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         It is important to understand the suspensory 
 complex which helps to link the axial and appen-
dicular skeleton, defi ned by Goss as the  superior 
shoulder suspensory complex  ( SSSC ) [ 1 ]. This 
anatomical relationship consists of a bone and 
soft tissue “ring” at the end of a superior and 
inferior bony strut. The ring consists of the distal 
clavicle, acromioclavicular ligaments, acromial 
process, glenoid process, coracoid process, and 
coracoclavicular ligaments. The superior strut is 
the clavicle proximal to the coracoclavicular lig-
aments, while the inferior strut is the scapula. 
Combined, the scapula and the clavicle, their 
associated ligaments, together with the 18 mus-
cles which act on or across the glenohumeral 
joint, provide a biomechanical platform for the 
function of the shoulder and upper extremity 
(Fig.  15.1 ).  

 Scapular and clavicle fractures are often asso-
ciated with other injuries [ 2 – 5 ]. Commonly, they 
occur in conjunction with injuries to the chest 

wall, other portions of the SSSC, and ipsilateral 
fractures and dislocations. The increasing use 
of multidirectional CT in trauma patients has 
increased the detection and understanding of 
injuries to the shoulder girdle as well as 
other associated injuries. A recent review of the 
National Trauma Databank [ 6 ] compared patients 
with scapula fractures to a control group and 
found that the Injury Severity Score was nearly 
double in patients with scapula fractures (19.2 vs. 
9.9). Interestingly, they found that the rate of 
associated rib fractures was 52.9 %, a similar rate 
to that found in a 1985 study [ 2 ] in which the 
proportion was 53.6 %. 

    Clavicle Fractures 

    Background 

    History 
 Clavicle fractures have been diagnosed and 
treated since antiquity. In 400  BC  Hippocrates 
recommended a period of recumbence for 
those who had sustained a fracture of the clavi-
cle: “It is of great importance, however, that 
the patient should lie in a recumbent posture. 
Fourteen days will be suffi cient if he keep quiet, 
and twenty at most.” [ 7 ] However, modern 
 treatment has advanced considerably since this 
recommendation.  
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    Epidemiology 
 Clavicle fractures are the most common fracture 
in adults at 2–10 % [ 8 – 10 ]. In men, the incidence 
of clavicle fractures begins to decline after 
the age of 20; however, for women, the incidence 
is more constant with a tendency toward a 
bimodal distribution in adolescence and elderly 
age groups [ 8 ]. Mid-shaft fractures, representing 
over 75 % of the total, are most common and 
have a declining incidence with age [ 9 ].  

    Development 
 After birth, the clavicle continues to grow in 
length until the ossifi cation centers fuse. The 
clavicle grows most rapidly in length prior to age 
9 in girls and age 12 in boys [ 11 ,  12 ]. In the mod-
ern era, clavicles have been found to fuse at the 
age of 15 years on the average in women and 
16 years of age in men.  

    Anatomy 

   Osteology 
 The clavicle is an S-shaped bone with unique 
anatomical features. The name is derived from 
the Latin name for a similarly shaped musical 
instrument. The apices of the bone are anterome-
dial and posterolateral with a transition occurring 
approximately two thirds of the way from the 
sternal attachment. There is not a discrete medul-
lary cavity associated with the bone as there is a 
capacious medial shape, tubular mid-portion, and 

fl atter lateral portion (Fig.  15.2a–c ). The two 
joints at either end are both diarthrodial joints, 
which have little inherent bony stability. They 
derive most of their stability from strong liga-
mentous and capsular attachments. The sterno-
clavicular joint is responsible for the majority of 
motion associated with the clavicle, with at least 
35° of elevation-depression, 35° of protraction- 
retraction, and 50° of rotation. This contrasts 
with the acromioclavicular joint, which is respon-
sible for much less motion [ 13 ,  14 ].   

  Fig. 15.1    The anatomical relationship defi ned by Goss 
[ 1 ] consisting of a bone and soft tissue “ring” at the end of 
a superior and inferior bony strut. The ring contains the 
distal clavicle, acromioclavicular ligaments, acromial 
process, glenoid process, coracoid process, and coracocla-

vicular  ligaments. The superior strut is the clavicle proxi-
mal to the coracoclavicular ligaments, while the inferior 
strut is the scapula (Reproduced with permission.  Source : 
Goss TP: Double disruptions of the superior shoulder sus-
pensory complex. J Orthop Trauma. 1993;7(2):99–106)       

  Fig. 15.2    Clavicle morphology viewed from superior to 
inferior ( a ) and anterior to posterior ( b ) with cross- 
sectional slices through medial, middle, and lateral seg-
ments ( c ). This morphology must be taken into account 
during implant placement and instrumentation       
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   Attaching Muscle Groups/Deforming 
Forces 
 The carotid artery, vagus nerve, and jugular vein 
pass deep to the medial clavicle en route to the 
head and neck. The brachial plexus travels infer-
oposterior to the clavicle en route to the upper 
extremity. Deforming forces to the clavicle after 
injury include the sternocleidomastoid muscle 
which attaches to the superior border of the 
medial clavicle and the pectoralis major which 
attaches to the inferior border. The trapezius 
attaches to the superior border of the distal clavi-
cle, while the deltoid originates from the distal/
inferior clavicle. The conoid and trapezoid liga-
ments attach to the distal third of the clavicle and 
anchor it to the coracoid [ 15 ,  16 ]. The mid- 
portion is free of these muscular attachments and 
represents a weaker area of the bone. The differ-
ent deforming forces lead to characteristic dis-
placement patterns after fracture [ 17 ,  18 ].  

   Operative Dangers 
 With the anterior approach to the clavicle, the 
fi rst structures encountered that should be identi-
fi ed are branches of the supraclavicular nerves 
(Fig.  15.3 ). These course from superior to  inferior 
over the platysma musculature. The brachial 

plexus and subclavian artery and vein run inferior 
to the clavicle and are very closely approximated 
in the middle third of the bone (Fig.  15.4a, b ). 
Inferior to the distal clavicle, the subacromial 
artery is encountered as well. This is relevant 
in the cases of inferior exposure of the bone in 

  Fig. 15.3    An incision made for an open reduction and 
internal fi xation of a clavicle fracture. The clavicle is post 
fi xation, and crossing the wound, overlying the plate, are 
the two supraclavicular nerves ( arrows ), which have been 
protected. Sacrifi cing these nerves causes a patch of 
numbness inferior to the incision and is of little other 
consequence       

  Fig. 15.4    Appreciate the intimate relationship of the sub-
clavian artery in these arteriographic studies. ( a ) The 
artery is in  red  and the subclavian artery takeoff from the 
brachiocephalic trunk is easy to appreciate. ( b ) There is a 

middle one-third clavicle fracture, and the vulnerability 
during surgery to the subclavian vessels is easy to appre-
ciate. The  white arrow  points to the crossover of the 
 fractured clavicle and the subclavian artery       
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ensuring that inferiorly directed drills and screws 
are safely applied [ 19 ]. Knowledge of these ana-
tomical relationships is critical during drill tra-
jectory and orientation of instrumentation and 
implants (Fig.  15.5a, b ) [ 20 ].      

   Classifi cation 
 The Allman classifi cation is most frequently 
used for clavicle shaft fractures. It divides the 
clavicle into anatomical thirds with the middle 
third being group I, the distal third group II, and 
the proximal third group III. These are in order 
of the frequency of appearance, with group I 
fractures representing 81 % of injuries, group II 
representing 17 % of injuries, and group III rep-
resenting 2 % of clavicle fractures [ 9 ]. The Neer 
classifi cation for distal third (Allman group II) 
fractures is based on whether or not the coraco-
clavicular ligaments are intact (Fig.  15.6 ) [ 21 ]. 
If they are intact, the fracture is at less risk for 
nonunion, but if torn, wider displacement is 
allowed and hence a higher risk of nonunion 
results.   

   Acromioclavicular Joint Dislocations 
 The acromioclavicular (AC) joint subluxates or 
dislocates when there is injury to one or more of 
the three important ligamentous structures which 
attach the lateral clavicle to the upper extremity. 
The coracoclavicular (CC) and coracoacromial 

ligaments as well as the AC joint capsule are 
responsible for the stability of the joint and 
when ruptured lead to characteristic injury pat-
terns. Tossy and Allman developed classifi cation 
schemes that describe the ligamentous injury and 
degree of displacement. Type I injuries represent 
partial tearing of the ligaments and are character-
ized by local AC joint tenderness: radiographs are 
normal. Type II injuries represent rupture of the 
capsule and AC ligament, but intact CC ligaments. 
There may be deformity and elevation of the clav-
icle, but this is limited to less than 1 cm. Type III 
injuries represent rupture of the AC  capsule, and 
CC ligaments with pain, point tenderness, and 
plain fi lms reveal complete dislocation. Rockwood 
later described three more severe injury patterns 
which are described according to the direction of 
displacement of the distal clavicle [ 22 ]. A type IV 
is complete disruption with the clavicle displaced 
posteriorly penetrating the trapezius. A type V is a 
more displaced version of a type III, where a type 
VI is when the clavicle is displaced and trapped 
caudal to the coracoid (Fig.  15.7 ) [ 22 ].    

