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ABSTRACT

Introduction

In Western countries, the incidence of clavicle injuries has increased along with the mobile
and energetic way of life. Traditionally, clavicle fractures and acromioclavicular (AC) joint
dislocations have been treated nonoperatively. However, recent studies have shown that
surgical treatment may diminish nonunion and sequelae. Although articles discussing clavicle
fractures and AC joint dislocations are abundant, the quality of evidence is still poor. This
study aimed to investigate the results of various treatment modalities for clavicle fractures by
way of systematic review and to compare the results of nonoperative and operative treatment
for completely displaced midshaft clavicle fractures. The goal in AC joint dislocation
treatment was to assess the long-term results after surgery for acute type V injury and to

assess the results of surgery for chronic AC joint dislocation.

Patients and methods

For Study I, an information specialist performed an electronic database search of the literature
without language restrictions. The available literature was observed from 1966 until the end
of March 2011. The aim was to find potential high-quality comparative studies discussing
acute clavicle fractures in adults. Findings were summarized by strength of evidence.

For Study II, we randomized 60 patients with completely displaced acute midshaft clavicle
fractures. Treatment modalities were sling or plate fixation. Primary outcomes were shoulder
function and disability. Secondary outcomes were pain, fracture healing, and complications.
Follow-up time was one year.

For Study III, we examined retrospectively 50 patients treated surgically for acute type V
acromioclavicular joint dislocation. Our aim was to assess the long-term results of surgery.
Outcomes were shoulder function, disability, pain, and complications; we also evaluated
subacromial impingement, AC joint dysfunction, and AC joint stability.

In Study IV, we examined retrospectively 25 patients treated surgically for chronic AC joint
dislocation. Our aim was to evaluate the results of delayed surgery. Outcomes were shoulder
function, disability, pain, AC joint dysfunction, AC joint stability, complications, patient’s

satisfaction, and length of sick leave.
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Results

Study 1. From electronic databases came 1072 abstracts discussing clavicle fractures. After
exclusion, 230 reports remained, from which 13 were assessed for review: 12 studies
concerned midshaft fractures, one study lateral fractures, and none medial fractures. Evidence
was mainly low or very low.

Study II. Of 60 patients, 32 were randomized to a nonoperative group and 28 to an operative
group. At 1-year follow-up, we found no difference between these groups in function,
disability, or pain. All fractures in the operative group healed. In the nonoperative group were
6 (24%) nonunions. Other complications were minor. Fracture displacement was associated
with nonunion.

Study III. These 50 patients were examined after a mean 18-year follow-up, with no
difference found in function or disability between the injured and uninjured shoulders. In 8
patients, the AC joint was unstable. Reduction loss after primary surgery appeared in 12
patients, of whom six had anatomical reduction in the AC joint after long-term follow-up.
Study 1V. These 25 patients were examined after a mean 4-year follow-up. The mean delay
from injury to reconstructive surgery was 435 days. Function of the injured shoulder was
inferior to that of the uninjured one. Pain and sense of disability were mild. In 11 patients
(44%), the AC joint remained unstable. Lateral clavicle osteolysis (56%) and tunnel widening

(80%) were common.

Conclusions

Due to the lack of high-quality evidence, no conclusions can be drawn as to the best treatment
for medial or lateral third fractures. Regarding midshaft fractures, it appears that after short-
term follow-up, operative treatment leads to better function and less disability than does
nonoperative treatment; benefits of operative treatment are small after six months; union is
better secured with surgery; nonoperative treatment usually leads to adequate function, pain
relief, and union rates; and the osteosynthesis method has no effect on incidence of delayed
union or nonunion. Nonoperative and operative treatment of acute displaced midshaft clavicle
fractures achieved an equal functional outcome at 1-year follow-up. Nonoperative treatment is
associated with a high nonunion rate. After long-term follow-up, results of surgery in acute

AC joint dislocation are good. Lateral clavicle osteolysis seems to be related to constant AC
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joint dislocation. Operative treatment of chronic AC joint dislocation is demanding. Surgery

may not necessarily restore shoulder function, and the complication rate is high.



1. Introduction

1. INTRODUCTION

The very first textbook or treatise on traumatology already mentions the proper handling of
dislocated midshaft clavicle fractures. In the Edwin Smith Papyrus (ca 1600 BC) is written:
“If you treat a man for a dislocation in his collarbone, whose shoulders are found drooping
while the head of his collarbone is facing toward his face, then you say about him: One who
has a dislocation in his collarbone; an ailment I will handle.” So the ancient Egyptians
already knew that clavicle fractures are treatable “by bandage with stiff rolls of cloth and with
oil and honey.” Thereafter, thousands of papers have been published, but are we at all wiser?
Thus far, the weaknesses in the published studies are their low quality and poor evidence,
since they are mainly retrospective case series reporting various treatment methods. The main

issue is still more or less unclear; what type of injuries need surgical intervention?

In adults, clavicle fractures comprise 3% of all fractures. Of shoulder-region injuries, clavicle
fractures comprise 37 to 45%, AC joint dislocations 8%, proximal humerus fractures 33%,
scapular fractures 5%, and glenohumeral (GH) joint dislocations 17% (Nordqvist and
Petersson 1995, Postacchini et al. 2002). The incidence of clavicle fractures 1s 50-64/100 000,
and AC joint dislocations 8/100 000. Both injuries are more common among men (Nordqvist

and Petersson 1995, Nowak et al. 2000).

Traditionally, clavicle fractures and AC joint dislocations have both been treated
nonoperatively with a sling. During recent decades, increasing interest in operative treatment
has arisen (Huttunen et al. 2013). Fortunately, over the last seven years some randomized
controlled trials comparing operative to nonoperative treatment in midshaft clavicle fractures
have emerged. On the strength of these studies, it appears that nonoperative treatment results
in more nonunion than does operative treatment, but any concrete influence on shoulder
function has been unclear (Canadian Orthopaedic Trauma Society 2007, Smekal et al. 2009).
As to the results of AC joint dislocation treatment, the literature provides inadequate data,
especially concerning long-term follow-up and chronic injuries. Despite the treatment
modality and injury nature, the goal is to restore shoulder function and prevent residual pain

and constant disabilities.

The aim of this study series was to assess systematically from the literature the results of

nonoperative and operative treatment modalities for acute clavicle fractures in adults, to

~10 ~
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prospectively compare the results of nonoperative and operative treatment for completely
displaced acute midshaft clavicle fractures, to assess long-term results after surgery for acute
type V acromioclavicular joint dislocations, and to assess results of surgery for chronic

acromioclavicular joint dislocations.

~11 ~



2. Review of the literature

2.REVIEW OF THE LITERATURE

2.1. The clavicle in mammals

The clavicle is phylogenetically an ancient structure. It is regarded as a dermal bone,
since the mesenchymal source of the bone lies within the dermis of the skin. It is a
remnant of a more extensive dermal exoskeleton or armor that covered early
vertebrates. In the whole body skeleton of mammals, the clavicles are the only relics of

the dermal skeleton (Hall 2001, Kardong 2012).

The presence and extent of the clavicle varies among mammals. Depending on the
importance and use of a mammal’s forelimbs, the clavicles are present, rudimentary, or
absent. Mammals, whose forelimbs are more specialized than their hind limbs, have
complete clavicles. In contrast, if the hind limbs are highly specialized, the clavicles are
rudimentary or absent. A clear correlation exists between development of the clavicles
and the work done by the forelimbs. Clavicles are more or less perfectly developed in
arboreal (climbing), fossorial (digging), aerial (flying), and in all other forelimb-active
mammals. Rudimentary or absent clavicles appear in hoofed mammals, carnivores,
marine species, and all other species whose forelimbs play a secondary role in work

(Trotter 1885).

Primates have morphological features in the shoulder region that differ from those of
other mammals. All primates have a wide and shallow chest, well-developed clavicles,
prominent acromion and spina of the scapula, a dorsally shifted wing of the scapula, and
a ball-and-socket shoulder joint (Schultz 1930, Preuschoft et al. 2010). These features
enable varied and extensive motion in the shoulder joint, a high degree of pronation and

supination in the forearm, and use of a specialized hand (Trotter 1885).

In apes, as in humans, the clavicle is elongated compared to its length in other primates
(Gebo 1996, Larson 1998). The clavicle plays an important role in maintaining the
position of the shoulder joint in locomotion and feeding (Preuschoft et al. 2003). The
elongated clavicle in apes is considered to contribute to their extensive shoulder

mobility (Kagaya et al. 2010).

~]2 ~
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2.2. Embryonic, fetal, and postnatal development of the human clavicle

Unlike other long bones, the clavicle develops without prior enchondral ossification. In
this intramembranous ossification, primitive mesenchymal tissue differentiates directly
into bone (Wheater 1987). The first sign of a clavicle is in the fifth postovulatory week
when a fibrocellular proliferation, a blastema, appears. Cells in this blastema form an
organic matrix which is mineralized almost immediately as it forms. Ossification of the
clavicle begins in two separate centers, a medial and a lateral, about 5 to 6 weeks
postovulatory. Within 5 to 6 days from blastema formation, the two ossification centers
have blended, and within 9 to 10 days, the two centers are fully united, and a single, 2-
mm clavicle appears. The clavicle grows as osteoblasts continue to be formed in their
centers. In the acromial and in the sternal aspect of the clavicle, the cells remain
chondrogenous and form the acromioclavicular and sternoclavicular joints. Soon after,
the bone marrow cavity starts to form when cells invade clavicular bone and
differentiate into osteoblasts, osteoclasts, and blood-forming cells. From this time
forward, the clavicle grows like a long bone. At the end of the embryonic period (8
weeks), the clavicle is S-shaped and is similar to its adult form (Mall 1906, Brandt
1934, Gardner 1968).

The fetal period (>8 weeks postovulatory) is characterized by growth and maturation, as
well as remodeling and reconstruction processes. These enable a bone to maintain its
characteristic shape. During the fetal period, the central invasive process extends toward
the cartilaginous ends of the clavicle. The cartilage cells calcify and form growth zones
(epiphyses) in the acromial and in the sternal end. The cartilages become thinner during
the fetal period, and by term they are reduced to a thin surface. Throughout the fetal
period, the clavicle is S-shaped and has trabeculated compacta and a little bone marrow

(Gardner 1968).

The clavicle displays a prolonged period of growth-related activity after birth.
Cartilaginous growth develops at both sternal and acromial epiphyses, the previous
being evidently more active. Throughout postnatal development, and especially during
the first 5 years after birth, the most active growth takes place in the diaphyseal
membranous ossification area. During adolescence, a secondary ossification center

appears in the medial end of the clavicle. In females it appears between ages 11 and 19

~]3 ~



2. Review of the literature

and in males between 14 and 19. The sternal epiphysis commences to ossify around age
21 to 22, and complete union appears between ages 24 to 26. During the first 2 years of
life, the clavicle lengthens about 2 cm (from 4.4 ¢cm to 6.3 cm). From 2 years to
adolescence, the clavicle growths fairly linearly to its average adult length (14-15 cm)
(Stevenson 1924, Todd and D'Errico 1928, Jit and Kulkarni 1976, Ogden et al. 1979,
Black and Scheuer 1996).

2.3. Anatomy of the clavicle

The human clavicle shows high variability in shape (Grant 1971). The clavicle is
classified as a long bone with a shaft and two ends. The shaft constitutes the central
two-quarters, while the medial and the lateral end each accounts for one-quarter of the
bone. It has double curvature, a convex anterior curve in the medial (sternal) half and a
concave anterior curve in the lateral (acromial) half. In the lateral portion, the clavicle
also has a slight superior curve, whereas the medial aspect of the superior surface is
comparatively flat (Figure 1) (Huang et al. 2007). Gender and racially specific
differences exist in clavicle length, diameter, and shape (Parsons 1916, Terry 1932,
Andermabhr et al. 2007, Huang et al. 2007, Daruwalla et al. 2010). Clavicles in men are
longer than in women, mean lengths (men-women) of 156-146 mm, 152-140 mm, and
153-137 mm (Andermahr et al. 2007, Huang et al. 2007, Daruwalla et al. 2010). The
male clavicle has also a larger diameter and stronger curves (Andermahr et al. 2007,

Daruwalla et al. 2010).

The clavicle consists of cancellous bone enveloped by cortical bone. The bone cortex is
thickest in the middle part of the clavicle, and it linearly decreases towards its medial
and lateral ends. The narrowest diameter of the double funnel-shaped medullary canal is
exactly at the meeting point of the sternal convexity with the acromial concavity, the
location where the clavicle most frequently fractures. The central region has the highest
cross-sectional area of cortical bone and the lowest porosity, whereas the sternal and
acromial ends are 2 to 3 times as porous as the central region (Figure 2) (Harrington et

al. 1993, Andermahr et al. 2007).

~14 ~



2. Review of the literature

a) Anterior view. The clavicle (C) is fairly straight. The lateral end is thin, whereas the

medial end is robust and bulbous.

b) Cranial view. The clavicle (C) has a double curvature: in the medial half is a convex

anterior curve (black line) and in the lateral half is a concave anterior curve (red line).

Figure 1. Anatomical illustrations of the right clavicle: a) anterior view and b) cranial
view. (Schuenke et al, Thieme Atlas of Anatomy - General Anatomy and

Musculoskeletal System. All rights reserved. ©Thieme 2007, www.thieme.com).

~15 ~
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medial middle lateral

Figure 2. Cranial view of left clavicle and cross-sections from the medial, middle, and

lateral part. Bone porosity increases towards both ends.

Terry found a difference in absolute length between sides, the left clavicle being longer
than the right. He also observed the variability and asymmetry of clavicles in humans
and also noticed their rich intra-individual asymmetry (Terry 1932). After Terry’s work,
others have also found in their anatomical studies that the left clavicle is approximately
2 mm longer than the right (Andermahr et al. 2007, Daruwalla et al. 2010). The true

reason for difference in lengths between sides is still unknown.

The medial end of the clavicle is articulated to the clavicular notch of manubrium sterni
and the cartilage of the first rib (Brossmann et al. 1996, Barbaix et al. 2000, Emura et al.
2009). This sternoclavicular (SC) joint is the diarthrodial (synovial) saddle joint and has
only a little intrinsic stability. The articulating surface of the clavicle is larger than the
corresponding surface in the sternum; less than half of the medial clavicle articulates
with the sternum. This mismatch of articulating surfaces causes joint instability, and
stability depends primarily on the surrounding strong ligaments. Ligaments stabilizing
the SC joint consist of the anterior and posterior ligaments, the costoclavicular ligament
to the first rib, and the interclavicular ligament. The latter occurs in 90% of humans and

prevents the upward displacement of the clavicle during forceful depression of the

~16 ~
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humerus and the shoulder (Figure 3) (Tubbs et al. 2007, Restrepo et al. 2009, Bontempo
and Mazzocca 2010, Li et al. 2012, van Tongel et al. 2012, Wijeratna et al. 2013). The
SC joint’s articular disc is attached to the joint capsule and anterior SC ligament (Emura
et al. 2009, van Tongel et al. 2012). One hypothesis is that the function of this disc is to
protect the articulate surfaces (DePalma 1963), enable the rotation of the clavicle
(Tillmann 2003), compensate for the mismatch between the sternal end of the clavicle
and the clavicular notch of the sternum (Tillmann 2003), prevent medial displacement
of the clavicle (Terry and Chopp 2000), and resist the compressive load to the clavicular
surface (Emura et al. 2009). Articular discs are of three types: discoid (completely
joined to the joint cavity, no defect within the articular surface), ring (defect in the
central part, like a finger ring), and meniscoid (lunular shape, like the meniscus in the
knee). The shape of the medial end of the clavicle relates to the shape of the disc
(Emura et al. 2009).

interclavicular ligament

|

) G ;
anterior SC ligament

s

Figure 3. Anatomy of the SC joint. A clear mismatch in the size of articulating surfaces
is visible between clavicle (C) and sternum (S). Ligaments in the figure are the anterior
SC ligament, costoclavicular ligament, and interclavicular ligament (Schuenke et al.,
Thieme Atlas of Anatomy - General Anatomy and Musculoskeletal System. All rights

reserved. ©Thieme 2007, www.thieme.com).

