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17.1            Introduction 

 Upper    extremity injuries usually occur in the 
shoulder, elbow, or wrist of the athletic popula-
tion, especially in overhead disciplines. Traumas, 
biomechanical imbalance due to improper tech-
nique, and overuse cover the majority of the epi-
demiological factors in this population.    Common 
types of injury include tendon problems, bone 
fractures, sprains, and dislocations. 
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 In this instructional course chapter, we try to 
summarize the most relevant pathologies that a 
sport physician can encounter in his/her daily 
practice.
   Shoulder Injuries

    Rotator Cuff Injuries   
   SLAP Lesions and Biceps Pathology   
   Glenohumeral Instability   
   Acromioclavicular Joint Injuries   
   Clavicle Fractures   
   Humeral Head Fractures      

  Elbow Injuries  
  Triangular Fibrocartilage Complex Injuries 

(Wrist)     

17.2     Shoulder Injuries 

17.2.1     Rotator Cuff Injuries 

 There are numerous lesions to rotator cuff that 
can occur in athletes. The classifi cation of rotator 
cuff injury is based on the knowledge of the 
pathophysiology of events leading to rotator cuff 
failure. 

 Primary subacromial impingement is caused 
by violation of the rotator cuff between the 
greater tuberosity and the coracoacromial arch. 
Abnormal acromial morphology, acromial spurs, 
and acromioclavicular joint arthritis are identi-
fi ed as predisposing factors. 

 The compression of the rotator cuff between 
the coracoacromial arch and the humeral head 
may lead to infl ammation and tears of the rotator 
cuff tendons. 

 Neer classifi ed three stages of the impinge-
ment syndrome as (1) edema and hemorrhage in 
the subacromial space and supraspinatus tendon, 
(2) thickening and fi brosis in the distal tendon 
insertion, and (3) full-thickness rotator cuff tears. 
Primary impingement is typically diagnosed in 
older overhead athletes with a stable shoulder, 
whereas it is rare in young throwers. The spec-
trum of cuff pathology ranges from tendinopathy 
to partial- or full-thickness tears. 

 Secondary impingement is a very common 
cause of pain in the young overhead athlete 
(swimmers, throwers, tennis players) and often 
results from preexisting ligamentous laxity or 

acquired traumatic capsular laxity. Because of 
this pathologic laxity, the humeral head translates 
anteriorly, producing impingement of the supra-
spinatus tendon against the coracoacromial arch. 

 Internal impingement is characterized by con-
tact of the articular surface of the rotator cuff 
with the posterior and superior glenoid rim and 
labrum in the extremes of shoulder abduction and 
external rotation. 

 In normal throwers there is no signifi cant con-
tact between the posterior cuff and the adjacent 
glenoid. However, a mild instability that results 
from chronic stretching of the anterior capsular 
allows repetitive impactions to occur. 

 Tears of the rotator cuff are common in over-
head athletes mostly due to overuse and rarely 
because of trauma. The cause is often multifacto-
rial; tensile overload, outlet impingement, and 
internal impingement are common causes of cuff 
pathologic conditions in this population [ 1 ]. 

 The physical examination shows weakness 
and pain related to the tendon involved, mostly 
again resistance. A positive painful arc test result 
and a positive external rotation resistance test 
result were the most accurate fi ndings for detect-
ing rotator cuff tears, whereas the presence of a 
positive lag test (external or internal rotation) 
result was most accurate for the diagnosis of a 
full-thickness rotator cuff tear [ 2 ]. Of course ER 
against resistance, Jobe test, Whipple test, and 
lift-off test offers great help in order to locate the 
damage among the different tendons. 

 The most reliable imaging is actually MRI- 
arthrogram, but due to its cost and invasivity, a 
standard MRI is mostly used. Standard X-rays are 
valuable especially in differential diagnosis among 
glenohumeral arthritis and calcifi c tendonitis. 

 The management of cuff problems is initially 
conservative with a personalized physical ther-
apy program of at least 3 months. Injections are 
not indicated in this population especially with 
steroids. 

 Surgical    intervention is considered if nonop-
erative management fails or if a full-thickness 
tear is observed that should lead to an immediate 
(nonurgent) operation. 

 Partial-thickness rotator cuff tears of less than 
50 % may benefi t from surgical debridement. 
Partial-thickness tears greater than 50 % or full- 
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thickness tears should be repaired. In patients 
with mild instability and secondary  impingement, 
a glenohumeral stabilization procedure should be 
considered as a crucial component of the surgical 
management. In patients without instability, an 
arthroscopic subacromial decompression can be 
performed. 

 A PubMed search assessed treatment options 
providing expedited recovery time and return to 
competition. Twelve of 231 articles fi t the objec-
tive criteria; 90.5 % of professional contact ath-
letes, 40 % of professional overhead athletes, and 
83.3 % of recreational athletes fully recovered 
following rotator cuff tear surgical repair [ 3 ]. 

 Prompt surgical treatment for full-thickness 
rotator cuff tears may be appropriate for contact 
athletes and recreational overhead athletes. 
Although professional overhead athletes have 
low recovery rates, surgical repair of full- 
thickness rotator cuff tears may still be 
indicated. 

17.2.1.1     Cuff Repair: Conservative 
Versus Arthroscopic 
and Open Treatment 

 The clinical results of reconstructions of rotator 
cuff tears are described as good to excellent in the 
literature. In order to further improve the out-
come, minimally invasive technique like the 
mini-open approach or all arthroscopic repairs of 
the rotator cuff were introduced. 

 Minimally invasive techniques may have the 
potential to reduce postoperative pain, postopera-
tive stiffness, and damage of the deltoid muscle. 
Especially in large and massive tears, a more 
controlled release of the retracted tendon might 
be achieved. Moreover, the decision if a tear is 
repairable can be decided without damaging the 
deltoid muscle which might have a potential 
impact on following procedures like a reverse 
shoulder arthroplasty. Finally, there is a clear 
improvement for the minimally invasive approach 
concerning the cosmetic appearance compared to 
traditional open approaches. 

 A critical review of the literature, however, 
questions the superiority in the clinical results of 
minimally invasive techniques compared to open 
rotator cuff repairs and even to conservative 
treatment. 

 Conservative treatment of rotator cuff 
tears also leads to acceptable midterm results in 
the literature. However, there is an increase of 
fatty muscle infi ltration and decrease of the 
 acromiohumeral distance. Moreover, some 
repairable rotator cuff tears become irrepairable 
over time. 

 Randomized controlled trials are necessary in 
order to critically analyze potential benefi ts of 
minimally invasive techniques to traditional 
approaches as well as conservative treatment, 
especially as minimally invasive techniques 
increase the overall cost by increased surgical 
time and higher implant costs and are technically 
more demanding. Moreover, a critical analysis is 
necessary, which tears need to be repaired and 
which tears might be treated conservatively.   