    Clinical Evaluation 

 Clavicle fractures can occur with low- or high- 
energy trauma. Associated injuries (such as to 
the chest wall or scapula) should be ruled out. 

  Fig. 15.5    This anatomical illustration details the rela-
tionship of the subclavian vessels to the clavicle. ( a ) An 
anterior to posterior orientation is shown in which a pos-
teriorly directed drill puts the vessels at risk at the junction 
middle-distal 1/3rd and most medial 1/3rd of the clavicle. 
( b ) A lateral to medial view illustrates both a safe and dan-
gerous drill trajectory. Also shown with a  green arrow  

(safe) and a  red arrow  (dangerous) in the inset illustration 
(Reproduced with permissions.  Source : Sinha A, Edwin J, 
Sreeharsha B, Bhalaik V, Brownson P. A radiological 
study to defi ne safe zones for drilling during plating of 
clavicle fractures.  J Bone Joint Surg Br . 2011;93(9):
1247–1252. doi:  10.1302/0301- 620X.93B9.25739    )       
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Given the relationship between the clavicle and 
the  subclavian vessels and brachial plexus, close 
attention should be paid to a detailed distal neu-
rovascular examination. The skin should be 
examined for the presence of an open fracture, 
severe tenting, or abrasions. 

 Initial radiographic imaging should consist of 
plain fi lms, including a chest radiograph, which 
should be examined for associated thoracic 
 injuries, including hemo- or pneumothorax and 
rib fractures. Clavicular fi lms should be obtained. 
If patient comfort and absence of other injuries 
necessitating supine positioning allows, dedi-
cated upright clavicle fi lms should be obtained. 
Usually, advanced imaging modalities to assess 
the clavicle itself are not necessary. A CT scan 
can be useful to assess for other injuries 
in patients with a high-energy mechanism or in 

cases where a pathologic fracture is suspected. 
The protocol we use at our institution includes a 
supine and upright 15° caudal tilt view and a 
bilateral clavicle view to include both AC joints 
(Fig.  15.8a–c ). Radiographic protocols for clavi-
cle fractures continue to evolve.  

   Nonoperative Treatment 
 Nonoperative treatment has been the mainstay of 
treatment for the majority of clavicle fractures 
until recently. Improved clinical outcomes have 
not been demonstrated for any strategy over sim-
ple sling immobilization with early shoulder and 
elbow range of motion. Specifi cally, sling versus 
fi gure of eight brace immobilization have been 
proven to result in no difference in outcome [ 23 ]. 

 There have been several recent randomized 
studies demonstrating lower symptomatic  nonunion 

  Fig. 15.6    Illustrated is Neer’s lateral third clavicle 
 fracture classifi cation. Note the importance of the rela-
tionship to the coracoclavicular ligaments that distin-
guishes different patterns (Reproduced with permissions. 

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

 

15 Management of Associated Injuries (Clavicle and Scapula)



168

rates and better functional outcomes with reduction 
and operative fi xation of displaced mid-shaft clavi-
cle fractures in young (16–60 years of age), active 
patients, though this carries the risk of hardware 
irritation and the possibility of wound complica-
tions. Another relative indication for surgery is the 
displaced “fl oating shoulder” with dual injuries to 
the SSSC. It is important to be aware of the risk/
benefi t ratio for both operative and nonoperative 

treatment and discuss these issues with patients in a 
combined decision- making process. 

 Patients should be followed closely until the 
fracture consolidates with repeat upright clavicle 
fi lms at weekly intervals for 3 weeks to ensure dis-
placement remains within acceptable  parameters 
because progressive displacement has been shown 
(Fig.  15.9a–c ) [ 24 ]. During this period, elbow and 
shoulder range of motion should be encouraged.    

  Fig. 15.7    Illustrated is the Allman acromioclavicular 
(AC Separation) classifi cation which was expanded by 
Rockwood. Type IV and V separations are absolute indica-
tions for surgery, whereas type III surgery is controversial 
and probably suited only for young and active patients or to 

accomplish cosmetic goals (Reproduced with permissions. 
 Source : Galatz LM, Williams Jr GR. Acromioclavicular 
Joint Injuries. In: Bucholz RW, Heckman JD, Court-Brown 
CM, eds.  Rockwood & Green’s Fractures in Adults . 6th ed. 
Lippincott Williams & Wilkins; 2006:1331–1364)       
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    Operative Treatment 

   Indications 
 For completely displaced mid-shaft clavicle frac-
tures, several recent randomized studies have 
shown lower rates of nonunion, symptomatic 
nonunion, and higher functional outcome scores 
with open reduction and internal fi xation [ 25 ,  26 ]. 
The rate of nonunion after the nonoperative treat-
ment of mid-shaft clavicle fractures has been 
reported to range from 5 to 25 %. A 2013 retro-
spective review of 941 patients with nonope-
ratively treated displaced mid-shaft clavicle 
fractures by Murray and Robinson found a non-
union rate of 13.3 %. In multivariate analysis, 
smoking, comminution, and fracture displace-
ment were most predictive of nonunion [ 27 ]. 

 Functional outcomes have been shown to be 
better at most time points overall for patients 
treated with primary operative fi xation [ 25 ]; how-
ever, these differences diminish when symptom-
atic nonunions are excluded [ 26 ]. Symptomatic 
malunion rates are also higher in nonoperatively 
treated patients [ 28 ]. An example of clavicular 
malunion with clinical deformity following non-
operative treatment is shown in Fig.  15.10 . 
However, some have argued that good outcomes 
can be achieved in this setting by late reconstruc-
tive surgery and that the higher attendant costs and 
risks of primary operative fi xation are not justifi ed 
[ 29 ]. An understanding of the indications for oper-
ative treatment will continue to improve as further 
randomized studies delineate prognostic factors 
for poor outcome following closed treatment [ 30 ].  

  Fig. 15.8    Examples of plain radiographic imaging tech-
niques with the patient in the supine position ( a ) and 
upright ( b ). ( b ) Shows increased displacement on upright 

fi lms performed just after supine imaging ( a ). ( c ) Demon-
strates medialization that is comparable and measurable 
on a bilateral upright clavicle fi lm       
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 Medial third clavicle fractures are relatively 
rare accounting for <5 % of injuries to the clavi-
cle; however, the degree of displacement is also 
linked to the risk for nonunion. Lateral third clav-
icle fractures with ruptured coracoclavicular liga-
ments are also associated with higher nonunion 
rates [ 28 ]. The precise degree of displacement 

associated with an unacceptably high risk of 
symptomatic nonunion and diminished function 
remains to be determined: patient selection is 
highly relevant in the proper decision for surgery.  

   Surgical Technique 
 The surgeon should preoperatively analyze the 
fracture pattern and displacement with the plan 
to restore length, alignment, and rotation. The 
patient is positioned in the beach chair position 
with all bony prominences well padded. The ipsi-
lateral limb should be prepped to aid in fracture 
reduction and allow for easier restoration of 
length, alignment, and rotation. The patient’s 
anatomy is marked for a proper incision which 
should be just caudal to the bony prominence so 
hardware is not directly beneath the incision. 

   Plate Fixation 
 The length of plate fi xation depends on the qual-
ity of the bone, the degree of comminution, the 
type of plate, the age of the patient, and their 
anticipated compliance. Plate placement can be 
in the superior or anterior position. Anterior plate 

  Fig. 15.9    ( a ) is an X-ray of an injury showing a middle 
1/3rd clavicle fracture with minimal angular deformity 
or medialization. ( b ) and ( c ) demonstrate incremental 
 displacement at 7 and 14 days after injury, respectively. 

This sequence shows the importance of serial radiographs 
at weekly intervals to assess displacement and determine 
surgical indications       

  Fig. 15.10    Cosmetic deformity associated with clavicle 
malunion. One can appreciate a common complaint, in 
which straps slip down the shoulder       
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placement was shown in one biomechanical 
cadaveric study to provide greater stiffness [ 31 ], 
and it has been associated with less prominence 
of the plate and diminished risk of injury to nerve 
or vessels and failure of fi xation [ 32 ,  33 ]. 
However, superior plating remains more com-
mon in clinical practice [ 33 ], is familiar for most 
surgeons, and may yield a biomechanical advan-
tage in middle third clavicle fractures over ante-
rior plating. 

 The incision is taken down through subcuta-
neous tissue to expose the fascia surrounding the 
platysma musculature. The platysma is then cut 
directly to the periosteum, and cautery is useful 
for this vascular plane. A thick cuff is preserved 
to facilitate later repair. Any identifi ed cutaneous 
branches of the supraclavicular nerve, usually 
present more medially within the platysma mus-
cle, are preserved to prevent peri-incisional 
numbness. The patient should be warned of 
this potential for numbness preoperatively so 
expectations are managed. Minimal, but suffi -
cient, periosteal dissection to allow for fracture 
 exposure, reduction, and plate placement is per-
formed. Careful retraction should respect post-
erior and inferior vital structures. Bone reduction 
forceps can be placed on either end of the frac-
ture and used to manipulate the bone fragments 
back into position. Free draping of the arm allows 
elevation and rotation to achieve the appropriate 

alignment is useful and minimizes soft tissue 
trauma in obtaining reduction. Once aligned, 
bone reduction forceps placed in pilot holes on 
each side of the fracture can be used when stable 
bone ends allow for compression. K-wires can be 
used to provisionally hold large butterfl y frag-
ments. Greater comminution should be bridged, 
and devascularization and exposure of the com-
minution zone should be avoided. In such cases, 
the fracture is fi xed distally fi rst, and the plate 
used as a reduction aid to restore length and rota-
tion. With the fracture reduced, lag screw fi xation 
is employed when possible. Small, comminuted 
fragments that cannot be captured with lag screw 
fi xation can be fi xed in location with suture, and 
such fractures should be spanned with a plate in 
the bridging mode (Fig.  15.11a, b ). A plate of the 
appropriate size is selected and contoured to the 
patient’s anatomy. The goal should be a mini-
mum of three bicortical screws on each side of 
the fracture. Straight dynamic compression plates 
are often prominent, while pelvic recon plates 
may not be strong enough for the forces acting on 
the fracture: for these reasons, the implant of 
choice is a pre-contoured compression plate 
designed specifi cally for clavicular fi xation.  