The lateral end of the clavicle articulates with the anterior aspect of the acromion, the
anterior extension of the spina scapulae. Like the SC joint, the AC joint is a diarthrodial

joint with four planes of motion: anterior/posterior and superior/inferior. The AC joint is
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stabilized by the joint capsule, the AC ligaments, the muscle attachments, and the
coracoclavicular (CC) ligaments (Figure 4) (Fukuda et al. 1986, Klimkiewicz et al.
1999). Of the four AC ligaments (superior, inferior, anterior, and posterior), the superior
and posterior ligaments are the most important in restraining the posterior translation of
the lateral clavicle (Klimkiewicz et al. 1999). The study of Fukuda et al. (1986)
confirmed the importance of the AC ligament in lateral clavicular stability. They found
it to be the primary constraint against posterior and superior displacement of the
clavicle. The AC ligament is very short, starting in the clavicle 0.7 to 1.4 mm from the
articular surface and in the acromion 1.1 to 2.0 mm from that surface (Renfree et al.
2003). The AC joint has a disk that undergoes rapid disintegration beginning in the
second decade and is rarely evident after the fifth decade (DePalma 1963).

The CC ligaments consist of a posteromedial conoidal part and an anterolateral
trapezoidal part. This ligament complex attaches the lateral clavicle to the coracoid
process of the scapula and restrains the superior and posterior translation (Fukuda et al.
1986, Salzmann et al. 2008). The trapezoid ligament originates from the lateral side of
the coracoid process and attaches to the undersurface of the clavicle approximately 5 to
13 mm from the lateral edge of the clavicle. The conoid ligament originates from the
posteromedial margin of the coracoid process and attaches to the conoid tubercle at the
posterior margin of the clavicle approximately 15 to 36 mm from the lateral edge of the
clavicle. The length of the trapezoid ligament is 14 to 16 mm, and of the conoid
ligament, 10 to 11 mm. The trapezoid ligament has a footprint area in the clavicle and in
the coracoid process that is 3 to 4 times as large as that of the conoid ligament (Takase

2010).

Several muscle attachments appear in the clavicle (Figure 5). The deltoid muscle has its
origin in the anterolateral third and the trapezius muscle its insertion in the
posterolateral third of the clavicle. The subclavius muscle has its insertion inferiorly in
the shaft. Medially we find the origins of the pectoralis major and sternohyoid muscles
and the insertion of the sternocleidomastoideus muscle. The pectoralis major muscle has
a long attachment in the anteromedial half, whereas sternohyoid and
sternocleidomastoideus muscles have attachments in the posteroinferior and superior
part of the clavicle. This complex arrangement of muscle attachments may in part
explain the unique shape of the clavicle (Abdel Fatah et al. 2012).
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AC ligament CA ligament

CC ligamenf;£
T = trapezoid
C = conoid

Figure 4. Ligaments stabilizing the lateral end of the clavicle. Anterior view of right

clavicle. (Schuenke et al., Thieme Atlas of Anatomy - General Anatomy and

Musculoskeletal System. All rights reserved. ©Thieme 2007, www.thieme.com,).

trapezius muscle

supraclavicular

Figure 5. Muscle attachments of the right clavicle (C). The supraclavicular nerve and
superficial veins are also visible in this anterior view (Schuenke et al., Thieme Atlas of
Anatomy - General Anatomy and Musculoskeletal System. All rights reserved. ©Thieme

2007, www.thieme.com).
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The literature includes two different theories of clavicle vascularization. Knudsen et al.
(1989) found in their cadaveric study that the primary arterial supply to the clavicle is
periosteal, through numerous Volkmann canals into the cortex. They found three
arteries that supply the clavicle: the suprascapular, the thoracoacromial, and the internal
thoracic, but found no well-developed nutrient artery. Havet et al. (2008) reported the
periosteal vascularization as being the clavicle’s main blood supply, and also noticed
nutrient foramina at the lateral end of the clavicle in all their cases. Neurovascular
foramina occur in several locations in the clavicle. Murlimanju et al. (2011) found the
neurovascular foramen to be present typically in the middle third region, but was also in
the medial and the lateral portions. The foramen is directed to the lateral end and
transmits the nutrient artery. Fischer and Carret (1978) found a branch of the
suprascapular artery that penetrated into the clavicle via the foramina at the level of the

middle-to-lateral-third union.

Some uncertainty still exists regarding sensory innervation of the clavicle. At present,
the impression is that the clavicle receives its main sensory supply from supraclavicular,

suprascapular, and long thoracic nerves (Tran de et al. 2013).

2.4. Function and kinematics of the clavicle

The function of the clavicle is oftentimes ignored. Modern investigative implements
(open MRI, 4D-CT, and 3D electromagnetic tracking system) have substantially

enhanced understanding of clavicle function and kinematics.

The human clavicle is the only bony connection between the upper limb and the axial
skeleton. The clavicle is functionally connected to the internal and external jugular
veins as well as to the subclavian vein through the muscles and fascia of the neck and
pectoral regions. Contraction of these muscles and movement of the clavicle work
together as a circulation and ventilation pump for the arm, head, and neck. The clavicle
stabilizes the shoulder girdle with its ligaments and muscle attachments and acts as a
strut allowing more degrees of freedom in the shoulder joint. Due to the clavicle, the
great nerves and vessels situated beneath have a bony shelter. Another consideration is
that the elevation of the upper limb and the motion of the clavicle assist high costal

inspiration (Ljunggren 1979).
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Harmonious and continuous motion in the shoulder joint requires simultaneous action in
three bones: the humerus, scapula, and clavicle, and in four joints: the glenohumeral,
acromioclavicular, sternoclavicular, and scapulothoracic. Any interruption in this
delicate scapulohumeral rhythm may cause dysfunction in the human being’s most

mobile joint (Inman and Saunders 1946, Fung et al. 2001).

Kinematics of the clavicle is closely connected to the scapulohumeral rhythm. Flexion
and abduction of the upper limb at the GH joint is accompanied by scapulothoracic and
clavicular movements. In the first 30 degrees of abduction and 60 degrees of flexion, the
stability of the scapula is highly irregular. This early phase of motion is related to the
setting action of muscles. Between 30 and 170 degrees of abduction and flexion, for
every 15 degrees of motion, 10 degrees occurs at the GH joint, and 5 degrees by
rotation of the scapula on the thorax. In the upper limb’s flexion and abduction, the total
range of scapular motion is 60 degrees and of GH motion 120 degrees (Inman and
Saunders 1946). Fung et al. (2001) found in cadaveric shoulders that the majority of the
scapular and clavicular rotation occurs after 90 degrees of humeral elevation. During

limb elevation, the scapula retracts, rotates laterally, and tilts backward.

During elevation of the upper limb, the continuous rotation of the scapula on the
thoracic wall is possible only due to the motion permitted at the two clavicular joints.
The clavicle rises in the SC joint during the upper limb elevation. This movement
begins early and is almost complete during the first 90 degrees, when for every 10
degrees of limb elevation, the clavicle rises 4 degrees. Above 90 degrees, clavicular
elevation in the SC joint is almost negligible. In the AC joint, the angle change between
clavicle and spina scapulae totals 30 degrees during limb elevation. The clavicle motion
occurs early in the first 30 degrees, and late, after 135 degrees of limb elevation. The
clavicle also rotates around its long axis during upper limb elevation. The total
backward rotation of the clavicle is 50 degrees during limb elevation. During the first 90
degrees of elevation, only 10 degrees of clavicle rotation occur, whereas the other 40
degrees of rotation occur after 90 degrees of elevation. Motion in the SC joint during
elevation is characterized by increasing clavicular retraction, elevation, and backward
rotation relative to the thorax. In the AC joint, only minor (15-20 degrees) backward
rotation occurs. In protrusion and retraction of the shoulders, movement of the clavicle

takes place at the SC joint, and no substantial motion happens at the AC joint, nor does
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the clavicle rotate (Inman and Saunders 1946). During upper limb elevation, the CC
ligaments lengthen approximately 3 mm. The last 30 degrees of scapular rotation are
possible only by clavicle rotation and CC ligament lengthening (Inman and Saunders

1946, Sahara et al. 2007, Ludewig et al. 2009, 1zadpanah et al. 2012).

To understand the relevance of clavicle shortening to shoulder function, we may refer to
one congenital disorder and certain abnormalities caused experimentally. Cleidocranial
dysplasia is an autosomal dominantly transmitted disorder that affects bones undergoing
intramembranous ossification. This rare congenital defect (prevalence 1/ 10°) features
skeletal anomalies, including clavicular hypoplasia or absence of the clavicle (Wang et
al. 2013). Clinical examination of these individuals demonstrates their shoulder function
and kinematics as in an abnormal anatomical condition. Due to a hypoplastic or aplastic
clavicle, the range of motion in the GH joint is enhanced, as is protrusion and retraction,
and elevation of the upper limb is increased beyond 180 degrees (Figure 6) (Inman and

Saunders 1946).
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Figure 6. Photographs of two individuals having cleidocranial dysplasia with
hypoplastic clavicles. Anterior (a) and posterior (b) views at rest: The habitus is narrow-
shouldered but shoulder position is not markedly disturbed. The capacity of shoulder
protrusion (c) and (d) is very extensive (Adapted with permission from the BMJ Group:
Inman VT, Saunders JB. Observations on the Function of the Clavicle. Calif Med. 1946;
65: 158-166).

Sometimes a resection of the clavicle is indicated. In the literature are only case reports
discussing shoulder function after a total claviculectomy (Krishnan et al. 2007, Wessel
and Schaap 2007, Li et al. 2011, Oheim et al. 2012, Camargo et al. 2013). Total
resection of the clavicle appears to result in excessive scapular motion, restored or
increased range of motion in the GH joint, and creation of minimal strength deficits and
a sense of fatigue in the scapular musculature. No difference in shoulder kinematics
between sides is evident during limb elevation (Krishnan et al. 2007, Oheim et al. 2012,

Camargo et al. 2013).

When the clavicle is shortened experimentally or after malunion (i.e. union in a faulty
position), some changes in shoulder kinematics occur. In experimental 3.6-cm
shortening of the clavicle, the scapula moves to increased lateral rotation and increased
protraction, and its decreased tilt leads to an altered resting position of the shoulder
girdle and of the acromion, and to altered orientation of the glenoid fossa. All these
changes may result in subacromial impingement, change in the rotator-cuff contribution
to joint stability, degeneration of the SC joint, and scapular dyskinesia. Shortening
seems not to limit the limb elevation, but may affect the muscular balance and result in
a reduced moment-arm of the pectoralis major muscle. Moreover, the altered position of
the scapula may result in secondary changes in all surrounding muscles (Hillen et al.
2012). Malunion of the clavicle may affect shoulder function and muscle mechanics.
Clavicular shortening reduces the moment-generating capacity and the force-generating
capacity of the shoulder-area muscles. Clinically these changes can demonstrate the
adverse effects of clavicular shortening on abduction, internal rotation, and flexion of
the GH joint as well as in the SC joint (Patel et al. 2012). Any natural-born difference in
clavicle lengths between sides (2 mm) fades into insignificance and probably has no

influence on the shoulder-joint function.
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2.5. Injuries to the clavicle

Clavicle injuries can be grouped into fractures and joint dislocations. In urban adults,
clavicle fractures are common, comprising 2.6 to 5% of all fractures and 37% of all
shoulder-area injuries (Nordqvist and Petersson 1994, 1995, Postacchini et al. 2002).
Incidence is notably higher in men (68-71/100 000) than in women (23-31/100 000)
(Nordqvist and Petersson 1995, Nowak et al. 2000). AC joint dislocation accounts for
8% of shoulder-area injuries, with an incidence of 18/100 000 in men and 1/100 000 in
women (Nordqvist and Petersson 1995). Compared to clavicle fractures and AC joint
injuries, SC joint dislocations are very rare. The ratio of SC injuries to AC injuries is

reportedly 1/10 (Nettles and Linscheid 1968).

2.5.1. Fractures of the clavicle

The most common mechanism of injury is a direct fall onto the shoulder during outdoor
leisure activity. The single most frequent cause of injury is cycling (Nowak et al. 2000).
As a result of the blow to the shoulder, the force proceeds along the long axis of the
clavicle between the acromion and the sternum. The critical force for clavicle buckling
is approximately 1 to 3 times body weight. According to geometrical and biomechanical
studies, the diaphyseal area of the clavicle seems to be the weakest in resisting torsion
and bending loads. During axial loading, the S-shaped curvature of the clavicle imposes
significant bending or torsional moments, or both, upon the diaphyseal area of the bone
(Harrington et al. 1993). It is extremely uncommon for clavicle fracture to be
complicated. According to epidemiologic studies, only 0.2 to 0.4% of all clavicle

fractures are open (Robinson 1998, Postacchini et al. 2002).

Fractures of the clavicle can be classified according to anatomical site, displacement,
and morphology. In the traditional Allman classification, clavicle fractures are
categorized into three groups and three subgroups. Group I includes middle-third
fractures, group II lateral-third fractures, and group III medial-third fractures.
Subgroups a, b, and ¢ include undisplaced, displaced, and comminuted fractures (Figure
7) (Allman 1967). A more accurate classification is Robinson’s, whose type 1 is fracture
in the medial 1/5 of the clavicle, type 2 is fracture in the intermediate 3/5 of the clavicle,
and type 3 is fracture in the lateral 1/5 part. The Robinson classification has subgroups
A (less than 100% translation) and B (greater than 100% translation), depending on
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displacement of the major fragments, and additionally second subgroups 1 and 2 divide
the medial and lateral end fractures into extra- or intra-articular. The diaphyseal
fractures also have second subgroups 1 and 2; 1 meaning undisplaced in subgroup A or
simple in subgroup B, and 2 meaning angulated in subgroup A or comminuted in
subgroup B (Figure 8) (Robinson 1998). In practice, the Robinson classification is
slightly complex and difficult to remember, and therefore less often used in daily

clinical work.

Lateral Medial

Figure 7. Allman classification of clavicle fractures. Based on anatomical site, there are
three main groups: I middle-third, II lateral-third, and III medial-third fractures. The
displacement is graded as undisplaced (a), displaced (b), and comminuted (c) fractures
(Adapted with permission from Lippincott Williams and Wilkins/Wolters Kluwer
Health: Nordqvist A, Petersson C. The incidence of fractures of the clavicle. Clin

Orthop Relat Res. 1994 (300): 127-132).
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Figure 8. Robinson classification of clavicle fractures. (Reproduced with permission
and copyright © of the British Editorial Society of Bone and Joint Surgery. Robinson
CM. Fractures of the clavicle in the adult. Epidemiology and classification. J Bone Joint

Surg Br. 1998; 80: 476-484).

