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  The last 15–20 years have witnessed drastic changes in all surgical special-
ties, including orthopedics and, specifi cally, surgery of the upper extremity. 
The new horizons extend from endoscopic surgery of the rotator cuff to 
diverse options for prosthetic replacement of the shoulder and elbow and 
improved surgical management of both proximal humerus and distal radius 
fractures. These changes, and comparable advances in other surgical special-
ties, have initiated a clear trend toward superspecialization – a trend ampli-
fi ed, at least for complex pathologies, by data demonstrating a clear correlation 
between case load, (number of procedures performed by a single surgeon 
during a defi ned period), complications, and functional results. The interest 
of nonmedical professionals in these developments has been stimulated by 
publications showing the impact of complications on global health care costs 
and implying that hospitals might profi t from more effective treatment of 
complications. Against this background it is imperative that effi cacious learn-
ing instruments are made available, these being the basis of optimal surgical 
performance. 

 The evolution of information technology (IT) allows easy Internet access 
to almost all data. A few “mouse clicks” enable the user instantly to access 
the most recent papers from the most prestigious scientifi c journals. The same 
is true for video streams of surgical procedures performed by specialists from 
all over the world. It therefore seems legitimate to ask whether the era of 
conventional books has come to an end, particularly as these products are 
sometimes already obsolete by the time they are published and do not display 
the details expected by subspecialists. 

 The present monograph takes these facts fully into account. Traumatic and 
post-traumatic pathologies of a defi ned anatomic area are described in detail. 
Deep knowledge, experience, and balanced clinical judgment are the basis of 
this publication; they justify the publication of a book about fractures of a 
single skeletal segment in the era of IT. The description of validated solutions 
chosen by experts continues to have a clear didactic and educational value, 
including in comparison with Internet sources of information. Rightly or 
wrongly, today’s generation of surgeons is asking for didactic material, which 
is immediately applicable in daily practice. 

 The monograph describes the entire spectrum of treatment options for 
fractures and post-traumatic conditions and illustrates them with images of 
high quality. It helps the reader to identify the problems, to consider different 
options, and to learn and understand the preferred solutions of experts. 

   Foreword     
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 Despite the eminent importance of the surgical procedure, it is mandatory 
to remember that prior to the surgical act – in all surgical specialties – there 
is the indication, an intellectual activity: “Decisions are more important than 
incisions.” Even for a passionate surgeon, the list of options has to include 
“the wisdom of surgical abstention”. Only by understanding the great impor-
tance of this process of refl ection and the need for avoidance of excessively 
broad indications can the surgical community prevent further loss of deci-
sion-making power and reduction of its status to a level where it becomes 
simply the recipient of orders for a limited segment of the diagnostic and 
therapeutic supply chain. 

 I would like to thank Filippo Castoldi and his co-authors for having 
prepared a learning instrument that takes into account the above-mentioned 
lessons.    

 Pietro Regazzoni
Em. Chief of Trauma Surgery 

University Hospital Basel
Basel, Switzerland  

Foreword
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1.1            Surgical Main Anatomy 
of the Shoulder 

 The identifi cation of skin landmarks is the fi rst 
step in shoulder surgery. The most important 
landmarks are the anterior corner and the lateral 
margin of the acromion, the distal insertion of the 
deltoid, and the coracoid. The surgeon can draw 
these landmarks on the skin of the patient with a 
marker pen before surgery, in order to make eas-
ier the approach and to plan the procedure. 

1.1.1     Superfi cial Layer 

1.1.1.1     Deltoid Muscle 
 The deltoid is a large muscle that covers the 
shoulder anteriorly, laterally, and posteriorly. It is 
composed by three main raphes: the anterior, the 
middle, and the posterior. It is innervated by the 
axillary nerve. 

 The anterior deltoid takes its origin from the 
anterior corner of the acromion and from the 

inferior side of the clavicle; the middle one starts 
about 16 mm medially to the posterolateral cor-
ner of the acromion, while the posterior raphe 
originates from the posterolateral corner and 
from the scapular spine. 

 In the transdeltoid access and during the posi-
tioning of hardware for the external fi xation of 
proximal humeral fracture, the surgeon must take 
care of the axillary nerve. This structure passes on 
average 60.8 mm below the anterior acromial mar-
gin and 48.7 mm below the posterior acromial cor-
ner [ 1 ]. The axillary nerve as it goes anteriorly 
reduces in size and gives rise to small and numer-
ous branches that innervate the front portion of the 
deltoid. Therefore, when the surgeon proceeds to 
external fi xation of the humeral fracture, it is suit-
able to introduce the wires anteriorly. 

 During shoulder motion the activation 
scheme of the deltoid is different between each 
raphe, and the direction of muscle fi bers changes 
gradually with changing origins [ 2 ]. The fi bers 
of the anterior and the posterior portions are 
parallel, while in the central one they are oblique 
and multi-pinnate. The medial fi bers are ori-
ented vertically, the anterior obliquely back-
ward, and the posterior obliquely forward. The 
surgeon must consider these features during the 
incision of the muscle. 

 Each raphe forms an independent tendon, and 
they converge in a trapezoid shape insertion to 
the lateral aspect of the middle shaft of the 
humerus. The shape measures a height of 6 cm 
and a width of 2.1 cm proximally and 0.7 cm 
distally. 
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 The anterior band of the trapezoid shape 
insertion is separate from the posterior part. It 
accounts only for the anterior one fi fth of the 
deltoid insertion (0.44 cm); therefore, the release 
of a small portion of the insertion can release all 
the anterior deltoid. It happens sometimes during 
internal fi xation of proximal humerus fracture 
procedures. 

 The posterior part of the trapezoid insertion is 
composed by a wide and narrow band. The dis-
tance between the radial nerve and the posterior 
deltoid insertion averages on 2.4 cm proximally 
and 1.6 cm distally.  

1.1.1.2     Pectoralis Major Muscle 
 The insertion of the pectoralis major muscle is 
located about 4.7 cm proximally to the deltoid 
insertion. The pectoralis major is a large triangu-
lar muscle, composed by a clavicular, a sternal, 
and a little abdominal portion. All these compo-
nents converge laterally and insert on the humerus 
(Fig.  1.1 ). The distance between the upper border 
of the pectoralis major insertion and the top of 
the humeral head has been calculated and is on 
average 5.6 ± 0.5 cm. It is a landmark that could 
aid in accurate restoration of humeral anatomy 
when a reconstruction is diffi cult because of frag-
ments comminution [ 3 ] (Fig.  1.2 ). Torrens and 
colleagues confi rmed this relationship and added 
that also the rotation can be based on the inser-
tion of the pectoralis major in case of arthroplasty 
or fi xation. Furthermore, the authors found the 
distance from the upper margin of the insertion to 
be 17.55 % of the total humeral length [ 4 ].

1.1.1.3        Deltopectoral Interval 
 The space between the pectoralis and the deltoid 
is well known as the anterior shoulder approach. 
It is easier to identify this space proximally near 
the clavicle, where there is a natural triangular fat 
(Fig.  1.3 ).

   The cephalic vein is the most important land-
mark for the deltopectoral interval and is absent 
in 4 % of cases. It has an intimate relationship 
with the deltoid artery that originates from the 
brachial artery and has two common variants. In 
type I (71 %) the deltoid artery crosses the inter-
val without bumping into the cephalic vein. In 
type II (21 %) it crosses the interval, reaches the 
cephalic vein, and then runs down emitting 

several small arterial branches that return back to 
the pectoralis major across the interval [ 5 ]. Take 
care to these branches during the deltopectoral 

  Fig. 1.1    The insertion of the pectoralis major ( PM ) on 
the humeral shaft ( HS ) ( HH  humeral head,  CAL  coracoac-
romial ligament,  CT  conjoint tendon). Specimen       

  Fig. 1.2    The distance between the upper border of the 
pectoralis major insertion ( PMI ) and the top of the 
humeral head ( HH ) ( CT  conjoint tendon,  CAL  coracoac-
romial ligament). Specimen       
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interval opening, in order to avoid bleeding. 
Consider that in the deltopectoral groove there 
are more lateral than medial feeder vessels to the 
cephalic vein, so splitting the pectoralis from the 
deltoid leaving the cephalic vein laterally can 
reduce hematoma after the surgical procedure 
[ 6 ] (Fig.  1.4 ).

   To have a good view, the best way is to use 
Hohmann retractors on the coracoid and on the 
upper border of the pectoralis major. Two large 
retractors are useful to retract the deltoid and the 
pectoralis major. If we need more view the upper 
part of the pectoralis major can be released, as 
well as the resection of the coracoacromial liga-
ment could be performed (Fig.  1.5 ).

1.1.2         Deeper Layer 

 After muscle retraction it is possible to identify 
the coracoid process. 

 The coracoid can be considered as the center 
of a star composed by the coracoacromial ligament, 

the coracoclavicular ligaments, the pectoralis 
minor muscle, and the conjoint tendon. Deeper 
and medially to the conjoint tendon lies the mus-
culocutaneous nerve. It enters into the coracobra-
chialis muscle in a very variable distance from 
3.1 to 8.2 mm from the apex of the coracoid 
(Fig.  1.6 ).

  Fig. 1.3    The deltopectoral interval ( TF  triangular fat,  CV  
cephalic vein,  D  deltoid,  PM  pectoralis major). Specimen       

  Fig. 1.4    The deltoid laterally retracted ( D  deltoid,  CV  
cephalic vein,  PM  pectoralis major). Specimen       

  Fig. 1.5    Exposure of the deeper layer ( LHB  long head of 
biceps,  C  coracoid,  CT  conjoint tendon). Specimen       
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   The coracoclavicular ligaments are deep on 
the basis of the coracoid. In the Latarjet proce-
dure only the superfi cial part of the coracoid pro-
cess is detached. The trapezoid ligaments begin 
about 2 cm from the central point of the distal 
coracoid process, while the conoid ligaments 
begin at the medial posterior margin [ 7 ] (Fig.  1.7 ).

   The coracoacromial ligament can be identifi ed 
more easily in its origin from the coracoid. It is 
important to recognize, and sometimes it is nec-
essary to release, it to increase the visibility of the 
rotator cuff and the fracture. 

 Medially to the bicipital groove and distally to 
the subscapularis tendon, it is possible to recog-
nize the anterior circumfl ex artery that originates 
from the axillary artery (Fig.  1.8 ).

   The anterior circumfl ex artery emits an antero-
lateral ascending branch that crosses the subscap-
ularis tendon anteriorly and runs superiorly along 
the lateral border of the intertubercular groove 
before terminating as the arcuate artery [ 8 ]. 

 The anterior circumfl ex artery has been histori-
cally considered the most important blood con-
tribution to the proximal humerus. Nevertheless 
lately some authors pointed out that the majority 
of the blood supply actually belongs to the pos-
terior circumfl ex artery. The authors showed that 
64 % of the humeral head blood supply arises from 
the posterior artery, while the anterior is respon-
sible for 36 % of the humeral head perfusion [ 9 ]. 

 The posterior circumfl ex artery passes with the 
axillary nerve through the quadrangular space, 
delimited by the humerus laterally, the subscapu-
laris and teres minor superiorly, the teres major 
inferiorly, and the triceps medially. The posterior 
circumfl ex artery originates from the axillary 
artery and enters into the humeral head from 0 to 
33 mm from the inferior border of the articular 
cartilage in conjunction with the posterior line of 
the capsular insertion (Fig.  1.9 ). It is important to 
know this landmark. It permits to understand what 
Hertel says about humeral head ischemia in case 
of fractures of the proximal humeral head: “take 
care of the integrity of the medial hinge” [ 10 ].

   The common branch of the axillary nerve can be 
found more distally, under the anterior circumfl ex 
artery. The axillary nerve is the most  frequently 
injured nerve in proximal humerus fractures. It 

  Fig. 1.6    The musculocutaneous nerve ( MN ) ( CAL  cora-
coacromial ligament,  LHB  long head of biceps,  B  biceps, 
 CT  conjoint tendon,  PM  pectoralis major). Specimen       

  Fig. 1.7    The coracoid ( C ) and its ligaments ( CL  conoid 
ligament,  TL  trapezoid ligament,  CAL  coracoacromial 
ligament,  CT  conjoint tendon,  PM  pectoralis minor). 
Specimen       

  Fig. 1.8    The anterior circumfl ex artery ( CA ) and the sub-
scapularis tendon ( S ). Specimen       
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enters the quadrangular space at an average distance 
of 1.7 cm from the surgical neck and divides into the 
anterior and posterior branches [ 11 ]. The lesion of 
the axillary nerve can cause paralysis of the teres 
minor muscle and deltoid muscle, resulting in loss 
of abduction of arm. It is very important to know the 
neurovascular structures of the axillary fossa, 
wherein the axillary artery, the anterior and the pos-
terior circumfl ex arteries, and the nervous plexus 
lie. In case of dislocation of the humeral head ante-
rior-inferiorly this structures may be damaged 
(Fig.  1.10 ). The plexus is very close to the coracoid 
process, in particular when the arm is abducted. In 
the Latarjet procedure the surgeon must pay atten-
tion during the coracoid osteotomy; the osteotome 
must be used from medial to lateral with the arm 
adducted (Fig.  1.11 ).

    The axillary nerve passes beyond the lower 
edge of the subscapularis muscle, and the surgeon 
must be careful when operating in this zone in 
order to preserve it. Near the axillary nerve, medially 

to the conjoint tendon lies the musculocutaneous 
nerve as shown in the picture. It is the more medial 
nerve of the brachial plexus, and the risk of injury 
in open shoulder surgery is relatively high, espe-
cially in the Latarjet procedure. The conjoined 
tendon is the limit beyond which you should not 
proceed medially. Therefore, in the presence of a 
fracture-dislocation with humeral head in the 
anteroinferior fossa, it is important to observe its 
position relative to the coracoid. 

 Refl ecting the pectoralis major, the tendons of 
the latissimus dorsi and the teres major appear. 
These are muscles coming from the back, very 
close to the neurovascular structures. With the 
shoulder fl exed and internally rotated, the mean 
distance between the inferior tendon margin and 
the radial nerve, brachial artery, and profunda 
brachii artery is 18, 22, and 14 mm, respectively. 
Moving the arm to a neutral position reduces 
these distances [ 12 ]. 

 Under the tendon of the pectoralis major runs the 
long head of the biceps. It passes between the two 

  Fig. 1.9    The posterior circumfl ex artery ( PCA ) ( C  calcar, 
 HH  humeral head). Specimen       

  Fig. 1.10    Fracture and dislocation of the humeral head 
( HH ) in the axillary fossa ( D  diaphysis). Specimen       
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tuberosities in the bicipital groove, approximately 
1 cm lateral to the midline of the humerus. It is 
defi ned as the polar star of the surgeon and can be a 
useful landmark during fracture reduction in case of 
severe comminution of the proximal humerus. 

 The retroversion of the proximal humeral artic-
ular surface ranges from 0° to 55° depending on the 
methodology used to measure and on the morphol-
ogy. The head-shaft angle is also variable, ranging 
from 30° to 55° [ 13 ] (Fig.  1.12 ). The surgeon must 
remember that the bicipital groove rotates anteri-
orly about 9° from proximal to distal. It is impor-
tant to remember when the anatomic retroversion 
of the humerus must be restored (Fig.  1.13 ).

    Following the long head of biceps, it is easy to 
identify the space between the two tuberosities, 
the rotator interval, and then the boundary between 
the supraspinatus and subscapularis tendons. 

 In a deeper plan, after bursectomy, the rotator 
cuff can be exposed. It is composed by the teres 
minor and infraspinatus posteriorly, by the 
 supraspinatus superiorly, and by the subscapu-
laris anteriorly. The posterosuperior and the 

 anterior part of the rotator cuff are separated by 
an interval between supraspinatus and subscapu-
laris muscles. Its opening is useful for the humeral 
head exposure (Fig.  1.14 ).

  Fig. 1.11    The brachial plexus ( NP  brachial plexus,  ACA  anterior circumfl ex artery,  CT  conjoint tendon). Specimen          

  Fig. 1.12    The proximal humerus. The head-shaft angle 
ranges from 30° to 55°. Specimen       
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   The supraspinatus and the infraspinatus mus-
cles are both innervated by the suprascapular 
nerve. The insertion of the two tendons is poste-
rior to the bicipital groove on the greater tuberosity, 

and it represents the entry point in case of intra-
medullary nailing. 

 It is important to know the anatomy of the 
insertion and the direction of the force vectors in 
order to reduce the fragments in case of fracture 
(Fig.  1.15 ).

   The infraspinatus muscle is divided into a 
superior and inferior part by a raphe. During 
arthroscopic procedures the posterior portal 
passes through the infraspinatus between the 
raphes as shown in the picture (Fig.  1.16 ). 

  Fig. 1.13    The bicipital groove rotates anteriorly about 9° 
from proximal to distal (yellow lines). The long head of 
biceps and the conjoint tendons (green arrow). Specimen          

  Fig. 1.14    The rotator cuff ( SP  infraspinatus,  ST  supraspi-
natus,  RI  rotator interval,  SC  subscapularis). Specimen       

  Fig. 1.15    Fragment    dislocations after proximal humerus 
fracture. The grater tuberosity ( GT ) dislocates superiorly 
and posteriorly (curved arrow) and the lesser tuberosity 
( LT ) anteriorly and inferiorly (arrow). (HH Humeral head, 
HS Humeral shaft). Specimen       

  Fig. 1.16    The posterior portal ( PP ) lies between the 
superior ( SP ) and the inferior part ( IP ) of the infraspinatus 
( R  raphe,  HH  humeral head,  HS  humeral shaft,  TM  Teres 
minor)       
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To reach posteriorly the medial third of the gle-
noid, it could be necessary to split the infraspina-
tus at the level of the raphe. No neurovascular 
structures are visible until 2 cm medial to the 
glenoid. At this level the suprascapular nerve 
lies between the suprascapular and the spinogle-
noid notches. The nerve is particularly vulnera-
ble to traction injury at two distinct locations: its 
branch point and at the suprascapular notch 
where it runs deep to the transverse scapular 
ligament [ 14 ]. An injury of the suprascapular 
nerve can cause palsy of the supraspinatus and 
infraspinatus muscles.

   Anteriorly, the subscapularis, innervated by 
the upper and lower subscapular nerves, insert to 
the lesser tuberosity. The splitting of this muscle 
in a horizontal plane allows to reach the anterior 
part of the glenoid as it is required in the open 
Latarjet procedure. 

 The surgical access to the humeral head can 
vary, depending on the fracture features and on 
the displacement of the fragments. In case of 
multifragmental fracture of the humeral head, the 
line of fracture can be used as door to reach the 
deeper fragments. No neurovascular structure is 
at risk at this level.      
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2.1            Introduction 

 The management of proximal humerus fractures 
has    not yet been standardized. It is complex and 
there still remain a lot of disputes on which may 
be the best way to proceed depending on the frac-
ture’s patterns, type of patient, and bone quality. 

 Proximal humerus fractures comprise 4–5 % 
of all fractures and represent the most com-
mon humerus fracture (45 %). The proximal 
humerus is the second most frequently fractured 
upper limb bone. Their incidence has continued 
to increase, and some studies have predicted a 
threefold increase over the next three decades [ 1 ]. 
Their peak is after the fi fth decade; the increased 
incidence in the older population is thought to 
be related to osteoporosis. Women are mostly 
affected; the 2:1 female-to-male ratio is likely 
related to issues of bone density [ 2 ]. 

 Treatment should focus on maximizing the 
patient’s functional outcome and minimizing 
pain. Intervention options range from nonopera-
tive modalities to osteosynthesis and in selected 

cases arthroplasty. Understanding and handling 
the several factors that may infl uence the man-
agement of proximal humerus fractures is para-
mount to proceed in the right way. 

 The key point is the complex local anatomy: 
some fracture patterns can compromise the vas-
cularity of the humeral head. The fracture pat-
terns are often complex, complicated by poor 
bone quality, and may be diffi cult to reestablish 
the correct geometry of the proximal humerus.  

2.2     Classifi cation 

 A lot of classifi cations have been proposed along 
the years. The Neer classifi cation of proximal 
humerus fracture is the most popular. It outlines 
the basic anatomic elements of proximal humerus 
fracture. These are identifi ed in four segments: 
the humeral head, the greater tuberosity, the 
lesser tuberosity, and the humeral shaft. This 
classifi cation is based on the degree of displace-
ment of each of these segments, plus the presence 
of any associated dislocation, impaction, or split-
ting of the head. 

 The criteria to defi ne displacement are dis-
tance >1 cm from the anatomic position and 
angulation >45°. The direction of displacement is 
mostly determined by muscle insertions. The 
humeral shaft is usually displaced anteromedially 
by the action of the pectoralis major. The greater 
tuberosity displaces posteriorly and superiorly 
pulled by the supraspinatus, infraspinatus, and 
teres minor. In three-part fractures involving the 
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greater tuberosity, the humeral head may be ante-
riorly rotated by action of the subscapularis; the 
humeral head may be externally rotated by the 
supraspinatus whenever the lesser tuberosity is 
involved. 

 The understanding of proximal humerus frac-
tures is complicated by variation in fracture pat-
terns and by diffi culties in interpreting 
two-dimensional radiographs in different posi-
tions of the arms. The common use of CT with 
three-dimensional reconstruction has powerfully 
increased the possibility of evaluation and 
treatment. 

 The classifi cation developed by Neer in the 
1970s continues to be the most popular; how-
ever, several studies have pointed out its low 
intraobserver and interobserver reliability. It is 
important to notice that the defi nition of dis-
placement (>1 cm) and angulation (>45°) is in 
fact arbitrary. This classifi cation is based on 
Codman’s original drawings and was intended 
to help in understanding the pathological anat-
omy of different fracture patterns. However, the 
different fracture patterns depicted seem to be 
oversimplifi ed, and some fracture plane combi-
nations were not considered. This led to the 
search of developing alternative classifi cations 
[ 3 – 6 ] (Fig.  2.1 ).

   The    AO classifi cation divided into type A 
(extra-articular—unifocal, lowest AVN risk), 
type B (extra-articular—bifocal, higher AVN 
risk), and type C (articular, highest AVN risk) 
also seems to have a rather low inter- and 
intraobserver agreement (Fig.  2.2 ). Recently, 
a system known as “binary classifi cation” 
has been proposed by Hertel who associates 
the risk of ischemia to the pattern of fracture. 
As shown in Fig.  2.3 , the Hertel classifi ca-
tion is based on an analysis of fracture planes 
as opposed to fragment numbers as in Neer/
Codman classifi cation:
      1.    Between the greater tuberosity and the head   
   2.    Between the greater tuberosity and the shaft   
   3.    Between the lesser tuberosity and the head   
   4.    Between the lesser tuberosity and the shaft   
   5.    Between the lesser tuberosity and the greater 

tuberosity    

2.3       Understanding the Fracture 

 The management of every kind of proximal 
humerus fracture makes mandatory the analysis 
of some essential features, depending on the 
patient, fracture’s patterns, and bone quality:
    1.    Age and functional requirements of the patient   
   2.    Integrity of calcar and medial hinge   
   3.    Degree of displacement of tuberosities   
   4.    Head impaction into valgus or varus   
   5.    Displacement of humeral shaft   
   6.    Head splitting or glenohumeral dislocation   
   7.    Bone quality (comminution of tuberosities 

and surgical neck)     

2.3.1     Age and Functional 
Requirements of the Patient 

 The age and functional requirements of the 
patient guide us to decide for the best treatment. 
The treatment could be simply a Desault bandage 
in the elderly patient with restricted or null func-
tional requirements and poor bone quality. 

 The patient’s functional requirements are an 
important element that must guide us in the 
choice of treatment. Nowadays we often fi nd our-
selves in front of an overweighing old man who 
still plays important daily activities such as driv-
ing, swimming, gardening, etc. 

 No less important is to consider the affected 
side: dominant or not.  

2.3.2     Integrity of Calcar Medial Hinge 

 The evaluation of the fracture line extension 
length on the metaphyseal head is essential to 
assess the integrity of the calcar zone. Frequently, 
a head impaction into valgus or into varus has 
been observed. The head rotates into valgus when 
the greater tuberosity displaces posteriorly and 
superiorly and the below cancellous bone is 
compacted. 

 It is not uncommon that fractures with valgus 
head impaction have a low risk of osteonecrosis 
because the medial periosteal hinge is preserved. 
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  Fig. 2.1    Neer classifi cation (Reproduced with permission from Neer [ 5 ])       
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 Most proximal humerus fractures occur in 
elderly patients with osteopenia; this can explain 
the high degree of comminution, the size of can-
cellous defects due to the impaction, and the 
potential risk for fi xation failure and fracture 
redisplacement. The knowledge of differences of 
either bone quality or mineral density in different 
regions of proximal humerus guides us in reach-
ing the best implant fi xation and decreasing the 
potential failure [ 8 ] (Fig.  2.4 ).

2.3.2.1       Humeral Head Blood Supply 
 The major blood supply is from the anterior 
and posterior humeral circumfl ex arteries. The 
anterolateral branch of the anterior circumfl ex 
artery ascends parallel to the lateral aspect 
of the biceps tendon and through its terminal 
branch, the arcuate artery; it enters the head 
at the junction of the bicipital groove and the 
greater tuberosity and perfuses the head. Most 
contributions to the humeral head blood supply 
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  Fig. 2.2    AO classifi cation       
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arise from the posterior humeral circumfl ex, 
reaching the humeral head via tendo-osseous 
anastomoses of the posterior and inferior cap-
sule [ 9 ,  10 ]. 

 This kind of knowledge is mandatory to under-
stand and predict the probability of the most 
dangerous complication of proximal humerus 
fractures: osteonecrosis. It is a  well- known 
 condition which develops when fracture location 
and displacement compromise the humeral head 

vascularization. It may be associated with perma-
nent disability. The risk of humeral head ischemia 
is related to fracture morphology [ 7 ] (Fig.  2.5 ).

   Good ischemia predictors are (Fig.  2.6 ):
•     Length of metaphyseal head extension (accu-

racy 0.84 for calcar segments <8 mm)  
•   Integrity of the medial hinge (accuracy 0.79 

for disrupted hinge)  
•   Basic fracture pattern (accuracy 0.7 for frac-

tures comprising the anatomic neck)    
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 H  head humerus,  GT  greater 
tuberosity,  LT  lesser tuberos-
ity,  S  shaft humerus 
(Reproduced with permission 
from Hertel et al. [ 7 ])       
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 Poor ischemia predictors are:
•    Angular displacement of the head (accuracy 

0.62 for angulations over 45 deg)  
•   Extent of displacement of the tuberosities 

(displacement over 10 mm: accuracy 0.61)  
•   Glenohumeral dislocation (accuracy 0.49)  
•   Head-split components (accuracy 0.49)    

 The integrity of the medial hinge is also very 
important to plan reduction and synthesis. In fact, 

the hinge integrity makes defi nitely easier 
 reestablishing the correct anatomy. In the case of 
a valgus impacted head opposite to a preserved 
medial hinge, in order to perform the reduction, it 
will be easier to bring the head in anatomic posi-
tion by exploiting the medial hinge effect 
(Fig.  2.7 ). The management of the head can be 

  Fig. 2.4    Valgus head impaction fracture with a medial 
periosteal hinge preserved       

  Fig. 2.5    Posterior humeral circumfl ex artery and poste-
rior capsule       

  Fig. 2.6    Blue line intact and metaphyseal head extension 
<8 mm are good ischemia predictors          

  Fig. 2.7    In    case of a valgus impacted head opposite to a 
preserved medial hinge, it will be easier to bring the head 
in anatomic position by exploiting the medial hinge effect       
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extremely diffi cult and could fail, whenever the 
medial hinge is interrupted. In the event of a 
varus head, the medial hinge is more frequently 
interrupted.

   A CT study in the frontal plane with 3D recon-
structions can provide a complete view of the 
morphology of this region (Fig.  2.8 ).

   The anatomic calcar reconstruction is the key 
point in this procedure; the calcar reduction must 
be carefully planned to obtain a stable synthesis 
(Fig.  2.9 ).

2.3.3         Degree of Tuberosities 
Displacement 

 In fractures involving the tuberosities, it is of 
fundamental importance to identify the  number 
of fragments. For this reason, instrumental 
 radiographic study of the fracture should always 
be on the two planes of space for getting the 
glenoid and axillary AP projection   . The  latter 
is sometimes diffi cult to perform due to poor 
patient cooperation especially in more complex 
cases. Therefore, the alternative is a projection in 
the scapular plane ( Y  view). However, it could be 
diffi cult to identify the fragment number of the 
epiphysis. This kind of imaging lets us clarify the 
shaft relationship and alignment with his    head. 

  Fig. 2.8    In case of varus head, the medial hinge is fre-
quently interrupted       

  Fig. 2.9    A complete view of the calcar region       
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  Fig. 2.10    A complete X-ray trauma series for the shoulder. Fragments of fracture.  red head , blue  greater tuberosity , 
yellow  lesser tuberosity , black  diaphysis           

  Fig. 2.11    A CT scan clarifying the true facture morphol-
ogy and the number of fragments       

 If radiographic study highlights the proximal 
humerus involvement and shows the involvement 
of both tuberosity and head, further CT study is 

indicated to clarify the true fracture morphology 
(Fig.  2.10 ).

   The tuberosity evaluation must identify its 
position. Normally, the greater tuberosity 
migrates posterosuperiorly when submitted to the 
traction of the posterosuperior cuff tendons. The 
surgeon should therefore plan the reduction 
maneuvers that neutralize the traction forces on 
the tuberosity to bring it back in the anatomic 
position, performing a proper reduction and syn-
thesis (Fig.  2.11 ). At    the same time, it is essential 
to observe the quality of the tuberosities in terms 
of bone quality and comminution (Fig.  2.12 ), in 
other words, to evaluate whether the reduction is 
possible and the healing is potentially reliable. At 
the same time each landmark that would allow to 
obtain an anatomic reconstruction should be 
identifi ed, for example, points of contact between 
the lower edge of the tuberosity fragment and the 
diaphysis as in a puzzle (Fig.  2.13 ).
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     The lesser tuberosity should be inspected to 
see whether it remains adherent to the head or it 
is isolated from it. In the fi rst case, the manage-
ment of the lesser tuberosity and the subscapu-
laris also allows the surgeon to maneuver the 
head if he needs to reduce it (Figs.  2.14  and   2.15 ).

    It is also important to identify the plane that 
divides the two tuberosities. The fracture line that 
separates them can be in front of or behind the 
bicipital groove. When reduction of the head is 
needed, it might be necessary to use the fracture 
line to access the head (Fig.  2.16 ).

2.3.4        Head Impaction into Valgus 
or Varus  

 The alignment in the frontal plane of the epiphy-
sis to the shaft is an important fact that must be 
well evaluated. 

 In fact, it is known that valgus is better toler-
ated even in case of nonoperative treatment. In 
this case it will be the position of the tuberosity 
that will guide us in the choice. In particular, if 
the greater tuberosity is high and posterior, it will 
alter the biomechanics of the cuff and of the sub-
acromial space. In this case a surgical reduction 
will be the choice to restore anatomy and func-
tion (Fig.  2.17 ).

  Fig. 2.12    Ct scan permits to plan the reduction maneu-
vers that neutralize the traction forces on the tuberosity 
and to bring it back in the anatomic position, performing 
a proper reduction and synthesis       

  Fig. 2.13    The quality of the tuberosities in terms of bone 
quality and comminution in this case is low       

  Fig. 2.14    Points of contact between the lower edge of the 
tuberosity fragment and the diaphysis should be identifi ed 
to obtain an anatomic reconstruction       
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a b

  Fig. 2.15    The    lesser tuberosity should be inspected to see whether it remains adherent to the head or it is isolated from it       

  Fig. 2.16    The fracture line that separates the tuberosities 
can be in front of or behind the bicipital groove. When 
reduction of the head is needed, it might be necessary to 
use the fracture line to access the head       

  Fig. 2.17    In    case of valgus impacted head the height of 
the greater tuberosity must be observed       
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   The varus deformity is poorly tolerated, and 
therefore it is always worth the reduction 
(Fig.  2.18 ).

   In case of a two-part fracture, you can sched-
ule a closed reduction as will be described in the 
following chapters.  

2.3.5     Displacement of Humeral Shaft 

 The humeral shaft is subjected to tensile forces by 
the pectoralis major traction in a medial and ante-
rior direction, while the latissimus dorsi and the 
teres major act with a posterior direction, and the 
deltoid pulls the diaphyseal stump in a cranial 
direction. 

 The shaft is dislocated in the anterior and 
medial direction by the prevalent strength of the 
pectoralis major that is not neutralized by the 
other carriers acting on the shaft. This can be 
quite easily seen on the X-ray in the lateral plane 
(axillary or  Y  view) and CT scan. 

 This should be taken into account in planning 
the reduction maneuvers needed to realign the 
diaphysis. They must neutralize the force vectors 
of the pectoralis major (Fig.  2.19 ).

2.3.6        Head Splitting or 
Glenohumeral Dislocation 

 There are few absolute indications for the implanta-
tion of a prosthesis in the case of fracture of the 
proximal third of the humerus: one of these is the 
head splitting and/or fracture-dislocation (Fig.  2.20 ).

   It is necessary to diagnose when an involve-
ment of the articular surface of the humeral head 
is suspected. This suspicion can arise only if the 
radiographic study is carried out in two orthogo-
nal planes. When this procedure is not applied, it 
is mandatory to add the CT study which obvi-
ously clears up any doubt. 

 CT will be required in case of fracture- 
dislocation to understand the morphology of the 
fracture, to plan when possible a closed reduc-
tion, and to better understand the relationship 
among the humeral head and the medial vascular 
and nervous structures (Fig.  2.21 ).

2.3.7        Bone Quality (Comminution of 
Tuberosities and Surgical Neck) 

 The quality of the bone is of extreme importance 
for the prognosis of the fracture. Considering that 
in the elderly there is a high frequency of these 
fractures, we have to deal with a poor quality 
bone. 

 There are no secure systems that allow us to 
quantify the quality that we have to face. 

 The X-rays, CT scans, and when possible the 
medical history of the patient can help us about this 
issue. The thin corticals, the severe comminution of 
both tuberosities and surgical neck, as well as an 
“empty” head should raise our suspicion. 

  Fig. 2.18    Varus deformity poorly tolerated       
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 Understanding the fracture means planning 
the most suitable kind of treatment in relation to 
the quality of the bone.   

2.4     Conclusive Remarks 

 Understanding the fracture is the key point of our 
treatment and our success. 

 Many factors are indispensable. Today there 
are no classifi cations that allow us to associate a 
type of fracture to a single type of treatment. 
The classifi cation systems surely enable us to 
speak a common language and standardize our 
results. 

 To defi ne the requested type of treatment, we 
have to involve in our algorithm several elements 
which include the type of the patient, his age, his 
expectations, the type of fracture, and bone quality. 

 Last but not least, the experience of the sur-
geon plays an important role.     

  Fig. 2.20    The head splitting is one of the absolute indica-
tions for the implantation of a prosthesis       

  Fig. 2.19    3D CT scan helps us to plan the reduction maneuvers needed to realign the diaphysis. They must neutralize 
the force vectors of the pectoralis major          
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        The surgical treatment of a proximal humeral 
fracture is not something that should be impro-
vised: everything needs to be carefully planned 
to achieve an optimal result. Just like preparing a 
successful show requires effort and a meticulous 
preparation, the same goes for a well-executed 
surgical operation. This chapter will provide the 
information to standardize the treatment of the 
patient and his/her pathology. Let us consider 
the standardization of the surgical technique, 
even in its most banal aspects, as the only way 
to strive for excellence in the treatment and for 
the patient’s complete satisfaction. In doing so, 
surgeons can concentrate their efforts solely on 
the surgical motions with the fl exibility necessary 
to face potential complications. 

3.1     Preparing the Script 

 It is important not to be caught off guard or 
unprepared in any situation. When entering the 
operating room, surgeons, anesthesiologists, sur-
gical technicians , and other nurses need to have 
clearly in mind the type of operation that will be 
performed. It is customary to discuss the operat-
ing list of the week in a meeting involving all the 
members of the surgical team: this briefi ng pro-
vides an opportunity for the surgeons to examine 
the cases and exchange ideas. The anesthetic 
consultation and preoperative examinations must 
take place just prior to the surgery in order to por-
tray a general clinical picture that is both up to 
date and accurate for the surgical procedure: the 
patient could present an unstable clinical condi-
tion that needs to be carefully monitored. After 
completing this step, the anesthesiologist must 
communicate the fi ndings to the surgeon, and the 
two of them should discuss the priorities. 

 Through a thorough knowledge of the patient’s 
anamnesis, it will be possible to choose the 
appropriate antibiotic prophylaxis  and whether to 
start thromboprophylaxis  as well. We have 
recently completed a multicenter retrospective 
study [ 1 ] aimed at researching the risk factors 
associated with the outbreak of surgical site 
infections following reduction and fi xation pro-
cedures for proximal humeral fractures. The 
study included 452 patients, of which 209 treated 
with percutaneous pinning, 197 with plate and 

        E.   Bellato      (*) •    U.   Cottino      
  Department of Orthopaedics and Traumatology , 
 University of Turin, Medical School, 
CTO-Maria Adelaide Hospital , 
  Via Zuretti 29 ,  Turin   10126 ,  Italy   
 e-mail: bellatoenrico@gmail.com; 
umberto.cottino@gmail.com   

    E.   Marini      
  Oncologic Orthopaedic Center , 
 University of Milan, Medical School, 
“Gaetano Pini Hospital” , 
  Piazza Ferrari 1 ,  Milan ,  20122 ,  Italy   
 e-mail: eleonoramarini21@gmail.com  

  3      Operating Theater Setup 

           Enrico     Bellato     ,     Umberto     Cottino     , 
and     Eleonora     Marini    

mailto:bellatoenrico@gmail.com
mailto:umberto.cottino@gmail.com
mailto:eleonoramarini21@gmail.com


26

screws, and 46 with other devices (excluding 
prosthetic implants). Based on our results, we 
suggest using third-generation cephalosporin or 
vancomycin. There has been an increasing atten-
tion in the literature to the use of thromboprophy-
laxis in patients undergoing upper limb surgery. 
Often, however, these publications present only 
sporadic cases and cannot therefore serve as a 
model when deciding for the indiscriminate use 
of low-molecular-weight heparin (LMWH) [ 2 –
 4 ]. This is not devoid of complications, so it 
would be best to select which patients this pro-
phylaxis is administered to, especially for sub-
jects at risk and in case of prosthetic implants. 

 In our experience, the study of proximal 
humeral fractures should be accompanied by CT 
scans in almost every case. Additionally, 3D 
reconstructions can also be very useful [ 5 ]. CT 
scans make it possible to evaluate specifi c ele-
ments like the integrity of the medial hinge [ 6 ], 
the number of fragments, and whether it affects 
the joint surface in order to select the correct 
procedure to perform before surgery. It is impor-
tant, however, to have the option of changing 
strategy midcourse: we believe that every team 
that is about to engage in the surgical treatment 
of a proximal humeral fracture should have 
ready at its disposal the tools to perform to per-
form either an osteosinthesis or a hemiarthro-
plasty [ 7 ]. 

 Being aware of the chance of changing treat-
ment during surgery makes it possible to cor-
rectly inform the patient about the procedure. 
The informed consent  process consists in estab-
lishing a treatment agreement with a patient so 
that the person concerned is also directly 
involved in the choice. The involvement of 
patients in the decision stream protects them and 
gives them the opportunity to express their pref-
erences or refusals concerning surgery. Similarly, 
this direct exchange between a surgeon and a 
patient also helps the doctor evaluate the sub-
ject’s general characteristics and his/her compli-
ance to the subsequent rehabilitation treatment: 
attempting high levels of physiotherapy would 
be counterproductive for patients lacking moti-
vation [ 8 ]. 

 Based on the preoperative complete blood 
count and the surgery that will be performed, 
blood type and packed red blood cells will have 
to be prepared. This is recommended in case of 
internal fi xations or prosthetic implants and espe-
cially in the case of a fracture-dislocation where 
the humeral head is displaced in the axilla. 

 In summary:
    1.    Admission to the emergency room   
   2.    Diagnostic imaging techniques (including 3D 

CT scan)   
   3.    Discussing case during the weekly meeting   
   4.    Deciding best treatment options   
   5.    Preanesthesia evaluation   
   6.    Signing of the informed consent to the surgi-

cal procedure   
   7.    Preparing the patient: antibiotic prophylaxis 

(ATB), possible thromboprophylaxis (ATE), 
washing the axilla      

3.2     Set Design 

 The patient’s position  is crucial. It is extremely 
important to keep the upper arm free and mobile 
on all planes to allow for an adequate surgical 
exposition, as well as to obtain high-quality X-ray 
images. There are fundamentally two options:
•    Beach-chair position . This position has two 

main advantages: it allows the shoulder a 
greater range of movement, and it is compati-
ble with every type of operation. Some authors 
prefer the supine position to perform an osteo-
synthesis with plate and screws; nevertheless, 
we believe that the beach-chair position 
should be favored because it is more suitable 
in case the surgeon decides to resort to a pros-
thetic implant while the procedure is taking 
place. Being able to hyperextend the arm to 
gain access to the medullary canal is funda-
mental when performing an implant or an 
intramedullary nailing. 
 It is important to set up the modular operating 
table  correctly: the various components need 
to be placed following a specifi c order to pre-
vent the patient from falling, slouching, or 
sliding to the end of the table (Fig.  3.1 ). 
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Alternatively, the standard operating table can 
also be used by adding an appropriate trape-
zoidal wedge pillow (Fig.  3.2 ). The head 
should be secured with a proper head posi-
tioner  (Fig.  3.3 ), which is instrumental in 
gaining suffi cient operating space and to avoid 

lesions caused by brachial plexus injuries dur-
ing the surgery. The headrest should keep the 
head in a neutral position: the head should be 
aligned with the neck and the neck slightly 
bent over the chest. The contralateral inclina-
tion of the head in relation to the affected limb 

a b

c d

e f

  Fig. 3.1    Images ( a – f ) illustrate the sequence of steps to 
correctly position the patient on the modular operating 
table. It is important to note that, in ( f ), the support behind 

the operative shoulder has been removed to guarantee a 
greater inter- operatory mobility of the limb       
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should be avoided; the head should also not 
lean forward or backward compared to the 
neck.

     The mobility of the arm can be improved if 
the table segment that supports the operative 
shoulder is removed (Fig.  3.4 ). According to 
the surgeon’s preference, an arm holder can 
also be useful to rest the forearm of the opera-
tive limb at the level of the elbow.

   The greatest disadvantage of the beach-chair 
position is the diffi culty in obtaining a full axil-
lary projection with the C-arm. Furthermore, 
beach-chair positioning is recommended for 
arthroscopic fi xations of fractures to the greater 
tuberosity of the humerus [ 9 – 12 ].  

•   Supine position . This has the advantage of 
keeping the limb in a position that permits a 

  Fig. 3.2    A trapezoidal wedge pillow can serve in lieu of 
the modular operating table       

  Fig. 3.3    It is of paramount importance to have a proper 
head positioner to keep the patient’s head fi rmly in place 
during the operation. The endotracheal tube for respirator 
and anesthesia should be placed on the side opposite to the 
shoulder that will be operated       

  Fig. 3.4    The table segment that supports the operative 
shoulder can be removed to achieve a greater degree of 
mobility of the limb       
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true axial visualization without moving the 
arm (which is very useful for unstable frac-
tures). However, the shoulder has a smaller 
range of movement compared to the beach- 
chair position. In our opinion, this surgical 
position is better suited for cases of percutane-
ous fi xations after a closed reduction. It could 
be useful to shift the patient laterally so that 
the operative shoulder is toward the outside of 
the Table. A radiolucent table  could then pos-
sibly be used to provide additional support.    
 The image intensifi er  needs to always be pres-

ent in the operating room when performing an 
osteosynthesis, and it should be available also 
during a prosthetic replacement. The correct 
placement of the image intensifi er is fundamen-
tal: even though it is usually placed behind the 
patient’s head [ 13 – 17 ] or on the side being oper-
ated on [ 18 ], in our opinion the most functional 
position is contralateral to the fracture. This 
makes it possible to obtain a good visualization 
without the C-arm getting in the surgical team’s 

way (Fig.  3.5 ). It is of paramount importance that 
the lower operating part of the table be cleared so 
that the C-arm can pass unobstructed. After plac-
ing the patient on the table, but before preparing 
the surgical site, a few tests should be carried out 
to ensure that the image intensifi er can access 
every plane. Moreover, correctly defi ning the ori-
entation of the C-arm is also useful in obtaining a 
true anteroposterior (AP) view.

   The same preliminary tests should be performed 
if the C-arm is positioned behind the patient’s head 
(parallel to the longitudinal axis of the patient), 
making sure the image intensifi er does not get in 
the anesthesiologist’s way. As a matter of fact, the 
anesthesiologist usually stands behind the patient’s 
head: this place is both convenient and strategic in 
case a rapid intervention is required because it does 
not interfere with the surgeons, who can keep on 
working unobstructed and at their best. The endo-
tracheal tube for the anesthesia should be posi-
tioned in the corner of the mouth opposite to the 
side that is being operated on (Fig.  3.3 ). 

  Fig. 3.5    The image intensifi er should be positioned contralateral to the operative limb in order to get the best visualiza-
tions without getting in the way of the surgical team       
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 Most of the cases only require two surgeons; 
in case a third one is needed, this additional 
member of the surgical team usually stands on 
the other side of the table by the nonoperative 
limb. In this way, the anesthesiologist is placed 
between the surgeons; however, it could also be 
useful for the anesthesiologist to stand by the 
patient’s healthy side, leaving the place behind 
the subject’s head for the third surgeon 
(Fig.  3.6 ).

   The type of anesthesia  needs to be discussed 
with the patient. The options available are either 
general anesthesia or brachial plexus block that 
can be potentially accompanied by sedation [ 13 , 
 16 ,  19 ,  20 ]. Because of the close proximity of the 
surgical site to the subject’s head, we prefer the 
former option; furthermore, general anesthesia 
also ensures a greater degree of tranquility in case 
the operation lasts longer than expected or if a 
minor surgery turns into a prosthetic replacement 
or in an open reduction and internal fi xation.  

