbow surgeon
DASH Disability of arm shoulder and hand

Introduction

Historically, all clavicle fractures were treated nonoperatively, with acceptance of the
associated clinical deformity and less emphasis on patient satisfaction and functional
outcomes. However, the cosmetic deformity associated with clavicle fractures treated
nonoperatively has long been a concern of patients. Even Hippocrates noted, “A frac-
tured clavicle, like all other spongy bones, gets speedily united; for all such bones form
callus in a short time. When, then, a fracture has recently been taken place the patients
attach much importance to it, as supposing the mischief greater than it really is, and the
physicians bestow great pains in order that it may be properly bandaged; but in a little
time the patients having no pain, nor finding any impediment to their walking or eat-
ing, become negligent; and the physicians finding they cannot make the parts look
well, take themselves off, and are not sorry at the neglect of the patients, and in the
meantime the callus is quickly formed” [1]. Dupuytren described the deformity associ-
ated with the clavicle fracture as "inevitable". However, he advocated for simplicity
and comfort of treatment by placing the arm on a pillow until clinically healed [2].
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Clavicle fractures account for 2.6-5% of all fractures treated by orthopedic prac-
titioners [3, 4]. They are the fourth most common fracture of the upper extremity
with an incidence of 5.8 per 10,000 people [5]. Men are more than twice as likely to
sustain a clavicle fracture with an incidence of 71 out of 100,000 males and 30 out
of 100,000 females. Sixty-nine percent to eighty-two percent of these fractures
involve the midshaft clavicle, with incidence of midshaft clavicle fractures
decreasing as patient age increases [3, 4, 6, 7]. However, the incidence of high-
energy midshaft fractures with associated comminution and significant shortening
is on the rise [3].

Anatomy

The clavicle is the first bone to ossify around 5 weeks of fetal life, yet the medial
physis is the last in the body to fuse around age 24. The clavicle is the only osseous
link between the appendicular skeleton and the upper extremity through the sterno-
clavicular and acromioclavicular joints. With motion of the upper extremity, the
clavicle can elevate 15°, retract up to 29°, and rotate through its long axis up to 33°
[8, 9]. There are several fascial layers and muscles attached to the clavicle, which
lead to the predictable and consistent pattern seen with midshaft clavicle fractures.
The sternocleidomastoid pulls the medial fragment superiorly and the distal segment
sags and rotates anteriorly secondary to the weight of the shoulder girdle, and the
force of the pectoralis muscle on the humerus. The cross-sectional anatomy of the
clavicle being triangular shaped medially, cylindrical in the middle third, and flat in
the lateral third contributes to the fracture patterns often seen. The junction between
the middle and lateral thirds has both the thinnest bone and a bare spot without any
ligamentous or muscular attachment making it the most frequent site of fracture [10].

Patient Evaluation

When examining a patient with a clavicle fracture it is essential to evaluate for con-
comitant injuries. Visual inspection may show shoulder sag/droop or shortening with
medialization of the scapula and glenoid. Additionally, the skin over the fracture site
must be evaluated to ensure no skin tenting or threatened skin suggesting impending
conversion to open fracture [11]. Evaluation for associated rib fractures, proximal
humeral, scapula and/or glenoid fractures, and hemothorax or pneumothorax is vital
[12]. Patients with any symptoms of these should have a chest X-ray. Some argue that
pneumothorax must be evaluated radiographically with a chest radiograph in all patients
with clavicle fractures, especially for open clavicle fractures or in patients with altered
mentation [11, 13—17]. There are several case reports of pneumothoraces with isolated
clavicle fractures, highlighting the need to evaluate a patient for a pneumothorax, espe-
cially if there is any suspicion based on the patient's clinical symptoms. [13, 14].
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Although rare, clavicle fractures have been shown to lead to thoracic outlet syn-
drome, brachial plexopathy, and chest wall paresthesias and numbness [18-22]. A
thorough neurologic exam of the upper extremity should be included in the initial
evaluation of patients with clavicle fractures, to rule out these rare associated
injuries. There are also cases of subclavian artery injury including one fatal transec-
tion from a midshaft clavicle fracture [23, 24]. Examination should include a bilat-
eral distal upper extremity pulse exam, and if there is any difference between sides,
further investigation should be completed. Options for further workup include bilat-
eral blood pressures, distal pulse occlusion pressures, CT angiogram, or vascular
surgery consult.

Imaging

Appropriate radiographic evaluation of clavicle fractures is paramount in develop-
ing a plan of care. A standard anteroposterior (AP) (Fig. 6.1a) as well as a 45°
cephalad tilt view (Fig. 6.1b) should be included. Others recommend a standard AP,
a 30° cephalad tilt, and a 60° caudal tilt radiograph to better evaluate the fracture
and therefore make better-informed treatment decisions based on true orthogonal
radiographs [25]. These radiographs should be obtained in the upright position as
the displacement can increase by 89% when compared to the supine view [26]. The
radiographs are evaluated for degree of comminution, displacement, angulation,

Upright

Upright

Fig. 6.1 Case 1, Upright anteroposterior (a) and 45° cephalic tilt (b) views showing a midshaft
clavicle fracture
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and change in length of the fracture. In addition to the fracture, it is important to
evaluate for signs of concomitant pneumothorax, glenohumeral, or scapular injury
on the radiographic images.

Patients should have upright radiographs obtained within the first 2 weeks. Even
nondisplaced clavicle fractures can show significant instability and displacement on
subsequent X-rays over 25% of the time, occasionally changing treatment decisions
[27]. Higher energy mechanisms of injury are associated with increased likelihood
of early displacement of initially minimally displaced fractures [28]. After the first
2 weeks, AP and cephalad tilt X-rays are obtained at 4 to 6 week intervals until
radiographic union is obtained.

Indications

Today, widely accepted indications for nonoperative management in adults are non-
displaced or minimally displaced midshaft clavicle fractures and patients who are
poor surgical candidates based on medical comorbidities. While open fractures or
threatened skin compromise are indications for operative treatment, there are differ-
ing opinions regarding the optimal care of clavicle fractures that do not fall into one
of the two aforementioned indications. Relative indications for nonsurgical man-
agement of clavicle fractures include displacement <1.5 cm, no comminution, bony
contact, and shortening of less than 1.5-2 cm. Patients who do not meet these
parameters have a higher probability of satisfactory functional and pain outcomes
with surgical management [29-31]. Patient activity level, age, gender, soft tissue
envelope, handedness, smoking habits, fracture pattern, and mechanism of injury
are additional factors that impact management.

Robinson et al. have shown that female gender, increasing age, displacement,
and comminution are all predictors of nonunion in midshaft clavicle fractures
treated without surgery [29]. Patients should be counseled regarding the importance
of smoking cessation and should be encouraged, at least during the period of heal-
ing to stop or decrease their smoking [32, 33]. Patients who smoke are four times
more likely to progress to nonunion when midshaft clavicle fractures are treated
nonsurgically [32, 33].

Murray et al. evaluated risk factors for developing nonunions in displaced
midshaft clavicle fractures. They created a “Ready Reckoner” to allow practitioners
to estimate the risk of nonunion with nonoperative treatment. They evaluated 941
adult patients with closed displaced midshaft clavicle fractures. Their predictor
table is able to provide an expected risk of nonunion for displaced midshaft clavicle
fractures treated nonoperatively. These factors included the overall radiographic
displacement, smoking history, and fracture comminution. The overall expected
risk of nonunion increases with smoking, comminution, and increasing displace-
ment. Operative management of all displaced clavicle fractures requires 7.5 proce-
dures to prevent a single nonunion according to the study. However, using the
statistical information from the study, this result may be significantly improved.
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If only those patients with an estimated 40% or greater risk of nonunion were treated
surgically, the number of procedures required to prevent a single nonunion dropped
to 1.7 operations [33].

Goals of Treatment

The goal of treatment is not only radiographic union but, most importantly, return-
ing the patient’s shoulder back to as close to preinjury functional level as possible.
Neer asserted in Rockwood and Green’s Fractures, in adults “a certain amount of
deformity is to be expected, [but] generally [is] compatible with satisfactory return
of function in the shoulder” and even completely displaced fractures “generally do
well with nonoperative management” [34]. Much of the early literature focused on
radiographic healing as the primary outcome, but over the last two to three decades,
there has been increased focus on the importance of more patient reported outcomes
in the literature.

Treatment Options

Immobilization of clavicle fractures is generally via figure of eight brace or simple
shoulder sling, with the latter being more commonly utilized. A prospective, random-
ized study showed similar fracture healing between these two treatment methods, but
showed that patients had 26% dissatisfaction with the figure of eight brace treatment
protocol at 3 months compared to 7% dissatisfaction in the cohort treated with a sling
[35]. In a more recent prospective, randomized study, the figure of eight brace also
caused significantly more skin complications, most often in the axilla, than the sling.
The figure of eight brace has also been suggested to be more painful during the first
treatment day than the sling and more difficult for patients and their families to apply
than a sling [36]. These have led to the decreased use of the figure of eight brace. The
final fracture union with either method of immobilization showed minimal change
from the initial amount of displacement, substantiating Neer’s statement that there is
no good way to hold an attempted reduction of clavicle fractures [35].

Treatment Course

Nonoperative management generally entails a period of 2—-6 weeks of immobiliza-
tion of the shoulder girdle for patient comfort with restricted overhead activities.
The arm is generally held in internal rotation with the elbow flexed to approximately
90° in a sling [36]. Patients should be encouraged to remove the sling at several
points during the day to work on elbow range of motion to prevent elbow stiffness
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[36]. Immobilization can be discontinued and light activities below shoulder level
can be resumed as patient comfort allows. Overhead activities are generally
restricted for the first 6 weeks. By limiting the abduction and forward flexion to 90°
the rotation of the clavicle is limited, minimizing rotational and torsional forces on
the acutely healing clavicle. At approximately 6 weeks, most patients are ready to
progress to activities as tolerated.

Nonoperative Treatment Adjuncts

In an effort to expedite healing or for treatment of delayed or nonunions, low-
intensity pulsed ultrasound (LIPUS) has been attempted. When looking at all frac-
tures the effect of LIPUS is inconsistent, with some randomized studies showing
benefit and others showing no benefit [37-40]. A large Cochrane systematic review
of 11 heterogeneous randomized or quasi-randomized controlled trials evaluating
LIPUS in treating various acute fractures found equivocal results regarding, func-
tion, time to union, or pain. They suggest that there is insufficient evidence for the
routine use of LIPUS in acute fractures [41]. In contrast, a recent meta-analysis
evaluating healing in all bones, not just clavicle fractures, suggested improved out-
comes at 6 months in acute fractures treated with LIPUS [42]. Once nonunion has
developed, LIPUS showed improved healing in numerous long bone fractures, but
again the clavicle was not specifically studied and only made up a small proportion
of the included cases (1 out of 29) [43]. There is only one randomized controlled
trial evaluating LIPUS in acute midshaft clavicle fractures. A level I study in which
101 adult patients with isolated midshaft clavicle fractures were randomized to
either LIPUS or placebo ultrasound probe. They found no difference between pla-
cebo and LIPUS in regards to pain, pain medication requirement, return to activi-
ties, or subjective healing in the treatment of acute midshaft clavicle fractures.
Future level 1 randomized trials are necessary to further evaluate the suggested
benefits of LIPUS specific to midshaft clavicle fractures.

Outcomes

Despite the recent trend to surgically fix more midshaft clavicle fractures, authors
caution against routine ORIF for all midshaft clavicle fractures [44—47]. Nordqvist
et al. retrospectively reviewed outcomes of 225 patients with midshaft clavicle frac-
tures treated nonoperatively with 197 of these placed into a figure of eight brace for
approximately 3 weeks. Of the included fractures, 32% of the fractures included
were either minimally or nondisplaced. Of all patients, 185 had “good” outcomes
and reported an asymptomatic shoulder where 39 had moderate pain and were rated
“fair” and only | rated “poor”. There were 53 malunions, of which 40 were
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asymptomatic. There were seven nonunions, of which three were asymptomatic.
They suggest that surgery should not be considered on an acute closed midshaft
clavicle fracture without neurovascular or skin compromise [48]. A prospective
study of 60 patients treated nonoperatively showed that regardless of the method of
nonoperative treatment (sling vs. figure of eight), there was 100% radiographic
union at 14 weeks with lesser than 1 cm shortening. Patients ultimately attained full
function with Constant and American Shoulder and Elbow Surgeon (ASES) scores
in the mid-90s on a 100-point scale with 100 being optimal. One caveat of this study
is that 40% of these patients were minimally or nondisplaced [36]. Faldini et al.
studied 100 displaced Edinburgh 2B midshaft clavicle fractures treated in a figure
of eight brace and 81% had excellent results, 12% had good results, 5% had fair
results, and only 2% had poor results based on the Disability of Arm Shoulder and
Hand (DASH) scores with a 3% nonunion rate. They concluded that “nonoperative
treatment is still appropriate in most cases, as it yields good results without incur-
ring the potential complications of surgery” [49].

Complications

Patients should be aware of all risks and benefits of nonoperative treatment of clav-
icle fractures during initial patient evaluation. Patients should be counseled to
expect approximately 4—12 weeks of pain and decreased function after injury.

Complications of both nonsurgical and surgical treatment of clavicle fractures
include cosmetic deformity, nonunion, malunion, pain, local irritation, functional
limitations of the shoulder, and need for future surgery. Cosmetic deformity from
the “bump’ alone has been reported to be the main source of patient dissatisfaction
in approximately 40% of those patients who are ultimately unhappy with the out-
come of nonoperative treatment [50].

When all complications are included, McKee et al. has shown a 42% complica-
tion rate for nonoperative treatment compared with 29% for surgical management of
displaced clavicle fractures. However, the most common complications, excluding
cosmetic deformity, for nonoperative treatment were nonunion, symptomatic mal-
union, and neurologic difficulty, whereas the most common operative complications
were hardware irritation, pin protrusion, and wound infection [46]. However, it is
cautioned that their results do not suggest surgery is necessary for all fractures as
this would unnecessarily expose many patients, which would have healed well with-
out surgery, to the risks associated with surgical treatment [47]. Nonoperative man-
agement of clavicle fractures avoids the complications specific to surgical treatment
especially infection, symptomatic hardware, and anterior chest wall numbness.

Nonunions and malunions are widely accepted as the most frequent complica-
tions associated with midshaft clavicle fractures. Patients can have pain, neuro-
logic changes, shoulder dysfunction, and clavicle deformity associated with
improper union.
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The definition of a clavicle nonunion has not been consistently defined, but is
often absence of radiographical healing after 4-6 months [12, 29]. Research from
the 1960s and 1970s demonstrated nonunion rates of only 0.1-0.8% for nonsurgical
management. More recent literature shows a 0.5-5.9% nonunion rate for nonsurgi-
cal management of all midshaft clavicle fractures. However, the nonunion rate is
significantly higher at up to 15.1% in completely displaced fractures treated nonop-
eratively [48, 51]. In the event of nonunion, delayed surgical treatment of nonunion
with various techniques has shown 92—-100% rates of successful union [52-55].

The majority of clavicle fractures treated without surgery will heal with some
degree of deformity, with the most common being shortening with inferior displace-
ment of the lateral fragment [12]. Malunion may be associated with symptoms
including loss of shoulder function, loss of endurance, neurologic symptoms, cos-
metic deformity, weakness, and pain in the shoulder [56]. Malunion with shortening
>1.5 cm may be associated with increased pain [30].

McKee et al. evaluated range of motion, strength, and endurance in midshaft
clavicle fractures treated nonoperatively. They found no loss of motion in forward
flexion, abduction, or external rotation when compared to the noninjured side. There
was a 19% loss of strength in flexion, 18% loss of strength in abduction, 19% loss
of strength in external rotation, and 15% loss of strength in internal rotation. There
was a 25% loss of endurance in flexion, 33% loss of abduction endurance, 18% loss
of external rotation endurance, and 22% loss of internal rotation endurance. DASH
and Constant scores showed a significant level of dysfunction at mean follow up of
55 months when compared to the general population [50]. Additionally, a study of
midshaft clavicle fractures with final shortening of 15 mm or greater showed
reduced peak abduction velocity [57]. However, nonoperative treatment of midshaft
clavicle fractures is a viable option given that nonunion and malunion are both man-
ageable complications of this treatment course.

Cost

The cost of treating midshaft clavicle fractures has increased relevance due to the
recent emphasis on bundled payments and health care spending. Walton et al. com-
pared the cost of surgical and nonsurgical treatment using 2013 Medicare values.
The mean cost for surgical treatment was $14,763 and nonsurgical cost was $3113
with nonsurgical treatment saving $11,650 per patient. They used a set endpoint of
either delayed surgery for nonoperative patients or reoperation in operative patients.
Nonoperative management was more financially sound compared to initial opera-
tive treatment until the point that delayed surgery was required in 95% of nonopera-
tive patients, and reoperation rates for patients treated with surgery initially were
below 15%. In fact, this study suggests that treating all closed displaced midshaft
clavicle fractures nonoperatively initially and then managing the complications of
such when they develop is more fiscally responsible [45]. However, this study fails
to assess the patient’s lost wages and decreased ability to contribute to society.
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In contrast, a study of 204 patients accounting for lost wages, all hospital costs,
and postoperative treatment found an ORIF treatment course cost $12,977 and a
nonoperative treatment course cost $18,068 per patient. Operative patients had a
mean lost earnings of $321 compared to $10,506 lost wages in the nonsurgically
treated group. Additionally, operative patients required 3 days of assistance at home
compared to 7 days of assistance for those treated nonoperatively, thus potentially
causing lost wages in additional family members. Mean emergency room bills were
similar, but the operative group did accrue an additional $8500 hospital bill.
Operative patients utilized half the physical therapy of the nonoperative group ($900
vs. $1800) [58]. Other research shows that ORIF of clavicle fractures compared to
nonoperative management is cost-effective only when the improved functional out-
come associated with ORIF persists for 9 years [59].

It is unclear which treatment option is more fiscally responsible, likely due to the
variability of surgical indications and the heterogeneity of these two study groups.
The financial implications of the treatment of clavicle fractures will be an integral
part of treatment, and likely topic of much discussion in the coming years.

Summary

The recent focus on functional outcomes and cost has called into question the his-
toric nonoperative treatment of midshaft clavicle fractures. The modern widely
accepted indications for nonoperative management of clavicle fractures include
nondisplaced or minimally displaced fractures and those patients who may not be
surgical candidates based on medical comorbidities. The two most commonly uti-
lized nonoperative treatment options are a simple sling, or figure of eight brace,
although the sling has become more popular in recent years. All patient factors
including baseline activity level, handedness, fracture pattern, patient expectation,
mechanism of injury, and risk factors for nonunion should be evaluated and dis-
cussed with the patient. Patients should be counseled that nonoperative management
in most cases will provide a successful outcome, however some may require delayed
surgery. A thorough discussion should occur with the patient including the risks and
benefits of surgical and nonsurgical management of clavicle fractures to develop a
treatment plan that is mutually acceptable to the patient and the physician.

Cases

Case 1

Case 1 is a 52-year-old right hand dominant male involved in a low-speed (10 mph)
motorcycle collision. In the emergency room, the patient was found to have a small
left pneumothorax, which did not require a chest tube. A left midshaft clavicle frac-
ture was identified on his trauma chest radiograph. Upright clavicle radiographs
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Fig. 6.2 Case 1, anteroposterior (a) and 45° cephalic tilt (b) radiographs taken at 8 days post-
injury showing increased displacement

Fig. 6.3 Case 1, anteroposterior (a) and 45° cephalic tilt (b) radiographs at 6-week follow-up with
visible callus

were then obtained (Fig. 6.1a, b). He was admitted overnight to monitor the pneu-
mothorax. He had a history of hypertension and never smoked. His left arm was
placed in a sling at admission, and he was discharged from the hospital the next day
after being cleared by general surgery. He was seen 8 days after his injury and his
pain was well controlled on occasional ibuprofen. Radiographs showed minimal
change from the emergency room upright films (Fig. 6.2a, b). He was counseled on
treatment options including benefits and risks of both and opted for nonoperative
treatment. At his 2-week visit, he reported that he was comfortable doing activities
of daily living without his sling. We discussed treatment options again and he
elected to continue nonoperative management. At his 6-week follow up, he was only
having occasional mild fracture site pain. There was a palpable and visible bump
over the midshaft clavicle at this visit (Fig. 6.3a, b). By his 12 week follow-up, he
had returned to his job stocking shelves and occasionally lifting up to 50 lbs with
only minimal pain. There was still a prominence over the midshaft clavicle. He
started working on his golf swing around 4 months out from the injury and reported
no discomfort. At the 8-month follow up visit, he reported no pain. Upright clavicle
radiographs showed a z-deformity of the clavicle with incomplete union (Fig. 6.4a,
b). Despite his incomplete radiographic healing, he was clinically completely
asymptomatic, denied any functional deficits, and had full symmetric range of
motion (Fig. 6.5a, b).
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Fig. 6.4 Case 1, anteroposterior (a) and 45° cephalic tilt (b) radiographs at 8-month follow-up
showing z-deformity and questionable union

Fig. 6.5 Case 1, 8-month follow-up showing active flexion (a) and abduction (b) with symmetric
range of motion

Case 2

Case 2 is a 57-year-old left hand dominant male involved in a bicycle accident when
he slid on wet leaves and fell directly onto his left side. He had a loss of conscious-
ness and multiple left-sided rib fractures and was admitted by the trauma service. He
was found to have a left midshaft clavicle fracture, left scapula body fracture, and an
LCI1 pelvis injury. His medical history was noncontributory and he denied any
tobacco use. Supine X-rays were obtained and are shown in Fig. 6.6a, b. While
admitted, we had a lengthy discussion with him regarding the risks and benefits of
surgical and nonsurgical management of his clavicle fracture and he elected for a
trial of nonoperative management. He was placed into a sling on the day of injury
with the instructions to remove it as tolerated to work on range of motion. At his
2-week follow up appointment, he was having minimal shoulder girdle pain wearing
the sling. He was routinely taking the sling off at home to work on range of motion
and was able to do some of his activities of daily living without the sling. Upright
radiographs showed increased displacement (Fig. 6.7a, b). Treatment options were
discussed again and he elected for continued nonoperative treatment of his clavicle
fracture. When seen for his 6-week follow-up, his pain was controlled on occasional
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Fig. 6.6 Case 2, supine anteroposterior (a) and 45° cephalic tilt (b) radiographs of acute left
clavicle fracture

Fig. 6.7 Case 2, anteroposterior (a) and 45° cephalic tilt (b) radiographs at 2-week follow-up
showing increased displacement

over the counter pain medications and he had completely weaned out of the sling by
4 weeks. He had 110° of painless forward flexion and 130° of painless shoulder
abduction. At his 3-month follow-up, he had near full range of motion of the shoulder
without pain and was not requiring any pain medication. There was a visible and
palpable deformity of the clavicle with slight shoulder sag. Upright radiographs were
obtained (Fig. 6.8a, b). At 6 months, he was cycling routinely and noticing continued
improvements in left shoulder strength. The deformity of his clavicle was no longer
visible but was still palpable and he had a slight shoulder droop. He was back to work
as a laborer and renovating his house without much difficulty. Despite a 5°—10° loss
of forward flexion and abduction, he had painless ROM without functional deficit at
8 months (Fig. 6.9a, b). He still had a slight shoulder droop with palpable clavicle
deformity. Despite having obvious radiographic z-deformity and at least 1 cm of
displacement (Fig. 6.10a, b), the patient was pleased with his nonsurgical outcome
and had returned to baseline activity and strength with minimal loss of motion.
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Fig. 6.8 Case 2, anteroposterior (a) and 45° Cephalic tilt (b) radiographs at 3-month follow-up
showing similar displacement and callus formation

Fig. 6.9 Case 2, clinical images at 6 months showing a 10° loss of motion to forward flexion and
abduction

Fig. 6.10 Case 2, anteroposterior (a) and 45° cephalic tilt (b) radiographs at 6-month follow-up
images showing z-deformity
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Chapter 7
Midshaft Clavicle Injuries: Operative
Management

Mark A. Mighell, Jonathan Clark, and Rafael Serrano-Riera

Introduction

Clavicle fractures account for 5-10% of all fractures and almost half of all shoulder
girdle injuries [1, 2]. About 80% of these fractures affect the middle third of the
clavicle.

The management of clavicle fractures still remains controversial. Historically,
the orthopedic literature reported high union rates with conservative measures
[1-3]; however; patient satisfaction and outcome measures were not gauged. In the
past decade, surgical treatment has gained increasing popularity due to McKee’s
work [4] and advances in surgical implants. Recent publications show no long-term
differences between operative and non-operative treatment. It is still unclear whether
greater patient satisfaction and function justify the increased cost and complications
associated with surgery [5-7].