17.2.2     SLAP Lesions and Biceps 
Pathology 

 Several disorders involving the biceps tendon 
have been identifi ed as common sources of shoul-
der pain in the overhead athlete. 

 Patients with biceps tendonitis have anterior 
shoulder pain intensifi ed with overhead activi-
ties. The most common cause is subacromial 
impingement. 

 Subluxation or dislocation of the biceps ten-
don from its groove can occur in conjunction 
with a subscapularis tendon disruption. 

 Tendon debridement   , release, or tenodesis is 
indicated if conservative treatments fail in the 
patients with an associated subscapularis tear. 

 Injuries to the superior labrum at the biceps–
labral anchor are common in athletes. This lesion 
can result from repetitive microtrauma as in a 
throwing athlete or direct trauma. 

 SLAP lesions can be classifi ed into four types: 
type 1, fraying of the superior labrum; type 2, the 
biceps anchor that is disrupted; type 3, bucket- 
handle tear of the labrum; and type 4, bucket- 
handle labral tear that extends into the biceps 
tendon [ 4 ]. 

 If conservative treatment fails, type I and III 
lesions are treated with debridement and careful 
evaluation for glenohumeral instability. Type II 
lesions can be treated with arthroscopic fi xation 
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of the biceps anchor with good results. Good out-
comes and full return to their pre-injury level of 
sport participation have been observed in athletes 
who have received a surgical stabilization of their 
SLAP II lesions.  

17.2.3     Glenohumeral Instability 

 Primary acute shoulder dislocation is a common 
orthopedic injury, with an incidence rate of 1.7 % 
in the general population [ 5 ]. Recurrence of 
instability, defi ned as a single dislocation or sub-
luxation event, and pain preventing the return to 
sport activities are the most common reasons for 
concern [ 6 ]. There is growing interest in identify-
ing the best treatment in patients with primary 
dislocation of the shoulder, especially in popula-
tions at higher risk of recurrence, such as young 
physically active adults [ 7 ]. 

 In case of primary acute dislocation of the 
shoulder, one of the approaches most widely used 
is the reduction of the glenohumeral joint and 
immobilization followed by a variable period of 
rehabilitation to restore shoulder range of motion 
and strength [ 8 ]. Immobilization has been per-
formed in either internal or external rotation, 
with discordant results. Despite enthusiastic 
results proposed with the use of external rotation 
bracing [ 9 ], it has been proposed that it may not 
be as effective as claimed in preventing recurrent 
anterior dislocation of the shoulder. 

 Surgery has generally been used for chronic 
recurrence/instability. However, whether surgical 
management of primary dislocation is warranted 
for a fi rst-time traumatic anterior dislocation of 
the shoulder is still debated. 

 Although, once a dislocation has occurred, the 
shoulder is less stable and more susceptible to 
redislocation [ 10 ], the risk of recurrent instability 
(defi ned as a single dislocation or subluxation 
event) after any type of treatment is higher in 
males and young people [ 11 – 13 ]. 

 Several studies demonstrated the youth have a 
major risk to develop two or more recurrent dis-
locations [ 14 ,  15 ]. Patients who are from 23 to 
29 years old at the time of the original injury have 
a risk of 0.5 in comparison with the patients who 
had been 12–22 years old. Instead the risk was 

reduced to 0.15 when patients were 30–40 years 
old at the time of the injury compared with those 
who had been 12–22 years old [ 16 ]. On the other 
hand, the role of sport activities is controversial. 
Some authors suggested that sport participation 
can improve the risk of recurrence, whereas oth-
ers did not confi rm this correlation by using the 
age-adjustment logistic regression analysis [ 17 ]. 

 Finally, dislocation of the shoulder can be 
associated with frequent injury patterns, such as 
the classical Bankart lesion and the Hill–Sachs 
lesion. In terms of soft tissue injuries, the Bankart 
lesion can be found in 35 % of the shoulders and 
the rotator cuff tear in 10 % [ 8 ,  18 – 37 ]. Less fre-
quent injuries include labral, humeral avulsion 
glenohumeral ligament (HAGL), superior labral 
tear from anterior to posterior (SLAP), and ante-
rior labral periosteal sleeve avulsion (ALPSA) 
lesions. In terms of bony lesions, the glenoid 
defect can be found in 18 % of the shoulders, the 
humeral head defect in 30 %, and the combina-
tion of these in 22 % [ 8 ,  16 ,  18 – 21 ,  23 – 35 ,  37 –
 40 ]. This fi nding could affect the clinical 
outcomes of patients and the rate of recurrence 
[ 18 ,  19 ,  21 ]. 

 The best management of the primary acute 
shoulder dislocation has not been clarifi ed yet. 
Both conservative and surgical managements 
have been proposed; however, the current litera-
ture fails to provide a defi nitive recommendation 
to treat these patients. 

 Conservative management usually consists of 
immobilization in internal rotation (IR) for a 
period of time raging from 3 to 6 weeks. However, 
several authors proposed shorter periods or no 
immobilization at all [ 41 ]. Paterson et al. [ 42 ] 
showed that the immobilization in conventional 
sling for more than 1 week does not provide ben-
efi t in younger patients with primary anterior 
shoulder dislocation. The recurrence rate is 
strictly related with the age of the patient, and 
people less than 30 years at the time of injury 
have a very high risk of recurrence. 

 Some authors proposed an immobilization 
with 10° of external rotation and abduction [ 9 , 
 43 ,  44 ], whereas others used an immobilization 
up to 15–20° of external rotation [ 45 ]. 

 In patients who underwent a conservative 
treatment, the risk of recurrent instability 
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 including subluxation and dislocation has been 
estimated from 25 % up to more than 90 % [ 8 ,  9 , 
 16 ,  19 ,  21 ,  22 ,  25 ,  28 ,  29 ,  34 – 37 ,  39 ,  40 ,  43 – 50 ]. 
The great variability in the recurrence rate is 
likely related to different patients enrolled and 
follow- up length through the studies. Patients 
such as top-level athletes and military cadets 
have the highest risk to develop a recurrent insta-
bility [ 49 ,  50 ]. 

 The position of the shoulder during the immo-
bilization period signifi cantly affects the recur-
rence rate. The internal rotated position    is 
associated with a risk ranging from 30 % [ 9 ] to 
70 % [ 28 ], while the external rotated position 
with a risk ranging from 0 % [ 9 ] to 37 % [ 45 ]. In 
the systematic review by Paterson et al. [ 42 ], 
clinically important benefi ts for the bracing in 
external rotation over the traditional sling immo-
bilization have been found, despite no statisti-
cally signifi cant difference in recurrence rates 
reported. 