 A single fl at-plate radiograph or C-arm image 
should be obtained prior to closure to ensure that 
no screw tips are prominent as brachial plexus 
irritation or trauma to the subclavian artery or 

  Fig. 15.11    ( a – b ) Bridge plating technique for a shortened 
comminuted clavicle fracture. Using this technique, the 
surgeon must preserve blood supply and employ a low 

strain zone over a longer working length of the plate; 
 otherwise, the plates will be too stiff for the anatomy pre-
scribed for this technique       
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vein has been reported. It can be helpful to place 
a fl at plate behind the patient’s shoulder prior to 
prepping and draping, so that the cassette is in 
position for good imaging without disruption of 
the sterile fi eld after fi xation. Closure of the pla-
tysma and fascia as one layer is performed using 
2-0 braided sutures. The subcutaneous tissues are 
re-approximated with inverted sutures, and the 
skin is best approximated with subcuticular 
absorbable monofi lament suture that provides a 
cosmetic closure.   

   Intramedullary Nail Fixation 
 For simple, non-comminuted fracture patterns, 
intramedullary fi xation is an attractive option 
as it requires less operative dissection [ 34 ]. 
Historically, Rockwood [ 35 ,  36 ], Hagie [ 37 – 40 ], 
and Knowles [ 41 ] pins were used for intramedul-
lary fi xation of clavicle fractures, but particularly 
in comminuted or rotationally unstable fracture 
patterns, they have been associated with high 
rates of implant failure and infection due to 
 hardware prominence at the insertion site [ 36 , 
 37 ]. Intramedullary nailing is demonstrated in 
Fig.  15.12a, b . Another technique is the use of 
titanium elastic nails [ 41 ]. The technique 
described for this includes the use of a medial 
opening point on the clavicle using an awl or a 
drill, followed by closed or mini-open reduction 
of the fracture and advancement of the nail past 
the fracture site. Nails are removed after fracture 
union. These have good results in several small 

case series and retrospective studies [ 41 – 43 ]. 
Other nailing systems have recently been devel-
oped and allow for locking and length-stable fi x-
ation which is an attractive option: it remains to 
be seen what their exact role will be in this area.   

   Distal Third Clavicle Fractures 
 Distal clavicle fractures and acromioclavicular 
separations represent a surgical challenge to treat 
due to the frequent lack of bone to support fi xa-
tion at the end of the clavicle. Furthermore, the 
deforming forces are strong and differ depending 
on whether the injury is a pure dislocation of the 
AC joint or a distal clavicle fracture with dis-
rupted CC ligaments. The deforming forces cause 
superior migration of the proximal segment, 
while the distal segment often caudally displaces 
because of the force of gravity and muscular con-
tractions across the shoulder. Pre-contoured lock-
ing plates which allow for fi xation in osteoporotic 
bone can be useful as well [ 41 ]. These implants 
take advantage of multiple distal clavicular 
screws at different vectors to maximize purchase 
in the short distal segment. These plates can also 
be augmented with a repair of the coracoclavicu-
lar ligaments, a treatment combination which 
may enhance stability [ 44 ]. Alternatively, simple 
reconstruction of the coracoclavicular ligaments 
in isolation with tape or an endobutton technique 
has also been used successfully in isolation 
[ 45 ,  46 ] but may be more vulnerable to failure 
(Fig.  15.13a, b ).  

  Fig. 15.12    Pre- ( a ) and postoperative ( b ) images of a 
clavicle fracture fi xed with a nail. This transverse mid- 
shaft clavicle fracture is perfectly suited, because it can 
be reduced closed or with a mini-open technique 

 minimizing the scar. Comminuted clavicle fractures may 
be rotationally and axially unstable after nailing and lead 
to malunion       
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 For far lateral clavicle fractures, it is often 
 diffi cult to obtain suffi cient purchase in the distal 
fragment with plate fi xation: in such cases, a spe-
cially contoured hook plate (Synthes Depuy, 
USA, Paoli, PA) has been used [ 47 ] which is slid 
beneath the acromion posterior to the AC joint. 
This implant allows for screw fi xation into the 
clavicle, while the distal hook levers under the 
neck of the acromion (Fig.  15.14a–c ). These typi-
cally need to be removed after fracture union 
because the implant does cross a mobile joint, 
and osteolysis and fracture of the acromion 
has been reported [ 48 ]. The hook plate is also a 
viable treatment option for isolated AC joint 
dislocations.  

   Sternoclavicular Dislocations [ 49 – 53 ] 
 Sternoclavicular dislocations occur as a result 
of direct trauma or indirect forces through the 
shoulder. In skeletally immature patients up to 
approximately 20 years, medial physeal fractures 
can be mistaken for dislocations. Dislocations are 
either anterior or posterior. Concomitant injury to 
mediastinal structures in posterior dislocations 
must be ruled out. These may include injuries to 
the trachea or larynx, and esophagus. The bra-
chiocephalic trunk and neurologic injury to the 
phrenic nerve should be ruled out with a thor-
ough history and physical examination. A CT 
angiogram or arteriography is indicated in 

 posterior dislocations to assess the great vessels 
for injury that may include intimal damage, 
pseudo- aneurysm, or simple compression. These 
fi ndings will help guide treatment. 

 When attempting manipulation of the poste-
rior dislocation, it is important to have communi-
cated directly with a cardiac surgeon so that they 
can be on standby in the event of a major arterial 
hemorrhage. This is imperative if a preoperative 
arteriographic radiography has not been done or 
has shown any abnormality. Postreduction clini-
cal examination and observation are mandatory. 
In the acute setting, closed reduction and stabili-
zation is recommended for both anterior and 
 posterior dislocations to restore anatomy, reduce 
deformity, and improve long-term function. The 
decision to proceed with open reduction if closed 
reduction is unsuccessful depends on the health 
and activity level of the patient. Physeal disrup-
tions are also amenable to operative fi xation. In 
such cases, a plate is used to capture the medial 
fragment, ideally with locked fi xation to avoid 
loosening and pullout (Fig.  15.15a–e ). Suture 
fi xation alone with heavy-braided suture is pos-
sible. These patients must be immobilized for 
approximately 2 weeks because they can experi-
ence cutout due to deforming forces.  

 For closed reduction of anterior dislocations, 
the patient is placed supine with a pad between the 
shoulders, and direct pressure is applied on the 

  Fig. 15.13    A pre- ( a ) and postoperative ( b ) image of an 
acromioclavicular dislocation which was fi xed with a 
tightrope technique in which two heavy fi ber wire suture 

are passed through the clavicle and coracoid, both tethered 
to their respective bones and tied over small metal stays to 
help prevent cutout       
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medial clavicle in a posterior direction. These can 
be quite stable after reduction: if not, an open 
reduction may be indicated in a high-demand 
patient. The technique for posterior dislocation 
involves the placement of a pad between the scap-

ulae; traction is applied to an extended/abducted 
arm with counter traction or posterior pressure 
applied to the shoulder. A sterile towel clip can 
also be used percutaneously to grasp 
the medial clavicle and reduce it (Fig.  15.16a ). 

  Fig. 15.14    Illustrative example of a hook plate (Synthes 
USA, Paoli, PA) fi xation of a lateral third clavicle fracture 
( green arrow ) with ipsilateral scapula ( blue arrow ) and 
no. 2 and no. 3 rib fractures ( red arrows ) as seen preopera-

tive anterioposterior ( a ) and scapula Y ( b ) radiographs. 
Following consolidation of all fractures as seen on the 
anterioposterior ( c ) and scapula Y ( d ) follow-up radio-
graphs, the patient underwent hook plate removal       
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Posterior dislocations are frequently stable once 
reduced, but if closed reduction fails, open reduc-
tion and stabilization is performed with heavy- 
braided suture repair of the capsule and periosteum 
(Fig.  15.16b, c ). Ligamentous reconstruction has 
been described, but typically for chronic disloca-
tion variants and they are fraught with high failure 
rates. The authors’ preferred management strategy 
for painful chronic dislocations is medial clavicle 
resection with imbrication of the scar  tissue and 
capsule. Generally patients are very satisfi ed with 
resolution of both deformity and pain. The use of 
smooth pins for stabilization of dislocations is to 
be avoided due to the potentially catastrophic 
complication of pin loosening and migration.      