Operative and non-operative treatments are both supported by the current body of
orthopedic literature. To this end, criteria have been proposed to help surgeons
decide which patient may benefit most from surgery [8, 9]. In addition to fracture
characteristics (comminution, shortening, and displacement), patient-specific fac-
tors such as demographics, baseline activity level, or employment status must be
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considered when discussing treatment options. For example, the outcomes and
expectations from a displaced mid-shaft clavicle fracture in a 25-year-old competi-
tive cyclist are vastly different from a similar fracture in a low demand 65-year-old.

Radiographic Assessment and Classification

Antero-posterior and 30° cephalic tilt are the standard radiographs used to evaluate
injuries on the scapular girdle. Additional information can be obtained with the
Zancaview (Fig.7.1), which provides a better visualization of the Acromioclavicular
(AC) joint, or Quesana view (Fig. 7.2) giving an accurate idea of the extent of
displacement. Upright films may be better than supine x-rays to demonstrate dis-
placement and shortening [10]. Patients who cannot tolerate upright x-rays will
have radiographs that in general, will underestimate the degree of displacement. A
CT scan has limited value in the assessment of the majority of clavicle fractures
with the exception of sternoclavicular injuries and fractures of the medial physis
of the clavicle.

Two commonly accepted classifications for clavicle injuries are the AO/OTA,
which divides clavicle fractures in three subtypes according to the location of the
fracture line and the Robinson Classification which adds variables of proven diagnos-
tic value such as comminution, displacement, or intraarticular extension (Fig. 7.3).

Fig. 7.1 Zanca view:
beam directed with 10° of
cephalic tilt providing
excellent visualization of
AC joint




Fig. 7.2 Quesana view: beam pointed 45° superior and 45° inferiorly to assess amount of
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Management

Mid-shaft Clavicle Fractures (AO/OTA 15-B)

This is by far the most common fracture type and where the bulk of literature focuses
to find out whether the operative or non-operative treatment is most adequate.

Operative Versus Non-operative Management of Mid-shaft Clavicular
Fractures

Traditionally, middle third clavicle fractures have been treated non-operatively with
sling or Figure-of-Eight brace immobilization. Neer and Rowe reported acceptable
results of conservatively treated mid-shaft clavicle fractures [1, 3]. Hill et al. were
the first to report unsatisfactory functional results in patients who underwent non-
operative treatment for displaced mid-shaft clavicle fractures [11]. The authors
argued that open reduction and internal fixation (ORIF) would be the preferred
treatment in these cases. In 2006, the first randomized control trial (RCT) performed
on this topic by McKee [4] yielded better DASH scores and a lower nonunion rate
in patients who underwent ORIF of their displaced mid-shaft clavicle fractures. The
reoperation rate for the surgical group was 12%, with irritation of the implant the
most common cause for reoperation. In 2007, a meta-analysis [12] by the Canadian
Orthopedic Society showed that the majority of clavicle fractures managed non-
operatively had normal motion and strength. In a meta-analysis of RCTs, Mckee [6]
later found that operative treatment significantly reduces the incidence of nonunion
and symptomatic malunion. Nevertheless, the study failed to demonstrate superior
long-term outcomes of operative treatment versus non-operative care. Robinson [7]
asserted that ORIF reduces the rate of nonunion. However, they reported that the
improvement in functional outcomes associated with surgery appears to result from
plate fixation as the mechanism of nonunion prevention (Figs. 7.4a, b and 7.5a—d).

The problem remains that 25% of patients develop a nonunion or a symptomatic
malunion [12]. The goal of the surgeon is to identify these patients in the acute set-
ting and treat them with ORIF.

Fig. 7.4 (a) Injury film of acute displaced mid-shaft clavicle fracture. (b) Two months follow-up
showing callus formation and satisfactory healing
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Fig. 7.5 (a) Injury film of displaced mid-shaft clavicle fracture. (b) Fixation with lag screws and
neutralization plate. (¢) Follow-up showing fracture healed. (d) Removal of painful hardware once
fracture healed

The economics of treating these fractures is another variable that should influ-
ence our surgical decision making. In 2010, Pearson [5] published in a multicenter
RCT that surgery for displaced mid-shaft clavicle fractures was not cost-effective.
One major advantage of operative treatment in actively employed patients is a sig-
nificantly earlier return to work, thus minimizing loss of income, and a decreased
usage of pain medication [13, 14]. Conversely, Walton et al. [15] reported that in
unemployed individuals, initial non-operative treatment followed by delayed opera-
tive treatment only as needed is less costly than initial operative fixation.

Fixation of clavicle fractures is an elective procedure that is technically easier to
perform within 2 weeks of injury. Das et al. [16] showed that there is no difference
in long-term clinical outcomes whether the fracture is fixed within 3 weeks of injury
or between 3 and 12 weeks post-injury. While outcomes are no different, the proce-
dure becomes technically more challenging due to scarring and early callus
formation.

Indications for Operative Treatment

Absolute indications for surgical fixation include open or impending open fractures,
and neurologic or vascular compromise. Relative indications for surgical treatment
include displaced fractures, shortening of two or more centimeters, comminution, poly-
trauma, high level athletes, and symptomatic nonunion or malunion [8] (Table 7.1).
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Table 7.1 Surgical indications for displaced mid-shaft clavicle fractures

Absolute Relative
Open injury/impending open >2 cm displacement
Neurologic or vascular compromise Comminution
Floating shoulder Cosmesis/patient discontentment
Polytrauma
Athletes
Seizure disorder
Painful nonunion or malunion

Factors Linked to Failure of Conservative Treatment

Robinson [9] and Zlowodzki et al. [17] showed that there are certain patient- and
fracture-specific characteristics that when present predispose to poor outcomes in
conservatively treated middle third clavicle fractures. Fracture-specific characteris-
tics that have been shown to lead to poor outcomes include displacement, shorten-
ing greater than or equal to two centimeters, and comminution. Patient-specific
characteristics associated with poor outcomes include female sex, advanced age,
and use of tobacco products.

Surgical Techniques
Plating

Open reduction and internal fixation can be achieved with superior or anterior-
inferior plate positioning. Newer plate technology allows for pre-contoured plates
that are lower profile and allow locking fixation in selected cases.

The surgical approach for clavicle fractures is done with the patient in the supine
position with the head of the bed elevated approximately 30°. Prior to the surgical
incision, an image intensifier is positioned to allow for both AP and cephalic tilt
views of the clavicle. A linear incision is made parallel to the clavicular shaft. Full-
thickness skin and subcutaneous flaps should be raised to the level of the platysma.
The platysma is divided in order to expose the fractured clavicle. When anterior-
inferior plating is the preferred method, the insertions of the pectoralis major and
deltoid are released subperiosteally to allow for application of the plate. The senior
author prefers anterior-inferior plating when possible due to decreased incidence of
soft tissue irritation and necessity of hardware removal [18].

Fracture reduction requires restoration of length, rotation, and angulation of the
clavicle. The fracture ends are identified and when possible, serrated clamps are used
to provisionally hold the fracture reduced. In cases in which the fracture line is trans-
verse, a pointed tenaculum can facilitate reduction of the fracture. Fracture reduction
is often maintained through the use of mini-fragment screws. This technique is ideal
in oblique fractures and in those with large butterfly fragments (Fig. 7.5a—d).
Commercially available pre-contoured plates fit a large portion of the population and
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are lower profile, which lessens plate prominence and may reduce the chance of
plate removal [19].

When open reduction with plate fixation is elected, the next decision the surgeon
must make is where to place the implant. Over the past decade, anterior-inferior
clavicle plating for the treatment of displaced mid-shaft fractures has become
increasingly popular. Good results have been reported with both superior and
anterior-inferior plating locations; however, the literature provides mixed data
regarding which position makes the construction more stable [18, 20, 21]. Iannotti
et al. [22] found that 3.5 mm Recon plates applied superiorly provided stiffer and
more rigid constructs, but did not find any differences in load to failure between
positions. A recent study from Partal and George [23] in a saw bones model reported
no difference in axial or torsional stiffness, but a more stable bending stiffness for
the Al plating. Favre [24] found that AT plating is less likely to fail during normal
physiological loading. Additionally, Al plating is thought to decrease the risk of
neurovascular damage since drilling in the anterior-inferior to posterior direction
presumably keeps the screws away from the underlying neurovascular bundle.
However, the current literature evaluating this theory in detail is inconclusive
regarding which location is safer with regards to screw proximity to the adjacent
neurovascular structures [25, 26]. Patients undergoing superior plating are more
likely to complain of implant prominence and it was recently reported that the
anterior-inferior plating significantly decreases the rate of secondary intervention,
thus reducing the costs and risk of an additional surgery [27-29].

Intramedullary Fixation

Given the rate of implant prominence and need for subsequent hardware removal
seen with plate fixation of clavicle fractures, there has been renewed interest in
intramedullary fixation. Recently, two RCTs [30, 31] compared intramedullary ver-
sus plate fixation and found similar DASH scores at 1 year follow-up, comparable
time to union, and similar complication rates. However, intramedullary devices
(cannulated screws, flexible nails, and clavicle specific pins) have been shown to be
biomechanically inferior to plates, especially with increasing comminution [32].
When compared to non-operative treatment, intramedullary fixation yields higher
union rates and DASH scores. Nonetheless, the rate of medial protrusion of the nail
has been reported to be as high as 18% [33, 34]. The use of small diameter smooth
pins is contraindicated due to the potential for pin migration.

Distal Third (AO/OTA 15-C)

Fractures of the lateral third account for 10-15% of clavicle fractures. Neer classi-
fied them in three types. Type I, occurs lateral to the coracoclavicular (CC) liga-
ments. The mainstay of treatment in this group is conservative. Type II fractures are
divided in two subsets. Type IIA with the fracture line medial to intact CC ligaments



118 M.A. Mighell et al.

and, Type IIB with the fracture occurring either between a ruptured conoid and
intact trapezoid, or lateral to both ligaments torn. Type II fractures have an inherent
high rate of nonunion (22—42%) when treated with closed methods [35-39] due to
distraction of the proximal fragment by the muscle attachments. Therefore, a more
aggressive approach is recommended. The use of a superior locked plate with recon-
struction of the CC ligaments in the acute setting results in a high fracture union
with a low rate of complications [40]. Hook plate fixation [41] is a valid alternative,
but often requires reoperation for implant removal due to irritation of the subacro-
mial bursa and superior rotator cuff. Surgical intervention may be deferred in low
demand patients as many of these patients will go on to develop asymptomatic
nonunion [36-39]. Type III corresponds to intra-articular fractures of the AC joint
with stable CC ligaments. As the ligamentous structures remain intact, nonoperative
treatment is preferred.

Type IV and V were subsequently added to the classification. Type IV are phy-
seal fractures that occur in immature patients where the periosteal sleeve is dis-
rupted. Nonoperative treatment in these cases is recommended. Type V are
comminuted fractures where the CC ligaments remain attached to the comminuted
fragments and the medial clavicle is unstable. Operative treatment in this situation
is indicated due to an increased risk of symptomatic non-union.

Medial Third (AO/OTA 15-A)

Medial clavicular fractures are the least common subset, and because of this there is
a scarcity of literature on this subject. Most of these injuries are managed non-
operatively unless there is posterior displacement with actual or potential compro-
mise of the airway and great vessels. The medial clavicular physis is among the last
to close during maturation and medial physeal fractures can occur in patients into
their early to mid-20s. These fractures can be treated in a similar manner to sterno-
clavicular dislocations as posteriorly displaced fractures often require urgent reduc-
tion with thoracic surgeons immediately available due to the potential for injury to
vital intrathoracic structures.

Malunion and Symptomatic Nonunion

Factors associated with nonunion that can predict its development include: female
gender, advanced age, smoking, no cortical contact between fragments, shortening
greater than 2 cm, comminution, and refracture [8, 11, 42—44].

Malunion and/or symptomatic nonunion of a clavicle fracture have adverse
effects on functional result [44]. The goal is to restore clavicular length and anat-
omy. This may require an osteotomy as well as possible tricortical interposition
graft. Lag screws should be used if possible to allow for compression across the
fracture nonunion site (Fig. 7.6a—c).
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Fig. 7.6 (a) Symptomatic clavicle malunion. (b) Measurements on the contralateral side to restore
length. (¢) Osteotomy with interpositional graft and plating fixation

The clavicular length is evaluated preferably on a computed tomography of
both clavicles or at a minimum on anteroposterior and oblique radiographs of
both clavicles. If there is greater than 2 cm of shortening, then an osteotomy
with interposition bone grafting should be considered to restore the appropriate
length.

Plate fixation of clavicle nonunions and malunions provides high union rates
and improvement in shoulder function. Both plates and nails have been used
successfully [45—47]. Plates are the superior method due to higher torsional
rigidity. The improvement is almost comparable to acute fixation of displaced
fractures [48].

Summary

Fracture non-union is higher than historically reported. Despite that, non-operative
treatment yields good results in 75% of patients. Surgery basically eradicates the
occurrence of both nonunions and malunions. Operative treatment should be offered
to active patients who desire an earlier return to work, patients with an absolute
indication for surgery, or those with high risk for nonunion. In the case of surgery,
anterior-inferior plating results in fewer secondary interventions. In the low demand
patient, conservative treatment is ideal since there is no difference in the long-term
outcomes when compared to operative treatment. Nonunion and malunion repair is
successful at achieving healing.
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Chapter 8
Acromioclavicular Joint Injuries

Kyle P. Lavery, Stephen D. Daniels, and Laurence D. Higgins

Introduction

Acromioclavicular (AC) joint injuries are common in the athletic population, par-
ticularly in those who participate in contact sports. A thorough history, physical
examination, and imaging evaluation are critical to establish the correct diagnosis,
guide treatment, and ensure optimal outcomes. The paradigm for managing com-
plete AC separations has dramatically shifted over time and continues to evolve
with new evidence and improved surgical techniques. In this chapter, we review of
the pathoanatomy, workup, and treatment of AC joint injuries.

Epidemiology

Acromioclavicular joint injuries are thought to be the most common traumatic ath-
letic injuries to the shoulder girdle. However, due to variations in activity levels
among populations and the likely under-reporting of low-grade sprains, their true
incidence cannot be accurately calculated. Acromioclavicular injuries frequently
present in contact athletes, particularly in those who play collision sports such as
football, rugby, hockey, and wrestling [1]. In a study of elite rugby players, 45%
reported a personal history of AC injury [2].
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Utilizing the NFL Injury Surveillance System (NFLISS), Lynch et al. presented
the most complete and comprehensive series of AC injuries in professional football
players [3]. Data collected over 12 consecutive seasons documented that AC injuries
accounted for 29.2% of shoulder injuries. While defensive backs (16.1%) and wide
receivers (15.7%) sustained the greatest total number, quarterbacks and special team
players had a higher incidence of injuries and exposure risk based on number of
players and time spent on the field. Dragoo et al. reported similar data utilizing the
NCAA Injury Surveillance System (NCAAISS) [4]. Acromioclavicular injuries
constituted 4.5% of all musculoskeletal and 32% of shoulder injuries over five sea-
sons. Over 96% of these injuries represented sprains (vs. complete dislocations).

Pallis et al. published a comprehensive study of AC injuries in physically active
cadets at the U.S. Military Academy over a 4 year period [1]. Eighty-nine percent
were low-grade sprains, with the highest incidence rates in rugby in both sexes.
Overall, males had over twice the risk of sustaining an AC injury compared to
females with an equal amount of exposures. This increased to over a threefold risk
with higher-level intercollegiate athletic competition.

Mechanism of Injury

Acromioclavicular joint injuries are commonly caused by either a direct, or far less
frequently, an indirect mechanism. Direct mechanisms generally result from a blow
to the lateral shoulder and acromion with the arm in an adducted position. In athletic
competition, contact can occur with another player or the playing surface. In a large
cohort of NCAA football players sustaining AC injuries, 72% of these were sus-
tained during contact with another player [4]. Indirect forces to the shoulder girdle
generally result when a force is applied through the arm during a fall, causing the
proximal humerus to be driven superiorly into the acromion (Fig. 8.1).

Fig. 8.1 Indirect
mechanism of an AC
separation. A force is
applied through the arm
during a fall, causing the
proximal humerus to be
driven superiorly into the
acromion
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Fig. 8.2 AP radiograph of
iatrogenic AC instability
caused by an over-
aggressive distal clavicle
resection

Tatrogenic causes are an increasingly recognized etiology of AC joint instability
[5]. This is generally a sequelae of an overly aggressive resection during a distal
clavicle excision (Fig. 8.2). Over-resection can destabilize the AC capsule and liga-
ments, leading to horizontal instability [6]. If severe, the coracoclavicular (CC) liga-
ments can be violated, resulting in vertical instability. As a result, surgeons are
trending toward resecting less distal clavicle for degenerative conditions than the
originally recommended 10 mm. A cadaveric biomechanical study has supported
this practice, confirming as little as 5 mm of resection prevented articular contact [7].

Pathoanatomy

Although the distal clavicle is generally described as displaced in an AC separation, it
is truly downward displacement of the scapula and upper extremity, as the clavicle
remains stabilized by its rigid attachments to the axial skeleton at the sternoclavicular
joint. As an increasing force is applied, there is systematic failure of the joint’s stabiliz-
ing structures, beginning with the AC capsule and ligaments. This is followed by failure
of the CC ligaments (trapezoid and conoid) and, finally, deltotrapezial fascia. A cora-
coid fracture is a relatively rare, but well reported injury variant [8—17] (Fig. 8.3).

The force vector applied to the acromion determines direction of displacement.
Most commonly, an inferior force is applied to the acromion, resulting in a relative
superior displacement of the distal clavicle. Although less common, posterior
[18, 19], inferior [20-24], and anterior [25, 26] variants have also been described.

Associated Injuries

Long overlooked, associated intraarticular glenohumeral injuries are increasingly
recognized with AC injuries, largely due to the development of arthroscopic-
assisted reconstruction techniques. Tischer et al. reported a series of 77 patients
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Fig. 8.3 3-D
reconstructions
demonstrating a coracoid
fracture associated with an
AC separation

with complete AC separations of various types treated surgically [27]. At the time
of diagnostic arthroscopy, 18.2% were found to have concomitant intraarticular
pathology. Superior labral tears were found in 14.3% of these shoulders, while
3.9% had rotator cuff tears, with the majority of lesions occurring with more
severe separations. Subsequent authors have reported even higher rates. In a series
of 98 reconstructions, Arrigoni et al. found 42.8% to have associated pathology;
29.5% of these patients required additional surgical intervention [28]. Superior
labrum and rotator cuff tears were the most prevalent concomitant injuries and
seen more frequently in older patients. Similarly, Pauly et al. reported a rate of
30.4% in a series of 125 patients with Rockwood type III and V injuries [29].
Although it is impossible to definitively determine acuity, identification and treat-
ment of associated intraarticular pathology may improve results in AC injuries. It
is also difficult to estimate incidence of pathology in low-grade (Rockwood I & II)
AC separations, as these are generally treated conservatively and do not undergo
diagnostic arthroscopy.

While the identification of simultaneous intra-articular injuries may be a new
phenomenon, injuries to the remainder of the shoulder girdle and suspensory mech-
anism have long been recognized. Despite their rarity, associated clavicle fractures
are reported in several studies [30-37]. Sternoclavicular injuries, resulting in a
“floating clavicle” or “bipolar” clavicle injury, are more infrequent [38, 39]. Finally,
the orthopedic trauma surgeon must always be attentive to the possibility of an AC
separation as the presentation of a high energy and limb threatening scapulothoracic
dissociation [40].

While true open injuries to the AC joint are rare, superficial abrasions are com-
mon. Likewise, associated neurovascular injuries to the brachial plexus are not
expected, but have been reported [41, 42].
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Classification

Tossy is credited with developing the first classification system for AC injuries in
1966, describing three grades of increasing severity [43]. Rockwood later expanded
this classification to include six injury types based purely on radiographs; his sys-
tem remains the most widely accepted and utilized today (Fig. 8.4).

According to the Rockwood system, a type I injury represents a simple AC liga-
ment sprain. A type II injury signifies an AC ligament tear. The CC ligaments are
sprained, but intact, and up to a 50% vertical relative displacement of the distal
clavicle may be seen. In a type III injury, there is complete separation and CC liga-
ment disruption with 100% superior displacement of the clavicle. A type IV injury
is defined by posterior displacement into the trapezius muscle. A type V injury is
essentially an extreme variation of a type III injury, with 100-300% displacement
and extensive soft tissue disruption and detachment of the deltotrapezial fascial
attachments. Finally, in the rare type VI variant, the clavicle is dislocated inferiorly
into a subacromial or subcoracoid position.

Although nearly universally utilized, the accuracy and reproducibility of the
Rockwood classification system has recently come under question. The International
Society of Arthroscopy, Knee Surgery, and Orthopaedic Sports Medicine (ISAKOS)
has suggested an expansion of the current Rockwood classification to account for
stable (IITa) and unstable (IIIb) complete injuries [44]. The consistent classification
of AC joint injuries by surgeons has been shown to be variable in the literature.

Rockwood Classification

e

k

Type il

Fig. 8.4 Rockwood classification of acromioclavicular separations
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While Schneider et al. reported excellent reliability, Cho et al. demonstrated a lack of
interobserver and intraobserver agreement in the classification of these injuries using
plain radiographs amongst experienced shoulder surgeons [45, 46]. In several studies,
magnetic resonance imaging did not consistently demonstrate ligament injuries cor-
responding to the predicted soft tissue injury patterns described in the scheme [47, 48].

Physical Examination

Physical findings are related to the severity and acuity of the injury pattern. The
patient should be examined upright, to avoid accentuation of the deformity by grav-
ity. In acute injuries, the physical examination is generally limited due to patient
discomfort. Pain, swelling, ecchymosis, and localized tenderness are reliably pres-
ent at the AC joint. In complete separations, a clinical deformity and prominent
distal clavicle are apparent. The remainder of the shoulder girdle should be exam-
ined, focusing on the ipsilateral clavicle and sternoclavicular joint. Although
uncommonly compromised, a thorough neurovascular examination of the distal
extremity should be conducted for completeness.

In chronic injuries, a comprehensive examination of the shoulder should be per-
formed, including range of motion and rotator cuff strength testing. Range of motion
should be observed from behind to assess for abnormal scapulothoracic motion, or
“scapular dyskinesis”, as an abnormal clavicular strut complex may alter scapular
mechanics [49, 50]. Although tenderness at the AC joint is generally present in
symptomatic cases, the diagnosis can be ambiguous. A cross-chest adduction
maneuver may produce pain, while an injection of local anesthetic can confirm
symptoms localized to the AC joint. Clinical instability and mobility of the distal
clavicle in the horizontal and vertical plane should be assessed.

Imaging

Orthogonal plain radiographs remain the initial imaging modality of choice due to
availability, cost, and information provided. Bilateral dedicated anteroposterior
(AP) views of the AC joint should be obtained to evaluate the symmetry of the
articulation and CC interspace. The Zanca view, an AP variant with 10°-15°
cephalic tilt and 50% penetration, can enhance visualization [51]. Weighted stress
views, once used commonly to distinguish partial from complete injuries, have
become less popular [52].

Although an axillary lateral view is considered critical for horizontal instability,
recent studies have questioned their reliability in diagnosing type IV separations [53,
54]. Standard axillary views may falsely suggest posterior displacement of the distal
clavicle in normal shoulders or miss type VI separations due to a lack of standardization
of imaging techniques. Dynamic lateral radiographs have been proposed to increase the
effectiveness of evaluating horizontal instability [55].
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Advanced imaging has been suggested to better characterize and guide treatment
of AC injuries. Techniques for computed tomography (CT), magnetic resonance imag-
ing (MRI), and dynamic ultrasound (US) have all been described [56-59]. While it
may be helpful in isolated cases, advanced imaging has not proven beneficial or cost-
effective in improving the reliability of diagnosis, classification, or treatment [45].

Nonsurgical Treatment

Indications

Nonsurgical treatment is almost always recommended for management of incom-
plete (Rockwood type I and II) injuries. Although there has been much controversy
regarding the treatment of type III separations, we recommend initial nonsurgical
management in the majority of acute cases due to a lack of definitive high-level
evidence supporting acute reconstruction [60-63].

Techniques

Historically, multiple external methods for attempted clavicle reduction and immobi-
lization were described [64—68]. These straps, harnesses, compressive dressings,
splints, and casts have been abandoned due to patient discomfort and lack of efficacy.

Today, a generally accepted protocol begins with a period of immobilization in a
sling for pain control with adjuntive oral analgesics and ice. This typically lasts for
5-7 days for type I and II injuries, but can be necessary for several weeks with com-
plete separations. As discomfort subsides, early self directed range of motion is
initiated with participation in activities of daily living. Formal physical therapy, par-
ticularly aquatherapy, can be helpful in achieving full motion and can guide strength-
ening and training for sports-specific activities. Return to play is variable depending
on the severity of injury, ranging from 1 to 2 weeks for low grade sprains to 3—4
months for complete separations. Pregame anesthetic injection can be considered
for earlier return to play in elite collegiate and professional contact athletes.