3.3     Costumes and Props 

 A dermographic marker can be helpful to draw 
the approach and the useful landmarks (Fig.  3.7 ). 
For a transdeltoid approach, the longitudinal lat-
eral axis of the humerus and the lateral contour of 
the acromion should be drawn; from this point 

distally measure 5 cm and trace a line perpen-
dicular to the humeral diaphysis: the axillary 
nerve is usually located in this area [ 21 ]. For the 
deltopectoral approach, the useful landmarks are 
the acromion and the coracoid process. For the 
anterolateral approach, instead, only the contour 
of the acromion, the acromioclavicular joint, and 
the longitudinal lateral axis of the humerus need 
to be traced. When performing a fi xation with 
percutaneous pinning, it can be very useful to 
mark the intersection of the deltoid with the 
humeral diaphysis (the axillary nerve branches in 
front of the deltoid tuberosity and it will be harder 
to damage it with the pins) and the coracoid pro-
cess (which tells us the correct direction to insert 
the pins). The lines traced with the dermographic 
marker can be useful for surgeons to help them 
orient themselves during the procedure; they are 
also helpful to those who have to prepare the 
operating fi eld by giving them an idea of the area 
they need to circumscribe with sterile drapes.

A
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N

  Fig. 3.6     I  fi rst surgeon,  II  second surgeon,  III  third sur-
geon,  A  anesthesiologist,  N  operating nurse,  P  patient,  R  
image intensifi er. The  black arrow  indicates that the posi-
tion of the third surgeon can be on either side of the patient 
depending on the type of surgery       

  Fig. 3.7    With the appropriate dermographic marker, trace 
the landmarks useful to the specifi c surgical procedure: 
for the deltopectoral approach ( blue line ), highlight the 
site of the coracoid, of the conjoint tendon, of the cora-
coacromial ligament, of the deltoid insertion, of the acro-
mion, and of the acromioclavicular joint ( red lines )       

  

E. Bellato et al.



31

   Before preparing the surgical site , we recom-
mend washing the axilla with chlorhexidine and a 
sponge. From our multicenter study mentioned in 
the beginning of this chapter, we can infer that 
the preoperative washing  of the site can signifi -
cantly reduce the risks of postsurgical infections  
(ODDS 0.13,  p  = 0.008) [ 1 ]. 

 The drapes to prepare the operating fi eld 
should not be chosen at random. Surgical 
drapes  with circular aperture should only be 
used if there is the certainty that the procedure 
that will be performed is a closed reduction and 
percutaneous fi xation. With this type of drape, 
in fact, it is not possible to perform a deltopec-
toral approach, which could be necessary if, 
during the procedure, the surgeons decided not 
to perform a closed reduction and internal fi xa-
tion, opting instead for an open reduction and 
internal fi xation or a prosthetic replacement. 
When using a U-drape, a suffi cient portion of 
the mammary surface should remain exposed 
(Fig.  3.8a ).

   The use of Steri-Drape (3M, Maplewood, 
Minnesota, St. Paul I-94 at McKnight Road) is 
debatable. It is better not to use it in cases involving 
percutaneous fi xation because it could get in the 
way of the insertion point for the pins. Conversely, 
we recommend using it for open reductions and 
especially for prosthetic replacements. The com-
plete coverage of the axilla can be achieved with 
the double layering technique used in hip surgery. 

 We suggest using a stockinette (Fig.  3.8 ); it 
should be unrolled no further than the distal extrem-
ity of the humerus, so as to isolate the hand and to 
allow for a safer procedure. It can be very helpful to 
wrap it with a cohesive bandage (e.g., Peha-haft, 
Paul Hartmann Ltd Heywood Distribution Park 
Pilsworth Road, Heywood, Lancashire) to prevent 
the stockinette from getting in the way or from 
unraveling; make sure the thumb is isolated, so the 
rotations during surgery can be controlled better. 

 As far as the instrumentation goes, we suggest 
preparing a range of equipment that would allow 
the surgical staff to deal with all surgical operations 

ba

dc

  Fig. 3.8    ( a ) Preparing the surgical site can involve the 
use of a stockinette, which can be wrapped with a cohe-
sive bandage; U-drapes need to be placed in such a way 
that a suffi cient portion of the mammary surface remains 

exposed. ( b – d ) Steri-Drape can be useful to guarantee a 
safer procedure, but it must also ensure the shoulder’s 
complete mobility       
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but which should be supplemented with specifi c 
items depending on the particular kind of surgery 
planned. The general tool kit should always include:
    1.    Self-retaining retractors (if there are not 

enough members in the surgical team)   
   2.    Hohmann retractors of various sizes and one 

with a rounded end (to use on the humeral 
metaphysis)   

   3.    Double hook retractors (to expose the glenoid 
cavity)   

   4.    Fukuda retractors: two small and one large (to 
retract the humeral head without damaging it)   

   5.    Electric drill and thread separator   
   6.    Drills tips (a 2 mm and a 3.2 mm)   
   7.    Richardson retractors (to retract muscle tissue 

and, in particular, the conjoint tendon toward 
the brachial plexus and deltoid)   

   8.    Steinmann pins (to use as a joystick in case of 
a diffi cult reduction of multiple fragments)   

   9.    Museaux clamps to clasp the humeral head in 
case it needs to be removed (especially if the 
dislocated head is in the axillary cavity)     
 Specifi c instruments will be then added to this 

list based on the surgeon’s chosen procedure, 
which must obviously be known in detail. Before 
the operation, the fi rst surgeon should also make 
sure that the implants are also present. 

 The surgeon should also have nonabsorbable 
braided surgical threads for osteosutures (e.g., 
Flexidene dec 5, B. Braun Milano Via Vincenzo 
da Seregno, 14-20161 Milano - Italia), which can 
be useful in the fi xation of plate and screws to 
reinsert the tendons in the rotator cuff, or for 
prosthetic replacements to fi xate the tuberosities. 

 Even if the surgery planned does not involve 
pinning, we still suggest keeping in the operating 
room some Steinmann pins: they can be useful to 
perform a temporary fracture fi xation or to mobi-
lize the fragments like with a joystick. 

 There should also be a sterile cover for the 
image intensifi er to carry out monitoring proce-
dures in complete safety.  

3.4     Reviewing the Script 

 It is of paramount importance that the surgery be 
preceded by a series of procedures aimed at reduc-
ing to a minimum the risk of errors. It is a known 

fact that about half of all surgical complications  
are avoidable [ 22 ,  23 ]. It is estimated that, in the 
United States, surgery is performed on the wrong 
patient or on the wrong surgical site in one every 
50,000–100,000 cases, amounting to 1,500–2,500 
cases a year [ 24 ,  25 ]. Wrong-site surgery mis-
takes  are typical errors for orthopedic surgeons: in 
a study published in 1998, Cowell underlines how 
68 % of compensation claims made by patients 
after an orthopedic procedure are related to this 
type of mistake [ 26 ]. Wrong- site surgery has been 
classifi ed as a “never event” by the NHS’s 
National Patient Safety Agency [ 27 ]. The 
American Academy of Orthopedic Surgeons has 
launched the “Sign Your Site” campaign [ 28 ], and 
the WHO has issued the guidelines “Ten essential 
objectives for safe surgery” [ 29 ]: the fi rst of these 
objectives states that “the team will operate on the 
correct patient at the correct site.” The suggested 
protocol envisages three steps:
•     Verifi cation : this step involves verifying that 

the patient, the surgical site, and type of proce-
dure are all correct, as well as checking 
whether the patient has any allergies to drugs 
or metals. It is important that this step be car-
ried out when the patient’s procedure is sched-
uled, at the time of admission or entry to the 
operating theater, every time the responsibility 
for the care of the patient is transferred from 
one team to another, and from the preoperative 
area to the surgical room.  

•    Marking : the site or sites to be operated must 
be marked; it is important not to mark nonop-
erative sites and to avoid using ambiguous 
markings: the National Patient Safety Agency 
and the Royal College of Surgeons of England 
recommend against using crosses (which 
could be used to denote a site that should not 
be operated on), opting instead for drawing 
arrows [ 30 ]. The markings need to be made by 
one of the surgeons, preferably when the 
patient is awake.  

•    Time out : a brief pause just before the begin-
ning of the actual surgery to confi rm the name 
of the patient, the type of procedure, and the 
surgical site. This moment is also useful to 
verify that the antibiotic prophylaxis has been 
administered, that the doors of the operating 
theater are closed, and that the X-ray images 
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have been displayed correctly in the surgery 
room and to provide an accurate surgery start 
time.    
 To achieve those ten objectives correctly, the 

WHO formulated a checklist  divided in three 
phases: before the induction of anesthesia, before 

the skin incision, and before the patient leaves the 
operating room. The checklist used by the authors 
is based on this model, and it is illustrated in 
Table  3.1 .

   In 2009,  The New England Journal of 
Medicine  published a multicenter prospective 

   Table 3.1    Authors’ preferred surgical safety checklist      

  Patient:  
  Born on:  
  In:  

  Surgical procedure    Date --/--/20--  

  SURGICAL SAFETY CHECKLIST  
  Sign in  
 Before induction of anesthesia 

  Time out  
 Before skin incision 

  Sign out  
 Before the patient leaves the operating room 

 1. Has the patient confi rmed: 
  Wristband identifi cation 
  His/her identity 
  Surgical site 
  Surgical procedure 
   Informed consents (anesthesia, 

surgery, etc.) 

 1.  Have the surgeon, the 
anesthesiologist, and the 
nurses confi rmed: 

  Identity 
  Surgical site 
  Surgical procedure 

 1.  Confi rm that the instrument, sponge, and needle 
counts have been completed and is correct: 

  Yes 
  No 

 2. Is the surgical site marked? 
  Yes 
  No 

 2.  Has the patient’s 
surgical position been 
checked? 

  Yes 
  No 

 2.  Confi rm that surgical specimens have been 
identifi ed and containers are labeled correctly 
(patient name and specimen description): 

  Yes 
  n/a 

 3.  Diffi cult airway or aspiration 
risk? 

  Yes 
  No 
     Anesthesia and equipment 

safety check completed 

 3. Bovie settings check? 
  Yes 
  n/a 

 3.  Were there problems related to the use of any 
medical equipment? 

  Yes 
  No 
   Which? 

 4. Patient’s risk identifi cation: 
  Allergy risk checked? 

 4.  Antibiotic prophylaxis 
administered within 
60 min before incision? 

  Yes 
  n/a 

 4. Were there any intraoperative critical events? 
  Yes 
  No 
  Have they been communicated to the ward? 
  Yes 
  No 

 5. Patient monitoring 
  Yes 
  No 

 5.  Has the diagnostic 
imaging been displayed 
and viewed? 

  Yes 
  n/a 

 5.  Is postoperative thromboembolism prophylaxis 
required? 

  Yes 
  No 

 6.  Risk of blood loss >500 ml 
(700 ml/kg in children)? 

  Yes 
  No 

 6. Is postoperative analgesia required? 
  Yes 
  No 

  7 . TS opening procedure? 
  Yes 
  No 
 Blood 
  Available 
  Not requested 
 8.  Is the necessary equipment 

present? Has it been checked? 
  Yes 
  No 
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study based on the 2008 WHO guidelines, which 
took in consideration all types of surgical proce-
dures with the exception of heart surgeries. It 
assessed the impact of introducing a preopera-
tive checklist by comparing two groups of 
patients (3,733 vs 3,955): after implementing 
this protocol, the mortality rate decreased from 
1.5 to 0.8 % ( p  = 0.003) and the complications 
from 11 to 7 % ( p  < 0.001) [ 31 ]. It is therefore 
fundamental for every surgical team to have its 
checklist to ensure that they all follow the same 
steps [ 32 ].     
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        Closed reduction of proximal humeral fractures 
is characterized by obvious advantages. Basically, 
it prevents damage to the soft tissues, and, as a 
consequence, the    blood supply of the humeral 
head  is usually preserved [ 1 – 5 ]. 

4.1     Anatomic Considerations 

 The proximal humerus can be divided into four 
main anatomic and functional segments, as 
described by Codman [ 6 ] and Neer [ 7 ]: the head, 
the greater tuberosity , the lesser tuberosity , and 
the diaphysis. Following a trauma, the various 
bone fragments variably displace according to 
the different traction forces and to the type of 
fracture. A deep knowledge of fracture pathol-
ogy and of bone fragment behavior is manda-
tory when performing a correct closed reduction 
maneuver. 

 We can take a four-part fracture as an exam-
ple: the diaphysis is typically medialized and 
internally rotated by the pectoralis major tendon; 

the greater tuberosity is posteriorly and superi-
orly displaced by the supraspinatus, infraspina-
tus, and teres minor tendons; the lesser tuberosity 
is medially dislocated by the subscapularis ten-
don. Then the humeral head is free and variably 
dislocates according to the leftover connections 
with other fragments or with the articular cap-
sule. On the other hand, in the case of a three-part 
fracture involving the greater tuberosity, the head 
is medially rotated by the subscapularis tendon, 
while a three-part fracture involving the lesser 
tuberosity is characterized by a medial disloca-
tion of the lesser tuberosity and an external rota-
tion of the head [ 8 ,  9 ]. Figure  4.1  shows what 
happens in case of a two-part fracture.

   However, it has been demonstrated that this 
description does not fully correspond to the real 
fracture morphology. The greater tuberosity is 
typically posteriorly and laterally dislocated, not 
superiorly. This can be explained by the work 
carried out by Mochizuki, who included 113 
shoulders in his cadaver study; he demonstrated 
that the supraspinatus always inserted into the 
anteriormost area of the highest impression on 
the greater tuberosity, while the infraspinatus 
extended to the anterolateral area of the highest 
impression of the greater tuberosity [ 10 ]. 

 Before performing surgery it is mandatory to 
study and thoroughly understand the pattern of 
fracture, but sometimes this cannot be achieved 
even with the use of imaging. Traditional X-ray 
imaging is almost always insuffi cient, even when 
particular tricks are employed [ 11 ,  12 ]. The CT 
scan is very helpful [ 13 ], and also 3D imaging 
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reconstruction can greatly improve the quality of 
preoperative planning [ 14 ]. However, the correct 
analysis of the fracture is not easy, and even 
expert surgeons can remain at variance at the end 
of the preoperative phase. Nevertheless, we 
believe it is crucial to always evaluate the fracture 
with a standard X-ray view, a transthoracic lateral 
view, an axillary view and, where possible, a CT 
scan.  

4.2     Which Type of Fracture? 

 Closed reduction procedure is mainly indicated 
in the case of two-segment fractures with disloca-
tion or distal translation of the diaphysis and with 
varus impacted humeral fractures [ 15 – 18 ]. Good 
results can be achieved even in the event of asso-
ciated greater tuberosity fracture.  

4.3     Closed Reduction Technique 

 Proper positioning of the patient is vital. Several 
authors describe the lateral [ 19 ], the beach-chair 
[ 20 – 24 ], and the supine [ 15 ,  17 ,  25 ,  26 ] posi-
tions. The image intensifi er positioning is also 
very important because it must provide good 

X-ray views without hindering the surgeons’ 
work: it can be placed behind the patient’s head 
[ 22 ,  23 ,  27 ,  28 ], on the side being operated on 
[ 29 ], or contralateral to the fracture. The surgical 
site must be prepared with attention to common 
landmarks such as the acromion, the coracoid, 
and the acromioclavicular joint which need to be 
easily palpable. The patient must be perfectly 
stable on the operating table, and the head should 
be secured with a proper head positioner. 

 Various authors describe the closed reduction 
maneuver in different ways. Several surgeons 
usually refer to the techniques previously 
described by Jaberg [ 15 ], who suggests carrying 
out the procedure with the shoulder abducted to 
70–80°; then progressive longitudinal traction  is 
performed to position the diaphysis slightly lat-
eral to the humeral head; downward pressure  
against the anterior aspect of the arm completes 
the maneuver. 

 Some authors use devices to make the reduc-
tion easier. Calvo et al. [ 17 ], in medially trans-
lated fractures, used a post connected to the 
surgical table as a fulcrum in the medial side of 
the fracture while the arm was in adduction to 
help the reduction of the displaced humeral shaft. 
Williams and Wong [ 29 ] suggests the association 
of fl exion, adduction, and slight internal rotation 

a b c

  Fig. 4.1    A two-part fracture pattern. The fragments are 
dislocated by the pectoralis major and deltoid  muscle 
( a , anterolateral view), by the supraspinatus and 

 subscapularis tendon ( b , anterolateral view), and by the 
infraspinatus tendon ( c , posterior view)       
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to relax the pectoralis major tendon; then a longi-
tudinal traction of the arm is applied along with a 
posteriorly directed force. Seyhan et al. [ 24 ] 
believes that traction of the adducted arm is 
enough. Herscovici et al. [ 30 ] recommends that 
the forearm be kept supinated and the elbow 
extended while performing the longitudinal trac-
tion; a 45° abduction completes the maneuver. 
Other authors describe different maneuvers for 
each type of fracture. Magovern and Ramsey [ 16 ] 
differentiates between fi ve possible situations:
•    Two-part surgical neck fractures: the humeral 

head lies in a neutral position or is slightly 
varus dislocated because cuff tendons are 
intact; the shaft is medially and anteriorly dis-
located and internally rotated because of the 
action of the pectoralis major tendon, while 
the humeral head is more retroverted than it is 
normally. Flexion together with adduction 
allows the surgeon to deal with the force of the 
pectoralis major tendon; traction and a poste-
riorly directed force applied to the arm 
 complete the reduction maneuver.  

•   Two-part greater and lesser tuberosity frac-
tures: a tuberosity percutaneous pin inserted 
just before starting the maneuver is needed 
(the greater tuberosity is typically more 
involved than the lesser, which is diffi cult and 
dangerous to fi x with a pin); the following arm 
rotation helps to fully reduce the fracture.  

•   Three-part greater tuberosity fractures: the 
diaphysis is dislocated as mentioned above, so 
the maneuver implies fl exion, adduction, and 
internal rotation followed by traction and a 
posteriorly directed force applied to the arm; 
once the surgical neck fracture has been fi x-
ated, the arm is externally rotated to achieve 
greater tuberosity reduction.  

•   Three-part lesser tuberosity fractures: the 
humeral head is abducted and externally 
rotated; the surgical neck fracture is reduced 
thanks to fl exion and external rotation; external 
rotation and abduction follow traction and the 
posteriorly directed force applied to the arm.  

•   Four-part valgus impacted fractures: they need 
pins or blunt elevators inserted through 
mini-incisions.    

 Other authors suggest that mini-incisions  be 
performed (also called “reduction portals”) so 
that instruments which can help the surgeon may 
be inserted, in particular in cases of complex 
fractures [ 31 ]. 

 No complications are reported in the literature 
after a closed reduction maneuver. 

4.3.1     Authors’ Preferred Technique 

 Whenever we have planned a closed reduction, 
we prefer the supine position . The image inten-
sifi er is contralateral to the fracture. As a con-
sequence we can obtain both a good AP view 
and a good axial view without rotating the arm; 
moreover the C-arm does not get in the surgi-
cal team’s way and the surgeons have enough 
room to perform the reduction maneuver and the 
following fi xation. A proper shoulder operating 
table is very useful in obtaining good intraopera-
tive X-rays (Fig.  4.2 ).

   A two-part varus impacted fracture (Fig.  4.3 ) 
has been taken as an example. The closed reduc-
tion procedure is clearly illustrated step-by-step in 
the following sequence of photographs (Fig.  4.4 ):
     A: The “resting” start position consists in the 30° 

abducted arm with 10–15° of external rotation.  
  B: When the arm is at 90° of abduction , the 

humeral head progressively becomes exter-
nally rotated, but the fracture displacement 
does not change.  

  C: By increasing arm abduction to more than 90°, 
the surgeon blocks the humeral head under the 
acromion, which acts as a fulcrum: so the 
shaft can be abducted even more than 120° 
and become separated from the humeral head.  

  D: The posteriorly directed force applied to the 
arm reduces the diaphysis under the humeral 
head.  

  E: Once back at the starting position, we can 
check the fracture reduction achieved.    
 Sometimes the closed reduction maneuver 

needs some small adjustments or improvements 
which can usually be obtained by repeating the 
procedure or by insisting on the posteriorly 
directed force applied to the arm. 
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 Longitudinal traction of the arm is not neces-
sary: the deltoid muscle does not interfere during 
the reduction, and, moreover, its action is reduced 
by abduction. Fragment reduction is usually 
associated with quite a loud sound, and the force 
needed for the maneuver is considerable. 

 Once the reduction has been obtained, the arm 
must be kept fi rmly abducted at 20–30° and 
slightly internally rotated, while the arm must be 
parallel to the fl oor: slight position modifi cations 
may improve or worsen alignment of the fracture 
fragments. The bicipital groove can be seen dur-
ing fl uoroscopic checks and can give important 
information about the correct humeral rotation: if 

it is too lateral, the arm needs to be slightly exter-
nally rotated, while a medial position can suggest 
that the surgeon internally rotate the arm. The 
diaphysis can be rarely displaced posteriorly to 
the humeral head. So the surgeon must carefully 
examine the CT scan: in this case the humeral 
diaphysis must be pushed anteriorly to obtain 
fracture reduction. 

 Once the reduction is deemed to be satisfac-
tory, the surgeon can complete surgery with mini- 
invasive percutaneous fi xation. Whenever the 
reduction cannot be achieved, we prefer to move 
the patient to a beach-chair position  and perform 
an open reduction.      

a

b

  Fig. 4.2    ( a ) The C-arm position to achieve the AP view. ( b ) The C-arm position to achieve the axial view       

 

M. Assom and E. Bellato



41

  Fig. 4.3    A two-part varus impacted fracture       

  Fig. 4.4    Closed reduction maneuver sequences              

a

b

 

 

4 Closed Reduction Principles



42

c

d

e

Fig. 4.4 (continued)
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5.1            Introduction 

 In 1961, De Palma defi ned the main surgical 
approaches to the shoulder. He described the 
scapulohumeral joint in detail and developed the 
current guidelines [ 1 ,  2 ]. 

 The deltopectoral approach is the most popu-
lar route for large shoulder exposure. However, 
some alternative approaches have been intro-
duced over time by several    authors with the aim 
to minimize the dissection of soft tissues, to 
reduce the risk of neurovascular lesions, and also 
to adequately expose fractures and to provide a 
stable fi xation. 

 Levy et al. [ 3 ] described a combined approach 
to the shoulder with an easy access to the ante-
rior, the lateral, and the posterior shoulder. This 
approach is a combination of the deltopectoral 
and transdeltoid route, but with a single skin inci-
sion, thus avoiding muscle detachment and pos-
sible injuries to the deltoid muscle and to the 
axillary nerve. 

 Several modifi cations to the traditional 
approach by Judet [ 4 ] have been proposed to 

access the posterior scapula; these approaches 
are less invasive because the scapular muscles 
are only partially detached, but the quality of the 
exposure remains very high. Clinical experience 
has shown that these modifi ed approaches can be 
used for most fractures of the body and of the 
neck of the scapula and of the glenoid [ 5 ]. 

 Anatomic studies show that the blood supply 
to the humeral head is provided by the humeral 
anterior circumfl ex artery [ 6 ]; however, on the 
basis of the results of a new volumetric analysis 
performed by contrast MRI, the posterior circum-
fl ex artery of the humerus signifi cantly contrib-
utes to the blood supply of the proximal humerus 
[ 7 ]. In this connection, the proximal part of the 
humerus can be accessed by means of lateral 
approaches through the raphe between the ante-
rior and medial heads of the deltoid. 

 Whatever the approach to the humerus, it is 
fundamental to identify and protect the axil-
lary nerve that runs on the deep surface of the 
deltoid in front of the humeral diaphysis at a 
certain distance from the lateral margin of the 
acromion [ 8 ]. In addition, a recent cadaver study 
[ 9 ] has indicated that the position of the nerve 
changes according to the abduction degree of the 
shoulder. 

 The literature describes several surgical 
approaches to the proximal humerus, as well as 
their variations. In order to simplify their descrip-
tion, they will be classifi ed into four different 
types: anterior, lateral, posterior, and axillary 
approaches.  
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5.2     Anterior Approaches 

5.2.1     Deltopectoral Approach  

5.2.1.1     Indications 
 This approach is used for any anterior procedure 
to the shoulder and the proximal humerus to 
address glenohumeral instability, to fi x proximal 
humerus and anterior glenoid fractures, and to 
implant shoulder prostheses.  

5.2.1.2     Technique 
 The patient is placed in a beach-chair position, 
with the head rotated in the opposite position 
with respect to the shoulder to be operated or in a 
neutral position. The upper limb is left free. The 
skin is incised 1 cm. below the middle third of the 
clavicle, passing above the coracoid up to the del-
toid tuberosity. The deltopectoral sulcus is identi-
fi ed together with the cephalic vein . Once 
isolated, the latter can be retracted medially or 
laterally with the deltoid muscle. The clavipec-
toral fascia covering the biceps and the coraco-
brachialis muscles is identifi ed and is then incised 
between the two heads of the biceps, by moving 
the short head medially and the long head later-
ally. It is necessary to isolate and protect the mus-
culocutaneous nerve  that penetrates the 
coracobrachialis muscle 6 cm distally from its 
origin. There are numerous anatomic variations 
to take into consideration, and the nerve can be 
divided into several branches. Traction of the 
coracobrachialis muscle has to be performed 
very carefully to avoid damage to the nerve. By 
externally rotating the arm, the subscapularis 
muscle is exposed. The anterior and posterior cir-
cumfl ex arteries of the humerus can be identifi ed 
on the lower margin, where they are adjacent to 
the axillary nerve. The posterior circumfl ex 
artery  runs with the axillary nerve in the quadri-
lateral space (the space bound by the teres minor 
and the teres major muscles, the long head of the 
triceps, and the humeral diaphysis) near the infe-
rior margin of the glenohumeral capsule and 
fi rmly in contact with the humeral neck. The 
anterior circumfl ex artery  crosses the humeral 
metaphysis and runs below the long head of the 
biceps. In general, it is accompanied by two 
veins, and the vascular complex is referred to as 

“three sisters.” This is the origin of the arterial 
blood supply to the proximal humerus (arcuate 
arteries). If an intra-articular approach is required, 
after the maximum external rotation of the arm, 
the tendon of the subscapularis muscle is incised, 
2 cm medially with respect to its insertion, so as 
to keep inside a suffi cient amount of tissue for the 
suture; the tendon is cleaved from the anterior 
capsule only in its proximal three quarters in 
order to protect the axillary nerve  (Fig.  5.1 ). 
Finally, a capsulotomy is performed longitudi-
nally in order to expose the humeral head and the 
glenoid. In case of surgical procedures limited to 
the shoulder joint, the approach is still lateral and 
superior to the coracoid; in case of procedures on 
the brachial plexus or on the axillary artery, it is 
necessary to isolate and detach the pectoralis 
minor from the coracoid.

5.2.1.3        Limitations 
 In case of an intra-articular inspection, this 
approach requires the detachment of the subscap-
ularis tendon. There are different detachment 
techniques (transosseous-lesser tuberosity, com-
plete, L-shaped), but all of them carry the risk of 
inducing iatrogenic complications to the sub-
scapularis muscle, such as re-rupture and fat 
degeneration, with the loss of strength in internal 
rotation and possible anterior instability [ 10 ].  

5.2.1.4     Risks 
 Several    neurovascular structures must be isolated 
and protected with this approach: the brachial 
plexus; the axillary artery, vein, and nerve; and 
the musculocutaneous nerve, as well as the ante-
rior circumfl ex artery (in case of reduction and 
fi xation of fractures). 

 Numerous anatomic studies on cadavers have 
tried to correctly defi ne the safety margins of the 
deltopectoral structures [ 11 ]. Loomer and 
Graham    [ 12 ] described the path of the axillary 
nerve, at about 3.5 mm inferiorly and laterally 
with respect to the myotendinous margin of the 
subscapular muscle and in contact with the infe-
rior margin of the glenoid. Other studies have 
described the path of the axillary nerve , 3–8 mm 
from the inferior margin of the joint capsule [ 11 , 
 13 ]. In a cadaver study, McFarland et al. [ 14 ] 
examined the relationships between the retractors 
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positioned during an anterior capsuloplasty and 
the adjacent nerve structures. In particular, this 
study showed that the brachial plexus is at about 
2 cm distance from the glenohumeral joint and, 
in some cases, the variability amounted to 0.5 cm. 
The musculocutaneous nerve  was found at about 
1.5 cm from the articular rim. The posterior and 
medial cords were at about 1–2 cm from the 
articular rim. The minimum distance measured 
was about 5 mm for the axillary nerve, 7 mm for 
the posterior cord, and 9 mm from the medial one. 

 The deltopectoral approach requires the dis-
placement or the ligation of the cephalic vein . 
Even though the ligation does not entail any major 
complications, it is better to preserve it. Generally, 
for practical purposes, it is better to retract it lat-
erally together with the deltoid muscle since 

there are a higher number of collaterals laterally 
rather than medially [ 15 ]. However, the author’s 
personal experience shows that medial retraction 
requires a longer preparation, but it does not over-
stretch the vein and so it is less traumatic. 

 Very often, this approach leaves an ugly scar 
because it does not follow the skin cleavage.   

5.2.2     Anterior Extended 
Deltopectoral Approach 

 The deltopectoral approach can be extended dis-
tally along the arm down to the elbow. On the 
contrary, the proximal extension is infrequently 
used because it does not allow for an easy access 
to the subacromial space and to the rotator cuff 

a b

c

  Fig. 5.1    Deltopectoral approach. ( a ) The deltopectoral 
sulcus is identifi ed together with the cephalic vein. 
( b ) The anterior circumfl ex artery crosses the humeral 
metaphysis and is accompanied by two veins. This vascu-
lar complex is referred to as “three sisters” ( arrow ). 

( c ) Deltopectoral approach. The subscapularis muscle 
( SbS ) is incised 2 cm medially with respect to its inser-
tion, and the tendon is cleaved from the anterior capsule 
( C ) only in its proximal three quarters in order to protect 
the axillary nerve       
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that are more easily reached with a transdeltoid 
or posterior approach. 

 The distal extension of the deltopectoral 
approach is performed through an anterolateral 
access to the humerus. The route goes through 
the space between the deltoid and the biceps 
muscles proximally and through a split in the bra-
chialis muscle distally [ 16 ] (Fig.  5.2 ).

5.3         Variations to the Anterior 
Approach 

5.3.1     Combined Anterior Approach 

 Several variations of the anterior approach have 
been described. Each of them provides a limited 
exposure of the shoulder joint. A combined ante-
rior and posterior or anterior and lateral approach 
is required to treat complex injuries. 

 Sometimes, the deltopectoral approach  does 
not allow for a complete exposure of the lateral 
and posterior parts of the proximal humerus and 
requires a partial detachment of the deltoid [ 17 , 
 18 ]. This procedure can lead to a signifi cant dete-
rioration of the deltoid function, with a long and 
diffi cult postoperative rehabilitation. 

    The combined approach to the shoulder makes 
it possible to easily reach the anterior, lateral, and 
posterior regions of the shoulder, thus avoiding 
detachment of the deltoid muscle. This route 
results from the combination of an anterior delto-
pectoral approach and of a subcutaneous trans-
deltoid access . It uses a single skin incision thus 
sparing the deltoid [ 3 ]. 

 The patient is placed in a beach-chair position, 
and a traditional deltopectoral approach is per-
formed. If a lateral or posterior approach is nec-
essary, the subcutaneous tissue is dissected 
laterally. Once the deltoid is exposed, it is incised 
along the acromion up to a maximum of 5 cm dis-
tally. If required, the deltoid can be dissected 
more anteriorly or posteriorly. Thanks to the rich 
vascularization of the skin on the shoulder and to 
its elasticity, both the intermuscular and the intra-
muscular approaches can be performed with a 
single skin incision. 

 During the procedure, it is possible to move 
from one approach to the other according to the 
need, without damaging the muscle insertions or 
neurovascular structures. This    approach allows 
for the open reduction and the internal fi xation of 
comminuted fractures of the humeral head with a 
good exposure of its lateral and posterior 
portion.  

5.3.2     Anteromedial Approach 

 A skin incision is performed 1 cm laterally to the 
coracoid, and then it is extended to the clavicle 
and laterally along the anterior fi bers of the del-
toid [ 19 ] (Fig.  5.3 ). By carefully separating the 
subcutaneous layer, it is possible to identify the 
anterior acromion, the insertion of the deltoid on 
the lateral aspect of the clavicle, the anterior del-
toid, and the deltopectoral interval. Gradually the 
deltoid is detached fi rst from the lateral aspect of 
the clavicle, from the acromioclavicular (AC) 

  Fig. 5.2    The distal extension of the deltopectoral approach 
is used to treat complex fractures of the proximal humerus 
extending to the diaphysis. The route goes through the 
space between the deltoid and the biceps muscles proxi-
mally and through a split in the brachialis muscle distally       
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joint, trying to preserve the joint capsule and 
fi nally, from the anterior acromion, by incising 
the fascia and by lifting the muscle from the 
bone, thus preserving the coracoacromial liga-
ment. The deltoid muscle is retracted laterally to 
expose the subacromial region. Once the proce-
dure is over, the deltoid is reinserted with transos-
seous sutures to the acromion and to the clavicle 
and with simple sutures to the AC joint and to the 
fascia of the trapezius muscle.

   This technique is safe and without complica-
tions [ 20 ] and is particularly indicated in the 
three following situations:
    1.    To implant a shoulder prosthesis and to repair 

a posterior rotator cuff tear with a single 
procedure   

   2.    To protect the very fragile anterior deltoid that 
is not able to tolerate tractions or in a patient 
with severe osteopenia  (e.g., in rheumatoid 
arthritis ) so as to avoid iatrogenic fractures   

   3.    In case of a shoulder arthroplasty  revision sur-
gery when the soft tissues are stiff and fragile    

5.4        Lateral Approaches 

5.4.1     Transdeltoid or Lateral 
Approach 

5.4.1.1     Indications 
 This approach is indicated to treat the fractures of 
the greater tuberosity  and of the proximal 
humerus in general (Fig.  5.4 ). Moreover, it allows 
for the repair of the rotator cuff.

5.4.1.2        Technique 
 The patient is placed in a beach-chair position, 
with the arm on the edge of the Table. A 5 cm 
longitudinal incision is made, starting 1 cm prox-
imally to the lateral edge of the acromion and 
with a distal extension. 

 The subcutaneous tissue is incised together with 
the fascia above the deltoid, and its muscle fi bers 
are split. In order to protect the axillary nerve , an 
anchoring suture is applied on the inferior apex of 
the splitting so as to prevent the approach from 
extending distally. Once the subacromial bursa is 
removed, the rotator cuff is identifi ed. By means of 
the subperiosteal detachment of the deltoid, both 
anteriorly and posteriorly, it is possible to obtain a 
large exposure. The repair of the deltoid is crucial 
for a good functional recovery. If necessary, it is 

  Fig. 5.3    Anteromedial approach. A skin incision ( red 
line ) is performed 1 cm laterally to the coracoid ( black 
circle ), and then it is extended to the clavicle and laterally 
along the anterior fi bers of the deltoid          

  Fig. 5.4    The transdeltoid approach is used to treat the 
fractures of the greater tuberosity. A 5 cm longitudinal 
incision is made, starting 1 cm proximally to the lateral 
edge of the acromion. The subcutaneous tissue is incised 
together with the fascia above the deltoid, and its muscle 
fi bers are split       
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possible to enlarge this approach with a proximal 
extension. The incision is prolonged superiorly and 
medially by passing over the acromion, then it is 
extended along the anterosuperior margin of the 
spine of the scapula for its two thirds laterally. The 
trapezius muscle along the spine of the scapula is 
detached and lifted. The supraspinatus muscle is 
exposed. The osteotomy of the acromion  is per-
formed in line with the skin incision. By retracting 
the stumps obtained, the supraspinatus muscle is 
completely exposed from its origin in the supraspi-
natus fossa up to its insertion on the greater tuber-
osity of the humerus [ 21 ]. If, on the one hand, this 
extended approach allows for a greater exposure 
with respect to the traditional transdeltoid route, on 
the other, it is more invasive, with a poor cosmetic 
result and an impact on the functional recovery and 
the risk of residual pain or poor strength.  

5.4.1.3     Limitations 
 This approach allows for a good access to the 
greater tuberosity and to the supraspinatus ten-
don, while the exposure of the proximal humerus 
is limited.  

5.4.1.4     Risks 
 The greatest risk of this approach is the excessive 
distal extension that can damage the axillary 
nerve  if the incision is extended beyond 5 cm dis-
tally with respect to the acromion [ 22 ].    

5.5     Variations to the Lateral 
Approach 

5.5.1     Anterosuperior Approach  

 In1993, MacKenzie    [ 23 ] described an anterosu-
perior approach that provides for a large and easy 
exposure of the glenoid and of the proximal 
humerus. 

 This approach is used to implant primary or 
inverse prostheses  [ 24 ] and to address humeral 
head fractures. 

 The patient is placed in the same position as 
for the deltopectoral approach, but the elbow 

must be left without any support so as to allow 
the assistant to apply the force in the proximal 
direction. This is required to subluxate the 
humeral head. The surgeon moves laterally with 
respect to the shoulder, helped by two assistants 
on the two sides of the patient. The incision starts 
1 cm medially to the anterior margin of the AC 
joint and continues along the anterior edge of the 
clavicle. The surgeon proceeds with the incision 
5 mm. posteriorly to the anterior margin of the 
acromion and fi nally 4–5 cm distally with respect 
to the lateral margin of the acromion. The deltoid 
muscle is detached from the anterior margin of 
the acromion, and the splitting is prolonged dis-
tally for 5 cm. Then, the coracoacromial ligament 
is dissected. 

 Many authors use the anterosuperior approach 
to treat complex fractures of the proximal 
humerus in elderly patients [ 25 – 27 ]. In addition 
to the better exposure of the proximal humerus 
and of the glenoid, this approach makes it possi-
ble to detach and fi x the greater tuberosity more 
easily with respect to the deltopectoral approach. 
Moreover, it is simple and preserves the subscap-
ularis tendon with a low risk of postoperative 
anterior instability. However, the anterior deltoid 
may be weakened because of a mechanical injury 
or a lesion of the distal branches of the axillary 
nerve; moreover, the glenoid component of a 
prosthesis may be positioned incorrectly (too 
high or too low or too tilted superiorly).  

5.5.2     Extended Anterolateral 
Approach  

 In 2004, Gardner et al. [ 28 ] described a lateral 
approach designed to treat complex fractures of 
the proximal humerus extending to the diaphysis. 
As shown by cadaver studies, the axillary nerve 
does not have any branches in the anterior portion 
of the deltoid muscle, before going through the 
fi brous raphe that separates the anterior head 
from the middle head of the muscle. 

 The technique envisages a conservative skin 
incision at the level of the anterolateral angle of 
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the acromion, which is extended distally for 
about 5 cm. The fi brous raphe separating the 
anterior deltoid head from the medial one is iden-
tifi ed and then incised for about 2 cm distally 
starting from the acromion. By palpating the 
deep surface of the deltoid, it is possible to iden-
tify the axillary nerve that feels like a “chord- 
like” structure. Then, the raphe is further 
dissected for about 6.5 cm from the acromion or 
for 3.5 cm from the greater tuberosity. The axil-
lary nerve and the posterior circumfl ex vessels 
are isolated and protected. From here, the dissec-
tion can be extended distally up to the deltoid 
tuberosity without any risk in order to reduce and 
fi x metaphyseal fractures  of the humerus [ 28 – 30 ] 
(Fig.  5.5 ).

   A very similar approach, with a different 
skin incision called “extended deltoid-splitting 
approach ,” has been recently proposed by 
Robinson [ 31 ,  32 ]. A suspender-like incision is 
performed, its apex centered over the tip of the 

acromion. This incision follows the tension 
lines of the relaxed skin around the shoulder 
[ 33 ] so as to obtain a good cosmetic result, as in 
the case of the traditional direct lateral 
approach; moreover, the surgical scar resulting 
from this route in women is easily hidden by 
the bra strap. The skin is incised and is detached 
en bloc with the subcutaneous tissue, and an 
elliptical fl ap is created and lifted in order to 
expose the superior part of the deltoid. A longi-
tudinal split of this muscle is performed for 
about 3 cm at the origin of the anterior raphe. 
With the extension of the incision, the superior 
split of the deltoid muscle allows for a superior 
approach and so for the visualization of the 
whole anterolateral and posterolateral  portion 
of the proximal humerus. By palpating the axil-
lary nerve, it is possible to isolate and protect it 
with a portion of the deltoid muscle and to 
enlarge the split distally so as to expose the dis-
tal humerus.  

a b

  Fig. 5.5    Extended anterolateral approach. ( a ) Skin inci-
sion is performed at the level of the anterolateral angle of 
the acromion and is extended distally for about 5 cm. ( b ) 

The dissection can be extended distally up to the deltoid 
tuberosity in order to reduce and fi x metaphyseal fractures 
of the humerus       
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5.5.3     Lateral Mini Approach 

 The lateral mini approach  to the proximal 
humerus is designed to expose the head, the neck, 
and the proximal third of the humerus. It uses two 
routes, proximal and distal, located laterally 
along the proximal humerus. In its interval it is 
possible to fi nd the axillary nerve  that runs trans-
versal to the arm deep to the deltoid muscle. The 
lateral mini approach is used to fi x the fractures 
of the proximal third of the humerus through a 
minimally invasive plate osteosynthesis (MIPO) 
technique . 

 The patient is placed on the operating table in 
the same position as for the standard procedure. 

The lateral portion of the acromion is palpated, 
and a longitudinal incision is performed for about 
3–4 cm along the proximal and lateral portion of 
the arm. Then, a second incision of about 5 cm is 
performed distally with respect to the proximal 
incision (Fig.  5.6 ). The position of this second 
incision depends on the site of the fracture and on 
the length of the implant to be used. From the 
proximal route, it is possible to expose the deltoid 
which is divided along its fi bers up to a maximum 
of 5 cm from the lateral margin of the acromion. 
Once the axillary nerve is identifi ed and isolated, 
an epi-periosteal plane is created on the lateral sur-
face of the humerus. In the distal route, the subcu-
taneous tissue is incised, and the lateral fi bers of 

a b

  Fig. 5.6    The lateral mini approach is used to fi x the frac-
tures of the proximal third of the humerus through a mini-
mally invasive plate osteosynthesis (MIPO) technique. 
( a ) The approach avoids the dangerous zone where the 
axillary nerve is protected by the deltoid muscle. 

( b ) A longitudinal proximal incision is performed for 
about 3–4 cm along the proximal and lateral portion of 
the arm. The second incision of about 5 cm is performed 
distally with respect to the proximal incision       
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the deltoid are identifi ed and divided. With the fi n-
ger, it is possible to identify the position of the 
axillary nerve. Then, an epi-periosteal plane is cre-
ated and is carefully connected to the proximal 
one. The link between the epi- periosteal planes of 
the proximal and distal routes makes it possible 
not only to minimize the cosmetic damage but to 
avoid damaging the axillary nerve that will be ade-
quately protected from the deltoid muscle.

5.6         Posterior Approach 

 The posterior approach  to the shoulder is indi-
cated in patients with a posterior glenohumeral 
instability  and in glenoid fractures  possibly asso-
ciated to proximal humerus fractures. This 
approach is also utilized to treat malignant or sus-
picious tumors in order to avoid infi ltrating the 
anterior neurovascular fascia. 

5.6.1     Technique 

 The patient is placed in the lateral position or in 
the prone position with the shoulder and/or the 
superior part of the shoulder free. A vertical 
incision is performed from the posterolateral 
margin of the acromion by extending it for 
6–10 cm slightly above the posterior axillary 
fold. The fi bers of the deltoid are divided anteri-
orly, and the spine of the scapula is identifi ed. 
The approach makes it possible to pass between 
the infraspinatus and the teres minor. If a larger 
exposure is needed, the infraspinatus and the 
teres minor tendons can be isolated and dis-
sected [ 34 ]. 

 When a larger exposure is required (fractures 
of the scapula and of the humerus), it is better to 
perform an S-shaped incision as described by 
Judet [ 4 ]. The incision starts at the level of the 
inferomedial angle of the scapular blade, and it 
continues with an arch-shaped line toward the 
medial part of the spine of the scapula. Then 
it follows the scapular spine laterally up to the 

margin of the acromion. This approach can be 
further extended superiorly above the clavicle, 
and it can continue anteriorly with the deltopec-
toral approach. Subperiosteal dissection of the 
trapezius and the posterior portion of the deltoid 
is performed so as to preserve the skin blood sup-
ply. The external rotators and the lateral and long 
head of the triceps are clearly identifi ed. If an 
intra-articular approach is necessary, the interval 
between the teres minor and the infraspinatus 
muscle is identifi ed. So it is possible to avoid 
damaging the suprascapular nerve  which inner-
vates the infraspinatus and the axillary nerve that 
innervates the teres minor. After separating the 
muscles from the joint capsule, the surgeon can 
access all the posterior parts of the glenohumeral 
joint. If it is necessary to reach the posterior part 
of the glenoid or the neck of the scapula, it is cru-
cial to achieve a subperiosteal exposure so as to 
avoid damaging the intramuscular branches of 
the axillary nerves (teres minor) or of the supra-
scapular nerve (infraspinatus muscle). Otherwise, 
in order to obtain a better exposure, it is possible 
to perform a tenotomy at about 1 cm from the 
insertion of the infraspinatus and the teres minor 
trying to preserve the lower third as to avoid risks 
of injury to the axillary nerve  (Fig.  5.7 ).

5.6.2        Limitations 

 The posterior vertical incision limits the surgical 
access to the neck of the scapula and to the poste-
rior part of the glenohumeral joint. The deep dis-
section of the trapezius and deltoid muscles is 
designed to create a large fl ap to provide a blood 
supply to the skin.  

5.6.3     Risks 

 With this approach, there are major risks for the 
suprascapular neurovascular bundle, for the pos-
terior circumfl ex artery, for the axillary nerve, 
and for the radial nerve.   
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5.7     Variations to the Posterior 
Approach 

5.7.1     Extended Posterior Proximal 
Humeral Approach 

 This approach described by Berger and 
Buckwalter [ 35 ] allows for a posterior access into 
the proximal portion of the humerus, and it is an 
alternative with respect to the extended anterior 
deltopectoral approach. The route goes through 
the deltoid muscle supplied by the axillary nerve 
and the lateral head of the triceps supplied by the 
radial nerve . 