    Scapula Fractures 

    Background 

   History 
 In the fi rst description of a scapula fracture in 
1579, Dr. Ambroise Pare wrote, “When the frac-
ture involves the neck of the scapula the prognosis 

is almost always fatal, as was also the case of 
some famous people, for instance the King of 
Navarre.” It is unclear whether it was the fracture 
itself that he thought the mortality was attributable 
to or to the likely associated injuries. Other 
French surgeons such as Jean-Louis Petit, Joseph 
Guichard Duverney, and Pierre-Joseph Desault 
furthered the classifi cation and treatment consid-
erations of scapula fractures. Albin Lambotte is 
credited with the fi rst internal fi xation of a scapula 
fracture in 1911 [ 54 ].  

   Epidemiology 
 In a Massachusetts General Hospital study from 
1938, the incidence of scapula fractures was 
found to be 1 % of all fractures. A study in the 
Swedish population from 1995 found an inci-
dence in the population of 0.01 % [ 55 ]. Scapular 
fractures are associated with large amounts of 
force imparted: concurrent injuries are present in 
up to 85–95 % of cases [ 2 ,  3 ,  6 ,  56 ]. The most 
frequently associated injuries were rib fractures 
(52.9 %), lung injury (47.1 %), and head injury 
(39.1 %) in a 2008 National Trauma Data 
Bank retrospective review by Baldwin et al. [ 6 ]. 

  Fig. 15.15    Example of locking plate fi xation of a medial third clavicle fracture dislocation injury ( a ), postfi xation ( b ), 
and healed following hardware removal ( c ) anterioposterior X-rays       
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The results reported in their paper are shown in 
Table  15.1 . Approximately 13 % of scapula frac-
tures have associated neurovascular injuries that 
are important to identify prior to the initiation of 
treatment. The axillary and suprascapular nerves 
are most commonly injured, although other bra-
chial plexus injuries can occur. The brachial, 
 subclavian, or axillary arteries are injured in just 
over 10 % of fractures [ 2 ].

      Development 

   Embryology 
 The scapula begins to form during 6–8 weeks of 
gestation at the level of the 4th–5th ribs. During 
further development, it descends under the direc-
tion of the apical ectodermal ridge. It undergoes 
intramembranous ossifi cation. There are several 
well-described conditions associated with the 
normal development of the scapula. For example, 
in os acromiale, an (occasionally symptomatic) 

  Fig. 15.16    An 18-year-old patient with proximal clavicle 
physeal dislocation. Closed reduction was possible with 
percutaneous application of a towel clip, as shown ( a ). Due 

to instability, the dislocation was exposed ( b ) and heavy-
braided suture used in repair ( c ). The dislocation ( b ) and 
suture repair ( c ) are indicated by the  white arrows        

   Table 15.1    Frequency of associated injuries with scap-
ula fractures in Baldwin’s review of the National Trauma 
Database from 1994 to 2002 with 9,453 scapula fractures 
included in the study [ 6 ]   

 Percentage sustaining 
(Baldwin National 
Trauma Database 
Study) (%) 

 Historical 
reports (%) 

 Rib fracture  53  44–53 

 Any lung injury  47  20–66 

 Head injury  39  20–45 

 Spinal fracture  29  10 

 Clavicle fracture  25  16–39 

 Upper extremity 
fracture 

 23  44–50 

 Lower extremity 
fracture 

 22 

 Abdominal 
injury 

 17  3 

 Pelvic fracture  15  5–18 

 Facial fracture  12  9–20 

 Death before 
hospital 
discharge 

  6  0–14 
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segment of the acromion process is present in 
~8 % of the population. This is a bilateral condi-
tion in 33.3 % of those who have it [ 57 ].   

   Anatomy 

   Osteology 
 The scapula is broad and curves with the poste-
rior aspect of the thorax between the second to 
seventh ribs, and it serves as the insertion or ori-
gin for 18 muscles. Triangular in shape, it tapers 
from greater width along the lateral border, is 
thin in the middle, and medially there is a slightly 
developed vertebral border. It has three distinct 
processes and two articular surfaces as well as 
the scapulothoracic joint all with important roles. 
The scapular spine in the middle separates the 
infra- and supraspinatus muscle groups and is an 
attachment for the posterior deltoid and trapezius 
muscles. The scapular notch is near the base just 
medial to the coracoid, and in this notch, the 
overlying suprascapular artery is separated from 
the underlying nerve by the transverse scapular 
ligament. Compression of the nerve here at the 
notch leads to weakness of both the infra- and 
supraspinatus. 

 The coracoid process originates from the 
upper portion of the scapula and is oriented 
anterolaterally at 120–160°. It forms the attach-
ment site for the coracoclavicular ligaments at its 
base, as well as the coracohumeral and coracoac-
romial ligaments. It is the origination site of the 
coracobrachialis, short head of the biceps, and 
pectoralis minor. The acromial process articu-
lates with the clavicle at the acromioclavicular 
(AC) joint and is the insertion site for the deltoid 
laterally. The rotator cuff tendons pass below it. 
The geometry of the acromion varies among indi-
viduals from a fl at surface, to a gentle curve, to a 
hooked shape. 

 The glenoid is retroverted approximately 5°, 
with 10–15° of upward inclination, although the 
degrees of inclination vary between individuals. 
The glenohumeral joint has the least bony con-
straint of any joint in the body. The glenohumeral 
ligaments attach here and increase the stability of 
the shoulder joint. The broad, fl at portion of the 
scapula on its anterior surface serves as the origin 

of the subscapularis. The scapula is balanced and 
moves through concerted motion of the muscles 
that attach on its surface. Injury to the long 
 thoracic nerve or serratus anterior dysfunction 
causes medial winging of the scapula (Fig.  15.17 ). 
Injury to the spinal accessory nerve or trapezius 
causes lateral winging with shoulder depression 
and inferior angle lateral rotation.    

   Classifi cation 
 There are a number of different classifi cation 
schemes depending on which part of the scapula is 
injured. Fractures of the coracoid can be classifi ed 
by the Ogawa classifi cation, in which a type I frac-
ture is posterior to the coracoclavicular ligament 
and is associated with other shoulder injuries. A 
type II fracture is anterior to the coracoclavicular 
ligament and can usually be treated nonopera-
tively [ 58 ]. The Eyres classifi cation [ 59 ] divides 
coracoid fractures into the tip (I), midbody (II), 
base (III), with scapular body involvement (IV), 
and with glenoid involvement (V) with A and B 
suffi xes denoting additional injury to the SSSC. 

 The Ogawa classifi cation for acromion frac-
tures divides them into lateral and medial, based 
on their extension to the spinoglenoid notch [ 60 ]. 

  Fig. 15.17    A clinical photograph of an 18 year-old male 
with an injury to the long thoracic nerve or serratus anterior 
dysfunction causing medial winging of the right scapula       
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Kuhn also proposed a classifi cation system that 
classifi es acromial fractures by the location, 
direction, and degree of displacement. A type III 
reduces the subacromial space and therefore 
requires treatment [ 61 ]. 

 Glenoid fractures and scapular body fractures 
can be classifi ed by the modifi ed Ideberg classifi -
cation (Fig.  15.18 ) [ 62 ]. The AO foundation also 
proposed a classifi cation system, based on frac-
ture pattern and location [ 63 ].   

   Clinical Evaluation 

   History and Physical Examination 
 Given the extremely high rate of associated injuries 
with scapula fractures, it is critical to perform a 
thorough evaluation for other areas of pain or dis-
comfort. Any other potential area of injury should 
be appropriately followed up with imaging 
and necessary surveillance. A thorough history 
and complete physical examination should be per-
formed. Pre-injury activity level, func tional status, 
and surgical risk factors should be obtained. 
A detailed physical examination to rule out other 

injuries and assess neurovascular status including 
the suprascapular and axillary nerves should be 
performed. Abrasions or degloving injuries over 
the scapula should be accounted for in planning 
treatment and potential incisions (Fig.  15.19 ).   

   Radiographic Evaluation 
 The initial radiographic imaging for scapula 
 fractures should include a chest radiograph, AP 
(Grashey), scapula Y, and axillary views of 
the shoulder joint. The clavicle should also be 
assessed as a part of the initial work-up. 

 Intra-articular involvement and degree of dis-
placement should be determined. Intra-articular 
involvement should be assessed by CT scan. 
Criteria assessed on the initial radiographs include 
the glenopolar angle, angular deformity, and medi-
alization or lateral border offset [ 64 ]. Defi nitions 
for these are as follows: 

 Glenopolar angle—On the AP view of the 
scapula, the glenopolar angle is the angle between 
a line drawn from the inferior glenoid to superior 
glenoid and a line from the superior glenoid to 
the inferior angle of the scapula (Fig.  15.20a ).  

  Fig. 15.18    Modifi ed Ideberg classifi cation of scapular 
glenoid fractures (Reproduced with permissions.  Source : 
Mayo KA, Benirschke SK, Mast JW: Displaced fractures 

of the glenoid fossa. Results of open reduction and 
 internal fi xation, Clin Orthop Relat Res 347:122–130, 
Febr 1998)       
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  Fig. 15.19    ( a ) A clinical image of the skin abrasion in a 
patient having a severe high-energy shoulder girdle injury 
involving the clavicle ( green arrows ), scapula ( blue 
arrows ), and ribs no. 3 and no. 4 ( red arrows ) as seen in the 

anterioposterior ( b ) and scapula Y ( c ) injury radiographs. 
Operative repair is delayed until skin re- epithelialization 
occurs to reduce the risk of postoperative complication ( d )       

 Angular deformity—is measured on the 
 scapular Y view and is measured from lines 
 parallel to the proximal fragment and distal frag-
ments (Fig.  15.20b ). 