Results

Results after the nonoperative treatment of incomplete (type I and II) injuries are
generally described as excellent. Both recreational and high-level athletes com-
monly return to their desired activities in a timely fashion. In a large cohort of NFL
players, a mean of only 9.8 days of participation were lost due to AC injuries.
Surgical intervention occurred in only 1.7% over a 12 year period [3]. Similarly, a
mean of 11.6 days were lost in NCAA football players [4].
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While outcomes of low-grade AC sprains are anecdotally excellent, a number of
series do acknowledge residual symptoms from these seemingly benign injuries.
Shaw et al. reported significant pain in 40% of patients 6 months post-injury,
although this decreased to 14% at final follow-up [69]. In another series of 37 con-
secutive patients treated nonoperatively for type I and II injuries, 27% required
surgical intervention at a mean of 26 months after injury for residual symptoms of
pain and instability [70]. At 10-year follow-up of AC sprains, Mikek reported a 52%
incidence of at least occasional persistent symptoms [71].

Likewise, excellent results are generally reported with nonoperative treatment of
type III complete injuries with good maintenance of shoulder strength and function
[72, 73]. While there have been several movements over the last half century advo-
cating for acute surgical management of type III separations, definitive data to sup-
portimproved clinical results with operative treatment are lacking. Direct comparison
studies consistently fail to show a benefit to surgical intervention [74-84]. In 2011,
the Cochrane Collaboration published a detailed review examining the surgical vs.
nonsurgical controversy surrounding complete separations [60]. Only three random-
ized trials met their inclusion criteria [74, 83, 77, 85]. Collectively, surgical treat-
ment failed to result in significant gains in comparative shoulder function, and had
higher complication rates and longer return to work times. While authors reported
insufficient high-level evidence to advocate surgical treatment, they acknowledge
small sample sizes and lack of validated outcomes measures in the studies included
in their analysis. More recently, Beitzel et al. conducted a systematic review of stud-
ies comparing operative with nonoperative management. When data from 14 studies
were pooled, a favorable clinical outcome was reported in 88% and 85.5% of surgi-
cally and nonsurgically managed patients, respectively [61] (Table 8.1).

Table 8.1 Summary of outcomes of nonoperatively vs. operatively treated type III AC separations

Favorable outcome/Mean outcome score
Study Operative Nonoperative
Rosenorn and Pedersen [79] 45% 54%
Galpin et al. [177] 75% 71%
Jacobs et al. [80] 86% 88%
Calvo et al. [81] 97% 82%
MacDonald et al. [82] 2.5/4.0 2.2/4.0
Larsen et al. [74] 97 % 98%
Taft et al. [75] 94% 91%
Gstettner et al. [101] 88% 59%
Walsh et al. [178] 2.8/4.0 3.1/4.0
Bakalim and Wilppula [179] 74% 59%
Bannister et al. [83] 85% 100%
Larsen and Hede [180] 100% 96%
Press et al. [84] 17/20 15.4/20
Cardone et al. [85] 66% 50%

Adapted from Beitzel, K., et al., Current concepts in the treatment of acromioclavicular joint dis-
locations. Arthroscopy, 2013. 29(2): p. 387-97 [61]
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Recently, it has been proposed that unreduced, complete AC separations may
impair the normally coupled scapuloclavicular mechanics due to the loss of a stable
shoulder fulcrum, resulting in scapular dyskinesis and pain. Gumina et al. analyzed
scapular motion in 34 patients with chronic type III separations and found abnormal
scapulothoracic motion in over 70%, with associated decreases in Constant scores
[50]. Associated scapular dyskinesis has subsequently been shown to be responsive
to a focused physiotherapy program [86].

Surgical Treatment

Indications

Consensus for acute surgical management of Rockwood type IV, V, and VI separa-
tions exists despite limited high-level evidence supporting these recommendations
[83]. It is generally felt that a large degree of displacement and extensive soft tissue
disruption will lead to long-term pain and disruption if left unreduced. Treatment of
type III separations have long been considered controversial despite a lack of clear
evidence supporting acute surgical management [60—63]. Many surgeons consider
operative intervention for cases that are symptomatic after 4—6 weeks of physio-
therapy, although there are no clearly defined protocols. Many techniques to obtain
and maintain anatomic reduction have been described, with a recent review citing
151 techniques for operative reduction of the AC joint [61]. This number demon-
strates the lack of agreement for the superiority of a single method.

Primary Acromioclavicular Fixation

Primary AC fixation is generally reserved for acute cases (<3 weeks) in which the
injured ligamentous structures are believed to have healing potential. Screws and
pins have largely been replaced with plating techniques.

Historically, primary fixation was achieved with Kirschner wires, Steinman pins,
or screws. Percutaneous and open techniques have been described [87-92]. This prac-
tice has essentially been abandoned in modern practice due to hardware problems,
including breakage and migration to organs and vessels in the chest cavity [93, 94].

The hook plate is an alternative method for AC fixation commonly used in
Europe [95-97]. A lateral projection off the plate is inserted deep to the acromion
with bicortical screw fixation in the clavicle, producing stiff construct to allow for
ligament healing [98]. Staged plate removal is often required due to concerns for
subacromial impingement and restricted motion [99]. Excellent results have been
reported in case series with regard to maintenance of reduction and clinical results
[100-103]. However, selected reports of high complication rates are concerning
[104, 105].
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Primary Coracoclavicular Fixation

Similar to AC fixation, primary CC fixation is generally recommended for acute
cases (<3 weeks) to promote healing of the torn AC and CC ligaments in an ana-
tomic position. Samuel Cooper is credited with performing the first AC stabilization
surgery in 1861 using a wire loop between the coracoid and clavicle, a practice that
continued until the late twentieth century [106]. In 1917, Delbet described the first
procedure in which a suture looped around the coracoid and was fixed through cla-
vicular bone tunnels.

Many variations have subsequently been described using absorbable and non-
absorbable materials. These sutures may be looped around bone, pulled through
tunnels, or fixed with anchors. Over the years, methods involving polydioxanonsul-
fate (PDS), nylon, mersilene, and modern high strength synthetic braided suture
have been described [107-113]. Failure of the suture or cutout through bone are
well documented complications [114]. Over the last 5 years, novel methods involv-
ing the use of suture pulley systems combined with cortical button fixation have
been commercially available and gained popularity [115-117]. While these devices
theoretically allow for smaller tunnels to be drilled through the coracoid and clavi-
cle with a lesser risk of iatrogenic fracture, intraoperative and postoperative implant
failures have been reported [115].

A movement for CC fixation with synthetic ligament grafts occurred but never
gained widespread use. Literature focused on the use of polyethylene grafts sur-
faced in the early 1990s and has reemerged of late [118—124]. Lack of efficacy over
other surgical options and the potential for aseptic foreign body reaction have led
some surgeons to question their use [125-127].

Primary screw fixation between the clavicle and coracoid was popularized by
Bosworth [128]. Coracoclavicular lag screws can be used in isolation or combined
with ligament reconstruction and have been made technically easier with the routine
use of intraoperative fluoroscopy [129, 130]. While biomechanical studies have
shown this to be the most rigid construct when compared to native CC ligament
complex, surgeons have expressed concern over hardware complications, iatrogenic
fractures, and staged hardware removal [131, 132] (Fig. 8.5).

Biologic Coracoclavicular Ligament Reconstruction

Biologic CC ligament reconstructions are generally recommended in chronic (>3
weeks) cases in which the native AC and CC ligaments are unlikely to heal effec-
tively, but are utilized by some surgeons for all reconstructions. Free tendon grafts
have largely replaced the once common native coracoacromial ligament transfers in
order to anatomically reconstruct the conoid and trapezoid.

Weaver and Dunn are credited with describing the use of coracoacromial (CA)
ligament to reconstruct the CC ligaments, a technique later modified to include a
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Fig. 8.5 (a) CC fixation complicated by a distal clavicle fracture. (b) Postoperative loss of CC
fixation

distal clavicle resection to prevent late symptomatic degenerative changes [133].
The ligament is detached from its acromial insertion through a tenotomy or small
osteotomy and transferred to the clavicle [134—136]. The Weaver—Dunn procedure
is considered a non-anatomic reconstruction with poor biomechanical properties
compared to the native CC ligament complex, particularly with regard to horizontal
stability [137, 138]. As a result, supplementary CC fixation is often advocated
[139-141]. Nonetheless, excellent clinical and radiographic results have been
achieved by multiple authors [142, 136].

A more sophisticated understanding of the complex anatomy and biomechanics
of the AC joint have led to a push for more anatomic techniques. As a result, free
tendon graft reconstructions have gain popularity over the last decade. Jones et al.
originally described using a looped semitendinosus graft around the coracoid and
clavicle [143]. Various autografts (gracilis, palmaris) and allografts (tibialis ante-
rior, peroneus brevis) have also been utilized [144, 145].

Several modifications to the technique have been described, and techniques con-
tinue to evolve. Bone tunnels or sockets in the clavicle and coracoid have been
employed to more anatomically reconstruct the trapezoid and conoid individually
[146, 147]. Grafts are generally fixed on the clavicular side with interference screws
and a suture button device may be added for supplementary fixation while the graft
incorporates [148, 117]. Recently, a novel technique in which the excess lateral
trapezoid graft limb has been used to reconstruct the AC ligaments and capsule, as
this may provide additional horizontal stability [149, 150] (Fig. 8.6).
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Fig. 8.6 Intraoperative
graft passage for a CC
reconstruction. The lateral
graft limb may be utilized
for supplementary AC
fixation

Fig. 8.7 Postoperative loss of reduction after CC reconstruction with superior migration of the
distal clavicle relative to the acromion (A and B)

Free tendon graft CC reconstruction has been biomechanically shown to best
reproduce the horizontal and vertical stability provided by the native CC ligaments
[146, 151]. In a prospective direct clinical comparison, Tauber showed more favor-
able American Shoulder and Elbow Surgeons (ASES) and Constant scores with a
semitendinosus reconstruction over a CA ligament transfer [152]. Concern exists
for long-term osteolysis and tunnel widening with subsequent coracoid and clavicle
fractures [153, 154].

Graft placement at the anatomic footprint of the CC ligaments appears to be criti-
cal to maximize fixation, maintain reduction, and achieve optimal biomechanical
and clinical results [155, 156]. Cook et al. performed a retrospective review of 28
consecutive reconstruction in an active military population [155]. A mean radio-
graphic failure rate of 28.6% was reported at a mean 7.4 weeks postoperatively, with
a medialized graft position predictive of early failure. Authors recommended preop-
erative templating to ensure optimal clavicular tunnel positions (Fig. 8.7).
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Arthroscopy-Assisted Techniques

Arthroscopic-assisted techniques for AC stabilization have developed with the
widespread use and evolution of shoulder arthroscopy. In addition to the potential
benefits of a less invasive approach, arthroscopic techniques also allow the surgeon
to assess and treat associated glenohumeral pathology. Originally described by Wolf
and Pennington, many subsequent variations using both tendon grafts and suture
systems have been described [157-167]. While many authors report excellent
results with these techniques, no high-level studies comparing arthroscopic and
open techniques exist [ 168]. In isolated series, unacceptably high complication rates
have been reported ranging from 22 to 44%, presumably due to the difficulty associ-
ated with these techniques [169, 170].

Role of Distal Clavicle Resection

Distal clavicle resection has long been routinely combined with CA ligament trans-
fer and CC reconstruction in an attempt to prevent late symptomatic arthritis.
Recently, there has been concern that concomitant resection of the distal clavicle
may further exacerbate horizontal instability. A cadaveric biomechanical study by
Beaver et al. has questioned the validity of this concern in association with AC sta-
bilization techniques [171]. Similarly, a recent large, multicenter level II study by
Barth et al. showed no difference in clinical results with or without distal clavicle
resection combined with CC ligament reconstruction for chronic separations [172].

Surgical Timing

Surgeons have debated the potential benefits of acute surgical intervention in com-
plete separations. Beitzel et al. conducted a systematic review examining the surgi-
cal timing of reconstruction [61]. While the definition of delayed reconstruction was
not uniform, it was generally considered to be greater than 3—4 weeks after injury.
In the four retrospective studies included, favorable outcomes were achieved in 91%
of the early treatment group compared with 72% in the delayed cohort, suggesting
a possible benefit to expedited intervention when appropriate. However, no prospec-
tive study has similarly directly demonstrated this advantage [173-176].

Rehab

The rehabilitation after AC joint reconstruction remains highly variable among sur-
geons. Cote et al. provided an excellent review detailing all aspects of the rehabilita-
tion of surgically and nonsurgically treated injuries. The extremity is placed in a
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platform brace for 6-8 weeks to allow for graft incorporation, although many
surgeons advocate a simple sling with early passive motion. After discontinuation of
the brace, formal therapy focusing on active assisted range of motion and stretching
is initiated. Strengthening begins at approximately 12 weeks.

Summary

Acromioclavicular injuries are likely the most common injury to the shoulder girdle in
contact athletes. A seemly inconsequential joint, the AC articulation has complex bio-
mechanics that we are continuing to investigate and understand. Disruption of its nor-
mal anatomy and stability can lead to abnormal shoulder function and chronic pain.
Making definitive statements to guide treatment is difficult given the paucity of high
quality research. Since no single method is clearly superior in replicating the anatomy
and biomechanics of the native AC joint, surgical techniques continue to evolve.
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Chapter 9
Sternoclavicular Joint Injuries

Gordon I. Groh

Introduction

Sternoclavicular joint injuries are rare events. In a series by Cave [1], they com-
prised only 3% of all shoulder girdle injuries. Some orthopedic surgeons will have
never seen or treated a sternoclavicular dislocation during their entire career.

The rarity of sternoclavicular injuries should not be confused with these injuries
being innocuous. The close proximity of the hilar structures including the great vessels
(innominate artery/vein, internal jugular vein, aortic arch, superior vena cava, and pul-
monary artery), trachea, esophagus, and lung lead to the possible injury of any of these
structures associated with traumatic injury. A systematic evaluation and treatment
algorithm is essential to successful management of sternoclavicular joint injuries.

Anatomy

Although the clavicle is the first long bone to ossify by the fifth intrauterine week,
the epiphysis of the medial end of the clavicle is the last of the long bones to appear.
This is also the last epiphysis to close. The medial clavicular epiphysis does not
ossify until between ages 18 and 20. Further, the epiphysis does not fuse with the
shaft of the clavicle until ages 23 to 25 [2].

The sternoclavicular joint is freely mobile. It functions in almost all planes
including rotation. The joint itself is small and diarthrodial, consisting of the only
true articulation between the upper extremity and the axial skeleton. The combina-
tion of forces directed at this joint in all planes would seem to make the
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Fig. 9.1 The intra-articular disk ligament (Held by forceps), costoclavicular ligament (Figure B
arrowhead), capsular ligament (Figure B arrow), and interclavicular ligament lend integrity to the
sternoclavicular joint

sternoclavicular joint an inherently unstable mechanism. However, the ligamentous
supporting structure yields a strength which accounts for its extremely low rate of
dislocation.

The surrounding ligaments (intra-articular disk ligament, costoclavicular liga-
ment, capsular ligament, and interclavicular ligament) lend integrity to this small
incongruous joint (Fig. 9.1). The strongest ligament is the costoclavicular ligament
also called the rhomboid ligament. This short and strong ligament is made up of two
separate bands, which give the ligament a twisted appearance. Due to its separate
fibers, the ligament is critical in resisting both anterior and posterior rotation forces
of the medial clavicle [3]. The anterior and posterior capsular ligaments are impor-
tant in providing anterior—posterior stability and rotational stability.

Mechanism of Injury

Due to the strong ligamentous supporting structure of the sternoclavicular joint, it
requires tremendous force to dislocate the joint. These forces may be applied via
direct or indirect application to the shoulder. Direct forces to the sternoclavicular
joint typically result in posterior forces to the joint. Indirect forces (Fig. 9.2) are the
most common mechanism of injury and may result in either anterior or posterior
direction of forces across the sternoclavicular joint [4, 5]. Motor vehicular accidents
and athletics account for over 80% of the cases of injury to this joint [6—8].

Classification of Injury

Sternoclavicular joint subluxation/dislocation injuries are uncommon. They can be
organized by degree (subluxation, dislocation), timing (acute, chronic, recurrent),
direction (anterior, posterior), and cause (traumatic, atraumatic).
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Fig. 9.2 (a) Forces resulting in an anterior dislocation of the sternoclavicular joint. (b) Forces
resulting in a posterior dislocation of the sternoclavicular joint

Atraumatic Subluxation and Dislocation

Atraumatic SCJ dislocation/subluxation is an uncommon injury which occurs most
often in adolescent female overhead athletes with multijoint laxity. On the basis of
its bony anatomy, the SCJ is inherently unstable. However, the strong costoclavicu-
lar and intraclavicular ligaments, as well as capsular support, render the SCJ
extremely stable. Atraumatic SCJ subluxation/dislocation must be distinguished
from traumatic injury, as the treatment strategies and outcomes are significantly dif-
ferent [9].

Physical examination typically reveals that the patient to be neurovascularly
intact, with symmetric shoulder girdle appearance without any visible abnormali-
ties, and full shoulder range of motion bilaterally. Active and passive abduction with
forward flexion may provoke SCJ subluxation which was accompanied by an audi-
ble click. The shoulder examination also typically reveals glenohumeral joint mul-
tidirectional instability, with hyperlaxity also present at wrist, elbow, finger, knee,
and ankle joints.

Radiographic evaluation of these cases includes standard three view radiographic
examinations of the shoulder (ap, axillary lateral and scapular y views). In an office
setting, the addition of a serendipity view as described by Rockwood [10] (Fig. 9.3)
may be beneficial. Further radiographic studies should typically include a comput-
erized tomogram (Fig. 9.4a, b). If there is a question of physeal injury, an MRI
examination can separate the difference between physeal injury and subluxation/
dislocation.

The differential diagnosis includes atraumatic subluxing SCJ, secondary to con-
genital multijoint hypermobility. Other diagnostic considerations to exclude would
be ligamentous and bony abnormalities, including the growth plate, and degenera-
tive or neoplastic lesions.
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Fig. 9.4 (a) Computerized tomogram demonstrating a posterior dislocation. (b) 3 Dimensional
image of a posterior sternoclavicular dislocation

Treatment

Most patients seek medical treatment because of initial pain and concern regarding
the potential harm of the condition. In a review of 37 patients with spontaneous
anterior subluxation of the sternoclavicular joint [11], subluxations were reproduc-
ible and painless in 29 patients. Eighty percent of the patients demonstrated evidence
of generalized ligamentous laxity. Twenty-nine patients were treated nonsurgically
with strengthening exercises and advancement to unrestricted activity as tolerated.
Although many patients subsequently reported intermittent episodes, few reported
discomfort, and most were able to participate successfully in athletics.

The most common reason for surgery was the failure of a previous attempt at
reconstruction. Surgery is rarely indicated. Nonsurgical management, including
patient education of the benign nature of the condition, is recommended [11]. For
patients with continued symptoms in spite of physical therapy, sternoclavicular joint
reconstruction with a figure-of-eight graft may be indicated. Short- and intermediate-
term clinical results of this reconstruction [12] have shown promise. However, lon-
ger term studies are currently lacking regarding the durability of results. The surgical
technique is described in the following section outlining anterior SC dislocation.
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Strains and Subluxations

In a mild sprain, the ligaments of the sternoclavicular joint remain intact. The patient
reports pain and tenderness with palpation over the joint. Swelling may be present,
but no instability is noted. Swelling and pain become more pronounced as the liga-
ments are stretched, which results in subluxation of the joint. Pain is marked with
motion of the ipsilateral extremity. Laxity of the joint may be apparent compared
with the contralateral joint.

Dislocation

Severe pain and deformity accompany dislocations of the sternoclavicular joint.
Surprisingly, clinical examination to determine the direction of the dislocation may
be inconclusive because of swelling. In addition to swelling, compression of the
vital structures posterior to the joint may occur with dislocation injuries. The ortho-
pedic surgeon should keep this potential life-threatening complication in mind
while performing the clinical evaluation.

Anterior sternoclavicular injuries may exhibit prominence of the medial clavicle.
This prominence is more easily appreciated while the patient is in the supine posi-
tion. Posterior dislocation is less common than anterior dislocation. Patients with
posterior dislocation demonstrate a higher level of pain, and the corner of the ster-
num may be discerned as the medial clavicle is displaced posteriorly [7]. However,
swelling may preclude an accurate clinical assessment of injury.

Patients with posterior displacement may report shortness of breath or difficulty
breathing Because of compression of the trachea or pneumothorax. Similarly, com-
pression of the esophagus may result in dysphagia. Compression of the posterior
vascular structures can result in decreased circulation to the ipsilateral extremity or
venous congestion in the extremity or neck. Tingling or numbness may be the pre-
dominant complaint with compression of the brachial plexus. Posterior sternocla-
vicular dislocation or associated injuries may render the patient medically unstable.

Radiographic Evaluation

Routine radiographic studies of the sternoclavicular joint are difficult to interpret.
Rockwood [10] developed an oblique view of the sternoclavicular joint dubbed the
serendipity view. This radiograph is obtained by pointing the radiographic beam at
a 40° angle tilted cephalic with the beam centered on the sternoclavicular joint.
The resulting radiograph allows for comparison of the relationship of the injured
clavicle to the normal clavicle. The technique is best suited for isolated sternocla-
vicular injuries.

Plain radiographic examination and oblique views have largely been supplanted
with the availability of computerized tomograms. CT scanning is far superior tech-
nique over conventional radiographs to study any problems of the sternoclavicular
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joint (Fig. 9.3). These scans easily distinguish sprains, dislocations, and medial
clavicle fractures. In order to assist the radiologist, information pertaining to the
history and mechanism of injury is provided. An accurate diagnosis is further facili-
tated by ensuring that the scan includes both medial clavicles so that the injured
sternoclavicular joint can be compared to the opposite side. The examination should
also include a CT of the chest to identify any associated injuries.

In children and young adults, MRI is especially helpful in distinguishing a dislo-
cation of the sternoclavicular joint from a physeal injury. The ability of MRI to
image soft tissue also allows assessment of the integrity of the costoclavicular liga-
ment and attachments of the intra-articular disk. Imaging and location of the tra-
chea, esophagus and great vessels are also available with MRI. CT examination is
the imaging medium of choice in the acute situation due to its speed, availability,
and ability to image bone injury.

Treatment
Anterior Strain/Subluxation

The utilization of ice and analgesics in the initial treatment of these injuries is
advocated. Subluxations may be reduced by directing the shoulders posterior and
medial. Support of the injury by utilization of a clavicle strap or sling and swath is
typically useful. The patient is protected from injury using immobilization for
6 weeks after injury.

Anterior Dislocation

Closed reduction of anterior dislocation is the current treatment of choice although
there is still some controversy regarding management [13, 14]. Closed reduction
may be accomplished with sedation, local or general anesthesia. The patient is
placed supine on a table with a 3 in. pad between the shoulders. Pressure is placed
posteriorly on the medial clavicle. If the joint remains reduced, the patient is immo-
bilized (figure-eight or velpeau type sling) for 6 weeks is utilized to allow healing.

Unfortunately, most anterior sternoclavicular dislocations are unstable after
closed reduction, but if successful results in improved cosmesis. Anterior disloca-
tions frequently will remain chronically unstable but generally do not deteriorate to
debilitative symptoms [11, 15]. Good results have been shown with nonoperative
treatment of asymptomatic anterior instability by physical therapy and activity
modification. In rare instances, patients may develop painful crepitus with arm
motion and pain that radiates into the neck, altering their ability to work and to par-
ticipate in athletics [16, 17].

Although numerous methods of open reduction have been described [18-20],
most injuries are asymptomatic. Surgical treatment remains controversial as indica-
tions and techniques continue to evolve. In 2004, Spencer and Kuhn [21] reported a
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biomechanical study investigating the strength of a reconstructed sternoclavicular
joint utilizing a figure-of-eight semi-tendinosis graft which demonstrated superior
biomechanical properties. Multiple clinical studies have demonstrated good results
utilizing the technique [22] with minor technical changes incorporated since the ini-
tial report including utilization of suture anchors and allograft tissue. Sabatini et al.
[12] reported the most recent results of this technique in ten patients with significant
improvements in pain scores and ASES scores with a minimum of complications.