 The patient is placed in the lateral position, and 
the lateral incision starts three fi ngers distally with 
respect to the posterior margin of the acromion, in 
the palpable space between the deltoid and the tri-
ceps up to the deltoid tuberosity. The lateral head 
of the triceps is slightly retracted medially up to its 
proximal insertion. It is crucial to avoid damaging 
the radial nerve that is in contact with the humerus 
at about two fi ngers proximally with respect to the 
deltoid tuberosity. The deltoid is retracted later-
ally. Proximally, the approach is limited by the 
axillary nerve and by the posterior circumfl ex ves-
sels, at about the intersection between the deltoid 
muscle and the lateral head of the triceps.  

a b

c

d

  Fig. 5.7    Posterior approach. ( a ) The patient is placed in 
the lateral position. An S-shaped incision is performed, 
which starts at the level of the inferomedial angle of the 
scapular blade and continues with an arch-shaped line 
toward the medial part of the spine of the scapula and fol-
lows the scapular spine laterally up to the margin of the 
acromion. ( b ) Subperiosteal dissection of the trapezius and 

the posterior portion of the deltoid is performed so as to 
preserve the skin blood supply. ( c ) The interval between 
the teres minor ( TM ) and the infraspinatus ( IS ) muscle is 
identifi ed. ( d ) Subperiosteal exposure and internal fi xation 
of fractures of the scapular blade and glenoid neck. The 
infraspinatus and the teres minor tendons can be detached 
from their insertion in order to obtain a better exposure       
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5.7.2     Posterior Subdeltoid 
Approach 

 The skin is incised along the inferior margin of 
the spinal part of the deltoid muscle. The muscle 
is retracted superiorly and laterally [ 36 ] (Fig.  5.8 ). 
This can be facilitated by slightly lifting the arm 
at a maximum of 60° to avoid dislocating and 
damaging the axillary nerve . Starting from its 
posteromedial margin, the deltoid muscle is care-
fully detached and lifted from its deep fascia. In 
this way, the axillary nerve is protected. So the 
external rotators are exposed and then retracted 
or dissected as already explained.

   The posterior subdeltoid approach  allows for 
an optimal exposure of the whole glenohumeral 
joint, of the posterior aspect of the scapular neck, 
of the posterior portion of the humeral head, and of 
the greater tuberosity. It is indicated for glenohu-
meral stabilizations, to remove benign soft  tissue 

or bone tumors and to reduce and fi x fractures of 
the humerus and the posterior glenoid. The main 
limitation of this approach is its high degree of 
invasiveness and its poor cosmetic outcome.  

5.7.3     Posterolateral Approach  

 The patient is placed in the lateral position, with 
the arm free to move in all directions [ 37 ]. The 
surgeon is behind the patient, the fi rst assistant 
to his side, and the second assistant in front. 
The skin incision is slightly curved; it follows 
the spine of the scapula and the tubercle of the 
trapezius muscle along the posterior margin of 
the acromion up to the deltoid for about 5 cm. 
The deltoid is detached from the spine of the 
scapula up the posterior margin of the acro-
mion. Starting from the lateral margin of the 
acromion, the deltoid muscle is divided along 
its fi bers into an anterior and posterior portion. 
If the incision of the muscle follows the con-
vexity of the humeral head, there is no risk of 
damaging the axillary nerve. The subdeltoid 
bursa  is largely detached to expose the external 
rotators. If it is necessary to access the joint, 
there are two possibilities: a less invasive one 
that uses the plane between the two external 
rotator muscles, by cleaving them from the cap-
sule, or a more invasive one that envisages the 
detachment of the external rotators . Inferiorly, 
in order to avoid damaging the axillary nerve, 
the insertion of the teres minor is identifi ed 
and partly dissected, by preserving the lower 
third. Then, the external rotators are detached 
through a 3 mm osteotomy from the posterior 
part of the greater tuberosity. The two muscles 
are cautiously retracted medially. The capsule 
is detached at the time of the osteotomy, and a 
capsulotomy can be performed so as to expose 
the humeral head. At the end of the procedure, 
the tendons of the external rotators are rein-
serted with transosseous sutures to the greater 
tuberosity. The deltoid is reinserted to the spine 
of the scapula and to the acromion with transos-
seous sutures. 

 This approach provides an intra-articular 
access that preserves the subscapularis muscle, 
thus reducing the risks of anterior instability.  

  Fig. 5.8    Posterior subdeltoid approach. The skin is 
incised along the inferior margin of the spinal part of the 
deltoid muscle. The muscle is retracted superiorly and 
laterally       

 

5 Proximal Humerus: Surgical Approaches



56

5.7.4     Posterosuperior Approach  

 This approach makes it possible to obtain a large 
exposure of the posterior part of the glenoid and 
of the rotator cuff. In some selected cases, it is a 
valid alternative to an extended deltopectoral 
approach [ 38 ]. The patient is placed in the lateral 
position with the shoulder facing up. A Z-shaped 
incision is performed starting from the anterolat-
eral corner and is continued posteriorly along the 
lateral border of the acromion, with a curved path 
over the scapula, and then it is extended down-
ward on the posterior part of the shoulder. The 
acromion and the deltoid muscle are exposed. A 
special acromial plate is placed on the lateral 
margin of the acromion. The plate is anatomi-
cally adjusted to the profi le of the acromion, and 
it is temporarily fi xed with two Kirschner wires 
(K-wires) passed through the pin holes. A split-
ting of the deltoid fi bers is performed for about 
2 cm medially with respect to the posterior angle 
of the acromion, for about 5 cm. The anterome-
dial fi bers of the deltoid are dissected from the 
anterolateral angle of the acromion, for about 
2 cm. After establishing the osteotomy line, the 
K-wires are removed from the plate, and then an 
osteotomy of the acromion  is conducted. A trian-
gular bone segment, including the posterior three 
quarters of the lateral margin of the acromion and 
its posterior angle, is caudally dislocated, and the 
rotator cuff is exposed. In performing the osteot-
omy, the anterior part is treated with the utmost 
care to spare the anterior part of the acromion so 
as to avoid weakening the coracoacromial arch. 
Medially, near the suprascapular notch and the 
base of the acromion, it is easy to identify by pal-
pation the interval between the muscular portions 
of the infraspinatus and of the supraspinatus as 
well as the anterior capsule. If the incision is 
extended too much medially beyond the glenoid 
margin, the suprascapular nerve  can be damaged. 
The infraspinatus and part of the teres minor are 
detached from the greater tuberosity. Most often, 
it is preferable to detach the tendons with a bone 
chip to facilitate healing. Particular attention 
must be paid to the axillary nerve in the quadri-
lateral space and to the suprascapular nerve in the 
suprascapular notch  [ 39 ]. At the end of the proce-

dure, the infraspinatus and the teres minor ten-
dons are reinserted into the greater tuberosity, 
and the acromion is fi xed with an acromial plate 
with two 2.7 mm cannulated screws. Finally, the 
plate is further fi xed to the spine of the scapula 
with two or three 2.7 mm screws. 

 This type of approach is not used on a routine 
basis in shoulder surgery. However, it provides 
an excellent exposure of the glenoid, which 
makes it ideal to reduce and fi x intra-articular 
fractures.   

5.8     Axillary Approach 

5.8.1     Indications 

 This approach is rarely utilized because it 
requires the preparation of the neurovascular 
structures. However, it is not too aggressive and 
the scar is hardly visible. It gives the shoulder a 
good exposure for anterior stabilization and for 
capsular release.  

5.8.2     Technique 

 The patient is placed in a beach-chair position 
with the arm in maximum abduction. The inci-
sion is performed on the tip of the axilla  at the 
beginning of the anterior pillar and ends at the 
level of the posterior pillar. The skin is largely 
detached and retracted anteriorly and superiorly. 
The latissimus dorsi  is identifi ed inferiorly and 
the deltoid and the pectoralis major muscles  
superiorly. The axillary fat is removed with a 
blunt excision, thus exposing the neurovascular 
structures: the chords of the brachial plexus, the 
axillary artery, the circumfl ex nerve, and the 
anterior circumfl ex artery of the humerus. By 
retracting the neurovascular structures, the sub-
scapularis muscle is exposed. Once the subscapu-
laris tendon is dissected at 2.5 cm from its 
insertion and retracted medially, the glenohu-
meral joint capsule is exposed. It is possible to 
reach the glenohumeral joint with an incision that 
follows the posterior margin of the anterior axil-
lary fold.  
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5.8.3     Limitations 

 This route allows for the anterior and inferior 
exposure of the shoulder joint, but it should be 
avoided in case of tumor biopsies, because of the 
adjacent neurovascular structures. The incision 
can be extended beyond the axillary fold but to 
the detriment of the cosmetic result.      
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        Closed reduction and percutaneous fi xation in 
cases of proximal humeral fractures was fi rst 
described by Bohler in 1962 in children [ 1 ]. Since 
then the literature has mainly focused on adults 
with a wide range of results. In fact this offers 
obvious advantages: the limited disruption of soft 
tissues and periosteum reduces the risk of avascu-
lar necrosis [ 2 – 8 ]; the articular surfaces and the 
rotator cuff are preserved, so the risk of fi brosis 
and stiffness is low [ 9 ]; the cosmesis is improved 
and this treatment is cheaper than others, so it can 
be a good choice in developing countries [ 10 ]. 
The disadvantages of this technique include the 
potential complications such as pin migration, 
loss of reduction, and pin-site infection; the learn-
ing curve is long, and an anatomic reduction is 
often not achieved; nevertheless, we have to state 
that good results are reported all the same [ 11 –
 15 ]; moreover the revision rate is around 10 %, 
and some authors show a rate of 30 % [ 16 – 21 ]. 

 The percutaneous treatment has been over-
looked because of these negative aspects, and sur-
geons have been increasingly interested in other 

options such as the locking compression plate 
(LCP). However, this hardware has been recently 
criticized because of poor functional results, a 
high revision rate, and complications [ 22 – 25 ]. 

6.1     Anatomic Considerations 

 Surgeons considering the closed reduction and inter-
nal fi xation with pins need to have in-depth knowl-
edge of both the musculoskeletal structures around 
the shoulder and their behavior in the event of frac-
tures and the structures to be avoided so that damage 
is not caused and complications do not arise. 

6.1.1     Relationship Between 
Humeral Diaphysis and 
Epiphysis, Anatomic 
Segments, and Their 
Displacement Direction 

 Before starting surgery the tridimensional geom-
etry of the proximal humerus must be clear. 
Various authors have described the normal neck- 
shaft angle , which corresponds to pin direction in 
the frontal plane. We usually refer to Iannotti: the 
angle between the plane of the humeral articular 
margin and the longitudinal axis of the humeral 
diaphysis measures 45 ± 5° [ 26 ]. 

 Because of the retroversion angle , the humeral 
head lies posterior to the diaphysis in the frontal 
plane; the angle is determined in relation to the 
transepicondylar axis and is around 18° [ 27 ,  28 ]. 
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 Regarding the anatomic segments and their 
displacement direction, we refer to the Chap.   4    .  

6.1.2     Vessels and Nerves 

 The axillary nerve  and the circumfl ex arteries  are 
the most important structures. Various authors 
have described superfi cial landmarks which can 
be useful to avoid vascular and nervous injuries 
during surgery. The lateral pins can cause injury 
in particular to the anterior branch of the axillary 
nerve and the posterior circumfl ex artery. Rowles 
states that the starting point of these pins should 
be at or distal to a point along the lateral aspect of 
the shaft equal to twice the distance from the top 
of the humeral head to the inferiormost margin of 
the articular cartilage of the humeral head [ 29 ]. 
Other authors showed that the distance between 
the lateral edge of the acromion and the anterior 
branch of the axillary nerve is around 5, 3.1 cm in 
some cases [ 30 ]; this is confi rmed also by 
Kamineni, who identifi ed the nerve 5.7 cm along 
the lateral aspect of the arm and 5.1 cm along the 
anterior aspect [ 31 ], while Burkhart demon-
strated the nerve to be an average of 7.9 cm in 
males, and 6.9 cm in females, distal to the acro-
mion in the anterior clavicular line [ 32 ]. 

 The main trunk of the axillary nerve and the 
posterior humeral circumfl ex artery are particu-
larly at risk from the greater tuberosity pins placed 
proximal to distal and lateral to medial. The sur-
geon should aim for a point >20 mm distal from 
the inferior extent of the humeral head and should 
place these pins with the shoulder in external rota-
tion: so that the axillary nerve and the posterior 
humeral circumfl ex artery are relaxed and tend to 
move farther away from the pins [ 29 ]. 

 The deltoid tuberosity  is an important land-
mark and corresponds to the lateral edge of the 
acromion. Anterior to this landmark the axillary 
nerve is already split into distinct smaller 
branches. So the pins placed in this area can 
cause injury to just a few of these small branches 
[ 33 ]. Moreover a pin insertion point proximal to 
the deltoid tuberosity means that the radial nerve 
is avoided [ 12 ,  31 ]. In the case of anterior pin 
placement, the surgeon must keep in mind that 

there is no truly safe zone anteriorly: the long 
head of the biceps is between the cephalic vein 
(lateral) and the musculocutaneous nerve 
(medial) [ 29 ]. However, the effectiveness of ante-
rior pins here is debatable.   

6.2     Biomechanical 
Considerations 

 Percutaneous fi xation with pins has been criticized 
because of lack of stability and, as a consequence, 
a high risk of loss of fi xation and pin migration. 
Calvo    reports a migration rate of 36 % [ 34 ], while 
the rates reported by Kocialkowski and Wallace 
[ 35 ] and Yu et al. [ 36 ] are 41 % and 24 out of 64 
cases, respectively. In contrast other systems seem 
to be more stable and reliable. There are different 
biomechanical studies  dealing with this matter. 
Koval in a cadaver study compares the T-plate 
with the Schantz pins: the pins provide less resis-
tance, regardless of their confi guration [ 37 ]. 
Wheeler compares the intramedullary nail with the 
percutaneous pinning in the case of three-fragment 
fractures created on cadavers and shows that the 
fi rst implant provides higher stability and stiffness; 
however, the author also stated that if extensive 
comminution is present, the purchase provided by 
the interlocking screws of the intramedullary 
device may be inadequate, and percutaneous pin-
ning may be more effective [ 38 ]. 

 However, confl icting results and complications 
associated with rigid systems such as LCP  have 
reduced the initial enthusiasm. The risk of hard-
ware cutout signifi cantly increases, overall in high 
osteopenic patients [ 37 ,  39 ]. Semirigid implants 
have been taken into consideration again [ 40 ]. 

 Various tips and pearls are described to reduce 
the risk of pin migration:
•    The surgeon must avoid using smooth pins , 

even though some authors state that they can 
be used successfully in young patients with 
high-quality bone [ 41 ]: the high migration 
rate reported by Kocialkowski is mainly 
caused by smooth pins [ 35 ].  

•   Terminally threaded pins are more reliable 
because both the cortical and the subchondral 
bones are engaged.  
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•   Various authors recommend cutting the pins 
and bending them beneath the skin [ 19 ,  42 ,  43 ].  

•   Some authors describe the use of pins and 
screws together [ 15 ].  

•   Some other implants have been created such as 
the Humerusblock [ 16 ,  44 ,  45 ], the ButtonFix 
[ 46 ], and the Humerusblock NG [ 47 ].    
 Various authors have carried out biomechani-

cal tests to fi nd the best pin confi guration. Jiang 
compares the box confi guration with the fan- 
shaped confi guration in cases of two-fragment 
fractures: the fi rst one provides better torsional 
stability, in particular when 1 cm is used for the 
pin-to-pin distance [ 48 ]. Koval instead shows 
that three pins placed in a triangular confi gura-
tion inserted from distal to proximal into the sub-
chondral bone of the humeral head and one pin 
inserted from the greater tuberosity into the 
medial shaft provide the most stable confi gura-
tion [ 37 ]. In the study by Naidu, the confi guration 
with two retrograde lateral pins, one retrograde 
anterior pin, and two bicortical tuberosity pins is 
the best; moreover multiplanar pins increase tor-
sional stiffness, while the bending rigidity mostly 
relies on the number of cortices engaged. 
However, the author stresses the importance of 
using threaded pins engaging both the lateral cor-
tex and the subchondral bone: this is more impor-
tant than pin confi guration [ 49 ]. 

 The plate is usually biomechanically superior 
to the percutaneous pinning [ 50 ]; however, some 
authors state that this is more stable than T-plate/
screw fi xation in cases of osteopenia [ 37 ]. 

6.2.1     Authors’ Opinion 

 We planned a biomechanical study whose aim 
was to improve pin stability  [ 51 ]. We compared 
different pin confi gurations, we evaluated the sta-
bilization provided by an external fi xator, and we 
compared the percutaneous pinning (with and 
without external fi xation) with the LCP. Our 
results allow us to state that:
•    The box confi guration is the stiffest and 

strongest.  
•   Osteosynthesis is much more stable if we use 

fully threaded pins  with wider diameter; the 

 longer thread engages the lateral cortex: as a 
result the migration of the pins is diffi cult even 
without engaging the subchondral bone; as a 
consequence iatrogenic articular lesions 
decrease.  

•   Augmentation with external fi xation (Fig.  6.1 ) 
makes the osteosynthesis more stable: the 
LCP is still more resilient than the percutane-
ous technique, but the stiffness and strength of 
the construct did not differ signifi cantly from 
that of the LCP.
      Going by the results described, we have modi-

fi ed the percutaneous technique: we have started 
using pins with a longer thread (7 cm), and we 
have stabilized the pins with an external fi xator. 
These two changes increase the resistance to 
pullout by a factor of 8; moreover the external 
fi xator  reduces the importance of pin confi gura-
tion in implant stability.   

6.3     What Kind of Fractures? 

 The conditions required for a correct percutane-
ous technique are a stable closed reduction, a 
good bone stock, a minimal comminution (par-
ticularly involving the tuberosities), an intact 
medial calcar, and good patient compliance [ 52 ]. 

 The two-fragment fractures involving the 
humeral surgical neck are the most suitable for 
treatment with this technique [ 12 ,  34 ,  52 ,  53 ]: it 
is reported by various authors that the worst 

  Fig. 6.1    An example of the “hybrid technique”: pins, 
with a longer thread, are easily joined together by clamps 
and carbon rods       
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results associated with percutaneous pinning are 
achieved in fractures involving the tuberosities 
[ 34 ,  54 ]. Even though different authors report 
bad results in displaced three to four-fragment 
fractures [ 55 ,  56 ], recently these fractures have 
been supposed to be increasingly suitable for the 
percutaneous technique [ 15 ,  42 ], especially in 
cases of valgus impacted fractures [ 57 – 60 ]. 

 The patient’s age is an important aspect. Some 
authors recommend this surgical treatment when 
the patient is young because of high bone quality 
[ 41 ]. But Calvo, referring to three-fragment frac-
tures, states that young patients are better suited 
to open reduction and internal fi xation because 
better reduction can be achieved, while for older 
patients closed reduction and external fi xation 
may be suffi cient [ 34 ]. Also Carbone, dealing 
with a particular implant called MIROS, states 
that percutaneous pinning is a good choice for 
older patients [ 61 ]. 

6.3.1     Authors’ Opinion 

 We believe the majority of fractures can be 
treated with pins, either with a closed technique 
or with an open one: in fact, even in cases of 
complex fractures, the surgeon can perform an 
open reduction followed by percutaneous osteo-
synthesis. Hertel has focused our attention on the 
medial hinge  [ 62 ], but its continuity does not 
strictly correlate with the humeral head blood 
supply [ 63 ], especially in young patients (up to 
the age of 60). In fact the possible avascular 
necrosis can be completely asymptomatic; in 
cases of disability it can be treated with a pros-
thesis. Moreover joint replacement is easier with-
out any hardware to be removed. 

 This technique is contraindicated in cases of:
•    Fractures without a good lateral cortex where 

the pins are introduced and engage.  
•   Splitting of the humeral head : it is a relative 

contraindication because the risk of avascular 
necrosis is high; however, Resch believes that 
young patients with an AOC3-type fracture 
deserve an attempt at osteosynthesis [ 33 ].  

•   Tuberosity highly comminuted: the fragments 
must keep their anatomic integrity.  

•   Fractures with diaphysis involvement: it is a 
relative contraindication because a different 
pin confi guration described below can get 
round this problem.      

6.4     Surgical Technique 
and Postoperative Care 

 The main steps of this procedure are two, as 
described by different authors: the closed reduc-
tion using the C-arm (we referred to the Chap.   4    ) 
and the percutaneous fi xation. 

 The operation is usually performed under gen-
eral anesthesia, but the interscalenic block is also 
a good option [ 15 ,  33 ,  42 ,  61 ]. 

 Correct patient position is mandatory. Even 
though some surgeons prefer the lateral position 
[ 35 ], usually we have to choose between the supine 
position and the “beach-chair” position to perform 
the deltopectoral approach. Some authors use pins as 
joysticks during the reduction maneuvers [ 64 – 66 ]. 

 Nowadays we know that pins must be terminally 
threaded. Different diameters are used: 2.5 mm pins 
are the most used [ 12 ,  31 ,  36 ,  41 ,  42 ,  52 ,  67 ], but 
also the 0.3 mm [ 43 ], 2 mm [ 31 ], 2.8 mm [ 9 ], and 
3 mm [ 64 ] ones are suitable. Surgeons usually refer 
to Jaberg’s technique regarding the number of pins 
to be placed: he states that the percutaneous osteo-
synthesis needs at least three pins (fi ve pins in cases 
of three- fragment fractures involving the greater 
tuberosity), two laterally and one anteriorly [ 12 ]; 
the anterior pin is challenging, mainly because of 
the anterior structures it can injure [ 29 ]. Percutaneous 
pin placement options include retrograde lateral, 
retrograde anterior, retrograde anterolateral, ante-
grade through the humeral head, antegrade postero-
lateral through the greater tuberosity, and antegrade 
superomedial through the lesser tuberosity, depend-
ing on the fragments displaced [ 34 ]. Other authors 
use only antegrade pins [ 67 ]. 

 Herscovici et al. [ 19 ] stresses three important 
technical points:
•    The starting point of the pins should be at least 

2 cm distal to the fracture.  
•   A wide pin spread should be performed.  
•   The pins should reach, but not go through, the 

subchondral bone.    
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 The surgeon placing the pins must remember 
the humeral head retroversion (about 20°). They 
should be angled approximately 45° to the shaft in 
the coronal plane and 30° to the shaft in the sagit-
tal plane [ 41 ]. Some authors suggest cutting and 
bending the pins beneath the skin to reduce the 
risk of infection and mobilization [ 19 ,  42 ,  43 ]. 

6.4.1     Augmentation of Pins by 
External Fixation 

 Pins can be used as external fi xator  fi ches [ 68 , 
 69 ], and this is a good option in cases of complex 
fractures [ 65 ]. Over the years we have stopped 
using bulky implants such as the Hoffman exter-
nal fi xator [ 49 ,  65 ,  68 – 70 ], and now we prefer 
more compact ones [ 64 ,  66 ]. The basic principle 
is still the classic external fi xation as a bridge 
between the fracture stumps stabilizing after per-
forming the reduction.  

6.4.2     Authors’ Opinion 

 Basing ourselves on the biomechanical study illus-
trated above [ 51 ], we have modifi ed the percutane-
ous technique by introducing the so-called hybrid 
technique : it is based on the basic pinning principle 
(pins, with a longer thread, must go through the 
fracture) associated with an external fi xator. Pins 
are easily joined together by clamps and carbon 
rods. Then we compared this surgical technique 
with the classic one in cases of two-/three-/four-
fragment fractures: the results we achieved after 12 
months of follow-up were statistically better in the 
group treated with the new technique, mainly with 
regard to complications (6 vs 16), revision rate 
(4 % vs 19 %), pin migration rate (1 vs 8), and 
modifi ed Constant score (89 ± 9 vs 77 ± 14) [ 71 ]. 

6.4.2.1     Postoperative Care 
 The protocols described in the literature generally 
state that immediately after surgery, the arm is 
immobilized in adduction in a simple sling (an 
abduction sling does not seem necessary [ 15 ]) 
generally worn for 3–4 weeks [ 9 ,  12 ,  35 ,  36 ,  42 ]. 
Some authors postpone passive exercises until the 

patient stops wearing the sling, while other authors 
recommend passive exercises and pendulum exer-
cises from the day after surgery [ 15 ,  41 ,  64 ,  67 ]. 
Instead there is considerable variability as regards 
the active exercises: from the fi rst to third weeks 
[ 64 ], from the fourth [ 15 ], from the sixth [ 57 ], and 
from the seventh [ 34 ]; Ebraheim uses the mini-
external fi xator and lets the patient move their arm 
actively even from the fi rst day after surgery [ 66 ]. 

 Pins are usually removed in the outpatients’ 
department, under local anesthesia if necessary 
[ 15 ], but some prefer to remove them in the oper-
ating room under sedation [ 9 ]. Removal is usu-
ally performed at 3–6 weeks postoperatively [ 9 , 
 15 ,  33 – 35 ,  42 ]. Some authors describe removal 
on two different days, for example, Jaberg 
removes the tuberosity pins at 3 weeks postoper-
atively, while other pins at 6 weeks postopera-
tively [ 12 ]; Magovern removes tuberosity pins at 
3–4 weeks postoperatively, while other pins are 
removed at 4–6 weeks postoperatively [ 52 ]; 
Seyhan places only four antegrade pins and 
removes two of them at 4 weeks postoperatively 
and the other 2 at 6 weeks after surgery [ 67 ]. 
Other authors describe pin removal at 6–8 weeks 
postoperatively [ 64 ] or even at 9–12 weeks [ 66 ]. 
However, there is no scientifi c rationale regard-
ing either the best way to wear the sling or the 
best time to start passive/active mobilization, and 
no one knows whether late pin removal  induces 
better healing of the fracture. The wide range of 
pin removal times may depend on the individual 
surgeon’s familiarity with the fi xation system.  

6.4.2.2     Authors’ Preferred Surgical 
Technique 

 An optimal patient resting position is mandatory 
and depends on the type of surgery to be per-
formed: closed reduction (supine position ) or 
open reduction (beach-chair position ). The surgi-
cal fi eld must be prepared so that the surgeon can 
fully move the shoulder and can see and palpate 
the acromioclavicular joint and the coracoid: 
these are very important landmarks for the osteo-
synthesis (Fig.  6.2 ).

   An inaccurate surgical fi eld usually leads to 
mistakes in the pin insertion point. Osteosynthesis 
starts after the reduction maneuvers which we 
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have described in the previous chapter (Chap.   4    ). 
We prefer using self-drilling and self-tapping pins 
300 mm long, 2.5 mm in diameter, and with a 
thread 7 cm long, even though the long thread has 
been blamed for causing soft tissue injuries [ 52 ]. 
Two lines on the pins (12 and 14 cm) are useful 
landmarks during the percutaneous insertion. The 
system is sold as the “Galaxy Shoulder” (Orthofi x 

Srl, Via delle Nazioni 9, 37012 Bussolengo, 
Verona, Italy). The assistant must keep the arm 
parallel to the fl oor (which is our reference) while 
keeping the fracture reduced: so the humeral head 
is posterior to the diaphysis thanks to its own 
physiological offset. An adequate check with the 
C-arm is mandatory, mainly when the surgeon is 
placing the fi rst retrograde pin and the antegrade 
pins. The fi rst pin starting position is 9–10 cm dis-
tal to the lateral edge of the acromion, 4–5 cm 
proximal to the deltoid tuberosity and anterior to 
the lateral line parallel to the diaphysis and going 
through the lateral edge of the acromion (Fig.  6.2 ). 

 The pin is inserted 20–25° retroverted and 
pointing to the tip of the coracoid. The number 
and starting points of pins depend on fracture 
type. In the case of a two-fragment fracture, we 
use four retrograde pins (Fig.  6.3 ). In three- and 
four-fragment fractures (without or with low 
tuberosity dislocation), an attempt at closed 
reduction may be made; then we need two more 
antegrade pins to fi x the humeral head and the 
greater tuberosity (Fig.  6.4 ). The starting point is 
just lateral to the lateral edge of the acromion and 
corresponds to the humeral footprint. One pin-
points to the humeral head apex, the other one 
just beneath the medial hinge.

    Our quite lengthy experience of percutaneous 
pinning has led us to consider it an alternative 

  Fig. 6.2    With a dermographic marker the sites of the 
coracoid, of the coracoacromial ligament, of the deltoid 
insertion, of the acromion, and of the acromioclavicular 
joint are highlighted. The lateral longitudinal line is a very 
useful landmark for the axillary nerve (about 5 cm distal 
to the lateral edge acromion) and for the fi rst pin starting 
position (9–10 cm distal to the lateral edge of the 
 acromion, 4–5 cm proximal to the deltoid tuberosity and 
anterior to the line)       

  Fig. 6.3    An example of a two-fragment fracture before surgery ( a ), immediately after surgery ( b ), and after 1-year 
follow-up ( c )       
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treatment to internal fi xation even in cases of 
complex fractures. Some fracture patterns, such 
as valgus impacted    three-fragment fractures, 
fracture-dislocations, and four-fragment frac-
tures, are best treated with the open approach. 
The integrity of each anatomic structure is man-
datory: osteosynthesis can be performed only if 
tuberosities are not highly comminuted. 

 We start with the deltopectoral approach . The 
fi rst step is to recognize the anatomic structures 
(long head of the biceps, lesser and greater tuber-
osity), and an accurate bursectomy can be helpful. 
The preoperative CT is very useful and helps us 
to plan surgery and to operate between bone frag-
ments without further damage to the blood sup-
ply. In particular we have to look for the greater 
tuberosity posteriorly and superiorly to the long 
head of the biceps, while the lesser tuberosity is 
usually medial to it, often beneath the conjoint 
tendon. Tuberosities must be held by bioresorb-
able sutures through tendon insertion. This pre-
vents further comminution of fracture fragments 
during reduction maneuvers. The correct ana-
tomic reduction can be helped by landmarks such 
as the greater tuberosity height or the distance 
between the upper border of the pectoralis major 
tendon insertion on the humerus and the top of 
the humeral head (usually around 55 mm [ 72 ]). 
The humeral head is usually rotated showing the 

surgeon its articular surface and has to be prop-
erly replaced. The subsequent surgical steps are 
quite similar to those of any open reduction tech-
nique, but, after positioning the fragments cor-
rectly, the fi rst two pins used to fi x the head and 
the diaphysis together must be placed through the 
skin because they will take part in the defi nitive 
osteosynthesis. The C-arm lets the surgeon evalu-
ate the initial correction achieved. 

 In the case of three- or four-fragment fractures, 
we augment the fi xation with osteosutures  of the 
tuberosities to oppose the traction forces caused 
by the supraspinatus and subscapularis tendons. 
We use three nonbioresorbable sutures dec    5: one 
for the supraspinatus tendon, one for the subscap-
ularis tendon, and one to fi x both tendons to the 
diaphysis (the hole in the diaphysis is made next 
to the tubercular groove, where bone quality is 
higher). Then percutaneous osteosynthesis is 
completed with four more pins: two from the 
diaphysis to the head with a distal to proximal 
direction and two from the greater tuberosity 
toward the medial hinge with a proximal to distal 
direction. The fi nal fl uoroscopic check and the 
wound suture complete the surgery. The pins are 
then joined together by the external fi xator. 
Sometimes, depending on fracture type, two more 
pins can be used as a true external fi xator fi xing 
the system to the diaphysis (Fig.  6.5 ).

  Fig. 6.4    An example of three-fragment fracture before surgery ( a ), immediately after surgery ( b ), and after 1-year 
follow-up ( c )       
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   Patients are usually discharged from the hos-
pital within 2 or 3 days of surgery. They wear a 
shoulder sling which keeps the arm adducted 
until the pins are removed; this takes place in our 
outpatients’ department without anesthesia. 
Active elbow and wrist mobilization is encour-
aged from the fi rst day after surgery; patients can 
start pendulum exercises as soon as they can bear 
the pain. Even though there is insuffi cient evi-
dence to say when to start mobilization (there is 
only some evidence to support earlier arm move-
ment for less serious fractures [ 73 ]), we believe 
that, if the pain is controlled, patients should start 
rehabilitation as soon as possible. Patients 
undergo a weekly follow-up in our outpatients’ 
department to have their surgical wounds dressed. 
Passive mobilization associated with external and 
internal rotations usually starts 3 weeks postop-
eratively, while patients are allowed to actively 
move their shoulder 6 weeks after surgery. X-rays 
are performed before discharge, 1 week, 6 weeks, 
and 3 months after surgery.    

6.5     Complications 

6.5.1     Pin Migration  

 First reported by Mazet [ 74 ], pin migration is 
probably what surgeons fear most. It rates between 
0 and 41 % [ 9 ,  34 – 36 ,  67 ,  75 ]. However, Calvo 

et al. [ 34 ] emphasizes that pin migration resulted 
in loss of reduction of the fracture in 10 % of 
patients, and revision surgery was considered 
only in two patients, even though the migration 
rate is high in his study (36 %). We do not know 
why shoulder pins are so prone to mobilization: 
factors such as muscular activity, respiratory 
excursion, capillary action, electrolysis, regional 
resorption of bone, gravitational forces, and the 
great freedom of motion of the upper extremity 
are thought to be involved [ 74 ,  76 ,  77 ]. Cases of 
thoracic cavity migration have been reported [ 78 ], 
but it must be stressed that there are no reports of 
migrated Kirschner wires from the proximal 
humerus to the thoracic cavity causing cardiac 
tamponade and sudden death [ 79 ]. In studies 
involving an external fi xator, the pin migration 
rate falls between 0 and 6 % [ 10 ,  61 ,  64 ,  66 ,  71 ].  

6.5.2     Avascular Necrosis  

 The risk of avascular necrosis (AVN) is between 
0 and 26 % [ 9 ,  12 ,  15 ,  19 ,  34 ,  42 ,  58 ,  61 ,  64 ], and 
symptoms or radiographic signs may also occur 
within 2 years after surgery; so patients should be 
followed for this length of time [ 9 ,  52 ]. We must 
keep in mind that:
•    The development of AVN is determined 

largely by the injury itself and not necessarily 
by the course of treatment [ 80 ].  

  Fig. 6.5    In cases of fractures with diaphysis involvement 
or highly unstable fractures (shown in the pictures), the 
traditional pinning technique is contraindicated because 

pins cannot engage both the lateral cortex and the sub-
chondral bone; pins can then be used as a true external 
fi xator       
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•   The AVN can be absolutely asymptomatic or 
just partially symptomatic [ 81 ].  

•   Only in a few cases of AVN are the functional 
results so bad that further surgery is needed; 
Gerber reports that the clinical results for 
patients with AVN without malunion were as 
good as those for patients treated with 
 hemiarthroplasty [ 82 ].     

6.5.3     Infection  

 Infection    rates are between 0 and 10 % for superfi -
cial infections and between 0 and 7 % for deep 
infections [ 10 ,  12 ,  34 – 36 ,  42 ,  43 ,  64 – 67 ,  70 ,  75 , 
 83 ]. Usually sequelae do not result from superfi cial 
infections, and the problem is easily resolved by 
pin removal and by using antibiotics if necessary. 
Only a small number of deep infections usually 
have to be surgically treated [ 12 ,  66 ]: Shabtai 
focused his study on infections associated with the 
use of an external fi xator in cases of proximal 
humeral fractures [ 83 ] and shows that all the infec-
tions (17 superfi cial and one deep among 46 
patients) healed without surgery. Some authors 
state that pins should be placed under the skin [ 52 ]. 

 Our preferred surgical technique has been criti-
cized because of the risk of infection. So we planned 
a retrospective multicenter study examining the risk 
factors potentially associated with infection after 
various types of proximal humeral fracture fi xation. 
Among the 209 patients who underwent pinning 
fi xation, nine (4.3 %) showed a deep infection and 
one of these needed further surgery. The factors that 
correlated with infection were the length of surgery, 
the preoperative lavage with chlorhexidine gluco-
nate, and the prophylactic antibiotic (it seems better 
to avoid the use of fi rst-generation cephalosporin in 
favor of more effective prophylactic therapy). The 
type of fi xation and the type of reduction (open vs 
closed) did not seem to affect the rate of infection. 
However, when patients who underwent a plate 
fi xation were compared with those treated with per-
cutaneous fi xation, the rate of further surgery 
needed to treat the infection was lower in cases of 
percutaneous fi xation. Of the fi ve cases that needed 
further surgery, four had had a plate fi xation and one 
a percutaneous fi xation ( p  = 0.047) [ 84 ].  

6.5.4     Loss of Fixation  

 Loss of fi xation is the main criticism of the pin-
ning technique and relates to pin mobilization: in 
fact it usually arises in cases of osteopenic patients 
and comminuted fractures. Many authors show a 
rate of 0 % [ 67 ,  70 ], but in Jaberg’s study the rate 
is 19 % (nine patients), and four cases needed a 
second closed fi xation [ 12 ]. Soete et al. [ 42 ] and 
Fenichel et al. [ 43 ] report a 13 and 14 % rate, 
respectively, while Calvo et al. [ 34 ] shows fi ve 
losses of fi xation on 74 patients, with two patients 
who underwent further surgery (one closed fi xa-
tion and one joint replacement with hemiarthro-
plasty). The rate of loss of fi xation decreases if the 
surgeon uses the external fi xator (0–9 %) [ 61 ,  64 –
 66 ]. In our comparison study of the hybrid tech-
nique and the traditional pinning technique, the 
rate was 2 and 17 %, respectively [ 71 ].  

6.5.5     Malunion  

 Malunion has been defi ned in various ways so it 
is diffi cult to compare patients across different 
studies. For example, Calvo reports a rate of 
28 % [ 34 ], while Jaberg 19 % [ 12 ] and Keener 
17 % [ 57 ]. The most common residual deformi-
ties include varus angulation of the head and pos-
terosuperior displacement of the greater 
tuberosity [ 52 ]. Calvo et al. [ 34 ] and Yu et al. [ 36 ] 
performed a radiographic evaluation using a 
numeric scale: an angulation between 20° and 
45° was scored as 1 point, and >45° was scored 
as 2 points; a displacement between 0.5 and 1 cm 
was scored as 1 point, and >1 cm was scored as 2 
points; if the angulation and displacement were 
lower than 20° and 0.5 cm, respectively, the qual-
ity of reduction was considered excellent and 
scored as 0 points; the score in each case ranged 
from a minimum of 0 (in perfectly reduced frac-
tures) to 12 points because the fi nal score for 
each case was the sum of the scores allocated to 
each fragment. Calvo reported a mean score for 
residual deformity of 2.16 ± 1.8 and stated that 
the score was signifi cantly higher in cases of 
reduction defects involving tuberosities [ 34 ]. Yu 
reported a mean value of 1.8 ± 1.3 and showed 
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that there was no statistical difference between 
the immediate postoperative imaging and the 
fi nal follow-up imaging [ 36 ]. It is important to 
remember that radiographic features may not 
correlate with clinical results: patients may well 
tolerate even quite signifi cant failure of bone 
healing [ 12 ,  34 ,  36 ,  52 ].  

6.5.6     Nonunion  

 The rates of pseudarthrosis are between 0 and 
4.5 % [ 12 ,  34 ,  35 ,  42 ,  43 ,  66 ,  67 ,  70 ,  75 ], but this 
latter rate refers to the study performed by 
Kocialkowski and Wallace [ 35 ] who used smooth 
pins. Jaberg’s patients developed nonunion in two 
cases out of 48, both surgical neck fractures. He 
supposed that there was unrecognized metaphy-
seal comminution leading to inadequate fi xation 
of the fragment [ 12 ]. Apparently whether using 
an external fi xator or not does not change the risk. 
Some authors believe that early removal of the 
fi xator can contribute to the nonunion rate [ 10 ].  

6.5.7     Peripheral Neurological Injury  

 These injuries are rare and can be avoided if the 
recommendations above are acted upon. Authors 
almost never report neurovascular lesions. They 
are very rare. Two patients included by 
Kristiansen in his study showed temporary par-
aesthesia of the brachial plexus postoperatively 
[ 65 ]. Kocialkowski reports one radial nerve palsy 
completely resolved [ 35 ].   

6.6     Results 

 Several large series have reported the results after 
percutaneous pinning of proximal humeral frac-
tures. Jaberg’s results are the most cited, but date 
back to 1992 [ 12 ]. 

 Seyhan et al. [ 67 ] has recently published his 
results of two-fragment valgus impacted frac-
tures treated with four antegrade pins. According 
to the Constant scoring system, 21 patients 
(58 %) had excellent, nine patients (25 %) had 

good, and six patients (17 %) had fair results. He 
reports no cases of deep infection, nonunion, 
avascular necrosis, or implant failure. 

 Harrison et al. [ 9 ] describes his results after a 
3-year follow-up. Some patients had already 
been included in a previous study [ 57 ]. The ASES 
score increased from 78.5 to 80.8, but the author 
focuses mainly on AVN and posttraumatic osteo-
arthritis . The AVN rate grew from 4.2 to 26 %, 
and ASES results were worse in cases of AVN 
(77 vs 84), but not signifi cantly. Sixty percent of 
patients affected by four-part fractures, 33 % of 
patients affected by three-part fractures, and 0 % 
of patients who had two-part fractures showed 
posttraumatic osteoarthritis: the average ASES 
score for those patients without posttraumatic 
osteoarthritis was signifi cantly better as com-
pared with an average ASES score of 74 for those 
with posttraumatic osteoarthritis (87 vs 74). 

 Zhang et al. [ 64 ] has recently evaluated the 
outcomes of 32 patients (mean age of 56 years, 
range 23–81) treated with closed reduction and 
external fi xation . The mean Neer score for injured 
shoulders improved from 53.2 ± 16.3 points at 8 
weeks’ follow-up to 83.2 ± 12.5 points at 1-year 
follow-up ( p  < 0.001). The rate of excellent and 
good results was 81 % (26 of 32) among all the 
cases. The incidence of excellent and good results 
in the subgroups with two-part, three-part, and 
four-part fractures was 91.7 % (11 out of 12), 
80 % (12 out of 15), and 60 % (3 out of 5), respec-
tively ( p  = 0.0525). Two patients had loosening of 
the pins, and one patient had a collapsed humeral 
head: all three patients eventually underwent 
hemiarthroplasty. There was no infection and 
impingement. 

 There are few studies comparing percutaneous 
pinning and other forms of treatment. Kralinger 
et al. [ 85 ] compared 12 patients treated with plate 
and screw with 71 patients treated with percuta-
neous pinning for two-/three-/four-part fractures 
and fracture-dislocations. Patients suffered sig-
nifi cantly more AVN after open treatment: fi ve 
patients (50 %) versus eight patients (12.7 %) in 
the percutaneous group. 

 We compared the results of two groups of 20 
patients, one treated with percutaneous pinning 
and the other with hemiarthroplasty  in complex 
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three-/four-fragment fractures. Functional results 
were signifi cantly better in the fi rst group (Constant 
score 72.35 ± 13.26 vs 48.1 ± 16.26; modifi ed 
Constant score 83 % ± 11 % vs 64 % ± 22 %) with-
out the involvement of factors such as age, type of 
fracture, delay in surgery, and complications. As 
regards complications, in the fi rst group we 
reported two cases of AVN (without symptoms) 
and one case of refl ex sympathetic dystrophy, 
thrombophlebitis, nonunion, and one pin mobili-
zation; in the second group we reported three cases 
of refl ex sympathetic dystrophy, one thrombophle-
bitis, and one subscapularis defi cit [ 86 ].  

    Conclusions 

 Even if proximal humeral fractures are among 
the most common fractures in the world, we 
are far from being able to defi ne one particular 
treatment as the gold standard. 

 Recently the real necessity for surgical 
treatment has been discussed [ 87 ]. Surgeons’ 
experience and confi dence with a particular 
surgical technique are still very important 
aspects and often determine what type of sur-
gery is performed. In fact it is diffi cult to eval-
uate the functional results. For example, 
Olerud, dealing with four-part fractures, com-
pared functional results after nonsurgical 
treatment with those obtained after hemiar-
throplasty at the fi nal 2-year follow- up; the 
quality of life was signifi cantly better in the 
second group compared to the fi rst one, but 
there were no signifi cant differences regarding 
the Constant score or range of motion [ 88 ]. 

 Furthermore it is often hard to compare 
results between different studies. A proper 
evaluation is probably more accurate if we 
consider the complications associated with 
each type of surgery. 

 After the initial enthusiasm for LCP  
because of its high stability [ 89 – 91 ], many 
studies have been published stressing high 
complication rates [ 22 – 25 ,  92 ] and important 
rates of additional surgery, reaching even 
30 % [ 93 ]. The articular screw perforation is 
the complication the surgeons fear most 
because of the possible disruption of the gle-
noid surface [ 92 ]. 

 Moreover, there are some studies that are 
rediscovering the conservative treatment . A 
randomized controlled trial comparing ten-
sion-band wiring with nonoperative treatment 
found no signifi cant difference in outcome at 
1, 3, and 5 years of follow-up [ 94 ]. Fjalestad 
et al. [ 95 ] found no evidence of a difference in 
functional outcomes at 1-year follow-up 
between surgical treatment with LCP and con-
servative treatment of displaced proximal 
humeral fractures in elderly patients. Sanders 
reports that results of ASES and patient satis-
faction scores were also tending toward non-
surgical treatment, and moreover surgical 
treatment had a higher complication rate, 
requiring more additional treatment [ 96 ]. 

 Among the different treatment options, per-
cutaneous pinning seems to be potentially asso-
ciated with better functional results than 
conservative treatment but is also associated 
with lower complication risks than LCP. To be 
specifi c, it is known that varus impacted frac-
tures usually have a poor prognosis if nonsurgi-
cally treated [ 75 ] and are prone to complications 
if treated with LCP [ 97 – 99 ]. Twenty-fi ve 
degrees of varus displacement seems to be a 
reasonable indication for surgery [ 75 ]. 

 We believe that what makes percutane-
ous pinning advantageous over other surgical 
treatments is the complete absence of hard-
ware around the shoulder after the treatment 
has been completed: around 50 % of second-
ary surgery after LCP osteosynthesis is repre-
sented only by hardware removal and release 
[ 93 ]. Even if we cannot state that percutane-
ous pinning reduces AVN risk, it certainly 
does not lead to its increase, and patients bet-
ter tolerate AVN without hardware such as 
plates and screws [ 9 ]. Even Humerusblock and 
Humerusblock NG are associated with these 
advantages, but they need surgery to remove 
the device screwed to the humeral shaft. 