 The    superiority of external rotation over inter-
nal rotation is also confi rmed by radiological 
studies [ 20 ,  32 ] that show the external rotation of 
arm is associated with a decrease of hemarthro-
sis, reduction of anterior capsule detachment, and 
labral lesions. 

 Finally, a cadaveric study showed that there is 
no glenolabral contact when the shoulder is held 
with 60° of internal rotation in the shoulder 
affected by a Bankart lesion. The labrum–gle-
noid contact force increases when the arm passes 
from internal rotation to neutral rotation, reach-
ing a maximum contact at 45° of external rota-
tion [ 51 ]. Although these data support the use of 
an externally rotated immobilization    to provide 
an anatomic healing, the compliance of the 
patients can be diffi cult with high degrees of 
external rotation [ 9 ]. No recommendations about 
the degree of external rotation to immobilize the 
arm with the best clinical outcome can be drawn; 
however, protocols with immobilization in a 
slight external rotated position can be more 
successful. 

 Several authors investigated the arthroscopic 
shoulder stabilization for the management of 
fi rst-time acute dislocation [ 19 ,  21 ,  25 ,  46 ]. The 
soft tissue stabilization aims to restore the native 
capsulolabral anatomy and is performed as a 

unique treatment when no or mild bone defects 
can be found. The recurrence of instability with 
this procedure has been estimated around 10 % 
[ 19 ,  25 ]. Some authors also evaluated the role of 
arthroscopic lavage reporting different results in 
terms of the recurrence rate that ranged from 
20 % [ 35 ] to 55 % [ 27 ]. 

 Robinson et al. [ 27 ] performed a prospective 
double-blind randomized clinical trial comparing 
arthroscopic washout alone with arthroscopic 
stabilization in patients with ages between 15 and 
35 years old. At 2-year follow-up time, the 
authors reported a signifi cantly lower recurrence 
rate in patients managed with surgical stabiliza-
tion (7 % vs. 38 %). 

 The management of the bone loss in traumatic 
anterior glenohumeral instability is extremely 
challenging. Some authors provided algorithms 
to choose the appropriate surgical treatment 
according to the size and the location of the 
defect [ 52 – 54 ]. The glenoid bone loss less than 
25 % is most frequently managed with 
arthroscopic osseous Bankart repair or capsulo-
labral repair. On the other hand, the glenoid bone 
loss more than 25 % is mainly managed by open 
reconstruction with bone graft, Bristow, or 
Latarjet procedure [ 38 ]. Recently, arthroscopic 
coracoid transfer has been described [ 55 ]. If the 
coracoid is no longer available, such as in revi-
sion cases, iliac crest bone autograft or allograft 
bone can be used for the bony augmentation [ 56 ]. 
Arthroscopic bone block procedures have also 
described [ 57 ,  58 ]. Finally, the remplissage tech-
nique has been proposed to manage the engaging 
Hill–Sachs lesions by performing a capsuloteno-
desis of the posterior infraspinatus tendon and 
posterior capsule to fi ll the Hill–Sachs defect. 
The aim is to prevent humeral defect from engag-
ing with the anterior glenoid [ 59 ,  60 ]. 

 Burkhart and De Beer [ 61 ] in a landmark 
study found a recurrence rate of 67 % in patients 
with signifi cant bone defects in whom a soft tis-
sue repair was performed. The management of 
bone defects allows to reduce the recurrence rate 
with a risk of 7 % associated with glenoid bony 
defect, 13 % with humeral bony defect, and 6 % 
with both glenoid and humeral involvement [ 38 ]. 

 A Cochrane review [ 10 ] comparing surgical 
versus nonsurgical management found limited 
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evidence supporting primary surgery for young 
adults, usually male, participating in highly 
demanding physical activities who had sustained 
their fi rst acute traumatic shoulder dislocation. 

 In case of primary acute dislocation of the 
shoulder, the conservative management still 
remains the most widely performed consisting in 
the reduction and immobilization of the glenohu-
meral joint. Although the shoulder can be 
immobilized in both internal and external rotated 
positions, the external rotation provides lower 
rates of recurrence. To increase the compliance 
of the patients for the external rotated 
immobilization, protocols with immobilization in 
a slight external rotated position should be 
recommended. 

 The available evidence from RCTs supports 
primary surgery for the management of primary 
acute traumatic shoulder dislocation in young 
adults participating in highly demanding sport or 
work activities. However, no recommendation 
can be drawn on the best surgical approach in 
terms of clinical outcomes and recurrence rate. 

 Finally, there is no evidence available to deter-
mine the superiority of surgery over conservative 
management in patients at lower risk of redislo-
cation. Recurrence rates are age related and may 
be associated with male gender, bone defects, 
and sport activities. Therefore, future studies 
have to consider patients for gender, type of 
occupation or sports, and type of bone defects to 
provide the actual relationship between these fac-
tors and the increase of the rate of recurrence.  

17.2.4     Acromioclavicular 
Joint Injuries 

 Injuries to the acromioclavicular (AC) joint 
are common in sports and may lead to instability 
or degenerative changes requiring surgical 
intervention. 

 The AC articulation is an arthrodial joint 
between the acromial end of the clavicle and the 
medial margin of the acromion of the scapula. 
Articular joint capsule with superior and anterior 
AC ligaments provides AC joint horizontal 
(anteroposterior) stability. Vertical stability and 

compression resistance across the AC joint are 
achieved by the coracoclavicular (CC) liga-
ments—trapezoid and conoid. The deltoid and 
trapezius muscles are dynamic stabilizers of AC 
joint movements that consist of gliding motion of 
the articular end of the clavicle on the acromion 
and rotation of the scapula forward and backward 
upon the clavicle. The articular disk is rarely pre-
sented in AC joint (Fig.  17.1 ).

   The characteristic history for an AC joint 
injury is a direct blow to the lateral shoulder. This 
frequently occurs from a fall with an adducted 
arm and rarely from a fall on an outstretched arm 
or fl exed elbow that may cause a superiorly 
directed force through the humeral head to the 
acromion resulting in an AC injury. The most 
common sports associated with AC joint injuries 
include cycling, skiing, hockey, rugby, and foot-
ball. The severity of injury is based on the direc-
tion and degree of forces across the joint. The    
spectrum of injury ranges from sprain to disrup-
tion of the AC ligaments—typically injured 
fi rst—and CC ligaments, being disrupted with 
more signifi cant force [ 59 ,  60 ]. 

 The physical examination is notable for local-
ized tenderness over the AC joint, with or without 
an obvious deformity and the prominence of the 

  Fig. 17.1    Shoulder anatomy       
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AC joint that is due to the shoulder complex 
being displaced inferiorly. Although glenohu-
meral motion is preserved, it is frequently 
decreased secondary to pain, and it is most nota-
ble with cross-body adduction or resisted abduc-
tion. Also, the horizontal component of AC joint 
instability is indicated by increased distal clavicle 
posterior translation with the acromion fi xed by 
the other hand [ 62 ]. 