Surgical Technique

The exposure for this technique reported by Sabatini et al. [12] is similar to what has
been previously described [23-25] (Fig. 9.5). Briefly, the patient was placed in a
supine position and prepared and draped (left shoulder and anterior chest), with the
assistance of a cardiothoracic surgeon; a slightly angled transverse incision was
made from the medial aspect of the clavicle to the manubrium. This area was then
dissected, and the platysma was incised and raised, followed by elevation of perios-
teum off of the clavicle. The SCJ was visualized and the capsule reflected superiorly
and inferiorly, providing room for the reconstruction.

Fig. 9.5 (a) Drilling holes A
in clavicle and sternum for
the reconstruction. (b)
Passing tendon
reconstruction through
holes. (¢) Reconstruction is
secured in a figure eight
technique
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Typically, it is necessary to elevate the soft tissues surrounding the manubrium
with removal of the intra-articular disk. Once the approach had been completed and
adequate deep visualization of the manubrium and the clavicle was obtained, the
allograft was prepared. Typically, a 4.5-mm 25-cm semitendinosus allograft was
used with No. 2 polyethylene suture on each end. Four drill holes were placed by a
4.5-mm drill with a cannulated system, 2 in the manubrium and 2 in the distal
clavicle.

After this, the graft was shuttled in the sequential fashion from the inferior manu-
brial drill hole to the inferior clavicle back to the superior manubrial drill hole back
to the superior clavicle drill hole.27 With the graft tensioned, two 4.75-mm-diameter
15-mm-length PEEK tenodesis screws (Arthrex, Naples FL, USA) were then placed
within the first (inferior manubrium) and fourth (superior clavicle) drill holes to
secure the graft. After the placement of the tenodesis screws, two figure-of-eight
stitches were placed with No. 2 polyethylene suture to secure the two sides of the
graft to one another for additional support without the prominence of a knot of tied
tendon. The suture knots were subsequently buried. The sternocleidomastoid, which
was initially taken down, was then reapproximated with No. 1 Vicryl. The subcu-
ticular layer was closed with 2-0 Vicryl (Ethicon, Somerville, NJ, USA), and then
the skin with staples.

Postoperatively the patient is immobilized in a sling and allowed elbow and hand
range of motion immediately postoperatively. Pendulum exercises are instituted
within the first 2 weeks after surgery and passive range of motion exercises for the
shoulder are continued through the sixth week after surgery. At this point, a gentle
strengthening program is instituted and the sling may be discontinued. Activity
restriction is typically enforced until 16 weeks after surgery and a return to sport
may occur at 6 months postoperatively.

Posterior Dislocation

A careful history and physical examination of these injuries and a low threshold for
the utilization of CT imaging is recommended. If evaluation reveals dyspnea, chok-
ing, or hoarseness, this indicates pressure on the mediastinum. Mediastinal involve-
ment requires prompt consultation with a thoracic or cardiothoracic surgeon in the
management of these individuals.

Closed Reduction

Open techniques are typically not required to reduce acute posterior sternoclavicu-
lar injuries. Further, once the reduction is achieved via closed reduction it is typi-
cally stable [26]. The authors have a thoracic surgeon available during closed
reductions.
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Technique

Under sedation or general anesthesia, the patient is placed supine on the operating
room table. Folded towels or sandbags, 3—4 in. thick, are placed between the scapu-
lae to extend the shoulders. The involved extremity is positioned near the edge of
the table, allowing the arm to be extended and abducted (Fig. 9.6). Initially, gentle
traction is applied to the abducted extremity in line with the clavicle while counter
traction is applied by an assistant who steadies the patient. The traction on the arm
is slowly increased while the arm is brought into extension. If this reduction tech-
nique fails [27], traction may be applied to the arm in adduction while a posterior
pressure is applied to the shoulder in order to lever the clavicle over the first rib.

If the traction techniques are not successful, an assistant grasps and pushes
down on the medial clavicle in an effort to dislodge it from the sternum. In cases
of swelling, it may be impossible to grasp the medial clavicle. The skin is then
surgically prepped, and a sterile towel clip is used to grasp the clavicle percutane-
ously (Fig. 9.7a, b). The clip will not penetrate the dense cortical bone of the
clavicle, but instead is used to grasp completely around the clavicle. Traction
through the effected limb combined with lifting anteriorly on the clavicle will usu-
ally reduce the dislocation. The reduction may be accompanied by an audible snap
and can be noted visually or by palpation. The reduction should be confirmed with
intraoperative radiographs and the authors recommend a figure-of-eight clavicle
strap or sling to be used for 4 weeks to allow soft tissue healing based on our clini-
cal experience.

Fig. 9.6 Closed reduction manuevers for treatment of a posterior sternoclavicular dislocation
include positioning the extremity near the edge of the table, allowing the arm to be extended and
abducted
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Fig. 9.7 A sterile towel clip is used to grasp the clavicle percutaneously spanning the width of the
clavicle

Technique of Open Reduction

If closed reduction in adults over age 23 fails, open reduction is indicated. This
treatment is necessitated since unreduced posterior dislocations are associated with
numerous complications including thoracic outlet syndrome, vascular compromise,
and erosion of the medical clavicle into vital posterior structures. These complica-
tions may arise acutely or from chronic posterior dislocations and are potentially
life threatening.

Open reduction of the sternoclavicular joint should always be performed with a
thoracic surgeon assisting or immediately available. The procedure is performed
under general anesthesia with the patient supine and a bolster placed between the
scapulae. The involved extremity is draped free to allow the intraoperative use of
traction. A folded sheet should also be placed around the thorax which can be used
to provide counter traction. An anterior incision which parallels the superior border
of the medial clavicle over 5-7 cm and extends down the over the sternum is uti-
lized. Preservation of as much anterior capsular structure as possible is the goal
during exposure. After exposure has been obtained, a combination of traction/
counter traction and lifting anteriorly on the medial clavicle with a clamp will
result in reduction.

If enough anterior capsule has been preserved and undamaged from the initial
injury, the reduction will be stable. Instability of the medial clavicle can be
addressed by any number of surgical techniques [18-20]. Spencer and Kuhn [21]
biomechanically described a figure-eight reconstruction utilizing a semitendinosus
graft (Fig. 9.5). This reconstruction provided an initial stiffness close to that of the
intact sternoclavicular joint.

Rockwood et al. addressed instability in this situation by resecting the medial
clavicle and securing the residual clavicle anatomically to the periosteum of the first
rib with 1 mm Dacron tape [28]. The medial clavicle is exposed subperiosteally
(Fig. 9.8a—c). Any remnants of the intra-articular or capsular ligaments are identi-
fied and preserved. These structures are tagged with a 1 mm Dacron suture with the
suture exiting the avulsed free end of the ligament. The medial clavicle is then
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Fig. 9.8 (a—c) Subperiosteal exposure of the medial clavicle

resected protecting the posterior vascular structures with a curved Crego or ribbon
retractor. The resection includes 1 centimeter of clavicle inferiorly and curves later-
ally to include two centimeters. Care should also be taken not to damage any
remaining costoclavicular (rthomboid) ligament.

The medullary canal of the clavicle is now drilled and curetted to receive the
transferred disk and capsular ligaments. Two superior holes are drilled in the clavi-
cle 1 cm lateral to the resection. The free sutures are then shuttled through the med-
ullary canal and out the drill holes to accept the sutures from the ligament transfer.
With the clavicle held in a reduced position, the sutures are tied securing the trans-
ferred ligament into the clavicle.

The procedure is completed by passing multiple 1 mm sutures around the
reflected periosteal tube, clavicle and any residual costoclavicular ligament. These
sutures restore the normal space between the clavicle and first rib. If the repair is
tenuous, it may be augmented by the reconstruction method of Spencer and Kuhn
[21]. Typically, the clavicular head of the sternocleidomastoid is detached as it is a
superior deforming force on the medial clavicle.

Postoperatively, a figure-eight clavicle splint is utilized for 4 weeks in all open
reductions or resections and followed by a sling for an additional 6-8 weeks.
Patients should not elevate the arm over 60 degrees during this time frame and
should use the extremity only for hygiene. After 12 weeks, patients are allowed to
gradually increase the use of the arm for daily living activities. However, we do not
recommend patients return to heavy labor activities if they have undergone medial
clavicle resection. We have reported our results using this reconstruction technique.
Excellent or good results were obtained in all patients [28].

Physeal Injuries of the Medial Clavicle

Closed reduction maneuvers described above are performed for anterior or posterior
injury (Fig. 9.9). Open reduction of the physeal injury is seldom indicated, except
for an irreducible posterior displacement with symptoms of compression of medias-
tinal structures. After reduction, a figure-eight splint is utilized for 4 weeks.
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Fig. 9.9 CT examination
demonstrating callous
formation 6 weeks after
trauma in this physeal
injury of the
sternoclavicular joint
closed reduction
maneuvers performed for
anterior or posterior injury

Complications of Operative Procedures

Complications of surgical management [29-34] include postoperative infection,
loss of reduction, and posttraumatic arthritis. The most serious complications have
arisen from the utilization of pins that cross the sternoclavicular joint. The tremen-
dous torque applied to these pins cause migration and fatigue failure of the hard-
ware. The literature [30, 35—48] is replete with reports of migration (Fig. 9.10a—c)
of intact or broken pins and wires into the heart, pulmonary artery, subclavian artery,
innominate artery, spine, or aorta. No transfixing device, regardless of diameter,
should be utilized across the sternoclavicular joint.

Illustrative Case

A 45-year-old right-hand-dominant woman was admitted to the general surgery ser-
vice after a motorcycle accident. She complained of right arm pain and swelling.
Her initial evaluation included radiographs of her right shoulder (Fig. 9.11) which
were read by the radiologist as normal. She underwent an ultrasound of her right
upper extremity which was also normal.

The orthopedic surgery service was asked to see her in consultation the next day.
She continued to complain of right sided chest pain, swelling of her right arm and
hoarseness. Her physical examination did not reveal any neurological defects. Her
right arm was diffusely swollen (Fig. 9.12a, b), and she did have hoarseness with
speech. The patient exhibited pain over the right sternoclavicular joint; however,
due to swelling no further information could be gleaned by an examination. The
patient was sent for an urgent CT of the chest.

The chest CT (Fig. 9.13) revealed a right posterior sternoclavicular dislocation. Due
to the direction of the dislocation, compression of venous vessels and laryngeal nerve,
she was scheduled urgently into the operating room. Under a general anesthetic with a
thoracic surgeon available, a closed reduction was attempted (Fig. 9.6 and 9.7) which
was unsuccessful. The patient’s right chest was then sterilely prepped and a towel
clamp was placed around the clavicle percutaneously which was also unsuccessful.



Fig.9.10 Migration of intact or broken pins and wires into the heart, pulmonary artery, subclavian
artery, innominate artery, or aorta have been reported

Fig. 9.11 Right shoulder
radiographs of a 45-year-
old right-hand-dominant
woman admitted to the
general surgery service
after a motorcycle accident

Shoulder R
Series #




A

Fig. 9.12 Diffusely swollen right arm. Patient exhibited pain over the right sternoclavicular joint

Fig. 9.13 Chest CT
revealing a right posterior
sternoclavicular dislocation
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The patient’s entire chest was now prepped and draped. An open reduction of the
right sternoclavicular joint was performed with assistance from the thoracic surgeon
(Fig. 9.14). The reduction was stable and supplemented by the thoracic surgeon
with wire suture. Intraoperative fluoroscopy demonstrated reduction, and the wound
was closed in layers. The patient was placed in a sling and taken to the recovery
room. Postoperative imaging confirmed anatomic reduction (Fig. 9.15a, b).

Examination of the patient on postoperative day 1 revealed resolution of her
hoarseness and marked improvement of her right arm swelling (Fig. 9.16). She was
discharged in her sling and kept her postop visit in 2 weeks at which time her sutures
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Fig. 9.14 Open reduction
of the right sternoclavicular
joint with assistance from
the thoracic surgeon.
Reduction was stable

and supplemented by the
thoracic surgeon with wire
suture

were removed, and she began a passive range of motion program for her shoulder.
At 6 weeks postoperatively she began a strengthening program. At her 12-week
visit, she demonstrated full motion without pain and had returned to her previous
employment (Fig. 9.17).

Summary

Sternoclavicular injuries are rare events, but can be associated with grave short- and long-
term complications. Anterior injuries are typically unstable even after reduction, but well
tolerated. Most patients after anterior dislocation are asymptomatic, and the majority
improve with physical therapy. Operative indications and techniques continue to evolve,
but typically involve a figure-of-eight tendon reconstruction of the sternoclavicular joint.
Few patients after anterior dislocation may develop late degenerative changes and can be
treated with medial clavicle excision and ligament reconstruction.

Posterior sternoclavicular dislocations can be immediately associated with pneu-
mothorax, laceration, or occlusion of the great vessels, rupture of the esophagus,
brachial plexus compression, and recurrent laryngeal nerve injury. Late complications
of retrosternal dislocation can include tracheoesophageal fistula, stridor, and dys-
phagia. Proper physical examination to detect these complications is of importance
in evaluating every patient with a sternoclavicular joint injury.

Plain radiographs have been largely supplanted by CT examination for viewing
bony detail. The medial clavicular physis does not close until age 23 and MRI
examination may be extremely helpful in differentiating a physeal injury from a
sternoclavicular dislocation, in the nonacute setting. Physeal injuries can typically
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Fig. 9.16 Examination on postoperative day 1 revealed resolution of hoarseness and marked
improvement of right arm swelling

be managed with closed reduction alone and rarely require open reduction except
for irreducible posterior dislocations in the face of mediastinal compression.

In contrast to anterior dislocations, acute posterior dislocations are typically
amenable to closed reduction and are stable after reduction. Because of the
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Fig. 9.17 Twelve weeks after procedure, patient demonstrated full motion without pain

possibility of late life-threatening complications, all unreduced posterior disloca-
tions should be operatively reduced with a thoracic surgeon present. Resection of
the medial clavicle and reconstruction of the costoclavicular ligaments have yielded
good results. No transfixing pins should ever be utilized at the sternoclavicular joint.
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Chapter 10
Distal Clavicle and Medial Clavicle Fractures

Michael D. McKee and Justin L. Hodgins

Abbreviations

AC Acromioclavicular
AP Anteroposterior
CC Coracoclavicular

CT Computed tomography

MRI  Magnetic resonance imaging
ROM  Range-of-motion

SC Sternoclavicular

Medial Clavicle Fractures

Fractures of the medial or proximal third of the clavicle are rare and comprise 2—4%
of all clavicle fractures [1-6]. Medial fractures are less likely to be displaced
compared to those of the diaphysis, seldom involve the sternoclavicular (SC) joint,
and most often are treated nonoperatively [1, 5, 7]. Operative treatment is reserved
for select clinical scenarios given the proximity of critical anatomic structures and
the potential for catastrophic intraoperative complications. This includes open frac-
tures, fractures with neurovascular compromise threatening mediastinal contents
and highly unstable bipolar clavicle fractures [8§—10].
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Applied Anatomy

The clavicle is the first bone to ossify during the 10th week of gestation and it also
contains the last ossification center to fuse in the human body; the medial ossifica-
tion center adjacent to the SC joint [11]. The delayed fusion of the medial physis
occurs well after 20 years of age and explains the pathophysiology behind adoles-
cent physeal separation injuries [11, 12].

The medial third of the clavicle has a relatively flat superior boarder and articu-
lates with the sternum through strong capsuloligamentous attachments at the SC
joint and first rib. This extensive ligamentous support is partly responsible for the
undisplaced nature of most medial clavicle fractures. Medial attachments include
the sternocleidomastoid, the pectoralis major, and sternohyoid muscles. In displaced
midshaft fractures, the sternocleidomastoid muscles produce the major superome-
dial deforming force on the medial fragment [13]. The medial clavicle is an impor-
tant structural support protecting neurovascular and airways structures. The brachial
plexus and the subclavian vessels transverse towards the axillae under the middle
third of the clavicle and the carotid and jugular vessels are protected by the adjacent
SC joint [14].

Clinical Evaluation

Most patients have a history of a direct fall onto the shoulder girdle [1, 3-6]. The
strong ligamentous attachments combined with less exposure to direct trauma make
injuries to the medial clavicle far less common than those of the middle or lateral
third. However, a high clinical suspicion is required in the context of the high-
energy or multisystem trauma patient. For instance, a large retrospective review
reported 84% of patients with medial clavicle injuries were involved in motor vehi-
cle collisions, and 90% had multisystem trauma [15]. Due to the close anatomic
relationship between the medial clavicle and neurovascular structures, numerous
cases of concomitant scapular, intrathoracic, subclavian vessel, and brachial plexus
injuries have been reported in high-energy clavicle fractures [14, 16—19].

Physical examination findings include swelling, ecchymosis, and tenderness
over the medial clavicle and SC joint. Asymmetric posturing of the ipsilateral shoul-
der or droop may be present. Anteriorly displaced fragments may be associated with
deformity in the form of a palpable bony prominence. When posterior displacement
is suspected, patients should be examined for evidence of dyspnea, dysphagia,
tachypnea, and stridor. Injury to the subclavian vessels may manifest as an expand-
ing hematoma at the fracture site [18]. Assessment should include inspection for
a local bruit, diminished or absent distal pulses and asymmetric blood pressure.
A thorough neurological examination of the shoulder and the upper extremity
should be performed and documented.
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Radiographic Evaluation

In addition to dedicated shoulder films, routine radiographs include full-length
anteroposterior (AP) views of the clavicle containing both the SC and acromiocla-
vicular (AC) joints. To best visualize fractures and/or dislocations involving the
medial third of the clavicle, the serendipity view has a 40° cephalic tilt directed at
the SC joints allowing comparison of both SC joints (Fig. 10.1). The distal fragment
tends to sag with the weight of the arm and the proximal fragment attached to the
SC joint appears superiorly.

The interpretation of medial clavicle fractures using plain radiographs is often
challenging and computed tomography (CT) is the preferred modality (Fig. 10.2).
Axial CT imaging of bilateral SC joints can better delineate fracture displacement and
the proximity of close neurovascular structures for surgical planning. CT scans can
also differentiate medial physeal separations from true SC joint dislocations which
may have treatment and prognosis implications. These are often Salter-Harris II phy-
seal injuries with posterior displacement of the lateral fragment. CT scans are essen-
tial in identifying the often small, poorly visualized metaphyseal bone fragment still
aligned with the sternum [20, 21]. These injuries can be a diagnostic challenge often
having a delayed presentation and diagnosis in as many as 57% of cases [22-25].

Fig. 10.1 Serendipity
radiographic view of
bilateral SC joints.

A malunion of the right
medial clavicle is present
although difficult to
appreciate
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Fig. 10.2 (a) Radiograph of bilateral full-length clavicles demonstrating subtle fracture of the left
proximal clavicle. (b) Axial CT scan of same patient demonstrating physeal fracture of medial clavicle
with significant posterior displacement of lateral fragment in close proximity of mediastinal structures

As an alternative, MRI (magnetic resonance imaging) affords good visualization
without the risk of radiation exposure associated with CT. Assessment of the sterno-
clavicular joint congruity and underlying mediastinal compression are best viewed in
the axial plane [26]. A high clinical suspicion is required when evaluating for medial
physeal injuries as they are commonly misdiagnosed as SC joint dislocations despite
advanced imaging [27].

In the high-energy trauma patient, careful radiological assessment of the shoul-
der girdle is necessary to rule out concomitant injuries to the scapula and glenoid
[28]. An AP chest film is critical as part of a trauma series and may identify associ-
ated rib fractures or potentially life-threatening intrathoracic injuries such as
pneumo or hemothoraces. A CT angiogram is also a valuable adjunct when a distal
vascular deficit is detected following a high-energy clavicle fracture.
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Management

Traditionally, fractures of the medial clavicle have been treated nonoperatively,
even when significantly displaced. The risk of damage to neurovascular and airway
structures combined with the relative infrequency of the injuries has led many
authors to advocate for conservative measures [12, 15, 29-33]. This typically
includes a brief period of shoulder immobilization for 2-6 weeks followed by a
structured rehabilitation program. The results of nonsurgical treatment for medial
clavicle injuries are in general satisfactory although the low prevalence of these
fractures and retrospective nature of most reports precludes a detailed analysis
[4, 9]. In addition, confounding variables including severe neurovascular or visceral
injuries in polytrauma patients complicate the analysis of clinical outcomes [18].
Nonunion rates between 4 and 8% have been reported; however, the nonunion
rate for patients with displaced medial-end fractures may be as high as 14% [4, 5]
(Fig. 10.3). Nonunion has been associated with significant pain, loss of function,

Fig. 10.3 (a) Radiograph of bilateral full-length clavicles demonstrating right medial clavicle
nonunion. (b) Axial CT scan of same patient demonstrating nonunion of right medial clavicle
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limb weakness, and pectoral muscle dysfunction [4, 9, 34]. Therefore, in select
clinical settings, open reduction and internal fixation of displaced medial fractures
has been described and recommended [8, 10, 24, 35-37]. This also includes
retrosternal SC dislocations or adolescent medial epiphyseal separations compro-
mising mediastinal structures [7, 24, 35, 38] and case reports of highly unstable
bipolar clavicle injuries with segmental fractures involving both the medial and
lateral thirds of the clavicle [8, 10].

Adult-type displaced medial fractures are typically treated with anatomic reduc-
tion with plate and screw fixation. Excellent functional outcomes and low complica-
tion rates have been reported in this population [25, 39, 40]. Cases of hardware
failure are rare although patients often have mild symptoms of plate irritation [25].
Open reduction and transosseous suture techniques are used in the operative treat-
ment of displaced physeal injuries [25]. This avoids significant disruption to the
physis and does not typically have the issues with hardware irritation, migration,
and subsequent removal as previous techniques using Kirschner wires or metal
sutures [41-43]. Excellent long-term functional results with low complications have
been reported using transosseous suture techniques [24, 25, 36].

Preferred Surgical Technique

The senior author’s treatment of choice for displaced fractures of the medial
clavicle is anatomic reduction and plate fixation. Fracture pattern and the size
of the medial fragment determine whether the fixation spares or spans the SC
joint. A cardiac surgeon is present and available in the event of an intrathoracic
vascular injury

After a general anesthetic, the patient is placed in the modified beach-chair posi-
tion with the head secured on a headrest. The entire chest and upper portion of the
abdomen are prepared and draped to allow for possible sternotomy in an emergency
situation. The authors do not routinely free-drape the arm. The incision is made
directly over the SC joint at the level of the fracture and extended laterally in line
with the shaft of the clavicle. A single, thick subcutaneous tissue flap is elevated
exposing the underlying myofascial layer. This layer is divided sharply down to the
clavicle and SC joint and is elevated off the bone as a single layer that can be later
closed over the plate. If a traumatic tear or “rent” exists in the fascia, this instead is
utilized and extended.

The fracture site is then exposed and inspected. Hematoma and interposed soft
tissue are carefully debrided. Depending on fracture type, a medial fracture frag-
ment is usually attached to the SC joint with adjacent displacement of the shaft
portion of the clavicle. Tissue is carefully released using blunt dissection from the
inferior and superior boarders of the displaced fragment. A sharp reduction forcep
is used to gently reduce the lateral clavicle to the medial portion. The reduction is
held provisionally with fracture reduction forceps.
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If a large proximal fragment exists, adequate fixation may be achieved with mul-
tiple 3.5 mm cancellous screws secured through a 3.5 mm non-locking plate. When
a small medial fragment is encountered or additional fixation is required, the con-
struct should span the SC joint. Bicortical screws in the sternum and clavicle are
desired and uncontrolled plunging with the drill or depth gauge must be avoided.
Since the procedure is typically reserved for young, active patients, bone quality is
rarely an issue, and the authors have not found locking plates to be required or use-
ful in this setting. A one-third tubular plate is typically used.

If damaged, the anterior capsuloligamentous attachments of the SC joint should
be repaired using a strong nonabsorbable suture. The surgical site is thoroughly
irrigated and a two-layer closure of the soft tissues is performed to maximize local
resistance to infection and minimize the potential for hardware irritation. The myo-
fascial layer is sutured with #1 absorbable suture and the skin with 3-0 monofila-
ment sutures. Absorbable subcutaneous sutures are avoided to minimize the risk of
tissue reaction or stitch abscesses.

The patient wears a simple sling for comfort and can begin range-of-motion
(ROM) exercises in the immediate postoperative period. The use of the sling is dis-
continued after 10-14 days and strengthening exercises are initiated at 6 weeks
postoperatively.

IHlustrative Cases
Case 1

An 18-year-old male was seen in consultation for a left shoulder girdle injury he
sustained while snowboarding. He landed on his left shoulder from a height of 10 ft
when attempting a jump. He complained of isolated left chest discomfort and denied
any difficulty breathing or swallowing. Upon physical examination, there was an
anterior prominence of the proximal left clavicle with a significant amount of swell-
ing and ecchymosis. The area was tender and he is neurologically intact.

CT scan of bilateral SC joints identifies an anterior fracture-dislocation of the left
SC joint with anterior displacement of the residual shaft fragment (Fig. 10.4).