 In order not to leave hardware in place per-
manently even in cases of complex fractures, 
open reduction followed by percutaneous pin-
ning can be performed [ 100 ]. Even though 
several studies have shown that clinical results 
can be satisfactory even in the presence of a 
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nonanatomic reduction of the fracture [ 11 ,  12 , 
 15 ,  101 ], we believe that this is mandatory if 
good surgery is to be performed [ 52 ]: if the 
surgeon cannot achieve a good closed reduc-
tion, an open one must be performed. 

 The use of pins with a longer thread aug-
mented by an external fi xator has allowed us 
to feel increasingly confi dent about a surgical 
technique that is not widely used. We do 
believe it has advantages compared to internal 
fi xation in cases of two- and three-part frac-
tures, where there is a high risk of AVN and in 
patients below the age of 65.     
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7.1            Introduction 

 Proximal humerus fractures represent about 5 % 
of all fractures [ 1 ], and recent studies    show that 
their incidence in the population over 75 years 
rises exponentially, with a probable increase of 
250 % in the next 30 years [ 2 – 5 ]. Three-part and 
four-part fractures represent a share of 13–16 % 
of the total amount of proximal humerus frac-
tures [ 4 ]. It is troublesome to indicate a univer-
sally accepted method of treatment, mainly 
because retrospective studies and meta-analyses 
have not yet clarifi ed if one protocol of treatment 
is superior to others. 

 At the present time a number of treatments for 
displaced three- and four-part proximal humeral 
fractures are available, everyone with limits and 
advantages. The most employed are:
•     Conservative treatment : This approach is 

reserved to patients in whom a surgical treat-
ment would be hazardous. Kraulis and Hunter 
in 1977 and then Stableforth [ 6 ] have shown 
that in three- and four-part fractures healing 
can be hampered by the interposition of soft 
tissues, and the persistence of pain and func-
tional limitation causes a delay in recovering a 

joint motion that can allow to perform the 
activities of daily living [ 6 – 10 ]. Moreover, 
worse clinical index results and lower ROM 
values have been recorded compared to the 
operated patients [ 11 ].  

•    Reduction and fi xation : Several techniques 
can be employed, like open, or mini-open, or 
percutaneous pinning. Some authors advocate 
external fi xation (in two-part or three-part 
fractures); others advise endomedullary nail-
ing or plate fi xation possibly together with 
bone sutures. Many cadaver studies have 
shown a superior stability and stress resistance 
of LCP compared to other fi xation devices 
[ 7 ,  8 ,  12 ].  

•    Shoulder prosthesis : This option was indi-
cated by Neer as the gold standard in four-part 
fractures, whereas nowadays it is usually con-
sidered as the last choice in case of severe 
comminution preventing a correct reconstruc-
tion of the joint surface or of too high risk of 
head necrosis. Hemiarthroplasty with a solid 
tuberosity reconstruction has been the tradi-
tional construct, while in the recent years an 
alternative option has been represented by 
reverse prosthesis, which allows more repro-
ducible functional results and has to be 
reserved to elderly (over 70 years) patients 
[ 9 ,  13 ].    
 Having these premises in mind, it is essential 

to be able to correctly diagnose the type of frac-
ture, to examine the vascular support and the 
level of head necrosis risk, to predict the advan-
tages that the patient can take of the different 
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treatments, and fi nally to indicate the best one. In 
this chapter, open reduction and internal fi xation 
of three- and four-part fractures by plate and 
screws will be described.  

7.2     Classifi cations 

 Codman was the fi rst who described proximal 
humerus fractures according to the principle of 
division into four parts: humeral head, greater 
tuberosity, lesser tuberosity, and humeral shaft 
[ 14 ]. Neer in 1970, adopting this concept, devel-
oped a classifi cation system describing as part of 
a fracture a fragment with dislocation of at least 
1 cm and/or a rotation of at least 45° compared to 
the normal anatomic position. This classifi cation, 
apparently easy and immediate, is based on the 
number of fragments, their position, the presence 
of glenohumeral dislocation, and the presence of 
lesions of the articular surface. In the conclusions 
of his work, Neer opened the questions about the 
treatment of the most diffi cult and displaced frac-
tures, with the proposal of comparative studies 
among the different techniques of reduction and 
fi xation for three-part fractures, while he advo-
cated hemiarthroplasty for four-part fractures, 
which would otherwise benefi t from “new tech-
niques to be developed in the future” [ 3 ]. Neer’s 
wise foresight is also evident in his fi nal consid-
eration: “comminuted fractures will grow in time, 
mainly because they will involve more and more 
elderly people, but apart from the technique to be 
chosen, a correct identifi cation of the fracture 
remains unescapable” [ 3 ]. 

 Neer’s classifi cation has long been criticized 
and revisited [ 15 ], but it is still now widely 
employed and appreciated in the clinical practice. 
After his work, several authors have developed 
more detailed and maybe complex classifi ca-
tions. A step forward is represented by the work 
by Hertel [ 5 ] who widened Codman classifi ca-
tion (Lego description system) and described 
seven criteria to analyze the prognosis of proxi-
mal humerus fracture, obtaining a positive pre-
dictive power of 97 % [ 16 ]:
    1.    Length of metaphyseal calcar (limit 8 mm)   
   2.    Integrity of the “medial hinge”   

   3.    Amount of tuberosities displacement   
   4.    Amount of varus or valgus angular displace-

ment of the humeral head   
   5.    Glenohumeral dislocation   
   6.    Impacted fracture or head-splitting lesion 

involving over 20 % of the articular surface   
   7.    Bone mechanical quality    

  The Association for the Study of Internal 
Fixation (AO-ASIF) [ 17 ] has developed an alpha-
numeric classifi cation system which divides 
these fractures into articular and extra-articular. It 
is more complex than the systems by Neer and by 
Hertel, and its aim is to describe an international 
nomenclature of proximal humerus fractures. 
This classifi cation takes into special account the 
vascular supply of the humeral head, separating 
fractures into three main groups (A, B, and C) 
based on an increasing risk of head necrosis. 
Each of these groups is divided into subgroups. 
Although this classifi cation system allows a 
detailed description of each fracture pattern with 
a universal language, it is too complex to be used 
in the clinical practice; moreover, it is not corre-
lated with the treatment indications [ 15 ]. Many 
studies have shown the low reliability and repro-
ducibility of these systems [ 14 – 20 ]. 

 It is also important to bear in mind that the 
classifi cations in use at present are mainly based 
on radiographic evaluation, whereas the impor-
tant step forward in the study of complex proxi-
mal humerus fractures has been the use of CT 
scan with bi- and tridimensional rendering which 
allows to precisely know the number, size, and 
position of the fracture fragments. 

 The orthopedic surgeon who takes in charge 
these patients should consider all the above- 
mentioned classifi cations applying them to a 
radiographic and CT study.  

7.3     Plate Fixation 

 The rationale of the choice of plate and screw 
fi xation is to seek a better alignment of the frac-
ture fragments compared to what can be obtained 
with a closed technique and a more stable fi xa-
tion compared to other systems like K-wires and 
endomedullary nails. 
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 The fi rst plates used in the past were not dedi-
cated for the proximal humeral anatomy (e.g., 
AO T-plates); they were fl at with oval 4.5 mm 
holes. During the operation it was necessary to 
bend them to adapt their shape to the humeral 
profi le. Cancellous screws were used to obtain a 
better hold in the humeral head; however, the loss 
of stability frequently evolved in implant mobili-
zation and varus deviation of the humeral epiphy-
sis even without head necrosis. 

 Similar results were obtained with blade plates 
and with the fi rst endomedullary nails. In the 
1990s, several studies tried to demonstrate the 
superiority of blade plates or nails over plates or 
hemiarthroplasty (the only alternative to fi xation 
and also the last resort in the treatment of these 
fractures) [ 20 – 22 ]. The principle emerging from 
these experiences was the need of a good reduc-
tion of the fragments, mainly the tuberosities, in 
order to obtain a satisfactory fracture healing [ 23 ]. 

 In the early 2000s, the concept of internal fi x-
ator began to be applied to the proximal humerus 
with the appearance of the fi rst dedicated locking 
plates having the following features:
•    Precontoured, so that the surgeon has no lon-

ger to bend the plate to adapt it to the humeral 
anatomy; rather, the plate can act like a tem-
plate for fracture reduction and anatomy 
reconstruction supporting the greater 
 tuberosity at the same time.  

•   Locking screws: the screw head is threaded so 
that there is a stable connection between the 
screw and plate, avoiding any risk of screw 
loosening.  

•   Head screws are polyaxial in order to be fi xed 
in different parts of the head, affording a supe-
rior stability.  

•   Holes for bone sutures are available, to fi x 
smaller fragments and neutralize the rotator 
cuff tendon tensile strength; formerly used 
alone or in connection with endomedullary 
pins, bone sutures can be fi rmly connected to 
a stable construct like a locking plate.    
 The philosophy of locking plates is based on 

the point that stability does not rely on a strong 
hold of the screws in bone. The screws are locked 
on the plate so that they become part of an inter-
nal fi xator. There is a defi nitely lower pullout of 

screws compared to previous fi xation devices, 
with a relatively lower risk of loss of reduc-
tion, head displacement in varus, and nonunion. 
Specifi c screws reach the calcar region to support 
the head on its medial side without damaging the 
neurovascular structures lying at the inferior bor-
der of the subscapularis muscle. The results have 
been superior compared to non-locking plates: 
higher strength, less tissue dissection or cuff dam-
age, shorter immobilization time, and lower risk 
of damage in case of implant removal [ 8 ,  23 – 30 ]. 

 On these bases, several types of plates have 
been developed with different screw-plate lock-
ing systems or different shapes of the proximal 
part. 

 A fi nal fi eld of research in the development of 
fi xation devices has been the study of biomateri-
als. The plates have been traditionally manufac-
tured in metal alloys like cobalt-chrome, steel, or 
titanium. Cobalt-chrome assures a high mechani-
cal resistance, but its elastic module is quite dif-
ferent from the bone, and there is a risk of 
immunologic reactions and release of metal ions 
[ 31 ] possibly leading to metallosis, osteolysis, 
and pseudotumors. A step forward has been 
obtained with stainless steel, which joins the 
qualities of cobalt-chrome with reduced risk of 
immune reactions or wear. With the advent of 
titanium however there has been a true step-up in 
biocompatibility. Titanium    has an elastic modu-
lus closer to the bone and a minor tendency to the 
“starburst artifact” (CT or MRI images distor-
tion) and induces a lower production of granula-
tion tissue. To these qualities unfortunately 
correspond a high cost, an excessive ductility that 
can cause complications when removing the 
locking screws, and a limited malleability in case 
of the need of intraoperative multiple bending 
(risk of hardware weakening and breakage). 

 Nowadays the polyether ether ketone (PEEK) 
is a new material used for plate manufacturing 
that the orthopedic surgeons already know (cages 
for vertebral fusion, bony anchors, etc.). This 
material can be produced with a variable rate of 
carbon fi bers, modifying its structural properties. 
PEEK is light when added to 30 % of carbon 
and has a torsion strength similar to steel and an 
elastic modulus really close to the cortical bone. 
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In our department we have developed together 
with Lima Trauma Inc. a PEEK plate, launched 
on the market a few years ago, which has the fol-
lowing advantages:
•    The holes for the screws are smooth, and there 

is no predetermined direction for the screw, as 
its self-threading head cuts a thread in the 
hole, so creating the locking confi guration.  

•   PEEK is radiolucent, allowing a superior 
precision of intraoperative image intensi-
fi er checking and consolidation evaluation at 
follow-up.  

•   Hardware removal remains easy even years 
after implantation.    
 Unfortunately a PEEK plate cannot be con-

toured; therefore, it cannot be modifi ed during 
surgery, and this makes it unfi t for long constructs.  

7.4     Surgical Technique 

 The patient is placed in the beach-chair position. 
It is unnecessary to have the trunk almost verti-
cal, as for other surgical procedures like shoulder 
arthroscopy. The head support should be formfi t-
ting, best if helmet-shaped, in order to be safe 
even during traction maneuvers on the distal 
humerus to obtain fracture reduction. A counter-
force support is placed on the iliac wing distal 
enough not to interfere with    arm adduction. The 
surgical table should allow the removal of the 
posterior shoulder support so that intraoperative 
radiographic checking is simpler. 

 Before preparing the surgical fi eld, it is a good 
practice to check the position of the patient on the 
table and of the anesthesiological equipment, to 
avoid interference with the X-ray machine C-arm 
and its movements. 

 When    only few assistants are available, it is 
very useful to have a pneumatic arm holder, 
which allows to control the arm position during 
the fracture reduction and fi xation. 

7.4.1     Surgical Approaches 

 The surgical approaches described for ORIF of 
proximal humerus fractures are two: deltopec-
toral and transdeltoid approach. 

7.4.1.1     Deltopectoral Approach 
 Anterior incision from the tip of the coracoid 
down to the humeral shaft, following the groove 
between deltoid and pectoralis major muscles 
and then the lateral border of the biceps muscle. 
The distal extension of the incision depends on 
the extension of the fracture below the surgical 
neck of the humerus; it is advisable to perform at 
fi rst the proximal 10 cm of the incision, to dis-
sect the deep layers, and then, once the fracture 
is exposed, to extend the incision distally as 
needed. 

 The cephalic vein once isolated can be dis-
placed both medially (with the pectoralis major) 
and better laterally (with the deltoid) considering 
the lower number of collateral branches and the 
distal course of the vein, crossing the surgical 
fi eld in case of distal extension of the approach. 

 The cephalic vein allows the identifi cation of 
the plane between deltoid and pectoralis major. 
In young patients with well-developed muscles, 
it is sometimes more diffi cult to locate it, as it is 
deeper and the line of fat tissue surrounding it 
can be scarce. In case of intraoperative lesions 
the vein has to be ligated. 

 The clavipectoral fascia is then incised, and 
the conjoined tendon (formed by the short head 
of the biceps and the coracobrachialis) is located 
and displaced medially. The coracoid osteotomy 
has to be avoided, as it is worthless in order to 
enlarge the surgical space and bears a risk of trac-
tion and lesion on the musculocutaneous nerve. A 
smooth tip retractor is placed laterally to the 
conoid and trapezoid ligaments in the subacro-
mial space to retract the deltoid avoiding its 
detachment from the clavicle. A partial resection 
of the coracoacromial ligament is useful to obtain 
a better view of the epiphyseal area correspond-
ing to the rotator interval. 

 The lateral side of the humerus is exposed dis-
tally, and a partial subperiosteal detachment of 
the deltoid insertion is performed in order to cre-
ate the space for the plate. 

 The tendon of the distal head of the biceps has 
to be identifi ed just proximal to the pectoralis 
major insertion on the humerus and followed 
upward until the fracture fragments. 

 The subacromiondeltoid and  subscapularis  
bursae, where the fracture hematoma is collected, 
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have to be partially removed in order to expose 
the greater and the lesser tuberosities. 

   Anterolateral Deltoid Split 
 An anterolateral skin incision starts just inferior 
the anterior corner of the acromion and runs dis-
tally for about 10 cm. The raphe between the 
anterior and the lateral deltoid bellies has to be 
identifi ed and opened. The axillary nerve has to 
be carefully identifi ed 6–8 cm distal to the acro-
mial edge. A further dissection of the deltoid 
fi bers allows to reach its distal insertion on the 
humerus, then the tendon has to be subperioste-
ally detached to free the space for the plate. 

 Removing the hemorrhagic subacromion-
deltoid bursa, a direct access to the proximal 
humerus is achieved.   

7.4.1.2     Transdeltoid Approach 
 The transdeltoid approach allows an easier 
manipulation of the greater tuberosity and possi-
bly a better respect of the vascular supply to the 
lesser tuberosity and the humeral head, as the 
anterior circumfl ex artery lies close to the lower 
edge of the subscapularis muscle as well as its 
ascendant anterolateral branch which runs proxi-
mally along the long head of the biceps groove. 
The downside/disadvantage of this approach 
however is a higher aggressiveness on the deltoid 
muscle, an increased risk of iatrogenic lesions of 
the axillary nerve, and the limited ability to con-
trol the calcar area, which is a key point of the 
fracture reduction. 

 None of the approaches has been demonstrated 
to be superior in terms of incidence of necrosis 
of the humeral head or of vascular or neurologi-
cal complications; however, the deltopectoral 
approach allows a better conservation of the del-
toid force as this muscle is less damaged [ 26 ,  32 ]. 

 In our experience the deltopectoral approach 
has to be preferred as it is the most versatile 
approach to deal with all the different fracture 
patterns with a limited surgical aggressiveness. 
Also the possible future plate removal has to be 
considered, when the surgical scar makes identi-
fi cation and isolation of the axillary nerve more 
diffi cult and dangerous. 

 A new  double - incision mini - invasive approach  
has been recently introduced. A smaller  proximal, 

usually transdeltoid, incision allows to expose the 
fracture and to slide the plate in a subcutaneous 
and submuscular plane. The distal fi xation of the 
plate takes place through a shorter direct incision 
on the humerus or through multiple stab wounds 
for percutaneous screw insertion. This less inva-
sive technique needs a dedicated instrumenta-
tion, and many manufacturers nowadays have 
developed one. The main indication is a two-part 
fracture, which is not the subject of the present 
chapter. It should however be pointed out the 
lower invasiveness has to be intended not related 
to the length of the skin incisions, but to the ana-
tomic damage that the surgeon can cause. The 
percutaneous technique is therefore in our opinion 
contraindicated in three- and four-part fractures, 
where the aim to obtain an anatomic reduction in 
the respect of the periosteal/tendon connections 
of the bony fragments often requires a series of 
adjustments of the surgical steps case by case.   

7.4.2     Indications for Open 
Fracture Reduction 
and Internal Fixation with 
Plate and Screws (ORIF) 

 The indications for open reduction and internal 
fi xation with plate and screws (ORIF) are in our 
opinion all the proximal humerus fractures in 
which the dislocation of the fragments does not 
allow to adopt a conservative treatment, consid-
ering the age of the patient and his or her func-
tional needs. 

 The classifi cation of proximal humeral frac-
tures is a debated and complicated topic. The 
ideal classifi cation system should allow to 
include whatever fracture in homogeneous groups 
according to prognosis and treatment and should 
be simple and reproducible. However, the wide 
variety of fractures together with the different 
classes of patients and the diffi culties in interpret-
ing the radiographic images make this task quite 
challenging. 

 In our unit we follow the Neer and the Codman 
Lego classifi cations for the decision-making and 
the AO Muller classifi cation for scientifi c pur-
poses of data collection. We examine the predic-
tive factors of head necrosis as described by 
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Hertel (calcar length, integrity of the medial 
hinge, amount of tuberosities dislocation, valgus/
varus deformity, dislocation of the humeral head, 
head splitting, bone quality). 

 Whenever the standard radiograms, even of 
adequate quality, do not allow a correct and safe 
evaluation, we elect to obtain a CT scan. Only 
the multiplanar renderings of CT allow in our 
opinion to identify the anatomic deformities and 
in the younger patients also to analyze fractures 
that had been judged as well aligned. A CT scan 
is also essential for surgical planning, and hav-
ing in mind the aspects of a fracture enables the 
surgeon to foresee which maneuvers will be nec-
essary for fragment reduction, which and how 
many fragments he will fi nd, and where it will be 
necessary to place an osteosuture and to decide 
if bone grafts or a prosthesis equipment could be 
necessary. 

 A shoulder prosthesis should indeed always 
be available in the surgical theater, as also in 
 relatively young patients with seemingly simple 
fractures, it may happen that intraoperative diffi -
culties and low bone quality make this choice 
unavoidable.  

7.4.3     Surgical Patterns 

 Three- or four-part fractures of the proximal 
humerus can grossly be separated in three differ-
ent patterns:
    1.    Three- or four-part fracture without varus or 

valgus deviation   
   2.    Three- or four-part fracture with valgus 

deviation   
   3.    Three- or four-part fracture with varus 

deviation     

7.4.3.1     Three- or Four-Part Fracture 
Without Varus or Valgus 
Deviation (Fig.  7.1 ) 

    The tendons of the rotator cuff dislocate the 
bone fragments. The deltoid and the pectoralis 
major muscles stabilize the position of the 
humeral shaft if there are no distal lines of 
fracture. 

 The shape and the position of the fragments 
have to be analyzed on CT scan before surgery. 

 In    three-part fractures the humeral epiphysis is 
continuous with the greater or the lesser tuberos-
ity, and this determines respectively an external 
or internal rotation, while the fractured tuberosi-
ties are dislocated along the line of traction of 
the supraspinatus-infraspinatus (greater tuber-
osity) or of the subscapularis (lesser tuberosity) 
(Fig.  7.1a ). 

 After excision of the hemorrhagic bursal tis-
sue, the fracture is opened. The hematoma should 
be gently removed, taking care not to discard 
minor bony fragments. If present, minor frag-
ments are not always amenable to conservation 
and fi xation, but it is important to consider them 
when performing the reduction to avoid the 
research of an impossible bone congruence. It 
should be borne in mind that the bone fragments 
are always brittle, and it is easy to further compli-
cate the fracture pattern producing new lines of 
fracture during the reduction maneuvers, even in 
young patients. 

 Before attempting a reduction it is necessary 
to obtain the control of the greater and lesser 
tuberosities, placing sutures which can aid in 
tractioning the tuberosities to the shaft. For this 
purpose reinforced sutures size 2 ( FiberWire , 
 HiFi ,  ORTHOCORD ,  ULTRABRAID    , etc.) can 
be used or in alternative nonresorbable sutures of 
higher caliber (size 5) which have the same resis-
tance but lower cost and less tendency to cut the 
bony fragments when tractioned, due to the 
higher diameter. 

 When the tuberosities are consistent enough, 
the sutures are better placed through thin holes 
made in the bone by a 1.6 mm K-wire that allow 
an easier and less traumatic passage through. The 
fragments should be carefully debrided only along 
the fracture line, not to interfere with the healing 
process with a too aggressive debridement. Never    
tear out any rotator cuff tendon from the frag-
ments in order to achieve a better reduction. 

 The next step is attempting the fracture reduc-
tion; for this purpose it is useful to place a 
Lambotte bone-holding forceps around the proxi-
mal humerus shaft. To do this it is useful to open 
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a narrow space in the area of insertion of the latis-
simus dorsi tendon, at the level of the released 
deltoid tendon, and to insert a 2.5 mm K-wire 
through the humeral head as a joystick to move it 
in a less traumatic way. 

 With a combined progressive action on the 
bone holder that tractions and rotates the shaft, 

on the sutures and on the joystick wire, the frac-
ture fragments are reduced. 

 Once a satisfactory alignment is achieved, 
temporary K-wires can be employed to fi x it 
(Fig.  7.1b ) while the plate is applied. The K-wires 
can be drilled in several ways, but it is important 
to keep the space for the plate free. Percutaneous 

c d

a b  Fig. 7.1    Graphical    represen-
tation of three- or four-part 
fracture without varus or val-
gus deviation. The DiPhos 
PEEK Lima Corporate plate is 
represented (Anatomical 
School of Anatomical 
Imaging, University of 
Bologna, Italy). ( a ) shows the 
reduction of the greater tuber-
osity and of the humeral head. 
Once an acceptable reduction 
is achived a temporary fi xa-
tion is performed using wires. 
( b ) The plate is then secured 
to the humerous using screws 
and non reabsorbable sutures       
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placement of the K-wires is discouraged, as this 
increases the risk of infection. By internal rota-
tion of the limb, it is possible to place the plate on 
the lateral humeral surface, just lateral to the 
bicipital groove below the bone holder. 
Temporarily fi x it by K-wires inserted through 
the plate dedicated holes. 

 The rotator cuff tendons hide the boundaries 
of the greater tuberosity, and this can induce the 
surgeon to place the plate too proximally. It is 
useful to probe the superior edge of the tuberosity 
by a needle through the supraspinatus tendon and 
put the plate at least 5 mm lower. 

 When the type of fracture does not allow to 
obtain a temporarily stable reduction by K-wires, 
it is possible to use the plate as a tool for the reduc-
tion (Fig.  7.1c ). The bone sutures can be passed 
through the proximal holes of the plate if they are 
placed in the correct position. The plate should lie 
in the central part of the shaft; a screw is inserted 
in the oval hole and gradually tightened while the 
joystick wire controls the position of the humeral 
head; at the same time a traction on the bone 
sutures progressively pulls the tuberosities under 
the plate to the shaft. When the alignment of the 
fragments looks satisfactory, placing some K-wires 
through the plate holes can stabilize the reduction. 

 The quality of the reduction and the height of 
the plate can now be checked by the image inten-
sifi er. Having placed one screw in the center of 
the oval hole allows to slide the plate up or down 
by about 5 mm without removing it. 

 Radiographic images are obtained in different 
degrees of internal and external rotation. 

 The following step is placing the proximal 
screws. All the available holes should be exploited 
using locking screws, which should reach the 
subchondral bone mainly in the calcar region and 
in the upper part of the humeral head, where the 
bone density is higher. 

 The fi nal step is the distal screw placement. In 
young patients the cortical screws’ holding power 
is strong enough to ensure stability. If a plastic 
plate is used and the possible future removal of 
the screws is therefore free of risks, it is advisable 
to select locking screws for all of the holes except 
for the oval one. 

 The bone sutures if necessary can be tightened 
to the plate holes. The fi xation should be stable 
when moving the shoulder in all planes in order 
to allow an early rehabilitation (Fig.  7.1d ). 

 The length of the head screws should be 
closely checked by the image intensifi er both in 
the anteroposterior view in different rotation 
angles and in the axillary view.  

7.4.3.2     Three- or Four-Part Fracture 
with Valgus Deviation (Fig.  7.2 ) 

    These are very complex, mainly four-part frac-
tures in which the humeral head is separated from 
the tuberosities and the epiphyseal cancellous 
bone is crushed between the head displaced in 
valgus and the metadiaphysis (Fig.  7.2a ). 

 In order to obtain the fracture reduction, the 
head should be levered up with delicate move-
ments acting on the calcar as a hinge, which is 
often comminuted and weak. 

 After removing the fracture hematoma, the 
greater and the lesser tuberosities which stay over 
the epiphysis deviated in valgus are identifi ed. As 
described above, the fragments have to be care-
fully prepared and bone sutures applied. An inci-
sion of the rotator cuff between the fragments 
of the greater tuberosity is necessary in order 
to expose the humeral head and push it in varus 
(Fig.  7.2a  part). Several authors suggest to open 
the rotator interval rather than the cuff. Controlling 
the head reduction through the rotator interval in 
our opinion is more diffi cult and the surgeon’s 
manipulations therefore more aggressive, so this 
is advisable only in case that the greater tuberosity 
is a single large fragment separated from the lesser 
tuberosity. On the other side, a limited section of 
the supraspinatus allows to avoid surgical lesions 
of the pulley and of the richly vascularized area of 
the long head of the biceps, gaining a direct lateral 
view of the epiphysis and the diaphysis, which 
makes the reduction easier. 

 After placing the Lambotte forceps as 
described above, it is possible to proceed to the 
reduction, which requires a combined action. 
While the assistant tractions the shaft acting on 
the Lambotte forceps, the surgeon by a straight 
retractor gently elevates the head (Fig.  7.2b ). 
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The bone loss in this area often prevents the 
maintenance of the reduction and needs aug-
mentation. No type of graft has proven superior 
to others in this setting; anyway its application is 
necessary [ 33 ]. 

 The graft should be mechanically strong to 
support the head, correctly sized in order to get 
stuck in the medullary canal without sinking, 
easy to pass through by the screws which have to 
reach the humeral head, and easy to remove in 
case of late failure. The type of graft that best 
 fulfi lls these requirements is a homologous 

 cancellous bone wedge, to be adapted to the 
patient’s anatomy (Fig.  7.2b  part). 

 The graft has to be introduced in the upper 
part of the medullary canal while adduction of 
the arm. Maneuvering the shaft below the head 
and adapting the size and shape of the graft allow 
to keep the head in the correct degree of varus 
(the graft can be impacted inside the canal if too 
proud or trimmed by a Luer or a saw if too thick). 
Additional small cancellous homologous grafts 
can be placed around the wedge for a better 
fi lling. 

a b

c d

  Fig. 7.2    Graphical representation of three- or four-part 
fracture with valgus deviation. The DiPhos PEEK Lima 
Corporate plate is represented (Anatomical School of 
Anatomical Imaging, University of Bologna, Italy). In 

some cases of complex fractures ( a ) the plate can be fi xed 
to the humeral head fi rst ( b ) and than a pre-countor plate 
is used to reduced the humeral head to the dyaphisis ( c )       
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 If the tuberosities are mechanically strong, the 
bone sutures can be tractioned in order to place 
them between the head and the shaft, overlaying 
the graft (Fig.  7.2c ). Only at this point can the 
fracture be provisionally stabilized by the smaller 
possible number of K-wires. 

 These steps are quite delicate in the more 
comminuted fractures. If the bone sutures fail or 
the K-wires create additional fractures in the 
tuberosities or in the head, there is a high risk to 
have to shift to a hemiarthroplasty. It is therefore 
recommended to use the plate for obtaining a 
gradual reduction exploiting its strength and ana-
tomic shape, as described above. Hertel [ 5 ] well 
describes the principles of this reduction; in his 
paper he suggests the use of a simple one-third 
tubular plate with cancellous bone screws. 
Nowadays the new plates have added the great 
advantage of the polyaxial locking screws, while 
the anatomic contour proves extremely useful for 
the reduction acting like a template. 

 Once the plate is fi xed by one cortex screw in 
the oval hole, the bone sutures are provisionally 
knotted to the plate, some K-wires or proximal 
screws are inserted, and image intensifi er images 
are obtained before defi nitively fi xing the frac-
ture (Fig.  7.2d ). 

 The cuff incision has to be closed by resorb-
able sutures, even though tightening the tuberosi-
ties to the plate often pulls the edges so close as 
to make it unnecessary. It is not always possible 
to close the rotator interval, if it was opened and 
if the fracture reduction is not perfect.  

7.4.3.3     Three- or Four-Part Fracture 
with Varus Deviation 

 This fracture pattern often occurs in younger 
patients. The comminution of the tuberosities is 
less severe; there is a better bone stock and usu-
ally a better calcar length. 

 The reduction however is not easier, and there 
is always a risk that the surgical manipulation can 
make the fracture more complex. 

 Once the fragments have been identifi ed and 
the bone sutures prepared, it is useful to expose 
by a delicate dissection the lower part of the sub-
scapularis to get access to the calcar. A smooth 
retractor can gently push the head to place it in 

valgus. Unfortunately this procedure can induce 
two risks:
•    The axillary nerve lies very close and its course 

may have been modifi ed by the fracture.  
•   The anterior circumfl ex artery and its ascend-

ing branch which have an important role in the 
head vascularization can be damaged.    
 It is therefore advisable to try to use the plate 

for obtaining the fracture reduction (Fig.  7.3 ).
   The surgeon should try to set the tuberosities 

on the sides of the head deviated in varus by gen-
tle traction on the bone sutures and to connect 
them to the head by K-wires (Fig.  7.3a ). 

 The plate is then placed on the aligned frag-
ments and provisionally fi xed with other K-wires 
through its dedicated holes. If the anatomy recon-
struction looks macroscopically and radioscopi-
cally acceptable, the fi xation is performed placing 
the proximal screws (Fig.  7.3b ), then the plate can 
be used like a joystick in order to move the proxi-
mal humerus in valgus and align it with the shaft. 
The fi xation goes on with a cortex screw in the 
oval hole before obtaining new images with the 
image intensifi er. The reduction can then be refi ned 
with additional bone sutures, possibly loosening 
and then tightening again some screws for the cor-
rections before completing the fi xation (Fig.  7.3c ).    

7.5     Important Tips 

 The long head of the biceps is a key structure in 
proximal humerus fractures. It is fi rst of all an 
important landmark for anatomy comprehension 
during surgery. Locating    it distally and following 
it proximally help fi nd the lesser tuberosity and 
the rotator interval. Its bony groove is a crucial 
area for the vascular supply of the bony frag-
ments and should be respected as much as possi-
ble. Restoring the continuity of the bicipital 
groove is extremely helpful for assessing the 
fracture reduction before radioscopic checking. 

 The surgical manipulation should not be 
extended beyond the medial edge of the long 
head of the biceps to minimize the risks of lesion 
of the anterior circumfl ex artery and of its 
branches, even though recent clinical evidences 
and angiographic studies suggest a major role of 

E. Guerra et al.



85

the posterior circumfl ex artery in the vascular 
supply of the humeral head, in contrast with what 
was thought [ 34 ]. 

 At the end of the surgery, the long head of the 
biceps can be left in place if undamaged (the 
sharp edges of the bony fragments often cause 
severe damage) and if its bony bed has a smooth 
continuity. If this is not the case, a proximal 
tenotomy and possibly a soft tissue tenodesis 
(depending on the patient’s age) are advisable. 

 The good balance between the quality of the 
fracture reduction and the soft tissue damage to 
achieve it is the key point of the operation. The 
clinical results after conservative treatment of 
borderline fractures show that even non-perfectly 
reduced fractures can allow a satisfactory func-
tional result. This balance is however quite hard 
to defi ne in the form of guidelines. This is why 
these fractures are better treated not in emer-
gency, not by unexpert surgeons, and not with 
insuffi cient radiographic pictures. It is better to 
take the time to obtain an accurate planning and 
to have an adequate surgical team available and 
the best surgical instrumentation (dedicated 
plates, bone grafts, and a shoulder prosthesis). 

 Codman realized the importance of the rotator 
cuff tendons in keeping proximal humerus frac-
tures in mutual apposition. He emphasized “how 
tenaciously the short rotators with their periosteal 
prolongations cling to all the fragments, and tend 
to hold them together.” Plate fi xation of these 
fractures should be intended not as a strong con-
struct depending on the holding power of the 
screws in bone, but rather as a solid  bridge / scaffold  
connecting the various bony fragments to the 
plate and the plate to the humeral shaft. The ten-
sion of the tendons counterbalanced by the scap-
ular glenoid will keep the fragments “loaded.” 

 The passive glenohumeral arc of motion 
obtained is a valuable help in understanding if the 
reduction is acceptable, even when the radio-
graphic aspects are not perfect. It is obvious that 
at follow-up, the joint mobility will not be supe-
rior to the intraoperative one. A stable fi xation 
with a complete passive range of motion is the 
best starting point to expect a good functional 
result, avoiding to look for the absolutely perfect 
radiographic alignment. 

 When ORIF is chosen, careful attention has 
to be paid to the correct height of the plate; in 

a b c

  Fig. 7.3    In some cases of complex fractures ( a ) the plate 
can be fi xed to the humeral head fi rst ( b ) and than a pre-
countor plate is used to reduced the humeral head to the 
dyaphisis ( c ). Graphical    representation of three- or four-

part fracture with varus deviation. The DiPhos PEEK 
Lima Corporate plate is represented (Anatomical School 
of Anatomical Imaging, University of Bologna, Italy)       
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fact if too distal it will not adequately support 
the  tuberosities, while if too proximal it will be 
responsible for impingement. With each plate 
there are little tricks to know in order to obtain 
a correct position, and even the most expert sur-
geon should know and follow them. 

 The best possible anatomic reduction, the 
respect of the soft tissues, a stable fi xation, fi lling 
the bone defects, and achieving a satisfactory 
contact between the head, tuberosities, and shaft 
are the key to limit at a minimum failures and 
complications of these fractures.  

7.6     Postoperative Treatment 

 At the end of surgery the arm is protected in a 
sling with the shoulder in adduction and internal 
rotation. 

 If the fi xation is stable and the patient is reli-
able, passive mobilization (with a CPM machine) 
and self-assisted mobilization begin in the fi rst 
postoperative day. Pain relief is guaranteed by 
regional block under the supervision of the anes-
thesiologists until the patient’s discharge. 

 The patient is encouraged to perform fl exion 
and abduction movements with gradual increase, 
in the pain-free range. The patient is also invited 
to perform easy activities of daily living, like tak-
ing care of his/her personal hygiene, eating, and 
dressing, starting between days 7 and 14 post-op. 

 After the fi rst radiographic control at 1 month 
from surgery, the sling is dismissed and the true 
rehabilitation program is started, with gentle 
manipulation for progressive recovery of joint 
motion and active assisted rehabilitation, best if 
possible in pool with warm water (hydrotherapy). 

 After 3 months, rehabilitation proceeds with 
increasingly heavier tasks, aiming at the best pos-
sible functional recovery.  

7.7     Our Experience: 
Complications 

 Proximal humerus fractures, especially three-part 
and four-part fractures, still represent a challenge 
for orthopedic surgeons, trying to obtain an ana-

tomic and stable reduction allowing a satisfactory 
and early functional recovery. There are a num-
ber of complications related to this type of frac-
tures, fi rst of all because people over 75 years are 
those more exposed to this risk. 

 Several authors stress the direct relationship 
between the severity of fracture and the risk of 
avascular necrosis (AVN). Thanasas [ 31 ] indi-
cates a risk of AVN in these fractures treated 
by ORIF with PHILOS plate of 7.9 % that rises 
at 14.5 % when considering four-part fractures 
only. This fi gure, which may look high, should 
be considered in light of previous studies by Lee 
and Hansen [ 35 ] and Leyshon [ 36 ], who recorded 
an incidence of AVN with plates used before the 
advent of locking plates between 21 and 75 %. 
Humeral head necrosis is strictly related to several 
factors, well described by Hertel et al. [ 16 ]: the 
number of fragments and degree of displacement, 
mainly of the tuberosities; the “medial hinge”; 
and a calcar shorter than 8 mm. Angiographic 
studies indicate the important role of the retro-
grade blood supply by the anterior circumfl ex 
artery, penetrating the head in correspondence of 
the greater and lesser tuberosities after running 
just close to the calcar. Other vessels contribut-
ing to the head vascularization are the posterior 
circumfl ex artery and the small arteries run-
ning close to the rotator cuff. Hertel in his paper 
maintains that too much importance is attributed 
to the anterior circumfl ex artery. By a Doppler 
examination in a stable microenvironment (good 
cancellous bone bleeding and fragments not too 
displaced), he has shown that from the posterior 
circumfl ex artery, a suffi cient number of vessels 
are generated to vascularize the whole head of 
the humerus. In any case AVN is undoubtedly 
diffi cult to predict and is barely related with pain 
and function of the fractured humerus [ 37 ,  38 ]. 

 Another important complication related to plate 
fi xation is the incorrect selection of the length of 
the head screws that occurs with an incidence from 
2 to 17.9 % according to Thanasas et al. [ 31 ]. 
Lesions of the glenoid surface secondary to perfo-
ration of the head by one or more screws are 
strictly consequent and require an immediate reop-
eration to remove the hardware [ 39 ]. One more 
possible side effect related to the plate is its 
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 incorrect position, causing secondary subacromial 
impingement during shoulder abduction or sec-
ondary loss of fracture alignment in varus. Voigt 
suggests that the ideal position of the plate should 
be 5–8 mm below the greater tuberosity [ 39 ]. 

 The use of locking plates in case of severe 
osteoporosis, especially if in the wrong position, 
can lead to screw cutout in 2.6 % of the implants. 
Charalambous et al. [ 40 ] hypothesized that the 
cause of cutout could be an incorrect position of 
the screw; however, other studies have shown 
that this complication can happen also when the 
screws are well placed. In any case it is stressed 
in the literature how a correct fracture reduction 
which is maintained at follow-up and a good 
reconstruction of the tuberosities are related to a 
better functional outcome and a superior result in 
the Constant score [ 40 ,  41 ]. 

 Finally, two rare complications have to be 
mentioned, that is to say nonunion (1.6 %) and 
plate breakage (0.7 %). The latter event can be 
mainly due to a bad fracture reduction with a too 
rigid fi xation, stressed by loads that overcome its 
mechanical resistance [ 35 ]. 

 The clinical results achieved by patients who 
received ORIF for three-part and four-part frac-
tures have been good, even though the functional 
scores’ increase in time is in relationship with 
age and with complexity of the original fracture 
[ 38 ]. This point gives even more value to the 
opinion that this technique of fi xation has a high 
effectiveness but requires the respect of a num-
ber of points. First of all a correct preoperative 
planning should be obtained preferably with CT 
scan with tridimensional rendering. During sur-
gery the length of the screws should be always 
carefully checked to avoid the risk of humeral 
head perforation and glenoid cartilage lesion. 
The tuberosities should be reduced with meticu-
lous attention so as to ensure a synergistic action 
between plate and bone sutures. The plate posi-
tion should be accurately chosen even accepting 
a slight varus misalignment and supporting the 
inferior medial part with screws in order to pre-
vent successive head collapse. In severely osteo-
porotic patients with valgus displacement of the 
humeral head, the use of a graft to strengthen the 
construct is recommended. All of these points 

allow to minimize the risk of surgical revisions 
that can mean an evolution toward secondary 
arthroplasty, whose results are well known to be 
disappointing [ 42 ,  43 ]. 

 In our department a model of PEEK plate 
(DiPhos, Lima Corporate), developed in collabo-
ration with the manufacturer and with a patent 
about self-threading titanium screws, is used in 
proximal humeral fractures since 2010. 

 The preliminary results of our case series are 
briefl y summarized:
    1.    90 DiPhos H plates (70 % F.) April 2010–May 

2012   
   2.    Mean age 60 years (36–84)   
   3.    Mean FU 22 months (10–36)   
   4.    Pattern of fractures (AO): 4 A2; 6 A3; 14 B1; 

22 B2; 16 B3; 6 C1; 12 C2; 10 C3   
   5.    Surgery: 87 deltopectoral approaches, 3 trans-

deltoid approaches, 10 % bone graft from 
donor   

   6.    Intra-op complication 0.9 % (one case): plate 
breakage while screwing oval hole (fi rst plate 
design)   

   7.    Post-op complications 2.7 % (three cases): 
one humeral head necrosis, two plate- 
acromion impingement   

   8.    Five plates removal at FU: three for post-op 
complications, two for patient request     
 Radiolucency of the plate, polyaxial direction 

of the locking screws, an elastic modulus quite 
similar to cortical bone, excellent biocompatibil-
ity, and an extreme easiness of hardware removal 
are the main qualifying points of this plastic fi xa-
tion device. 

 At the present time the results in terms of 
complications are similar to those reported in the 
literature about locking plate fi xation, while 
short-term results in terms of failures are supe-
rior. We do not expect that this new plate can lead 
to a revolution in ORIF technique. In our experi-
ence this plate shares the well-known positive 
features of the other locking plates, moreover:
•    Radiolucency is a real advantage during intra-

operative fl uoroscopic checking.  
•   Hardware removal is easy and free of 

complications.    
 We therefore feel confi dent in recommending 

its use.     
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8.1            Introduction 

 Proximal humerus fractures commonly occur in 
elderly patients (mainly women) with decreased 
bone mineral density [ 1 – 4 ]. Approximately 
15–20 % of such fractures are displaced or 
unstable and require surgical management [ 5 ,  6 ]. 
Optimal treatment for displaced or unstable 2-, 3-, 
and 4-part proximal humerus fractures remains 
controversial [ 7 – 12 ]. Traditionally,  complex 

fracture-dislocations with detachment and devas-
cularization of the head fragment are treated with 
humeral head replacement and tuberosity recon-
struction; in elderly patients (>70 years old) with 
osteopenic bone, a reverse shoulder arthroplasty 
can even be indicated. If the head fragment is 
viable, reduction and internal fi xation is the 
treatment of choice [ 4 ,  11 ,  13 ]. Various devices 
have been proposed for fi xation, including pins, 
locked plates, and intramedullary (IM) nails. 
Although no stabilization device has attained 
defi nitive superiority yet, most experts agree that 
minimal soft tissue dissection and adequate fi xa-
tion strength should be the goals of any internal 
fi xation device [ 1 ]. Fixed-angle locked plates 
have become quite popular [ 2 – 4 ,  14 ]. However, 
several recent publications have included rates of 
complications, including hardware failure, screw 
penetration, and fracture redisplacement [ 5 ,  6 , 
 14 – 17 ]. 

 Intramedullary fi xation with a locked nail is 
an attractive option because it provides several 
theoretical advantages compared to locked-plate 
fi xation: (1) it is less invasive, requiring less soft 
tissue dissection and thus preserving periosteal 
blood supply and retaining surrounding soft tis-
sue attachments; (2) it improves construct stabil-
ity even in cases of comminuted fractures and 
osteopenic bone while keeping some elasticity 
(whereas locked plates are too rigid) [ 7 – 12 ,  18 –
 23 ]; and (3) for simpler fracture types, operating 
time can be considerably shortened when a per-
cutaneous, guided locking technique is used. 
Although the concept of IM nailing has been 
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attractive to us for many years, none of the exist-
ing devices have met our expectations. This was 
the main impetus for our development of an 
entirely new IM nailing system. 

 The Aequalis IM nail (Tornier, Minneapolis, 
USA) is a new stabilization device for proximal 
humeral fractures, designed specifi cally to opti-
mize tuberosity-fragment fi xation and provide 
stable support for the humeral head, improving 
proximal humeral reconstruction and fi xation in 
osteopenic bone. The objectives of this paper are to 
(1) analyze common complications related to tra-
ditional IM nailing of proximal humerus fractures 
and their causes; (2) describe the concept, design, 
and rationale of the Aequalis IM nail; (3) provide 
some tips on using this nail, based on fracture type 
(2-, 3-, or 4-part); and (4) report the clinical and 
radiographic results of a prospective, consecutive 
series of patients treated using this new device.  

8.2     Complications and Technologic 
Problems Observed with 
Existing IM Nails for Proximal 
Humerus Fractures 

 Although published reports on using IM nails for 
displaced proximal humerus fractures are satis-
factory [ 4 ,  9 ,  11 ,  13 ,  24 – 33 ], some recent studies 
have reported a high complication rate of 40 % 

and a high revision rate of up to 45 % [ 1 ,  34 – 38 ]. 
Based on our own experience, most of the com-
plications and problems observed with existing 
IM nails are related to inadequate design of the 
nail itself, the orientation and locking mechanism 
of its proximal and distal screws, or the accompa-
nying instrumentation.  