Diaphyseal fractures of the clavicle

Midshaft or diaphyseal fractures, the most common clavicle injuries, account for 70 to
80% of all clavicle fractures and are typically caused by simple falls, motor-vehicle
accidents, and sports. The male-to-female ratio is 2.5:1. After childhood and
adolescence, the peak incidence is at 20 to 40 years for men and over 80 years for
women. The typical patient is male and under 35 years old (Robinson 1998, Nowak et
al. 2000, Postacchini et al. 2002). Signs of injury to the brachial plexus may be apparent
at the time of fracture of the clavicle. This is the result of pressure from a displaced
bone fragment or of axonotmesis consequent to stretching of the brachial plexus.
Similarly, narrowing of the space between the clavicle and the first rib may cause
compression of the subclavian vessels or brachial plexus (Howard and Shafer 1965).
Vascular injury relating to diaphyseal clavicle fracture is rare because the outer
fragment is displaced downward and forward by the weight of the limb, and the inner
fragment is pulled slightly upward and backward, which prevents the bone ends from
impinging on the subjacent vessels (Figure 9). Secondly, the subclavius muscle and the
thick deep cervical fascia act as a barrier between the bone ends and the vessels (Penn

1964).
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Figure 9. Typical morphology of comminuted diaphyseal clavicle fracture in an AP
radiograph. The main inner fragment (*) is pulled upward, and the outer fragment (**)

is slightly displaced downward.

Fractures of the lateral end of the clavicle

Depending on the classification method, fractures of the lateral end account for 17 to
25% of all clavicle fractures. The male-to-female ratio is 1.5:1, and the mean age 37 to
45 years. The most common injury mechanism is a low-energy fall (Robinson 1998,
Postacchini et al. 2002). Incidence is relative high in the elderly, probably related to
senile osteopenia, making the trabecular bone in the lateral end more prone to fracture

than the cortical bone of the diaphyseal area (Postacchini et al. 2002).

Lateral fractures are divided according to the Neer classification, widely used in the
literature and in clinical practice. Depending on CC ligament damage, fracture
displacement, and fracture site, Neer classified lateral fractures into three types. In type
I, the CC ligaments are intact, and the fracture undisplaced and stable. Type II fractures
are unstable and occur at the level of CC ligaments, which are detached, leading to
displacement. Type III fractures are stable, situated lateral to ligaments and extending to

the articular facet (Figure 10) (Neer 1963, 1968).
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Figure 10. Neer classification of lateral clavicle fractures. A is type I, B is type II, and
C i1s type III. (Adapted with permission from Lippincott Williams and Wilkins/Wolters
Kluwer Health. (Rockwood and Green 1975) Fractures, vol 1: 1975. p. 611).

Fractures of the medial end of the clavicle

Fractures of the medial end of the clavicle are rare, accounting for less than 5% of all
clavicle fractures (Robinson 1998, Nowak et al. 2000, Postacchini et al. 2002). Medial-
end fractures are usually caused by high-energy trauma such as motor-vehicle accidents.
Patients with medial-end fractures often have associated injuries such as rib fractures,
pneumothorax, hemothorax, pulmonary contusion, head or neck injuries, or limb

injuries (Postacchini et al. 2002, Throckmorton and Kuhn 2007).

2.5.2. Injuries in the articulations of the clavicle

Acromioclavicular joint dislocation

Injury to the AC joint occurs typically by a direct blow to the superolateral aspect of the
shoulder when the upper arm is adducted. It is usually a sport-related or cycling injury.
During a fall, force is transmitted through the AC and CC ligaments and may cause
them damage (Mazzocca et al. 2007). Injuries vary from mild sprains to complete joint
dislocation. Tossy et al. (1963) and Allman (1967) originally described three types of
AC joint injuries. Later, Rockwood advanced this classification by describing three
additional injury types. This classification is based on degree of soft tissue injury and

clavicle dislocation. Type I is sprain of the AC ligament with the AC joint intact; type II
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is a tear in the AC ligament with CC ligaments intact, and the AC joint widened; in type
III, both AC and CC ligaments are torn, and the CC interval is widened 25 to 100%;
type IV is a complete tear in AC and CC ligaments, but the clavicle is directed
posteriorly and buttonholed into the trapezius muscle; type V is a complete tear in AC
and CC ligaments, additionally, the deltoid and trapezial fascias are disrupted, and the
CC interval is widened 100 to 300%; and finally type VI, a very rare injury, in which
the clavicle is displaced beneath the coracoid process (Figure 11) (Rockwood 1984).
The most common injury is type III dislocation, accounting for 40% of all AC joint

injuries (Chillemi et al. 2013).

Sternoclavicular joint dislocation

Acute complete SC joint dislocation results from high energy either directly or
indirectly, with traffic accidents and sport-related accidents the most common injury
mechanisms. SC joint dislocations are usually divided into anterior or posterior
dislocations. Anterior dislocation may occur when the shoulder moves backward and
outward forcefully. Then the clavicle is pulled back beyond its limit of motion, and the
first rib and thorax act as a fulcrum to spring the sternal end of the clavicle forward out
of its articulation. Due to the strong posterior capsular ligaments, posterior dislocation is
much less frequent than anterior (Spencer et al. 2002). Direct force to the anteromedial
aspect of the clavicle may push the clavicle posteriorly behind the sternum.
Alternatively, if the shoulder is rolled forward during forceful lateral compression, the
SC joint may be dislocated indirectly (Nettles and Linscheid 1968, Wirth and
Rockwood 1996). Sometimes posterior dislocation may be life-threatening due to
respiratory distress, vascular injuries, and tracheal or mediastinal compression injuries
(Howard and Shafer 1965, Gardner and Bidstrup 1983, Gale et al. 1992, Nakayama et
al. 2007). Due to late union of medial epiphysis between age 24 to 26 (Black and
Scheuer 1996), it is often difficult to differentiate a true SC joint dislocation from a

physeal separation (Wirth and Rockwood 1996, El Mekkaoui et al. 2011).

Injury to the SC joint ligaments may also be a sprain. Grade I sprain is mild, and no
laxity in the SC joint appears. In grade II sprain, the SC ligaments are ruptured, but the
costoclavicular ligament is intact, and no complete joint dislocation occurs (Allman

1967).
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Conjoined tendon of
biceps and coracobrachialis

Figure 11. Rockwood classification of AC joint injuries, based on degree of soft tissue
injury and clavicle dislocation. More detailed information about injury types is provided
in the text. (Adapted with permission from Lippincott Williams and Wilkins/Wolters
Kluwer Health. (Rockwood). Fractures in Adults: Injuries to the AC joint, 1984. p. 860-
910).
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2.6. Diagnosis of clavicle injuries

If possible, the exact injury mechanism should be discovered through a good anamnesis
that allows visualization of the event. Trauma energy should be evaluated to learn
whether the energy exerted its effect directly or indirectly. Understanding the injury
mechanism and the energy impact upon various tissues improves accuracy of diagnosis.
The patient may complain of pain, weakness, crepitation, or snapping in the clavicle

region.

2.6.1. Clinical examination

The patient should, during the examination, be undressed. Inspection will reveal any
deformities, bruises, swelling, signs of a blow, and condition of the skin. When the
patient is in a standing position, arms hanging beside the trunk, the position of the
shoulders and shoulder blades are evaluated, as well as atypical appearance of the
clavicle region. The arms can be gently pulled downwards to observe potential changes
in clavicle position. Comparison with the uninjured side may help in discerning

deformities.

Palpation helps in finding anatomical abnormalities and tenderness. Clavicular stability
is tested at both ends. Possible instability is tested both vertically and horizontally. In a
fresh injury, this palpation has to be done cautiously. It is not uncommon that an
unstable clavicle appears stable in palpation, since muscle tone and tension may conceal
the actual injury. Sensation is checked in the chest and shoulder. Upper-limb function,
sensation, and pulse are verified, as well range of motion of the joints. With suspicion
of high-energy trauma, complete status must be determined. Presence of stridor,

dysphagia, shortness of breath, or venous congestion must be checked.

2.6.2. Radiological examination
Radiograph

Standardized radiographs are necessary to illustrate the injury’s character. Radiographs
are the most important and nearly always a sufficient examination for diagnosing the
injury. Diaphyseal fracture is verified from anteroposterior (AP) and some degree (15-
45°) horizontally tilted radiographs (Figure 12) (Nowak et al. 2004, Robinson et al.

2004, Austin et al. 2012). Tilted projection is important, since transversely placed
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fragments and ventrodorsal displacement cannot be fully visualized in plain AP view
(Nowak et al. 2004). Radiographs should make visible the fracture site, displacement,
shortening, and comminution. True clavicle shortening is impossible to define reliably
only from radiographs of the injured side. Thus a radiograph from the contralateral side
is sometimes indicated, especially in comminuted fractures (Sharr and Mohammed

2003).

a) AP radiograph.

b) AP radiograph with 15° caudocranial tilt.

Figure 12. AP (a) and caudocranially tilted AP (b) radiographs of left clavicle. In the
tilted radiograph is clearly visible the fracture comminution and transversely placed

fragment (*).
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Radiographic evaluation of a lateral clavicle fracture and AC joint dislocation should
additionally include AP and axillary views of the shoulder and a 5 to 15° caudocranially
tilted view of the AC joint (Figure 13). The axillary view is important in differentiating
type I1II AC joint injury from type IV injury. Comparing the contralateral side is
sometimes helpful, and therefore a radiograph showing bilateral clavicles is useful in
assessing fracture displacement and AC joint dislocation type (Figure 14) (Mazzocca et
al. 2007, Banerjee et al. 2011). A Zanca view of the AC joint is the most accurate view
to evaluate the AC joint and possible intra-articular fracture involvement. This view is
performed by tilting the radiograph beam 15° toward the cranial direction (Zanca 1971).
A weighted or stress view of the AC joint (i.e. an AP radiograph of the clavicle in the
standing position with a 5- to 8-kg weight suspended from the hand) has previously
served to diagnose the occult type III AC joint injuries when initial radiographs are not
definitive (Dias et al. 1987, Beim and Warner 1997). Bossart et al. (1988) found that
weight rarely caused any increase in the injured CC distance and concluded that
unmasking of type III injuries is impossible on plain films. A weighted view has been of

limited clinical value in evaluation of AC joint injuries (Yap et al. 1999).

In conventional clavicle and chest radiographs, the SC joint dislocation is often
underestimated. Posterior dislocation is especially often misdiagnosed, since the clinical
signs may be indefinable, and the AP radiograph may seem normal (Ernberg and Potter
2003). Rockwood described the 40° cephalic-tilt view with the radiograph beam
projecting caudocranially. In this view, the anterior dislocation presents as a superiorly
displaced medial clavicle, and posterior dislocation as an inferiorly displaced medial
clavicle (Rockwood 1975). In Heinig view, the radiograph beam is directed
perpendicular to the SC joint (i.e. oblique to the patient) when the patient lies supine. In
this view, the dislocation can be identified by its relationship to the laterally projected
manubrium (Waskowitz 1961). Like SC joint injuries, the diagnosis of medial-end
fractures is also challenging on plain films. Throckmorton and Kuhn (2007) found that

22% of medial-end fractures were not visualized on plain radiographs.
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b) Axillary radiograph. From this view
it is possible to assess the position of

lateral clavicle (C) to acromion (A).

a) AP radiograph with humerus

internally rotated.

o

P

c¢) AP view with 10° caudocranial tilt of
right AC joint. Margins of articular

surfaces are clearly visible.

Figure 13. AP (a) and axillary (b) views of left shoulder and caudocranially tilted view
(c) from right AC joint.
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b) AP radiograph of both clavicles.

Figure 14. AP radiographs of one patient having type V acromioclavicular joint
dislocation. View a) shows cranial dislocation of the clavicle and a widened CC
interval. View b) shows better the CC interval widening when compared to the

uninjured side. The CC interval is broadened more than 100%.

Computed tomography

Computed tomography (CT) has excellent sensitivity in identifying fractures of the
shoulder girdle region. Fracture morphology and displacement are defined precisely
with multiplanar reformats (Adams et al. 2011), but CT is not a standard examination
for clavicle injuries. In high-energy blunt trauma patients, multidetector CT is routine
(Deunk et al. 2007). In medial-end fractures, CT is suggested because of possible high
trauma-energy and the good visualization (Throckmorton and Kuhn 2007).

To evaluate SC joint injuries, CT is the best imaging modality. It distinguishes injuries
of the joint from fractures of the medial clavicle and also defines minor subluxations of

the joint (Wirth and Rockwood 1996). For accurate evaluation of SC joint injuries,
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intravenous contrast administration is mandatory. This procedure allows evaluation of

any major vascular and soft tissue injuries (Salgado and Ghysen 2002).

In AC joint dislocation, CT may be helpful in difficult cases to improve visualization of
dislocation type and trajectory of bony displacement. CT can also better demonstrate

subtle fractures in the lateral end of the clavicle (Kim et al. 2012a).

Magnetic resonance imaging

In clavicle fractures, magnetic resonance imaging (MRI), with its superior soft tissue
contrast, can be extremely useful for imaging suspected neurovascular complications,
pseudoaneurysm formation, impingement of the brachial plexus and adjacent vessels,

and hematoma formation (Melenevsky et al. 2011).

In AC joint dislocation, MRI allows adequate assessment of the ligamentous and muscle
attachments and can define the true injury type, giving detailed information as to the
extent of the injury. Sometimes age-related AC joint changes cannot be reliably
differentiated from AC ligament sprains on radiographs, and then MRI is also valuable.
The coronal oblique plane, parallel to the distal clavicle and AC joint, displays
purposefully the CC ligaments in the same plane in which they tear. Moreover, the AC
joint and its ligaments are adequately visible in this plane (Antonio et al. 2003, Schaefer

et al. 2006).

In young adults, MRI can serve to distinguish SC joint dislocation from epiphyseal
injury. In addition, MRI allows assessment of the trachea, esophagus, and great vessels
as well as the integrity of the costoclavicular ligament and the intra-articular disc (Groh

and Wirth 2011).

Ultrasound

No study, to our knowledge, discusses ultrasound (US) diagnosis of clavicle fractures in
adults. Instead, diagnosing clavicle fractures by US in children and adolescents is
considered an accurate alternative to radiography (Cross et al. 2010, Chien et al. 2011).
US examination has the potential to rapidly assess vascular injuries related to clavicle

fractures, thus expediting additional radiographic studies (Gullo et al. 2013).
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In AC joint dislocation, US may be helpful in evaluating soft tissue injuries.
Sonographic imaging of the CC ligaments is impossible because of the overlying
clavicle, but with US the state of deltoid and trapezoid muscles attachments is
accurately assessable. Thus, US, together with radiographs, can be profitable to

distinguish between type III and type V injuries (Heers and Hedtmann 2005).

The role of US for the SC joint is limited. Based on a few case reports, US may prove
useful as a vital screening method in posterior SC joint dislocation. Color Doppler
imaging allows diagnosis of any associated vascular compression rapidly and non-

invasively (Pollock et al. 1996, Blakeley et al. 2011).

2.7. Treatment of clavicle injuries

Throughout the history of medicine, clavicle fractures have been treated nonoperatively;
or to be precise, they have healed naturally. Even in the 19™ century, surgeons
passionately debated the best treatment for clavicle fractures. Many forms of bandages
and apparatus were devised aiming to maintain accurate reduction of the fragments. The
first devices published were various splints, dressings, bandages, or plaster of Paris
(Davis 1890, Collins 1912, Kennell 1919, Royster 1919). Since the time of this old-
fashioned management, nonoperative treatment has evolved and is nowadays not as
restrictive. The primary goal of treatment is ossification and restoration of shoulder

function to the preinjury level.