Management options included nonoperative treatment with a period of sling
immobilization followed by early ROM and then strengthening at 6 weeks. This
would include accepting the current deformity and asymmetry of the chest wall and
the potential for a symptomatic nonunion. Open reduction and internal fixation
would aim to correct the deformity and minimize the risk of nonunion. In additional
to routine surgical risks of an open procedure, there was the remote possibility life-
threatening hemorrhage.

The patient was managed operatively with open reduction and internal fixation
with plate and screw fixation. A “T-shaped” plate was utilized and screw purchase
in the large medial fragment was sufficient and therefore the SC joint was spared
(Fig. 10.5).
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Fig. 10.4 (a) Axial CT scan of bilateral sternoclavicular joints demonstrating an anterior fracture-
dislocation on the left side. (b) 3D CT scan reconstruction of same patient demonstrating left SC
fracture-dislocation

Case 2

A 13-year-old male was seen in consultation for a right shoulder girdle injury he
sustained while playing tackle football. He was hit from standing height and force-
fully landed on his left shoulder with his arm adducted. He had pain along his right
medial chest wall and was reluctant to move his right shoulder. He denied difficulty
breathing or swallowing. Upon physical examination, there was an obvious asym-
metry in the appearance of his right medial clavicle and his right shoulder appeared
internally rotated. There was no significant swelling or ecchymosis and he was neu-
rovascular intact distally.
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Fig. 10.5 (a) Postoperative radiograph of chest after open reduction and internal fixation with
plate and screw fixation of the left medial clavicle. (b) AP radiograph of left clavicle after open
reduction and internal fixation

Right clavicle radiographs and axial CT scan of the SC joint demonstrated a
significantly displaced fracture of the medial clavicle with the residual epiphyseal
fragment attached to the SC joint (Fig. 10.6).

Given the degree of displacement resulting in shortening and deformity of the
shoulder girdle and the close proximity of mediastinal structures to the displaced
fragment, operative treatment was chosen.

The patient underwent open reduction and internal fixation with plate and screw
fixation. Due to the small size of the epiphyseal fragment, an SC spanning construct
was utilized for adequate fixation (Fig. 10.7).

Distal Clavicle Fractures

Distal clavicle fractures account for 10-30% of all clavicle fractures [1, 2, 4, 5, 16].
The majority of these fractures are nondisplaced or minimally displaced, extra-
articular, and are typically managed nonoperatively [1, 4]. A particular subset
of distal clavicle injuries are inherently unstable, prone to displacement, and are at
risk for delayed or nonunion [44]. Distinguishing the subtle variations in fracture
pattern stability can be challenging and ultimately guides treatment decisions.
However, nonunions are often asymptomatic, particularly in elderly and sedentary
individuals, and the preferred operative fixation remains controversial [34, 45].
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Fig. 10.6 (a) Right clavicle radiograph of subtle posterior physeal separation of medial clavicle.
(b—d) Unilateral CT scan demonstrating posteriorly displaced physeal separation of right medial
clavicle

Applied Anatomy

The clavicle widens along its acromial end and the lateral third contains the apex of
the superior bow of the clavicle. The clavicle acts as a strut connecting the shoulder
girdle to the axial skeleton and scapulothoracic motion is dependent on the stable
relationship between the distal clavicle and scapula [44]. The distal clavicle is
anchored solidly to the scapula by the AC capsuloligament and the coracoclavicular
(CC) ligaments. The AC capsuloligament complex spans the AC joint and attaches
to the distal aspect of the clavicle 6 mm medial to the AC joint [4]. The AC ligament
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Fig. 10.7 (a) Postop chest radiograph after open reduction and internal fixation of the right medial
clavicle. (b) AP of right clavicle after open reduction and internal fixation with plate and screws

and joint capsule are important stabilizers in the horizontal plane of motion [46].
The CC ligaments consist of the trapezoid and conoid ligaments which originate
from the base of the coracoid process and attach on the inferior boarder of the distal
clavicle and provide vertical stability. The trapezoid ligament originates more lat-
eral attaching to the clavicle approximately 2 cm from the AC joint while the conoid
ligament attaches to the medial clavicle approximately 4 cm from the AC joint [4].

Muscular attachments of the lateral third of the clavicle include the anterior
fibers of the deltoid and trapezius as well as the clavicular head of the pectoralis
major. The pectoralis major and weight of the arm provide the chief deforming force
on the lateral fragment, causing inferomedial and anterior displacement in fractures
of the middle third of the clavicle [47].

Classification

Neer and later Craig defined lateral-third fractures based on the relationship of the
fracture line to the CC ligaments and the AC joint [30, 48] (Fig. 10.8). Type I frac-
tures occur lateral to the CC ligaments and spare the AC joint. These fractures are
often minimally displaced as the proximal fragment is stabilized by the CC liga-
ments and the distal fragment by the deltotrapezial fascia. Type III fractures are also
minimally displaced as the ligaments remain intact, but have an intra-articular
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Fig. 10.8 Illustration of the Neer Classification of distal clavicle fractures

component. Type II fractures are inherently unstable as the proximal fragment is
detached from the CC ligaments while the distal fragment remains attached to the
scapula via the AC joint capsule. Type II fractures are differentiated into those
where the fracture occurs medial to the conoid ligament (Type IIA) and those where
the fracture lies between the conoid and trapezoid ligaments (Type IIB).
Determination of the precise location of the fracture and the integrity of the CC liga-
ments can be difficult to determine on plain radiographs [44]. Type IV fractures are
rare injuries involving epiphyseal separation in pediatric patients [49]. Type V inju-
ries are comminuted and unstable as neither the proximal or distal fragments have
ligamentous continuity with the coracoid [49]. An investigation using shoulder
fellowship-trained observers demonstrated overall fair agreement for the Neer clas-
sification, but only slight agreement for the Type IIB pattern, which is thought as the
most important determining factor for surgery [50].

A more recent classification was introduced by Robinson in which fractures are
subdivided according to displacement, angulation, comminution, and intra-articular
involvement [4] (Fig. 10.9). Distal clavicle fractures were classified as Type 3, with
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Fig. 10.9 Illustration of the Robinson classification for distal clavicle fractures (type 3)

subgroups into A and B based on displacement of the major fragments. The sub-
groups are further divided according to articular involvement. Although compli-
cated, the classification system demonstrated excellent interobserver and
intraobserver reliability among orthopedic trainees [4].

Clinical Evaluation

Most distal clavicle fractures occur as the result of either a direct blow or a fall on
shoulder with the arm in the adducted position [5, 51]. The force from the impact at
the acromion is transmitted through the AC joint to the CC ligaments and the distal
clavicle [44].

Physical examination findings include ecchymosis, swelling, and tenderness at
the level of the distal clavicle. A bony protuberance under the skin may be present
caused by fracture displacement of the proximal fragment with an appearance simi-
lar to that of a high grade AC joint separation. As with medial clavicle injuries, a
thorough neurological examination of the shoulder and the upper extremity should
be performed and documented, particularly in high-energy clavicle fractures.
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Radiographic Evaluation

Radiographic assessment should include routine views of the shoulder girdle to
identify associated scapular or glenoid fractures. An axillary view is particularly
useful in identifying subtle injuries of the distal clavicle including posterior dis-
placement. The Zanca view is centered over the AC joint with a 10—-15° cephalic tilt
and can be helpful in evaluating intra-articular involvement [38] (Fig. 10.10).
A single radiograph including bilateral clavicles and AC joints can also useful in
assessing overall fracture pattern and displacement.

Management

Most fractures of the lateral third of the clavicle are nondisplaced or minimally
displaced and can be treated successfully nonoperatively [1, 4]. The rehabilitation
regimen is similar to that of medial and midshaft clavicle fractures. After a period
of sling immobilization for 2—-6 weeks where supine passive and active-assisted
ROM are initiated, active ROM is then allowed. Strengthening is initiated when
signs of fracture consolidation are present radiographically.

The integrity of the CC ligaments plays an important role in the stability of the
medial fragment and a smaller proportion of fractures involving the lateral third of
the clavicle are at risk for delayed or nonunion. The nonunion rate ranges from 22
to 37% for displaced Neer type II fractures, and the absence of cortical contact is an
independent risk for nonunion [4, 34, 52]. The risk of nonunion has also been
reported to increase with advancing patient age and fracture displacement [53, 54].
Thus, the Neer classification has been traditionally used to determine fracture sta-
bility which is the driving factor for surgical decision-making and displaced type II,
type IV, and type V fracture patterns in active healthy patients are typically managed
surgically. However, only fair agreement between observers for the Neer classifica-
tion has been demonstrated in the literature and only slight agreement for the type
IIB Neer pattern [50].

Fig. 10.10 Zanca radiographic view of the right shoulder demonstrating a nonunion of the distal
clavicle
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In addition, long-term data suggests many patients with non-united fractures of
the distal clavicle are asymptomatic, particularly in elderly and sedentary individu-
als [34, 52]. Currently, there are no prospective prognostic studies identifying pos-
sible radiologic and/or clinical risk factors for symptomatic nonunion of the distal
clavicle to help guide timely treatment decisions [18]. Similarly, there are no pro-
spective comparative trials of nonoperative versus operative treatment.

A variety of surgical techniques have been described for the management of
distal clavicle fractures including transacromial wire fixation, the modified Weaver-
Dunn procedure, CC screw fixation, anatomic and hook plate fixation, and
arthroscopic-assisted treatments [7, 48, 55-66]. Most of these studies are small case
series without prospective design and lack a nonoperative control cohort. Although
modifications have led to a reduction in unsatisfactory outcomes, the use of
Kirschner wires as a primary fixation technique has largely been abandoned with
reported complications such as pin migration as high as 50% [59, 67]. The modified
Weaver-Dunn procedure, primarily used for AC joint dislocation, has been described
for fractures where the distal fragment can be easily excised and the CA ligament
transferred to the distal end of the proximal clavicle fragment [68]. In CC screw
fixation, anatomic reduction of the distal clavicle is performed by temporarily fixing
the distal clavicle to the coracoid process. Small case series have reported success-
ful outcomes, but CC fixation is limited by fracture location and comminution and
routinely requires a second procedure for screw removal [7, 56, 59, 69].

The introduction of pre-contoured, anatomic locking plates has resulted in high
union rates with excellent return to function [53, 70, 71]. The plates contain multiple
locking options for the cancellous bone of the lateral clavicle and do not require
mandatory removal (Fig. 10.11). For those fractures where the distal fragment is too
small for fixation, a hook plate achieves distal fixation by placing the “hooked” end
of the implant under the acromion to maintain the reduction (Fig. 10.12). Good union
rates have been reported, but a high instance of subacromial impingement and shoul-
der stiffness often necessitate plate removal. Asymptomatic osteolysis of the acro-
mion and migration of the hook into the acromion have been described [60, 63, 64,
72]. Finally, suture and graft sling techniques can be used to supplement fixation or
primarily reconstruct CC ligaments in a fashion similar to anatomic AC joint recon-
struction [42, 73, 74]. Arthroscopic-assisted techniques have also yielded satisfactory
results in select cases and can be augmented with suture and button devices [65, 75].

Preferred Surgical Technique

The senior author’s preferred treatment for displaced fractures of the distal clavicle
is anatomic reduction and rigid fixation using either a pre-contoured distal clavicle
locking plate or a hook plate.

After general anesthetic, the patient is placed is the modified beach-chair posi-
tion with the head secured on a headrest. The shoulder is prepped and draped to
include both the AC and SC joints; the authors do not routinely free-drape the arm.
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Fig. 10.11 (a) AP radiograph of the left AC joint demonstrating a distal clavicle malunion. (b) AP
radiograph of the left clavicle following osteotomy and open reduction with distal clavicle
locking plate

A longitudinal skin incision is made over the fracture on the superior boarder of the
clavicle and extended across the AC joint. A single, thick subcutaneous tissue flap is
elevated exposing the underlying myofascial layer. This layer is divided sharply
down to the clavicle and AC joint and is elevated off the bone as a single layer that
can be later closed over the plate. If a traumatic tear or “rent” exists in the fascia,
this instead is utilized and extended.

The fracture site is then exposed and inspected. Hematoma and interposed soft tis-
sues are carefully debrided. If the distal fragment is large enough to hold screws, a
low-profile, pre-contoured, locking plate is the preferred method of fixation. Anatomic
distal clavicle plates offer extra holes with locking options for the cancellous bone of
the distal clavicle. Bone-holding forceps are used for anatomic reduction of the frac-
ture. Alternatively, the plate can first be fixed provisionally to the medial clavicle frag-
ment to aid in reduction. It is rarely necessary to cross the AC joint for fixation; if
required, unicortical screws can be used to avoid impinging on the subacromial space.

For cases where the size or quality of the lateral fragment is not sufficient to obtain
stability, a hook plate is preferred. Cautery is used to create an opening posterior to
the AC joint to pass the hook underneath the acromion. The plate can then be applied
to the medial clavicle as a reduction device. One must be careful not to over reduce
the medial clavicle relative to the AC joint and the plate and hook can each be con-
toured as needed. Intraoperative AP radiographs can be confirmatory and may be
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Fig. 10.12 AP radiographs of the right AC joint demonstrating a distal clavicle fracture pre (a) and
post (b) open reduction with hook plate fixation

useful when trialing hook depths and angles. When possible, a partially threaded
screw is inserted in a lag fashion to compress the distal fragment directly to the medial
clavicle prior to hook plate application. In selected cases where a very small distal
fragment is present, hook plate fixation can be augmented with a modified Weaver-
Dunn procedure. This involves an anterior acromioplasty with a small “wafer” of
bone and the insertion of the CA ligament from the acromion. The bony wafer is then
secured into or onto the distal end of the clavicle with a nonabsorbable suture.

The surgical site is thoroughly irrigated and a two-layer closure of the soft tissues
is performed as previously described for medial clavicle injuries. Subcutaneous
sutures are avoided to minimize the risk of tissue reaction or stitch abscesses.

The patient wears a simple sling for a full-time basis for 2 weeks followed by
active-assisted ROM exercises in the scapular plane of motion. Full active ROM exer-
cises are initiated a 4 weeks postop followed by strengthening at 6-8 weeks. Return to
sport is considered when full motion and strength have been achieved at approximately
3 months postop. Although not universally required, the hook plate can be removed
after a minimum of 6 months postoperatively and may allow the patient to achieve
further improvements in ROM including forward elevation and lateral abduction.



182 M.D. McKee and J.L. Hodgins

Illustrative Cases
Case 1

A 31-year-old male was seen regarding a left shoulder injury he sustained after fall-
ing from his bike. He landed directly on his left shoulder with his arm at his side. He
was complaining of isolated lateral shoulder pain. Upon physical examination, there
is an obvious protuberance at the level of the AC joint with swelling and ecchymo-
sis. The area was tender and he was neurologically intact.

Radiographs of the left clavicle demonstrated a significantly displaced lateral-
third fracturec with a large butterfly fragment spanning the distal and medial clavi-
cle (Fig. 10.13).

Given the degree of initial displacement in a young, active patient, surgical treat-
ment was recommended.

The patient was managed operatively with open reduction and internal fixation
with a low-profile, pre-contoured, distal locking plate (Fig. 10.14). The fracture was
provisionally reduced and then a lag screw inserted to secure the butterfly fragment
followed by the locking plate with multiple screws in the distal fragment.

Fig. 10.13 AP (a) and axial (b) radiographs of the left clavicle demonstrating significantly dis-
placed lateral-third fracture
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Fig. 10.14 Postoperative AP (a) and axial (b) radiographs of the left clavicle after open reduction
and internal fixation with a distal third locking plate

Case 2

A 17-year-old male was seen in consultation 12 months after sustaining an injury to
his right shoulder. He was previously assessed at an outside institution immediately
following the injury where he had opted for nonoperative treatment. He complained
of ongoing shoulder pain, crepitus, and deformity in the shoulder affecting his func-
tion and quality of life. Upon physical examination, there was an obvious asymme-
try of his clavicles with a protuberance at the level of the AC joint. He has discomfort
with palpation of the distal clavicle and with shoulder ROM. A mobile fragment at
the distal clavicle was palpable.

Radiographs of the right clavicle reveal a nonunion with a small lateral fragment
(Fig. 10.15).

The patient was managed operatively with open reduction and internal fixation
using a hook plate construct (Fig. 10.16). The nonunion site was carefully debrided
and the non-united lateral fragment secured to the medial clavicle in compression
via a lag screw. The hook plate was then contoured and applied to maintain the
reduction. Uneventful union resulted.
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Fig. 10.15 AP (a) and axial (b) radiographs of the right clavicle demonstrating a distal clavicle
nonunion

Fig. 10.16 Postoperative
AP radiograph of the right
clavicle after open
reduction and internal
fixation with hook plate
construct




10

Distal Clavicle and Medial Clavicle Fractures 185

References

1.

2.

3.

10.

11.
12.

13.

14.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

Nordqvist A, Petersson C. The incidence of fractures of the clavicle. Clin Orthop.
1994;300:127-32.

Nowak J, Mallmin H, Larsson S. The aetiology and epidemiology of clavicular fractures: a
prospective study during a two-year period in Uppsala, Sweden. Injury. 2000;31:353-8.

Patel B, Gustafson PA, Jastifer J. The effect of clavicle malunion on shoulder biomechanics; a
computational study. Clin Biomech (Bristol, Avon). 2012;27:436—42.

. Renfree KJ, Riley MK, Wheeler D, Hentz JG, Wright TW. Ligamentous anatomy of the distal

clavicle. J Shoulder Elbow Surg. 2003;12(4):355-9.

. Robinson CM, Cairns DA. Primary nonoperative treatment of displaced lateral fractures of the

clavicle. J Bone Joint Surg Am. 2004;86(4):778-82.

. Postacchini F, Gumina S, De Santis P, et al. Epidemiology of clavicle fractures. J Shoulder

Elbow Surg. 2002;11:454-6.

. Waters PM, Bae DS, Kadiyala RK. Short-term outcomes after surgical treatment of traumatic

posterior sternoclavicular fracture-dislocations in children and adolescents. J Pediatr Orthop.
2003;23(4):464-9.

. Pang KP, Yung SW, Lee TS, et al. Bipolar clavicular injury. Med J Malaysia.

2003;58(4):621-4.

. Throckmorton T, Kuhn JE. Fractures of the medial end of the clavicle. J Shoulder Elbow Surg.

2007;16(1):49-54.

van der Meijden OA, Gaskill TR, Millett PJ. Treatment of clavicle fractures: current concepts
review. J Shoulder Elbow Surg. 2012;21:423-9.

Gardner E. The embryology of the clavicle. Clin Orthop. 1968;58:9-16.

Lewonowski K, Bassett GS. Complete posterior sternoclavicular epiphyseal separation. A case
report and review of the literature. Clin Orthop. 1992;281:84-8.

Lazarus MD. Fractures of the clavicle. In: Bucholz RW, Heckman JD, editors. Rockwood and
Green’s fractures in adults. Sth ed. Philadelphia: Lippincott Williams & Wilkins; 2002.
p- 1041-78.

Rowe CR. An atlas of anatomy and treatment of mid-clavicular fractures. Clin Orthop.
1968;58:29-42.

. Stanley D, Trowbridge EA, Norris SH. The mechanism of clavicular fracture: a clinical and

biomechanical analysis. J Bone Joint Surg Br. 1998;70(3):461-4.

Barbier O, Malghem J, Delaere O, et al. Injury to the brachial plexus by a fragment of bone
after fracture of the clavicle. J Bone Joint Surg Br. 1997;79:534-6.

Katras T, Baltazar U, Rush DS, et al. Subclavian arterial injury associated with blunt trauma.
Vasc Surg. 2001;35(1):43-50.

Kim W, McKee MD. Management of acute clavicle fractures. Orthop Clin North Am.
2008;39(4):491-505, vii.

Lange RH, Noel SH. Traumatic lateral scapular displacement: an expanded spectrumof associ-
ated neurovascular injury. J Orthop Trauma. 1993;7:361-6.

Carmichael KD, Longo A, Lick S, Swishuk L. Posterior sternoclavicular epiphyseal fracture-
dislocation with delayed diagnosis. Skeletal Radiol. 2006;35:608—-12.

Cope R. Dislocations of the sternoclavicular joint. Skeletal Radiol. 1993;22:233-8.

Brooks AL. Injury to the proximal clavicular epiphysis. J Bone Joint Surg Am. 1972;54:
1347-8.

Garretson RB, Williams Jr GR. Clinical evaluation of injuries to the acromioclavicular and
sternoclavicular joints. Clin Sports Med. 2003;22:239-54.

Goldfarb CA, Bassett GS, Sullivan S, et al. Retrosternal displacement after physeal fracture of
the medial clavicle in children treatment by open reduction and internal fixation. J Bone Joint
Surg Br. 2001;83(8):1168-72.

Scadden JE, Richards R. Intramedullary fixation of Neer type 2 fractures of the distal clavicle
with an AO/ASIF screw. Injury. 2005;36(10):1172-5.



186 M.D. McKee and J.L. Hodgins

26. Zaslav KR, Ray S, Neer CS. Conservative management of a displaced medial clavicular phy-
seal injury in an adolescent athlete. A case report and literature review. Am J Sports Med.
1989;17:833-6.

27. Chaudhry S. Pediatric posterior sternoclavicular joint injuries. J Am Acad Orthop Surg.
2015;23(8):468-75.

28. DeFranco MIJ, Patterson BM. The floating shoulder. J Am Acad Orthop Surg.
2006;14(8):499-509.

29. Allman Jr FL. Fractures and ligamentous injuries of the clavicle and its articulation. J Bone
Joint Surg Am. 1967;49:774-84.

30. Craig EV. Fractures of the clavicle. In: Rockwood CA, Matsen FA, editors. The shoulder.
Philadelphia: WB Saunders; 1990. p. 367-412.

31. Jupiter JB, Ring D. Fractures of the clavicle. In: Iannotti JP, Williams GR, editors. Disorders
of the shoulder: diagnosis and management. Philadelphia: Lippincott Williams & Wilkins;
1999. p. 709-36.

32. Rokito AS, Zuckerman JD, Shaari JM, Eisenberg DP, Cuomo F, Gallagher MA. A comparison
of nonoperative and operative treatment of type II distal clavicle fractures. Bull Hosp Jt Dis.
2002-2003;61(1-2):32-9.

33. Zanca P. Shoulder pain: involvement of the acromioclavicular joint: analysis of 1,000 cases.
Am J Roentgenol Radium Ther Nucl Med. 1971;112(3):493-506.

34. Robinson CM. Fractures of the clavicle in the adult: epidemiology and classification. J Bone
Joint Surg Br. 1998;80:476-84.

35. Brinker MR, Bartz RL, Reardon PR, et al. A method for open reduction and internal fixation
of the unstable posterior sternoclavicular joint dislocation. J Orthop Trauma. 1997;11(5):
378-81.

36. Wade AM, Barrett MO, Crist BD, et al. Medial clavicular epiphyseal fracture with ipsilateral
acromiodclavicular dislocation: a case report of panclavicular fracture dislocation. J Orthop
Trauma. 2007;21(6):418-21.

37. Yamaguchi H, Arakawa H, Kobayashi M. Results of the Bosworth method for unstable frac-
tures of the distal clavicle. Int Orthop. 1998;22(6):366-8.

38. Yang J, al-Etani H, Letts M. Diagnosis and treatment of posterior sternoclavicular joint dislo-
cations in children. Am J Orthop. 1996;25(8):565-9.

39. Low AK, Duckworth DG, Bokor DJ. Operative outcome of displaced medial-end clavicle frac-
tures in adults. J Shoulder Elbow Surg. 2008;17:751-4.

40. Oe K, Gaul L, Hierholzer C, Woltmann A, Miwa M, Kurosaka M, et al. Operative management
of periarticular medial clavicle fractures—report of 10 cases. J Trauma. 2011;72:E1-7.

41. Clark RL, Milgram JW, Yawn DH. Fatal aortic perforation and cardiac tamponade due to a
Kirschner wire migrating from the right sternoclavicular joint. South Med J. 1974;67:316-8.

42. Leonard JW, Gifford Jr RW. Migration of a Kirschner wire from the clavicle into the pulmo-
nary artery. Am J Cardiol. 1965;16:598-600.

43. Sidhu VS, Hermans D, Duckworth DG. The operative outcomes of displaced medial-end clav-
icle fractures. J Shoulder Elbow Surg. 2015;24(11):1728-34.

44. Banerjee R, Waterman B, Padalecki J, Robertson W. Management of distal clavicle fractures.
J Am Acad Orthop Surg. 2011;19(7):392-401.

45. Robinson CM, Court-Brown CM, McQueen MM, et al. Estimating the risk of nonunion fol-
lowing nonoperative treatment of a clavicular fracture. J Bone Joint Surg Am.
2004;86(7):1359-65.