 Lateral border offset—represents the width of 
displacement of the lateral border proximal frac-
ture apex to its originating location inferior to the 
glenoid. This is also referred to as “medialization 
of the glenoid,” but as there are degrees of gle-
noid medialization and scapula body lateralization, 

lateral border offset is a more accurate term 
(Fig.  15.20c ) [ 64 ].  

   Advanced Imaging Indications 
 If the initial imaging reveals signifi cant displace-
ment, then a CT scan is the advanced imaging of 
choice for precise determination of preoperative 
displacement and for operative planning purposes 
[ 65 ]. If the patient has already received a CT scan 
as a part of their initial trauma evaluation, 3D 
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reconstructions can be obtained and utilized to 
repeat radiographic measures of the scapula frac-
ture with a greater accuracy (Fig.  15.21a–c ).    

   Nonoperative Treatment 
 Nonoperative treatment has historically been the 
mainstay for most fractures of the scapula with 
the exception of displaced intra- articular frac-
tures involving the glenoid and highly displaced 
body and neck fractures. Emerging evidence sug-
gests that other fracture patterns which tradition-
ally had been treated nonoperatively may have 

superior functional  outcomes following operative 
fi xation [ 66 – 71 ]. 

 Indications for nonoperative treatment include 
non-displaced or minimally displaced fractures 
throughout the scapula. Nonoperative treatment 
for most scapula fractures entails sling immobili-
zation with elbow and pendulum range of motion 
for 2–3 weeks with progressive gentle range of 
motion as tolerated. It is important to see the 
patient and obtain repeat radiographs at 1 week 
intervals after the injury to ensure further dis-
placement has not occurred, until there is fracture 

  Fig. 15.21    ( a – c ) 3D reconstructions of the scapula are utilized to measure with a greater accuracy. Medialization or 
lateral offset ( a ), angulation ( b ), and glenopolar angle ( c ) measurements       

  Fig. 15.20    ( a – c ) Initial measurement of displacement for scapular body fractures occurs, utilizing 2D radiographs. 
Medialization or lateral offset ( a ), angulation ( b ), and  glenopolar angle ( c ) measurements are shown here       
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consolidation [ 72 ]. This careful follow-up becomes 
particularly critical in the presence of associated 
rib fracture as the underlying support structure 
of the thoracic cavity is also compromised 
(Fig.  15.22a, b ). Given the rich muscular and vas-
cular envelope of the scapula, scapular fractures 
heal very quickly in most individuals. By 3 
months, most patients can return to full activity.   

   Operative Treatment 

   Acromion 
 Fractures of the acromion can be managed 
 nonoperatively if they are minimally displaced. 
The author’s criteria for fi xation include: 
(1) symptomatic nonunion (these are defi ned by 
an obvious fracture line on radiographs 6 months 
after injury with CT documentation or no pro-
gressive healing for 3 months with localized 
pain), (2) subacromial impingement (if the acro-
mion tips into a caudad position due to the 
deforming forces of extremity weight and grav-
ity, impingement can result), (3) displacement 
greater than or equal to 5 mm on radiographic 
examination, (4) open fractures, and (5) multiple 
disruptions of the SSSC [ 73 ,  74 ]. The surgical 
approach is dependent on the location of the 
 fracture. Transverse fractures across the base or 
neck can be addressed with the patient in a lateral 

position and approached along the posterior 
 border of the acromion just off the prominence. 
The deltoid is elevated from the posterior aspect 
of the spine and refl ected with the infraspinatus 
to expose the fracture. Small fragment lag screws 
and 2.7 mm reconstruction plates can be applied 
to fi x the fracture after it has been reduced. A thin 
superior plate can be used to augment fi xation in 
comminuted variants and provides a tension band 
effect. More distal fracture patterns can be man-
aged with tension band fi xation along the poste-
rior surface with mini-fragment plates or even a 
tension band fi gure of eight wire. In these  specifi c 
fracture patterns, good or excellent results can be 
obtained in with regard to clinical outcomes [ 73 ].  

   Coracoid 
 Unstable, displaced fractures or fractures with 
other SSSC injuries can lead to discomfort and 
altered function due to the number of structures 
inserting or attaching to the coracoid process. 
The authors’ indications for surgical intervention 
include (1) symptomatic nonunion with focal 
pain, (2) greater than 1 cm of displacement on 
radiographs, and (3) multiple disruptions of the 
SSSC [ 74 ,  75 ]. Most coracoid fractures involving 
the tip, midbody, and base can be addressed 
through an anterior deltopectoral approach using 
beach chair positioning. The clavipectoral fascia 

  Fig. 15.22    This patient presented with a double disrup-
tion of the SSSC having both clavicle and ipsilateral scap-
ula neck fractures with concomitant rib fractures. Though 
initially treated nonoperatively, this case illustrates a 

 substantially unstable injury pattern which was initially a 
non-displaced fracture pattern ( a ). Serial radiographs 
taken at day 7 post-injury reveal a signifi cant worsening 
of alignment despite immobilization ( b )       
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over the coracoid is incised. The superior slope of 
the coracoid is dissected until the fracture can be 
identifi ed, freed of intervening soft tissues, and 
reduced. In coracoid fractures through the base, 
the coracoclavicular ligaments must be dissected 
off the posterior surface of the coracoid to appre-
ciate the fracture. A 4 mm Shantz pin in the cora-
coid can be used to manipulate it and compress it 
for reduction. Small fragment lag screws or 1/3 
tubular plates can be used to secure the fi xation. 
For fractures involving the glenoid, in which the 
superior glenoid fracture exits below and involves 
the coracoid, an anterior approach can be 
extended to a formal deltopectoral approach to 
the shoulder in order to evaluate the articular 
reduction and obtain fi xation at the level of the 
glenoid fi rst. If fractures are associated with the 
scapular body, the coracoid can be indirectly 
reduced by an anatomic scapular body recon-
struction if it is attached to the cephalad neck 
segment [ 75 ].  

   Glenoid 
 Displaced fractures of the glenoid articular sur-
face should be operatively addressed to maintain 
the stability of the glenohumeral joint and pre-
vent joint incongruity, which can lead to arthro-
sis. The precise level of displacement or fracture 
size that corresponds to fragments requiring fi xa-
tion remains controversial: generally accepted 
indications for operative fi xation include 2–4 mm 
of articular step-off, fragments >25 % of the 
articular surface, or displacement associated with 
joint subluxation. A deltopectoral approach to the 
shoulder and restoration of the articular surface 
with lag screws and plate fi xation is utilized for 
the most common anterior fracture patterns. Mini 
fragment fi xation is useful in such cases, apply-
ing a buttress plate to the anterior glenoid 
(Fig.  15.23 ) [ 76 ]. Arthroscopic visualization of 
the joint surface can be used to assess the reduc-
tion in the case of percutaneous fi xation of small 
glenoid fragments. Glenoid rim fractures are fre-
quently associated with shoulder dislocations 
(bony Bankart lesions) and are less commonly 
associated with chest wall injuries, but rather the 
result of sporting and lower energy activities.  

 Fractures involving the posterior glenoid 
can be isolated or combined with scapula neck 
fractures. In such cases, a posterior approach, 
while the patient is in the lateral decubitus posi-
tion leaning slightly forward, is most useful 
(Fig.  15.24 ). A straight incision is used over the 
glenohumeral joint, elevating the deltoid and 
working anterior to it between the infraspinatus 
and teres minor along the posterior glenoid rim. 
Alternatively, a Judet incision is more useful for 
glenoid fractures associated with scapula body 
fractures.   

   Extra-articular Fracture Patterns 
 The indications for surgical intervention remain 
somewhat controversial and lacking in high level 
evidence to support operative versus nonope-
rative treatment for scapular neck and body 
 fractures. One should pursue the basic principles 
of operative decision making for fractures in gen-
eral, seeking to restore stability, length, align-
ment, and rotation of displaced patterns. Using 
this principle, indications for operative fi xation 
include (1) angular deformity greater than or 
equal to 45° on a scapular Y radiograph or 3D CT 
scan, (2) lateral border offset (formerly viewed as 
medialization of the glenoid) greater than 2 cm, 
(3) glenopolar angle less than 22° on a Grashey 
AP view, or (4) displaced double disruptions of 
the SSSC greater than or equal to 1 cm [ 77 ]. With 
these operative criteria, the senior author has been 
able to demonstrate low complication rates and 
good functional outcome scores [ 71 ]. These crite-
ria should be used in concert with assessment of 
the fracture characteristics, risk factors and func-
tional expectations of the individual patient, as 
well as the skill and experience of the surgeon. 

 The preferred technique for the operative 
treatment of most scapular body fractures is a 
Judet incision with either an extensile approach 
or intermuscular windows between teres minor 
and infraspinatus. This decision depends on char-
acteristics and age of the fracture as well as the 
experience of the surgeon. These patients often 
present late to the operating surgeon because of 
management of more critical injuries. In this 
delayed context, abundant callus is often present 
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and makes the reduction more challenging even 
as early as 2 weeks. If this is the case, the full 
extensile Judet approach is utilized, in which the 
entire muscular envelope of the rotator cuff and 
deltoid is elevated on its pedicle. The setup for 
the approach to the scapula includes the lateral 
position, allowing the patient to fall forward 
slightly. This involves the use of an arm-board 
attachment for the standard operating room table. 