The first reports concerning surgical treatment for clavicle fractures are from the 19"
and early 20" centuries. Naturally, the mainstream treatment was noninvasive, but some
attempts at surgical treatment had already then appeared. Sometimes in comminuted
fractures, the sharp transverse bone fragment was removed without any additional
procedure. A rather ordinary method was to bind the fracture with stout silver or bronze
wire (Annandale 1873, Davis 1896, Taylor 1905). The first report discussing clavicle
plating is by Joseph Bendell. He successfully used double Lane steel plates and
postoperatively plaster of Paris and Velpeau bandage for 4 weeks (Bendell 1912). At
present, the spectrum of surgical devices is wide, and therefore the surgeon is

confronted with an embarrassment of riches.

~38 ~



2. Review of the literature

2.7.1. Diaphyseal fractures

Nonoperative treatment of diaphyseal fractures

The majority of diaphyseal fractures are still treated nonoperatively. The most widely
accepted treatment involves use of a sling (i.e. mitella) for support during the initial
phase and early mobilization of the shoulder joint as the pain subsides (Robinson et al.
2004). The optimal reported length of immobilization varies, but the most common
period appears to be 2 to 4 weeks (Lester 1929, Andersen et al. 1987, Robinson et al.
2004, Postacchini et al. 2010).

Another fairly common treatment option is the figure-of-eight bandage. It demands
regular adjustments throughout the treatment period, and is criticized for causing
inconvenience, discomfort, and complications such as skin problems, pain, or
neurovascular problems without securing better relief from pain or healing in better
alignment than a sling (Lester 1929, Nicoll 1954, Fowler 1968). Some studies have
compared treatment with figure-of-eight bandage and sling. Andersen et al. (1987)
found in a prospective randomized trial that treatment with a sling caused less
discomfort and fewer complications than did the figure-of-eight bandage. The
functional and cosmetic results were identical, and alignment of the healed fractures
was unchanged from the initial displacement. Hoofwijk and van der Werken (1988)
found identical results, meaning more complications and nonunion with a figure-of-

eight bandage.

Results of nonoperative treatment vary depending on fracture displacement,
comminution, and shortening. Functional results are found to decrease and disability
increase if the vertical displacement is more than 2 cm or if there is no bony contact
between the fragments, if the fracture is comminuted, if there are transverse fragments,
or if shortening is more than 2 cm (Hill et al. 1997, Wick et al. 2001, Nowak et al. 2004,
Lazarides and Zafiropoulos 2006, Postacchini et al. 2010).

Incidence of nonunion (Figure 15) is approximately 8 to 26% after nonoperative
treatment. Predictive factors that increase risk of nonunion are advanced age, female
gender, displacement of the fracture, presence of comminution, and smoking (Hill et al.

1997, Robinson et al. 2004, Murray et al. 2013, Robinson et al. 2013).
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Figure 15. AP radiograph of left clavicle showing nonunion of diaphyseal fracture.

With nonoperative treatment, it is impossible to influence fracture alignment. One
estimation is that 2/3 of diaphyseal fractures end in some degree of malunion (i.e. union
in a faulty position). Malunion may sometimes lead to pain, loss of strength, rapid
fatigability, and paresthesia of the upper limb (Hill et al. 1997, McKee et al. 2003,
Hillen et al. 2010). Some suggestions as to what causes these symptoms in malunion
include shortening of the clavicle that changes the orientation of the glenoid fossa with
winging of the scapula, shortening of the clavicle with a negative effect on muscle-
tendon tension and muscle balance, large callus formation causing thoracic outlet
syndrome, and change in the resting angle of the SC joint resulting in a changed load on
the AC and SC joint (Chan et al. 1999, Fujita et al. 2001, McKee et al. 2003, Ledger et
al. 2005, Andermabhr et al. 2006).

Operative treatment of diaphyseal fractures

Some definite indications for surgery exist in the literature, such as skin tenting, open
fracture, presence of neurovascular injury, multiple trauma, or floating shoulder.
Additionally, relative indications for surgery in active younger patients include fractures
with complete displacement, fractures with greater than 1.5- to 2-cm shortening, and

fractures with comminution (Hill et al. 1997, Jeray 2007, van der Meijden et al. 2012).

Open reduction and internal fixation can be performed with either plate (Figure 16) or

intramedullary (IM) pin fixation (Figure 17). Pins are popular in countries of central
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Europe (Germany, Austria, Switzerland), eastern Asia (Republic of Korea, Taiwan,
China), and in the United States. Advantages of surgery are restitution of normal
anatomy, immediate rigid fixation facilitating early mobilization and return to activities,
and security of the fracture union. A variety of plates and IM pins have been used with
varying success (Jeray 2007, Khan et al. 2009, van der Meijden et al. 2012).
Biomechanical studies have shown that plate fixation provides a stronger construction

than the IM pin for early mobilization (Golish et al. 2008).

When comparing a rigid IM pin to a plate, no difference emerges in union rate or in
shoulder function. Instead, it seems that the overall complication rate is higher with
plate fixation than with rigid IM fixation (Ferran et al. 2010, Fu et al. 2012, Wenninger
et al. 2013). Several studies compare elastic stable intramedullary nailing (ESIN) to
plate fixation (Liu et al. 2010a, Assobhi 2011, Chen et al. 2012, Tarng et al. 2012).
According to these studies, shoulder function, union rate, and complication rate all
appear somewhat equal. Time to union is slightly shorter in ESIN than in plate fixation.
This phenomenon is explained by favorable features of ESIN such as preserving the soft
tissue envelope, the periosteum, and the vascular integrity of the fracture site (Liu et al.

2010b).

Biomechanical properties of various plates and pins have been surveyed and quite
uniform results published. Drosdowech et al. (2011) found that the reconstruction plate,
limited contact dynamic compression plate (LC-DCP), and locking compression plate
(LCP) were stiffer than the Rockwood pin during bending and torque loads. If the
fracture included a cortical defect, LC-DCP and LCP were stiffer than the

reconstruction plate. The pin had the poorest resistance to bending and torque loads.

Plate location influences fracture stability. An anteroinferior reconstruction plate
provides a more stable construction in bending rigidity than does a superior plate.
Avoidance of neurovascular compromise, use of longer screws, and decreased hardware

prominence are also advantages of anteroinferior plate location (Partal et al. 2010).

Both plate and pin fixation have specific disadvantages. Typical complications of plate
fixation include wound infection, hardware irritation, hypertrophic scar, mechanical
failures, nonunion, and refracture after implant removal. Pin-related complications
include malunion, nonunion, wound infection, hardware failures, skin erosion, and
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migration (Canadian Orthopaedic Trauma Society 2007, Liu et al. 2010a, Assobhi 2011,
Millett et al. 2011, Robinson et al. 2013).

Figure 16. AP radiograph of diaphyseal clavicle fracture stabilized with anteroinferiorly

situated 3.5-mm reconstruction plate and cortical screws.

Figure 17. AP radiograph of diaphyseal clavicle fracture stabilized with IM fixation.

Randomized studies comparing operative to nonoperative treatment

Since 2007, randomized controlled trials have compared operative treatment to
nonoperative treatment for midshaft clavicle fractures. Based on surgical method, these
studies can be grouped into interventions using a plate compared to nonoperative

treatment, and interventions using IM fixation compared to nonoperative treatment.
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In favor of plate osteosynthesis, these studies reveal that recovery and pain relief occurs
faster, union occurs earlier and is better secured, and sense of disability is lower. The
favorable effect of plate osteosynthesis on shoulder function is not conclusively shown
(Canadian Orthopaedic Trauma Society 2007, Figueiredo et al. 2008, Mirzatolooei
2011).

Advantages of IM fixation are not as evident as plate osteosynthesis when compared to
nonoperative treatment. IM fixation seems to further the early recovery and may slightly
hasten union time. No difference appears in shoulder function. The complication rate
seems to be equal to or even higher with IM fixation than with nonoperative treatment

(Koch et al. 2008, Judd et al. 2009, Smekal et al. 2009).

2.7.2. Fractures of the lateral end

Nonoperative treatment of lateral-end fractures

The literature shows definite agreement on nonoperative treatment for stable Neer type I
and III fractures (Neer 1963, 1968, Brunner et al. 1992, Khan et al. 2009, Banerjee et al.
2011, Oh et al. 2011). As in diaphyseal fractures, nonoperative treatment involves the
use of a sling for a couple of weeks and early mobilization of the shoulder. In Neer type
I fractures, the results are nearly always good, and complications such as nonunion, AC
joint arthrosis, and lateral clavicle osteolysis are rare (Neer 1968, Nordqvist et al. 1993,
Robinson 1998). Also in Neer type III fractures, results of nonoperative treatment are
good. Because of intra-articular involvement, there is a subtle risk for AC joint
arthrosis. Tendency for union is good (Brunner et al. 1992, Nordqvist et al. 1993,
Robinson 1998, Oh et al. 2011).

The best treatment option for Neer type II fractures is still somewhat controversial
(Figure 18). The unstable nature of this fracture entails the risk for nonunion, which is
shown to be 22 to 44% (Neer 1963, Deafenbaugh et al. 1990, Nordqvist et al. 1993,
Robinson 1998, Rokito et al. 2002). Somehow, many patients with a nonunion are
relatively asymptomatic and infrequently require surgical intervention. Nonunion seems
not to impair functional outcomes or strength, and patients are often pain-free or have
only mild pain (Deafenbaugh et al. 1990, Nordqvist et al. 1993, Robinson 1998, Rokito
et al. 2002, Robinson et al. 2004).
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Figure 18. AP radiograph of left clavicle showing unstable Neer type II lateral fracture.

The diaphyseal part of clavicle is dislocated cranially due to rupture of CC ligaments.

Operative treatment of lateral-end fractures

Complete unanimity as to indications for surgery in unstable Neer type II fractures is
not yet achieved. Indication for surgical treatment should be based on the stability and
displacement of the fracture, patient age, and functional requirements. Integrity of the
CC ligaments plays a key role in providing stability to the medial fracture segment.
Surgery should be considered if the soft tissue is compromised, if the patient is multiply

injured, or in the presence of floating shoulder (van der Meijden et al. 2012).

The literature abounds with various methods and devices to treat unstable lateral-end
fractures, but no superior method has yet been invented. Surgical methods can be
divided into those fixing the fracture (plates, wires, screws, pins) and those replacing or
reconstructing the CC ligaments (suture loops, bands, suture anchors, tendon grafts). A
combination of fracture fixation and CC ligament repair also exists. In shoulder
function, no difference emerges between various surgical modalities. Overall, union
with surgery is good (98%), with no difference among the modalities. The complication
rate is reportedly higher with a hook plate than with other implants (Oh et al. 2011,
Stegeman et al. 2013).
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Recently, also arthroscopic-assisted or fully arthroscopic fracture fixation methods have
appeared. Their advantage is their minimal invasive character along with minor soft
tissue damage. Their disadvantage is that this procedure is technically demanding and
requires advanced arthroscopic skills. Like open surgery, the arthroscopic approach
does not ensure absolute stability of the fracture, nor does it prevent redislocation

(Nourissat et al. 2007, Checchia et al. 2008, Lee et al. 2010, Takase et al. 2012).

Overall, the level of evidence in studies concerning lateral-end fractures is poor. Many
studies have an insufficient number of patients and lack control groups. No randomized
or non-randomized controlled trials appear in the literature. Hence, the most suitable
treatment modality for type II fractures is hard to judge. It seems that precontoured
locking plates with or without CC ligament augmentation are going to replace the
widely used hook plate (Figure 19) (Bhatia and Page 2012, Hohmann et al. 2012, Lee et
al. 2013, Schliemann et al. 2013, Tiren and Vroemen 2013).

Figure 19. AP radiograph of left clavicle after the unstable Neer type II fracture is
stabilized with hook plate.

2.7.3. Fractures of the medial end

Nonoperative treatment of medial-end fractures

Fractures of the medial end should nearly always be treated nonoperatively. As in
diaphyseal fracture treatment, the sling is applied for a couple of weeks. As pain allows,
the early range of motion is encouraged (van der Meijden et al. 2012). Robinson (1998)

found in a retrospective study of 27 medial-end fractures that despite the displacement,
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all fractures united nonoperatively. Throckmorton and Kuhn (2007) reported results of
57 medial-end fractures, and in their study, 93% of fractures were treated
nonoperatively with or without immobilization. Their primary indication for surgery
was the presence of an open fracture. In another study, Robinson found that rate of
nonunion at the 24™ week in displaced medial-end fractures was 14.3% and in

undisplaced fractures 6.7% (Robinson et al. 2004).

Operative treatment of medial-end fractures

Particular indications for surgical treatment in displaced medial-end fractures are open
fracture, neurovascular involvement, and threat to the integrity of the overlying skin

(Low et al. 2008).

Various established methods or devices exist for internal fixation. Fracture location,
morphology, and comminution influence the method, as does bone quality as well.
Reports discuss the use of various plates, screws, nonabsorbable sutures, and cerclage

wire (Low et al. 2008, Bartonicek et al. 2010, Kim et al. 2011, Koch and Wells 2012).

The use of Kirschner wire in medial-end fractures is not recommended because of risk
for migration and its potential lethal consequences (Leppilahti and Jalovaara 1999,

Hegemann et al. 2005, Marchi et al. 2008, Orsini et al. 2012).

2.7.4. Acromioclavicular joint dislocations

Nonoperative treatment of acromioclavicular joint dislocations

What is generally accepted is that type I and I AC joint dislocations may be treated
nonoperatively (Allman 1967, Nuber and Bowen 1997, Bathis et al. 2001). Even in
most athletes, nonoperative treatment leads to a successful outcome (Lemos 1998). As
in other clavicle injuries, the arm is immobilized with a sling for 2 to 3 weeks following
gradual mobilization. Mouhsine et al. (2003) discovered that the severity of
consequences after type I and II injuries is underestimated, since one-third of the
patients complained of activity-related pain or had residual AP instability after

nonoperative treatment.

The management of type III dislocations is controversial. Nonoperative treatment is

proposed because it includes good functional results, a short period of rehabilitation,
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and a low complication rate (Bathis et al. 2000, Schlegel et al. 2001). Nonoperative and
operative treatment modalities comparing studies on type III dislocations report uniform
results, such as a shorter rehabilitation period and better restoration of shoulder
movement after nonoperative treatment, similar functional results in both groups, and
more complications in the operative group (Imatani et al. 1975, Larsen et al. 1986,
Bannister et al. 1989). Nonoperative treatment does not restore joint anatomy, and a
sense of instability may remain, but still long-term results are good (Rawes and Dias

1996).

In the literature insufficient scientific evidence exists to assess results of nonoperative
treatment in type IV, V, or VI dislocation. Nevertheless, constant joint dislocation leads
to a general consensus in favor of surgery for these injuries. Mulier et al. (1993) found
that type IV and V injuries had poorer results after nonoperative treatment than did type
III injuries. Some studies report sequelae, such as shoulder pain, AC joint instability,
and impaired shoulder function after nonoperative treatment of type V injury, and thus
prefer surgery (Warren-Smith and Ward 1987, Weinstein et al. 1995, Rolf et al. 2008,
von Heideken et al. 2013).