46. Fukuda K, Craig EV, An KN, Cofield RH, Chao EY. Biomechanical study of the ligamentous
system of the acromioclavicular joint. ] Bone Joint Surg Am. 1986;68(3):434-40.

47. Neer II CS. Fracture of the distal clavicle with detachment of the coracoclavicular ligaments in
adults. J Trauma. 1963:399-110.

48. Neer II CS. Fractures of the distal third of the clavicle. Clin Orthop Relat Res. 1968;58:
43-50.

49. Neer II CS. Fractures and dislocations of the shoulder. In: Rockwood Jr CA, Green DP, editors.
Fractures in adults. Philadelphia, PA: J.B. Lippincott; 1984. p. 711-2.



50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Distal Clavicle and Medial Clavicle Fractures 187

Bishop JY, Jones GL, Lewis B, Pedroza A, MOON Shoulder Group. Intra- and interobserver
agreement in the classification and treatment of distal third clavicle fractures. Am J Sports
Med. 2015;43(4):979-84.

Smolle-Juettner FM, Hofer PH, Pinter H, Friehs G, Szyskowitz R. Intracardiac malpositioning
of a sternoclavicular fixation wire. J Orthop Trauma. 1992;6:102-5.

Nordqvist A, Petersson C, Redlund-Johnell I. The natural course of lateral clavicle fracture. 15
(11-21) year follow-up of 110 cases. Acta Orthop Scand. 1993;64:87-91.

Klein SM, Badman BL, Keating CJ, Devinney DS, Frankle MA, Mighell MA. Results of surgi-
cal treatment for unstable distal clavicle fractures. J Shoulder Elbow Surg. 2010;19:1049-55.
Kona J, Bosse MJ, Steaheli JW, Rosseau RL. Type II distal clavicle fractures: a retrospective
review of surgical treatment. J Orthop Trauma. 1990;4:115-20.

Badhe SP, Lawrence TM, Clark DI. Tension band suturing for the treatment of displaced type
2 lateral end clavicle fractures. Arch Orthop Trauma Surg. 2007;127(1):25-8.

Ballmer FT, Gerber C. Coracoclavicular screw fixation for unstable fractures of the distal
clavicle. A report of five cases. ] Bone Joint Surg Br. 1991;73:291-4.

Bezer M, Aydin N, Guven O. The treatment of distal clavicle fractures with coracoclavicular
ligament disruption: a report of 10 cases. J Orthop Trauma. 2005;19(8):524-8.

Chen CH, Chen WJ, Shih CH. Surgical treatment for distal clavicle fracture with coracocla-
vicular ligament disruption. J Trauma. 2002;52(1):72-8.

Edwards DJ, Kavanagh TG, Flannery MC. Fractures of the distal clavicle: a case for fixation.
Injury. 1992;23:44-6.

Flinkkild T, Ristiniemi J, Hyvonen P, et al. Surgical treatment of unstable fractures of the distal
clavicle: a comparative study of Kirschner wire and clavicular hook plate fixation. Acta Orthop
Scand. 2002;73(1):50-3.

Goldberg JA, Bruce WJ, Sonnabend DH, et al. Type 2 fractures of the distal clavicle: a new
surgical technique. J Shoulder Elbow Surg. 1997;6(4):380-2.

Jin CZ, Kim HK, Min BH. Surgical treatment for distal clavicle fracture associated with cora-
coclavicular ligament rupture using a cannulated screw fixation technique. J Trauma.
2006;60(6):1358-61.

Kashii M, Inui H, Yamamoto K. Surgical treatment of distal clavicle fractures using the cla-
vicular hook plate. Clin Orthop. 2006;447:158-64.

Meda PV, Machani B, Sinopidis C, et al. Clavicular hook plate for lateral end fractures: a
prospective study. Injury. 2006;37(3):277-83.

Nourissat G, Kakuda C, Dumontier C, et al. Arthroscopic stabilization of Neer type 2 fracture
of the distal part of the clavicle. Arthroscopy. 2007;23(6):674.e1-4.

Rumball KM, Da Silva VF, Preston DN, et al. Brachial plexus injury after clavicular fracture:
case report and literature review. Can J Surg. 1991;34:264-6.

Lyons FA, Rockwood Jr CA. Migration of pins used in operations on the shoulder. J Bone Joint
Surg Am. 1990;72:1262-7.

Anderson K. Evaluation and treatment of distal clavicle fractures. Clin Sports Med.
2003;22(2):319-26. vii

Macheras G, Kateros KT, Savvidou OD, Sofianos J, Fawzy EA, Papagelopoulos PJ.
Coracoclavicular screw fixation for unstable distal clavicle fractures. Orthopedics. 2005;
28(7):693-6.

Fleming MA, Dachs R, Maqungo S, du Plessis JP, Vrettos BC, Roche SJ. Angular stable fixa-
tion of displaced distal-third clavicle fractures with superior precontoured locking plates.
J Shoulder Elbow Surg. 2015;24(5):7004.

Lee SK, Lee JW, Song DG, Choy WS. Precontoured locking plate fixation for displaced lateral
clavicle fractures. Orthopedics. 2013;36(6):801-7.

Good DW, Lui DF, Leonard M, Morris S, McElwain JP. Clavicle hook plate fixation for dis-
placed lateral-third clavicle fractures (Neer type II): a functional outcome study. J Shoulder
Elbow Surg. 2012;21(8):1045-8.

Johnston PS, Sears BW, Lazarus MR, Frieman BG. Fixation of unstable type II clavicle frac-
tures with distal clavicle plate and suture button. J Orthop Trauma. 2014;28(11):e269-72.



188 M.D. McKee and J.L. Hodgins

74. LiY, Shi S, Ou-Yang YP, Liu TL. Minimally invasive treatment for Neer IIb distal clavicle
fractures with titanium cable. J Trauma. 2011;71(2):E37-40.

75. Checchia SL, Doneux PS, Miyazaki AN, Fregoneze M, Silva LA. Treatment of distal clavicle
fractures using an arthroscopic technique. J Shoulder Elbow Surg. 2008;17(3):395-8.



Chapter 11
Outcomes of Clavicle Injuries

Nathan T. Formaini and Jonathan C. Levy

Introduction

Clavicle fractures are among the most common of all orthopedic injuries and result
from various mechanisms during sporting activities, motor vehicle collisions, or
accidental falls [1-5]. Traditionally, these fractures were treated conservatively with
sling or brace immobilization as early studies demonstrated high rates of union with
little evidence of patient dissatisfaction or functional complaints [6, 7]. Early stud-
ies evaluating the operative treatment of clavicle fractures had even shown high
rates of nonunion, further supporting nonoperative management as the standard of
care [6, 7]. However, more recent literature has shown that conservative treatment
for some clavicle fractures leads to higher rates of nonunion, shoulder dysfunction,
and residual pain from malunion that previously described [8—16]. Various studies
have now demonstrated improved outcomes with surgical intervention for dis-
placed, comminuted, or shortened clavicle fractures in active individuals when
compared to nonoperative management [8, 9, 11, 13, 17, 18]. Despite newer
implants and techniques, surgical management of clavicle fractures is not without
risk and potential complications [19-23]. Therefore, the ideal treatment for clavicle
fractures should be based on the age, activity level, functional demands, and expec-
tations of the patient as well as the specific fracture characteristics in each case to
ensure the best possible outcomes.
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Fractures of the Middle-Third

Nonoperative Treatment

Nonoperative management for middle-third clavicle fractures remains the standard
of care for nondisplaced and minimally displaced fractures in children and adults.
Initial studies by Neer and Rowe reported very low rates of nonunion with conser-
vative management [6, 7]. Other studies further supported conservative manage-
ment as the optimal choice, reporting that patient satisfaction was acceptable
without surgical intervention [14, 24, 25]. These early studies are still relevant as
newer evidence further confirms that nonoperative care for nondisplaced and mini-
mally displaced midshaft clavicle fractures should remain the treatment of choice.

A large meta-analysis by Zlowodzki et al. [18] reviewed 2144 midshaft clavicle
fractures to compare results of nonoperative and operative treatment methods in the
acute setting. A total of 1145 fractures were treated nonoperatively, with 986 of
these fractures being nondisplaced. Of the 986 nondisplaced fractures, the nonunion
rate was only 5.9%. They did observe, however, that within the remaining 159 dis-
placed fractures treated nonoperatively, the nonunion rate grew to 15.1%. Newer
evidence has shown that this higher nonunion rate can significantly impact patient
outcomes [8—16] and careful consideration of patient factors such as age, activity
level, and expectations is important when selecting the best treatment for each indi-
vidual patient.

Figure-of-Eight Brace vs. Sling

Very few randomized, controlled trials have been performed to compare the nonop-
erative treatments for middle-third clavicle fractures. Conservative management
treatments range from the extremes of spica casting to benign neglect. The two most
commonly employed methods of immobilization are the simple arm sling and the
figure-of-eight clavicle brace.

A study in 1987 by Anderson and colleagues [24] were the first to compare these
two forms of immobilization in a randomized trial. The authors demonstrated that
both the simple arm sling and the figure-of-eight brace adequately stabilized the clav-
icle to provide union, without significant change in initial displacement over the treat-
ment course. The functional and cosmetic results of the two methods were reported
to be similar as well. They reported the most significant difference to be poor toler-
ance of the figure-of-eight brace. Anderson et al. concluded that the simple sling be
recommended due to improved comfort and potential for fewer complications.

A recent study by Ersen et al. in 2015 [26] compared the simple sling to the
figure-of-eight brace and evaluated differences in patient-reported pain, Constant
and American Shoulder and Elbow Surgeon (ASES) scores, and radiographic union.
While there were no differences in subjective outcome scores, their findings
demonstrated a significantly higher reported mean visual analog pain (VAS) pain
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score in the first 24 h of treatment as well as a trend towards increased shortening in
fracture alignment with the figure-of-eight brace. Similar to the study by Anderson
et al. [24], their conclusions were to recommend the arm sling over figure-of-eight
bracing due to improved comfort and ease of use.

Surgical Management
Outcomes of Nonoperative vs. Operative Treatment

While it is generally accepted and well documented that nondisplaced and mini-
mally displaced midshaft clavicle fractures will heal and result in excellent out-
comes with nonoperative treatment [14, 18], there is growing evidence that
comminuted or significantly displaced fractures demonstrate higher incidences of
nonunion, symptomatic malunion, and worse patient subjective outcome scores
[8-16]. Robinson et al. [16] conducted a large observational cohort study to assess
which factors may predispose a patient to developing a clavicle nonunion with non-
operative treatment. They found multiple variables that independently predicted an
increased incidence of nonunion. These variables included lack of cortical apposi-
tion, presence of comminution, female gender, and advanced age. In an earlier
study, Hill and associates [10] observed a statistically significant increase in the
incidence of nonunion if the fractured clavicle was shortened by greater than two
centimeters. Due to these observations and a wealth of literature now reporting out-
come differences between nonoperative and operative treatment of displaced mid-
shaft clavicle fractures, a paradigm shift has occurred with many surgeons favoring
early operative intervention [27].

The Canadian Orthopaedic Trauma Society published a multicenter, prospective
clinical trial of 132 patients randomized to either plate fixation or nonoperative
treatment for a displaced midshaft fracture of the clavicle [8]. Radiographic union
of the fracture occurred 12 weeks earlier on average in the patients treated with open
reduction and plating. The rate of nonunion was 3% versus 14% in the operative and
nonoperative group, respectively, and symptomatic malunions occurred in 9 of the
49 patients in the nonoperative group. Constant shoulder scores and DASH
(Disabilities of the Arm, Shoulder, and Hand) scores were significantly higher as
was overall patient satisfaction in the operative group [8].

In another study comparing outcomes between operative and nonoperative treat-
ment, Kulshrestha et al. [11] demonstrated a 0% versus 29% incidence of nonunion
and a 4% versus 36% incidence of malunion, favoring the operative group treated
with plate fixation. Constant shoulder scores were significantly better at all follow-
up periods out to 18 months from injury in the operative group.

The most recent multicenter, randomized, controlled trial comparing manage-
ment by Robinson et al. [28] continued this trend with significantly fewer non-
unions occurring in the operative group. DASH and Constant shoulder scores were
significantly better at one-year follow-up and patients were more satisfied with the
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overall cosmesis of their shoulder after having undergone open reduction and plate
fixation. When eliminating patients with a nonunion from the statistical analysis,
however, they showed that outcome scores were similar between groups. They con-
cluded that operative treatment improved outcomes mainly by prevention of frac-
ture nonunion furthering the evidence that certain displaced fractures may benefit
more from surgical intervention.

Nearly, all of the trials comparing nonoperative and operative treatment for dis-
placed midshaft clavicle fractures have shown similar results as they demonstrate
improved outcomes after surgical fixation. This has resulted in a significant increase
in the frequency of operative clavicle fracture management over the past decade
[27], but another similarity which all of these studies share and perhaps less fre-
quently highlighted, is the complications inherent with surgical management.
Infection, wound issues, parasthesias, and vascular injury have all been reported
[19-23, 29]. Most commonly, however, is the incidence of hardware-related irrita-
tion or prominence which may incur subsequent procedures for implant removal
and additional risks to the patient [8, 11, 13, 17, 19, 21, 23, 28]. Surgical interven-
tion should therefore be reserved for fracture types known to be at high risk for
nonunion [10, 16] and only after careful consideration of the individual patient’s
demands and expectations.

Plate vs. Intramedullary Fixation

Many different surgical techniques have been described for the management of dis-
placed midshaft clavicle fractures, with plating and intramedullary nail fixation
being the two most commonly used. Plate fixation has been the gold standard for
surgical treatment of midshaft clavicle fractures and has proven to be reproducible
with a high rate of union [8, 11, 13, 17, 18, 21, 28]. In addition, plate fixation offers
increased biomechanical stability and may allow for earlier, more aggressive reha-
bilitation protocols [30]. Advocates of intramedullary clavicle fixation site the larger
exposure and potential disruption of the periosteal blood supply associated with
plate fixation as major disadvantages. Intramedullary clavicle pins offer the advan-
tage of being minimally invasive with less concern for scar cosmesis and theoreti-
cally reduced infection risk while preserving the soft-tissue envelope, periosteum,
and vascularity at the fracture site [31]. Regardless of the chosen implant, hardware
prominence may occur, prompting patient requests for later removal.

A randomized clinical trial by Ferran et al. [32] sought to evaluate the differences
in outcomes between plating and intramedullary fixation for displaced, midshaft
clavicle fractures. Seventeen patients were randomized to lock intramedullary pin-
ning, while 15 patients were randomized to plate fixation. There was a 100% union
rate in both groups with no statistically significant differences in outcomes compar-
ing both Constant and Oxford shoulder scores. All pins were routinely removed due
to the pin design chosen for fixation. Plating led to a higher incidence of superficial
wound complications and 53% of the plates were subsequently removed due to
complaints of irritation, superficial infection, or patient request.
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Additional studies comparing plating to intramedullary fixation have been
performed with similar results. Union rates have been proven to be high with either
technique, while no significant differences in functional outcomes have been shown
[20, 31, 33, 34]. Significant variations in implant removal rates for either method of
fixation have been reported and are likely multifactorial. While the chosen surgical
technique and implant is largely due to surgeon preference or familiarity, a discus-
sion on the particular advantages and disadvantages of the selected method is vital
to maximize patient expectations and outcomes.

Clavicle Plate Position

Plate positioning on the clavicle may affect the incidence of implant prominence
and low-profile pre-contoured plates have been developed to fit on either the supe-
rior or anteroinferior aspect of the clavicle (Figs. 11.1 and 11.2). While there have
been multiple biomechanical studies performed to evaluate which plate position
provides a stronger construct, there has been little agreement between studies as
each has biomechanical advantages depending on the particular forces exerted on
the clavicle [35-37]. Anteroinferior plating has been shown to have a lower reported
rate of implant prominence or irritation and may reduce need for plate removal after
fracture union [21, 38].

In a large retrospective review, Formaini et al. [21] compared the outcomes of
105 patients having undergone either superior or anteroinferior plating of a dis-
placed, midshaft clavicle fracture. Of the 62 patients in the superior plating group,

Fig. 11.1 (a) AP radiograph demonstrating a completely displaced and comminuted middle-third
clavicle fracture. (b) Postoperative AP radiograph after open reduction internal fixation with a pre-
contoured, superior clavicle locking plate
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Fig. 11.2 (a and b) Plain radiographs of a severely shortened and displaced middle-third clavicle
fracture. (¢ and d) Postoperative radiographs after open reduction internal fixation with a pre-
contoured anteroinferior clavicle locking plate

54% of patients complained of implant prominence, and 19% of the plates were
eventually removed. The anteroinferior plating group which consisted of the 43
remaining patients had only a 29% rate of reported implant prominence and only
9% of patients underwent additional surgery for plate removal. Union rates were
identical at 95% in both groups and patients having undergone anteroinferior plat-
ing reported significantly higher Oxford shoulder scores. In a similar study by
Hulsmans et al. [38] comparing these two plating methods, a statistically signifi-
cant difference was noted between the number of patients with asymptomatic
retained hardware, favoring the anteroinferior group. Forty-six percent of patients
in the anteroinferior group reported asymptomatic hardware versus only 22% in the
superior plating group. Interestingly, the rate of plate removal in symptomatic
patients was nearly identical between anteroinferior and superior plating at 36%
and 37%, respectively.

While both superior plating and anteroinferior plating have demonstrated high
union rates and low complication rates, the anteroinferior plate position appears to
reduce the risk of patient-reported implant prominence or irritation and may lead to
fewer requests for consequent hardware removal [21, 38].

Children and Adolescents

Nonsurgical management for midshaft clavicle fractures in children and adolescents
has long been the standard of care and typically leads to excellent functional
outcomes. Remodeling capabilities and the amplified healing potential in this
age group has made surgical intervention very infrequent compared to adults.
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Multiple studies have demonstrated high union rates with low incidences of compli-
cations [16, 39]. However, as in the adult population, significant degrees of fracture
shortening and displacement may predispose to malunion and functional deficits
especially as individuals approach skeletal maturity. Return to sport or high demand
activities as well as desire to avoid cosmetic deformity may influence the decision
to proceed with surgical management in younger patients. Plate fixation has proven
to be reliable at restoring anatomical alignment and shortening time to union while
having low complication rates [40]. Differences in long-term outcomes between
nonoperative and operative treatment in children and adolescents, however, have
been less conclusive [41]. Careful selection of patients in the younger population for
operative clavicle fracture management is critical and should be reserved for appro-
priate cases based on detailed discussion between the surgeon, patient, and family.

Fractures of the Distal-Third

Nonoperative Treatment

Fractures of the distal-third of the clavicle which are nondisplaced, minimally dis-
placed, or extra-articular have shown high union rates and good functional out-
comes with nonsurgical treatment [16]. These fractures are typically defined as type
I distal clavicle fractures according to the classification system by Neer [42], occur-
ring distal to the coracoclavicular (CC) ligaments and without extension into the
acromioclavicular joint. This fracture pattern is inherently stable due to the integrity
of the CC ligaments and quick functional recovery is commonly seen. Even if a
nonunion develops after a type I injury, they are seldom symptomatic. In the infre-
quent cases when painful nonunion does develop, distal clavicle excision is typi-
cally curative. The immobilization method, rehabilitation, and conservative
treatment modalities for these injuries are similar or identical to those for midshaft
clavicle fractures.

Controversy does exist, however, in whether nonoperative or operative treatment
is the optimal choice for management of displaced type II and type III distal clavicle
injuries. Type II distal clavicle fractures occur medial to the coracoclavicular liga-
ments and similar to an earlier study done by Neer [42], displaced type II fractures
treated nonsurgically have demonstrated a nonunion rate of 33.3% in a recent large
systematic review [43]. Despite the high nonunion rate, multiple studies have shown
that nonoperative treatment does not lead to a significant difference in functional
scores compared to those treated surgically [44—47]. In addition, the complication
rate associated with surgical management far exceeds that of nonoperative treat-
ment for these fractures [43]. Nonoperative treatment of type III fractures which
extend into the acromioclavicular articulation may result in later development of
symptomatic joint degeneration and if symptomatic arthrosis occurs, delayed surgi-
cal management in the form of distal clavicle excision may be indicated.
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In small prospective study by Deafenbaugh et al. [44], ten patients were treated
nonoperatively for a displaced Neer type II distal clavicle fracture. At an average
follow-up of 14.3 months, seven out of ten fractures healed while three went on to
develop nonunion. Of the seven patients with healed fractures, six (86%) reported a
satisfactory outcome. None of the patients with nonunion desired later surgery
although they did report at least occasional discomfort. At final follow-up, eight out
of ten (80%) patients had returned to full activity. In a larger, long-term study by
Nordqvist et al. [46], a total of 110 patients with various types of distal clavicle
fractures were treated nonoperatively and followed for an average of 15 years after
their injury. Outcomes were rated as fair in 15 patients who reported moderate pain
and dysfunction; however, no patients reported severe shoulder disability or pain.
The nonunion rate in their study was 9% and included more type II fractures but
80% of patients with a nonunion were asymptomatic. Their conclusions were that
nonoperative treatment provides satisfactory results and operative management in
many cases is likely unnecessary. Finally in a study by Rokito et al. [47], the authors
retrospectively compared patients having either undergone nonsurgical manage-
ment or open reduction and CC stabilization for a type II distal clavicle fracture.
Despite early healing in the operative group and 44% of patients developing a non-
union in the nonoperative group, they found no significant differences in UCLA,
Constant, or ASES scores between the two cohorts. Nonunion had no effect on
functional outcome or strength leading the authors to conclude that type II fractures
could be successfully treated nonoperatively.

Nonsurgical management has been proven to be successful for all types of distal
clavicle fractures and could be supported in nearly all cases with the obvious excep-
tions being open injuries or skin compromise from excessive displacement. Despite
this, the ultimate decision on ideal management is still based on multiple factors,
most important of which are the patient’s specific demands and activity level as well
as acceptance of potential cosmetic deformity. If surgery is to be performed, the
timing and acceptance of this decision is critical as delayed surgery has been shown
to have markedly increased complication rates compared to acute management
(36% vs. 1%) [48].

Surgical Management

The indications for surgical management of distal clavicle fractures are based
largely on the stability of fracture fragments, patient age, and patient activity level.
Absolute indications include open fractures or soft-tissue compromise, floating
shoulder, or multiple trauma. Excessive displacement of the lateral clavicle, as seen
in type II injuries with CC ligament disruption, has been shown to lead to nonunion
in approximately one-third of cases [5, 42]. Multiple fixation methods have been
described including Kirschner wire fixation, coracoclavicular screws, pre-contoured
plates or hook-plate fixation, and suture or sling techniques to reconstruct the CC
ligaments. Surgical management has shown to significantly reduce the incidence of
nonunion and multiple techniques have provided good long-term outcomes.
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However, the benefits over nonsurgical treatment are inconclusive [44, 46, 47] and
complications vary significantly depending on the chosen technique with some hav-
ing fallen out of favor due to unacceptably high complication rates.

Techniques for Surgical Fixation

Kirschner wire fixation for distal clavicle fractures has been reported in the litera-
ture with varied results. Local skin complication, wound infections, failure of fixa-
tion, and K-wire migration have all been reported [49, 50]. A comparative study
evaluating outcomes between Kirschner wire fixation and hook-plate fixation was
performed on 39 patients, showing acceptable and similar functional outcomes
between both methods but with wire migration occurring in more than half of the
cases and frequent loss of reduction [49]. Due to similar reports and experience with
this method of fixation, it has largely been abandoned.

Hook-plate fixation is another option for managing displaced type II distal clav-
icle fractures. While successful stable reduction of the distal clavicle can be
achieved, the associated issues of impingement, plate migration, and adjacent frac-
ture are major disadvantages [51-54]. Oh and associates [43], in a large systematic
review, evaluated multiple studies reporting on hook-plate fixation. Of all the surgi-
cal methods reviewed, hook plating was associated with a 40.7% complication rate
with impingement and plate migration representing the vast majority of issues.
Routine plate removal after fracture union is necessary to prevent these as well as
other late complications associated with the hook-plate device [51-54].

The most successful techniques for distal clavicle fixation, reporting good out-
comes and low complication rates, appear to be coracoclavicular stabilization, intra-
medullary fixation, and interfragmentary fixation. In the large systematic review by
Oh et al. [43], coracoclavicular stabilization was performed on a total of 100 patients
demonstrating a nonunion rate of 1% and a complication rate of 4.8%. Intramedullary
fixation and interfragmentary plating or suturing (Fig. 11.3) was found to have no
occurrences of nonunion and similarly low overall complication rates as compared
to CC stabilization [43]. Although these favored methods led to bony union, when
comparing outcome scores including UCLA, Constant, and American Shoulder and
Elbow scores to those of nonoperative treatment, they found no significant differ-
ences in final outcomes.