 Diagnostics include imaging studies: AP 
(panorama) stress view of both AC joints, axil-
lary dynamic radiological evaluation in patient’s 
supine position, Alexander modifi ed scapular lat-
eral view to demonstrate the horizontal instabil-
ity, and Zanca view with the X-ray beam tilted at 
10° in caudo-cranial dislocation. MRI    should not 
be the imaging modality of fi rst choice, but it 
could be useful in assessing clinically low-grade 
injuries that have not settled, thus excluding 
higher-grade injury, or if associated glenohu-
meral soft tissue injuries are assumed [ 63 ]. 

 Instead of the obsolete Tossy–Allman classifi -
cation, nowadays the Rockwood classifi cation 
system is almost universally used and is based on 
the degree and direction of disrupted anatomy 
(Fig.  17.2 ).

   Type I AC joint injury is a strain to the AC 
ligament without presenting    signifi cant instabil-
ity. Type II reveals a complete tear of the AC liga-
ments with intact CC ligaments and includes a 
slight vertical separation of the AC joint. In type 
III, IV, and V AC joint separations, both sets of 
ligaments are disrupted. A type III injury occurs 
when the distal clavicle is completely displaced, 
while in a type IV injury there is posterior dis-
placement of the clavicle through the trapezius 
muscle. In type III–VI injuries, the deltoid and 
trapezius muscles are detached from the distal 
clavicle. In type V AC joint separation gross dis-
placement, often between 100 and 300 % of the 
width of the clavicle, is present. In a type VI 
injury, the distal clavicle is inferiorly displaced, 
to be either subacromial or subcoracoid [ 60 ,  64 ]. 

 The type of injury dictates the treatment 
modality. 

 Nonoperative treatment should be symptom-
atic in the acute phase and functional in the sub-
acute/chronic phase. For all acute type I and 

most type II injuries, nonoperative treatment 
with rest, immobilization in cast or sling 
(1–2 weeks), cryotherapy, and early motion are 
recommended. A key pillar of physical rehabili-
tation programs represents the strengthening of 
the spino-scapulo- humeral function chain. Main 
focus should be kept on the periscapular mus-
cles to stabilize the scapula actively due to the 
lack of passive ligamentous suspension to the 
clavicle. 

 Although there is a possibility for skin and 
soft tissue-related pitfalls of nonoperative treat-
ment with external immobilization, the most 
common complication of conservative therapy is 
a chronic pain that increases    under physical activ-
ity. It is presented in certain numbers of conser-
vatively treated type II and III AC joint 
dislocations as mainly a result of primarily mis-
diagnosed persistent horizontal instability. The 
reason for chronic pain could be also lesion of 
articular disk or posttraumatic osteoarthritis due 
to chondropathy, subchondral bone marrow 
edema, and cysts. Today, a biologic treatment 
with stem cells, cytokines, and growth factors 
from serum/plasma injections improves the sta-
tus of a posttraumatic arthritic AC joint [ 65 ]. 

 Operative treatment consists of early surgical 
AC joint stabilization or chronic AC joint dislo-
cation therapy. 

 It is mostly indicated for acute type IV–VI 
injuries within a time frame of 2–3 weeks after 
injury. The operative treatment of type III AC 
injuries remains controversial. It    varies on a case-
by- case basis, and if it is not operated, most com-
monly it is initially treated nonoperatively with 
reserve for surgical stabilization in chronically 
symptomatic injuries. A recent meta-analysis 
indicates that operative treatment in such cases 
results in better cosmetic outcome but longer 
duration of sick leave compared to nonoperative 
treatment. No difference regarding the strength, 
pain, throwing ability, and incidence of AC joint 
osteoarthritis has been observed between both 
treatment groups [ 66 ]. 

 Multiple open stabilization procedures for the 
AC joint have been described. Many of these 
techniques, including AC joint transfi xation (with 
Kirschner wires, Steinman pins, or screws) and 
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dynamic muscle transfers, have fallen out of 
favor due to high complication rates (K wires 
migration, AC joint redislocation, infection, etc.). 

 Lately, anatomic as well as minimally invasive 
repair techniques with major focus on restoration 
of the CC ligaments have been described for AC 
joint reconstruction. 

 Operative treatment of acute AC dislocation 
includes CC stabilization with different tech-
niques of fi xations: Bosworth screw, hook plate, 
PDS sling, and TightRope (Arthrex, USA) or 
MINAR (Karl Storz, Germany) system, with 
repair or reconstruction of the CC ligaments. 
Those techniques could be utilized to assist 

Ι ΙΙ

ΙΙΙ ΙV

V VΙ

  Fig. 17.2    The Rockwood 
classifi cation system       
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stabilization in chronic injuries, but should not be 
used alone. Possible disadvantages and compli-
cations of these procedures are as follows:
•    Malpositioning, screw breakage, damage of 

the CC repair, and necessity to remove a 
screw represent disadvantages of Bosworth 
implant.  

•   Possible loss of reduction, acromion osteoly-
sis or fractures, and the need for plate removal 
after 3 months are the handicaps of transartic-
ular hook plate [ 67 ].  

•   Requirement    a large exposure with soft tissue 
damage and redislocation rate upon it is very 
high in technique of PDS sling around the 
coracoid and clavicle [ 60 ].    
 The TightRope or MINAR system presents 

the mostly popular method of CC fi xation per-
formed with mini-open procedure. It includes 
replacing the conoid and trapezoid ligaments 
separately with nonabsorbable sutures and tita-
nium buttons on the superior clavicular side and 
inferior coracoid side (Fig.  17.3 ).

   Nowadays, arthroscopically assisted tech-
niques improve anatomic AC joint reconstruction 
by providing initial static and dynamic stability 
in both the vertical as well as the horizontal plane, 
superior to the native CC ligaments. Lately, due 
to frequent episodes of recurrent AC joint dislo-
cation, two TightRope systems of new generation 
with drill holes directed in the anatomic course of 
CC ligament are recommended. Finally, in types 
IV and V, repair and suture of the superior AC 
joint ligament and delto-trapezoidal fascia are 
performed [ 60 ]. 

 While the arthroscopic procedure allows for 
contemporaneous diagnostic and therapeutic 
treatment of intra-articular glenohumeral lesions, 
mini-open procedure gives a better overview on 
coracoid drill holes and the possibility of delto- 
trapezoidal fascia, which is ignored in all 
arthroscopic techniques [ 68 ]. 

 The modifi ed Weaver–Dunn procedure is the 
most common reconstruction technique of 
chronic AC joint dislocation. The procedure is 
done to essentially replace the CC ligament with 
the CA ligament. It includes clavicle resection 
(optionally), detaching the acromial end of the 
CC ligament, and possibly shortening it, and 
attaching the remaining ligament to the remain-
ing clavicle with sutures. Distal clavicle removal 
at the time of CC ligament reconstruction is gen-
erally favored because of higher rates of AC joint 
arthrosis with distal clavicle preservation. This 
procedure is not indicated for acute cases when 
CC and AC ligaments are likely to heal spontane-
ously after repair (Fig.  17.4 ).