Operative treatment of acromioclavicular joint dislocations

The literature regarding surgery in AC joint injuries is generally limited to retrospective
case series of small heterogeneous samples and thus has a low level of evidence. Only
four prospective level II studies comparing operative to nonoperative treatment have
been published (Imatani et al. 1975, Larsen et al. 1986, Larsen and Hede 1987,
Bannister et al. 1989). Although simple in concept, more than 70 surgical procedures
have been described to treat AC joint injuries, but none is yet established as the gold
standard (Johansen et al. 2011). The abundance of surgical procedures described makes
it difficult to discern the best technique or approach to handle AC joint separation. The
timing of surgery and type of reconstruction needed in any particular injury is unsolved.
To clarify the issue, the surgical options can be divided into (1) AC joint fixation with
pins, screws, suture wires, and plates, (2) coracoacromial (CA) ligament transfer, (3)
CC interval fixation, and (4) ligament reconstruction. Each of these techniques has

numerous modifications and combinations and of course inherent complications.
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Early surgical techniques involved temporary AC joint fixation with Kirschner wires,
pins, or screws all crossing the AC joint. At present, these are more or less unpopular
due to their high complication rate, including migration and the loss of reduction
(Norrell and Llewellyn 1965, Sethi and Scott 1976, Lyons and Rockwood 1990).
Despite poor reputation of Kirschner wire fixation, it has been widely used, and not all
the results are poor. In acute type III injuries, temporary Kirschner wire fixation has
achieved good long-term results for shoulder function (Leidel et al. 2009, Lizaur et al.
2011). Another widely used method is temporary AC joint stabilization with a hook
plate. Advantages of the hook plate are stable fixation maintaining the AC joint
biomechanics and thus allowing early postoperative mobilization (EIMaraghy et al.
2010). One retrospective study of 23 patients found good functional results after a 30-
month follow-up, although in 35% of patients, after plate removal loss of reduction
occurred (Salem and Schmelz 2009). Di Francesco et al. (2012) performed MRI one
year after hook plate removal in a cohort of 42 patients with type III or V injuries. The
MRI showed CC ligament healing with continuous scar tissue in 88%. In the remaining
patients, healing occurred with non-continuous scar tissue, and the manifestation was
recurrence of joint dislocation. Use of the hook plate is criticized because it may
overcorrect the AC joint, it requires removal (a second operation), it may induce
osteolysis in or erosion of the acromion, or cause subacromial impingement. Another
danger is risk of fracture of the acromion or the clavicle (Nadarajah et al. 2005,
Flinkkila et al. 2006, Haidar et al. 2006, Meda et al. 2006, ElMaraghy et al. 2010,
Eschler et al. 2012).

Weaver and Dunn first published a case series of 15 patients treated with CA ligament
transfer. In their technique, 1.5- to 2-cm resection of the lateral clavicle is performed,
and after clavicle resetting, the CA ligament is transferred from the acromion to the
lateral end of the clavicle to replace torn CC ligaments (Weaver and Dunn 1972). Since
then, numerous modifications of this ligament-transferring procedure have appeared,
and it has also been combined with various other methods. Sood et al. (2008) published
a literature review covering all studies discussing CA ligament transfer in AC joint
dislocations. They found that all published studies were low-level case series (level IV
evidence) with variability in surgical techniques and outcome measures. They

discovered low-level evidence to support the use of CA ligament transfer in AC joint
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dislocations, but this was associated with a high rate of dislocation recurrence. Adjunct
fixation did not improve clinical results when compared to simple CA ligament transfer.
Biomechanical studies have shown inferior characteristics of the CA ligament compared

to those of the native AC joint (Deshmukh et al. 2004, Grutter and Petersen 2005).

Coracoclavicular interval fixation has involved screws, wires, sutures, endobuttons, and
suture anchors. The commonality in these techniques is that they transfer the combined
forces that the AC joint complex and CC ligaments are normally exposed to fixation
points on the clavicle and coracoid process (Johansen et al. 2011). Rigid screw fixation
thorough the clavicle into the base of the coracoid process was first described by
Bosworth (1941). It is biomechanically too rigid and may lead to hardware failure,
screw pullout, and osteolysis or fracture of the clavicle or coracoid process (McConnell
et al. 2007, Johansen et al. 2011). Recently, studies have evaluated the use of absorbable
and nonabsorbable sutures, endobuttons, and suture anchors. No clear difference
emerges in usability or superiority between these methods, but they all prove superior to
Weaver-Dunn reconstruction (Breslow et al. 2002, Deshmukh et al. 2004, Salzmann et

al. 2010, Mardani-Kivi et al. 2013, Nuchtern et al. 2013).

Anatomic AC and CC ligament reconstruction techniques have become popular. Among
the various autograft or allograft tendons used are semitendinosus, gracilis, palmaris
longus, peroneus brevis, or tibialis anterior. Clinical and biomechanical studies have
shown their superiority in reproducing the strength and stiffness of the native AC joint
complex compared with other techniques, and also in resulting in a good outcome in
shoulder function (Costic et al. 2004, Deshmukh et al. 2004, Gonzalez et al. 2007, Law
et al. 2007, Yoo et al. 2010). Reconstruction of both the CC and AC ligaments has
shown beneficial effects upon AC joint stability (Dawson et al. 2009, Carofino and
Mazzocca 2010). The complication rate is almost 30% in anatomic CC ligament
reconstruction. Typical complications include tunnel malposition, graft ruptures,

clavicle fractures, and hardware failures (Cook et al. 2013, Martetschlager et al. 2013).

Arthroscopy-assisted or fully arthroscopic methods have also emerged to treat acute AC
joint dislocation. They are used with various stabilizing devices and are suggested as
minimizing morbidity and soft tissue damage. Thus far, studies discussing minimal

invasive techniques are technical notes or retrospective case series with only small
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numbers of patients. It seems that the functional results are equal to those of open
surgery (Chernchujit et al. 2006, Defoort and Verborgt 2010, Ranne et al. 2012, Gille et
al. 2013).

The literature provides no study discussing long-term results of surgery after acute type
V dislocation. De Tullio et al. (1994), assessed the results of Kirschner wire fixation in
Allman type III dislocation after a 10-year follow-up, evaluated 95% of their patients as

having excellent or good results regarding pain, shoulder motion, and strength.

Sometimes the surgery is performed after a long delay (several months) following
unsuccessful nonoperative or operative treatment. A few preliminary studies report that
in chronic AC joint dislocation, CC ligament reconstruction with tendon graft has
resulted in reasonable shoulder function (Tauber et al. 2007, 2009). A few studies have
compared results of early and delayed surgery. After early surgery, these are clearly
superior to results of late reconstruction. Shoulder function, pain, degree of AC joint
reduction, number of complications, and patient satisfaction are inferior with the
delayed surgery (Rolf et al. 2008, von Heideken et al. 2013). In both of these studies,
delayed surgery was performed by the modified Weaver-Dunn procedure. The CA
ligament is certainly not as strong and suitable for CC ligament reconstruction as is a

tendon graft.

2.7.5. Sternoclavicular joint injuries

Nonoperative treatment of sternoclavicular joint injuries

Treatment of grade I and II sprains is nonoperative. In grade I injury, the treatment is
symptomatic, with a sling only to provide support. The joint should be protected from
further injury until asymptomatic. If the SC joint is anterior subluxation, it can be
reduced by directing the shoulder posteriorly and medially and manually manipulating
the medial end of the clavicle. However, no complete consensus exists as to
effectiveness of joint reduction regarding subluxation. In grade II injury, the sling is
used for 3 to 4 weeks for pain reduction and immobilization. Further injuries should be

avoided for 6 to 8 weeks (Allman 1967, Groh and Wirth 2011, Maier et al. 2011).

Furthermore, in complete anterior and posterior joint dislocation, the initial treatment

option can be nonoperative. In anterior dislocation, closed reduction is best performed
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with the patient under general anesthesia, supine on a table with a pad between the
shoulders. Pressure is then applied on the medial clavicle in the posterior direction.
After reduction, the upper arm is immobilized with a sling for 4 to 6 weeks. During
closed reduction of posterior dislocation, the recommendation is to have a thoracic
surgeon available. Under general anesthesia, the patient is placed supine with a bolster
between the shoulder blades. The ipsilateral upper arm is then extended and abducted.
Gentle traction is applied to the abducted arm and is slowly increased while the arm is
brought to extension. As in anterior dislocation, the arm is immobilized with a sling for

4 to 6 weeks (Nettles and Linscheid 1968, Groh and Wirth 2011, Maier et al. 2011).

Functional results after closed reduction for both anterior and posterior dislocations are
mainly good (Glass et al. 2011). After closed reduction of anterior dislocation, the SC
joint is typically unstable but then well tolerated. The associated recurrence rate is

between 21 and 100% (Nettles and Linscheid 1968, Salvatore 1968, Eskola 1986).

Operative treatment of sternoclavicular joint injuries

In anterior dislocation, surgery should be considered if the reduced SC joint is
permanently unstable and symptomatic. In posterior dislocation, acute surgery is
recommended after an unsuccessful closed reduction and later on if the joint is
symptomatically unstable (Maier et al. 2011). A variety of techniques introduced to
stabilize the SC joint include plate, tendon grafts, tenodesis, Kirschner wires, pins, and
suture anchors. Resection of the medial clavicle is also an alternative method (Eskola et
al. 1989, Glass et al. 2011, Thut et al. 2011, Singer et al. 2013). Results of surgery vary
widely. According to the limited number of reports, tenodesis, suture fixation, and
tendon grafts appear to have positive results. Resection of the medial clavicle seems to
offer poor results. Kirschner wire fixation is associated with dangerous complications

and is thus inadvisable (Eskola et al. 1989, van Tongel et al. 2012).

~5] ~



3. Aims of the study

3. AIMS OF THE STUDY

The specific aims of the study were:

II

III

v

To assess and compare outcomes of operative and nonoperative treatment modalities

for acute clavicle fractures in adults by way of a systematic literature review.

To compare outcomes of nonoperative and operative treatment of completely
displaced acute midshaft clavicle fractures on the strength of a randomized controlled

trial.

To assess long-term functional and radiographic outcomes of surgery for acute type V

acromioclavicular joint dislocations.

To assess functional and radiographic outcomes of surgery for chronic

acromioclavicular joint dislocations.
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4. PATIENTS AND METHODS

Studies II, III, and IV were approved by the local ethics committee (Helsinki University
Central Hospital, Ethics Committee, Department of Surgery: 2004-02-27, 66/E6/04) before

their initiation. Principles of the Declaration of Helsinki were obeyed in all studies.

4.1. Study I: Systematic literature review of clavicle fractures

The objective was to find potential high-quality comparative studies discussing acute clavicle
fractures. A skilled information specialist performed an electronic database search without
language restrictions from the following databases: the Cochrane Database of Systematic
Reviews (CDSR), Database of Abstracts of Reviews of Effects (DARE), the Cochrane
Controlled Trials Register (CCTR), the Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Ovid MEDLINE In-Process & Other Non-indexed Citations, Ovid
MEDLINE, Journals@Ovid, Current Controlled Trials register, and Embase. Terms for the
search were: fractures, fracture fixation, fracture healing, clavicle, and collar bone. The
available literature was explored from 1966 until the end of March 2011. If there was
uncertainty as to study methodology in the reports included, the authors were contacted by

email for more detailed information.

Prior to the literature search, inclusion criteria were defined. Studies included were
randomized controlled trials (RCT) and controlled clinical trials (CCT) comparing operative
to nonoperative treatment, operative to another operative treatment, and nonoperative to
another nonoperative treatment. Eligible studies involved at least 30 adult patients (>18-year)
and follow-up time should have been at least 6 months. Primary outcomes in this study were
Constant shoulder score (CS), Disabilities of the Arm, Shoulder and Hand score (DASH), and
pain (visual analogue scale, VAS); also observed were fracture union, range of motion
(ROM), return to previous activity, and complications. Studies dealing with non-acute
fractures (treatment after 3 weeks) and studies written in languages the authors were unable to
read were excluded. Study selection and assessment of methodological quality were made by
three independent investigators. Discrepancies between investigators were solved by

negotiation, or when necessary, by a fourth investigator.

Data extraction from each study was conducted by use of a predetermined form comprising

three sections: 1) characteristics of the studies, 2) criteria for risk of bias, and 3) effectiveness
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of the studies. Complications were assessed by means of recommendations of the Cochrane
Handbook of Systematic Reviews of Interventions (Loke et al. 2011). All complications
reported were documented in order to have wide coverage of adverse effects. Assessment of
risk of bias in trials was performed according to Furlan (4dppendix I) (Furlan et al. 2009). A
trial was assessed to have a low risk of bias if at least half out of these 12 criteria were met.

On the other hand, if the trial met less than 6 criteria, it was rated as having a high risk of bias.

Findings were summarized by strength of evidence. Difference in means served as a summary
measure. The evidence for each outcome was evaluated by use of the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) approach, in which
the quality of the evidence on a specific outcome was based on five domains: 1) limitations of
the study design, 2) inconsistency, 3) indirectness, 4) imprecision of results, and 5)
publication bias across all studies measuring that particular outcome. We determined the
quality of evidence as high if at least two high-quality randomized controlled trials provided
results for the outcome. The following criteria served for assessing quality of the evidence:
High-quality evidence (A) = consistent findings among at least 75% of RCTs with no
limitations in study design, consistency, directness, or precision and no known or suspected
publication biases. Moderate-quality evidence (B) = one of the domains not met. Low-quality
evidence (C) = two of the domains not met. Very low-quality evidence (D) = three of the

domains not met. No evidence = no RCT identified that addressed this outcome.

4.2. Study II: Randomized clinical trial of midshaft clavicle fractures

This trial was performed in T66l6 Hospital, Helsinki, and registered at ClinicalTrials.gov
(NCTO01199653). Patients were included in the study if the following criteria were fulfilled: 1)
the fracture was in the middle third of the clavicle and was completely displaced: the vertical
displacement was at least one clavicle width in an AP radiograph (no cortical contact between
the main diaphyseal fragments), 2) the fracture was fresh, and treatment was started within 7
days, 3) patient age was between 18 and 70 years, and 4) the patient had provided informed

consent. Fractures were classified according to the AO/OTA classification.

Exclusion criteria were: 1) fracture without displacement, 2) multiply injured patient, 3)
associated neurovascular injury, 4) patient offering insufficient cooperation (mental illness or

drug addiction), 5) patient with cancer or any severe illness, 6) pathological fracture, 7)

~54 ~



4. Patients and methods

treatment beginning later than 7 days after injury, 8) open fracture, 9) patient on corticosteroid
or immunosuppressive medication, 10) concomitant upper extremity fracture, 11) earlier

clavicle or shoulder-region fracture, 12) pregnancy, or 13) lack of informed consent.

Nonoperative treatment was performed with a sling for 3 weeks. For the first 3 weeks only
pendulum motion was allowed, from 3 to 6 weeks active abduction and flexion up to the
horizontal plane, and after 6 weeks, fully active motion. Return to full activities was permitted

after 3 months.

Surgery took place within 7 days after injury for all patients. The fracture was stabilized with
a straight 3.5-mm AO/ASIF stainless steel reconstruction plate and 3.5-mm stainless steel
cortical screws. The plate was placed on the anterior aspect of the clavicle and was bent to the
contour and curvature of the clavicle. The length of the plate was determined according to the
grade of comminution of the fracture. The aim was to place at least 3 bicortical screws in the
medial and lateral main fragments. No bone grafting was included. Postoperatively, the arm
was immobilized in a sling for 3 weeks. The postoperative protocol of exercises was similar

to that in the nonoperative group. No hardware removal was scheduled.

The main outcomes, CS and DASH, were evaluated at 3 months and at one year. At the 3-
month assessment, CS was performed by an independent physiotherapist instructed in
standardized testing. At the 1-year appointment, CS was carried out by the main author.
Secondary outcome measures were pain, fracture healing, and complications. Pain was
measured with the visual analogue scale (VAS, 0-100) at the 3 and 6 weeks, at 3 months, and
at one year. The primary hypothesis was that no difference would appear between the groups

in function (CS) or in disability (DASH) at the 1-year follow-up.