The nonoperative arm is well-padded and in a 
relaxed, non-tensioned position on the arm- 
board. Specialized Bone Foam (Bone Foam Inc., 
USA, Plymouth, MN) positioners with room for 
the well-arm are optimal. With the patient for-
ward approximately 30° in a “fl oppy lateral” 
position, full access to the hemithorax to the 
 vertebral line is obtained. The involved arm, 
back, and neck are sterilely prepped and draped. 

  Fig. 15.23    The 3D reconstructed CT image oriented in 
the anterioposterior ( a ) and the scapula Y ( b ) views for a 
patient presenting with a displaced anterior scapular gle-
noid fracture requiring operative fi xation. Mini fragment 

fi xation was placed anteriorly, and postoperative anterio-
posterior ( c ) and axillary ( d ) radiographs show fracture 
consolidation and healing at fi nal follow-up       
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The axilla is sequestered with a strip of adherent 
plastic sheeting. 

 The bony anatomy of the shoulder and scapula 
is marked on the skin. Even in larger patients, a 
sulcus which marks the scapular spine and interval 

between supra- and infraspinatus is often palpable. 
The skin incision should be a centimeter caudal 
and 1 cm medial to the vertebral border of the 
scapula and slopes from the spine around the supe-
rior angle roughly in the shape of a boomerang. 
Sharp dissection is carried down through the skin 
and subcutaneous tissues to the fascia overlying 
the muscle. Depending on whether the full Judet 
extensile dissection is desired (as is the case for 
more complex patterns or delay in presentation) 
or whether an intermuscular approach is desired 
(for simple fracture patterns), the surgeon should 
be prepared to elevate the muscles off the glenoid 
fossa or elevate the subcutaneous tissue off the 
posterior muscular fascia. 

 For the Judet approach, the infraspinatus, teres 
minor, and deltoid are elevated off their origins as 
one musculocutaneous fl ap. These muscles are 
elevated en bloc off the scapular spine and 
the infraspinatus fossa subperiosteally and then 
rotated on the lateral suprascapular neurovascu-
lar pedicle to reveal the body and neck of the 
scapula. The subscapularis muscle anterior to the 
scapula is undisturbed and provides great vascu-
larity for high healing potential (Fig.  15.25a–c ). 
Alternatively, as stated above, intermuscular win-
dows can be used to access different portions of 
the scapula when less complete visualization 
or mobilization is necessary. Windows can be 
created along the spine of the scapula (between 
deltoid and trapezius), the vertebral border 
(between rhomboids and infraspinatus), or more 
laterally between infraspinatus and teres minor to 
access the lateral border and posterior glenoid.  

 Callus and interposed tissue are removed to 
expose fracture fragments both along the medial 
and lateral border, and the fracture fragments 
mobilized. A lamina spreader inside of fracture 
lines around the periphery, or Schanz pins 
in either the glenoid neck or lateral border can 
be utilized to mobilize fracture fragments. 
Provisional reduction is then effected using small 
pointed reduction clamps. It is most often useful 
to obtain the reduction of the lateral border fi rst. 
Once the adequate medial and lateral border 
reductions have been affected, fi xation of 
these may commence: a 2.7 mm reconstruction 
plate which lies along the inferior border of the 

  Fig. 15.24    ( a – b ) These patients are positioned for a 
 posterior surgical approach to the scapula. In the lateral 
decubitus (fl oppy forward) position, the entire injured arm 
is sterilely prepped and remains free for manipulation to 
assist in reduction maneuvers during the procedure       
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scapular spine, curving along the vertebral border 
is contoured around the angle for the most com-
mon fracture pattern (Figs.  15.26 ,  15.27 , and 
 15.28 ). The surgeon may want to reinforce this 
fi xation with a second adjacent 2.7 mm recon-
struction plate for strength. The thickest bone and 
best fi xation is found laterally. In the case of large 
comminuted midbody fracture fragments, spring 
plates with very short screw fi xation can be uti-
lized if the displacement is severe, but displace-
ment can be tolerated in general in this very thin 
bone segment.    

 Once fi xation has been performed, any 
 devitalized muscle is debrided, the wound is 
 irrigated, and closure commences. Drains are 
typically employed both deep below the fascia 
as well as under the subcutaneous fl ap when 
appropriate. The author’s preferred technique 
for repair of the fl ap to the scapular spine is to 
use heavy- braided no. 2 sutures through drill 
holes along the scapular spine, supplemented 
with strong no. 1 vicryl closure for the rest of the 
fascial closure. The fascia is also re-approxi-
mated using these sutures. The subcutaneous 
layers and skin are closed with any preferred 
technique. 

 Rehabilitation begins with full shoulder pas-
sive and active range of motion for the fi rst month 
and a light 3–5 pound weight restriction in the 
second month. Strength is then advanced accord-
ing to symptoms until all restrictions are removed 
at 3 months post-op. Hand and wrist and elbow 
range of motion are encouraged from day one. 
Drains are discontinued when drainage is less 
than 15 mL per 8-h shift [ 78 ]. Generally good to 
excellent outcomes are to be anticipated with 
operative treatment of scapular body fractures 
that meet certain criteria. Patients usually return 
to close to their preoperative level of function 
with scapular body fractures with prudent and 
judicious application of operative fi xation.     

    Summary 

 Scapula and clavicle fractures occur commonly 
in association with chest wall injuries. Typically, 
these injury associations occur after high-energy 
traumatic mechanisms, and all four combina-
tions are common, namely, scapula-clavicle, 
ribs- clavicle, scapula-ribs, and ribs-scapula-
clavicle combination. Most commonly in this 
scenario, the rib fractures are multiple and fre-
quently constitute a typical “fl ail chest” in which 
there are more than four consecutive ribs frac-
tured in two locations. Therefore, it is very 
important in patients who have multiple rib frac-
tures, with or without pneumothorax or hemo-
thorax, to carefully inspect the periphery of the 
chest radiograph for scapula or clavicle fractures. 

  Fig. 15.25    ( a ) A modifi ed posterior Judet approach is 
carefully planned, utilizing strategically placed intermus-
cular windows to address the patients common fracture 
pattern ( blue lines ). ( b ) Intraoperative photographs of the 
superfi cial anatomy illustrate a full-thickness fasciocuta-
neous fl ap, which is developed utilizing these landmarks: 
1 cm caudal to the acromion spine and 1 cm lateral to the 
vertebral border and retracted laterally ( top  of image). 
Also shown is an intermuscular window between the tra-
pezius and the deltoid ( arrow ) to access the inferior and 
medial margins of the scapular spine for plate fi xation ( b )       
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If there is any suspicion, formal shoulder fi lms 
should be obtained. Similarly, in a patient with a 
high- energy scapula and/or clavicle fracture 
detected on shoulder fi lms, formal inspection of 
the ribs on radiographs and physical exam of the 
chest should follow. Lastly, a full-body second-
ary survey must be done, and repeated, because 
the associated injury rate to other bodily areas 
and systems is very high. 

 From a treatment standpoint, it is useful to 
understand that multiple fractures occurring 
in the ipsilateral forequarter respond best to 

 stabilization throughout the peri-injury period 
and rehabilitation phase of recovery. Lack of 
osseous stability promotes shoulder stiffness, and 
ultimately deformity is associated with dysfunc-
tion. Restoring stability to the displaced scapula 
and clavicle in this setting is benefi cial, and it 
is often synergistic with operative fi xation of 
multiple rib fractures.     

  Acknowledgment   The authors acknowledge Amir Rizkala, 
M.D., for the assistance in selecting and preparing the 
images for this chapter.  

  Fig. 15.26    ( a ) Intraoperative photographs indicating the 
intermuscular interval between teres minor and infraspi-
natus to access the bony anatomy of the displaced lateral 

border ( a ). Temporary reduction techniques utilizing small 
drill holes with towel clamps or k-wires are utilized prior 
to internal fi xation with plates and screws ( b )       

  Fig. 15.27    Plate placement occurs in the internervous 
plane between the infraspinatus and teres minor, allowing 
good visualization of the lateral border and glenoid neck 

( a ). Open reduction and internal fi xation of the displaced 
scapula fracture completed both medially and laterally via 
superomedial and lateral intermuscular windows ( b )       

 

 

P.A. Cole et al.



187

   References 

     1.    Goss TP. Double disruptions of the superior shoulder 
suspensory complex. J Orthop Trauma. 1993;7(2):
99–106.  

       2.    Thompson DA, Flynn TC, Miller PW, Fischer RP. The 
signifi cance of scapular fractures. J Trauma. 1985;
25(10):974–7.  

    3.    McGahan JP, Rab GT, Dublin A. Fractures of the 
scapula. J Trauma. 1980;20(10):880–3.  

   4.    Veysi VT, Mittal R, Agarwal S, Dosani A, Giannoudis 
PV. Multiple trauma and scapula fractures: so what? 
J Trauma. 2003;55(6):1145–7.  