8.3     Specifi c Complications 
and Problems in Detail 

8.3.1     Rotator Cuff Tears 
(and Shoulder Pain) 

 Rotator cuff tears  are visible when surgeon pierces 
the rotator cuff tendons through a lateral entry por-
tal, which is unavoidable with a proximally bent 
IM nail (Fig.  8.1 ). The bent design, historically 
borrowed from trochanteric-entry femoral nails, 
is not only unnecessary but also fl awed from an 
anatomic standpoint. As demonstrated in Fig.  8.2 , 
which summarizes some of our anatomic work, 
the humeral IM axis is aligned with the top of the 
humeral head fragment, passing through what we 
have called the “hinge point” [ 2 – 4 ,  39 ]. A straight 
nail would ideally align with this point and the IM 
axis. In addition, a straight and low- profi le nail 
can be inserted through the muscular, not the ten-
dinous, part of the supraspinatus and the superior 

  Fig. 8.1    Lateral entry of humeral nail leads to rotator cuff tear and greater tuberosity fracture with posterior migration       
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part of the humeral head—not the greater tuberos-
ity (GT). This entry path has virtually no clinical 
consequences as proven by our experience and 
the literature, since humeral cartilage at that level 

does not come in contact with the glenoid. One 
must admit that it is illogical to repair the rota-
tor cuff tears of some patients arthroscopically on 
the one hand, while on the other hand destroying 
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  Fig. 8.2    The axis    of the proximal humerus is aligned 
with the top of the humeral head fragment, passing 
through the “hinge point” [ 39 ]. Entry portal for a straight 

nail is 5 mm posterior to the bicipital groove and 5 mm 
medial the GT.  ∆M  medial offset,  ∆P  posterior offset       
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the rotator cuffs of other patients with an inad-
equately designed humeral nail.

8.3.2         Iatrogenic GT Fractures 

 These fractures are also related to a lateral entry 
point with bent and large-diameter nails 
(Fig.  8.1 ). The same is true for  fracture malre-
duction —varus malalignment is frequent.  

8.3.3     Acromial Impingement 
Secondary to Protrusion 
of the Proximal End of the Nail 

 This occurrence is related to (1) lateral entry 
with a bent nail (once again!) and (2) improper 
seating of the nail (Fig.  8.3 ) when using poor 

insertion jigs (which do not allow clear visual-
ization of the nail’s proximal end on the image 
intensifi er). This complication can be avoided by 
proper seating of a straight nail below the sub-
chondral bone and by using precise and radiolu-
cent instrumentation.

8.3.4        Surgical Neck Nonunions 

 They are related to the unsuitable design of 
some nails, which are too long and too large 
distally, leading to premature “locking” through 
interference inside the distal medullary canal 
with distraction at the fracture site (Fig.  8.4 ). 
This complication can be easily avoided by 
using a straight, short, and small-diameter—
i.e., a low- profi le—IM nail with a fl uted and 
smooth tip.

  Fig. 8.3    Acromial impingement can be secondary to protrusion of a straight nail and/or lateral entry portal with a 
curved nail       
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8.3.5        Failures of Proximal Fixation 

 Failures of proximal fi xation  (i.e., loss of tuberosity 
reduction and proximal screw loosening/back out ) 
represent the number-one complication encoun-
tered with IM nailing of proximal humerus frac-
tures. Based on our experience, failure of tuberosity 
and proximal screw fi xation is due to two main fac-
tors: (1) absence of (or poor) locking mechanism 
for proximal screws in some nails (e.g., Polarus), 
what can be called  bone - based fi xation , and (2) 
poor proximal screw orientation in all existing 
nails, what can be referred to as  humeral head -
 based  ( lateromedial    )  orientation and fi xation :
•    The ability of any screw to hold in osteopenic 

bone is limited [ 5 ,  6 ,  34 ,  37 ,  40 ], and secure 

fi xation of the proximal screws should rely on 
a  locking mechanism within the nail  (via 
threaded holes). Such a  nail-based fi xation is 
superior to any bone-based fi xation  (Fig.  8.5 ). 
Reduction and fi xation of both tuberosities 
provides additional support for the head—the 
so-called box theory [ 7 – 12 ].

•       Humeral head - based screw orientation and 
fi xation  is a fl awed biomechanical concept. 
Unfortunately, in all proximal humeral nails 
and other methods of fi xation alike available 
today, the proximal screws are oriented toward 
the humeral head. Again, this error arises from 
the fact that surgeons have tried to apply to the 
shoulder what they had learned about the hip, 
although the two are  not  the same (Fig.  8.6 ). 
While it is logical to orient the proximal 
screws into the femoral head for a femoral 
neck fracture, since the goal is to counteract 

  Fig. 8.4    Surgical    neck nonunion due to distal locking of 
a too long and too big nail.  Arrow  denotes distraction at 
fracture site,  circle  denotes early cortical contact       

  Fig. 8.5    Loss of reduction and fi xation and proximal 
screw loosening/back out related to the absence of locking 
mechanism for proximal screws (bone-based fi xation)       
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vertical shearing forces, it is illogical to do the 
same in a 3- or 4-part proximal humerus frac-
ture, in which the deforming forces are ori-
ented mainly in the  horizontal  plane.

   In a recent CT scan-based study of 4-part 
proximal humerus fractures, we demonstrated 
that the main vertical fracture plane separating 
the tuberosities is located  posterior to the bicip-
ital groove,  and that the  principal displacement 
of such fractures occurs in the transverse 

( horizontal) plane  [ 4 ,  11 ,  13 ,  41 ]. In unstable 
3- and 4-part fractures, displacement occurs 
because of the pull of the rotator cuff muscles 
on their attached tuberosities in the transverse 
plane, widening the gap created by the fracture 
plane posterior to the bicipital groove. The GT 
is pulled posteromedially by the infraspinatus 
and teres minor muscles, while the lesser tuber-
osity (LT) is pulled anteromedially by the sub-
scapularis muscle (Fig.  8.7 ).

  Fig. 8.6    While it is logical to orient screws in the femoral 
head to resist to vertical shearing forces ( arrow ) in proxi-
mal femur fractures, it is not logical to do so in  proximal 

humerus where displacement of the bone fragments is 
horizontal, due to pulling forces on greater tuberosity and 
lesser tuberosity ( arrows ) by the rotator cuff muscles       

a b
  Fig. 8.7    Tuberosity    
migration related to 
poor (humeral head) 
orientation of proximal 
screws, which are par-
allel to the main verti-
cal fracture line, 
splitting both tuberosi-
ties. ( a )  GT  greater 
tuberosity,  LT  lesser 
tuberosity.  Arrows  
denotes horizontal 
pulling forces on tuber-
osities. ( b ) Displaced 
greater tuberosity       
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   It follows that orienting the proximal 
screws from lateral to medial leads to their 
placement too closed and too parallel to the 
vertical fracture plane separating the tuberosi-
ties (Fig.  8.8 ). Such screws cannot counteract 

the pulling forces of the rotator cuff muscles. 
Moreover, this goes against one of the funda-
mental biomechanical principles espoused by 
the AO/ASIF [ 2 – 4 ,  42 ]: “any screw should be 
oriented as perpendicular to the fracture line 

  Fig. 8.8    In 2- and 3-part fractures, the main vertical frac-
ture line is located behind the bicipital groove; proximal 
screw orientation must be perpendicular to this line 

(i.e., tuberosity oriented) and not parallel to it (i.e., 
humeral head oriented)       

 

8 Intramedullary Nail for Proximal Humerus Fractures: An Old Concept Revisited



98

as possible” (Fig.  8.9 ). Therefore, to comply 
with this principle as well as resist the deform-
ing forces, the proximal screws of any nail (or 
plate) should be placed in a posteroanterior 
direction to fi x the GT and an anteroposterior 
direction to fi x the LT. In other words, optimal 
proximal screw orientation must be tuberosity 
based (i.e., sagittal) and not humeral head 
based (i.e., coronal).

8.3.6            Proximal Screw Penetration 
of the Articular Cartilage 

 This is another potentially disastrous complica-
tion seen with IM nails (and locked plates) [ 5 ,  6 , 
 16 ,  43 ,  44 ], leading to chondrolysis and early 
degenerative changes due to glenoid erosion 
(Fig.  8.10 ). Again, screw placement into the 
tuberosities rather than in the humeral head 
avoids the risk of this complication altogether.

8.3.7        Injury to Anatomic Structures 

 Injury to anatomic structures  (axillary nerve, 
long head of the biceps) with proximal screws is 
possible. Injury to the axillary nerve occurs 
when laterally placed proximal screws are too 
low. Prince et al. [ 7 – 12 ,  45 ], comparing several 

different interlocking nails, concluded that 
proximal and lateral screws should be aimed 
horizontally, not obliquely, and placed within 
4–5 cm of the acromion. Injury to the long head 
of the biceps (LHB) and bicipital groove can 
occur when rotation of the nail is not accurately 
controlled.  

8.3.8     Nail Toggling and Fracture 
Malreduction 

 Fracture comminution and poor bone quality are 
not uncommon in elderly patients. This can lead 
to loss of fracture reduction and fi xation. Varus 
bending represents a frequent physiological dis-
placement of proximal humerus fractures. Varus 
deformity can interfere with shoulder elevation 
and should therefore be corrected during surgery 
and counteracted with the inserted fi xation device 
(Fig.  8.11 ).

8.3.9        Nail Malrotation and Surgical 
Neck Malunions 

 They are related to the neglect of nail and fracture 
rotation. The most commonly committed error is 
fracture fi xation with the arm in internal rotation, 
which leads to an internal rotation malunion.   

  Fig. 8.9    According to a basic biomechanical principle, 
screws should be oriented perpendicular to the fracture 
line. With the Aequalis IM nail, the proximal screws are 
tuberosity oriented (i.e.,  perpendicular  to the main frac-

ture line) and captured inside the nail (nail-based fi xation) 
in order to resist to pulling forces of infraspinatus and 
teres minor muscles on greater tuberosity ( GT ) and sub-
scapularis muscle on lesser tuberosity ( LT )       
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8.4     Concept, Design, and Rationale 
of the Aequalis IM Nail 

 The Aequalis IM nail has been  designed specifi -
cally to optimize tuberosity-fragment fi xation and 
provide stable support for the humeral head , 
improving proximal humeral reconstruction and 
fi xation in osteopenic bone (Fig.  8.12 ). The nail’s 
design and optimal screw orientation have been 
chosen after extensive study of the three- 
dimensional morphology and geometry of the 
proximal humerus [ 4 ,  11 ,  13 ,  39 ] and after revis-
iting the pathophysiology of displaced, unstable 
2-, 3-, and 4-part fractures [ 1 ,  7 ,  39 ,  46 ].

8.5        Nail Design 

 As was shown in the previous section, the con-
cept and design of all existing nails are poorly 
adapted to proximal humeral anatomy and not 

adapted at all to the common fracture patterns or 
poor bone quality that surgeons routinely encoun-
ter. Those nails are too long, too large, often bent, 
not centered, and with poorly oriented and poorly 
fi xed proximal screws [ 9 ,  24 – 34 ,  37 ,  40 ]. 

 In addition to being straight and cannulated, the 
Aequalis IM nail is of a low profi le: its proximal 
 diameter  is 9 mm and distal diameter 8 mm, while 
its  length  is 130 mm (instead of 150 mm for most 
other nails). It is made of titanium alloy, the modu-
lus of elasticity of which is close to that of bone. 
Since tuberosity orientation is different on each 
side, two nails exist: a green one for the right shoul-
der and a blue one for the left shoulder (Fig.  8.13 ).

   As explained earlier, a straight nail design is 
preferable to a bent one for at least three reasons: (1) 
it avoids passage through the rotator cuff tendons 
and GT; (2) it allows alignment of the epiphyseal 
fragment with the diaphysis; and (3) it gives struc-
tural support to the humeral head fragment (acting 
as a strut/peg), since the IM axis is actually in line 

  Fig. 8.10    Humeral head screw penetration leads to glenoid erosion in case of secondary bone impaction or necrosis; it 
can be seen with both proximal humeral plates and nails whose proximal screws are oriented toward humeral head       
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with the top of the humeral head—the so-called 
hinge point [ 7 ,  39 ]. A cannulated nail allows percu-
taneous technique, while a short nail avoids unex-
pected distal locking of the device, thus preventing 
fracture distraction and surgical neck nonunion.  

8.6     Proximal Locking Screws 

 In contrast to all previous devices, the proximal 
locking screws of the Aequalis nail are oriented 
to fi x  not  the humeral head fragment but the two 
tuberosities. Reduction and fi xation of both 
tuberosities indirectly provides additional head 
support—the so-called box theory [ 7 ,  41 ]. 

  Four cannulated, yellow, 5 mm, proximal lock-
ing screws exist : two posterior locking screws for 

the GT, one anterior locking screw for the LT, and 
one (optional) lateral locked screw for the lower 
part of the humeral head (at the surgical neck level 
(Fig.  8.13 ). The screws are self-tapping (to easily 
engage the bone), with fl at heads (to provide stron-
ger fi xation) and low profi le (to avoid impinge-
ment with surrounding tissues). The design of the 
screw-hole pattern allows optimal screw position-
ing and prevents damage to anatomic structures, 
such as the axillary nerve, bicipital groove, or long 
head of the biceps tendon. The lowest proximal 
screw is at a safe distance from the axillary nerve: 
in 20 cadaver tests, the shortest distance from this 
screw to the nerve was 6 mm [ 46 ]. 

 Rigidity of fi xation of the proximal screws is not 
provided by purchase inside the osteopenic bone, 
but by  locking within the nail  itself, thanks to a poly-

  Fig. 8.11    Nail toggling and fracture malreduction or malunion because of poor centering of the nail (in valgus or varus)       
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ethylene bushing located inside the nail’s proximal 
part. From a practical standpoint, this eliminates the 
need to look for purchase in the opposing cancel-
lous bone with long screws; short screws stabilized 
by the nail itself provide suffi ciently strong tuberos-
ity fi xation. In other words, with the Aequalis nail, 
catching the nail with short screws is enough to pro-
vide secure bone- fragment fi xation. 

 Another important advantage of the proximal 
locking screw confi guration of the Aequalis nail is 
that if the humeral head fragment necroses second-
arily, the screws cannot erode the glenoid, as they are 
shorter and oriented in the sagittal plane. Moreover, 
anatomic reduction and healing of the tuberosities, 
together with the absence of screws directed into 
the humeral head, will facilitate secondary humeral 
arthroplasty if it should become necessary.  

8.7     Distal Divergent Screws 

 Nail toggling movements are an issue with 
existing humeral nails. This could be even more 
of an issue with our shorter nail. However, 

diverging distal screws can eliminate such tog-
gling and, in addition, allow automatic center-
ing of the nail within the medullary canal. The 
nail has  two violet, 4.5 mm, divergent distal 
screws  (Fig.  8.13 ). 

 Distal locking of the nail protects the fracture 
against derotation or collapse and prevents 
migration of the implant itself. The Aequalis IM 
nail has the capacity to lock statically (if one 
uses the more distal, round hole) or dynamically 
(if one uses only the more proximal, oblong 
hole).  

8.8     Radiolucent and Accurate 
Instrumentation 

 A radiolucent targeting guide facilitates accurate 
insertion and positioning of the nail and screws, 
with easy fl uoroscopic visualization. A version 
rod, aligned with the forearm, helps achieve 
accurate rotational alignment of the proximal 
(epiphyseal) bone fragment in reference to the 
diaphysis (Fig.  8.14 ).

  Fig. 8.12    Aequalis IM nail’s concept: straight nail pro-
vides head support; proximal screw orientation provides 
tuberosity- based fi xation; catching the nail with short 

screws is enough to provide secure bone-fragment fi xa-
tion (nail- based fi xation); and distal divergent screws pro-
vide nail centering and stabilization       
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  Fig. 8.13    The Aequalis IM 
nail is short, low profi le, and 
cannulated; there are two 
nails to allow tuberosity-
based fi xation: a  green  one 
for the right shoulder and a 
 blue  one for the left shoulder; 
the proximal ( yellow ) screws 
are tuberosity oriented and 
self-tapped; the distal ( violet ) 
screws are 20° divergent for 
self-centering       

a b

  Fig. 8.14    Entry portal for the nail must be anterior to the 
acromion, allowing to pass through the supraspinatus 
muscle fi bers (and not the tendon) and through the carti-

lage. For simple two-part fractures, percutaneous 
approach with fl uoroscopic control is possible       
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8.9        Surgical Technique: Pearls 
and Pitfalls 

 The patient is placed in the beach-chair position 
with the elbow fl exed at 90°. An image intensifi er 
is used for obtaining anteroposterior (AP) and 
axillary intraoperative views. 

 Each type of proximal humerus fracture (2-, 3-, 
or 4-part) has its own pathophysiology and com-
plications; the surgical technique must therefore 
vary accordingly. Three-dimensional CT scan 
images reveal the exact fracture geometry and 
allow accurate preoperative planning. 

 Three surgical approaches are possible 
depending on the fracture type and the surgeon’s 
preference:
•     The percutaneous approach , in which the del-

toid muscle and supraspinatus are bluntly split 
through a superior, 1 cm incision  

•    The superior transdeltoid approach , in which 
the anterior head of the deltoid is detached 
from the anterior acromion with the tip of the 
acromion to expose the rotator cuff  

•    The anterior deltoid approach , in which the 
anterior deltoid muscle is retracted to expose 
the rotator cuff    
 The straight nail must be inserted medially 

either through the  supraspinatus muscle fi bers or  
through the  rotator interval  (Fig.  8.14 ). The entry 
portal of the nail is created with an awl and 
enlarged with a 9 mm hand reamer under fl uoro-
scopic control. If the bicipital groove is fractured, 
the LHB must be tenodesed.  

8.10     Two-Part (Surgical Neck) 
Fractures 

 In two-part (surgical neck) fractures, the epiphy-
sis is correctly oriented and has a fi xed position, 
because the internal rotator and external rota-
tor muscles are still attached and balanced. The 
diaphysis, however, is medially displaced (due 
to the medial pull of the pectoralis major, latissi-
mus dorsi, and teres major) and in internal rota-
tion (because the forearm is usually held against 
the belly). 

 Two main complications are specifi cally 
encountered with 2-part (surgical neck) fractures 
and must be anticipated:
•     A rotational malunion  when the nail is locked 

proximally and distally with the arm in inter-
nal rotation; this leads to decreased humeral 
retroversion and, consequently, external 
rotation.  

•    A surgical neck nonunion  in cases of persis-
tent distraction at the fracture site.    
 With the Aequalis IM nail and instrumenta-

tion, these two complications can be avoided by:
•    Aligning the version rod with the forearm  
•   Retrograde hammering after distal locking, 

which impacts the surgical neck fracture site, 
preventing nonunion    
 The “retrograde” (percutaneous) technique is 

used in 2-part (surgical neck) fractures (Fig.  8.15 ). 
After creation of the entry point, the 2.2 mm 
guidewire is inserted, and its position is con-
fi rmed fl uoroscopically. After obtaining the 
reduction by manual manipulation, the guidewire 
is passed across the fracture. The nail is then 
inserted along the guidewire and pushed far 
 distally—farther than for a 3- or 4-part fracture. 
The surgeon should ensure that (1) the nail is 
placed low enough so that its proximal tip is 
10 mm lower than the highest part of the humeral 
head and (2) rotation is correct by aligning the 
version rod with the forearm. The nail is  fi rst 
locked distally , using only the more distal screw 
(static screw, in the round hole). The nail is then 
“pulled back up” with retrograde hammering to 
ensure impaction at the fracture site. If impaction 
and rotation are both satisfactory, then the nail 
can be locked proximally. Usually, one proximal 
locking screw (in the GT) provides enough sta-
bility to the construct.

8.11        Three-Part (Greater 
Tuberosity) Fractures 

 In three-part (GT) fractures, the head fragment is 
internally rotated due to traction by the subscapu-
laris muscle and the absence of the counteracting 
force of the infraspinatus and teres minor due to 
the avulsed GT [ 47 ]. Additionally, the diaphysis 
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is displaced medially and anteriorly. Therefore, 
the main goal must be to derotate the head frag-
ment and anatomically reduce and fi x the GT. 

 The “derotation” (transdeltoid) technique is 
used for 3-part fractures with avulsion of the GT 
(Fig.  8.16 ). The guidewire is inserted and its 
position is confi rmed by C-arm. After obtaining 
fracture reduction by manual manipulation, the 
guidewire is passed across the fracture; then, the 
nail is inserted along the guidewire. The head 
fragment, which is in excessive internal rotation, 

is derotated either using a suture placed in the 
subscapularis or with a bone hook inserted 
through the incision. First, the version rod is 
placed in internal rotation and the anterior screw 
is inserted in the LT. With the LT and head now 
captured by the nail construct, the epiphyseal 
fragment is derotated (i.e., rotated externally) 
with the help of the external jig. At this point, the 
GT is manipulated using either a hook or a suture 
placed in the infraspinatus, and once anatomi-
cally reduced, it is fi xed with its two screws. 

  Fig. 8.15    Two-part displaced proximal humerus fracture 
fi xed with Aequalis IM nail (notice the absence of screws 
oriented in the humeral head). Intraoperative retrograde 

hammering and version    rod alignment. Active elevation at 
3 months post-op         
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Fig. 8.15 (continued)

  Fig. 8.16    Three-part displaced head-splitting fracture. 
Open reduction and fi xation with Aequalis IM nail; post-
op AP view shows healing and humeral reconstruction 

and CT scan demonstrates the absence of locking screws 
oriented in the humeral head       
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   Since the GT is anatomically reduced and fi xed, 
the two-part surgical neck fracture can now be 
viewed. This surgical neck fracture is then 
reduced by aligning the version rod to the 
 forearm, which is placed in neutral rotation. 
Finally, compression at the fracture site is given 
by impacting the elbow, and the two distal screws 
are inserted.

8.12        Valgus Impacted Four-Part 
Fractures 

 In valgus impacted 4-part fractures, the tuberosi-
ties are split and retracted medially while the 
head fragment is collapsed [ 48 ,  49 ]. The blood 
supply is preserved with a medial soft tissue 
hinge [ 50 ,  51 ]. The main complication, encoun-
tered specifi cally with fractures involving the GT, 
is posterior migration of the GT with defi nitive 
loss of active external rotation. 

 The GT is, in our opinion, the key piece of the 
puzzle in 4-part proximal humerus fractures [ 7 ]. 
Posteromedial displacement of the GT with mal-
union leads to a defi nitive loss of active external 
rotation; this will compromise many activities of 
daily living such as eating, hair washing and 
combing, and holding a phone, among others. 
The main goal must therefore be to elevate the 
humeral head in order to reduce and fi x the GT 
(and LT) in an anatomic position. Bringing the 
tuberosities together and fi xing them “closes the 
door” and provides indirect support for the head 
(Fig.  8.17  and  8.18 ).

     The “peg-closing book” technique  (via a 
superior transdeltoid or deltopectoral approach) 
is used in valgus impacted 4-part fractures. One 
suture is placed on the infraspinatus tendon to 
manipulate the GT fragment and another is 
placed on the subscapularis tendon to manipulate 
the LT fragment. The biceps tendon is routinely 
tenodesed and its intra-articular portion resected 
after medial opening of the rotator interval. The 
vertical fracture plane is identifi ed posterior to 
the bicipital groove. An elevator is inserted 
between the tuberosity fragments, and the head is 
elevated to its anatomic position, as indicated by 
the GT. It is important to keep the medial hinge 

intact and not to over-reduce the humeral head 
fragment. The entry portal of the nail is carefully 
created on the articular fragment, so as not to 
fragment it further. Alternatively, the nail can be 
inserted directly inside the medullary canal, pass-
ing lateral to the head fragment. The nail is fi rst 
locked distally with the two distal screws, then it 
is used to support the head fragment. Next, the 
displaced GT is reduced using the stay sutures in 
the infraspinatus and placing the arm in external 
rotation. The GT in most cases regains its ana-
tomic position when the articular fragment is 
elevated and the  arm is rotated externally . The 
two posterior locking screws are then used to fi x 
the GT to the nail. Similarly, the LT fragment is 
reduced using the subscapularis stay suture then 
fi xed with its screw. In cases of osteopenic bone, 
it is recommended that this fi xation be augmented 
with transverse cerclage and longitudinal tension- 
band sutures [ 52 ]. Finally, the anterior deltoid 
muscle is meticulously reattached to the 
acromion.  

8.13     Varus Impacted Four-Part 
Fractures 

 Varus-type 4-part fractures are more diffi cult to 
reduce, and their open reduction and internal fi x-
ation should be approached with caution [ 14 ]. 
When the Aequalis nail is used, its entry portal 
must be  as medial as possible .  

8.14     Postoperative Management 

 A sling in  neutral rotation  is worn for 3–4 weeks. 
This position is the most relaxing position to keep 
the balance between the external and internal rota-
tor cuff muscles. Pendular shoulder exercises as 
well as mobilization of the elbow, wrist, and fi n-
gers are started immediately. External rotation of 
the shoulder with the arm at the side and internal 
rotation with the hand in the back by a physiother-
apist are prohibited for 6–8 weeks postoperatively. 
Active-assisted range of motion (ROM) exercises 
of the shoulder are allowed 4–6 weeks postopera-
tively. Swimming is recommended.  
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8.15     Early Clinical Experience 
with the Aequalis IM Nail 

 We have so far treated 24 patients with a mean age 
of 64 years (range, 27–83 years) for displaced and 
unstable fractures using the Aequalis IM nail. A 
fracture was considered to be displaced if it 
involved translation of more than 1 cm or an 
angulation of more than 45° in at least one view of 

the radiographic trauma series. On radiographs 
and CT scan, the fractures were classifi ed using 
the Neer system: 9 were 2-part surgical neck frac-
tures, 4 were 3-part fractures, and 11 were 4-part 
fractures. The fracture was secondary to low-
energy falls in 20 patients (83 %). Nine patients 
(37 %) had severe osteoporosis. The time between 
injury and surgery averaged 8 days (range, 
1–25 days). The approach was percutaneous in 5 

  Fig. 8.17       ( a ) Four-part valgus    impacted proximal 
humerus fracture with medial displacement of both tuber-
osities in a 67-year-old woman treated with IM nailing; 
proximal screws are oriented perpendicular to the tuber-
osities (tuberosity- based fi xation). Notice the absence of 

screw oriented toward the humeral head.  Arrows  indicates 
horizontal pulling forces. ( GT ) greater tuberosity, ( LT ) 
lesser tuberosity, ( 1 ) humeral head, ( 2 ) greater tuberosity, 
( 3 ) lesser tuberosity, ( 4 ) humeral shaft. ( b ) Functional 
result with 1-year FU         
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Fig. 8.17 (continued)

  Fig. 8.18       ( a ) Four-part valgus impacted proximal 
humerus fracture in a 54-year-old woman; tuberosity-
based screw orientation with Aequalis IM nail allows to 
resist to horizontal pulling forces of rotator muscles, while 

nail-based fi xation is superior to any bone-based fi xation, 
especially in osteopenic bone. ( b ) Good active mobility 
and no humeral head necrosis at 1 year, despite excessive 
elevation of the humeral head and loss of the medial hinge           
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Fig. 8.18 (continued)
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cases, transdeltoid in 13, and deltopectoral in 3. 
Follow-up was carried out at 4 weeks, 3, 6, and 
12 months postoperatively and yearly thereafter. 
Patient follow-up averaged 9 months (range, 
6–18 months). 

 No patient required further surgical interven-
tion. All fractures healed and all patients recov-
ered enough motion to perform daily activities 
independently. Postoperative outcomes as mea-
sured by Constant score averaged 69 points 
(95 % CI 49–83): pain 12.5 points, activity 15 
points, mobility 28 points, and strength 13.5 
points. The mean adjusted CS score was 81 % 
and the mean SSV score was 80 %. Active eleva-
tion was 132° (120–150), external rotation 37° 
(10–60), and internal rotation L3 (sacrum–D12). 
There was no tuberosity migration and no non-
union. Varus deformity was seen in 4 shoulders 
(16 %). Partial necrosis of the humeral head 
developed in one patient.  

    Conclusion 

 Proximal humeral fracture reduction and fi xa-
tion remains a surgical challenge. The 
Aequalis IM nail is based on a new concept: 
the anatomic reduction and secure fi xation of 
the greater tuberosity, which is the key piece 
of the puzzle in proximal humerus fractures. 
Loss of reduction and fi xation of the greater 
tuberosity leads to defi nitive retraction and 
atrophy of the two single external rotator mus-
cles of the shoulder (i.e., infraspinatus and 
teres minor). This loss of external rotator cuff 
muscles and tendons leads to a defi nitive pseu-
doparalyzed and stiff shoulder for which sur-
gical options are limited. By contrast, 
posttraumatic humeral head necrosis is well 
tolerated since the greater tuberosity has 
healed in an anatomic position and there is no 
screw penetration or glenoid erosion. Thus, all 
efforts of the surgeon should  not  be directed 
toward the humeral head, but to the greater 
tuberosity fi xation and reduction. Contrary to 
a common belief, humeral head fi xation is  not  
the problem since it becomes stable when both 
tuberosities are reduced and fi xed. The 
Aequalis IM nail has been designed specifi -
cally to optimize tuberosity- fragment fi xation 

and provide stable support for the humeral 
head, improving proximal humerus recon-
struction and fi xation in osteopenic bone. In 
addition, specifi c surgical techniques have 
been developed for reduction and fi xation of 
each fracture type (2-, 3-, or 4-part). The 
design of this nail and these specifi c tech-
niques have been created to avoid the common 
complications and problems related to IM 
nailing of proximal humeral fractures. Our 
early clinical experience is encouraging and 
lives up to the biomechanical and  surgical 
concepts.     
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9.1            Introduction 

 Hemiarthroplasty is the procedure of choice 
for certain 3- and 4-part fractures, fracture- 
dislocations, and head-splitting fractures of the 
proximal humerus. It is a diffi cult procedure that 
requires experience in trauma and joint replace-
ment surgery. The main diffi culties arise from 
the management of the tuberosities and restor-
ing of the correct version and length. The results 
are highly variable and sometimes unpredictable, 
related to effective pain control and restoration of 
normal function [ 1 ]. 

 In particular, the main diffi culty is the proper 
healing of the tuberosities which can be reab-
sorbed due to the poor quality of the bone and 
vascularization or migration and healing in an 
incorrect place.  

9.2     Indications and Preoperative 
Planning 

 As already described in the chapter regarding the 
understanding of the fracture, one of the treat-
ment cornerstones is the correct indication. This 
comes from the overall understanding of the type 
of both fracture and patient that we have to deal 
with concerning age, functional requirements, 
compliance, dominant side, and quality of the 
tissues [ 2 – 4 ]. 

9.2.1     Age 

 The age of the patient plays a vital role in our 
decision to treat. The patient under the age of 60 
with high expectations is the ideal candidate for a 
hemiarthroplasty. This consideration should be 
made also on the basis of his ability to follow a 
demanding rehabilitation protocol completely 
different from that required when a reverse pros-
thesis is implanted. 

 Between 60s and 70s, the decision is related to 
the biologic age of the patient, to his general 
health, and to the presence of functional disor-
ders prior to the trauma. 

 Above the age of 70, the patient’s characteris-
tics and the quality of the bone would be often in 
favor of the placement of a reverse prosthesis.  
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9.2.2     Bone Quality 

 The quality of the bone affects (all) procedures: a 
poor quality of the bone with comminution of the 
tuberosity and a thin cortical can make the proce-
dure extremely complex. The bone quality can be 
evaluated with standard X-ray picture and CT 
scan, but defi nitive assessment is still intraopera-
tive. Therefore, it is recommended to have many 
different solutions available in the operating the-
ater before operation, to solve any problem iden-
tifi ed during the procedure [ 5 ].  

9.2.3     Fracture Pattern 

 Three- and four-part fractures, fracture- 
dislocations, head-splitting fractures of the proxi-
mal humerus, impacted fractures of the humeral 
head with involvement of more than 50 % of 
the articular surface, and a very unstable calcar 
are the most frequent injury patterns we have 
to deal with. For details we refer to the chapter 
“Understanding    the Fracture.”  

9.2.4     Rotator Cuff 

 The rotator cuff integrity can be assessed only 
intraoperatively. You can have an idea of the cuff 
condition, prior to surgery, inquiring the shoulder 
level of functional impairment before the injury 
and knowing that CT image that can sometimes 
highlight an atrophy of the rotator muscles.  

9.2.5     Surgeon Experience 

 The surgeon experience plays an important role. 
As previously said, implanting a prosthesis in 
case of proximal humerus fracture is a complex 
procedure requiring extensive knowledge of 
technical and anatomic details. 

 Our specifi c relative indications for hemiar-
throplasty in proximal humerus fracture are as 
follows:
•    Age <70  
•   Fracture pattern: 3- and 4-part fractures, 

fracture- dislocations, head-splitting fractures 

of the proximal humerus, head ischemia based 
on Hertel criteria  

•   Good bone quality  
•   Non-comminuted tuberosities  
•   Patient with good compliance  
•   No cuff defi ciency     

9.2.6     X-rays 

 An AP view and an axillary view are mandatory. 
A CT is needed to better understand the nature of 
the fracture fragments, to identify their manage-
ment and reduction, and also to have a perfect 
view of the glenoid.   

9.3     Surgical Technique 

9.3.1     Positioning/Exposure 

 The patient is placed in a beach-chair position on 
the edge of the operating table, taking care of leg 
position. The whole scapula must be visible and 
the arm must be freely movable. 

 The deltopectoral is the best approach for this 
surgical procedure. The skin incision goes 
straight from the lateral edge of the coracoid to 
the insertion of the deltoid muscle, paralleling the 
cephalic vein. You need to retract the pectoralis 
major medially and the deltoid laterally, splitting 
the two muscles apart (Fig.  9.1 ).

   The subcutaneous tissues are divided and the 
deltopectoral interval is entered; the cephalic 
vein may be retracted either medially or laterally. 
Sometimes it could be diffi cult to identify the 
deltopectoral groove because of hematoma or 
poor quality of the muscles. It is easier to fi nd the 
groove between the deltoid and the pectoralis, 
proximally near the clavicle where there is a nat-
ural fat space. 

 Bursectomy is often an important step: hema-
toma and bursa must be removed to gain a good 
view of the fracture anatomy. 

 It is necessary to identify the superior margin 
of the pectoralis major, which is an important 
anatomic landmark in verifying the height of the 
future implant, to correctly access the surgical 
site (Fig.  9.2 ). The clavipectoral fascia is opened 
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and a self-retaining retractor is placed between 
the conjoined tendon and deltoid. It is easy to 
identify the long head of the biceps that is an 
excellent landmark to fi nd the interval between 

the tuberosities. Tenotomy is performed 
(Fig.  9.3 ). The arm is then placed into abduction 
and internal rotation, and the greater and lesser 
tuberosities are identifi ed. It is essential to 

  Fig. 9.1    Deltopectoral approach. Main landmarks: coracoid process, acromion, and distal deltoid insertion. Vision 
from this approach is optimal       

  Fig. 9.2    It is very important to identify the top margin of the pectoralis major muscle ( PM ) that allows to defi ne the 
height of the implant. To the left there is a ruler that measures the height of the rasp in relation to the tendon       
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 preserve them with all the bone. Two no. 2 non-
absorbable sutures are placed in Mason-Allen-
type stitches at the bone-tendon junction through 
the subscapularis and infraspinatus in order to 
manage the tuberosities (Fig.  9.4 ). It is helpful to 
release both tendons (subscapularis, infraspina-
tus) to obtain free fragments that can be easily 
placed around the implant.

     The rotator interval is opened till the glenoid 
to release the coracohumeral ligament to expose 
the humeral head and the glenoid. 

 With the tuberosities retracted, the head frag-
ment is removed; in order to measure the head 

size, it should be better to remove it in one piece 
(Fig.  9.5 ).

   At this point the inspection of the glenoid can 
be easily done in order to assess its integrity and 
the good condition of the cartilage.  

9.3.2     Humeral Preparation 

 The arm is left along the trunk and externally 
rotated, and the humeral shaft is exposed. 

 Since the metaphysis is typically “absent” due 
to the fracture, the humeral shaft is prepared with 
hand reamers until there is a gentle cortical resis-
tance. A humeral trial is then placed. During this 
step, the surgeon must check carefully the fi t of 
the diaphysis and the version and the depth of the 
implant. The fi t is obtained evaluating the rela-
tionship between the stem and the canal; the ret-
roversion is identifi ed with anatomic references 
according to the used system (the alignment rod 
into the appropriate retroversion hole, referring 
to the forearm and to the condyles) (Fig.  9.6 ); the 
appropriate depth of the implant is measured 
referring to anatomic landmarks: the calcar and 
the distance between the tip of the humeral head 
and the upper margin of the pectoralis major 
[5.5 cm; (Fig.  9.7 )].

    It is important to measure the resected humeral 
head to decide the correct size (diameter and 
height) of the implant. In order to decide which 
size is best, it is important to remember that 
undersizing the head avoids the overstuffi ng that 
might lead to complications such as glenoiditis 
and tendon impingement (Fig.  9.8 ). The selected 
humeral trial head is placed.

   You need to mobilize the tuberosities in order 
to approximate them around the prosthesis and 
the humeral shaft: the primary goal is the maxi-
mum contact between stem and shaft to restore 
their anatomic position (Fig.  9.9 ). The V-shaped 
fracture in the diaphysis represents a very impor-
tant landmark for the reduction of the greater 
tuberosity (Fig.  9.10 ) [ 6 ]. The initial reduction of 
the greater tuberosity allows testing of both 
height and retroversion of the implant. With the 
tuberosities reduced, it is possible to defi ne the 

  Fig. 9.3    Identify the tendon of the long head of the biceps 
( LHB ). Frequently you perform a tenotomy       

  Fig. 9.4    Two no. 2 nonabsorbable sutures are placed in 
Mason-Allen-type stitches at the bone-tendon junction 
through the subscapularis and infraspinatus in order to 
manage the tuberosities ( GT  greater tuberosities,  LT  lesser 
tuberosities,  D  diaphysis)       
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  Fig. 9.5    Removal of the head if possible in one piece to allow a correct measurement       

  Fig. 9.6        Left:  evaluation    of the ( yellow circle ) refers to the fi lling of the rasp in the diaphysis.  Right : evaluation of the 
orientation of the stem with the alignment rod: transepicondylar axis,  yellow ; forearm axis,  red        
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a b c

  Fig. 9.7    ( a ) The distance between the tip of the humeral 
head and the upper border of the pectoralis major ( green 
arrows ). ( b ) The appropriate depth of the implant is mea-
sured referring to anatomic landmarks: the calcar ( blue 

circle ) and the distance between the tip of the humeral 
head and the upper margin of the pectoralis major (5.5 cm) 
( yellow circle ). ( c ) The same ruler intraoperatively       

  Fig. 9.8    Measurement    of the humeral head: undersizing the head.  Right :  yellow  tendon impingement of a humeral head 
oversized.  red arrows : size( diameter and hight)       
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correct position of the sutures that are supposed 
to anchor the tuberosities to the diaphysis and 
drill the holes for passing them (Fig.  9.11 ). The 
sutures must close the fragments around the 

implant stabilizing them and neutralizing the 
traction forces of the tendons (Fig.  9.12 ).

      This calibration phase of the tuberosity reduc-
tion represents the key moment of the procedure: 
it may take time and it has to be done very pre-
cisely (Fig.  9.13 ) [ 7 ].

   There is no known suture system that guaran-
tees a reliable suture and an appropriate stability 
of the tuberosity: we consider of great impor-
tance the positioning of four circular sutures that 
span the two tuberosities and of two sutures 
anchored to the shaft that can neutralize the ten-
sion of the tendons. 

 Usually a confl ict between the supraspinatus 
tendon and the prosthetic head and an incorrect 
reduction of the tuberosities can compromise their 
healing and the functional recovery of the shoulder. 

 A cement restrictor is then placed and the 
humeral canal cleaned and dried with pulsatile 
lavage. The cementation is performed with the 
defi nitive implant: it is essential to remove all the 
cement from the metaphyseal region and between 
the tuberosities. The height and the direction of 
the prosthesis are set as previously noted. 

 After all sutures are tied, trial motion is tested 
to ensure stable fi xation of the tuberosities to 
the shaft (no movements are allowed between 
all the structures) and to rule out any abnormal 

  Fig. 9.9     Left :  yellow line  refers to level of gt  and contact with the implant ( GT ).  Right : post-op X-ray control demon-
strating the perfect restoration of the anatomy       

  Fig. 9.10    The V-shaped fracture in the diaphysis ( blue 
line ) represents a very important landmark for the reduc-
tion of the greater tuberosity ( yellow line )       
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impingement of the implant prior to closure. 
The deltopectoral interval is then closed with 
no. 2 absorbable braided suture, followed by clo-
sure of the  subcutaneous tissue with interrupted 

no. 0 absorbable sutures and a running no. 2/0 
absorbable suture. The skin edges are re-approx-
imated with staples and a sterile dressing applied 
(Fig.  9.14 ).

  Fig. 9.11    With the greater ( blue ) and lesser ( yellow ) 
tuberosities    reduced, it is possible to defi ne the correct 
position of the sutures anchoring the tuberosities to the 

diaphysis and drill the holes for passing them.  Right : 
sutures passing the diaphysis       

  Fig. 9.12    The sutures close 
the fragments around the 
implant. Sutures passing in 
the supra- and infraspinatus 
tendons. The blue sutures 
come out from the canal, neu-
tralizing the traction forces of 
the tendons       
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9.4         Postoperative Management 

 Postoperatively, patients are immobilized for 
6 weeks in a sling, which is only removed to 
bathe and perform physical therapy. Patients are 
immediately started on gentle elbow, wrist, and 
hand range of motion and scapular stabilization 
exercises. For the fi rst 4 weeks, we allow supine 
passive elevation to 90° and external rotation to 
30° with the arm at the side. Four to six weeks 
after surgery, patients are advanced to full 
supine passive elevation and only 30° of exter-
nal rotation with the arm at the side.    From the 
seventh week, full active forward elevation is 

  Fig. 9.14    Post-op X-ray control       

  Fig. 9.13    In some cases the implant has holes to pass the 
sutures and ensure the tuberosities. It is mandatory to have 
the sutures well organized       
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allowed and external and internal rotations are 
started. Resistance exercises begin at the tenth 
week [ 8 ].     
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10.1            Introduction 

 Proximal humeral fractures represent the third 
most frequent fracture of the appendicular skele-
ton in elderly patients [ 1 ]. The incidence of prox-
imal humerus fractures associated with 
osteoporosis in elderly persons has been increas-
ing as the elderly population expands [ 2 ]. The 
majority of proximal humerus fractures in the 
elderly will result in minimal displacement and 
are treated nonoperatively. However, displaced 
and/or unstable fractures often require operative 
intervention, and there currently exists no con-
sensus regarding the ideal management of these 
fractures. In addition to fracture geometry, many 
patient factors, including age, general medical 
condition, activity level, bone quality, and ability 
to comply with postoperative rehabilitation, are 
taken into account when deciding on operative 
treatment of choice. 

 Several techniques, including open reduction 
and internal fi xation (ORIF) and hemiarthro-
plasty, have been described for operative treat-
ment of proximal humerus fractures in the 

elderly. Although the advent of locking plate 
technology offers the advantage of improved 
mechanical fi xation in weaker bone, achieving 
adequate stability to maintain reduction and pre-
vent tuberosity displacement is challenging in 
elderly patients. Furthermore, the results of ORIF 
of proximal humerus fractures in elderly patients 
have been somewhat inconsistent and prone to 
high rates of complications and worse functional 
outcomes [ 3 ,  4 ]. Hemiarthroplasty has been sug-
gested as a treatment for patients with 3- or 4-part 
fractures, fracture dislocations, head-splitting 
fractures, and impacted fractures of the humeral 
head with involvement of more than 50 % of the 
articular surface [ 5 ]. However, hemiarthroplasty 
represents a technically diffi cult option, with par-
ticular attention required to achieve adequate res-
toration of humeral length and version along with 
anatomic, stable tuberosity reconstruction. 
Similar to plate osteosynthesis, results of hemiar-
throplasty for proximal humerus fractures have 
been variable, with overall more dependable 
relief of pain than restoration of adequate range 
of motion and function [ 5 – 7 ]. In particular, tuber-
osity nonunion or malunion after hemiarthro-
plasty has been identifi ed as a signifi cant risk 
factor for superior migration of the prosthesis, 
stiffness or weakness, persistent pain, and worse 
functional results [ 5 ,  7 ]. 

 Although reverse total shoulder arthroplasty 
(TSA) was originally designed for surgical man-
agement of the arthritic, rotator cuff-defi cient 
shoulder, the indications have expanded signifi -
cantly and now include acute proximal humerus 
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fractures in the elderly. Initial short-term studies 
have shown promising outcomes, especially 
when compared to hemiarthroplasty [ 8 – 12 ]. 
Herein we describe our comprehensive treatment 
algorithm (indications, preoperative planning, 
surgical technique, and postoperative manage-
ment) for the use of reverse TSA in the treatment 
of acute proximal humerus fractures.  

10.2      Indications and Preoperative 
Planning 

 This stage is the most critical part of the surgical 
procedure. We routinely evaluate four criteria 
when deciding which treatment to offer patients 
with a proximal humerus fracture. 

10.2.1     Age 

 One of the most important considerations in 
selecting a method of treatment in proximal 
humeral fractures is the chronological and physi-
ological age of the patient. Most female patients, 
by the sixth decade of life, have some degree of 
osteoporosis and many have impaired neuromus-
cular control as well. These factors may compro-
mise osteosynthesis and lead to poor results by 
increasing the risk of fi xation failure, postopera-
tive fracture displacement, nonunion, and/or avas-
cular necrosis. Fractures in patients aged 65 years 
or less appear to be more amenable to humeral 
head preservation techniques. Moreover, patients 
older than 75 may have an increased chance of 
tuberosity-related complications and poor func-
tional outcomes after hemiarthroplasty for acute 
3- and 4-part proximal humerus fracture [ 13 ].  

10.2.2     Bone Quality 

 Similar to age, a patient’s bone quality can affect 
the success of any humeral head preserving fi xa-
tion technique. Recent studies have demonstrated 
that the cortical thickness of the proximal humeral 
diaphysis is a reliable predictor of bone quality in 
the proximal humerus [ 14 ,  15 ]. Despite the 

improved strength of fi xation in osteoporotic 
bone afforded by locking plate technology, suc-
cessful treatment after ORIF depends to a certain 
degree on overall bone quality, which may lead to 
a higher risk of complications in geriatric patient 
population [ 3 ,  4 ].  