Fracture healing was evaluated from AP and 15° vertically tilted radiographs. Radiographs
were evaluated by an independent radiologist. At the time of randomization, radiographs
included both clavicles, so the lengths of the injured and the uninjured clavicles could be
measured correctly. Shortening was defined as the difference between the length of the
uninjured and injured clavicles. Vertical displacement was assessed by using clavicle
diaphyseal width as the displacement unit. Union was defined as complete periosteal and
endosteal bridging between medial and lateral fragments in radiographs, and that the patient

had neither pain nor instability in the fracture region.
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The following incidents were considered as complications or adverse events: 1) a new
operation performed for any reason, 2) primary reduction loss, 3) plate sheared off or causing
irritation, or 4) antibiotics necessary for wound infection. Symptomatic malunion meant
shortening of more than 20 mm, angulation, or displacement of the clavicle, and a patient’s
having sequelae such as pain, weakness, or easy fatigability. Delayed union was defined as no
bridging callus or endosteal healing in radiographs at 3-month assessment, and the patient had
pain or instability in the fracture region. Nonunion was defined as no periosteal and endosteal
healing in radiographs at the 1-year visit. Symptoms of thoracic outlet syndrome (TOS) from
brachial plexus compression were assessed as pain, paresthesia, numbness, or weakness in the

hand, arm, or shoulder.

Randomization was carried out in the emergency room with sequentially numbered, opaque,
sealed envelopes. After preliminary information, a member of the research group counseled
the patient thoroughly, obtained an informed consent, and enrolled the patient in the study.
The random allocation sequence was concealed from the authors. Randomization was blocked
and sizes randomly varied between 4 and 10. There was no blinding of the selected treatment

to health-care providers involved with those patients.

Prior to the study’s beginning, a power calculation determined sufficient sample size. The
basis was a difference of 10 points between the groups in CS, power of 0.80, and significance
of 0.05 (comparing means with a t-test). As a result of calculation, the required sample size
was 26 patients per group. The dropout rate was anticipated to be 15%, so 60 patients was the

required number to randomize.

4.3. Study III: Long-term results of surgery in type V acromioclavicular joint
dislocations
Patient information came from the operating room register in To6lo Hospital, Helsinki.
Retrieval focused on patients who had surgery for acute AC joint dislocation. From April
1985 to December 1993, this register provided 390 patients. Preoperative radiographs of all
identified patients were examined to classify the dislocations. Patients with Rockwood type V
dislocation (i.e. CC interval widened 100-300% in AP radiography) were included.
Multitrauma patients, patients who had surgery later than 2 weeks after injury, and patients

with lower-type (I, II, IIL, or IV) AC joint dislocation were excluded (n=277). Of 113 patients
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who had surgery for type V dislocation, 13 were deceased, 46 did not answer repeated
invitations, and for 4 patients no address was available. The other 50 were examined
retrospectively (Appendix 2). Patient gender was 42 male and 8 female. Injury mechanisms
were bicycling (20), simple fall (20), sport (6), and traffic accident (4). Mean age at time of
injury was 36 (range 20-57) years, and at the time of examination 54 (range 40-75). Mean
follow-up time in this study was 18 (range 15-22) years.

Various methods were used to stabilize the AC joint: A Kirschner wire from the lateral edge
of the acromion into the clavicle (36), a 4.5-mm screw (12) or biodegradable screw (2)
through the acromion into the clavicle. Kirschner wires and screws were removed 6 to 8

weeks after surgery under local anesthesia. No biodegradable screws were removed.

Shoulder function was measured with CS, DASH, and the simple shoulder test (SST).
Subacromial impingement was evaluated with the Copeland shoulder impingement test and
AC joint dysfunction with the cross-arm test. Pain was measured with VAS (0-100). AC joint
stability was evaluated clinically. Possible complications were determined from the patient,

and explored from the patient records and from radiographs.

Alignment of the AC joint, mechanical and methodological failures, and Kirschner-wire
migration were evaluated from radiographs taken after primary surgery. Radiographs taken
for the long-term follow-up included both clavicles. On these radiographs were assessed AC
and GH joint arthrosis, osteolysis of the lateral clavicle, CC distance, AC joint space, and
alignment of the lateral clavicle with the acromion. The vertical translation of the clavicle at

the AC joint was assessed in clavicle widths.

4.4. Study I'V: Surgical treatment of chronic acromioclavicular joint dislocation

Patient information came from the operating room register in T6616 Hospital, Helsinki. In this
register we searched for patients who had surgery for chronic AC joint dislocation and found
39 patients between May 2005 and April 2011. Of these 39 patients, 25 participated in a
follow-up visit. The other 14 patients refused the follow-up visit or did not respond to the
invitation. Indications for delayed surgery were permanent pain or discomfort in the shoulder
region with the inability to do normal work or daily tasks after unsuccessful nonoperative
treatment (19 patients) or after unsuccessful surgery (6 patients). The surgery and clinical

examination in the follow-up visit was performed by separate individuals.
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Mean delay from primary injury to reconstructive surgery was 435 (range 149-1586) days,
and mean follow-up time from surgery to follow-up visit, 4.2 (range 1-7) years. Most patients
(21) were male. Mean age at time of injury was 44 (range 22-59) years. Injury mechanisms in
primary dislocation were bicycling (9), fall (7), sport (7), and traffic accident (2). Radiographs
after the primary injury showed a spectrum of injury types. Type V injury had occurred in 15
patients, type I1I in 6 patients, type Il in 3, and type IV in one.

All patients underwent surgery by a single surgeon. Injured CC ligaments were reconstructed
by autogenous semitendinosus and gracilis tendons. Into the clavicle at the sites of CC
ligament insertion were drilled 5.5-mm holes. If signs of arthrosis were visible in the AC
joint, resection of the distal clavicle was performed. Prepared tendons and double FiberWire®
#5 sutures were passed under the coracoid process. The AC joint was reduced manually. The
tendons were pulled through the drill holes and attached to the clavicle with 5.5 x 15-mm
tenodesis screws. If the tendon graft was sufficient to cover the AC joint, it was attached to
the acromion to strengthen the superior AC ligament. Finally, double FiberWire® sutures
were tied over the clavicle. Postoperatively, the arm was immobilized in a sling for 2 to 3

weeks.

The follow-up visit included evaluation of function of both shoulder joints by CS and DASH
scores. Pain was assessed with VAS (0-10) and AC joint dysfunction with the cross-arm test.
AC joint stability was assessed clinically. All possible complications relating to delayed
surgery were observed. Length of sick leave was also determined and the patient’s subjective

satisfaction with the end-results of the delayed surgery (excellent, good, moderate, poor).

Radiographs after primary injury were examined to grade the original AC joint dislocation
according to the Rockwood classification. The follow-up visit included AP and axillary
radiography. From these radiographs were evaluated alignment of the AC joint, AC joint

arthrosis, osteolysis of the lateral clavicle, and possible complications.

4.5. Statistical methods in Studies II, III, and IV

All statistical analyses were performed with SPSS Statistics (IBM, Chicago, IL, USA). The
Kolmogorov-Smirnov test was used for normality. All studies used 2-sided tests, and p values

below 0.05 were considered statistically significant.
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Study II: Nominal variables were analyzed by the chi-square or Fisher’s exact test. Scale,
ordinal, and continuous variables were analyzed by the Mann-Whitney U-test. An intention-
to-treat analysis served to compare the groups. “Last observation carried forward” was used

as the imputation method. Missing 1-year values were replaced by the 3-month values.

Study III: Nominal variables were analyzed by the McNemar test. Differences between
continuous variables in relation to the injured and the uninjured shoulder were assessed with
the 95% confidence interval (CI) for means. Subgroup analyses comparing results between
patients with or without complications and with different grade of joint positions were

analyzed by Fisher’s exact test.

Study IV: Nominal variables were analyzed by Fisher’s exact test. CS scores between the

injured and uninjured shoulder were analyzed by paired-samples t-test.
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5. RESULTS

5.1. Study I: Systematic literature review of clavicle fractures

From the electronic database searches came 1072 abstracts reporting clavicle fractures.
After excluding duplicates and studies not addressing clavicle fractures or not fulfilling
inclusion criteria, 230 publications remained for examination. From these, 27 were
evaluated as being potentially included. After thorough examination, 14 studies were
qualified for the systematic review. Of these 14 studies, 6 were randomized controlled
trials and 8 controlled clinical trials. Two studies originated from the same patient
population, and therefore only results of the more recent study from Austria were
analyzed (Smekal et al. 2009, 2011). Studies came from several other countries: Canada
(Canadian Orthopaedic Trauma Society 2007), China (Shen et al. 2008), Germany
(Jubel et al. 2005, Bohme et al. 2011), India (Kulshrestha et al. 2011), Netherlands
(Hoofwijk and van der Werken 1988), Taiwan (Lee et al. 2007, 2008, Pai et al. 2009,
Hsu et al. 2010), United Kingdom (Ferran et al. 2010), and United States (Judd et al.
2009). Only one study discussed lateral clavicle fractures (Hsu et al. 2010).

Studies analyzed for this systematic review included 1190 patients, among whom 631
were included in the six randomized controlled trials and 559 in the seven controlled
clinical trials. Numbers of patients per study ranged from 32 to 157. Follow-up time
was 6 to 30 months. A high risk of bias emerged in two studies (score <6 in risk-of-bias
assessment). The studies produced numerous outcomes which were reported with
varying accuracy. Only a minority reported outcomes that we considered important

(primary outcomes). Table I categorizes the studies included in the systematic review.
Treatment of middle-third fractures

Middle-third clavicle fractures were the topic of six RCTs and six CCTs. Operative and
nonoperative treatment were compared in three RCTs and in three CCTs. Different
operative methods were compared in two RCTs and in three CCTs. Only one RCT

compared two types of nonoperative treatment.
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Function, disability, and pain were considered to have critical clinical relevance.
Delayed union, nonunion, and complications were classified as having important
clinical relevance. No publication bias appeared in the studies included. After data

processing, the following observations emerged about study evidence:

1) Operative vs. nonoperative treatment (6 studies)

Function (CS)

In favor of surgery, evidence was of moderate quality (B) with considerable

effectiveness during a 6-week period, and small effectiveness after the 6-month follow-

up.
Disability (DASH)

In favor of surgery, evidence was of moderate quality (B) with considerable
effectiveness during the 6-week period, and small effectiveness after the 6-month

follow-up.

Pain (VAS)

In favor of surgery was very limited evidence (D) with considerable effectiveness in
pain relief in the 1- to 5-month period and small effectiveness in the 6- to 7-month

period.

Complications, delayed union, nonunion

Evidence was of moderate quality (B) for a similar risk of relatively mild complications
between patients treated operatively or nonoperatively, and was of moderate quality (B)
for delayed union and nonunion being more common among patients treated

nonoperatively than operatively.
2) Operative vs. operative treatment (5 studies)

Function (CS)

Limited evidence (C) existed of no difference in function at one year and later between

pin and plate or locking plate and nonlocking plate among elderly patients.
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Disability (DASH)
These studies provided no evidence.

Pain (VAS)

Evidence was very limited (D) for no difference in postoperative pain at 3 days between

a locking plate and nonlocking plate among elderly patients.

Complications, delayed union, nonunion

Evidence was very limited (D) for a smaller need for reoperations among elderly
patients initially treated with a locking plate than among those treated with a nonlocking
plate. Evidence was limited (C) for no difference in complications between treatment
with pin or plate, and evidence was moderate (B) for osteosynthesis method having no

impact on the incidence of delayed union or nonunion.
3) Nonoperative vs. nonoperative treatment (one study)

A single study discussing two nonoperative treatment modalities revealed limited
evidence (C) for no difference in pain between a rucksack bandage and mitella in the 2-

week and 6-month periods. No evidence emerged as to function or disability.
Treatment of lateral-end and medial-end fractures

No controlled trials were available on medial-end fractures. Only one trial comparing
the hook plate to tension band wire in lateral-end fractures fulfilled inclusion criteria. In
that study, average time for union between treatment groups was similar. No major

complications appeared in that study.

According to that single study, evidence was very limited (D) for no difference in
function between hook plate and tension band wire at the 6-month follow-up. Very
limited evidence (D) also supported the osteosynthesis method’s having no impact on
incidence of delayed union or nonunion, and very limited evidence (D) supported no
difference in complications between patients treated with hook plate or tension band

wire.
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Table 1. Risk of bias, characteristics, and outcomes of the 13 studies included in the

systematic review of clavicle fractures.

risk of | number follow- union complication
STUDY bias of . CS | DASH | VAS ROM
. up time (%) (%)
score patients
MIDDLE-THIRD FRACTURES: Operative vs. nonoperative treatment
COTS 2007 RCT 8
plate 67 ly 96 5 98 37
sling 65 ly 90| 15 86 63
Judd 2009 RCT 7
Hagie pin 29 ly 96 76
sling 28 ly 96 7
Smekal 2011 RCT 5
ESIN 60 2y 1 98 | 100 30
sling 60 2y 3 95 88 39
Jubel 2005 CCT 6
ESIN 26 6mo |98 2 1 100 | 175 54
rucksack bandage 27 6mo [90| 10 14 93 165 78
Bohme 2011 CCT 3
plate 53 8mo |95 98 15
ESIN 20 8mo |97 100 13
rucksack bandage 47 8mo |90 98 15
Kulshrestha 2011 CCT 7
plate 45 18 mo 100 27
sling 28 18 mo 71 93
MIDDLE-THIRD FRACTURES: Operative vs. operative treatment
Shen 2008 RCT 8
3D plate 67 ly 94 1
superior plate 66 ly 65 12
Ferran 2010 RCT 7
Rockwood pin 17 ly 92 100 24
plate 15 ly 89 100 27
Lee 2008 CCT @ 7
Knowles pin 56 ly 95 100 7
plate 32 ly 93 97 47
Lee 2007 CCT @ 6
Knowles pin 32 30mo | 85 100 13
DCP 30 30mo | 84 97 53
Pai 2009 CCT® 6
locking plate 29 ly 92 97 41
non-locking plate 35 ly 89 97 57
MIDDLE-THIRD FRACTURES: Nonoperative vs. nonoperative treatment
Hoofwijk 1988 RCT 6
rucksack bandage 78 10 mo 3 95 7
mitella 79 10 mo 2 100 1
LATERAL-THIRD FRACTURES: operative vs. operative treatment
Hsu 2010 CCT 7
hook plate 35 6 mo 100 | 165 26
tension band 30 6 mo 100 168 12
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Abbreviations

CS Constant shoulder score

DASH Disabilities of the Arm, Shoulder and Hand score
VAS  Visual analogue scale

ROM  Range of motion

ESIN  Elastic stable intramedullary nailing
3D Three dimensional

DCP  Dynamic compression plate

CCT  Controlled clinical trial

RCT  Randomized controlled trial

mo month

y year
@ Studies report number of patients only at follow-up

5.2. Study II: Randomized clinical trial of midshaft clavicle fractures

Randomization took place between August 2004 and October 2007. During that period,
390 patients with clavicle fracture were treated in T66l6 Hospital; 330 patients were
excluded for not meeting inclusion criteria, declining to participate, or being unable to
participate (nonlocal residents, foreigners). Of these, 60 patients were randomized, 32 to
the nonoperative group, and 28 to the operative group. The drop-out rate was 15%,
since 9 patients (nonoperative group 7, operative group 2) were lost from the 1-year
visit. Of these patients, 6 did not appear for their 1-year visit despite several calls; one
each had emigrated, moved to another locality, or could not participate due to a current
pregnancy. Hence, 25 in the nonoperative group and 26 patients in the operative group

completed the 1-year assessment.