As newer techniques and implants are developed, surgical results may continue
to improve and the outcomes of these studies may change over time. The introduc-
tion of pre-contoured, locking plates specifically designed to address distal clavicle
fractures has already led to improved fixation and may lower complications com-
pared to previous plating methods. Interfragmentary fixation with either plating or
suture fixation in combination with coracoclavicular stabilization may also provide
a more ideal construct, leading to less failures and potentially fewer complications.

Many surgical options exist for the management of displaced distal clavicle frac-
tures but a review of the current evidence shows unpredictable benefit from surgical
management. Nonunion is frequent with nonsurgical treatment of these injuries but
despite high rates of bony union and deformity correction after surgical treatment,
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Fig. 11.3 (a and b) Plain radiographs of a displaced, comminuted Neer type II distal clavicle
fracture. (¢) Postoperative images demonstrating bony union and restoration of the coracoclavicu-
lar distance after suture-only interfragmentary and coracoclavicular fixation

outcomes remain similar between either method of management. Younger patients
with excessive cosmetic deformity or higher demand individuals who may be more
prone to continued discomfort likely represent the ideal surgical candidates. A dis-
cussion of the risks and complications specific to the chosen surgical technique for
fixation is absolutely necessary.

Children and Adolescents

The distal clavicle physis is typically not completely fused until 25 years of age, and
therefore distal clavicle injuries in the younger age group more commonly represent
a physeal separation rather than a fracture. Due to the zone of injury being at the
physis, a great potential for rapid, abundant healing and remodeling exists [55].
Functional outcomes are routinely excellent [55]. Consequently, nonoperative man-
agement should be the mainstay of treatment in the child and adolescent population.
Rare exceptions for surgical intervention may present if open injury or soft-tissue
compromise occurs.
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Fractures of the Medial-Third

Nonoperative Treatment

Medial-third fractures of the clavicle are exceedingly rare, representing only 2-3%
of all clavicle fractures [3-5, 56, 57]. They are routinely nondisplaced or minimally
displaced and rarely extend to involve the sternoclavicular joint. Nonoperative treat-
ment is the gold standard for medial-third fractures unless displacement is great
enough that an open injury occurs or skin or neurovascular compromise is present.
Sling or figure-of-eight bracing for comfort is initiated until pain allows for progres-
sion of activities, typically 2—6 weeks.

Surgical Management

Surgical indications for displaced medial clavicle fractures include skin tenting,
open fracture, multiple trauma, “floating shoulder” injuries, and mediastinal neuro-
vascular compromise. Plate fixation and transosseous sutures or wires have been
described for treatment of these fractures [49, 58]. Kirschner wire fixation has been
abandoned due to reported breakage and wire migration [59]. One of the largest
studies reporting on the operative outcomes of medial clavicle fractures evaluated
24 patients after undergoing plate or transosseous suture fixation for an acute dis-
placed medial clavicle injury [60]. At an average follow-up of 12 months, all patients
obtained excellent outcomes assessed by the DASH score and all fractures united.
There were no reported limitations in shoulder motion and all patients returned to
preinjury levels of activity. No complications were reported.

Medial clavicle fractures are typically treated surgically only by necessity and
nonoperative management is the predominant treatment of choice. The proximity of
neurovascular structures to the medial clavicle make accurate diagnosis and
evaluation for displacement critical. Advanced imaging such as computed tomogra-
phy is indicated if there is suspicion for posterior displacement [61].

Children and Adolescents

Medial-third clavicle injuries in children and adolescents are similar to distal frac-
tures in that they frequently represent physeal separations rather than fractures. The
ossifications center at the medial clavicle rarely fuse prior to 25 years of age. It is
critical, however, to differentiate between physeal separations and true sternocla-
vicular joint dislocations in this age group. Due to the difficulty in evaluating these
injuries on plain radiographs, computed tomography should obtained to help distin-
guish these entities and can also guide treatment if necessary [58, 61].
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Conclusions

Clavicle fractures are common injuries that present treatment dilemmas depending
on the particular fracture characteristics as well as patient’s preinjury function and
demands with the involved extremity. Recent literature has shown that surgical
management for displaced injuries of the middle-third clavicle may improve
patient’s long-term pain and functional outcomes. As surgical intervention has
become more prevalent, care must be taken in selecting the appropriate patients to
provide maximal outcome benefits and reducing the incidence of complications.
Hardware prominence and irritation are concerns for all fixation methods at any
location on the clavicle due to it subcutaneous position with minimal soft-tissue
coverage but low-profile implants and surgical approach may help to minimize
patient complaints. Distal clavicle fractures are prone to nonunion with nonopera-
tive treatment. However, while surgical intervention lowers this incidence, it does
not appear to improve long-term outcomes and complication rates are unacceptably
high with certain methods. Medial clavicle fractures are rare and as they are typi-
cally minimally displaced, are predominantly treated nonoperatively. Discussion
and patient education prior to treatment is essential to achieve optimal outcomes
and mitigate complications in clavicle fracture management.
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Chapter 12
Pediatric Clavicle Injuries

Katherine C. Faust, Robert K. Lark, and Fraser J. Leversedge

Growth of the Clavicle

The clavicle and mandible are the first bones to ossify in utero, occurring through a
process of membranous ossification. The clavicle may be identified as early as when
the embryo reaches 11 mm in length. It develops as two precartilage masses within
perichondrium that fuses by the time the embryo is approximately 18—19 mm in length
[1], or 45 days gestational age [2]. The lateral ossification center matures at a faster
rate than its medial counterpart; these centers subsequently fuse to form the central
clavicle. Cells on both the acromial and sternal ends remain chondroblastic [3].
Longitudinal growth is greater at the sternal compared to the acromial end, and a sec-
ondary ossification center appears on the sternal side at approximately 18 years of age
although this can occur as early as 11 years old in females and 16 years old in males
[4]. Studies evaluating serial postnatal radiographs have determined that the average
growth is 8.4 mm per year (mm/y) for males and females up to age 12 years, at which
time the growth rate slows to 5.4 mm/year for males and 2.6 mm/year for females [5].
Complete fusion of the secondary ossification center with the rest of the clavicle
occurs by 21-22 years of age, occasionally as late as 25-26 years of age. This medial
secondary ossification center is the last physis to achieve maturity in humans [4].

Anatomic Detail of the Clavicle

The clavicle develops as a double curve which is convex anterior throughout the
medial two-thirds and concave anterior in the lateral one-third. The transition
between these two curves has been demonstrated as a focal area of weakness when
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stress is applied to the bone [4]. Anatomic landmarks on the surface of the bone
include the deltoid tuberosity (sometimes referred to as a “tubercle”), the conoid
tubercle, the trapezoid line, and the subclavian groove. The deltoid tuberosity is
palpable on the lateral aspect of clavicle, located laterally at a length 35-37% of the
clavicle’s length [6]. The conoid tubercle and trapezoid lines are the origins of the
conoid and trapezoid ligaments, respectively, which together comprise the coraco-
clavicular ligament that connects the clavicle and coracoid process of the scapula.
The origin of the conoid ligament is more medial than that of the trapezoid liga-
ment. The acromioclavicular ligament runs from the lateral clavicle to the medial
acromion to support the acromioclavicular joint. The subclavian groove serves as
the insertion of the subclavius muscle, which depresses and pulls the clavicle for-
ward. The clavicle is an origin or insertion for numerous muscles of the shoulder
girdle including the deltoid, pectoralis major, sternocleidomastoid, sternohyoid,
subclavius, sternocleidomastoid, sternohyoid, and trapezius muscles. The clavicle
articulates with the sternum at the manubrium (clavicular notch); this articulation is
notable for its articular disc and its strong restraining ligaments. The vascular sup-
ply to the clavicle is predominantly periosteal from the suprascapular, thoracoacro-
mial, and internal thoracic arteries and it is essentially without nutrient arteries [7].

Clavicle Fractures

The clavicle is the most frequently fractured bone of newborns and in children [8—
11]. The overall incidence of clavicle fractures during the birthing process is 0.41%,
but is higher with vaginal deliveries (0.65%) compared to cesarean sections (0.05%)
[12]. The diagnosis of a fracture may be difficult [8] but increased suspicion is war-
ranted in the presence of a complicated birth such as involving increased maternal
age, larger infant birth weight, meconium passage, maternal diabetes, and other
neonatal abnormalities [13]. Shoulder dystocia and vaginal delivery have not been
shown statistically to be risk factors for clavicle fracture in some studies [13]
although maneuvers during delivery may contribute to clavicle fracture. Other stud-
ies suggest there is a statistical relationship between shoulder dystocia and clavicle
fracture [14]. In fact, in the algorithm for managing shoulder dystocia, iatrogenic
clavicular fracture is listed, though sources repeatedly caution its use or cite it for
historical purposes only [11, 15-17]. A combination of crepitus, deformity, local-
ized tenderness, and a “palpable spongy mass sign” are highly sensitive and predic-
tive of fracture [18]. Some neonates with a clavicle fracture will have a normal
Moro reflex, and there may be no swelling or bruising. Interestingly, nearly half
(43.6%) of clavicle fractures in newborns are incidental findings on chest radio-
graphs obtained to evaluate respiratory compromise [8]. Although user dependent,
ultrasound has become a useful diagnostic tool for the evaluation of a potential
clavicle fracture; a recent study demonstrated 95% sensitivity and 96% specificity,
a 95% positive predictive value, a 96% negative predictive value, and an overall
accuracy of 96% [19]. Infants with clavicle fractures are readmitted or placed in
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Fig. 12.1 Newborn with shoulder dystocia during delivery sustained a closed right clavicle frac-
ture (a). There was no clinical evidence of birth brachial plexus injury with normal neurologic
examination at 2 weeks and 1 year. Follow-up radiograph of the infant at 2 weeks of age demon-
strated abundant callous formation (b)

special care units associated with other diagnoses at a higher rate than infants with-
out clavicle fractures.

Perinatal clavicle fractures heal rapidly with subperiosteal new bone formation
appearing between 7 and 10 days, its presence potentially aiding in the diagnostic
evaluation. The new bone increases in thickness and transitions from single- to mul-
tilayered over time. Maturation of the callus involves matrix remodeling from soft
to intermediate to hard callous [20]. Often, a conspicuous bony exuberance in the
area of the fracture is present for months as the fracture remodels (Fig. 12.1).
Refracture through the zone of injury can occur; a case report described a 9-month-
old whose original injury occurred at 2 weeks of age [21].

Clavicle fractures in older children are commonly the result of injuries associated
with trauma, play, or sports. In a retrospective study of 3666 pediatric patients
involved in road traffic accidents, 17% of upper extremity fractures involved the clav-
icle [22]. The Robinson classification for clavicle fractures considers the anatomical
location of the fracture, and classification subtypes denote the presence of fracture
displacement and whether there is intra-articular involvement [23]. (Table 12.1.)
Medial physeal fractures, often misdiagnosed as sternoclavicular (SC) dislocations in
younger adult patients, occur because the physis fails before the stronger sternocla-
vicular ligaments. A Type 1 Salter—Harris fracture is the most common injury asso-
ciated with substantial trauma [24]. Acromioclavicular (AC) dislocations in children
are generally metaphyseal or physeal injuries with accompanying periosteal sleeve
avulsions. Importantly, this distinction influences treatment principles and out-
comes, as pediatric AC and SC fractures do not cause ligamentously unstable joints
when the fractures heal.

Typically, closed pediatric clavicle fractures are diagnosed with radiographs (pri-
marily anteroposterior and cephalic tilt) and treated conservatively through a strategy
of protective immobilization in a sling and early controlled range of motion of the
involved limb. For midshaft clavicular fractures in neonates, nonoperative manage-
ment with arm immobilization using a stockinet or long sleeved shirt safety pinned to
the torso portion of the shirt is indicated for 1-2 weeks. Reassurance and counseling
of the parents to avoid motion of the extremity that causes pain is beneficial; controlled
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Table 12.1. Robinson
classification of clavicle

fractures (modified from: . .
Robinson 1998) [23] Type 1Al: nondisplaced, extra-articular

Type 1: medial one-fifth

Type 1A: nondisplaced

Type 1A2: nondisplaced, intra-articular

Type 1B: displaced

Type 1B1: displaced, extra-articular

Type 1B2: displaced, intra-articular
Type 2: middle three-fifths
Type 2A: cortical alignment
Type 2A1: nondisplaced

Type 2A2: angulated

Type 2B: displaced

Type 2B1: simple or wedge-comminuted

Type 2B2: comminuted, segmental

Type 3: lateral one fifth

Type 3A: nondisplaced

Type 3A1: nondisplaced, extra-articular

Type 3A2: nondisplaced, intra-articular

Type 3B: displaced
Type 3B1: displaced, extra-articular

Type 3B2: displaced, intra-articular

and protected motion of the involved limb will be tolerated generally when bridging
callous is identified on plain radiographs. In older children, nonoperative manage-
ment with a sling for 3-6 weeks is preferred. Indications for surgical management
include open fracture, impending open fracture (due to soft tissue compromise), and
neurologic or vascular compromise requiring exploration. Athletic children may ben-
efit from fixation of displaced fractures similar to the indications in adults (kickstand
fragment, fractures with >2 cm shortening). Surgical options include periosteal sleeve
suturing in young children and plating or intramedullary fixation in older children.
Lateral clavicular fractures without disruption of the acromioclavicular and coraco-
clavicular generally heal well with nonoperative management although surgical fixa-
tion and suture repair of the periosteal sleeve is an option for intra-articular and
displaced fractures (Robinson type 3B). Surgical reduction and repair of medial cla-
vicular fractures are indicated generally for posteriorly displaced fractures due to the
risk of compression of the great vessels and/or other mediastinal structures.
Preoperatively, a computed tomography (CT) study can be beneficial. A cardiotho-
racic surgeon should be consulted and on standby if operative fixation is performed
based on the proximity of the fracture and relative risk to vital structures and to the
pleura. Initial management of displaced fractures involves closed reduction under
anesthesia in the OR. A posteriorly directed force is exerted on the shoulder with the
arm adducted to the body; if stable reduction is obtained, a figure-of-eight harness or
sling can be utilized for 3—6 weeks. If the fracture remains unstable or unacceptably
displaced despite attempts at closed reduction, open reduction and stabilization using
suture fixation through bone tunnels in the sternum and clavicle is recommended [25].
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Fig. 12.2 A displaced, minimally shortened, mid-diaphyseal right clavicle in a 7-year-old male
who fell while playing football (a). The fracture was treated nonoperatively with a sling immobi-
lization and protected activity and at 4 weeks following injury, early callous was identified radio-
graphically (b). Gradually advancing controlled range of motion in the absence of symptoms was
advised from 4 to 8 weeks from injury, and return to unrestricted activity was permitted at
12 weeks. A 1-year follow-up radiograph (¢) demonstrates fracture union and remodeling

Outcomes of nonoperative management of pediatric clavicle fractures are generally
good to excellent (Fig. 12.2) [26]. Complications of nonoperative treatment include
nonunion, malunion, refracture, pain, loss of motion, weakness, and cosmetic defor-
mity. Osteomyelitis in the setting of previously undiagnosed closed clavicle fracture
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has been described in the neonatal population [27]. Confounding injuries involving
the brachial plexus of vascular structures associated with the index trauma likely cor-
relate with the increasing energy imparted to the region during injury (Fig. 12.3).
Previous authors have proposed that failure of the clavicle is protective of the plexus
in the setting of ipsilateral clavicle fracture and brachial plexus palsy, as these palsies
tend to be less severe and resolve without intervention compared to those injuries to
the brachial plexus that are not associated with a clavicle fracture [28]. Wu et al.
reported on an arteriovenous fistula discovered at time of surgical fixation of posttrau-
matic nonunion in an adolescent initially treated nonoperatively for 6 months [29].
Open treatment of fractures can be complicated by adverse events associated
with wound healing, neurovascular injury, and infection, as well as those issues
associated with closed treatment. To our knowledge, the rare injuries that indicate
operative fixation (Robinson 1B and 3B fractures) have limited outcomes reporting
based on a review of the literature. A comparison of adolescents treated surgically to
adolescents treated nonsurgically revealed a complication rate of 21.7% for surgical
patients: refracture, need for plate removal secondary to hardware prominence, and
nonunion. In comparison, no refractures nor malunions necessitating surgery
occurred in the nonoperative group. Selection bias was unavoidable; however, ado-
lescents treated surgically were more likely to have fractures with greater displace-
ment and comminution compared to the nonsurgical group [30]. Li et al. reported
complications in 86% of patients with midshaft clavicle fractures treated with surgi-
cal plate and screw fixation [31]. Complications included hardware prominence,
chest wall numbness, wound healing complications, secondary fracture around the
plate or following plate removal. Danisman et al. described a brachial plexus palsy
and concomitant ipsilateral clavicle fracture [14, 15]. Patient satisfaction has been
reported high at 1 year for 10-15-year-olds treated with intramedullary nailing of
clavicle fractures [32]. When time to return to full activity is compared for opera-
tively versus nonoperatively treated clavicle fractures in the pediatric population, no
statistical difference has been reported between these two groups. Time to full shoul-
der range of motion was 7.85 weeks in the nonoperative group versus 8.74 weeks in
the operative cohort. Time to radiographic healing, and DASH scores were not sta-
tistically different between operatively and nonoperatively treated fractures [33].
Refracture of the clavicle is not uncommon. Matey et al. reported 21% refracture
rates (defined as 1 year or more after initial fracture) in patients treated nonopera-
tively. All refractures occurred during trauma, sports, or play. Interestingly, fractures
that were less angulated were more likely to refracture than those with 100% or more
displacement. Angulation inversely correlated with fracture risk, hypothesized due
to the direct correlation between amount of angulation and amount of callus [34].
The adverse structural influences of clavicle malunion on function in pediatric
patients have been debated. Waters et al. found 100% union rate in a group of
patients with >2 cm displacement of midshaft clavicle fractures. In comparing the
injured to the noninjured side, there was <8° loss of motion in forward flexion and
abduction of the shoulder, but no difference in strength testing. One patient required
corrective osteotomy following initial fracture union [35]. McGraw et al. demon-
strated that girls older than 9 and boys older than 12 years of age have less than 20%



Fig. 12.3 A high-energy injury mechanism raises the concern for associated brachial plexus and/
or vascular injury, and a scapulothoracic dissociation. This 10-year-old male, restrained passenger,
sustained a closed, displaced left clavicle fracture in a motor vehicle accident (a). A brachial plexus
neuropraxia resolved by 4 months from injury; however, substantial overlap of the fracture seg-
ments was noted (b). Surgical open reduction and internal fixation was performed with return to
full, unrestricted activity at 9 months from injury (c)
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of growth remaining and concluded that for this group, surgical consideration
should be included for length-unstable fractures [5]. This is supported by the obser-
vation that if there is 10% relative shortening of the clavicle, posterior tilting and
loss of scapula external rotation occurs [36]. The change in scapulothoracic dynam-
ics could impact shoulder endurance and overhead activities.

Pseudarthrosis of the Clavicle

One unique congenital birth difference involving the shoulder girdle is pseudarthro-
sis of the clavicle. This is a benign condition that occurs on the right side and in the
middle third of the clavicle, except in the presence of situs inversus when it occurs
on the left side. This variation associated with situs inversus led to the hypothesis
that pseudarthrosis is caused by palpations of the subclavian artery [37]. Initially
described in 1910, it involves a failure of ossification between the two precartilagi-
nous masses in utero, and is not associated with a syndrome such as cleidocranial
dysplasia [1]. It is bilateral in 10% and is more common in females than in males
[2]. There is no known association of pseudarthrosis with trauma. A ligamentous
structure connects the broad ends of the medial and lateral clavicular segments
(unlike a narrow, atrophic nonunion). The natural history includes increasing defor-
mity of the clavicle that can cause secondary and local effects. Although functional
deficit or neurovascular compromise (thoracic outlet syndrome) is rare, outcomes of
pseudarthrosis repair are improved when bone grafting is used as part of the recon-
struction strategy [1]. Nonsurgical treatment may leave the affected arm in an infe-
riorly directed position and can be painful, possibly associated with altered shoulder
mechanics. Thoracic outlet syndrome has been reported in conjunction with clavicle
pseudarthrosis, but is rare [2]. Shalom et al. reported a case of a 45-year-old right-
hand-dominant ear, nose, and throat surgeon with pseudarthrosis treated conserva-
tively with a cosmetic defect only and no limitations in motion nor activity compared
to the other arm [38].

Conclusion

Clavicle injuries in children are not uncommon and should be considered in the
neonatal/perinatal, childhood, and adolescent age groups. Management strategies
differ from those injuries in adults due to the skeletal immaturity and remodeling
potential. Fractures are classified by their location based on AP and cephalic tilt
radiographs: medial, middle, or lateral. Most fractures are treated nonoperatively
with a sling or figure-of-eight brace with good to excellent results. Surgical inter-
vention is recommended for open fractures or for impending open fractures, and
when neurovascular or mediastinal structure compromise exists. Many displaced
pediatric clavicle fractures can be treated with periosteal suturing as opposed to
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hardware fixation. Surgical repair of displaced fractures may be recommended in
certain patients if there is >2 cm of displacement or a classic “kickstand” fragment.
Ultimately, treatment should be individualized; however, increased risks of surgery,
general functional tolerance of mild malunion, and remodeling potential of the
immature skeleton often support nonoperative fracture management. In both surgi-
cal and nonsurgical cases, refracture rates are not insignificant and, therefore, patient
and family education is essential regarding outcomes.
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Chapter 13
Sports-Related Clavicle Injuries

G. Bradley Bookatz and Spero G. Karas

Intro and Background

Clavicle fractures account for 4-6% of all fractures, and the majority of these occur
in the midshaft [1, 2]. Much like the general population, clavicle fractures in ath-
letes have traditionally been treated with nonoperative methods. The main impetus
for this approach has been the overall good outcomes and minimal complications
afforded with nonoperative treatment. At our institution we treat these with plate
fixation, but use of intramedullary nailing has also been reported with similar out-
comes [1, 3]. Clavicular malunion has been described as being primarily a radio-
graphic phenomenon, and midshaft clavicle fractures “generally did well with
non-operative care.” [2] Surgical fixation of clavicle fractures has traditionally been
reserved for open fractures, skin tenting, floating shoulder, and cases of symptom-
atic nonunion. However, more recent literature suggests that operative fixation of
these injuries may be superior to nonoperative treatment with lower nonunion and
malunion rates, improved patient satisfaction, better functional outcomes, and
improved cosmesis [4-8]. Hill et al. [S] found a 15% nonunion rate, and 31% of
patients reporting unsatisfactory results in 52 displaced fractures that were treated
nonoperatively. Shortening of greater than 18-20 mm has also been shown to be
associated with unsatisfactory results [5, 9].

The most common mechanism for clavicular fracture is a fall onto the ipsilateral
shoulder, thus leaving athletes highly vulnerable to this injury [10]. Kaplan et al.
[11] reported there was a 2.9% prevalence of clavicle fractures among collegiate
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football athletes at the 2004 NFL Invitational Combine. Given this common
mechanism of injury and nature of contact athletics, prompt return to play may be
problematic for these athletes. With traditional, nonoperative treatment, return to
play is typically allowed anywhere from 1 to 6 weeks after radiologic evidence of
healing, or 6-12 weeks after the initial injury [12-14]. Two recent studies by
Meisterling et al. [15] and Morgan et al. [16] examined management and return to
play after midshaft clavicle injury. Morgan et al. reviewed 19 clavicle fractures sus-
tained in National Football League players over a 5 year time frame, with 13 of
these being classified as 100% displaced. Of the displaced injuries, six were treated
operatively and healed at an average of 8.8 weeks (range 6—12 weeks). The other
seven were initially treated nonoperatively, and three healed with no sequelae but at
an average of 13.3 weeks. The remaining four sustained a refracture within 1 year
of injury. Meisterling et al. followed 30 clavicle fractures that were treated with
plate fixation and found an average return to play of 83 days, with two-thirds of
these returning to play at less than 12 weeks, including seven who returned to play
at less than 6 weeks. Both authors noted that surgical fixation of displaced midshaft
clavicle fractures provided improved stability, fewer complications, and earlier
return to play when compared to nonoperative treatment. Despite these recent stud-
ies, there still exists no consensus recommendations for type or timing of treatment,
and each case must be considered on an individual basis, inclusive of but not limited
to the athlete’s physical demands, sport, and time left in the season.

Surgical Technique

The senior author’s preferred technique for operative fixation of displaced midshaft
clavicle fractures is rigid fixation with anatomically pre-contoured 3.5 mm dynamic
compression plates and interfragmentary compression screws, similar to the tech-
nique described by Kim [12]. Standard indications for surgery include open frac-
tures, those producing neurovascular or skin compromise, and fractures at high risk
for nonunion or malunion (>100% displacement, shortening >1.5 cm, and signifi-
cant comminution) [4-9, 12, 17]. The decision for operative fixation in an athlete
may include any of these, or be based on an athlete’s unique characteristics such as
a more prompt return to play, increased early fracture stability, and the potential for
superior functional outcomes.