    5.    Stephens NG, Morgan AS, Corvo P, Bernstein BA. 
Signifi cance of scapular fracture in the blunt-
trauma patient. Ann Emerg Med. 1995;26(4):
439–42.  

       6.    Baldwin KD, Ohman-Strickland P, Mehta S, Hume 
E. Scapula fractures: a marker for concomitant injury? 
A retrospective review of data in the national trauma 
database. J Trauma. 2008;65(2):430–5.  

  Fig. 15.28    Postoperative anterioposterior ( a ), scapula Y ( b ), and axillary ( c ) radiographs of the patient from the opera-
tive case illustrated in Figs.  15.25 ,  15.26 , and  15.27        

 

15 Management of Associated Injuries (Clavicle and Scapula)



188

    7.   Hippocrates. On the articulations. The genuine works 
of Hippocrates. Clin Orthop Relat Res. 2002;
400(July):19–25. doi:  10.1097/00007611-192206000-
00025    .  

     8.    Robinson CM. Fractures of the clavicle in the adult. 
Epidemiology and classifi cation. J Bone Joint Surg Br 
Vol. 1998;80(3):476–84.  

     9.    Postacchini F, Gumina S, De Santis P, Albo F. Epide-
miology of clavicle fractures. J Shoulder Elb Surg. 
2002;11(5):452–6.  

    10.    Liu GD, Tong SL, Ou S, et al. Operative versus 
 non- operative treatment for clavicle fracture: a meta- 
analysis. Int Orthop. 2013;37(8):1495–500.  

    11.    Gardner E. The embryology of the clavicle. Clin 
Orthop Relat Res. 1968;58:9–16.  

    12.    McGraw MA, Mehlman CT, Lindsell CJ, Kirby 
CL. Postnatal growth of the clavicle: birth to 18 years 
of age. J Pediatr Orthop. 2009;29(8):937–43.  

    13.    Inman VT, Saunders JB. Observations on the function 
of the clavicle. Calif Med. 1946;65(4):158–66.  

    14.   Andermahr J, Ring D, Jupiter JB. Fractures and dislo-
cations of the clavicle. In: Browner BD, Jupiter JB, 
Krettek C, Anderson P, editors. Skeletal trauma: basic 
science, management, and reconstruction. 5th ed. 
Philadelphia: Elsevier/Saunders. 2015;1499–1518.  

    15.    Renfree KJ, Riley MK, Wheeler D, Hentz JG, Wright 
TW. Ligamentous anatomy of the distal clavicle. 
J Shoulder Elb. 2003;12(4):355–9.  

    16.    Rios CG, Arciero RA, Mazzocca AD. Anatomy of the 
clavicle and coracoid process for reconstruction of the 
coracoclavicular ligaments. Am J Sports Med. 2007;
35(5):811–7.  

    17.    Moseley HF. The clavicle: its anatomy and function. 
Clin Orthop Relat Res. 1968;58:17–27.  

    18.    Fischer E. Tubercles for muscular and ligament 
 fi xation of the clavicle; a contribution to normal 
roentgenological anatomy. Fortschr Geb Rontgenstr 
Nuklearmed. 1958;88(1):71–5.  

    19.   Hoppenfeld S, deBoer P, Buckley R. Surgical expo-
sures in orthopaedics: the anatomic approach. 4th ed. 
Philadelphia: Lippincott Williams & Wilkins; 2009. 
p. 2–3.  

    20.    Sinha A, Edwin J, Sreeharsha B, Bhalaik V, Brownson 
P. A radiological study to defi ne safe zones for drilling 
during plating of clavicle fractures. J Bone Joint Surg 
(Br). 2011;93(9):1247–52. doi:  10.1302/0301-620X.
93B9.25739    .  

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

     22.    Williams GR, Nguyen VD, Rockwood CA. Classifi -
cation and radiographic analysis of acromioclavicular 
dislocations. Appl Radiol. 1989;18:29–34.  

    23.    Andersen K, Jensen PO, Lauritzen J. Treatment of 
clavicular fractures. Figure-of-eight bandage versus a 
simple sling. Acta Orthop Scand. 1987;58(1):71–4.  

    24.    Plocher EK, Anavian J, Vang S, Cole PA. Progressive 
displacement of clavicular fractures in the early 
postinjury period. J Trauma. 2011;70(5):1263–7.  

     25.    Altamimi SA, McKee MD. Nonoperative treatment 
compared with plate fi xation of displaced midshaft 
clavicular fractures. Surgical technique. J Bone Joint 
Surg Am Vol. 2008;90(Suppl 2 Pt 1):1–8.  

     26.   Canadian Orthopaedic Trauma Society. Nonoperative 
treatment compared with plate fi xation of displaced 
midshaft clavicular fractures. A multicenter, random-
ized clinical trial. J Bone Joint Surg Am. 2007;89(1):
1–10. doi:  10.2106/JBJS.F.00020    .  

    27.    Murray IR, Foster CJ, Eros A, Robinson CM. Risk 
factors for nonunion after nonoperative treatment of 
displaced midshaft fractures of the clavicle. J Bone 
Joint Surg Am Vol. 2013;95(13):1153–8.  

     28.   McKee RC, Whelan DB, Schemitsch EH, McKee 
MD. Operative versus nonoperative care of displaced 
midshaft clavicular fractures: a meta-analysis of 
 randomized clinical trials. J Bone Joint Surg Am. 
2012;94(8):675–84.  

    29.    Robinson CM, Goudie EB, Murray IR, et al. Open 
reduction and plate fi xation versus nonoperative treat-
ment for displaced midshaft clavicular fractures: a 
multicenter, randomized, controlled trial. J Bone Joint 
Surg Am Vol. 2013;95(17):1576–84.  

    30.    Pearson AM, Tosteson AN, Koval KJ, et al. Is surgery 
for displaced, midshaft clavicle fractures in adults 
cost-effective? Results based on a multicenter ran-
domized, controlled trial. J Orthop Trauma. 2010;
24(7):426–33.  

    31.    Taylor PR, Day RE, Nicholls RL, Rasmussen J, Yates 
PJ, Stoffel KK. The comminuted midshaft clavicle 
fracture: a biomechanical evaluation of plating meth-
ods. Clin Biomech (Bristol, Avon). 2011;26(5):
491–6.  

    32.    Coupe BD, Wimhurst JA, Indar R, Calder DA, Patel 
AD. A new approach for plate fi xation of midshaft 
clavicular fractures. Injury. 2005;36(10):1166–71.  

     33.    Collinge C, Devinney S, Herscovici D, DiPasquale T, 
Sanders R. Anterior-inferior plate fi xation of middle- 
third fractures and nonunions of the clavicle. J Orthop 
Trauma. 2006;20(10):680–6.  

    34.    Smekal V, Irenberger A, Struve P, Wambacher M, 
Krappinger D, Kralinger FS. Elastic stable intramedul-
lary nailing versus nonoperative treatment of displaced 
midshaft clavicular fractures-a randomized, controlled, 
clinical trial. J Orthop Trauma. 2009;23(2):106–12.  

    35.    Marlow WJ, Ralte P, Morapudi SP, Bassi R, Fischer J, 
Waseem M. Intramedullary fi xation of diaphyseal 
clavicle fractures using the rockwood clavicle pin: 
review of 86 cases. Open Orthop J. 2012;6:482–7.  

     36.    Mudd CD, Quigley KJ, Gross LB. Excessive compli-
cations of open intramedullary nailing of midshaft 
clavicle fractures with the Rockwood Clavicle Pin. 
Clin Orthop Relat Res. 2011;469(12):3364–70.  

     37.    Strauss EJ, Egol KA, France MA, Koval KJ, 
Zuckerman JD. Complications of intramedullary 
Hagie pin fi xation for acute midshaft clavicle frac-
tures. J Shoulder Elb Surg. 2007;16(3):280–4.  

   38.    Boehme D, Curtis Jr RJ, DeHaan JT, Kay SP, Young 
DC, Rockwood Jr CA. The treatment of nonunion 

P.A. Cole et al.

http://dx.doi.org/10.1097/00007611-192206000-00025
http://dx.doi.org/10.1097/00007611-192206000-00025
http://dx.doi.org/10.1302/0301-620X.93B9.25739
http://dx.doi.org/10.1302/0301-620X.93B9.25739
http://dx.doi.org/10.2106/JBJS.F.00020


189

fractures of the midshaft of the clavicle with an intra-
medullary Hagie pin and autogenous bone graft. Instr 
Course Lect. 1993;42:283–90.  

   39.    Connolly JF. Non-union of fractures of the mid-shaft 
of the clavicle. Treatment with a modifi ed Hagie intra-
medullary pin and autogenous bone-grafting. J Bone 
Joint Surg Am Vol. 1992;74(9):1430–1.  

    40.    Boehme D, Curtis Jr RJ, DeHaan JT, Kay SP, Young 
DC, Rockwood Jr CA. Non-union of fractures of the 
mid-shaft of the clavicle. Treatment with a modifi ed 
Hagie intramedullary pin and autogenous bone- 
grafting. J Bone Joint Surg Am Vol. 1991;73(8):
1219–26.  

       41.    Jubel A, Andermahr J, Schiffer G, Rehm KE. Tech-
nique of intramedullary osteosynthesis of the clavicle 
with elastic titanium nails. Unfallchirurg. 2002;105(6):
511–6.  