10.2.3     Fracture Pattern 

 Hertel et al. investigated perfusion of the humeral 
head after an intracapsular fracture and were able 
to prospectively correlate radiographic fracture 
morphology with intraoperative humeral head 
vascularity [ 16 ]. Radiographic criteria predictive 
of humeral head ischemia include metaphyseal 
head extension of the fracture less than 8 mm, 
disruption of the medial hinge >2 mm, and 
basic fracture pattern (i.e., fracture through the 
anatomic neck). When these three radiographic 
fi ndings were present preoperatively, there was a 
97 % positive predictive value for humeral head 
ischemia. Furthermore, even when the humeral 
head is vascular and amenable to preservation, 
the ability to maintain adequate fracture stability 
is necessary for successful fracture healing. The 
medial calcar of the humerus must be intact or 
restored at the time of surgery for a “stable” reduc-
tion [ 17 ]. Comminution in this region increases 
the risk of a varus fracture malreduction.  

10.2.4     Timing of Surgery 

 The delay between injury and defi nitive surgery is 
yet another variable that may affect functional 
outcomes following surgical management of 
proximal humeral fractures. For example, a frac-
ture amenable to percutaneous fi xation techniques 
may become impossible to reduce closed and pin 
percutaneously after 7–10 days or when early cal-
lus has formed. It is also clear that the outcomes 
following early arthroplasty for proximal humeral 
fractures are signifi cantly improved compared to 
arthroplasty more than 4 weeks after injury [ 5 ,  16 , 
 19 ]. We believe that optimal surgical timing for 
shoulder fracture arthroplasty is 6–14 days after 
injury to allow for partial resolution of the soft 
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tissue swelling (assuming no acute neurovascular 
injury or other situation necessitating an earlier 
intervention). 

 As experience with reverse shoulder arthro-
plasty increases, the indications for utilizing this 
prosthesis in the initial treatment of proximal 
humerus fractures have become better defi ned. In 
part based on the above criteria, our specifi c rela-
tive indications for the use of reverse TSA in the 
treatment of proximal humerus fractures are as 
follows:
•    Age >70  
•   Fracture pattern: ischemic head based on 

Hertel criteria  
•   Poor bone quality with inability to reconstruct 

tuberosities  
•   Previous known cuff defi ciency  
•   Ipsilateral lower extremity fracture that 

requires upper extremity weight bearing (on 
the fractured shoulder) for mobilization  

•   Greater than 4 weeks after injury (chronic 
fracture sequelae)    
 In addition, Visser et al. prospectively per-

formed an electromyographic investigation of 
143 consecutive proximal humerus fractures 
treated either conservatively or operatively [ 20 ]. 
They found nerve lesions to be far more frequent 
in displaced fractures with an overall 67 % inci-
dence of acute neurological injury after proximal 
humerus fracture. While a combination of nerve 
lesions was frequently seen, the most common 
isolated peripheral nerves involved were the axil-
lary (58 %) and suprascapular (48 %) nerves. 
While we prefer an anterosuperior approach for 
primary reverse TSA for cuff arthropathy, based 
on the fi ndings of Visser et al., we perform all 
cases of reverse TSA for acute proximal humerus 
fracture through a deltopectoral approach to 
avoid further trauma to the deltoid. 

 Furthermore, restoration of humeral length 
with anatomic tuberosity reconstruction around 
the prosthesis and to the humeral shaft is neces-
sary to optimize functional results following 
reversed shoulder arthroplasty. As we have previ-
ously described in performing hemiarthroplasty 
for proximal humerus fractures, we preopera-
tively calculate the appropriate height of the 
humeral implant based on comparison to the 

 contralateral limb for all cases where we perform 
reverse TSA for proximal humerus fracture [ 21 ]. 
Using scaled radiographs of both humeri, the 
ipsilateral humerus is measured from the medial 
epicondyle to the fracture, and the contralateral 
humerus is measured from the medial epicondyle 
to the top of the greater tuberosity.  The differ-
ence between these two measurements is the 
height at which the metaphysis of the reverse 
prosthesis should be placed above the lateral 
aspect of the fracture. This number is recorded 
and marked on the prosthetic implant at the time 
of surgery. The length of the greater tuberosity 
fracture fragment is then measured radiographi-
cally and recorded for later comparison to the 
intraoperative measurement of the greater tuber-
osity fracture fragment.   

10.3     Surgical Technique 

10.3.1     Positioning/Exposure 

 The patient is placed in a semisupine position on 
a standard operating room table with the head 
elevated between 20° and 30° and the scapula 
supported. A 3-in. modifi ed deltopectoral inci-
sion is utilized beginning just inferior to the base 
of the coracoid process and paralleling the 
cephalic vein. The subcutaneous tissues are 
divided and the deltopectoral interval entered, 
taking the cephalic vein medial with the pectora-
lis major. Once the deltopectoral interval is 
opened, a small Hohmann retractor is placed just 
above the coracoid process/coracoacromial (CA) 
ligament; a second modifi ed bent Hohmann 
retractor is placed lateral to this under the deltoid 
and on top of the acromion. The clavipectoral 
fascia is opened and a self-retaining retractor is 
placed between the conjoined tendon and deltoid. 
The biceps tendon is identifi ed within the intertu-
bercular groove and a tenotomy is performed. 
The arm is then placed into abduction and inter-
nal rotation and the greater and lesser tuberosities 
identifi ed with the aid of a blunt elevator and/or 
osteotome depending on the chronicity of the 
fracture. The humeral head fragment is removed. 
Four no. 5 nonabsorbable sutures are then placed 
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in a mattress-type fashion around the greater 
tuberosity at the bone-tendon junction (two in the 
infraspinatus and two teres minor). One tempo-
rary stay suture is then placed at the bone-tendon 
junction between the subscapularis and lesser 
tuberosity (Fig.  10.1 ). The rotator cuff is sharply 
divided in line between the tuberosities to the 
level of the glenoid. Three retractors are then 
sequentially placed around the glenoid: a small 
Darrach retractor posteroinferiorly, a glenoid 
neck retractor anteriorly, and a Hohmann retrac-
tor posterosuperiorly. The biceps insertion is 
exposed and any remaining labrum is excised cir-
cumferentially around the glenoid rim. In addi-
tion, we release roughly 1–2 mm of the long head 
of the triceps insertion along the 5–7 o’clock 
position of the glenoid.

10.3.2        Glenoid Preparation 

 We prefer to perform all glenoid arthroplasty 
prior to performing humeral arthroplasty. We 
place the arm in a posterior and inferior position, 
thereby moving the humerus out of the surgical 
window in order to adequately access the glenoid. 
Placement of the patient in the semisupine posi-
tion with the head of bed elevated 20–30° as pre-
viously described allows for gravity to assist the 
exposure by aiding to place the arm in a posterior 
position. The center of the glenoid articular sur-
face is fi rst marked with a Bovie. Our preferred 

starting point for placement of the baseplate peg is 
just posterior and inferior to the native center of 
the glenoid (Fig.  10.2 ). After the center hole is 
drilled, a curette is used to confi rm that the drill 
has not perforated the glenoid vault either anteri-
orly or posteriorly. The glenoid is sequentially 
reamed up to the size of the glenosphere. After 
each reamer is engaged within the center hold of 
the glenoid, we drop our hand approximately 
10–15° to allow for inferior tilt of the baseplate/
glenosphere. We prefer to ream the glenoid mini-
mally so as to create a smooth, fl at surface on 
which the baseplate will sit while preserving the 
structural stability of the subchondral bone. An 
enlarging drill is then used to fi nish the prepara-
tion for the central post and the baseplate is 
impacted into place. Our preference is to “match” 
the size of the baseplate and glenosphere to each 
individual patient based on height and weight. 
With the particular implant system, we prefer for 
reverse arthroplasty, there are two different- sized 
baseplates available. As a general rule, we implant 
the smaller baseplate in women and the larger 
baseplate in men. Similarly, each baseplate is also 
available with either a “short” or “long” central 
post. We prefer to use a long central post in all 
fracture patients in an effort to maximize the sta-
bility between the glenoid and baseplate. We 
place two compression screws (anterior and pos-
terior) followed by two locking screws (superior 
and inferior) through the baseplate. The posterior 
screw captures the lateral pillar of the scapula, the 

  Fig. 10.1    Four nonabsorbable and one temporary stay 
suture placed at the bone-tendon junction of the greater 
( GT ) and lesser ( LT ) tuberosities, respectively       

  Fig. 10.2    Preferred starting point for drilling of the cen-
tral hole in the glenoid       
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anterior screw the scapular spine, the superior 
screw the coracoid base, and the inferior screw 
parallels the central post of the baseplate along 
the glenoid neck. We feel this represents the four 
most important points of fi xation for the baseplate 
screws within the native scapula. The baseplate is 
then exposed circumferentially in order to allow 
for appropriate engagement of the morse taper 
and countersunk screw of the particular medial 
center of rotation glenosphere we utilize for 
reverse TSA. The glenosphere is then impacted 
onto the baseplate and locked into place.

10.3.3        Humeral Preparation 

 The humeral shaft is exposed with an osteotome 
anteriorly and posteriorly. Since the metaphysis 
is typically “absent” due to the fracture, the 
humeral shaft is prepared with hand reamers until 
there is gentle cortical resistance. A humeral trial 
is then placed. Appropriate height of the humeral 
implant and length of the greater tuberosity frac-
ture fragment is calculated preoperatively as 
noted above (see Sect.  10.2 ) based on compari-
son to the contralateral limb. This measurement 
is confi rmed intraoperatively (Fig.  10.3 ). It 
should be noted that if the radiographic measure-
ment of length of the greater tuberosity fragment 
performed preoperatively is not equal to that 

measured intraoperatively, the latter number 
should supersede the former. Humeral version is 
then set by placing the arm in a neutral position at 
the side and pointing the humeral component/
tray toward the glenoid (Fig.  10.4 ). Two drill 
holes are then placed on either side of the bicipi-
tal groove and a single heavy nonabsorbable 
suture is placed through each for fi nal vertical, 
tension-band fi xation of the tuberosities. A 
cement restrictor is then placed at a distance 
equal to two canal diameters distal to the tip of 
the prosthesis and the humeral canal cleaned and 
dried with pulsatile lavage and an epinephrine 
soaked sponge. We then cement the humeral 
canal using a third-generation technique utilizing 
a ventilation tube to remove all blood and 
 minimize embolic phenomenon within the end-
osteal vessels of the humeral shaft. The proximal 
1–2 cm of cement is removed and the fi nal 
humeral implant is manually placed down the 
shaft of the humerus. The height and version of 
the prosthesis are set as noted previously. Once 
the cement is cured, we place a constrained poly-
ethylene trial onto the humeral component and 
the prosthesis is gently reduced to confi rm ade-
quate positioning and stability. The humeral 
component is then dislocated, and the fi nal con-
strained polyethylene liner is impacted in place. 
The four nonabsorbable sutures previously 
placed at the greater tuberosity at the bone- tendon 
junction are then cerclaged around the humeral 

  Fig. 10.3    Appropriate height of the humeral trial marked 
with a simple metal ruler based on the preoperative calcu-
lation of the distance from the fracture to the top of the 
lateral aspect of the humeral component       

  Fig. 10.4    Appropriate version of implant noted with arm 
held in the neutral position and pointing the humeral com-
ponent toward the glenoid       
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stem prior to gentle reduction of the fi nal humeral 
component (Fig.  10.5 ).

     The greater tuberosity is then reduced and held 
in its anatomic position with a pointed awl. Two of 
the four nonabsorbable sutures previously placed 
around the greater tuberosity at the bone- tendon 
junction and cerclaged around the prosthesis are 
tied. The two remaining sutures are then placed 
through the lesser tuberosity bone- tendon junction 
and tied with the lesser tuberosity held in an ana-
tomic position with the pointed awl (Fig.  10.6 ). 
This affi xes the tuberosities to one another around 
the prosthesis in the horizontal plane. The two 
nonabsorbable sutures previously placed through 
bone tunnels on either side of the intertubercular 
groove are not passed through the rotator cuff (one 
anterior to posterior and the other from posterior to 
anterior), thereby creating a fi gure-of-eight verti-
cal tension-band fi xation of the tuberosities to the 
shaft (Fig.  10.7 ). After all sutures are tied, trial 
motion is demonstrated to ensure stable fi xation of 
the tuberosities to the shaft and to rule out any 
abnormal impingement of the implant prior to clo-
sure. The deltopectoral interval is then closed with 
no. 2 absorbable braided suture, followed by clo-
sure of the subcutaneous tissue with interrupted 0 
absorbable sutures and a running 2/0 absorbable 
suture. The skin edges are re-approximated with 
staples and a sterile dressing applied. The ipsilat-
eral extremity is then placed into a simple Velpeau 
arm sling with the arm resting at the side prior to 
extubation.

  Fig. 10.5    The four nonabsorbable sutures previously 
placed at the greater tuberosity at the bone-tendon junc-
tion are cerclaged around the humeral stem prior to reduc-
tion of the fi nal humeral component       

  Fig. 10.6    The four nonabsorbable sutures previously 
placed through the greater tuberosity at the bone-tendon 
junction are used to affi x the tuberosities to one another 
around the prosthesis in the horizontal plane       

a b c

  Fig. 10.7    Vertical tension-band fi xation of the tuberosi-
ties to the shaft. One limb of the nonabsorbable suture pre-
viously placed through a drill hole posterior to the bicipital 
groove is passed from posterosuperior cuff ( a ) through 
anterosuperior cuff ( b ) and out through anteroinferior cuff 

( c ) before tying. This is repeated in the opposite direction 
for the suture placed anterior to the bicipital groove, 
thereby bringing the tuberosities into apposition with the 
humeral shaft       
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10.4          Postoperative Management 

 Postoperatively, patients are immobilized in a 
sling for 6 weeks, which is only removed to 
bathe and perform physical therapy. Patients are 
immediately started on gentle elbow, wrist, and 
hand range of motion and scapular stabilization 
exercises. For the fi rst 4 weeks, we allow supine 
passive elevation to 90° and external rotation to 
30° with the arm at the side. From 4 to 6 weeks 
after surgery, patients are advanced to full 
supine  passive elevation and still only 30° of 
external rotation with the arm at the side. At 
week 7 full active forward elevation, external 
rotation, and internal rotation are begun. 
Resistance exercises begin at week 10. We 
advise all patients that full recovery after reverse 
total shoulder arthroplasty for fracture can take 
up to 18 months from the date of the original 
injury.  

10.5     Results 

 Short-term outcomes following reverse TSA for 
acute proximal humerus fracture in elderly 
patients appear to be satisfactory in terms of pain 
relief, range of motion, and functional outcomes 
[ 8 ,  9 ]. Moreover, several comparative studies of 
reverse TSA and hemiarthroplasty for acute 
proximal humerus fractures have all demon-
strated improved results with the reverse prosthe-
sis [ 10 – 12 ]. Recent evidence also suggests there 
may be an association between the use of either a 
conventional or fracture-specifi c stem and fi nal 
range of motion and functional outcomes [ 22 ]. 
Overall complication rates after reverse TSA for 
acute proximal humerus fractures appear to be 
similar to those reported for other treatment alter-
natives [ 8 ,  9 ,  12 ].     
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11.1            Epidemiology  

 Surgical neck fractures are frequent, and they 
account for 12–28 % of proximal humeral frac-
tures [ 1 ]. Elderly patients with osteoporotic bone 
are typically affected. In fact, this lesion has a 
unimodal age distribution, with 72 years being 
the average age of onset. Moreover, it is rarely 
seen under 50 years of age, presenting as high- 
energy trauma and mostly related to motor- 
vehicle accidents [ 1 ].  

11.2     Radiographic Assessment 
and Classifi cation 

 For surgical neck fractures, standard true antero-
posterior (AP), lateral, and axillary radiographs 
obtained in the emergency department are suffi -
cient for diagnosis and classifi cation. A CT scan 
can be helpful if an articular or tuberosity fracture 
is suspected [ 2 ]. Proximal humeral fracture clas-
sifi cation is a highly debated topic [ 3 ]. Several 
attempts have been made to update and improve 
the classical and often criticized classifi cation 
systems, the Neer classifi cation and AO/OTA 
classifi cation, especially for complex fractures. 

However, surgical neck fractures are classifi ed 
following the same rationale [ 3 ]. In fact, the Neer 
classifi cation [ 4 ] of two-part surgical neck frac-
tures identifi es types A, B, and C for undisplaced, 
displaced, and comminuted fractures, respec-
tively. Neer’s criteria for displacement are 1 cm 
and/or 45° of angulation. The AO/OTA classifi ca-
tion [ 5 ] considers surgical neck fractures as extra-
articular (group A), identifying types 2 and 3 for 
undisplaced and displaced fractures respectively. 
Subgroups are also described based on fracture 
angulation (varus and valgus alignment) and com-
minution/fragmentation. Whatever classifi cation 
system should be used, it appears clear that neck-
shaft displacement, angulation, and comminution 
of fragments are the key elements that need to be 
considered in order to correctly assess these frac-
tures as they represent the discriminants to defi ne 
proper treatment and technique [ 3 ].  

11.3    Treatment: Conservative 
or Surgical? 

 Conservative treatment  is reported to be the treat-
ment of choice for undisplaced and minimally 
displaced proximal humerus fractures, which 
account for 75–80 % of these lesions [ 1 ,  2 ]. For 
the remaining 20–25 %, 55 % of which are surgi-
cal neck fractures [ 6 ], current literature generally 
supports surgical treatment, but there is no con-
sensus on the surgical technique which should be 
chosen [ 7 – 9 ]. Moreover, some authors report sat-
isfying results with conservative treatment even 
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for displaced surgical neck fractures, and many 
authors have failed to demonstrate a clear clini-
cal advantage for surgical treatment compared to 
the conservative option [ 7 ,  10 ]. Therefore, choos-
ing the correct treatment for a surgical neck frac-
ture can be challenging. Some authors help us to 
understand what the rationale is leading to the 
choice of a surgical treatment for surgical neck 
fractures. Court-Brown et al. [ 1 ] report that surgi-
cal treatment should be reserved only to fractures 
that are unlikely to heal with conservative treat-
ment because of a lack of bone contact between 
fragments. Warner et al. [ 2 ] better clarify this 
statement, distinguishing between elderly low- 
demanding patients in which bone contact may be 
all that is necessary and young active patients in 
which 45° of angulation and displacement lesser 
than 50 % of the diaphyseal diameter are the limit 
of tolerance. Moreover they identify varus dis-
placement, valgus displacement,  comminution, 
and 100 % displacement as indications for sur-
gical treatment. Nho et al. [ 9 ] recently proposed 
neck-shaft displacement  greater than 66 % of 
diaphyseal diameter as an indication for surgical 
treatment . They also identifi ed comminution and 
cortex thickness as crucial for the choice of the best 
surgical technique. It seems clear that the degree 
and characteristics of displacement are a cardi-
nal element to consider, but age and functional 
demands are maybe the most important. Elderly 
and low-demanding patients seem to reach a satis-
fying subjective result once union occurs, despite 
possible malunion. Warner et al. [ 2 ] found the pre-
dictive factors for nonunion of these fractures to 
be severe osteopenia, very proximal fracture line, 
and substantial displacement. Therefore, in these 
patients surgical treatment could be considered 
as an attempt to avoid nonunion, thus obtaining 
bone contact and mechanical stability between 
fragments even in the presence of nonanatomic 
reduction. Indeed, a surgical neck nonunion is 
invalidating, and its treatment is challenging for 
both the surgeon and the patient (i.e., blood loss, 
longer operating times, longer rehabilitation, etc.) 
[ 11 ]. On the other hand, the goal for younger 
active patients must be complete functional recov-
ery, and surgical treatment consisting of anatomic 

reduction and stable fi xation should be chosen 
whenever this goal is not otherwise achievable [ 8 , 
 9 ,  12 ]. Once surgical indication has been estab-
lished, the best surgical modality has to be ruled 
out. As already stated, current literature is still 
controversial on this topic. Nho et al. [ 9 ] recently 
reviewed the current literature indications for the 
management of proximal humeral fractures, iden-
tifying closed reduction and percutaneous pinning 
(CRPP), locking plate fi xation, and intramedul-
lary nailing as the most suitable surgical alterna-
tives for surgical neck fractures. To the best of our 
knowledge, few studies comparing two of these 
techniques are available in the literature [ 13 ,  14 ], 
and only one study compares all the three [ 12 ]; 
thus there is a lack of any evidence clearly sup-
porting one technique over another. However, 
indications and contraindications for each tech-
nique can be identifi ed, thereby addressing their 
proper use in each different case.  

11.4     Closed Reduction and 
Percutaneous Pinning  

 According to several authors [ 15 ,  16 ], a two-part 
surgical neck fracture is the ideal indication for 
CRPP. Closed reducibility and patient compli-
ance to pin management, and often prolonged 
immobilization, are required for successful treat-
ment. Severe osteopenia and metaphyseal com-
minution have been reported as contraindications 
[ 9 ,  15 ,  16 ]. 

 For CRPP techniques closed reduction is the 
fi rst step. If proper reduction cannot be achieved 
with closed maneuvers, small incisions can be 
performed in order to allow for the positioning 
of bone elevators and hooks to manipulate frag-
ments [ 15 ,  16 ]. The most used technique consists 
of the insertion of threaded 2.5-mm pins from 
the lateral shaft cortex in a distal to proximal 
direction, drilled under fl uoroscopic control to 
the humeral head until reaching the subchondral 
bone. The orientation of wires into the head must 
be divergent, and wire tips must reach different 
areas of the head without concentrating them at 
one point only [ 15 ,  16 ]. Several studies report 
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good functional outcome with this technique, 
especially for two-part fractures, with very low 
incidence of avascular necrosis of the humeral 
head [ 15 ,  16 ]. In fact, the greatest advantage of 
this technique is the absolute respect of humeral 
head vascularity [ 9 ,  12 ]. On the other hand, shoul-
der stiffness can be a complication of this treat-
ment [ 7 ], mainly because of the long (4–6 weeks) 
period of pin permanence affecting the possibil-
ity of early mobilization [ 16 ]. Other complica-
tions associated with pin treatment have been 
described as pin tract infection, lateral pin migra-
tion with loss of reduction, medial pin migration 
with articular cartilage damage, and the possible 
but rarely described intrathoracic migration [ 8 ]. 
The supporters of this technique attribute the 
high failure rate to the use of smooth pins rather 
than threaded pins and to technical errors mainly 
represented by the convergence of pin tips in a 
small area, usually in the inferomedial quadrant 
of the humeral head [ 15 ,  16 ]. However, the use 
of threaded pins has only limited the incidence 
of these complications, which still remain a con-
cern to many authors [ 8 ,  9 ]. Moreover, many ana-
tomic studies demonstrate the close proximity of 
pin tracts to the axillary nerve and cephalic vein 
with this technique, thus reducing its safety [ 17 ]. 
An alternative technique of CRPP which is par-
ticularly suitable for surgical neck fractures is the 
palm tree technique  [ 18 ,  19 ]. This technique con-
sists of the use of smooth pins which are inserted 
from the lateral humeral shaft cortex at the level 
of the deltoid tuberosity. Pins are curved before 
insertion at 45° at the proximal end and gently 
curved along all their length to facilitate inser-
tion. The wires are inserted in a divergent fashion 
achieving a 3-point stability in the cortex, shaft, 
and head [ 18 ,  19 ]. Some disadvantages of this 
technique have been reported, and these are partly 
comparable to the straight pins technique: conver-
gence of wires, loss of reduction, pin tract infec-
tion, radial nerve lesion if the posterior cortex is 
accidentally violated, and humeral shaft fracture 
[ 19 ]. Some technical modifi cations can be made 
to the original technique which partly avoid the 
described complications. In the past years at our 
institution, a modifi ed palm tree technique has 

been used to manage two-part proximal humeral 
fractures, with very satisfying long-term results 
and a very low incidence of complications lim-
ited to pin tract infections and minor malunions 
[unpublished data of the authors]. The modifi ed 
technique we use for surgical neck fractures con-
sists of the insertion of three K wires from three 
separated drill holes in the humeral shaft, the 
fi rst and more proximal in the original position 
described by Kapandji, the second more distal in 
the interval between brachialis and biceps bra-
chii muscles, and the third most distal anteriorly 
through the anterior muscles of the arm. This 
confi guration assures a divergent orientation of 
wire tips in the humeral head, thereby leading to 
the maximal rotational and axial stability obtain-
able with respect to the intrinsic characteristics of 
the implant. Moreover, the risk of humeral shaft 
fracture is reduced because of the distribution of 
stresses to the shaft in three different points. The 
avoidance of a larger skin incision (a stab inci-
sion is enough) and a theoretical shorter surgical 
time are advantages of this technique. Recently 
the results of a modifi ed palm tree technique with 
similar features were published in the literature, 
reporting comparably encouraging results in 
two- and also three-part fractures [ 20 ]. Because 
of its low invasivity, CRPP would be the ideal 
treatment for elderly patients with comorbidi-
ties , but osteopenia limits its use for the risk of 
pin migration and loss of reduction [ 8 ,  9 ,  15 ,  16 ]. 
On the other hand, CRPP would have the advan-
tage of an elastic fi xation, which is preferable 
in the osteopenic bone to limit fi xation failure 
[ 21 ]. In our experience, the palm tree technique 
has also proven to be a successful treatment for 
these patients because of the use of pins with-
out sharp ends signifi cantly limiting the risk of 
medial migration and loss of reduction. Medial 
migration risk is much higher if the subchondral 
bone is violated during pin insertions, thus pen-
etrating articular cartilage [ 20 ,  22 ]. Therefore, 
we have considered and still consider this tech-
nique to be the best choice in the elderly patient 
with a displaced surgical neck fracture without 
metaphyseal comminution, especially if affected 
by signifi cant comorbidities.  
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11.5    Angular Stable Internal 
Fixation: Locking Plate or Nail? 

 Angular stable fi xation is the most commonly 
used technique for surgical neck fractures [ 6 – 9 ]. 
Whatever implant is used, it provides a strong 
and relatively rigid fi xation even in the osteope-
nic bone as biomechanical studies clearly dem-
onstrate [ 23 ]. For its intrinsic stability, it is also 
suitable for fractures with metaphyseal commi-
nution [ 9 ,  21 ,  23 ]. For the same reason it allows 
early mobilization with a faster return to daily 
living activities. As previously stated, there are 
limited studies comparing nails and plates for 
proximal humeral fractures, very few of which 
specifi cally evaluate surgical neck fractures 
[ 12 – 14 ]. The results of these studies are contro-
versial, with clinical and radiographic outcome 
almost comparable between the two techniques. 
Some biomechanical studies have outlined a 
slight superiority of locking plates as far as 
rotational stability is concerned [ 23 ]. However, 
it is not clear whether this fi nding could have 
any clinical application [ 23 ]. Some studies were 
able to show a moderate superiority of plates in 
terms of functional recovery time and objective 
clinical outcome at the expense of a higher inci-
dence of complications [ 14 ]. Other studies, how-
ever, showed no signifi cant differences [ 12 ,  13 ]. 
Locking plates  are usually implanted through a 
deltopectoral approach, which is more aggres-
sive to soft tissues and thus presents a theoreti-
cally higher risk of vascular damage [ 8 ,  9 ]. This 
approach, together with the lateral position of 
the implant, could lead to excessive scarring, 
therefore affecting rehabilitation [ 8 ,  9 ]. On the 
other hand, the advantages of this implant reside 
in the highest biomechanical strength [ 23 ], the 
possibility to use cortical screws as reduction 
tools [ 24 ,  25 ], the higher possibilities for screw 
fi xation in the proximal fragment, and the possi-
bility to buttress the calcar region and fi x medial 
metaphyseal fragments with dedicated infero-
medial screws [ 26 ,  27 ]. Moreover, dedicated 
holes on most plates allow to reinforce the con-
struct with sutures between the rotator cuff and 
the plate. The use of these sutures is necessary 
in cases of poor bone quality to obtain maximal 

 stability and to minimize the risks of implant 
failure [ 22 ]. Intramedullary nails  have the advan-
tage of lesser soft tissues stripping due to the 
limited anterolateral deltoid-splitting approach 
required [ 6 ,  12 ], which also allows to recognize 
and treat concomitant lesions (i.e., rotator cuff 
tears, acromial spurs, etc.) which are present in 
up to 21 % of cases [ 6 ]. The main disadvantage 
is the violation of the rotator cuff, especially 
with curved nails entering the proximal fragment 
laterally at the level of the sulcus, leading to a 
high incidence (20–40 %) of shoulder pain [ 28 ]. 
The development of straight nails with an entry 
point at the top of the humeral head allowed for 
the supraspinatus tendon split to be performed 
more medially, where the well-vascularized tis-
sue can be successfully repaired [ 6 ,  12 ,  29 ]. Park 
et al. [ 30 ] described an access through the rota-
tor interval in order to avoid rotator cuff dam-
age. The latter approach is not used often and 
is also associated to a theoretic risk of damage 
to the biceps tendon. Moreover, this technique 
limits the access to the correct entry point at the 
top of the humeral head which is the ideal entry 
point for proximal humeral fractures [ 6 ,  29 , 
 30 ]. The entry point  topic is of critical impor-
tance, because it allows to achieve and maintain 
the reduction of the proximal fracture fragment 
and restore head-shaft alignment [ 6 ,  28 ,  29 ]. 
Moreover, the entry point affects stability of the 
implant. In fact, the correct entry point is in the 
center of the humeral head in its cartilaginous 
portion where strong subchondral bone can be 
retrieved. In this condition, the stability of fi xa-
tion of the proximal fragment relies not only on 
proximal screws but also on the nail-subchondral 
bone interface [ 29 ]. On the other hand, some 
fracture patterns do not allow to achieve this 
goal. Undisplaced or partial tuberosity fractures 
may become displaced if the nail entry point 
is too close to the fracture line (Fig.  11.1 ) [ 6 , 
 29 ]. A fi nal disadvantage is the lack of control 
of medial calcar fragments [ 12 – 14 ]. Minimally 
invasive plate osteosynthesis  is the third choice 
that has been reported recently in the literature, 
with the fi rst short-term reports showing prom-
ising results [ 24 ,  25 ]. It combines the struc-
tural advantages of plate fi xation with the lesser 
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invasivity of the anterolateral deltoid- splitting 
approach. However, a limit to this technique is 
the missing possibility to implant buttressing 
inferomedial screws as the literature reports a 
high risk of axillary nerve lesion without isola-
tion of the nerve itself [ 31 ]. Despite these dif-
ferences, the literature shows how the failure 
of fi xation  can occur with both implants, and it 
is generally secondary to metaphyseal medial 
impaction and varus displacement of the proxi-
mal fragment [ 21 ,  22 ,  32 ]. Screw cutout has 
been reported in up to 19 % of cases for plate 
and screw fi xation [ 14 ]. This common complica-
tion is usually the result of osteopenia render-
ing fi xation of the proximal fragment inadequate 
together with the lack of bone contact in the cal-
car region due to fragmentation or non-reduction 
of that component of the fracture [ 26 ]. Technical 
errors may also represent causes of failure [ 21 , 
 22 ]. Therefore, some authors have outlined some 
technical tips to limit the incidence of these com-
plications [ 21 ,  22 ,  32 ,  33 ]:
•     Screws should always be directed to the 

 subchondral bone which represents the stron-
gest bone in the humeral head, avoiding carti-
lage perforation with screws and drill.  

•   Reduction of varus displacement must be 
achieved because varus malreduction has been 

proven to be a risk factor to further varus and 
distal displacement.  

•   The proximal fragment should be secured to 
the implant with rotator cuff sutures, which 
are more reliable and stronger than screws in 
osteopenic bone.    
 As far as calcar region defects  are concerned, 

there are more considerations to be made. These 
medial defects are usually the result of comminu-
tion or fragmentation at the calcar posteromedial 
region, which is the carrying portion of the surgi-
cal neck [ 32 ]. This region should be reduced and 
reconstructed if possible, thereby obtaining 
proper bone contact between the proximal and 
distal fragments and thus preventing impaction 
and varus displacement [ 21 ]. If comminution is 
present and there are no fi xable medial frag-
ments, the literature suggests the impaction of 
fragments with relative shortening to be a useful 
solution [ 34 ], and some authors attribute the pos-
sibility of gradual controlled impaction to be a 
possible advantage of nails implanted in a 
dynamic confi guration [ 6 ]. A possible alternative 
is the use of buttressing inferomedial screws, 
which is obviously only applicable with plates 
implanted through an extensile approach 
(Fig.  11.2 ). [ 26 ,  27 ]. If fragmentation is present 
with medial fi xable cortical fragments, there is a 
clear indication for plate fi xation aimed at recon-
structing and rigidly fi xing the calcar region [ 21 , 
 26 ,  27 ].

11.6        Authors’ Preferred Method 
of Treatment 

 Functional demand, age, bone quality, and frac-
ture characteristics such as type and entity of 
displacement, comminution, and associated 
shoulder injuries (i.e., rotator cuff tears) must 
be considered as a whole to defi ne the best sur-
gical treatment for surgical neck fractures. In 
the elderly and low-demanding patients who 
are often affected by arthritic or cuff-defi cient 
shoulders, surgical intervention should aim to 
avoid a nonunion rather than to achieve ana-
tomic reduction. In our opinion, in such cases 
a modifi ed palm tree technique helps to achieve 

  Fig. 11.1    Schematic drawing of the proximal humerus, 
axial view ( red line  tuberosity fracture,  orange circle  nail 
entry point,  HH  humeral head,  GT  greater tuberosity,  LT  
lesser tuberosity): an adequate distance ( d ) between the 
tuberosity fracture line and the nail entry point is crucial 
to ensure implant stability and to avoid tuberosity fracture 
displacement       
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a

c d

b

  Fig. 11.2    Surgical neck fracture in a 50-year-old woman. 
( a ,  b ) Preoperative radiograph and CT scans showing an 
inferomedial fragment detachment causing a calcar defect. 

( c ) Reduction and fi xation with angular stable plate through 
a deltopectoral approach: an inferomedial buttressing screw 
has been used. ( d ) Radiograph 6 months after surgery       
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fracture union despite possible malreductions. 
Advantages of the technique are an elastic fi xa-
tion which is preferable in the osteopenic bone to 
limit fi xation failure, limited blood loss, reduced 
surgical time, and the avoidance of general anes-
thesia. Furthermore, postoperative immobiliza-
tion is tolerated better in elderly patients who are 
usually not very compliant to immediate post-op 
rehabilitation. Conversely, in younger and high- 
demanding patients, the aim of the intervention 
must be anatomic reduction, stable fi xation, and 
early mobilization. An immediate post-op reha-
bilitation program that includes pendulum move-
ments and passive mobilization on all planes 

prevents shoulder stiffness and a more prompt 
return to daily living activities. In these patients, 
the reduction and fi xation with a locking plate or 
a nail represent the best option (Fig.  11.3 ). The 
use of minimally invasive techniques is encour-
aged whenever possible, especially because 
surgical neck fractures are their most suitable 
indication. To clarify, minimally invasive tech-
niques in proximal humeral fractures do not 
refer to small skin incisions but to the absolute 
respect of vascularity, anatomic structures, and 
fracture site biology [ 35 ]. Therefore, both nails 
and plates can be implanted in this fashion, 
especially if an anterolateral deltoid-splitting 

a

d

b c

  Fig. 11.3    Surgical neck fracture extending to the greater 
tuberosity in a 49-year-old woman: closed reduction and 
internal fi xation with a nail. ( a ) preoperative radiograph; 

( b ) immediate postoperative radiograph; ( c ) 1-month 
postoperative radiograph; ( d ) 4-month postoperative 
radiograph demonstrating fracture healing       
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approach  is used. The latter is also a valuable 
solution in patients requiring a better cosmetic 
result. The extension of the approach can vary 
according to the  characteristics of the fracture 
and of the implant used. The nail requires a 
more aggressive deltoid- splitting approach (i.e., 
partial subperiosteal elevation of the deltoid 
from the acromion) in order to reach the rota-
tor cuff, which is crucial to guarantee optimal 
functional results. This is the only way to lon-
gitudinally split the supraspinatus medial to the 
footprint avoiding the risk to detach it from the 
greater tuberosity. Side-to-side stitches allow us 
to repair the approach accordingly. At the end 
of the procedure, the deltoid must be safely 
reinserted on the acromion with transosseous 
sutures to prevent iatrogenic lesions and unde-
sirable functional results. In our opinion, if the 
deltoid is not detached from the acromion, the 
rotator cuff is poorly visualized, thus leading 
to over-retraction and consequent unrepairable 
iatrogenic damage to the muscle fi bers. The nail 
should always be straight, and its entry point 
should be at the top of the humeral head in order 
to facilitate the reduction of the proximal frag-
ment on the diaphysis. Wide proximal meta-
diaphyseal canals are more prone to residual 
translation of the proximal fragment with respect 
to the diaphysis, although this does not generally 

affect the fi nal outcome. Intramedullary nailing 
is relatively contraindicated in fractures extend-
ing to the tuberosities . Most fractures of the 
humerus neck with infraction of the tuberosity 
are not typically associated with displacement of 
the latter. Nonetheless, the risk of displacement 
of the tuberosity still exists. This is particularly 
true in older patients with poor bone quality in 
which the bone bridge between the entry point 
of the nail and the tuberosity fracture line could 
more easily collapse. Therefore, a CT scan could 
be useful for preoperative planning, not only to 
assess the head-tuberosity relationship but also 
to precisely locate the entry point with respect to 
the fracture line. The minimally invasive locking 
plate is indicated in young patients with optimal 
bone quality, valgus deformity, and/or medial 
translation of the diaphysis. In these cases corti-
cal screws can be used to reduce the valgus defor-
mity and the translation (Fig.  11.4 ). The plate 
may also be used instead of the nail to treat frac-
tures extending to the tuberosity. Furthermore, 
the plate is less invasive than the nail as it spares 
the rotator cuff and does not require us to detach 
the deltoid from the acromion. The latter advan-
tage may be lost in cases requiring the use of 
sutures between the plate and the cuff, where 
partial detachment of the deltoid from the acro-
mion could be required. Such cases include 

a b c

  Fig. 11.4    Minimally invasive plate osteosynthesis 
through a deltoid splitting approach of a surgical neck 
fracture with medial diaphyseal displacement: note the 

use of a cortical screw to achieve reduction. ( a ) Cortical 
screw before tightening; ( b ) tightened cortical screw; ( c ) 
fi nal result       
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patients with a poor bone quality and fractures 
with metaphyseal comminution in which stabi-
lization with inferomedial screws is not achiev-
able as per the minimally invasive plate technical 
confi guration. Patients affected by metaphyseal 
comminution  may be better off if treated with 
a nail instead of a minimally invasive locking 
plate (Fig.  11.5 ). Intramedullary nailing has the 
advantage of providing mechanical stability of the 
proximal fragment with both the screws and the 
subchondral bone-nail interface [ 29 ,  36 ]. To maxi-
mize this effect while avoiding rotator cuff second-
ary damage and subacromial impingement by an 
overriding nail, the optimal depth of nail insertion 
should be 3–4 mm under the cartilage surface [ 6 , 
 29 ]. In any case, both the nail and the plate allow us 
to optimally intervene on the rotator cuff through 
an anterolateral deltoid-splitting surgical approach 
should the surgeon suspect rotator cuff lesions. 
The use of a locking plate implanted through a 
traditional deltopectoral approach is our preferred 
choice in particular cases. These include complex 
lesions requiring signifi cant reduction maneuvers, 
varus deformity associated with a signifi cant bone 
loss requiring bone grafts, cases with a fi xable 

medial calcar fragments , and a poor-quality bone 
requiring substantial use of osteosutures . The 
technique must be rigorous, and particular atten-
tion should be given to the soft tissue envelope. 
Periosteal elevation should be avoided. The trans-
verse ligament above the bicipital groove and the 
anterior circumfl ex vessels must all be identifi ed 
and respected in order to protect the ascending 
branch and the vascularization of the head. It is 
our belief that complex fractures always require 
osteosutures. Furthermore, the plate should be 
placed meticulously in terms of height and screw 
insertion so as to avoid subacromial impinge-
ment and violation of the articular surface. In 
conclusion, we recommend using a minimally 
invasive plate technique in young active patients, 
especially for valgus/medial translation defor-
mity of the fracture. The bone quality should be 
optimal. Intramedullary nailing is the best option 
to treat comminuted metaphyseal fractures in 
older patients with fair bone quality. The above-
mentioned cases must be addressed through an 
anterolateral deltoid- splitting approach with 
minimal soft tissue manipulation. The remain-
ing complex fractures and/or patients with poor 

a b c

  Fig. 11.5    Surgical neck fracture in a 57-year-old man. 
( a ) Preoperative radiographs showing metaphyseal com-
minution. ( b ) Reduction and fi xation with an angular 

stable nail: postoperative radiographs. ( c ) Radiographs 
7 months after surgery       
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bone quality may be treated with a locking plate 
through a traditional deltopectoral approach. 
Nonetheless, a rigorous surgical technique that is 
respectful of the vascularization and biology of 
the fracture is paramount. Finally, CRPP—espe-
cially the modifi ed palm tree technique—may 
play a role in the elderly, low-demanding patients 
to prevent nonunions.
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12.1            Introduction 

 Fractures of the greater and lesser tuberosities 
of the humerus are a rare clinical occurrence 
(20 and 2 % of all proximal humeral fractures, 
respectively). They often arise in association with 
a traumatic glenohumeral dislocation (10–30 % 
of cases) or as a result of a high-energy direct 
trauma [ 1 ]. Recent studies have reported that 
approximately 60 % of such fractures remain 
undiagnosed at initial clinical-radiological 
assessment [ 2 ]. Undisplaced fractures generally 
show good results if treated conservatively and 
with an appropriate rehabilitation program [ 3 ]. 
Most authors agree that surgery is indicated when 
the fracture is displaced with posterosuperior dis-
location of fragments. In fact, these cases often 
develop acromial impingement, an alteration in 
the balance of forces between the rotator cuff 
muscles and the deltoid, with resulting articular 
impairment especially during abduction and 
pseudarthrosis [ 4 ,  5 ]. In view of the above, it is 
crucial to formulate an early diagnosis, in some 
cases by means of more specifi c radiological 

investigations such as ultrasound and computed 
tomography (CT), and to establish which lesions 
really deserve an operative approach. In the event 
of surgery, one will have to decide whether to 
perform open or arthroscopic reduction and what 
fi xation devices need to be used, on the basis of 
the number and size of fragments, and the extent 
degree of displacement.  

12.2     Greater Tuberosity  

12.2.1     Epidemiology, Pathogenesis, 
and Classifi cation 

 Isolated fractures of the greater tuberosity are 
reported to account for approximately 20 % of all 
proximal humeral fractures, a percentage that is 
probably an underestimation due to misdiagnosis  
on plain radiography, whereas the proportion of 
greater tuberosity fractures that are treated surgi-
cally is 5 % [ 1 ,  6 – 8 ]. 

 In 10–30 % of cases, these fractures are associ-
ated with anterior glenohumeral dislocation [ 1 ,  9 ]: 
this means that a high proportion are also associ-
ated with partial or complete rotator cuff tears, 
instability of the long head of the biceps tendon, 
and injury to the anterior glenoid rim [ 10 ]. 

 Isolated greater tuberosity fractures should be 
regarded as a distinct disease entity among frac-
tures of the proximal epiphysis of the humerus. 
In 2005, Kim et al. [ 7 ] described the epidemio-
logical features of these fractures, on the basis of 
a sample of 115 isolated greater tuberosity fractures 
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among a total of 610 proximal humeral fractures: 
the mean age of patients is 42.8 years versus 
54.2, with a male predominance, and there is a 
stronger correlation with glenohumeral disloca-
tion  and therefore with higher-energy traumas. 
Moreover, isolated fractures of the greater tuber-
osity are considerably less likely to be associated 
with comorbidities, 13 % versus 35 %, as also 
reported by Chun et al. [ 6 ]. 

 Historically, isolated greater tuberosity frac-
tures have been described as avulsion fractures of 
the rotator cuff. However, in 2006, Bahrs et al. [ 9 ] 
found 25 % of inferior displacements of the 
greater tuberosity, in contrast with the avulsion 
dynamics which would pull the fragment posteri-
orly or posterosuperiorly. The mechanism of 
trauma  therefore deserves close attention. First, 
this type of fracture may arise as a result of an 
injury to the shoulder which may be direct—as 
occurs in the majority of cases [ 9 ]—or indirect 
after a fall with outstretched hand and extended or 
fl exed elbow or after a movement of shoulder 
abduction and external rotation that has suffi cient 
energy to produce a fracture [ 9 ,  11 ]. With both 
mechanisms, the greater tuberosity may fracture 
as a result of avulsion of the rotator cuff or impact 
against the acromion. An additional, less com-
mon, cause is an epileptic seizure. When associ-
ated with anterior glenohumeral dislocation, the 
fracture is caused by impact against the anterior 
edge of the glenoid cavity, and often the reduction 
maneuver indirectly also reduces displacement of 
the tuberosity. The role played by osteoporosis in 
the mechanism of injury is still unclear [ 11 ]. 