   Other methods for stabilization of chronic AC 
joint dislocation are CC ligament reconstruction 
with HS tendon grafts or artifi cial ligaments and 
bone grafting between the clavicle and coracoid 
(Gene-Wolf procedure   ). 

 However, biomechanical and clinical data 
proved anatomic CC ligament reconstruction 
using autologous semitendinosus tendon to be 
superior to the Weaver–Dunn procedure for 
chronic cases [ 60 ]. 

 Following surgery, exceptional protection of 
the AC joint repair has to be guaranteed in the 
immediate postoperative period, which mini-
mizes the risk of redislocation. It is crucial to 

  Fig. 17.3    TightRope fi xation       

  Fig. 17.4    Modifi ed Weaver–Dunn procedure       
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 provide a suffi cient support to the forearm and 
elbow to neutralize CC gravity distraction forces. 
The patient is placed into a sling with a waist 
 support in an adducted and internally rotated 
position for 4–6 weeks. A limited range of 
 movements (rotations) is allowed out of the sling 
by physiotherapeutic instruction only. Upon 
achievement of full, pain-free passive and active 
range of motions, the patient could start with 
strengthening exercises, but not until 8 weeks 
after surgery. Carrying of weight on the hanging 
arm is still not allowed during this time. High 
compliance of the patient is imperative to the 
rehabilitation process. Return to contact sports is 
avoided for approximately 5–6 months [ 69 ].  

17.2.5     Clavicle Fractures 

 The clavicle is an S-shaped, membrane bone that 
connects the sternum and scapula/glenohumeral 
joint. It is subcutaneous and can be easily seen 
and palpated. It is connected to the sternum 
through the sternoclavicular joint and with the 
acromion at the acromioclavicular joint. The lat-
eral third is fl attened, which is the optimal shape 
for the attachment of ligaments, muscles, and 
aponeurosis, and the medial two-thirds are tubu-
lar, a shape that provides optimal axial-load bear-
ing. Many ligaments attached to the clavicle 
provide stability of the articulations. At the ster-
nal side there are anterior and posterior capsules 
like primary stabilizers and interclavicular and 
costoclavicular ligament. On the acromial side, at 
the AC joint, stability is provided by the AC liga-
ment and coracoclavicular ligament. The coraco-
clavicular ligament is actually formed from two 
separate ligaments, the conoid and the trapezoid 
that are attached from the coracoid to the inferior 
surface of the lateral clavicle. The conoid liga-
ment predominantly restrains superior and ante-
rior loads to the AC joint, and the main role of the 
trapezoid ligament is posterior load restrain. The 
AC ligament is attached to the superior-lateral 
side of the clavicle and overlies the AC joint. 

 Three    muscles originate from the clavicle: the 
sternohyoid, the pectoralis major, and the deltoid. 
As well, three muscles insert into the clavicle: the 

sternocleidomastoid, the subclavius, and the 
 trapezius. The forces of the muscles may be the 
reasons for bone fracture, by deforming forces 
applied to the bone, and fragment displacement 
depends on the muscular and ligamentous attach-
ments. The middle third is the weakest part of the 
bone, and several of the fractures occur at that 
part. The    clavicle is in close contact with many 
other important structures that can be injured 
with the fracture: the subclavian artery and vein, 
the brachial plexus, and the apices of the lung. 

 The minimum force that leads    to clavicle frac-
ture during axial loading is two to three times the 
average body weight, and the clavicle is weakest 
in the middle third. 

 Clavicle fractures are common injuries, repre-
senting about 4–10 % of all adult fractures and 
35–45 % of all fractures that occur in the upper 
limb girdle. The most frequent site of injury is at 
the middle third (group I fractures), accounting 
for approximately 72–80 % of all fractures of the 
clavicle. Approximately 25–30 % of clavicle 
fractures occur at the lateral clavicle (group II). 
Fractures of the medial clavicle are quite rare, 
accounting for 2 % of all clavicle fractures. 
Fractures are commonest in males under 30 years, 
and incidence increases    in the very elderly where 
it is almost equal in males and females. The    most 
common cause of fracture is falls; actually, the 
most common mechanism for clavicle fractures is 
a fall directly onto the shoulder; and in the young 
age group, the causes of clavicle fractures are 
sports, falls from the high   , and road traffi c acci-
dents. For    sport injury, male to female ratio is 7:1. 

 Plenty of classifi cation schemes have been 
presented. However, the Allman classifi cation 
scheme with the Neer modifi cation is the most 
commonly used and is listed in detail below 
[ 70 ,  71 ]:
   Group I—Fracture of the middle third  
  Group II—Fracture of the distal third

   Type I—Minimally displaced/interligamentous  
  Type II—Displaced due to fracture medial to 

the coracoclavicular ligaments
   IIA—Both the conoid and trapezoid remain 

attached to the distal fragment  
  IIB—Either the conoid is torn or both the 

conoid and trapezoid are torn     

P. Randelli et al.



221

  Type III—Fractures involving articular surface  
  Type IV—Ligaments intact to the periosteum 

with displacement of the  
  proximal fragment  
  Type V—Comminuted     

  Group III—Fracture of the proximal third
   Type I—Minimal displacement  
  Type II—Displaced  
  Type III—Intra-articular  
  Type IV—Epiphyseal separation (observed in 

patients aged 25 years and younger)  
  Type V—Comminuted       
 A new classifi cation was developed by 

Robinson based on radiological review of the 
anatomic site and the extent of displacement, 
comminution, and articular extension [ 72 ]. 
Fractures of the medial fi fth (type 1), undisplaced 
diaphyseal fractures (type 2A), and fractures of 
the outer fi fth (type 3A) usually had a benign 
prognosis. The incidence of complications of 
union was higher in displaced diaphyseal (type 
2B) and displaced outer fi fth (type 3B) fractures. 
In addition to displacement, the extent of com-
minution in type 2B fractures was a risk factor for 
delayed nonunion of fractures (Figs.  17.5 ,  17.6 , 
 17.7 ,  17.8 ,  17.9 , and  17.10 ).

        When    the patient with a fractured clavicle 
presents at the ER, usually steps to determine 
diagnosis are anamnesis, clinical examination, 
and diagnostic imaging. 