The results verified our hypothesis, since no significant difference appeared between the
nonoperative and the operative group in CS at the 3-month (p=0.77) or 1-year (p=0.75)
visits. Likewise, no difference appeared in DASH at the 3-month (p=0.81) or 1-year
visit (p=0.89). At the 3-week assessment, the operative group had significantly less pain
than the nonoperative group (p=0.049), but no difference existed between the groups at

6-week (p=0.76), at 3-month (p=0.65), or at 1-year (p=0.98) follow-ups (Table 2).

All fractures in the operative group healed. In the nonoperative group, 19 fractures
(76%) healed radiologically (p=0.01). Of the 6 patients with nonunion, 5 had their
injury on the nondominant side. No patients with nonunion desired reconstructive

surgery during follow-up, because their experience of disability was minor.
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There were 19 complications, of which 12 occurred in the nonoperative group and 7 in
the operative group (p=0.15). None were major, and none of the patients underwent
surgery because of any complication. In the operative group, three fractures, and in the
nonoperative group, one fracture healed after a delay and were consolidated at the 1-
year visit (p=0.61). In the nonoperative group appeared two symptomatic malunions
(p=0.24). No wound infections occurred. In one patient, the plate was slightly bent, and
reduction was lost between the 6-week and 3-month visits. In one patient, the plate was
broken by the 1-year radiograph, but the fracture healed without loss of reduction. In
one patient, the plate caused mild irritation. In the nonoperative group, one patient
underwent surgery after 4 months for brachial plexus irritation (p=0.49). She was
followed up in the nonoperative group on the basis of the intention-to-treat principle.
There were three refractures (p=0.61). In the nonoperative group, two patients fell down
6 months after randomization and suffered a new fracture at the bridging callus. Both of
these fractures healed. In the operative group, one patient fell from a motor-bike 2
weeks prior to the 1-year appointment and had a new fracture adjacent to the medial end
of the plate. Due to this recent refracture, he scored poorly in CS (39) at the 1-year

assessment compared as to the mean value in the operative group (86).

A statistically significant difference appeared in vertical displacement at baseline
between united and nonunited fractures (p=0.009). All fractures displaced by <1.5
clavicle width united, whereas half the fractures dislocated >1.5 clavicle widths failed to
unite. No differences appeared in fracture classification (p=0.06) or in shortening
(p=0.77). At 1-year, no differences appeared in CS (p=0.50) or pain (p=0.57) between
patients with union or nonunion. However, when the disability was assessed with the

DASH, a 16-point difference emerged (p=0.047) in favor of union.

Table 2. Characteristics of all randomized patients at baseline and outcomes of those

patients, who were analyzed during follow-up.
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Characteristic I;r(z)?l(;p(e;igg Oper(ar‘il:\/; 8§roup p value
Gender, number of patients 0.57
male 28 24
female 4 4
Mean age, years 33 (12) 41 (11) 0.009
Dominant arm, number of patients 0.11
left 6 1
right 26 27
Fractured side, number of patients 0.43
left 18 19
right 14 9
Mechanism of injury, number of patients 0.14
fall 7 12
bicycling 16 9
sports 8 4
motorcycle accident 1 3
Smoking-status, number of patients 0.59
smoker 17 15
non-smoker 15 13
Nonoperative Operative grou
Outcome groupp (n=25) P (n=2 6% P p value
CS
3 months 80.0 (10) 78.7 (11) 0.77
1 year 86.1 (9) 86.5 (12) 0.90
1 year with imputation® 85.2 (10) 87.3 (7) 0.75
DASH
3 months 14.3 (14) 14.2 (13) 0.81
1 year 7.1 (14) 4.3 (6) 0.81
1 year with imputation®® 8.0 (13) 5.0 (6) 0.89
Pain, VAS
3 weeks 16 (16) 10 (14) 0.049
6 weeks 13 (19) 13 (17) 0.76
3 months 5(10) 9(195) 0.65
1 year 7(19) 3(6) 0.88
1 year with irnputation(a) 7(17) 3 (6) 0.98
Fracture healing
union 19/25 2626 | 0.01

Standard deviation (SD) in parentheses

@ Imputation of the missing data = "last observation carried forward". Missing value of the 1-

year outcome is replaced by the 3-month value.

CS, DASH, VAS as in Table 1.
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5.3. Study III: Long-term results of surgery in type V acromioclavicular
joint dislocations
The mean CS was 90 (CI: 88-92) in the injured shoulder and 90 (CI: 87-93) in the
uninjured shoulder. Subjective function was excellent, as the mean score was 5.1 in
DASH and 11 in SST. When subacromial impingement was evaluated clinically, only
four patients had signs of this manifestation, and in testing of AC joint dysfunction with
the cross-arm test, only one patient mentioned symptoms. Pain at rest (VAS: 8/100) and
at activity (VAS: 18/100) was mild. Clinically observable AC joint instability occurred

in 8 patients.

Radiographs were taken of 49 patients, as one patient refused a radiological
examination. In 27 patients AC joint arthrosis was evident, of which 11 appeared on the
injured side, 11 on the uninjured side, and for 5 was bilateral (p=1.0). Four patients had
GH arthrosis; one on the injured side and three on the uninjured side (p=0.5). Osteolysis
of the lateral clavicle affected 10; one each had bilateral osteolysis or osteolysis in the
uninjured clavicle; 8 had it in the injured clavicle (p=0.04) The AC joint stayed in good
alignment in 38 patients. Surprisingly, of 12 patients with redislocation (>1 clavicle
width) of the AC joint after primary surgery, 6 had an anatomical reduction of the joint

during follow-up.

Complications were classified as early (in relation to primary surgery) and late
(discovered at follow-up visit). Reduction loss within 2 months postoperatively
occurred in 12. Of these patients, 9 joints were stabilized initially with Kirschner wires,
one with a screw, and 2 with a biodegradable screw. Two patients had a reoperation in
the early phase due to a reduction loss, and only one patient, initially stabilized with a
biodegradable screw, had a wound infection, which healed with oral antibiotics.
Kirschner wires were broken in the line of the AC joint in three patients, in two of
whom, the medial ends of the Kirschner wires remained permanently in the clavicle.
Wire migration into the supraclavicular fossa occurred in one patient and was removed

one year after the primary surgery. A summary of all complications are in Table 3.
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Table 3. Early and late complications in 50 patients after stabilization of Rockwood
type V acromioclavicular joint dislocation. Early complications (18 patients) appeared

within a year postoperatively. Late complications (18 patients) emerged at the follow-up

visit.

Early complication Patients, n=18
Loss of reduction in radiographs' 12

Early mechanical failure in radiographs” 6
Reoperation’ 3
Methodological failure* 2
Kirschner wire migration 1
Wound infection 1

Late complication Patients, n=18
AC joint arthrosis 11
Osteolysis of lateral clavicle 8
Clinical instability 8
Malalignment in the AC joint’ 6
Broken osteosynthesis 2

"Loss of reduction >1 clavicle-width in anteroposterior radiograph

? Breakage of osteosynthesis (3) or breaking through the acromion (3)

3 Reoperation due to reduction loss (2) or Kirschner wire migration (1)

* Kirschner wires not positioned accurately in the acromion but above it

> Superior translation of the clavicle >1 clavicle-width in anteroposterior radiograph

AC = acromioclavicular

Functional, clinical, and radiological outcomes were compared between patients with
normal joint appearance and those with subluxated or permanently dislocated AC joints.
The only significant difference appeared in lateral clavicle osteolysis, seeming to be
most common in patients with constant AC joint dislocation (p=0.007). Outcomes in
patients with no complications (14) versus those with early (18) or late (18)

complications, showed no significant difference in CS (p=0.7), in DASH (p=0.4), in
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SST (p=0.8), or in pain (p=0.4). Resection of the lateral end of the clavicle was
performed in one patient 16 years after the primary AC joint dislocation. He managed
well until a new fall injured the same AC joint. Another patient had a new type V
acromioclavicular joint dislocation on the previously injured side, which was treated

nonoperatively.

5.4. Study IV: Surgical treatment of chronic acromioclavicular joint
dislocation

Function of the injured shoulder was inferior to function of the uninjured one, since in

the former the mean CS was 83 (range 55-100) and in the latter 91 (range 77-100)

(p=0.002). Mean DASH was 14 (range 0-58). Pain was minor. The cross-arm test was

positive for 6 (24%) patients. For 14 (56%) patients, the AC joint was clinically stable

at follow-up. Mean length of sick leave after reconstructive surgery was 109 (range 28-

374) days. Of 25 patients, 21 (84%) assessed the subjective results as excellent or good.

In 11 (44%) patients, the AC joint was in anatomical alignment when observed in AP
and in axillary radiographs. AC joint arthrosis occurred in only one patient. Lateral
clavicle osteolysis (56%) (Figure 20) and tunnel widening (80%) (Figure 21) were
common after the procedure. Osteolysis was visible in only one patient’s preoperative

radiographs.

Postoperatively, one patient had a superficial and one patient a deep wound infection.
The former was treated with peroral antibiotics and the latter with intravenous and
peroral antibiotics. The deep wound infection resulted in removal of tendon grafts and
screws and healed only after a deltoid-muscle transfer. In two patients, reconstructive
surgery failed, and these required another identical procedure. Fracture of the coracoid

process appeared in five patients, and three had a fracture in the clavicle.
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a) AP radiograph of right clavicle. Osteolysis extends to medial drill hole.

b) Axillary radiograph of right shoulder. The remaining lateral end of the clavicle (C) is

positioned posterior to the acromial joint area.

Figure 20. AP a) and axillary b) radiographs of a patient with surgery for chronic AC
joint dislocation with autogenous tendon grafts 4 years previously. Marked osteolysis

has developed in the lateral clavicle.
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a) AP radiograph of right clavicle.

b) Axillary radiograph of right shoulder. Both drill holes in lateral clavicle are dilated.

Figure 21. AP a) and axillary b) radiographs of a patient with surgery for chronic AC
joint dislocation with autogenous tendon grafts 5 years previously. Notable tunnel

widening has appeared in both drill holes. Slight osteolysis has also developed.
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In 18 patients, the superior AC ligament was reinforced with a residual tendon graft.
Despite this procedure, in 7 (39%) patients the AC joint was unstable. In comparison, of
7 patients without AC ligament reinforcement, 3 (43%) had an unstable AC joint. When
clinically stable AC joints and unstable AC joints were compared, no difference

appeared in CS (p=0.7), in DASH (p=0.6), or in patient satisfaction (p=0.4).

The influence of osteolysis, tunnel widening, and fracture of the coracoid process were
assessed for function, disability, pain, and AC joint stability. Patients having lateral
clavicle osteolysis seemed to have more disability (DASH 19, range 0-58) than patients
without it (DASH 8, range 0-28), although the difference was not statistically

significant (p=0.2).
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6. DISCUSSION

6.1. Evidence for treatment of clavicle fracture (I)

The literature provided many studies discussing treatment modalities for clavicle fractures.
Studies dealing with treatment of medial or lateral clavicle fractures were, however, in the
minority. None of the studies analyzed the correlation between union or nonunion and

functional results. Overall, the evidence was mainly graded as low or very low.

The moderate-quality evidence led to the following observations of midshaft clavicle
fractures: 1) operative treatment has considerable effectiveness toward better function and less
disability, particularly in short-term follow-up 2) risks of relatively mild complications after
nonoperative or after operative treatment are similar, 3) delayed union and nonunion are more
common among patients treated nonoperatively than operatively, and 4) osteosynthesis
method has no impact on incidence of delayed union or nonunion. Only one study assessed
lateral clavicle fractures and was graded as having very low-quality evidence. No studies
concerned medial clavicle fractures. There emerged no major complications, but some
complications were evidently related to a particular treatment modality. No clear conclusion
can be drawn from the incidence of complications, because of the highly heterogeneous

reporting.

Since 2005, papers have used a systematic approach to assessing studies of clavicle fractures.
Results of these reviews mainly agree with our observations. The review by Zlowodzki et al.
(2005) compared results of various treatment options in midshaft clavicle fractures, reporting
a 4% nonunion rate in total. With nonoperative treatment, the nonunion rate was 6% for all
fractures and 15% for displaced fractures. Fracture displacement, fracture comminution,
female gender, and aging were associated with nonunion after nonoperative treatment. They
found plating to be more successful in fracture consolidation than was nonoperative
treatment. Their review reported only nonunion, infection, and fixation failures, leaving

functional outcome measures unanalyzed.

Along with the appearance of randomized controlled trials comparing operative to
nonoperative treatment for displaced midshaft fractures have arisen more and more systematic

reviews and meta-analyses on the subject. McKee et al. (2012) concluded on the strength of

~73 ~



6. Discussion

six studies that operative treatment provided a significantly lower rate of nonunion and
symptomatic malunion and an earlier functional return than did nonoperative treatment. They
found, however, only weak evidence that the long-term functional result of operative
treatment is superior to that of nonoperative care. Rehn et al. (2013) noted that with operative
treatment, time to union is shorter, nonunion rate is lower, and functional scores are better at
early stages. They also found that with nonoperative treatment, risk for reoperation is higher.
However, they stated that the effect of surgery on functional outcomes remains controversial.
Results corresponding to those in previous reviews are also evident in the latest meta-analysis.
Based on seven trials, Xu et al. (2014) concluded that operative treatment with a plate led to
lower incidence of nonunion and fewer symptomatic malunions, fewer complications, better

scores in DASH and CS, and lower patient dissatisfaction.

The Cochrane Reviews have also published on clavicle fractures. Lenza et al. (2009a)
analyzed three studies comparing nonoperative treatment modalities for midshaft fractures.
They found insufficient evidence to determine which methods of nonoperative treatment are
the most appropriate. They also analyzed studies comparing different operative modalities of
acute midshaft fractures or nonunion. This review included three studies and concluded that
evidence is limited as to the relative effectiveness of different operative methods for acute
fractures or nonunion (Lenza et al. 2009b). The most recent Cochrane Review reported
evidence from eight randomized controlled trials. Evidence was limited concerning the
relative effectiveness of operative vs. nonoperative treatment for acute midshaft fractures.
This review provided some low-quality evidence that surgical interventions may not result in

significant improvement in upper arm function (Lenza et al. 2013).

We made an extensive study search, but it is still possible that not all eligible trials were
found for review. During the assessment, three studies were excluded because they were in a
foreign language (Chinese). Thus some information was missed. The quality of the studies
was remarkably variable. Major shortcomings included improper methods of randomization
and concealment of allocation, analysis not based on the intention-to-treat principle, and
especially unsystematic and insufficient reporting. Clinical heterogeneity was considerable in
patient characteristics, interventions, outcome measures, and fracture morphology between
studies, so effect sizes were impossible to pool in a meta-analysis. In addition, it was

impossible to calculate number-needed-to-treat figures for these trials because of missing
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data. Due to a lack of evidence, no conclusions are possible to draw as to treatment of lateral

and medial clavicle fractures.

6.2. Nonoperative or operative treatment for displaced midshaft clavicle
fractures (I1)
Our study discovered no differences in shoulder function (CS), disability (DASH), or pain
(VAS) at 1-year follow-up. All fractures in the operative group healed, but in the
nonoperative group emerged a high incidence of nonunion (24%). In the nonoperative group
was a clinically and statistically significant difference (15.8 points, p=0.047) in DASH score
between patients with united fractures and those with nonunited fractures. In function,
however, there existed no difference between these patients (1.8 points, p=0.5). Our study
revealed that with nonoperative and operative treatment of displaced midshaft clavicle
fractures, equal results in function, disability, and pain can be achieved with a low risk of

complications, and also that nonunion barely impairs shoulder function.