 The most commonly used classifi cation sys-
tems  for fractures of the proximal humeral epiph-
ysis, namely, Neer [ 5 ] and AO, are of limited use 
in isolated greater tuberosity fractures, as these 
make up a very different clinical entity. According 
to the Neer classifi cation, still the most com-
monly used, these fractures have the features of a 
two-part fracture when the displacement exceeds 
1 cm or 45° angulation; this model has been 
found to have fair/moderate inter- and intraob-
server reliability, in that interpretation is not 
always unequivocal on plain radiographs obtained 
in the emergency department, due to the risk of 
missing a three-part fracture especially in cases 

of valgus impacted fractures of the neck or 
 missing the fracture because of calcifi cations or 
small mobile fragments [ 1 ]. Moreover, the Neer 
classifi cation does not take into account the 
 direction of the displacement, comminution, and 
associated rotator cuff injuries, which tend to be 
more likely and extensive with more severely dis-
placed fragments. Over the past decade, many 
authors have agreed that the displacement values 
are inadequate and too large and lack correlation 
with the patients’ functional characteristics and 
requirements [ 12 ,  13 ]. Platzer et al. in 2005 [ 3 ] 
examined 135 isolated greater tuberosity frac-
tures with 1–5 mm displacement treated nonop-
eratively and assessed using the main clinical 
scores after a mean interval of 3.7 years and 
found 97 % of good to excellent results. However, 
to relate shoulder outcomes to the extent of dis-
placement alone, without considering direction, 
number of fragments, associated rotator cuff 
injuries, and type of patient, appears to be reduc-
tive and nongeneralizable. Displacement remains 
nonetheless crucial, as beyond a certain, unpre-
dictable degree rotator cuff injuries are inevita-
ble. In the AO/ASIF classifi cation, isolated 
fractures of the greater tuberosity are identifi ed 
by the code 11A1.2. However, even this classifi -
cation system is morphologic descriptive and not 
predictive of outcomes in the long term. In 2003, 
Gotzen et al. [ 14 ] proposed another, more 
detailed, topographic-morphologic classifi cation 
for isolated greater tuberosity fractures. These 
fractures are defi ned by the letter G, which is 
combined with the morphologic criterion, indi-
cated by the letter S, which ranges from 1 to 4 
based on displacement severity, fragment insta-
bility and number/comminution. This classifi ca-
tion considers a fracture to be displaced when it 
exceeds 25° of angulation or rotation or 5 mm of 
displacement. Only type G.S1 fractures are con-
sidered minimally displaced and stable with pre-
served soft tissue. The authors themselves state, 
however, that a new, more accurate and reproduc-
ible classifi cation is warranted [ 15 ] which is 
capable of taking into account the pathogenetic 
mechanism and the site and type of displacement, 
as well as providing information on outcomes 
and treatment. 
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 Parsons et al. [ 16 ] in 2005 came to the 
 conclusion that the classifi cation systems 
 generally used for the proximal humeral epiphy-
sis are still unreliable owing to the diffi culty in 
accurately assessing greater tuberosity displace-
ments on plain radiographs. In 2006, Bahrs et al. 
[ 9 ], in a study investigating a sample of 103 
greater tuberosity fractures, half of which associ-
ated with glenohumeral dislocation, concluded 
that there was no correlation between mechanism 
of injury and fracture pattern and that in the event 
of associated dislocation, the fragments tended to 
be more numerous and larger. Larger patient 
series should therefore be studied to better under-
stand the biomechanical mechanisms underlying 
this type of fracture and identify signifi cant 
 correlations with clinical outcomes.  

12.2.2     Clinical and Imaging 
Diagnosis 

 Clinically, in the acute phase it is diffi cult to dis-
tinguish an isolated greater tuberosity fracture 
from a multipart fracture of the humeral epiphy-
sis or acute rotator cuff disease: in either case 
patients report pain and reduction or absence of 
active mobilization and/or mobilization against 
resistance, especially during abduction and 
external rotation [ 17 ,  18 ]. The clinical diagnosis 
is more straightforward when the fracture is 
associated with dislocation, and in these cases an 
accurate neurovascular assessment is always 
mandatory. Nerve lesions, in particular to the 
axillary nerve and secondary trunk, occur in 
about one third of scapulohumeral dislocations 
with greater tuberosity fracture, with recovery in 
the majority of cases after several months. In 
most cases, electromyography (EMG) at 45 days, 
3 months, and 6 months confi rms low-grade 
neurapraxia or axonotmesis, related to stretch or 
external pressure during the initial trauma. 
Imaging diagnosis is fi rst based on a radio-
graphic trauma series: an AP view in neutral 
rotation (X-ray beam perpendicular to the scapu-
lar plane), a view of the “scapular Y” (beam par-
allel to the spine of the scapula), and an axillary 
view (supine position, at least 30° of abduction, 

with beam from a caudal position). If pain 
 precludes the axillary view , this can be replaced 
with Velpeau axillary lateral view  (with the 
patient standing, leaning backward 30° over the 
X-ray table, the beam passes through the shoul-
der from above). In a cadaver study, Parsons 
et al. [ 16 ] highlighted that the best measurement 
of the extent of posterosuperior displacement is 
obtained with an AP view in external rotation  
and an AP view with 15° caudal inclination. 
Therefore, in cases of suspected greater tuberos-
ity fracture, it is advisable to add an AP projec-
tion with external rotation to the trauma series 
[ 1 ,  5 ,  16 ,  19 ]. CT in the coronal and sagittal 
plane and with 3D reconstructions may be used 
as a diagnostic supplement to better characterize 
the fracture: number of fragments, direction and 
extent of displacement , occult fracture lines, and 
intra-articular extension (three- part valgus 
impacted fractures), which bear an infl uence on 
the type of treatment and the choice of fi xation 
device and technique [ 20 ]. CT as a fi rst-line 
investigation may prove useful in obese patients 
or those unable to comply with plain radiogra-
phy [ 1 ]. Published studies about the appropriate-
ness of CT imaging are confl icting: while a 
recent study [ 21 ] found an improvement in inter-
pretation reliability in terms of the number of 
fragments identifi ed, assessment of associated 
lesser tuberosity displacement, and articular 
involvement, other papers reported limited 
reproducibility of the classifi cation of fractures 
with the addition of CT [ 22 ]. In our department, 
we use CT with 3D reconstructions in cases with 
a surgical indication for radiography (to plan the 
arthroscopic or open procedure and the type of 
fi xation), in cases where plain radiography can-
not establish the extent of displacement and in 
cases of suspected valgus impacted fracture. 
Ultrasound and magnetic resonance imaging 
(MRI) performed in acute shoulder trauma to 
investigate suspected traumatic rupture of the 
rotator cuff proved to be useful for detecting 
occult tuberosity fractures when initial plain 
radiography had been negative. The true preva-
lence of occult greater tuberosity fracture is 
unknown. However, Zanetti et al. in a study of 24 
patients undergoing MRI for suspected  traumatic 
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rotator cuff rupture found that a previously 
missed greater tuberosity fracture was detected 
in 9/24 subjects examined (38 %) [ 18 ]. Another 
study by Gumina et al. presented a cohort of 24 
patients with a greater tuberosity fracture ini-
tially missed on plain radiography in the emer-
gency department and subsequently detected on 
MRI; retrospective review of the radiograms 
revealed that subtle fracture lines could be seen 
in 75 % of patients. Moreover, 46 % of patients 
had a partial anterior or posterosuperior tear of 
the rotator cuff and only 12.5 % of all subjects 
had involvement of two tendons (supra- and 
infraspinatus) [ 17 ]. 

 It is therefore crucial to obtain high-quality 
radiograms in appropriate projections to assess 
the greater tuberosity, that is, in AP view with 
external rotation of the arm. Ultrasound may play 
an important role to identify occult fractures in 
acute settings and provide concurrent assessment 
of the rotator cuff when radiography is positive. 
Speed of performance, relative inexpensiveness, 
and increasing availability in emergency depart-
ments make ultrasound particularly suited for 
diagnosing tuberosity fractures in emergency set-
tings and monitoring the clinical course after 
conservative treatment. We use MRI only in the 
event that ultrasound shows a tear larger than 
2–3 cm or involving more than one tendon, for 
the purpose of assessing tendon retraction and 
muscular atrophy.  

12.2.3     Treatment 

 The treatment of greater tuberosity fractures is 
still controversial, as there is no consensus among 
the various authors. A correct and timely diagno-
sis in addition to an optimal choice of surgery is 
the keystone for good functional results. 

 A retrospective study with 3-year follow-up 
conducted by Mattyasovszky et al. [ 23 ] in 2011 
reported on a series of 30 isolated greater tuber-
osity fractures treated both operatively and non-
operatively. They concluded that irrespective of 
treatment the results were good for slightly or 
moderately displaced fractures, as also reported 
by Gruson et al. in 2008 [ 1 ]. However, the numer-

ous short- and long-term sequelae  such as osteone-
crosis, pseudarthrosis, subacromial impingement 
up to joint locking during abduction or external 
rotation, and consolidation defects with severe 
functional disability have led to consider the 
need for surgical treatment more frequently. 

 Over the years, indications for surgical treat-
ment have in fact seen a progressive reduction of 
the tolerated extent of displacement. Neer [ 5 ] in 
1970 recommended operative treatment for dis-
placements greater than 1 cm. In the 1990s, 
Bigliani and Park [ 12 ,  24 ] lowered the indication 
to 5 mm and Resch [ 13 ] to 3 mm in young active 
patients, athletes, or heavy manual workers. 

 A correct assessment of the extent of—espe-
cially posterosuperior—displacement of the 
greater tuberosity is fundamental because, as 
demonstrated by Bono et al.’s biomechanical 
studies [ 4 ], beyond a certain threshold, it can 
alter the balance of forces between rotator cuff 
and deltoid, with up to 30 % increase in force 
requirement during abduction and external rota-
tion and a decrease in the mean functional scores 
with higher displacement values. 

 Another key factor in addition to extent of dis-
placement is its direction. There are three main 
displacements in a greater tuberosity fracture: 
inferior, which is rare and well tolerated even when 
greater than 3 mm; superior, which decreases the 
subacromial space causing impingement syn-
drome up to joint locking during abduction and 
which is usually the least well tolerated, with 
functional defects occurring with displacements 
as small as 3 mm; and posterior, which is well tol-
erated even up to 5 mm, may cause joint locking 
during external rotation, and may be associated 
with an anterosuperior tear of the rotator cuff. 

 In our experience, surgery is indicated for 
superior or posterosuperior displacements greater 
than 3 mm especially in young or active patients, 
athletes, or heavy laborers. Posterior displace-
ments up to 5 mm may be tolerated, provided that 
the patient is carefully assessed for an associated 
anterosuperior rotator cuff tear. 

 In elderly patients with severe comorbidities 
and limited functional requirements, the toler-
ance can be increased to 1 cm, as illustrated by 
Gruson et al. [ 1 ]. 

P. Baudi et al.



147

12.2.3.1     Nonoperative Treatment  
 Where there is an indication for nonoperative 
treatment, we advise a period of immobilization 
with a shoulder sling at 10–15° of abduction and 
neutral rotation for 30 days followed by radio-
graphic follow-up at 7 and 15 days to detect any 
secondary displacements. At 30 days we start 
passive mobilization of the shoulder which is 
continued for 10–15 days, if necessary with the 
help of mechanical aids, and then assisted active 
rehabilitation and strengthening. At 2 months we 
recommend a dynamic comparative ultrasound 
examination of the shoulders to highlight any 
rotator cuff tears. It is important to remember that 
nonoperative treatment is characterized by a 
higher frequency of shoulder rigidity due to 
adhesive capsulitis, which signifi cantly compli-
cates rehabilitation, usually a simple process, of 
an undisplaced greater tuberosity fracture.  

12.2.3.2     Operative Treatment  
 Operative treatment of greater tuberosity frac-
tures may be carried out both as open surgery and 
arthroscopically. 

 In open surgery the classic deltopectoral or 
transdeltoid access is used: the surgeon’s experi-
ence and the size of the fragments will suggest 
the approach, remembering that visualization of 
large fragments may be limited in the deltoid 
split, where distal exposure is impaired by the 
axillary nerve. 

 Many open fi xation techniques have been 
reported: screws +/− tension band, Kirschner 
wires, transosseous sutures and/or anchors, and 
plates. Irrespective of the fi xation technique, it is 
fundamental to achieve an anatomic reduction. 

 The use of 1–2 cannulated screws  + tension 
band is regarded as the gold standard for open 
surgery [ 11 ,  25 ,  26 ]. 

 However, the choice of fi xation procedure 
depends on fragment size and comminution. The 
presence of a single large fragment may allow for 
fi xation with 1 or 2 screws with or without 
washer, in particular in conditions of poor bone 
stock: in this case we recommend that the fi xa-
tion always be done with a screw combined with 
a tension band so as to reduce the traction forces 
on the rotator cuff and facilitate earlier mobiliza-

tion [ 26 ] (Fig.  12.1 ). This type of fi xation should 
be avoided in cases of a multifragmented fracture 
of the greater tuberosity and in patients with 
severe osteoporosis so as not to risk mobilization 
of the screw or fragmentation of the greater 
tuberosity during fi xation.

   Where there are several small or poor-quality 
fragments, fi xation with transosseous nonabsorb-
able sutures should be preferred, through direct 
repair of the rotator cuff [ 1 ]. Even in this case 
various techniques have been adopted: Park et al. 
and Flatow et al. [ 11 ,  12 ] reported good results 
using transosseous sutures in a fi gure-of-eight 
pattern placing the fragments back into the frac-
ture bed and thereby minimizing potential hard-
ware mobilization problems. 

 Transosseous fi xation can also be achieved by 
using small anchors : Bhatia et al. [ 27 ] reported 
excellent long-term results with a double row of 
suture anchors: the sutures arranged in this way 
buttress the fragments against the fracture sur-
face. We currently prefer open surgery to fi x 
these fractures with transosseous sutures  using a 
new device (SharcFT®) that allows for the cre-
ation of transosseous tunnels even in conditions 
of poor bone stock [ 28 ] (Fig.  12.2 ).

   Arthroscopic fi xation is more recent and 
offers many advantages: considerably less 
trauma to soft tissue; possibility of having a 
comprehensive view of associated lesions, 
together with the opportunity to treat them; bet-
ter visualization of the fi xation obtained; and 
unscathed deltoid muscle [ 4 ,  10 ]. There are, 
however, also disadvantages: greater diffi culty 
in obtaining a stable fi xation, complex conver-
sion to open surgery, higher cost, and longer 
learning curve [ 29 ]. 

 The literature contains few case series con-
cerning arthroscopic treatment of greater tuber-
osity fractures: Taverna et al. [ 30 ] reported 
excellent results with the described technique in 
which the posterior portal is placed superiorly 
and laterally to improve visualization of the 
tuberosity fragment. After debridement of the 
fracture site, the greater tuberosity is reduced and 
temporarily stabilized using K-wires, with subse-
quent defi nitive fi xation using cannulated screws 
with the aid of fl uoroscopy. 
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 In the presence of multifragmented fractures, 
one often has to handle smaller fragments with 
the cuff inserted, predominantly supraspinatus or 
supra-infraspinatus. In such cases the fracture 
may be treated as a rotator cuff tear using the 
technique described by Bhatia et al. [ 27 ], which 
addresses the fi xation of the tuberosity fragments 
indirectly by repairing the rotator cuff with 
anchors (Fig.  12.3 ).

   Other authors such as Ji et al. [ 31 ,  32 ] and 
Song et al. [ 33 ] reported direct rotator cuff 

repair by using double-row and suture-bridge 
techniques to reduce and fi x the tuberosity frag-
ments, especially when comminuted, with good 
or excellent results. A 2012 cadaveric biome-
chanical study by Lin et al. [ 34 ] demonstrated 
that in greater tuberosity fractures, fi xation tech-
niques relying on anchors last longer than those 
relying on screws. 

 A fundamental aspect is the correct choice of 
indication for arthroscopic fi xation: isolated 
greater tuberosity fractures or those associated 

a
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  Fig. 12.1    ( a ) Single large fragment of greater tuberosity fracture: X-ray. ( b ) Arthroscopic treatment with two cannu-
lated screws. ( c ) Postoperative X-ray       
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with reduced glenohumeral dislocation; sin-
gle fragment of 2–3 cm with minimal displace-
ment, preferably treated with 1–2 cannulated 
screws; and comminuted fractures or with a 

main  fragment of 1–2 cm if displaced 
 posterosuperiorly and associated with rotator 
cuff tears [ 1 ,  35 ] to be treated with double-row 
sutures of suture-bridge technique only if bone 
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  Fig. 12.2    ( a ) Several fragments of greater tuberosity fracture-dislocation: X-ray. ( b ) 3D-CT fracture view. ( c ) Open 
fi xation with transosseous system, the SharcFT ® . ( d ) Final suture confi guration. ( e ) Postoperative X-ray       
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quality is good. Arthroscopic treatment also has 
some limitations: multifragmented fractures; 
fragments larger than 3 cm or than 2 cm but 
severely displaced, owing to the diffi culty 
 achieving a good anatomic reduction and a stable 
fi xation; valgus impacted fractures; and presence 
of severe osteoporosis (where the transosseous 
 system with SharcFT® device could overcome 
the problem). 

 As regards postoperative treatment of both 
open and arthroscopic fi xation, we prefer to use a 
shoulder sling at 10–15° of abduction and neutral 
rotation for 4 weeks. Passive mobilization is 
allowed at 1 week even with the help of mechani-
cal aids, whereas active mobilization is recom-
mended at 4–6 weeks, alternating exercise on 
land and in water with a maximum of three 
 sessions a week.   

a
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  Fig. 12.3    ( a ) Several small fragments of greater 
 tuberosity fracture: X-ray. ( b ) 3D-CT fracture view. ( c ) 
Arthroscopic indirectly fi xation with transosseous 

 equivalent technique (suture bridge) as a rotator cuff 
tear repair: postoperative X-ray       
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12.2.4     Conclusions 

 Greater tuberosity fractures form a distinct 
 disease entity within the spectrum of fractures of 
the proximal humeral epiphysis. Current classifi -
cations are inadequate both for diagnostic inter-
pretation and for providing the correct indication 
for treatment. The clinical and rehabilitation 
course after operative and nonoperative treatment 
is often more complex than expected or commu-
nicated to the patient. When indicated, 
arthroscopic fi xation may play a crucial role in 
the technical result and the postoperative course.   

12.3     Lesser Tuberosity  

 Fractures of the lesser tuberosity are even rarer 
than those affecting the greater tuberosity, 
accounting for approximately 2 % of all proximal 
humeral fractures [ 36 ]. 

 From the point of view of demographics, patho-
logical anatomy, etiology, and pathogenesis, we can 
distinguish two types of lesion: fractures- avulsions 
in the adolescent and fractures in the adult. 

 Fractures-avulsions of the adolescent  are rela-
tively rare but increasing in frequency: a recent 
review of the literature published in 2012 [ 37 ] 
reports on a study of 33 cases among patients 
aged 11–20 years, predominantly males, with 
a mean age of 13 years. The growing incidence 
reported by some authors [ 38 ] is related to the 
increasingly earlier and more intense engagement 
of adolescents in high-level contact or overhead 
sports. Another peculiarity of these lesions is the 
delay in diagnosis and treatment relative to the 
traumatic event. Vezeridis et al. [ 39 ] reported a 
mean time from trauma to diagnosis of 6.5 weeks, 
and Levine et al. [ 40 ] in a review of 32 cases con-
fi rmed a delay of over 6 months in 50 % of cases. 
The reported traumatic mechanisms are basically 
two: forced and resisted abduction- external rota-
tion during a throwing action, a backward fall 
with extended and externally rotated shoulder. In 
both cases there is an  eccentric contraction of the 
subscapularis which opposes the forced external 
rotation. The third mechanism, specifi c to sports 
like baseball or fi shing, is related to repetitive 
abduction-external rotation that can cause micro-
traumatic  detachment of the lesser tuberosity 

(little league  shoulder). In terms of pathological 
anatomy, fracture-avulsion of the lesser tuberos-
ity cannot be defi ned as either epiphyseal detach-
ment or apophysitis in the rare cases of little 
league shoulder, since the ossifi cation center of 
the lesser tuberosity fuses with the humeral head 
between the ages of 7 and 11 years. Because a 
relative weakness of the lesser tuberosity-head 
transition zone is thought to persist between the 
ages of 12 and 16–17 years, the lesion can be 
defi ned as a transitional fracture or a lesser tuber-
osity stress lesion. 

 The clinical examination of these patients 
reveals anterior shoulder pain which is put in rela-
tion to a precise traumatic event in some cases 
only; in the majority of patients, no precise trau-
matic event can be identifi ed. For this reason, the 
fi rst clinical suspicion is anterior instability, though 
careful assessment will reveal a limitation and 
weakness in internal rotation-retropulsion, posi-
tive belly-press test and lift-off test, and in some 
cases increased external rotation at ER1 (external 
rotation with elbow close to trunk). In cases in 
which the time from traumatic event to diagnosis 
exceeds 6–12 months, there may be an anterior 
bony mass due to exostotic callus formation. 

 Standard radiography often does not allow for 
a precise diagnosis with even the axillary view 
not permitting a diagnosis in over 50 % of patients 
[ 41 ] since the detached fragment is mostly carti-
laginous. Only in patients undergoing assessment 
a long time after the traumatic event does the 
development of an exostosis visible on the axil-
lary view allow the diagnosis. 

 MRI is specifi c and sensitive for this type of 
lesion and is therefore indicated in anterior shoul-
der pain in 11–17-year-old adolescents with a 
history of trauma during abduction-external rota-
tion and backward fall during external rotation or 
in young athletes with repeated throwing action. 
In some cases MRI will allow visualization of the 
associated capsular detachment and/or medial 
displacement of the long head of the biceps. 

 Conservative treatment  is reserved for cases in 
which the pathogenetic mechanism is repetitive 
throwing in abduction-external rotation (e.g., 
baseball) and in which investigations reveal an 
undisplaced stress lesion. Follow-up at 2 years 
shows complete recovery of function. Persistence 
of symptoms or imaging evidence of fragment 
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displacement constitutes an indication for 
 reduction and fi xation [ 38 ]. 

 Open surgical reduction  and fi xation via delto-
pectoral approach is instead warranted for all 
other posttraumatic cases to avoid short- and 
long-term sequelae. Goeminne and Debeer [ 37 ] 
report two severe sequelae in two patients aged 
37 and 39 years who had sustained trauma as 
adolescents and required complex surgical proce-
dures to restore function. 

 The lesser tuberosity fragment, which is usu-
ally small, can be reinserted through transosseous 
tunnels starting at the bicipital groove or with the 
aid of paracartilaginous medial anchors at the 
tendon-bone junction and lateral-row anchors  
(suture-bridge construct). In the event of biceps 
dislocation, tenodesis is performed within the 
bony groove. 

 Vezeridis et al. [ 39 ], in a series of eight patients 
treated between 2000 and 2010, report return to 
sport after an average of 4.5 months, with a mean 
limitation to external rotation of 13° in only 3/8 
patients at 2-year follow-up. 

 Lesser tuberosity fractures in the adult may be 
isolated or associated with posterior glenohu-
meral dislocation; in either case they are rela-
tively rare with an incidence ranging from 0.46 
per 100,000 persons/year to 110 per 100,000 per-
sons/year [ 42 ]. Given the peculiarity of fractures 
associated with posterior dislocation, these will 
not be discussed. 

 There are considerable variations in the 
reported age and sex of patients at risk of this 
type of fracture, but most of them are males 
aged 40–50 years. These fractures are caused 
by  high- energy traumatic events such as a fall 
down the stairs or a fall from a horse or bicycle, 
which entail a forceful contraction of the sub-
scapularis when the arm is forced into external 
rotation and  extension. In cases associated with 
posterior dislocation, detachment of the lesser 
tuberosity appears as a propagation of the  anterior 
 osteochondral fracture of the humeral head. 
As with fractures-avulsions in adolescents, the 
clinical and radiological diagnosis is not always 
straightforward. Patients are mostly victims of 
high- energy traumas and therefore they are seen 
in the emergency department where, on the one 
hand, the intense pain of acute injury precludes 

a thorough clinical assessment and, on the other, 
it is diffi cult to obtain a correct axillary projec-
tion which would facilitate the diagnosis. In the 
AP view, these fractures appear as an altered 
bone profi le medially to the bicipital groove or, 
where the groove is involved, an altered profi le 
of the groove itself. Such radiographic changes 
associated with a history of a fall with extended 
or externally rotated arm, with intense pain and 
complete functional disability, should prompt the 
performance of an emergent CT scan. 

 In 20–30 % of cases, the diagnosis is not 
established immediately but only at subsequent 
follow-up visits, by means of MRI, performed to 
investigate persisting clinical signs of subscapu-
laris injury (pseudoparalytic shoulder, limitation 
and pain during internal rotation and retropul-
sion, positive belly press, and increased external 
rotation), which shows detachment of the sub-
scapularis with lesser tuberosity bone fragment, 
and subsequently CT which allows assessment of 
the size, involvement of the joint or bicipital 
groove, and retraction of the bone fragment. MRI 
enables evaluation of the displacement of the 
long head of the biceps, subscapularis muscle 
mass, and any associated lesions. Surgical treat-
ment involves reinsertion of the bone fragment 
or, in the case of small fragments, reinsertion of 
the subscapularis alone. In our experience, these 
cases are ideally suited to arthroscopic treatment , 
which in practice entails reinsertion of the sub-
scapularis with single-row or suture-bridge tech-
nique after removal of the small bone fragment, 
tenolysis of the subscapularis, and tenotomy- 
tenodesis of the long head of the biceps. If the 
fragment is larger than 1 cm and involves the car-
tilage surface or bicipital groove, then this 
requires open surgery by deltopectoral approach. 
Three possible techniques can be used to achieve 
release of the rotator interval, tenotomy with 
 possible tenodesis of the long head of the biceps, 
and reinsertion of the bone fragment: transosse-
ous sutures  starting from the bicipital groove, 
2-thread metal paracartilaginous anchors for 
 cancellous bone and lateral-impact anchors for 
suture-bridge  construct, and, more recently, 
 fi xation with the SharcFT® transosseous fi xation 
system (Fig.  12.4 ). As in the case of greater 
tuberosity fractures, SharcFT® is placed in the 
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bicipital groove after having created one or more 
transosseous tunnels with paracartilaginous 
opening, transporting one or more high- resistance 

sutures inside the tunnel. U-knots are tied at the 
tendon-lesser tuberosity junction and the sutures 
are then pulled out through the dorsal hole of the 
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  Fig. 12.4    ( a ) Lesser tuberosity fracture in adult: X-ray. 
( b ) Axial CT fracture view. ( c ) Bicipital groove prepara-
tion as a bed for lesser tuberosity with subscapularis 

reduction and fi xation. ( d ) Open fi xation with transosse-
ous system, the SharcFT ® : tunnel creation by Compasso ® , 
a dedicated instrumentation. ( e ) Postoperative X-ray       
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device in order to close the tuberosity fi xation 
system, thereby immediately achieving a high 
level of biomechanical stability, higher than 
 provided by the traditional screw-washer systems 
of plain transosseous sutures. This allows for 
rapid referral for rehabilitation and complete 
functional recovery.
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13.1            Introduction 

 Proximal humeral head fractures  account for 5 % 
of all fractures, and 20 % require surgical man-
agement [ 1 ]. 

 Whereas the treatment and complications of 
humeral fractures have exhaustively been 
described, the management of malunited  fractures 
of the proximal humeral end is not as well 
explored. 

 A malunited proximal humeral end fracture is 
one where healing has not restored the anatomic 
relationships between tuberosities, humeral head, 
and humeral diaphysis. 

 The increased incidence of fractures of the 
proximal humeral end seen over the past 50 
years, favored by population aging and a reduc-
tion of the bone mass in younger patients, has 
been accompanied by a higher rate of malunited 
fractures [ 2 ]. In particular, these fractures can be 
classifi ed into three types (avulsion, depression, 
split). Previous studies have demonstrated that 
even 2 mm of superior displacement of isolated 
greater tuberosity fractures leads to subacromial 
impingement [ 3 ]. 

 A large number of patients with proximal 
humeral fractures can be managed conserva-
tively, using an immobilizer, with a high rate of 
success. 

 However, a small proportion of these fractures 
and some of those managed by surgery may heal 
with malunion. 

 These patients typically present with pain, 
impaired mobility, loss of strength, and stiffness 
and usually require further treatment [ 4 ]. 

 Whereas in the past fracture malunion was 
largely treated nonsurgically or by arthrotomy 
when surgery was required, today surgeons opt 
where  feasible for arthroscopic approaches, 
because they enable treating associated 
conditions.  

13.2     Etiology 

 Malunion  of proximal humeral fractures may 
result from incorrect conservative treatment, 
inadequate surgical reduction of the fracture 
fragments , or postoperative loss of reduction 
after successful surgical management of the 
fragments. 

 The majority of cases of malunion are second-
ary to conservative treatment . 

 Malunion in surgery patients is often related 
to misdiagnosis or failure to identify displaced 
fractures. 

 Other factors that may contribute to malunion 
include soft tissue interposition, inadequate 
immobilization, and inappropriate rehabilitation.  
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13.3     Clinical Examination 

 Pain and functional impairment are the main 
symptoms of proximal humeral fracture 
malunion. 

 Physical examination should explore length 
differences between the affected and the contra-
lateral limb and any signs of infection. 

 Pain, an abnormal orientation of the articular 
surface and the tuberosities , and retraction of 
capsular , ligamentous, and musculotendinous 
structures may considerably reduce active and 
passive range of motion (ROM). 

 ROM should be assessed especially in exter-
nal rotation, with the arm adducted and in 90° of 
abduction, internal rotation, abduction, and ante-
rior elevation. 

 A classic albeit non-conclusive sign of greater 
tuberosity malunion is loss of external rotation 
with the arm in maximum abduction. 

 Rotator cuff integrity should be assessed with 
routine tests. If one or both tuberosities have 
healed in abnormal anatomic position, the rotator 
cuff, albeit intact, may however be weakened. 
For instance, loss of strength in external rotation 
may result from greater tuberosity malunion [ 5 ]. 

 Positive anterior instability tests may be 
related to healing of the greater tuberosity in a 
more posterior position than the anatomic posi-
tion, which entails a greater anterior translation 
of the humeral head with respect to the glenoid, 
mimicking anterior instability. 

 Clinical examination should include a neuro-
logical assessment of the shoulder and of major 
brachial plexus nerves . 

 The trauma may have affected the brachial 
plexus or individual nerves such as the circum-
fl ex, suprascapular, or long thoracic nerve [ 6 ]. 

 Electromyographic fi ndings of upper limb 
neurological lesions are found in more than 50 % 
of patients over 50 years of age.  

13.4     Diagnostic Imaging 

 The fi rst-line instrumental examination that can 
provide confi rmation of a diagnosis of proximal 
humeral head fracture malunion is radiography. 

 X-rays  should be taken in the classic three 
views of the trauma series, i.e., true anteroposte-
rior in internal and external rotation, axillary, and 
Y view. 

 The suspected length defect of the affected 
limb should be investigated with views of the 
whole humerus and of the contralateral humerus. 

 3D CT is the gold standard in the work-up of 
fracture malunion . A 3D CT scan    demonstrates 
the extent of malunion and the relationships 
between tuberosities, humeral head, and surgical 
neck and between humeral head and glenoid sur-
face [ 7 ]. 

 MRI enables assessment of rotator cuff and 
glenoid rim integrity and early diagnosis of avas-
cular necrosis  of the humeral head, a frequent 
complication of displaced fractures of the proxi-
mal humeral epiphysis. However, fi xation means 
increase the rate of imaging artifacts, often 
 hampering scan interpretation.  

13.5     Treatment 

 The management of malunited proximal humeral 
fractures  depends on a variety of factors that 
include patient age, general condition, functional 
impairment, pain level, job, and sports practiced. 

 The main indications for surgical manage-
ment are pain and ROM limitation. 

 Although age is not an absolute contraindica-
tion for surgery, the older the patient, the likelier 
the presence of comorbidities that have to be 
entered into the risk-benefi t evaluation. 

 Management decisions must consider the type 
and mechanism of the initial trauma, any associ-
ated neurovascular conditions, the earlier treat-
ment, and any fi xation means used. 

 Further important factors are a history of 
shoulder trauma, the dominant limb, osteoporo-
sis, and any associated metabolic conditions 
(e.g., diabetes). 

 Infection, such as erythema and secreting fi s-
tulas, must be excluded. 

 A conservative approach is preferred in the 
absence of severe functional impairment or pain 
and in patients where signifi cant clinical improve-
ment is reasonably expected; these are typically 
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elderly individuals with varus healing of the sur-
gical neck and a congruent articular surface with-
out signs of arthrosis. 

 In symptomatic patients, conservative treat-
ment does not relieve pain or improve the ROM. 

 The surgical approach entails either preserva-
tion or replacement of the humeral head  [ 8 ]. 

 Preservation is indicated when the articular 
surfaces are still intact, and there are no vascular 
problems  [ 9 ]. 

 Such fi ndings are more common in malunion 
of two- and three-part fractures [ 10 ]. 

 These patients undergo osteotomy and fi xa-
tion of the tuberosities to the surgical neck, cap-
sulotomy, and release and reconstruction of 
periarticular soft tissue [ 11 ]. 

 Arthroscopic capsulotomy  and smoothing of 
the tuberosities  are associated with signifi cantly 
better outcomes and prompter functional recov-
ery [ 12 ,  13 ]. 

 The rare cases of malunion associated with 
severe neurological impairment or previous 
infection should be managed with glenohumeral 
arthrodesis  [ 14 ]. 

 Malunion secondary to a two-part surgical 
neck fracture can be treated by varus, valgus, or 
derotating osteotomy; soft tissue release; and 
fi xation with plate and screws [ 15 – 17 ]. 

 Malunion of the greater or lesser tuberosity is 
managed in relation to fragment size and the 
extent of displacement. 

 Malunion involves most commonly the greater 
tuberosity, which may be displaced superiorly or 
posteriorly due to traction by the rotator cuff 
muscles; in such cases, the articular surface is 
intact with preserved anatomic relationship with 
the diaphysis. 

 Patients with superior displacement of the 
greater tuberosity will show loss of abduction 
and pain in extreme elevation; those with poste-
rior displacement will show impaired external 
rotation. 

 Medial displacement of the lesser tuberosity 
impairs internal rotation due to impingement 
on the anterior edge of the glenoid or the cora-
coid [ 18 ]. 

 A small fragment showing <5 mm displace-
ment (Fig.  13.1 ) can be managed  arthroscopically 

by fragment removal (tuberoplasty), circumfer-
ential capsulotomy, subacromial debridement, 
and rotator cuff reconstruction (Fig.  13.2 ).

    Displacement >5 mm of a larger fragment is 
managed by fragment osteotomy, soft tissue 
release, capsulotomy through the rotator cuff 
interval, or a subscapularis split and fi xation 
with plate, cannulated screws, and bone suture 
[ 19 ,  20 ]. 

  Fig. 13.1    Schematic drawing: displacement of the 
greater tuberosity >5       

  Fig. 13.2    Schematic drawing   : arthroscopic fragment 
removal and rotator cuff reconstruction       
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 If the fragment is still retracted and not suffi -
ciently mobile after capsular and subacromial 
release, the rotator cuff interval must be opened 
completely. 

 Fragment reduction  and fi xation must be pre-
ceded by accurate decortication of bone surfaces, 
since bleeding is indispensable for the healing 
process; in some cases, autologous or synthetic 
bone grafts may be used [ 21 ]. 

 If the fragment cannot be mobilized com-
pletely, it should be fi xed in a more appropriate 
position with the arm in internal or external rota-
tion and restored to its anatomic location as 
closely as possible [ 22 ]. 

 In malunion secondary to three- or four-part 
fractures with congruent articular surfaces and no 
avascular necrosis  or pain, surgery should be 
considered in relation to the residual ROM and to 
functional impairment. 

 Anterior elevation >120° and external rotation 
>30° rule out osteotomy and should entail 
arthroscopic capsulotomy and subacromial 
debridement, whereas elevation <120° and exter-
nal rotation <30° require corrective osteotomy 
and fragment fi xation [ 23 ]. 

 Prosthetic replacement is indicated when mal-
union has severely damaged the head joint sur-
face resulting in incongruent articular surfaces or 
head necrosis [ 24 ] (Figs.  13.3  and  13.4 ).

    This situation is found more commonly in 
three- and four-part fractures, humeral head- 
splitting fractures, posttraumatic arthrosis, and 
head bone defects due to impact trauma involving 
>40 % of the articular surface [ 25 ,  26 ]. 

 Implant selection is a function of the anatomo- 
pathological fi ndings. Young patients with head 
necrosis are usually treated with hemiarthro-
plasty or resurfacing, whereas an anatomic pros-
thesis is preferred in patients with concentric 
posttraumatic arthrosis and a damaged glenoid 
articular surface  [ 27 ]. 

 In patients older than 65 years with a poor or 
absent rotator cuff, reverse shoulder arthroplasty 
is preferred [ 28 ]. 

 Prosthesis implantation  in a shoulder with a 
malunited fracture is a complex procedure, due to 
the abnormal position of the tuberosities and 
humeral head and to the retraction of capsular, 
ligamentous, and musculotendinous structures. 

  Fig. 13.3    Preoperative X-ray: malunion and necrosis of 
the humeral head in proximal humerus fracture sequelae       

  Fig. 13.4    X-ray view at 2 years of follow-up of the same 
patient: hemiarthroplasty with tuberosity osteotomy and 
reconstruction. The greater tuberosity appears healed and 
in the right position       
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 All precautions should be enacted to achieve 
optimum capsular and subacromial release. 

 The risk of postoperative complications is 
high due to the complex nature of malunited 
proximal humeral fractures . 

 Besides the general risks related to surgery, 
procedure-specifi c complications may also arise, 
such as resorption of the tuberosities, fragment 
pseudarthrosis , and loosening of fi xation [ 29 ]. 

 Most patients are elderly with poor bone stock 
due to osteoporosis, a condition that greatly 
increases failure rates [ 30 ]. 

 Humeral head vascularization is often dam-
aged by the initial trauma, increasing the risk of 
necrosis after osteotomy [ 31 ]. 

 Neurological lesions and infections are further 
potential complications whose incidence is related 
to the quality of surgery and antibiotic prophylaxis.  

13.6     Results 

 Moineau and co-workers reported a gain of ca. 
60° in elevation and external rotation after oste-
otomy and repositioning and fi xation of the mal-
united greater tuberosity [ 32 ]. 

 Beredjiklian and colleagues described signifi -
cant pain reduction after osteotomy and soft tis-
sue release in 8 of 11 patients with greater 
tuberosity malunion [ 33 ]. 

 There are few published data regarding the 
treatment outcomes of malunited three- or four- 
part fractures of the proximal humerus. 

 In general, management by arthroplasty  pro-
vides better outcomes in patients with acute frac-
tures than in those with malunited three- or 
four-part fractures . 

 Pain reduction is often accompanied by resid-
ual functional and strength reduction  [ 34 ]. 

 In a study of 39 consecutive patients with mal-
union of three- or four-part fractures treated by 
hemiarthroplasty, Bosch and co-workers described 
outcomes that were inversely related to the dura-
tion of the interval from trauma to prosthesis 
implantation.  

    Conclusions 

 Malunion  of proximal humeral fractures is a 
challenging condition to treat. Pain relief and 

improvement of mobility are the main objec-
tives of surgical management. 

 The treatment of malunited two-part frac-
tures envisages osteotomy and fragment fi xa-
tion or arthroscopic tuberoplasty  and 
capsulotomy. 
 When treating malunion of three- or four-part 
fractures, it is crucial to establish whether the 
head can be preserved or a prosthesis  is 
required. 

 The outcomes of surgical management are 
a function of the correction of the bone prob-
lems and of soft tissue release.     
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14.1            Introduction 

 Nerve lesions are not frequently considered a 
problem in proximal humeral fractures and only 
a few studies exist concerning this matter. Nerve 
lesions in fractures of the proximal humerus are 
produced by the same mechanism occurring in an 
anterior dislocation of the shoulder and they are 
even more frequent than in glenohumeral dislo-
cations. They are caused by extreme movements 
of the arm beyond physiological limits leading to 
traction injury. Less commonly they occur for a 
direct compression exerted by dislocated fracture 
fragments. Exposed fractures combined with 
nerve and/or vascular lesions have been rarely 
reported. Moreover, nerve injuries can also occur 
as a complication during surgical procedures on 
the shoulder performed to treat proximal humeral 
fractures. 

 The axillary nerve is the most frequently 
injured nerve in proximal humerus fractures, fol-
lowed by the suprascapular nerve. Instead, mus-
culocutaneous and median nerves are rarely 
involved in such kind of fractures. Nerve lesions 
can be isolated or combined usually in high- 
energy trauma when terminal branches of bra-
chial plexus are stretched. 

 When the nerve lesion is due to neurapraxia or 
minor grade of axonotmesis according to the 
Sunderland classifi cation, spontaneous recovery 
is frequent within 3–6 months after injury. If after 
3 months there are no signs of reinnervation, a 
surgical revision of the nerve trunk could be a 
good indication depending on the characteristics 
of patient and the residual function of the involved 
nerves.  

14.2     Anatomy 

 Knowledge of the anatomic course of nerves in 
the shoulder area is very important in order to 
understand the origin and the mechanisms that 
may lead to nerve lesions. Nerves may lie near to 
bone and joint surfaces which may produce a 
direct compression on nerve trunks. Furthermore, 
nerves may pass through narrow spaces in which 
they are exposed to traction injuries due to the 
reduced mobility. These mechanisms of injury 
are relatively common in proximal humeral frac-
tures and/or dislocations of the glenohumeral 
joint when forced movements of the arm beyond 
physiological limits can occur [ 1 ]. 

 The most commonly injured nerves around 
the shoulder are the axillary, the suprascapular, 
and the musculocutaneous nerves. Isolated 
median and radial nerve lesions are rare. 
Combined nerve injuries are often observed and 
should make one suspect brachial plexus injuries. 
The shoulder joint and the surrounding structures 
are supplied by the brachial plexus. The posterior 
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cord gives off the axillary nerve at the lower 
 border of the subscapularis muscle and contin-
ues along the inferior and posterior surface of 
axillary artery as the radial nerve. 

 The axillary nerve surrounds the surgical neck 
of the humerus and supplies the shoulder joint, 
the deltoid, and the teres minor before ending as 
the superior lateral brachial cutaneous nerve. 
Inside the axillary hiatus, the nerve is limited 
proximally by the lower margin of the teres minor 
muscle, distally by the upper margin of the teres 
major muscle, laterally by the humerus, and 
medially by the long head of the triceps muscle. 
The axillary nerve enters this space from its posi-
tion over the subscapular with the posterior cir-
cumfl ex artery and then passes deep to the deltoid 
muscle. This is the major site of risk for traction 
injuries of the axillary nerve. It has been esti-
mated that axonotmesis may occur when the 
elastic limit of the nerve is exceeded of about 
10–20 % of its initial length [ 2 ]. 

 The suprascapular nerve originates from the 
superior trunk of brachial plexus. It passes in a 
superoposterior fashion through the supraclavic-
ular fossa and the scapular notch (incisura scapu-
lae) before reaching the supraspinatus fossa. The 
transverse scapular ligament forms a strong 
bridge over the notch and nerve which can occa-
sionally be replaced by a foramen called foramen 
scapulae. At the incisura scapulae, the suprascap-
ular nerve gives branches to the supraspinatus 
muscle, the acromioclavicular joint and bursa, 
and the subacromial bursa. In this limited space, 
the suprascapular nerve may be stretched by 
excessive scapular movements. Another critical 
point is the supraclavicular notch in which the 
nerve may be stretched in case of strain such as 
fractures or shoulder dislocation [ 3 ]. 

 The musculocutaneous nerve originates from 
the anterolateral cord of the brachial plexus. 
It reaches the arm piercing the coracobrachia-
lis muscle 3–8 cm distal to the coracoids and 
passes in the arm between biceps brachii and 
brachialis anterior muscles. The musculocuta-
neous muscle gives branches for coracobrachia-
lis, biceps  brachii, and brachialis muscles. The 
nerve could be at risk during surgical procedure 

with  deltopectoral approach during dissection or 
medial retraction of conjoined tendon [ 3 ]. 

 Median, radial, and ulnar nerve injuries fol-
lowing proximal humeral fractures are unusual. 
Throughout its course in the arm, the median 
nerve is protected from direct contact with the 
humerus by several muscles including the bra-
chialis and coracobrachialis. Rare cases of iso-
lated median nerve lesion have been reported in 
literature. Veilleux and Richardson [ 4 ] described 
a case of median nerve injury after a severe com-
minuted fracture of the proximal humerus in 
which the lesion was due to traction and direct 
compression of bony fragments on the median 
nerve. The radial nerve originates from posterior 
branch of the brachial plexus. It courses posterior 
to the axillary artery lying on the subscapular 
muscle, the tendons of the latissimus dorsi, and 
the teres major muscles before reaching the pos-
terior surface of the humerus. In shoulder dislo-
cation, the radial nerve is injured in about 7 % of 
cases usually in combination with other nerve 
injuries [ 5 ]. Injuries of the radial nerve in shoul-
der fractures are very rare. Liveson [ 6 ] reported a 
case of radial nerve injury after fractures of the 
proximal humeral head probably due to hema-
toma formation at the site of injury. Ulnar nerve 
originates from the medial cord of the brachial 
plexus and lies posteromedial to the brachial 
artery in the upper part of the arm. The nerve 
does not have a critical point of compression at 
shoulder girdle, but it can be injured following a 
traction force due to dislocation or fracture dislo-
cation of the shoulder. 

 At infraclavicular level, the brachial plexus 
is made up of cords and terminal branches for 
the upper arm and shoulder girdle. Injuries of 
this part of the brachial plexus are possible in 
shoulder trauma with several mechanisms and 
different forms of clinical presentation. 
According to Hems, who reviewed 101 patients 
with this kind of injuries, four patterns of lesion 
can be identifi ed: (1) anterior humeral disloca-
tion, (2) isolated axillary nerve injury without 
dislocation, (3) displaced proximal humeral 
fractures, and (4) hyperextension of the arm. 
Both traction and compression observed in 
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 fractures and fractures/dislocations of the proxi-
mal humerus may lead to nerve injuries [ 7 ].  

14.3     Epidemiology and Etiology 
of Nerve Injuries in Proximal 
Humeral Fractures 

 Nerve injuries may present after fractures or frac-
tures/dislocations of the proximal humerus due to 
direct effect of trauma. Furthermore, they may be 
related to primary surgical procedures for reduc-
tion and fi xation of fracture and to secondary 
treatment of fracture sequelae. A special consid-
eration should be also given to nerve injuries 
associated with humeral fractures in children. 

14.3.1     Fractures and Dislocations 

 Proximal humeral fractures are the second most 
common upper extremity fracture, after distal 
radius fractures. In patients older than 65 years of 
age, they are the third most common fracture, 
after hip fractures and distal radius fractures [ 8 ]. 
In most cases, they are osteoporosis-related frac-
tures and occur in women more frequently than 
in men [ 9 ]. In the 1970s, nerve lesions were not 
frequently considered a major problem in proxi-
mal humeral fractures, but during that decade 
some studies focused their attention on this issue 
[ 10 ,  11 ]. 

 The authors observed that incidence of nerve 
injuries after dislocation and humeral neck frac-
tures was, respectively, in 36 [ 10 ] and 30 [ 11 ] 
percent of the cases reported. 

 In 1994, deLaat [ 12 ] in a prospective study 
including 101 patients with dislocation or frac-
ture of the proximal humerus observed an inci-
dence of nerve lesions slightly higher than 
previously reported with 45 % of all the patients 
presenting nerve involvement. Furthermore, the 
author observed that such lesions were more 
common in elderly patients and in those with 
posttraumatic hematoma formation. 