 The fi rst thing is to fi nd out about the injury 
and how it occurred. The clavicle is subcutane-
ous, and there is usually visible deformity at the 

  Fig. 17.5    Midshaft right clavicle fracture with disloca-
tion (2B)       

  Fig. 17.6    Lateral third clavicle fracture minimally dis-
placed (3A)       

  Fig. 17.7    Comminution of lateral end right clavicle (3B)       
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initial observation. The mechanism of injury is 
usually direct blow to the shoulder, by falling 
onto the shoulder, or in a traffi c accident. Clavicle    
fractures can be very painful and may make it 
hard for the patient to move his/her arm. 
Additional symptoms include sagging shoulder 
(down and forward), inability to lift the arm 
because of pain, a grinding sensation if an attempt 
is made to raise the arm, a deformity or “bump” 
over the break, bruising, swelling, and/or tender-
ness over the clavicle. There is usually an obvi-
ous deformity, or “bump,” at the fracture site. 
Gentle pressure over the break will bring about 
pain. Although a fragment of the bone rarely 
breaks through the skin, it may push the skin into 
a “tent” formation. We must be careful of the 
presence of nerve or blood vessel injuries. The 
shoulder is internally rotated, protracted, and 
inferiorly displaced. 

 Diagnostic imaging includes two plain radio-
graphs of the entire shoulder: anteroposterior 
and 45° cephalic tilt anteroposterior views. Also 

  Fig. 17.9    Midshaft right clavicle fracture minimally dis-
placed (2A)       

  Fig. 17.10    Lateral end left clavicle fracture, no displace-
ment (3A)       

  Fig. 17.8    Severe displacement of middle third, right 
clavicle fracture       
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it is useful to make the whole chest radiographs 
while standing, to compare the relative positions 
of the scapulae and clavicle shortening. CT scan 
   is used in the evaluation of nonunion and mal-
union and in the medial third fractures when 
standard radiographs make it hard to determine 
the medial part. 

 The    goal of clavicle fracture treatment is to 
restore the anatomic position of the fractured 
fragments to gain stability of the shoulder girdle. 

 Treatment    of midshaft displaced clavicular 
fractures traditionally was nonoperatively. For 
almost all clavicle fractures, the best treatment 
option is the one that is used nowadays: to sup-
port the arm while achieving acceptable fragment 
alignment and to avoid complication. A satisfac-
tory function and united fracture were the goals, 
despite some cosmetic deformity, shortening, and 
a lump. The    perfect method for nonoperative 
treatment is still not clear. A simple sling and 
fi gure-of-eight bandage are most common. In    a 
study by Andersen et al. [ 73 ], the functional and 
cosmetic results were identical, and the initial 
displacement of the fragments remains unchanged 
after the fracture has healed. Less discomfort and 
fewer complications were seen with a simple 
sling. In a randomized controlled trial Hoofwijk 
and van der Werken [ 74 ] found limited evidence 
that there is no difference in pain between the two 
methods after 2 weeks and 6 months. 

 However   , not all the fractures healed, and in 
some cases clavicular nonunion occurred. There 
was increasing interest in identifying the types of 
fractures that might lead to potential nonunion. 
The    current stance is that the lateral third frac-
ture, a more lateral multifragmentation, and more 
than 15 mm displacement are more common in 
nonunion cases. 

 Previous opinion was that some operative 
management of fresh fracture increased the pos-
sibility of nonunion. Early operative manage-
ment of certain clavicular fractures was taken 
into consideration, and internal fi xation tech-
niques were developed. Several operative treat-
ments are used to stabilize clavicle fractures. Two 
of the most commonly used are intramedullary 
pin fi xation and internal plate fi xation. For plate 
fi xation different types of plates are available: 

dynamic compression plates (DCP) and tubular 
or reconstruction plates. The Kirschner wires, 
Knowles pin, Rockwood pin, elastic stable intra-
medullary nailing (ESIN), and titanium elastic 
nailing (TEN) are vailable to performe a intra-
medullary fi xation. 

 Plate    fi xation and intramedullary fi xation both 
have advantages and disadvantages. According to 
recently published prospective randomized trials 
[ 75 ], functional results after operative treatment 
seem to be better than conservative for displaced 
clavicular fractures. Plate fi xation provides more 
rigid fi xation, allows earlier exercise and reha-
bilitation, and is technically easy to perform. 
Disadvantages of use of plate fi xation include: 
implant failure (breakage of the implant), deep 
infections, implant prominence, poor cosmetics 
(hypertrophic scars), nonunion and refracture 
because of removal of the plate, symptomatic 
malunion, angulation, and refracture after plate 
removal. Minor complications are superfi cial 
wound infection and neurovascular problems 
(brachial plexus symptoms and regional pain 
syndromes) that seem to pass over time by 
reinnervation. 

 Compared to plate fi xation, intramedullary 
fi xation is technically more demanding; in 
approximately 50 % of the patients, open reduc-
tion was necessary to reduce the fracture. The 
main complications are migration and perfora-
tion of the device and brachial plexus injury (it is 
described only as iatrogenic   ). 

 Searching in literature, implant-related prob-
lems after plate fi xation of clavicular fractures 
occur frequently. Infection rates have been 
reported from 5 to 22 %. Nonunion rates diverge 
from 3 to 13 %, and signifi cant rates of implant- 
related problems with irritation or failures of the 
plate requiring plate    debridement or removal/revi-
sion surgery are reported in almost every study, on 
average ranging from 9 to 64 %. A second opera-
tion with plate debridement or removal/revision 
surgery was required at best in one out of every ten 
patients treated, in some studies even up to one out 
of two patients. There is a relatively small risk of 
refracture after plate removal, between 1 and 5 %. 

 Wijdicks et al. point out in their systematic 
review that based on the overall low numbers of 
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reported nonunion and symptomatic malunion, 
plate fi xation is a safe treatment option for dis-
placed clavicular fractures. In three studies, there 
is no difference in functional outcome and com-
plications after plate fi xation or intramedullary 
fi xation for DMCF [ 76 ]. 

 In general, the disadvantage of clavicular sur-
gery is the need for implant removal and a second 
operation. The    number of plate removal cases 
differs between studies from 0 up to 74 % [ 77 ]. 

 Concerning two operating treatments, there is 
very limited evidence of postoperative pain, 
function after 1 year, the need for reoperation 
after initial treatment with locking plate or non-
locking plate, and the difference in complications 
in treatment with pin or plate fracture fi xation 
and moderate evidence that the method of osteo-
synthesis has no effect on the incidence of 
delayed union or nonunion. 

 When comparing operative versus nonopera-
tive treatment according to literature, there is lim-
ited evidence that surgery has substantial effect in 
pain relief after 1–5 months and low effect at 
6–7 months. Using function, the effect of surgery 
is better at 6 weeks, but after a 6-month follow-
 up, there is no major difference. Disability was 
greater in nonoperative treatment after 6 weeks, 
but after 6 months, no relevant difference was 
found. Both methods have similar risk of mild 
complication. There was moderate quality of evi-
dence found that after nonoperative treatment, 
there was an increase in risk of delayed union and 
nonunion. 