Surgery is performed in the beach chair position, with the shoulder girdle sup-
ported by the table. A transverse incision with full thickness skin flaps is developed
superficial to the platysma fascia, followed by subperiosteal dissection creating a
second layer of myofascial flaps. Care is taken to identify and preserve branches of
the supraclavicular nerve whenever possible. After anatomic reduction, lag screws
are placed across the fracture site when possible. Comminution fragments should
also be fixed to the larger clavicle segments. The plate is then placed on the superior
aspect of the clavicle for maximum biomechanical stability. In athletes requiring
shoulder pads for their sport (football, lacrosse, motocross, or hockey), anterior
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placement of the plate is also an option, in an attempt to avoid hardware irritation
over the superior aspect of the clavicle. Furthermore, in collision athletes, the senior
author will frequently utilize a longer plate to limit the amount of clavicle that is
exposed to a stress riser at the margins of the plate. We prefer to have three bicortical
screws on each side of the fracture; however, comminution extending to the far lat-
eral or medial clavicle may uncommonly impede this. A three-layer closer is com-
pleted to minimize the risk for infection and hardware irritation, using an #0 vicryl
for the myofacial layer and #2-0 vicryl subcutaneous followed by a #3-0 monocryl
subcuticular layer. The patient is placed in a simple sling.

Other authors and studies have investigated the use of intramedullary fixation for
clavicle fractures. While plate fixation is considered the “gold standard” for opera-
tive treatment, proponents of intramedullary fixation devices cite smaller incisions,
shorter operative times, preservation of soft tissues, and ease of hardware removal.
Smith et al. [18] examined the biomechanical stability of composite clavicles with-
out fracture, with pre-contoured plating, with locked intramedullary fixation and
after hardware removal of both. They found no significant difference between the
two types of fixation with hardware intact, however did find that those with intra-
medullary fixation were stronger after hardware removal than those who had plate
fixation removed. It should be noted that these studies lacked the biologic healing
that would typically occur, but they do offer compelling evidence for further studies
into intramedullary fixation versus plate fixation. Regardless of sport, the senior
author recommends interfragmentary lag fixation with plate osteosynthesis as the
most secure and anatomic early fixation, especially in cases where there is signifi-
cant comminution. Plate fixation also provides dependable clinical outcomes in
returning the athlete to high impact sports.

Our current recommendations are for plate fixation without routine hardware
removal except in cases of significant pain due to the hardware. To our knowledge,
there are no studies that review return to play following hardware removal. However,
should hardware removal be necessary, our recommendations would be for this to be
performed early in the off-season to allow for additional remodeling and healing.

Rehabilitation

Rehabilitation and return to play recommendations vary by author. Kim et al. [12]
recommended placing the patient in a sling for 10-14 days but allowed immediate
shoulder range of motion. Strengthening exercises may begin at 6 weeks and full
contact activities resumed at 12 weeks. Basamania and Rockwood [19] limited ini-
tial range of motion to less than 90 degrees following operative fixation. They con-
ceded that return to play is a judgment call and based on many factors. For noncontact
athletes, they advised return to play when complete, painless, active range of motion
and normal strength returned, and evidence of bridging callus is present, typically at
approximately 6 weeks. For athletes in collision sports, they recommend return to
play at 2-3 months post-op.
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At our institution, the patient is placed in a simple sling and shoulder range of
motion is limited to pendulum exercises and elbow/wrist active motion for 4 weeks.
Use of the sling is typically discontinued at 4 weeks, and physical therapy is initi-
ated. Athletes are typically released for full activity at 8 weeks if follow-up radio-
graphs demonstrate adequate early healing. Complete union is not necessary,
however, by this time many athletes have achieved adequate callus formation for
return to sport.

Outcomes

A 2005 meta-analysis of clavicle fractures performed by Zlowodzki et al. [9]
revealed a nonunion rate of 2.2% after plate fixation compared with 15.1% follow-
ing nonoperative treatment. This was an 86% relative risk reduction for clavicle
nonunion when comparing rigid plate fixation with nonoperative treatment. Another
multicenter, randomized trial comparing plate fixation with nonoperative treatment
of 132 displaced midshaft clavicle fractures revealed significantly improved out-
comes scores, shorter time to union, earlier return to normal function, and a lower
rate of malunion and nonunion at 1 year in the plate fixation group [20]. Both
Morgan et al. [16] and Meisterling et al. [15] reported case series of successful treat-
ment of displaced midshaft clavicle fracture with surgical fixation in the athlete.
Morgan et al. also found that those treated nonoperatively missed more time due to
longer time to union and refracture. Given the time constraints specific to the in-
season and preseason athlete, there is a solid body of evidence supporting operative
fixation of displaced clavicle fractures in the athletic population. Furthermore, the
training requirements of the off-season athlete would still bias our decision-making
toward surgery in the appropriate fracture type.

Traditionally, operative treatment of midshaft clavicular fractures has been
reserved for open fracture, neurovascular compromise, floating shoulder, skin tent-
ing, and significant shortening. More recently, studies have shown that operative
treatment results in significant increases in postoperative strength, outcome scores,
lower refracture rates, and quicker return to sport [4-6, 9, 11, 13, 15, 16, 20, 21].
Fanter et al. recently conducted a literature review on the management of clavicle
fractures in the adolescent athlete. Despite the infrequent use of surgical repair in the
amateur adolescent population, there was evidence that surgical management may
prevent malunion, nonunion, and poor outcomes while permitting earlier return to
activities [22]. Given the increased demands of athletes—and the potential loss of
opportunity and income—there has been a growing trend towards operative treat-
ment of midshaft clavicle fractures. Ranalletta et al. [23] recently published a case
series of 54 athletes treated with plate fixation whose return to sport time averaged
68 days, with only one athlete not returning to sport due to a secondary injury.
Golish et al. [24] showed that plate fixation provided superior biomechanical fixa-
tion compared with intramedullary nails and thus may provide a more rigid con-
struct for early rehabilitation. Additionally, proponents of intramedullary nailing
often cite benefits of smaller incisions, fewer complications, and easier hardware
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removal as reasons to use intramedullary nails over plate fixation; however, Frigg
et al. [25] reported the need for open reduction in 62% of patients and 70% reported
complications after intramedullary fixation. Because of these findings we treat these
injuries with plate osteosynthesis. We agree with the authors above that plate fixa-
tion provides more anatomic and secure reduction in most cases. While the treating
surgeon must weigh the clinical factors of the injury along with the personal goals
of the athlete when deciding which treatment to employ, recent studies support sur-
gical fixation for displaced clavicle fractures in athletes.

Illustrative Case

A 20-year-old Division-I wide receiver suffered a displaced, segmentally commi-
nuted fracture of the midshaft clavicle during spring football practice (Fig. 13.1).
Lag screw fixation of the segmental fragment (Fig. 13.2a) and locking plate

Fig. 13.1 Treatment of a
displaced, segmentally
comminuted fracture of the
midshaft clavicle

Fig. 13.2 Lag screw fixation of the segmental fragment (a) and locking plate osteosynthesis were
performed, with anterior plate placement (b)
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Fig. 13.3 The longer plate
will limit the area available
for a stress riser at the plate
margins

osteosynthesis were performed. Note the plate was placed anterior rather than supe-
rior, to avoid irritation from the athletes shoulder pads (Fig. 13.2b). A long plate was
used to span the relatively large area of comminution. Furthermore, a longer plate
will limit the area available for a stress riser at the margins of the plate (Fig. 13.3).
The athlete performed our standard rehabilitation protocol, healed uneventfully, and
was released to return to play 8 weeks postoperatively.
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Chapter 14
Complications of Clavicle Fractures

Scott P. Stephens and Michael A. Wirth

Introduction

Clavicle fractures are relatively common injuries, representing between 3 and 10%
of adult fractures and approximately 35% of fractures involving the shoulder girdle
[1, 2]. The highest incidences of these injuries are encountered in young, active
males and predominantly involve the middle third of the bone. Historically, authors
have advocated against surgical intervention due to reliable fracture union and
successful clinical outcomes reported with conservative management, even in the
presence of substantial displacement. Early studies reported a higher incidence of
fracture nonunion with surgical fixation as compared to conservative treatment and
was attributed to the surgical exposure, periosteal stripping, and inadequate fixation
techniques. These studies though lacked subjective outcome scores and were com-
prised of a heterogeneous population that included adolescents, who have improved
remodeling potential. Current studies with improved methodology though have
demonstrated increased shoulder function, diminished pain, and improved compli-
cation and union rates with operative treatment [3—5]. A recent multicenter random-
ized controlled clinical study demonstrated decreased time to union, improved
patient satisfaction, higher objective functional scores, and diminished symptomatic
malunions with primary operative fixation [6]. Mckee et al. reported significant
residual deficits in shoulder strength as well as loss of endurance in patients treated
nonoperatively [7]. Studies highlighting the improved functional outcomes with
operative fixation have resulted in a dramatic increase in surgical treatment of clav-
icle fractures [6, 8]. Although the majority of clavicle fractures progress to union
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Fig. 14.1 (a) Radiograph of displaced midshaft clavicle fracture. (b) Prominence of medial
fragment underneath the skin

with minimal functional limitations and the ability to return to daily activities,
recent studies have highlighted the potential complications with both nonoperative
and operative treatment of these injuries.

Skin Compromise

The prevention of complications associated with clavicle fractures begins with the
initial clinical assessment, especially in patients who have suffered injuries through
high energy mechanisms. The subcutaneous position of the clavicle places the local
soft tissue at risk for disruption following either direct trauma or indirectly by frac-
ture displacement. The deforming forces placed on the medial fracture fragment can
result in either an open fracture or delayed skin breakdown due to tenting of the skin
[9] (Fig. 14.1a, b). Although an open fracture is an indication for urgent surgical
intervention, these fractures are rare, accounting for only 3.2% of clavicle fractures
[9]. Prominent bone fragments that are left untreated can compromise the skin by
causing secondary ulceration that requires urgent irrigation and debridement, frac-
ture fixation, and postoperative antibiotics if infection is present [ 10, 11]. The choice
of implant used for surgical fixation can also have an effect on the surrounding soft
tissue. Plate fixation requires a larger, more invasive surgical approach that can
result in hypertrophic scarring, infection, and plate prominence [12, 13]. The thin
soft tissue envelope surrounding the clavicle places the patient at risk for wound
dehiscence in the presence of a prominent plate. This can typically be treated with
local wound care, antibiotics, and eventual removal of the implant, and highlights
the importance of careful soft tissue dissection during surgical intervention [6].
Anterior plate placement may diminish soft tissue irritation but contemporary supe-
riorly oriented plates offer a precontoured, low profile option that diminishes the
necessity of implant removal [14, 15]. Intramedullary clavicle fixation provides a
less invasive surgical technique that limits surgical dissection and soft tissue strip-
ping. The use of this implant though may require intraoperative conversion to plate
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fixation to maintain reduction and frequently requires a secondary procedure for
removal of implant due to medial protrusion of the nail, lateral prominence, or rou-
tine prevention of implant migration [12, 13]. In addition to soft tissue healing,
patients can also experience paresthesias or painful neuromas surrounding the
incision.

Nonunion

Clavicle fractures nonunions were traditionally considered to be rare, with prevalence
rates reported to be less than 1% by both Neer and Rowe [16, 17]. Surgical interven-
tion at that time was believed to place patients at a greater risk of nonunion due to
periosteal soft tissue stripping [16]. Fractures that have stable alignment and minimal
soft tissue disruption typically progress to union and a normal return of function. A
variety of techniques have been described for closed reduction of displaced clavicle
fractures, but these have not demonstrated reliability in counteracting the deforming
forces present and maintaining reduction [4, 18]. Recent studies have demonstrated a
nonunion rate of 25%, which is higher than previously reported [3] (Fig. 14.2a—d).

Fig. 14.2 (a) Radiographs 6 months after a police officer experienced a high energy injury. Patient
continued to have pain and discomfort. (b) Computed tomography demonstrates nonunion at frac-
ture site. (¢) Intraoperative picture of open reduction and internal fixation of fracture nonunion. (d)
Computed tomography demonstrating fracture union
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A variety of risk factors can inhibit clavicle healing but typically involve high
energy mechanisms in a young active population. These fractures are typically com-
minuted and displaced, which are risk factors associated with the development of
nonunion, and can result in the disruption and possible interposition of surrounding
soft tissues [3, 9, 18]. Zlowodzki et al. performed a systemic review on acute mid-
shaft clavicle fractures and reported an overall nonunion rate of 5.9%; in the subset
of clavicle fractures with displacement, the risk of nonunion increased nearly three-
fold to 15.1% [19]. Operative treatment of these fractures with either plate osteo-
synthesis or intramedullary fixation resulted in a reduction in relative risk of fracture
nonunion. Robinson et al. found that patients with displaced, comminuted midshaft
clavicle fractures had a nonunion rate of 21% in young males [9]. The risk of non-
union has been demonstrated by meta-analysis to be reduced with the use of plate
fixation for primary treatment (15.1% vs. 2.2%) and the higher incidence in non-
union from earlier studies may have been the result of improper fixation techniques
and selection of operative intervention on more severe fracture patterns [19]. Both
plate fixation and intramedullary fixation have demonstrated improved union rates
as compared to nonoperative management of clavicle fractures [20, 21]. Studies
comparing these fixation techniques though have not demonstrated any difference
in both short- and long-term functional outcomes, as well as no difference in the
ability to obtain union for displaced, non-comminuted fractures [13].

The location of clavicle fractures can also affect bone healing with a higher inci-
dence of nonunions reported in distal third clavicle fractures [22]. Distal clavicle
fractures typically occur as the result of high energy trauma in a younger population
or a fall from height in elderly patients. These fractures were originally classified by
Neer into three types by the relationship of the fracture line to the coracoclavicular
(CCO) ligaments. Type I and III fractures are lateral to these ligaments, typically
involve only minimal displacement, and are treated conservatively with a sling.
Type II fractures though leave the ligaments attached to the distal fragment and
result in an unopposed trapezial muscle force displacing the medial fragment proxi-
mally while the distal fragment is counteracted by the weight of the arm [23].
Indications for surgical treatment are based on stability of CC ligaments, fracture
displacement, and patient age. Although elderly patients are at risk for nonunion,
they are typically asymptomatic and do not require treatment. Injuries in younger
patients though are the result of severe trauma and reduction can be difficult to
maintain without surgical intervention. This can result in pain and reported rates of
nonunion following conservative treatment as high as 44% [22]. If sufficient bone is
present laterally, then fixation can be accomplished with plate fixation. If the frac-
ture pattern or bone quality precludes distal fixation, then fracture stability can be
obtained with concurrent CC ligament fixation. Hook plates have also been
described as a possible fixation option but have been associated with subacromial
erosion, rotator cuff tears, periprosthetic fractures, implant failure and require a
secondary procedure for removal following bony union [24, 25].

Nonunions can be confirmed by failure to show radiographic progression of
healing at 4—6 months. The ends of the bone may demonstrate atrophic, eutrophic,
or hypertrophic changes that are confirmed by computed tomography to lack
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A B
Fig. 14.3 (a) Displaced midshaft clavicle fracture with comminution. (b) Nonunion of fracture

following open reduction and internal fixation. (¢) 6 months after revision surgery with bone graft-
ing and plate fixation showing bony healing

bridging callous. Clinically, nonunions can result in pain, restriction of movement,
weakness, cosmetic deformity, neurologic symptoms, and thoracic outlet syndrome.
The patients may have crepitus or prominence at the fracture site and neurovascular
symptoms of the ipsilateral extremity due to abundant callous formation or fracture
displacement. Fracture nonunion can have a significant effect on quality of life
and daily activities and can be treated with internal fixation and bone grafting
(Fig. 14.3a—c).

Malunions

Maintaining reduction of clavicle fractures through conservative management can
be difficult and a certain amount of deformity is to be expected due to the unequal
distribution of forces placed on the fracture fragments. Patients who are skeletally
mature are unable to remodel these deformities and the final fracture reduction will
remain unchanged. Depending on the amount of displacement of the fracture, vary-
ing degrees of shortening and angulation can be visualized on radiographs but was
originally thought to be of radiographic interest only with no major residual impair-
ment [4]. The typical malunion pattern can be complex, effecting the clavicle three
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Fig. 14.4 (a) Midshaft clavicle following healing with shortening. (b and ¢) Computed tomogra-
phy demonstrating characteristic malunion deformity of clavicle with the lateral fracture fragment
lying inferior and medialized to corresponding fragment

dimensionally and resulting in the lateral fragment being inferior, medially
translated, and anteriorly rotated in relation to the medial shaft [26] (Fig. 14.4a—d).

Recent studies have countered conventional opinion and have demonstrated that
functional outcomes may be adversely impacted by a malunion [27]. Specifically,
long-term follow-up studies have revealed complications such as chronic pain, bra-
chial plexus impingement, weakness, and cosmetic dissatisfaction [3, 4, 28]. Hill
et al. reported that 31% of 52 patients had unsatisfactory results following evalua-
tion of clavicular malunions and that fractures with greater than 2 cm of shortening
were more likely to have a poor outcome [3]. Mckee et al. reported diminished
patient-reported outcome scores, as well as significant reduction in strength with
objective muscle strength testing, most notably arm abduction, and increased fatiga-
bility following nonoperative treatment when clavicle fractures healed with shorten-
ing [4]. Clavicle shortening can alter the scapular—humeral relationship, resulting in
a decrease in the length—tension relationship of the muscle-tendon unit and produc-
ing scapular dyskinesis with diminished mechanical efficiency of the shoulder gir-
dle muscles [3] (Fig. 14.5a—d). This has been correlated by increased displacement
or shortening demonstrating worse subjective outcome scores and a higher preva-
lence of patient dissatisfaction [3, 4, 6]. Corrective osteotomy with internal fixation
and bone grafting can restore clavicular length and result in improvement of
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,

Fig. 14.5 Schema of mean displacement of the scapula due to a malunited midshaft clavicle fracture.
The characteristic translation of the acromion inferiorly (a and b) and anteriorly and medially (c) is
shown. (d) The posterior elements of the scapula translate as well but to a much lesser degree because
of compensation through the sternoclavicular, AC, and scapulothoracic articulations. (Reproduced
with permission from Ristevski B, et al. The radiographic quantification of scapular malalignment
after malunion of displaced clavicular shaft fractures. J Shoulder Elbow Surg. 2013; 22: 240-246)

subjective outcome scores and patient satisfaction (Fig. 14.6) [7, 18, 23, 29]. Due to
the complex deformity that may be present and proximity to vascular structures,
preoperative evaluation of vascular structures with imaging should be considered
and the presence of a vascular or thoracic surgeon should be requested.

Neurovascular Sequelae

The proximity of the clavicle to neurovascular structures makes a thorough exami-
nation of the affected extremity necessary to rule out additional injuries [30, 31].
Fractures that result in posterior displacement of the medial aspect of the clavicle
can injure the major vessels located posterior to the mediastinum. Computed tomog-
raphy of the chest should be obtained to evaluate traumatic medial clavicle injuries
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Fig. 14.6 Standard anteroposterior radiograph after restoration of clavicular length by inter-
position of autogenous iliac crest-bone graft and plate fixation. Well-incorporated bone graft is
outlined. (Reproduced with permission from Bosch U, et al. Extension osteotomy in malunited
clavicular fractures. J Shoulder Elbow Surg. 7;4: 402-405)

due to its rapid availability. This situation is rare but does require urgent operative
intervention with the assistance of a cardiothoracic surgeon [32, 33]. For patients
who are under the age of 21 or still skeletally immature, an MRI should be obtained
to distinguish between a physeal injury and sternoclavicular dislocation [45].

Fractures of the shaft that have significant deformity or abundant callous forma-
tion can place pressure on either the brachial plexus or subclavian vessels in the
costoclavicular space [10, 30]. The subclavian vessels can be compressed between
the clavicle and the first rib, resulting in thoracic outlet syndrome. Injuries to the
brachial plexus can occur from early traction injuries or develop from late compres-
sion neuropathies from atrophic nonunion. Intraoperative neurologic injury can also
result from drill penetration, retractors, excessive fracture mobilization or with
intramedullary fixation [11]. The diagnosis of neurovascular injury can be identified
by physical examination and history and aided by electromyography, nerve conduc-
tion velocities, and advanced imaging such as MRI.

Implant Complications

Various techniques have been reported for clavicle fracture fixation but the most com-
mon surgical options currently utilized are either plate or intramedullary fixation [34].
Intramedullary fixation was developed as an alternative to traditional plate fixation and
offers several advantages including a cosmetically favorable incision, minimal disrup-
tion of the periosteum, and diminished hardware prominence [35, 36]. Various intra-
medullary implants have been described, including pins (Hagie, Knowles, Rockwood)
and titanium elastic nails [16, 37]. Despite the proposed advantages, these implants
have been associated with pin migration, pin breakage, cortical perforation, superficial
and deep infections, refracture following pin removal, hardware prominence, and skin
erosion from pin exposure [16]. Studies have also demonstrated inferior biomechanical
properties for rotational and torsional strength with intramedullary fixation when
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compared to plate fixation which can potentially result in hardware failure, nonunion,
or malunion [33, 37, 38]. These complications have been reduced with improved mod-
ern implant designs that allow load sharing fixation and promotion of callous forma-
tion, as well as increased surgeon experience with these implants.

Plate osteosynthesis provides a rigid construct that has demonstrated improved
patient and surgeon oriented outcomes, earlier return to function, and decreased
rates of nonunion and malunion [6] (Fig. 14.7a—d). Plate fixation has also demon-
strated improved biomechanics and lower rates of fixation failure as compared to
intramedullary nails [33]. Despite the development of low profile precontoured
clavicle plates, the subcutaneous location of the implant can result in prominent
plate hardware, scar or neuroma related pain, and cosmetic complaints [39]. Studies
have demonstrated reoperation rates as high as 25% for plate fixation of clavicle
fractures, with the predominant surgery being hardware removal [40]. Despite the
increased use of precontoured titanium plates that can prevent stress shielding and
improve fracture union rates, a high percentage of implant removal is still reported
and can be associated with lower functional outcomes and diminished patient satis-
faction [40]. Removal of the plate has demonstrated increased refracture rate as
compared to intramedullary fixation and has been potentially attributed to stress
risers at vacated holes, stress shielding of the plate, or possibly unrecognized
nonunion and requires restrictions on activities for a time period following plate
removal [13]. Reinjury prior to fracture healing or in the presence of a nonunion can
result in failure of fixation or a fracture adjacent to the implant. Plate fixation has
also been associated with pneumothorax, vascular injury, brachial plexus palsy,
regional pain syndrome as well as increased economic cost [41, 42].

Distal Clavicle Fractures

Fractures of the distal clavicle are not as prevalent as midshaft clavicle fracture but
still comprise as much as 30% of clavicle fractures. These injuries occur with direct
trauma to the arm in an adducted position and can be the result of high energy
mechanisms associated with injuries to the ribs, ipsilateral upper extremity, and
spine. The complex anatomy of the lateral clavicle consists of the acromioclavicular
articular surface, acromioclavicular ligaments and is the attachment and origin of
muscles of the shoulder girdle. Severe displacement of the fracture due to the
deforming muscle forces can result in tenting of the skin and potential compromise
(Fig. 14.8a, b) [43]. Due to the proximity of the acromioclavicular joint, posttrau-
matic arthropathy can develop from either damage to the articular surface at the
time of injury from the transmission of force or from intra-articular fracture pat-
terns. Acromioclavicular joint degeneration can manifest clinically by direct tender-
ness over the joint as well as symptoms being reproduced with cross body adduction.
Radiographically these changes can be demonstrated by acromioclavicular joint
space narrowing, spur formation, and cystic changes in the distal clavicle. Treatment
options include intra-articular steroid injection as well as either arthroscopic or
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Fig. 14.7 (a) 17-year-old male with clavicle fracture from high energy injury resulting in fracture
displacement, comminution, and pressure placed on skin from medial fragment. (b) Cephalic view
demonstrates shortening of fracture. (¢ and d) Restoration of length and alignment obtained with
open reduction and internal fixation with a precontoured titanium clavicle plate
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Fig. 14.8 (a) Distal clavicle fracture with the medial fragment being displaced by the deforming
force of the trapezius. (b) Fracture was treated with hook plate that was removed after fracture union

open excision of the distal clavicle after failed conservative treatment, making sure
to maintain the integrity of the acromioclavicular and coracoclavicular ligament.
Neurologic injuries involving these injuries are rare but suprascapular nerve injury
has been described and can be associated with external rotation weakness on physi-
cal examination [44].
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