One Canadian randomized controlled trial of displaced midshaft clavicle fractures concluded
that at the 1-year follow-up, the operative group scored better in function (CS, p=0.001) and
in disability (DASH, p<0.01), and also had lower rates of malunion and nonunion than did the
nonoperative group (Canadian Orthopaedic Trauma Society 2007). Differences in CS and in
DASH were statistically significant, but with any clinical significance unclear. As in our

study, the nonunion rate was lower in the operative group.

Smekal et al. (2009) compared ESIN to nonoperative treatment and found no difference in
disability (DASH) after a 25-week follow-up. At the 2-year follow-up, a statistical, but not a
clinical difference in function (CS) emerged. All fractures in the operative group healed,
whereas nonunion was observable in 10% of patients of the nonoperative group. When
comparing two operative modalities, ESIN or plate, in displaced midshaft clavicle fractures,
no differences appeared in functional shoulder scores (CS, Oxford Score) or in union (Ferran
et al. 2010). A prospective study of a 10-year follow-up found that 46% of nonoperatively
treated patients were not fully recovered, and 27% had cosmetic defects from the fracture

(Nowak et al. 2004).
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A recent randomized controlled trial of displaced midshaft clavicle fractures claimed that rate
of nonunion was significantly reduced after open reduction and plate fixation (1%) as
compared with nonoperative treatment (17%) (p=0.007). In addition, disability (DASH,
p=0.04) and shoulder function (CS, p=0.01) were significantly better after open reduction and
plate fixation than after nonoperative treatment at 1-year follow-up. When patients with
nonunion were excluded from analysis, no significant differences in disability or function at
any time point emerged between treatment groups. Thus, the improved outcomes appeared to
result from prevention of nonunion by open reduction and plate fixation (Robinson et al.

2013).

In primary radiographs of our study, mean shortening of the injured clavicle was 10 mm in
the nonoperative and 11 mm in the operative group. We compared the lengths of the injured
and contralateral shoulders. In our opinion, this procedure is the most concrete method to
measure shortening. Fractures of the diaphyseal clavicle are commonly oblique or
comminuted. Assessing radiographs of the injured side only is challenging, because true
fracture shortening is difficult to measure. The association between clavicle shortening after
healing and clinical outcome is still controversial. Some studies have reported that shortening
of the healed clavicle fracture causes shoulder joint disability (Hill et al. 1997, Lazarides and
Zafiropoulos 2006, Canadian Orthopaedic Trauma Society 2007), whereas some have found
no association with disability (Nordqvist et al. 1997, Nowak et al. 2004, Rasmussen et al.
2011).

We found 12 complications in the nonoperative and 7 in the operative group. Compared with
previous randomized controlled trials, we expected more nonunion in the nonoperative group,
but still the high incidence of nonunion (24%) was surprising. An apparent connection existed
between nonunion and vertical displacement. Displacement of more than 1.5 clavicle widths
was associated with considerable risk of nonunion in patients with nonoperative treatment.

Otherwise, the rates of adverse effects were acceptable.

Our study had some weaknesses. Probably not all eligible patients were recruited to the study,
causing some selection bias in the study population. That evaluation at 1-year was done by the
main author may cause some experimenter bias. These possible biases do not exclude the fact

that our results are parallel to those of other similar studies and can be generalized to any
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patient with an isolated, displaced midshaft clavicle fracture. Not all the patients completed
the 1-year follow-up. Lost patients were distributed unequally, because seven were in the
nonoperative group and two in the operative group. Based on incidence of nonunion in our
study population, it could be possible that one or two nonunions occurred among these lost
patients. We included no high-demand patients such as professional athletes, so we were
unable to conclude what sort of difficulties or deficiencies malunion or nonunion might cause

for a person with very high physical demands.

6.3. Operative treatment of acromioclavicular joint injuries (III, IV)

In Study III, the patients, after long-term follow-up of type V dislocation treatment, had good
shoulder function and minor disability. We found no difference in function between injured
and uninjured shoulders. It seems that permanent AC joint dislocation is associated with
lateral clavicle osteolysis. Overall, sequelae were of minor importance, with no permanent
insufficiency in shoulder function. In Study IV, function of the injured shoulder was poorer
than in the uninjured shoulder. The mean CS of the injured shoulder failed to correspond to
the estimated normative value of that score. Complications were many, such as constant
instability of the AC joint, lateral clavicle osteolysis, tunnel widening, and fractures of the
coracoid process and clavicle. It seems that a connection exists between lateral clavicle

osteolysis and sense of disability.

In acute surgery, the main effort is to create an optimal environment for healing of the AC
ligaments, CC ligaments, and muscle attachments, thus achieving a stable clavicle, an
asymptomatic AC joint, and normal shoulder joint function. In delayed surgery, aims are
basically the same. The major challenge, however, is to eliminate chronic pain and sense of
disability. Insufficiency of stabilizing structures, altered anatomical relations, chronic clavicle
dislocation, and high torsion forces in the lateral clavicle make this surgery much more

challenging.

Although the nature of AC joint dislocation is simple, the choice of an optimal treatment
method and moment, and attainment of a good functional result are somewhat difficult.
Sometimes the clinician finds it hard to realize why the patient has sequelae or is dissatisfied
with the end result. It is certain that we are not familiar with all circumstances influencing a

good result. The surgery is problematic, since the incomparable treatment method has as yet
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to be invented. The variety of treatment methods is astonishing, so surgeons cannot be blamed
for lack of imagination. The literature has reports discussing Kirschner wires, screws, plates,
hook plates, anchors, bands, sutures, and tendons by way of open surgery, minimal invasive
techniques, or arthroscopy (Lin et al. 2006, Leidel et al. 2009, Salem and Schmelz 2009,
Basyoni et al. 2010, DeBerardino et al. 2010, Petersen et al. 2010, Salzmann et al. 2010, Yoo
et al. 2010, El Shewy and El Azizi 2011, Liu et al. 2012).

In Study II1, all patients had a Rockwood type V injury, whereas Study IV included lower-
type injuries, as well. Possibly, lower-type AC joint injuries also fail to heal properly under
nonoperative management and require later surgery. The amount of soft-tissue injury
evidently increases from type III to type V. In type V dislocations, stability of the AC joint
may also depend on the healing of muscle attachments (Lizaur et al. 1994). Thus far, research
has not clarified the character of CC and AC ligament rupture nor their intrinsic healing
ability and schedule. No one knows whether healing capability differs between ligament
avulsion and midsubstance rupture. Urist found in 1946 that an intact AC ligament could
prevent joint dislocation even if CC ligaments were cut. He also found that the gradual
sectioning of AC ligaments, CC ligaments, and muscle attachments led to complete
disarticulation, and that the AC ligament acted as the primary structure preventing posterior
displacement of the clavicle (Urist 1946). Because of the fundamental importance of the AC
ligament in clavicular stability, this lesion should always be repaired in acute surgery and

reconstructed in delayed surgery.

The literature seems to provide no study discussing long-term results of surgery in acute type
V dislocation. De Tullio et al. (1994) assessed the long-term results of Allman grade III
dislocation and found good results for pain, ROM of the shoulder joint, and strength. Allman
grade III injuries included at least Rockwood type III and V injuries, thus their patient
population was heterogeneous. Moreover, their outcomes were approximate and limited. A
Swedish study comparing acute surgery with delayed surgery in type V injuries showed better
results in shoulder function, in disability, in pain, and in satisfaction resulting from acute-

phase treatment (von Heideken et al. 2013).

If, for some reason, the nonoperative treatment ends undesirably, or results of acute surgery

are poor, the consequences may be persistent pain and insufficiency in the shoulder region,
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inability to perform overhead activities, and a frequent sense of instability or weakness. In
such a situation, the surgeon is obliged to consider methods to remedy a chronic AC joint
dislocation. Weaver and Dunn published a method to treat chronic AC joint dislocation. They
made a resection to the lateral end of the clavicle and stabilized the AC joint by placing the
acromial end of the shortened CA ligament into the medullary canal of the lateral clavicle
(Weaver and Dunn 1972). Since then, various modifications have developed from this
Weaver-Dunn method (Hosseini et al. 2009, Boileau et al. 2010, Bostrom Windhamre et al.
2010, Kim et al. 2012b). The first report of CC ligament reconstruction with tendon grafts in
chronic AC joint dislocation appeared 13 years ago (Jones et al. 2001). It seems that CC
ligament reconstruction with an autogenous tendon graft yields better results than does
modified Weaver-Dunn or synthetic ligament. The CA ligament appears too weak to restore

the stability of the AC joint (Tauber et al. 2007, 2009, Yoo et al. 2010, Fauci et al. 2013).

Against temporary Kirschner wire fixation criticism has arisen for its failing to stabilize the
AC joint sufficiently and also for the risk of wire migration. At present, this method is
generally out of favor, because contemporary methods have appeared. On the other hand,
even reconstructive surgery seems not always to ensure AC joint stability. Study IV showed
that after reconstructive surgery, 44% of patients suffered AC joint instability. One reason for

this failure may be tunnel widening that ruins stability by preventing tendon-to-bone healing.

Several complications developed in both of our studies. In Study III we found reduction loss
in the early phase. It seems that in long-term follow-up, the permanent AC joint dislocation
had no influence upon shoulder function or its sequelae. Lateral clavicle osteolysis appeared
commonly in patients who had constant AC joint dislocation. A stable AC joint seems to
enable possible revascularization of the lateral end of the clavicle. In Study IV, the surgical
method results in the characteristic complication profile. Tunnel widening and lateral clavicle
osteolysis were extremely common. Failure in AC joint stabilization may be a consequence of
unsatisfactory tendon-bone integration and graft incorporation. The frequency and extent of
osteolysis was surprising. In some patients, osteolysis affected the lateral clavicle as far as to
the drill holes and thus caused graft loosening and instability. Moreover, this osteolysis
seemed to be surgery-induced. Due to long-term clavicle dislocation and the substantial
quantity of scar tissue, clavicle mobilization and surgical dissection must be thorough. During

this detachment, the arterial supply may undergo damage, resulting in dissolution of bone
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mineral. In addition, clavicle drilling and tenodesis screws may disturb blood perfusion in
bone, leading to significant osteolysis. The basis for lateral clavicle osteolysis is unclear
(Gordon and Chew 2004). One cause may be a local bone-circulation disturbance, but AC
ligaments and muscle aponeurosis may also prove crucial to lateral clavicle circulation
(Knudsen et al. 1989). Fractures of the coracoid process and clavicle were also common. The
reason for coracoid process fractures may be the ability of nonabsorbable sutures to stress the

bone or to cut into the bone gradually.

Both studies were retrospective, presenting only low-level evidence of the topic. The precise
level of preoperative function or disability remains in doubt, making the actual change in
outcomes unclear. Eligible patients were not all able to attend the follow-up visit, and thus
selection bias is possible. The main author examined the patients at the follow-up visit,
making possible observer bias. Study III had three treatment modalities, making the study
cohort heterogeneous. In Study IV, some modifications in surgical technique occurred over
the course of time, but these had hardly any major impact on results. In Study IV, the range in

follow-up times was 1 to 7 years, which may have influenced results.

6.4. Future prospects

To strengthen the evidence regarding clavicle fracture treatment, we need more high-quality
randomized controlled trials comparing operative treatment modalities and nonoperative
treatment. It would be desirable to see published the very first randomized study comparing
operative to nonoperative treatment on unstable Neer II lateral clavicle fractures. Future
studies should also assess the effect of malunion and nonunion on functional outcomes and
thus help determine whether to treat patients with symptomatic malunion or nonunion
surgically only. A deficiency also exists in data on the best treatment for high-demand
patients. It is, however, promising to notice that new randomized studies are in progress or
beginning, even on lateral clavicle fractures. In ClinicalTrials.gov are eleven randomized

studies on diaphyseal fractures and two studies on Neer II lateral fractures.

Knowledge as to the best treatment for types III, IV, and V acromioclavicular joint dislocation
is also deficient. Comparative studies assessing operative and nonoperative treatment are
essential at least for type III and V dislocations. At the moment, ClinicalTrials.gov has three

randomized studies comparing the sling to the hook plate. Most challenging in these studies
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will be the low incidence of these injuries and the long follow-up required. Because many of
the sequelaec manifest later than during the first years, follow-up should be longer, at least 5
years. It would be worthwhile to compare the results of nonoperative and operative treatment
in chronic AC joint dislocation. Another issue left unsolved is why some patients suffer
sequelae after nonoperative treatment, even in lower-type injuries, and how to prevent

osteolysis in operative treatment of chronic AC joint dislocation.
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7. CONCLUSIONS

II

III

1Y%

The quality of evidence in the literature is generally low or very low. Due to a lack of

evidence, no conclusions can be drawn on medial- or lateral-third fracture treatment.

Moderate-quality evidence regarding acute midshaft clavicle fractures demonstrates

these likely conclusions:

e After short-term follow-up, operative treatment leads to slightly better function and
lesser disability than does nonoperative treatment.

e After 6 months, the advantages of operative treatment are small, because most
nonoperatively treated patients also recover.

e Union is better secured with surgery.

e Nonoperative treatment usually leads to adequate function, pain relief, and union
rates.

e The osteosynthesis method has no effect on the incidence of delayed union or

nonunion.

With both nonoperative and operative treatment of acute displaced midshaft clavicle
fractures, an equal functional outcome is achieved at 1-year follow-up. Regardless of
treatment method, the sense of disability is low. Nonoperative treatment is associated
with a high nonunion rate (24%). Risk of nonunion is significant if initial fracture
displacement is >1.5 clavicle widths. Plate fixation secures the union at a low

complication rate.

Operative treatment of acute type V acromioclavicular joint dislocation leads to good
functional outcome in long-term follow-up. Sequelae after surgery are minor and

cause no permanent disability.

Operative treatment of chronic AC joint dislocation is demanding. Surgery may not
necessarily stabilize the AC joint or restore shoulder function. The complication rate is
high, and especially tunnel widening and lateral clavicle osteolysis may ruin the

results.
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APPENDIX

Appendix 1.

Criteria for risk of bias assessment in Study I.

If>6 of 12 criteria were fulfilled (i.e. with the answer “yes”) the trial had a low risk of bias.

Criteria Answer
1. Was the method of randomization adequate? Yes/No/Unsure
2. Was the treatment allocation concealed? Yes/No/Unsure
3. Was the patient blinded to the intervention? Yes/No/Unsure
4. Was the care provider blinded to the intervention? Yes/No/Unsure
5. Was the outcome assessor blinded to the intervention? Yes/No/Unsure
6. Was the drop-out rate described and acceptable? Yes/No/Unsure
7. Were all randomized/allocated participants analyzed in the group to which they Yes/No/Unsure
were allocated?
8. Are reports of the study free of suggestion of selective outcome reporting? Yes/No/Unsure
9. Wer.e the groups similar at baseline regarding the most important prognostic Yes/No/Unsure
indicators?
10. Were co-interventions avoided or similar? Yes/No/Unsure
11. Was the compliance acceptable in all groups? Yes/No/Unsure
12. Was the timing of the outcome assessment similar in all groups? Yes/No/Unsure
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Appendix 2.

Flow of patients in Study III. Patients were treated for acute type V AC joint dislocation
between April 1985 and December 1993.

Patients treated surgically for AC joint dislocation,
n=390

Rockwood type 1, I1, III dislocation,
n=277

A\ 4

A 4

Rockwood type V dislocation, n=113

Deceased, n=13
Address unavailable, n=4
Invited, failed to attend, n=46

A 4

A\ 4

Rockwood type V dislocation, patients examined,
n=50
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