 Virtanen et al. in their paper in 2012 [ 78 ] con-
cluded that there is moderate-quality evidence 
that operative treatment of middle third clavicu-
lar fractures has slightly better functional results 
after short-term follow-up. The benefi ts of opera-
tive treatment after 6 months were very small. 
Patients treated nonoperatively also recovered 
after the same period with good functional 
results, pain relief, and union rates. Fracture 
union was better after surgery. Operative treat-
ment should be considered for young, active 
patients who need to restore their    previous level 
of activity as quick as possible. 

 The best method of treatment of fractures of 
the clavicle is still unclear   . There is a need for 

randomized controlled studies comparing plate 
fi xation, intramedullary nailing, and nonopera-
tive treatment. In addition, there is a need for ran-
domized controlled studies of lateral and medial 
clavicle fractures. The shape and type of plates 
need to be determined. There is still an open 
question on the impact of fracture union or non-
union on functional results. 

 Do we have to operate only on patients with 
symptomatic nonunion of the clavicle? 

 Moreover, the old question in the new manner 
is to operate or not to operate.  

17.2.6     Humeral Head Fractures 

 Proximal humeral fractures are most common 
between the ages of 11 and 17 years, and 20 % of 
these injuries occur as a result of a traumatic 
event during athletic participation. 

 Because    of the probable remodeling of the 
proximal humerus, many authors do not recom-
mend closed reduction or surgery for proximal 
humerus fractures. However, older patients with 
less growth potential may need a closed reduc-
tion with signifi cant displacement or angulation. 

 A stress fracture of the proximal humeral phy-
sis or osteochondritis is common in the athlete 
with an immature skeleton. Repetitive stress 
caused by torque during the acceleration phase of 
throwing may lead to tendinitis in adults and 
stress fractures in youths. Young athletes with 
stress fractures usually present with pain pro-
duced by throwing. There may be focal pain over 
the deltoid insertion and perhaps the general rota-
tor cuff without any instability or impingement 
signs. The    radiographic fi nding is a widening of 
the proximal humeral physis compared to the 
normal shoulder. Treatment should consist of 
possibly limited immobilization, ice, and physi-
cal therapy.   

17.3     Elbow Injuries 

 The elbow is a hinge joint consisting of three 
articulations: the ulnohumeral, the radiocapitel-
lar, and the proximal radioulnar joints. Except the 
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bony anatomy, stability of the elbow is provided 
by soft tissue restraints, like the joint capsule, and 
surrounding muscles and ligaments. The two 
main ligamentous structures which are essential 
for elbow stability are the medial collateral liga-
ment (MCL) complex and the lateral collateral 
ligament (LCL) complex. 

 The number of participants in overhead and 
throwing sports, like baseball, volleyball, tennis, 
javelin, and discus throw, has increased dramati-
cally in the last years. Similarly, the number of 
elbow injuries related to these activities has 
increased also. The most common elbow injuries 
in athletes include (1) lateral epicondylitis (tennis 
elbow), (2) medial (ulnar) collateral ligament 
tears, (3) fl exor pronator muscle injuries, (4) val-
gus extension overload syndrome, (5) ulnar neu-
ritis, (6) medial epicondyle apophysitis, (7) 
olecranon stress fractures, and (8) osteochondri-
tis dissecans. 

 During throwing motion the ligament 
restraints provide the majority of elbow stability. 
The    combination of large valgus loads with 
elbow extension produces tensile stress along the 
medial compartment structures, shear forces in 
the posterior compartment, and compression 
forces on the lateral aspect of the elbow. The 
combination of these forces known as “valgus 
extension overload syndrome” produces the vast 
majority of injuries around the elbow in athletes. 
Repetitive valgus forces in sports like baseball, 
tennis, javelin, and discus throw result in micro-
trauma and infl ammation to the MCL complex 
which may lead to ligament attenuation and fail-
ure, injuries to the fl exor–pronator muscle, trac-
tion neuropathy of the ulnar nerve, and medial 
epicondyle apophysitis. Extension and compres-
sion forces in the posterior and lateral compart-
ment, respectively, will produce osteophyte 
formation at the fossa or olecranon tip, loose 
bodies, and olecranon stress fractures. Shear 
stress from wrist extension at the extensor radia-
lis brevis in sports such as tennis, racket sports, or 
archery is responsible for lateral epicondylitis. 

 A thorough history including type of sports, 
duration and onset of symptoms, and location 
and severity of pain is mandatory to guide further 
investigation. Active and passive range of motion 

of both elbows should be assessed. Pain in the 
medial side of the elbow can indicate MCL or 
fl exor–pronator—fl exor carpi radialis—injury   . 
The ulnar nerve must be evaluated at the medial 
side of the elbow. Numbness or tingling in the 
hand or fi ngertips may be early signs of ulnar 
neuropathy. In the lateral part, tenderness just 
anterior and distal to the lateral epicondyle is 
indicative of lateral epicondylitis, while palpa-
tion of the radiocapitellar joint and LCL will 
reveal/exclude pathology of these structures. 
Posteriorly, olecranon tenderness and loss of full 
extension are indicative of valgus extension over-
load syndrome and osteophyte formation. Finally 
palpation of the distal biceps tendon anteriorly 
should be performed to evaluate its integrity. 
Specifi c tests for MCL (valgus stress test, milk-
ing maneuver) and pivot shift test for posterolat-
eral instability are part of the physical 
examination. 

 Plain radiographs providing an overview of 
the osseous structures and of course injuries to 
the soft tissues are not visualized. Standard views 
include AP and lateral projections and two 
oblique views if necessary. Stress views should 
be obtained if ligament disruption is suspected. 
Radiographs could reveal olecranon osteophytes, 
loose bodies, or osteochondritis dissecans of the 
capitellum (Fig.  17.11 ). Ultrasound is limited in 
its ability to evaluate the articular surfaces of the 

  Fig. 17.11    Osteochondritis dissecans of the capitellum 
( arrows ) in a 22-year-old male athlete       
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elbow, but it may be used for the evaluation of 
elbow effusion or imaging of superfi cial muscle 
and tendon tears. Computed tomography pro-
vides excellent osseous detail and can be very 
helpful to determine stress fractures or osteo-
chondral defects and loose bodies. Finally, MRI 
is the modality of choice to evaluate soft tissue 
structures, such as ligaments (Fig.  17.12 ), ten-
dons and muscles, or intra-articular abnormali-
ties (Fig.  17.13 ) such as chondral defects 
(Fig.  17.14 ).