   42.    Jones LD, Grammatopoulos G, Kambouroglou G. 
Titanium elastic nails, open reduction internal fi xation 
and non-operative management for middle third clav-
icle fractures: a comparative study. Eur J Orthop Surg 
Traumatol. 2014;24(3):323–9.  

    43.    Tarng YW, Yang SW, Fang YP, Hsu CJ. Surgical 
 management of uncomplicated midshaft clavicle frac-
tures: a comparison between titanium elastic nails and 
small reconstruction plates. J Shoulder Elb Surg. 
2012;21(6):732–40.  

    44.    Rieser GR, Edwards K, Gould GC, Markert RJ, 
Goswami T, Rubino LJ. Distal-third clavicle fracture 
fi xation: a biomechanical evaluation of fi xation. 
J Shoulder Elb Surg. 2013;22(6):848–55.  

    45.    Yang SW, Lin LC, Chang SJ, Kuo SM, Hwang 
LC. Treatment of acute unstable distal clavicle frac-
tures with single coracoclavicular suture fi xation. 
Orthopedics. 2011;34(6):172.  

    46.    Chen CY, Yang SW, Lin KY, et al. Comparison of 
single coracoclavicular suture fi xation and hook plate 
for the treatment of acute unstable distal clavicle frac-
tures. J Orthop Surg Res. 2014;9:42.  

    47.    Schmittinger K, Sikorski A. Experiences with the 
Balser plate in dislocations of the acromioclavicular 
joint and lateral fractures of the clavicle. Aktuelle 
Traumatol. 1983;13(5):190–3.  

    48.    Nadarajah R, Mahaluxmivala J, Amin A, Goodier 
DW. Clavicular hook-plate: complications of retain-
ing the implant. Injury. 2005;36(5):681–3.  

    49.    Glass ER, Thompson JD, Cole PA, Gause 2nd TM, 
Altman GT. Treatment of sternoclavicular joint dislo-
cations: a systematic review of 251 dislocations in 24 
case series. J Trauma. 2011;70(5):1294–8.  

   50.    Thut D, Hergan D, Dukas A, Day M, Sherman OH. 
Sternoclavicular joint reconstruction–a systematic 
review. Bull NYU Hosp Joint Dis. 2011;69(2):
128–35.  

   51.    Groh GI, Wirth MA. Management of traumatic ster-
noclavicular joint injuries. J Am Acad Orthop Surg. 
2011;19(1):1–7.  

   52.    Groh GI, Wirth MA, Rockwood Jr CA. Treatment 
of traumatic posterior sternoclavicular dislocations. 
J Shoulder Elb Surg. 2011;20(1):107–13.  

    53.    Rockwood Jr CA, Groh GI, Wirth MA, Grassi FA. 
Resection arthroplasty of the sternoclavicular joint. 
J Bone Joint Surg Am Vol. 1997;79(3):387–93.  

    54.    Bartonicek J, Cronier P. History of the treatment of 
scapula fractures. Arch Orthop Trauma Surg. 2010;
130(1):83–92.  

    55.    Ideberg R, Grevsten S, Larsson S. Epidemiology 
of scapular fractures. Incidence and classifi cation 
of 338 fractures. Acta Orthop Scand. 1995;66(5):
395–7.  

    56.    Sudkamp NP, Jaeger N, Bornebusch L, Maier D, 
Izadpanah K. Fractures of the scapula. Acta Chir 
Orthop Traumatol Cech. 2011;78(4):297–304.  

    57.    Sammarco VJ. Os acromiale: frequency, anatomy, 
and clinical implications. J Bone Joint Surg Am Vol. 
2000;82(3):394–400.  

    58.    Ogawa K, Yoshida A, Takahashi M, Ui M. Fractures 
of the coracoid process. J Bone Joint Surg Br Vol. 
1997;79(1):17–9.  

    59.    Eyres KS, Brooks A, Stanley D. Fractures of the cora-
coid process. J Bone Joint Surg Br Vol. 1995;
77(3):425–8.  

    60.    Ogawa K, Naniwa T. Fractures of the acromion and 
the lateral scapular spine. J Shoulder Elb Surg. 
1997;6(6):544–8.  

    61.    Kuhn JE, Blasier RB, Carpenter JE. Fractures of the 
acromion process: a proposed classifi cation system. 
J Orthop Trauma. 1994;8(1):6–13.  

    62.    Mayo KA, Benirschke SK, Mast JW. Displaced frac-
tures of the glenoid fossa. Results of open reduction 
and internal fi xation. Clin Orthop Relat Res. 1998;
347:122–30.  

    63.    Jaeger M, Lambert S, Sudkamp NP, et al. The AO 
foundation and orthopaedic trauma association (AO/
OTA) scapula fracture classifi cation system: focus on 
glenoid fossa involvement. J Shoulder Elb Surg. 
2013;22(4):512–20.  

     64.    Cole PA, Gauger EM, Schroder LK. Management of 
scapular fractures. J Am Acad Orthop Surg. 2012;
20(3):130–41.  

    65.    Anavian J, Confl itti JM, Khanna G, Guthrie ST, Cole 
PA. A reliable radiographic measurement technique 
for extra-articular scapular fractures. Clin Orthop 
Relat Res. 2011;469(12):3371–8.  

    66.    Armstrong CP, Van der Spuy J. The fractured scapula: 
importance and management based on a series of 62 
patients. Injury. 1984;15(5):324–9.  

   67.    Ada JR, Miller ME. Scapular fractures. Analysis of 
113 cases. Clin Orthop Relat Res. 1991;269:174–80.  

   68.    Nordqvist A, Petersson C. Fracture of the body, neck, 
or spine of the scapula. A long-term follow-up study. 
Clin Orthop Relat Res. 1992;283:139–44.  

   69.    Bauer G, Fleischmann W, Dussler E. Displaced scap-
ular fractures: indication and long-term results of 
open reduction and internal fi xation. Arch Orthop 
Trauma Surg. 1995;114(4):215–9.  

   70.    Romero J, Schai P, Imhoff AB. Scapular neck frac-
ture–the infl uence of permanent malalignment of the 
glenoid neck on clinical outcome. Arch Orthop 
Trauma Surg. 2001;121(6):313–6.  

15 Management of Associated Injuries (Clavicle and Scapula)



190

     71.    Cole PA, Gauger EM, Herrera DA, Anavian J, Tarkin 
IS. Radiographic follow-up of 84 operatively treated 
scapula neck and body fractures. Injury. 2012;
43(3):327–33.  

    72.    Anavian J, Khanna G, Plocher EK, Wijdicks CA, 
Cole PA. Progressive displacement of scapula frac-
tures. J Trauma. 2010;69(1):156–61.  

     73.    Hill BW, Anavian J, Jacobson AR, Cole PA. Surgical 
management of isolated acromion fractures: technical 
tricks and clinical experience. J Orthop Trauma. 
2014;28(5):e107–13.  

     74.   Mulawka B, Jacobson AR, Schroder LK, Cole 
PA. Triple and quadruple disruptions of the superior 
shoulder suspensory complex. J Orthop Trauma. 
2014. doi:  10.1097/BOT.0000000000000275      

     75.    Hill BW, Jacobson AR, Anavian J, Cole PA. Surgical 
management of coracoid fractures: technical tricks 
and clinical experience. J Orthop Trauma. 2014;
28(5):e114–22.  

    76.    Jones CB, Cornelius JP, Sietsema DL, Ringler JR, 
Endres TJ. Modifi ed Judet approach and minifragment 
fi xation of scapular body and glenoid neck fractures. 
J Orthop Trauma. 2009;23(8):558–64. doi:  10.1097/
BOT.0b013e3181a18216    .  

    77.    Cole PA, Freeman G, Dubin JR. Scapula fractu-
res. Curr Rev Musculoskeletal Med. 2013;6(1):
79–87.  

    78.    Cole PDJM. Shoulder girdle injuries. In: Stannard JP, 
editor. Surgical treatment of orthopaedic trauma. 
New York: Thieme; 2009. p. 207–37.      

P.A. Cole et al.

http://dx.doi.org/10.1097/BOT.0000000000000275
http://dx.doi.org/10.1097/BOT.0b013e3181a18216
http://dx.doi.org/10.1097/BOT.0b013e3181a18216

	15: Management of Associated Injuries (Clavicle and Scapula)
	Clavicle Fractures
	Background
	History
	 Epidemiology
	 Development
	 Anatomy
	Osteology
	Attaching Muscle Groups/Deforming Forces
	Operative Dangers

	Classification
	Acromioclavicular Joint Dislocations

	 Clinical Evaluation
	Nonoperative Treatment

	 Operative Treatment
	Indications
	Surgical Technique
	Plate Fixation

	Intramedullary Nail Fixation
	Distal Third Clavicle Fractures
	Sternoclavicular Dislocations [49–53]



	 Scapula Fractures
	Background
	History
	Epidemiology
	Development
	Embryology

	Anatomy
	Osteology

	Classification
	Clinical Evaluation
	History and Physical Examination
	Radiographic Evaluation
	Advanced Imaging Indications

	Nonoperative Treatment
	Operative Treatment
	Acromion
	Coracoid
	Glenoid
	Extra-articular Fracture Patterns



	 Summary
	References