      Treatment of elbow injuries depends on the 
type and chronicity of the injury, level and age 
of the athlete, as well as imaging studies. 
Nonoperative treatment of ulnar collateral liga-
ments is generally indicated in non-throwing 
athletes. After pain and infl ammation are con-
trolled,    a period of active rest (2–6 weeks) with 
functional exercises and strengthening of the 
shoulder and scapula stabilizers should be fol-
lowed. Return to throwing is allowed when the 
athlete is free of pain. However, high-demand 
athletes do not respond well to nonoperative 
treatment, and operative treatment is warranted 
when a tear of the MCL is determined by his-
tory, clinical examination, and imaging studies. 

  Fig. 17.13    FS PD TSE coronal MR image demonstrat-
ing avulsion fracture of the medial humeral epicondyle 
(little leaguer’s elbow)       

  Fig. 17.14    FS T1-w SE coronal MR arthrography image 
demonstrating cartilage lesion of the capitellum       

  Fig. 17.12    FS PD TSE coronal MR image demonstrat-
ing a partial tear of the MCL       
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Reconstruction of the MCL is performed with 
the palmaris longus tendon as a graft which is 
then placed in the ulna and medial epicondyle 
through bone tunnels. Similarly, ulnar neuritis 
can be managed conservatively with anti-
infl ammatory medication and gradual return to 
throwing. If nonoperative treatment fails, surgi-
cal transposition of the ulnar nerve is indicated. 
Subcutaneous instead of submuscular transfer 
of the nerve is preferred since it provides better 
results. Flexor–pronator injuries generally 
respond well to conservative treatment, and 
gradual return to throwing is expected after 
2–3 weeks. Valgus extension overload syn-
drome usually requires operative treatment 
especially when posteromedial osteophyte for-
mation and loss of full extension are present. 
Arthroscopic osteophyte debridement with cap-
sular release results in restoration of extension 
with excellent clinical results. Operative    inter-
vention and osteosynthesis with a 6.5 or 7.2 mm 
cannulated screw are the treatments of choice 
for olecranon stress fractures. Treatment of 
osteochondral lesions and osteochondritis dis-
secans of the capitellum is based on the stability 
of the osteochondral lesion. Operative treat-
ment consists of arthroscopic debridement, 
abrasion chondroplasty, and mosaicplasty. In 
cases of failed nonoperative treatment of lateral 
epicondylitis, arthroscopic debridement of the 
anterolateral capsule and extensor carpi radialis 
brevis insertion are the preferred treatments in 
our days. 

 A thorough understanding of the elbow anat-
omy and biomechanics is essential to understand 
the spectrum of its pathology. The combination 
of large valgus loads, shear forces in the posterior 
compartment, and compression forces on the lat-
eral aspect of the elbow is responsible for the 
underlying pathology in the throwing athlete. 
Operative treatment is indicated when conserva-
tive treatment fails. Elbow arthroscopic surgery 
has expanded its indications in the last years, and 
treatment of lateral epicondylitis, osteochondritis 
dissecans, valgus extension overload syndrome, 
and elbow contracture can be performed with 
minimal morbidity.  

17.4     Triangular Fibrocartilage 
Complex Injuries 

 TFCC means triangular fi brocartilage complex. 
The TFC (triangular fi brocartilage) is an articular 
structure that lies over the distal ulna. The term 
“complex” indicates the relationship between the 
central disk and the ligaments that surround it. 
The central portion consists of chondroid fi bro-
cartilage; the peripheral portion of the TFCC is 
well vascularized, while the central portion has 
no blood supply. There is a strong attachment to 
the base of the ulnar styloid. The radioulnar    liga-
ments, palmar and dorsal, are the principal stabi-
lizers of the distal. These ligaments arise from 
the distal radius sigmoid facet and insert at the 
ulna styloid and the fovea. Ulnocarpal ligaments 
prevent dorsal migration of the distal ulna. 

 The TFCC is important in load transmission 
across the ulnar aspect of the wrist and stabiliza-
tion of the ulnar head. The ulnar variance infl u-
ences the amount of load that is transmitted 
through the distal ulna. The load transmission is 
directly proportional to this ulnar variance. With 
positive ulnar variance the load is increased. This 
variance occurs in pronation. 

 Patients with a TFCC injury usually experi-
ence pain or discomfort located at the ulnar side 
of the wrist, often just above the ulnar styloid. 
However, there are also some patients who report 
diffuse pain throughout the entire wrist. Extension 
and ulnar deviation usually enhance the symp-
toms (Fig.  17.15 ).

   The application of an extension–pronation 
force to an axial-load wrist, such as in a fall on an 
outstretched hand, causes most of the traumatic 
injuries of the TFCC. Perforations and defects in 
the TFCC are not all traumatic. There is an age- 
related correlation with lesions in the TFCC, but 
many of these defects are asymptomatic. These 
lesions commonly occur in patients with positive 
ulnar variance. Chronic and excessive loading 
through the ulnocarpal joint causes degenerative 
TFCC tears. These tears are a component of ulnar 
impaction syndrome. In cadaveric examinations, 
30–70 % of the cases had TFCC perforations and 
chondromalacia of the ulnar head, lunate, and 
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triquetrum. Palmer classifi cation is the most rec-
ognized classifi cation; it divides TFCC lesions 
into these two categories: traumatic and    degen-
erative (Table  17.1 ).

   MRI is, together with physical examination, a 
helpful diagnostic tool to assess the condition of 
the TFCC. Nevertheless the incidence of false- 
positive and false-negative MRI results is high. 
Arthroscopy is an invasive diagnostic tool, but 
still it remains to this day the most accurate way 
to identify TFCC lesions. 

 The initial treatment for both traumatic and 
degenerative TFCC lesions, with a stable DRUJ, 
is conservative. Patients may wear a temporary 
splint to immobilize the wrist and forearm for 
4–6 weeks. Oral NSAIDs and corticosteroid joint 
injections can be prescribed for pain relief. TFCC 

surgery is indicated when conservative treatment 
fails, usually after 8–12 weeks. 

 The central part of the TFCC has no blood 
supply and therefore has no healing capacity. 
Removing the damaged tissue (debridement) is 
then indicated. Arthroscopic debridement is at 
the moment the treatment of choice. In case of 
degenerative scenarios, a wafer resection, short-
ening the most distal 4 mm of the ulnar head, is 
indicated. 

 Suturing TFCC ligaments can also be per-
formed arthroscopically, either with simple cap-
sular knots or, in case of a complete detachment 
from the fovea, with an anchor-based technique. 
This is at the moment the standard of care. 

 More complex techniques most of the time 
rely on open surgery including reconstruction of 
the ligament component with a free palmaris 
graft. 

 Return to sports: 64 % of high-level    athletes 
return to the previous level (even racket sports) in 
the major series. 

    Conclusion 

 TFCC has two components: a central disk and 
a peripheral ligament structure. 

 Lesion diagnosis is mainly formulated with 
clinical assessment rather than imaging. 

 Arthroscopic treatment is, at the moment, 
the standard of care.      
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