 Subsequently, Visser analyzed nerve injuries 
in shoulder dislocations and proximal humeral 

fractures with the EMG in two prospective stud-
ies [ 13 ,  14 ]. In glenohumeral dislocations, axonal 
loss was reported in 48 % of cases with the axil-
lary nerve most frequently involved in 45 % of 
patients [ 13 ]. He hypothesized that the axillary 
nerve was probably damaged so frequently due to 
its anatomic position close to the anterior aspect 
of glenohumeral joint and its course around the 
surgical neck of the humerus. Nerve course 
makes it liable to be stretched or compressed due 
to the humeral head when the arm is forced in 
abduction and external rotation. In inferior dislo-
cation (luxatio erecta), the incidence rises up to 
60 %, while it is rare after posterior dislocation 
when less than 5 % of all the patients suffered 
from nerve injuries [ 15 ]. 

 In proximal humeral neck fractures, nerve 
injuries with axonal loss detected by means of 
EMG were recorded in 67 % of cases. Solitary 
nerve injuries were seen in 21 out of 143 cases 
and multiple nerve injuries in 75 out of 143 cases. 
Furthermore, an association was observed 
between grade of fracture according to the Neer 
classifi cation of proximal humeral fractures and 
incidence of nerve injuries. Such lesions were 
seen more commonly in displaced fractures 
(82 %) than in nondisplaced fractures (59 %). In 
displaced fractures, the risk of additional nerve 
injury was 4 times as high as that in nondisplaced 
fractures, and the severity of lesion was superior. 
As for nerve involvement, the most common 
injured nerve in Visser’s clinical series was the 
axillary (58 %) followed by the suprascapular 
(48 %), radial (32 %), musculocutaneous (29 %), 
median (17 %), and ulnar (6 %). According to the 
author, the relevance of nerve lesions could be 
explained by the greater force of trauma and the 
position of arm at the moment of fracture. A fall 
on the arm positioned with internal rotation may 
stretch the neurovascular bundle over the humeral 
head causing major tension on the brachial plexus 
and all the nerves [ 5 ]. 

 In complex four-part fractures of the proximal 
humerus, Stableforth reported an incidence of 
6.1 % of brachial plexus injuries (5 out of 49 
patients) with complete recovery in 2 and partial 
recovery in 3 cases [ 16 ].  
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14.3.2     Iatrogenic 

 Nerve injuries can occur also after surgical proce-
dures for proximal humeral fractures and can be 
the reason for delayed or incomplete postsurgical 
clinical recovery. Neurological monitoring during 
fracture reduction and fi xation showed that these 
kinds of injuries are seldom common [ 13 – 17 ], 
showing that nerve lesions can occur during sur-
gical procedures. The most frequent iatrogenic 
nerve lesion is observed during positioning of 
the interlocking screw of humeral shaft nails and 
during positioning of locking plates through an 
anterolateral deltoid splitting approach [ 18 ,  19 ]. 
Nerves may also be injured during open sur-
gery, especially in plate fi xation of the proximal 
humerus, which requires signifi cant retraction of 
the deltoid muscle [ 20 ]. Furthermore, intraopera-
tive nerve lesions may occur during elective sur-
gery for the treatment of traumatic sequelae with 
implantation of shoulder prostheses.  

14.3.3     Fixation of Proximal Humeral 
Fractures 

 Open reduction and internal fi xation procedures 
are not free of risk. Traditionally, the transdeltoid 
lateral and the deltopectoral approaches are used 
in reduction and internal fi xation of proximal 
humeral fractures, depending on fracture type 
and surgeon experience. Preservation of the ante-
rior humeral circumfl ex artery and the axillary 
nerve, which can be potentially injured during 
this type of operation, should always be consid-
ered because this may prevent AVN and early 
collapse of the humeral head. Minimally inva-
sive lateral deltoid splitting approach has been 
described in order to treat two- and three-part 
valgus impacted humeral fractures. Although 
external fi xation is not common in proximal 
humeral fractures, it can be useful in particular 
situations and selected patients as those affected 
by exposed fractures. The anatomic study by 
Kuang on axillary nerve in the Chinese popu-
lation showed that the nerve may be at risk in 
either humeral fi xation of intramedullary nail 
or external skeletal fi xation also in the so-called 

safe zone [ 21 ]. In order to prevent nerve lesion, 
the surgeon must use drill protective guidance on 
bone surface, sleeve instrument to split deltoid 
muscle, and small incision.  

14.3.4     Shoulder Arthroplasty 

 Shoulder arthroplasty is a common procedure for 
early or secondary treatment of complex proxi-
mal humeral fractures. Many authors reported 
series in which nerve injuries occurred during 
total arthroplasty implantation. Associated nerve 
injuries are more frequent than single nerve dam-
age in this kind of surgery. In his clinical series, 
Nagada [ 22 ] reported that intraoperative electro-
myography (EMG) and transcranial motor 
evoked potential (MEP) showed sufferance of 
cord or trunk in 46 % of cases, especially for 
upper trunk (43 %) and for posterior cord (20 %). 
The most dangerous operative step was the prep-
aration of glenoid, and the worst position for the 
patient was that with the arm in external rotation, 
abduction, and extension in which neurovascular 
bundles are potentially stretched. During surgical 
procedure, to reduce the sufferance of nerve, it is 
necessary to limit traction on retractors and leave 
the arm in neutral position when possible. 
Moreover, Nagada [ 22 ] reported that 57 % of 
patients that at the end of procedure presented an 
abnormal PEM showed also EMG and clinical 
signs positive for nerve injuries. Nevertheless, all 
patients recovered complete function of the nerve 
in 6 months confi rming that the injuries were due 
to reversible axonal damage.  

14.3.5     Nerve Injuries in Children 

 Fractures of the proximal humerus are relatively 
uncommon injuries in the pediatric population, 
representing approximately 0.5 % of all pediatric 
fractures and 4–7 % of all epiphyseal fractures 
in children [ 23 ,  24 ]. Approximately one third of 
these fractures involve the physis, and two thirds 
involve the metaphysis. Although displaced frac-
tures theoretically expose neurological structures 
at risk, there is a paucity of information regard-
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ing the incidence and prognosis for these  injuries 
[ 25 ,  26 ]. In literature, this kind of lesion has rarely 
been described having an estimated rate of 0.7 % 
of nerve involvement in proximal humeral frac-
tures. Hwang et al. in 2008 reported four cases 
of nerve lesion in children. All patients presented 

high displaced fracture (Salter-Harris I–II with 
50–100 % displacement) with combined nerve 
lesion of median-radial-ulnar nerve [ 26 ]. 

 We reported a schematic view (Fig.  14.1 ) of 
relations between upper limb peripheral nerves 
and bones of the arm and frequency of axonal 
lesions according to Visser [ 5 ].

14.4         Clinical and Instrumental 
Diagnosis 

 Every dislocation or fracture of the proximal 
humerus with or without concomitant dislocation 
should be carefully examined in order to detect 
clinical signs of nerve injuries. Clinical exam 
should be performed at admittance and after con-
servative and/or surgical treatment in order to 
recognize and document every kind of lesion. 
This aspect is fundamental also for forensic 
implications [ 27 ]. In Table  14.1 , upper limb mus-
cles and their innervations are reported; it is man-
datory to examine every muscle to identify the 
real level of nerve lesion.

Axilary nerve 58 %

Radial nerve 32 %

Median nerve 17 %

Ulnar nerve 6 %

Musculocutaneous
nerve 29 %

  Fig. 14.1    Epidemiology of damaged nerves after proxi-
mal humeral fractures according to Visser’s description       

   Table 14.1    Innervations and main action of shoulder muscles   

 Muscle name  Innervation  Action 

 Trapezius  Spinal accessory nerve  Stabilize the scapula to allow normal shoulder motion 
especially shoulder abduction beyond 90° 

 Serratus anterior  Long thoracic nerve  Abduction and stabilization on the thorax of the scapula 
 Rhomboid major and 
minor 

 Dorsal scapular nerve  Scapular adduction or retraction, elevation, and 
downward rotation 

 Pectoralis major  Lateral and medial pectoral nerve  Adducts and medially rotates the humerus 
 Pectoralis minor  Medial pectoral nerve  Thrusts shoulder forward; tilts scapula anteriorly; aids 

respiration 
 Levator scapulae  Cervical (C3, C4) nerve, dorsal 

scapular nerve 
 Elevates the scapula 

 Coracobrachialis  Musculocutaneous nerve  Flexes and adducts the shoulder joint 
 Latissimus dorsi  Thoracodorsal nerve  Abducts, extends, and internally rotates the shoulder 
 Deltoid (anterior, 
middle, posterior) 

 Axillary nerve  Shoulder joint abduction, fl exion (anterior), extension 
(posterior) 

 Teres major  Subscapular nerve  Internally rotates, adducts, and extends the shoulder 
joint 

 Rotator cuff muscles 
 Supraspinatus  Suprascapular nerve  Abduction of the shoulder 
 Infraspinatus  Suprascapular nerve  Externally rotates the shoulder 
 Teres minor  Axillary nerve  Externally rotates the shoulder 
 Subscapularis  Upper subscapular nerve, lower 

subscapular nerve 
 Internally rotates the shoulder joint; stabilizes the head 
of the humerus 
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   Nonetheless, in early phase after trauma, 
clinical testing could be diffi cult to interpret and 
of low value in detecting axonal nerve lesions in 
these fractures just after trauma. This happens 
because nearly all patients show muscle weak-
ness at testing in the fi rst weeks after the trauma 
due to pain making it diffi cult to distinguish 
between this condition and paresis due to a nerve 
lesion [ 14 ]. 

 Clinical exam requires competence and 
knowledge of motor and sensory innervations of 
brachial plexus primary and secondary trunks and 
terminal nerves for the upper limb. Clinical signs 
of axillary nerve lesions may depend on the nerve 
branches that have been compromised. They may 
range from paresthesia and hyperesthesia around 
the shoulder and upper arm to deltoid atro-
phy manifested by contour changes around the 
shoulder (this becomes evident at least 3 weeks 
after the palsy). Active deltoid muscle contrac-
tion should be evaluated. Compensatory activity 
of the supraspinatus muscle in conjunction with 
the long head of the biceps should be checked. 
The sensibility has a minor role in initial diagno-
sis because clinical sensory loss in deltoid area 
was present only in 7 % of all the patients with 
lesion of the axillary nerve detected by means 
of EMG. A similar pattern of clinical presenta-
tion is observed also for the musculocutaneous 
nerve. Clinical exam includes examination of 
active elbow fl exion in order to test biceps bra-
chii and brachialis muscle. Sensory exam of the 
lateral cutaneous antebrachial nerve shows loss 
of sensory in only 4 % of all the patients in which 
a lesion of musculocutaneous nerve was detected 
by means of EMG [ 14 ]. 

 The suprascapular and radial nerves have 
common root origins, so painful stimulation may 
overlap. Pain is more commonly appreciated over 
the posterior portion of the shoulder along the 
border of the trapezius muscle, with pain worsen-
ing at night. Loss of abduction and external rota-
tion of the arm may be observed in such cases 
depending on to the extent of nerve impairment. 
Radial, median, and ulnar nerve injuries are 
rarely isolated and usually observed in case of 
stretching of infraclavicular terminal branches of 
brachial plexus. Diagnosis of nerve lesions can 

be suspected by examining antebrachial motor 
activity and activity and sensitivity of the hand. 

 In the presence of clinical suspicion of nerve 
injury, the fi rst instrumental evaluation is elec-
trophysiologic study by EMG. EMG is the initial 
investigation of choice, and it is recommended 
about 3–4 weeks after the nerve injuries (and 
not earlier) in order to detect site and entity of 
the lesions [ 6 ]. The exam can be subsequently 
repeated in order to follow the progression of 
nerve regeneration/healing or to plan an even-
tual surgical treatment when the absence of nerve 
recovery is documented after an adequate waiting 
time. Improved results of EMG without voluntary 
muscle activity warrant further conservative treat-
ment. In most cases, the clinical evidence of a 
recovery is detected earlier than the electrophysi-
ologic detection. Operative treatment of shoulder 
girdle neuropathy can be considered if no clinical 
and electrophysiologic recovery is present within 
3–6 months after injury (9–18 cm of axonal regen-
eration proceeding 1 mm/day). This approach is 
indicated also after axillary isolated lesions and 
also after dislocations, fractures, or iatrogenic 
injuries without evidence of neurotmesis [ 28 ]. 

 In every “closed” nerve lesion, the Tinel sign 
[ 29 ] (“tingling” feeling or “pins and needles” felt 
at the lesion site or more distally along the course 
of a nerve when it is tapped) should be tested. 
This test is one of the most important physical 
exam maneuvers in peripheral nerve injury evalu-
ation to assess regeneration progress in the site of 
lesion and along the nerve distally to the lesion. If 
the Tinel sign progresses distally along the nerve 
over time, it means that something is recovering 
(1 mm/day) and the regeneration is possible and 
occurs; if the Tinel sign is stationary (stays in one 
place over time), a fourth, fi fth, or sixth degree of 
injury is to be suspected. Unfortunately at the 
shoulder region, a Tinel sign is very diffi cult to 
arouse because of the anatomic depth of nerves 
around the shoulder (median and ulnar nerves at 
the axilla and distally are easy to test and radial 
nerve posteriorly and at the arm level, but supra-
scapular and axillary nerves at the shoulder are 
very diffi cult to test). 

 A magnetic resonance imaging (MRI) and/or 
an ultrasound (US) examination of the rotator 
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cuff is always a fundamental and complementary 
diagnostic step studying a paralytic shoulder to 
verify the integrity of the rotator cuff [ 30 ].  

14.5     Prognosis 

 Prognosis of nerve lesions in proximal humeral 
fractures depends on the grade of axonal and 
nerve damage. According to Seddon’s [ 31 ] clas-
sifi cation, we can describe neurapraxia when 
there is an alteration in nerve conduction, axonot-
mesis when axons have been cut, and neurotme-
sis when the nerve continuity is lost. In case of 
axonotmesis and neurotmesis, a Wallerian degen-
eration occurs losing the connection among prox-
imal axons and the distal part of the nerve. 
Subsequently, Sunderland subclassifi ed [ 32 ] 
these injuries into fi ve types in order to better 
defi ne the entity of injury and the optimal thera-
peutic approach. Besides neurapraxia (I degree), 
the axonotmesis was divided into axonal injuries 
with or without an intact basil lamina (II and III 
degree) or with complete scar block (IV degree). 
Neurotmesis is the complete transection (V 
degree) of the nerve trunk. A combination of con-
duction block and transection (VI degree) was 
added later by Mackinnon. From a therapeutic 
and practical point of view, according to the 
Sunderland classifi cation, (1) I and II degree 
injuries will recover spontaneously and should be 
treated conservatively, (2) V and VI degree inju-
ries should be surgically repaired, and (3) III and 
IV degree injuries have partial recovery and will 
likely need surgery. 

 Posttraumatic nerve injuries following shoul-
der fractures and dislocations commonly have a 
good prognosis, and recovery of function may be 
expected in a period of 3–6 months [ 6 ]. In the 
clinical series reported by Visser including 96 
cases of nerve lesions, 73 % of patients reported 
no or only slight limitations in general function 
and activities of daily life, 19 % had limitations 
in such situations, and 6 % presented severe dis-
abilities in daily life activities [ 14 ]. Regarding 
axillary nerve lesions, that is, the most common 
kind of nerve injury occurring in proximal 
humeral fractures, recovery is observed in the 

vast majority of cases [ 33 ]. According to 
Steinmann baseline, EMG should be obtained 
within 4 weeks after injury with a follow-up eval-
uation at 12 weeks. When no clinical or EMG 
improvement is noted, then operative treatment 
should be performed within 3–6 months from 
injury [ 33 ]. Recently, Hems reported a large 
study in which he defi ned four patterns of injuries 
of the terminal branches of the infraclavicular 
brachial plexus. In case of anterior glenohumeral 
dislocation, axillary and ulnar nerves are com-
monly injured, but rupture is rare. Instead, axil-
lary nerve lesions without dislocation have the 
highest probability of rupture. In displaced 
humeral fractures, nerve injury may be due to 
direct compression of the proximal aspect of the 
humeral shaft. Last but not least in hyperexten-
sion injuries, the musculocutaneous nerve is 
commonly injured and disrupted. Therefore, the 
author suggested conservative treatment in most 
cases of infraclavicular injuries of the terminal 
branches of brachial plexus with some excep-
tions. Early exploration was indicated for axillary 
and musculocutaneous nerve injury without dis-
location, and urgent operation was indicated for 
dislocated proximal humeral fractures in order to 
relieve pressure on suffering nerves [ 7 ]. 

 Regarding iatrogenic injuries, some important 
prognostic data are given by intraoperative elec-
trodiagnostic analysis [ 17 ]. Warrenders et al. [ 17 ] 
reported that the majority of alerts (65 % of the 
nerve events) occurred during fracture reduction, 
whereas 31 % occurred during plate application. 
During that phase of surgical procedure, the 
humeral shaft and tuberosities were subjected to 
traction in order to aid fracture reduction. 
Therefore, removing traction and positioning the 
arm in neutral position could be useful when an 
intraoperative delay or a prolonged procedure 
occurred [ 17 ]. Alert signal started when the arm 
is positioned in fl exion abduction and external 
rotation in 58 % of cases, and positioning of the 
arm in neutral position and removing of retrac-
tors turned off alert signal. In 64 % of cases, there 
was a return at baseline at the end of surgery, but 
in 36 % there was no return of MEP at the base-
line, and these patients corresponded clinical 
weakness of muscles especially in radial and 
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axillary nerve territories. All of these patients 
recovered muscle function by 3 weeks postopera-
tively [ 17 ]. 

 The quality of recovery after a nerve repair 
depends on many local and general factors. 
Regarding the age of the patient, nerve function 
recovery begins to decline after the second decade 
(75 % good results in children vs 50 % good 
results in adults) and may be poor after the fi fth/
sixth decade. Other factors considered are the 
mechanism of injury, elapsed time from injury, 
level of injury, type of nerve, specifi c nerve injured, 
associated injuries, and tension across the repair.  

14.6     Prevention of Iatrogenic 
Lesion 

 Some anatomic considerations are useful to pre-
vent iatrogenic nerve injuries especially concern-
ing the axillary nerve. Landmarks of the location 
of the axillary nerve are taken from the acromion 
or from the greater tuberosity. When the acro-
mion is considered as landmark, the mean dis-
tance from the superior border of the axillary 
nerve to the anteroinferior border of the acromion 
is about 6.3 ± 0.5 cm [ 34 ]. When the greater 
tuberosity is considered as reference, the distance 
between this landmark and the axillary nerve is 
relatively constant from 3.5 ± 0.2 to 4.6 cm [ 35 ]. 
The surgeon must take into account that the 
greater tuberosity may be displaced after a frac-
ture. In this case, the course of the axillary nerve 
can be estimated from the acromion [ 36 ]. 

 Another important consideration is the posi-
tion of the arm during surgical procedures. 
When the arm is moved, both nerves and arter-
ies may modify their position. In fact in neutral 
position (0° rotation, 20° abduction, 0° forward 
fl exion), the axillary nerve is located about 6 cm 
from the acromion; when the arm is placed in 
60° of abduction, the distance from the nerve 
to the acromion decreases to 5.4 cm. The safe 
zone for hardware placement in neutral shoulder 
position is up to 5 cm distal from the mid-acro-
mion. The danger area has been reported with 
slight  differences among authors from 5 to 9 cm 

according to Cheung, Ruedi, and Yung-Fen [ 36 –
 38 ]. Distal to 9 cm, the deltoid may be safely 
split again with minimal risk of injuring the axil-
lary nerve [ 38 ], but in any case, rough handling 
and strenuous retraction of the deltoid muscle 
should be avoided to minimize risk of axillary 
nerve damage [ 36 ]. 

 These anatomic considerations are valid not 
only for open reduction and internal fi xation 
by means of plates but also for synthesis with 
anterograde nails and for percutaneous fi xation 
when screws and pins are used around the shoul-
der region. In particular, during humeral nailing, 
screw positioning should be as close as possible to 
the acromion in order to reduce the risk of nerve 
injuries. Moreover, the arm should be left in neu-
tral position avoiding internal rotation that comes 
near the nerve to the entry site of screw [ 18 ]. 

 In Fig.  14.2 , we reported a schematic view of 
the anatomy of suprascapular and axillary nerve 
in the posterior aspect.

14.7        Treatment 

 Treatment options for nerve palsy in association 
with proximal humeral fractures include expect-
ant observation, early exploration, late explora-
tion, or tendon transfers. 

Suprascapular nerve

Axillary nerve

Posterior safe zone
6.3 ± 0.5 cm

  Fig. 14.2    Posterior anatomy of suprascapular and axil-
lary nerve. Distance from the posterior acromion to the 
axillary nerve—safe zone       
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 As abovementioned, the most common mech-
anism of nerve lesion of the terminal branches of 
the plexus at the shoulder level is the stretching 
of the nerve trunk (for both traumatic and iatro-
genic causes); this produces a lesion in continu-
ity, without the section of the nerve, determining 
a Sunderland neurapraxia or minor grade of axo-
notmesis [ 32 ]. If after 3–6 months there are no 
signs of spontaneous recovery, a surgical revision 
of the nerve trunk could be a good indication 
depending on the characteristics of the patient 
(age, general condition) and the residual function 
and involved nerve(s). 

 Clear immediate indication for early explora-
tion include, as in other district, combined vascu-
lar injury, severe soft tissue injury, sharp or 
penetrating injury, or high suspicion of nerve lac-
eration. Hems [ 7 ] reported that axillary nerve 
lesions without dislocation and musculocutane-
ous nerve injuries due to hyperextension forces 
are likely to be severe. Thus, he suggests a 
 conservative treatment in most cases of infracla-
vicular injuries of terminal branches of the bra-
chial plexus and an early exploration in the 
abovementioned axillary and musculocutaneous 
nerve injury without dislocation [ 7 ]. 

 Late exploration of injured nerves is per-
formed in young patient if no electric or clinical 
activity can be identifi ed by 3–6 months postin-
jury (depending of the site of the nerve lesion) 
[ 28 – 40 ]. 

 During surgical exploration, nerves may pres-
ent macroscopically various degrees of lesion. 

 A neurolysis should be performed if the nerve 
is in continuity and does not present, when 
inspected and palpated, signs of neuroma (scar 
inside the nerve); this situation corresponds to 
grades I and II of nerve injuries according to the 
Sunderland classifi cation. 

 When a neuroma in continuity with a residual 
function is observed (grade III of the Sunderland 
classifi cation), a neurolysis with eventually a 
cable graft according to Millesi is performed [ 41 ]. 

 When a nonfunctional neuroma in continuity 
is observed or a complete lesion is found (grades 
III, IV, and V of the Sunderland classifi cation), 
nerve reconstruction should be immediately 

 performed by means of direct suture if nerve 
stumps are not under tension. When a nerve 
gap is present after neuroma or stump resection, 
the nerve should be reconstructed by means of 
autograft using microsurgical techniques. In 
particular circumstances (i.e., revision for open 
fractures and/or infections) if local conditions are 
not favorable for nerve reconstruction or when a 
microsurgeon is not present in the surgical staff, 
it is advisable to approximate nerve stumps with 
two stitches waiting for a secondary reexploration 
and grafting. 

 Some authors described that nerve repairing 
could be performed also at 15 months after trauma 
and stated also that patients under the age of 40 
have better results [ 42 ]. Nevertheless, in case of 
very late reconstructions after 12–18 months from 
the time of injury, a reinnervation of a denervated 
muscle is not possible, and a fatty degenerative 
evolution occurs to the muscle belly. 

 Thus, an attempt at reconstruction can be per-
formed at this time only in selected cases (i.e., very 
young patients) but with unpredictable results. 

 Neurotization (nerve transfer of a functioning 
nerve to the distal stump of the severed nerve) is 
indicated if a double-level lesion is suspected or 
if the proximal stump is not adequate for recon-
struction. The most frequent neurotizations are 
for the suprascapular nerve (with a branch of the 
spinal accessory nerve) [ 43 ] and for the axillary 
nerve (with a branch of the radial nerve for a part 
of triceps) [ 44 ]. 

 As abovementioned, before performing axil-
lary nerve repair, it is fundamental to verify cuff 
integrity with clinical evaluation and MRI study 
[ 30 ] and eventually combine the repair of the 
nerve with the cuff lesion [ 42 ]. Supraspinatus 
integrity is fundamental because this muscle is 
the main motor of arm abduction. 

 Tendon transfers are indicated in patients not 
experiencing neurological recovery 1 year after 
nerve repair or if the nerve repair was not pos-
sible for clinical conditions, comorbidities, or 
age [ 45 ]. 

 In Fig.  14.3 , a fl ow chart for diagnosis, follow-
 up, and timing of treatment of nerve lesions is 
reported.
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Complete clinical examination of upper
limb at admission and after first

treatment

No nerve
recovery

EMG and follow up to
3−6 months

No deficit

Nerve deficit

Follow up for fracture or
dislocation –nerve evaluation

at 25−30 days
(clinical , EMG + US Rot Cuff)

Nerve recovery

STOP

No nerve recovery Nerve recovery

Nerve surgery
and cuff surgery if needed

Exposure, vascular injury,
displaced fractures

Surgical exploration
and neurolysis,

suture or grafting

General
conditions

Nerve recoveryNo nerve recovery

Palliative
surgery

  Fig. 14.3    Flow chart for diagnosis and timing of treat-
ment of nerve injuries in proximal humeral fractures. 
Sunderland I = neurapraxia, Sunderland II = axonotmesis, 

Sunderland III = neuroma in continuity with or without 
nerve function, Sunderland IV = neuroma in continuity 
without nerve function, and Sunderland V = neurotmesis       
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15.1            Introduction 

 Fracture-dislocations of the shoulder  are very 
rare, their prevalence being 1/100,000/year in 
the UK population [ 1 ,  2 ]. These are    complex 
joint injuries characterized by the association of 
two or more fragments in the proximal humeral 
epiphysis with static dislocation of the articular 
component anteriorly, inferiorly, or posteriorly 
[ 3 – 5 ]. They are often associated with soft issue 
lesions  and osteochondral glenoid fractures 
mostly in the anteroinferior corner of the gle-
noid. The involvement of soft tissue (tendon, 
capsule, and ligaments) explains the frequent 
scar contractures and heterotopic ossifi ca-
tions in patients after treatment [ 3 ,  6 ,  7 ]. These 
lesions must be  recognized, and reduction 
maneuvers must be avoided. In fact, inappropri-
ate maneuvers may transform two-part fracture-
dislocations into four-part dislocations. They 
can also aggravate the injury of soft tissues, 
especially the rotator cuff, the axillary artery, 
or the plexus [ 2 ,  8 ]. Neer [ 3 ] classifi ed these 
fractures based on the number of fragments 
involved and the direction of the displacement 

(anterior, posterior, or inferior). Head splitting 
and head impression after the shoulder disloca-
tion have also been described [ 9 – 11 ].  

15.2     Clinical and Radiological 
Evaluation  

 Fracture-dislocations of the shoulder are gener-
ally due to high-energy trauma but may also be 
due to banal domestic incidents, particularly in 
women. The most common running deck cause is 
a fall on the shoulder or trauma transmitted from 
the hand with the elbow extended [ 2 ,  4 ,  8 ]. In rare 
cases, these lesions may be due to an electric 
shock or to epileptic convulsions [ 2 ,  8 ]. Patients 
present to the emergency room  with the affected 
limb supported by the contralateral hand in the 
throes of violent pain, and there is swelling of the 
shoulder. The patient is unable to make active 
movements and feels pain at the slightest move-
ment, which is accompanied by a rattling noise in 
some cases. Ecchymosis is rarely seen at this 
time. Ecchymosis is more common in older peo-
ple and in patients undergoing anticoagulation 
therapy. In young people, ecchymosis appears 
24–48 h later in the arm and chest. 

 In case of a two-part anterior dislocation of 
the shoulder , the acromion prominence  is more 
evident, whereas the deltoid pectoral groove 
appears edematous and prevents palpation of the 
coracoid. It is more diffi cult to observe the acro-
mion prominence in three- and four-part anterior 
fracture-dislocations. The clinical aspect of the 
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shoulder is completely different in posterior 
fracture- dislocations. In fact, in the latter, the 
morphology of the back of the shoulder changes 
because the posterior aspect of the deltoid seems 
more prominent and round, whereas in the con-
trary the coracoid process is more evident on the 
front part of the shoulder, particularly in thin 
subjects. 

 Another aspect to consider in these patients is 
the position of the upper limb. In the case of a 
two-part fracture-dislocation, passive mobility of 
the limb is locked in a position of relative abduc-
tion and external rotation; attempts by the exam-
iner to rotate the arm internally cause fi erce pain. 
Instead, in case of a two-part posterior disloca-
tion, the limb is intrarotated and external rotation 
is impossible. When the fracture rime affects the 
surgical neck, the axis of the humerus is in a neu-
tral position [ 4 ].  

15.3     Radiology 

 In fracture-dislocations, the X-ray study  per-
formed in the emergency department is crucial 
for a correct diagnosis and treatment. The fact 
that the glenoid is anteverted by 30–40° with 
respect to the frontal plane can confound the 
diagnosis. Indeed, in the frontal projection X-ray, 
the glenoid overlaps the humeral head so that the 
joint seems intact. This situation occurs because 
the patient cannot place the forearm in extrarota-
tion. To overcome this problem, it was suggested 
the contralateral shoulder be rotated by 40° from 
the AP projection with the affected shoulder 
turned toward the fi lm. But a better technique 
is to use the axillary view. This view must be 
 performed with the patient in the supine decubi-
tus position with the shoulder abducted 30°. The 
cassette is placed above the patient’s shoulder, 
and the X-ray tube is angled into the axilla. If this 
abduction is not possible, it is advisable to use the 
Velpeau technique that can be performed with the 
patient’s arm in a sling. 

 In case of doubts, a computerized tomogra-
phy  scan should be performed. This shows the 
fracture rimes, the direction of humeral head 
dislocation, the plurifragmentary aspect of the 

tuberosities, and the damage of the glenoid com-
ponent [ 12 – 14 ]. In patients older than 40 years, 
it is advisable to carry out a magnetic resonance 
imaging (MRI) study to evaluate the condition of 
rotator cuff and capsule [ 7 ].  

15.4     Associated Injuries 

15.4.1     Rotator Cuff Injuries  

 The rotator cuff is frequently lesioned in two-part 
fracture-dislocations of the greater tuberosity. 
Robertson et al. [ 2 ] reported an incidence of rota-
tor cuff lesions in 33.4 % of 3,633 fracture- 
dislocations. This lesion can affect the rotator 
interval and/or the junction between the supraspi-
natus and subscapularis muscles . Cuff tears can 
be particularly severe in three- and four-part 
complex fracture-dislocations. These lesions are 
often identifi ed and treated during osteosynthe-
sis. However, they can be identifi ed presurgery 
with MRI. This technique will also show whether 
the biceps stabilization system is damaged and is 
consequently subluxed. Such cases should be 
treated with a tenotomy  and tenodesis . In elderly 
patients, such lesions are often beyond repair.  

15.4.2     Neurological Injuries 

 Neurological damage  of the brachial plexus 
or of selected peripheral nerves consequent to 
fracture- dislocations or during reduction occurs 
in 2–30 % of cases. Robinson et al. [ 2 ] reported 
nerve injury in 13.5 % of a consecutive series of 
3,633 anterior dislocation fractures (2,250 men 
and 1,383 women; average age, 47.6 years). 
The entity of damage  depends on age, energy of 
trauma, type of lesion, and time between lesion 
and reduction. Electromyography is more accu-
rate than clinical observation in identifying the 
severity of nerve lesion. The axillary nerve is the 
most frequently injured nerve in fracture-dislo-
cations of the shoulder, and they resolve within 
4–5 months. In the rare cases that axillary nerve 
damage requires surgery, this can be done with 
either direct suturing or graft reconstruction. 
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In 2012, Frank et al.   15 ] reported a rare case of 
irreducible head dislocation in which the axillary 
nerve was entrapped inferiorly.  

15.4.3     Vascular Injuries  

 Fracture-dislocations are rarely associated with 
vascular injury. In such cases, the axillary artery 
or vein can be damaged. These injuries are more 
frequent in the elderly due to atherosclerosis of 
the vessel. These lesions are associated with 
50 % mortality during surgery. The anatomo- 
pathological lesions are thrombosis or avulsion 
of arterial branches [ 2 ].  

15.4.4     Impression Fractures  
and Glenoid Fractures  

 Impacted fractures of the humeral head in dis-
locations were fi rst described by Hill Sachs and 
McLaughlin [ 16 ,  17 ]. It was widely reported in 
the nineteenth century and was subsequently 
classifi ed by Neer [ 3 ]. In fact, in all dislocations, 
the head impacted against the glenoid margin 
undergoes an impacted fracture. The severity 
of this lesion depends on the age of the patient, 
the violence of the trauma, and the time elapsed 
between the event and the reduction. Impression 
fractures can occur anteriorly near the subscapu-
laris attachment in case of a posterior disloca-
tion or posterosuperiorly in case of an anterior 
or inferior dislocation. Thanks to recent CT and 
MRI advances, these lesions can now be assessed 
accurately, and treatment can be targeted. This 
is important because an anterior or posterior 
impression fracture is often unrecognized. 

 An impression fracture secondary to a dis-
location is a transitory  or static lesion  that can 
be acute or chronic. The transitory form is an 
anterior or posterior dislocation followed by 
spontaneous relocation of the head into glenoid 
fossa. The subdivision of the static form, which is 
more easily unrecognized, into acute or chronic 
is debated. It has been defi ned as chronic for 
periods that range from 24 h to 6 months post-
trauma. Schulz et al. [ 18 ] defi ned “chronic” static 

impression fractures 24 h after trauma, whereas 
Rowe and Zarins [ 19 ] defi ned such cases chronic 
3 weeks after trauma. 

 Detailed knowledge of the pathological anat-
omy and of the time between the trauma and 
treatment is essential to decide treatment. Deep 
large impacted lesions should be treated with ten-
don remplissage or graft, particularly in young 
people and in case of a defect less than 45 % [ 20 ]. 
In cases of fracture impacted secondary to dislo-
cation above 50 %, prosthetic replacement is 
needed. Less frequent are glenoid bone fractures 
in anteroinferior dislocations, which can change 
the entity of the lesion from a few millimeters to 
20–25 % of the osteocartilaginous surface. Such 
acute injuries  should be treated with synthesis of 
the fragments. Implantation of a prosthesis in the 
rare forms of anterior locked dislocations with 
impacted or nonimpacted glenoid must be associ-
ated with a glenoid bone graft.   

15.5     Treatment 

15.5.1     Two-Part 
Fracture-Dislocations  

    The shape of two-part fracture-dislocations 
depends on the pathological involvement of the 
tuberosities and the surgical neck of the humerus. 
Two-part anterior fracture-dislocations of the sur-
gical neck are very rare. First, the surgeon must 
try to relocate the head in the glenoid fossa. If the 
fi rst attempt is not successful, the patient should 
be given an analgesic. After reduction, the sur-
geon should check the morphology of the surgi-
cal neck fracture , and in case of displacement, 
surgery is required. A two-part fracture involving 
the greater tuberosity is the most frequent shoul-
der dislocation (10–33 %). 

 Bahrs et al. [ 21 ] in a review of over 100 
patients with greater tuberosity fractures found 
that over 50 % of them were associated with a 
traumatic anterior glenohumeral dislocation. In 
these forms, attempts to reduce the humeral head 
in the glenoid fossa must be gentle and atrau-
matic and should be carried out after completing 
the radiographic protocol with a trauma series 
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and/or CT. After reduction of the head, the greater 
tuberosity is often spontaneously reduced on the 
fractured rime. Surgery is indicated only when 
the displacement exceeds 5 mm (Fig.  15.1 ).

   Two-part fractures involving the lesser tuber-
osity are rare. A posteriorly displaced humeral 
head must be evaluated with a trauma series and 
CT scan. The main cause of this fracture is the 
posterior dislocation with avulsion of the lesser 

tuberosity. The management protocol is the same 
as other two-part fracture-dislocations and con-
sists in applying force, with the arm in extension, 
to promote longitudinal traction so that the head 
is relocated in the glenoid fossa. Surgical reduc-
tion and fi xation of a lesser tuberosity fracture is 
indicated when the displacement exceeds 1 cm. 
A deltopectoralis approach  is the best surgical 
access for the treatment of anterior and posterior 

c d

a b

  Fig. 15.1    Complex three-part fracture-dislocation with 
bone loss between the lesser and greater tuberosities. 
( a ) Anteroposterior X-ray showing the anterior disloca-
tion of the head and the fracture of the lesser and greater 
tuberosities. ( b ) 3D CT scan reconstruction showing 
 displacement of fragments after reduction. ( c ) Axial 

 projection CT scan showing postoperative reconstruction 
with minimal osteosynthesis (screws) and bone block, 
which is an important mechanical and biologic element 
that fi lls the secondary bone loss between the head and the 
greater tuberosity. ( d ) 3D CT scan reconstruction of the 
humeral head 2 years postsurgery       
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fracture-dislocations. After the cephalic vein is 
exposed by blunting the groove and saved, the 
deep fascia is opened. The space below the del-
toid is opened to expose the hemorrhagic sub-
acromial bursa which is then resected. Using a 
brown retractor, the deltoid muscle  is displaced 
laterally, and the coracobrachialis muscle  is dis-
placed medially. Thus, the surgeon can check for 
any damage of the superfi cial part of the rotator 
cuff and can see the biceps brachii interposed 
between fracture rimes. In cases in which the dis-
location cannot be reduced, even when maneu-
vering with the patient under anesthesia, the 
biceps tendon is generally imprisoned between 
the two main fragments. In such cases, the rotator 
interval must be opened, and a tenotomy per-
formed at the level of the glenoid tubercle. Thus, 
the head is well exposed, and the surgeon can see 
if an intra-articular humeral impact fracture hin-
ders reduction. The head can be reduced using 
open reduction and internal fi xation (ORIF). The 
patient is kept at rest with the shoulder in a sling 
for 4–6 weeks. This is followed by passive and 
active elbow and wrist motion.  

15.5.2     Three-Part Anterior 
Fracture-Dislocations  

 The most frequent three-part anterior fracture- 
dislocation is an anterior dislocation of the 
humeral head with two rimes affecting the greater 
tuberosity and the surgical neck. In such cases, 
the lesser tuberosity remains attached to the head. 
This is a positive sign in terms of clinical out-
come because vascularization  is intact. The Laing 
artery  should be respected during the surgical 
approach because it carries the blood supply to 
the humeral head. In three-part fracture- 
dislocations, the humeral neck is usually broken, 
and the two tuberosities are fractured and dis-
placed. We use a deltopectoralis approach and 
identify the biceps as a landmark to reduce the 
head into the glenoid fossa. Sometimes we per-
formed a bicep tenotomy and tenodesis and use 
ORIF to stabilize the fragments. In the more dif-
fi cult case of a glenoid fracture  that requires syn-
thesis, we split the subscapularis muscle and 

perform a vertical capsulotomy, after which we 
reduce the glenoid fragment and stabilize it with 
cannulated screws.  

15.5.3     Three-Part Posterior 
Fracture-Dislocations  

 Three-part posterior fracture-dislocations are 
characterized by rimes involving the surgical 
neck and the lesser tuberosity. Fragments are 
identifi ed with CT scanning, and surgery is 
planned. A deltopectoralis approach is generally 
used. The rime between the lesser tuberosity and 
the intertubercular groove  is opened to locate the 
posteriorly dislocated humeral head and reduce it 
into the glenoid fossa. The decision to recon-
struct the fracture or replace it with a prosthesis 
depends on the patient’s age, bone quality, com-
minution of fragments, and soft tissue lesions.  

15.5.4     Four-Part Anterior 
and Posterior 
Fracture-Dislocations  

    Four-part fracture-dislocations are very complex 
lesions  whose treatment is still debated [ 4 ,  5 ,  7 ,  8 , 
 18 ,  22 ,  23 ]. The common denominator of this 
type of lesion is humeral head ischemia because 
of disruption of the blood supply [ 24 ,  25 ]. Various 
studies report a high percent of humeral head 
osteonecrosis [ 2 ,  3 ,  5 ,  8 ,  11 ,  13 ,  26 ]. Based on 
this observation, we replace the head with a 
humeral prosthesis, particularly in middle-aged 
and in elderly subjects, and use ORIF only in 
very young patients. 

 Recently, Hertel et al. [ 23 ] reported that the 
length of the dorsomedial extension and the 
integrity of the medial hinge  can predict fracture- 
induced humeral head ischemia. However, 
although their study was an advance in the fi eld 
of classifi cation-surgical indications, it does not 
address the issue of whether osteosynthesis or 
prosthesis should be performed. 

 The implant of a prosthesis for a four-part 
anterior or posterior fracture-dislocation differs 
slightly from the implant of a standard four-part 
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fracture. The level of diffi culty depends on the 
expulsion zone  of the humeral head. In some 
cases, it is positioned anteriorly near the glenoid 
rime; in others, the head is ejected outside the 
subscapularis muscle and must be sought below 
the plexus and vascular fascia. In rare cases, it 
lies on the chest wall, and even more rarely, it is 
displaced intrathoracically [ 27 ]. One should 
always assess for glenoid damage, which can 
consist in labrum and capsule injury, subscapu-
laris muscle lesion, and even a bony Bankart 
fracture . In the latter case, osteosynthesis is 
necessary. In case of a posterior head disloca-
tion, we have to consider the possibility of cap-
sule avulsion from the posterior edge of glenoid 
and secondary posterior instability also after 
surgery. 

 Internal fi xation of the humeral head in a 
four- part fracture-dislocation is diffi cult mainly 
because the fragments are unstable and the 
points of contact of fracture lines are diffi cult 
to identify; the same applies in case of humeral 
replacement.  

15.5.5     Treatment-Related 
Classifi cation  of Four-Part 
Fracture-Dislocations  

 The gold standard treatment for four-part frac-
tures and fracture-dislocations is the implant of 
a humeral prosthesis . However, there is now a 
trend toward humeral reconstruction in patients 
between 50 and 65 years old [ 4 ,  22 ,  28 ], whereas 
in patients older than 65 years the question is 
whether to implant an anatomic or a reverse pros-
thesis. We recently proposed a classifi cation to 
guide this treatment decision [ 26 ]. This revis-
ited Neer classifi cation of four-part fractures [ 3 ] 
was prompted by the observation that previous 
classifi cations, from Codman [ 33 ] to Neer [ 3 ] 
and more recently Hertel et al. [ 23 ], do not cor-
relate the traumatic lesion with surgical indica-
tions, namely, osteosynthesis versus prosthesis 
implant. Our classifi cation is based on the study 
of “missing” fi fth fragment, namely, the humeral 
calcar (Fig.  15.2a, b ), which was not considered 
in previous classifi cations. To study the calcar , 
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  Fig. 15.2    Drawing showing the four planes delimitating the area of calcar. Studio in frontal plane ( a ) and in coronal 
plane ( b )       
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we delimit the calcar area on the medial column 
using four planes. These planes intersection at 
well-defi ned points. The calcar lies between 
two axial parallel planes denoted as    “alpha” and 
“beta” (see Fig.  15.2a ) that cross the anatomic and 
surgical neck, respectively. A third plane denoted 
as “gamma” intersects these planes orthogonally 
on the medial border of the lesser tuberosity. The 
fourth and last plane denoted as “delta” is coronal 
oblique and passes central to the humeral calcar, 
thereby dividing it into two parts: anterior and 
posterior. Thus, we can defi ne the involvement 
of the calcar in the fracture, particularly on the 
CT scan, and determine the relationship between 
its fracture and cephalic cup with the other three 
fragments (i.e., the lesser and greater tuberosities 

and the surgical neck). This enables us to forecast 
the diffi culties in case of reconstruction and the 
most appropriate technique to use.

   This process resulted in six main fracture types  
divided into 16 subgroups (see Fig.  15.3 ). 
Fracture-dislocations are types V and VI. Type V 
is characterized by anterior displacement of the 
humeral head, which may be outside the articula-
tion due to a tear in the capsule and outside the 
subscapularis muscle or outside the capsule but 
retained on the subscapularis muscle. Type V is 
divided into four subtypes. Subtype VA is extra- 
subscapular; the calcar is fractured on the beta 
plane, the entire tuberosity complex is fractured, 
and the greater tuberosity is displaced, whereas 
the lesser tuberosity can remain linked to the 
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  Fig. 15.3    The revisited Neer 
classifi cation of four-part 
fracture-dislocations, which is 
based on the complexity of 
the  V  fragment. Groups  V  and 
 VI  are divided into subgroups 
of anterior and posterior 
fracture-dislocations 
according to the severity of 
the fracture of the  V  fragment       
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 periosteum. Subtype VB is extracapsular with a 
fracture of the calcar on the alpha plane and with 
tuberosities displaced and often multifragmented. 
Subtype VC is intrasubscapular with a fracture in 
the beta plane. Type VD is intrasubscapular with 
a fracture on the alpha and beta planes and head 
splitting. Type VI fractures are characterized by 
posterior displacement of the head and are divided 
into VIA, which is an avulsion fracture of the 
lesser and greater tuberosities, and VIB, which is 
characterized by head splitting with the upper part 
of the head linked or not to the greater tuberosity.

   To test our classifi cation , we examined all the 
data (emergency room radiographs, CT scans, 
Neer classifi cation, surgical technique used, type 
and results of surgery) related to 173 cases of 
complex fractures of the proximal third of the 
humerus. On the X-rays, we evaluated bone 
parameters in relation to the position of the cal-
car, humeral head inclination, and the position of 
the tuberosities. We focused on the morphology 
of the calcar fracture that serves as a landmark for 
implantation of the prosthesis at the correct height 
and retroposition (Table  15.1 ). If the humeral 
head is expelled anteriorly, outside the glenoid 
cavity after a shoulder dislocation, we carry out 
the bone block technique  [ 29 ] that enables an 
anatomic reconstruction and stable fi xation.

15.5.6        Technical Note Regarding 
the Bone Block and Titanium 
Block Techniques 

 If, in an anterior four-part fracture-dislocation, 
the CT evaluation of calcar shows that the hinge 
is linked on the alpha plane and if it is intact on 
the delta plane, osteosynthesis  is indicated in 

young and middle-aged patients (Fig.  15.4a ). As 
a technical note, below we report some steps of 
this operation:
•     Recover the humeral head from the extra- 

articular side (usually the subscapularis 
fossa in anterior fracture-dislocations and 
the retroglenoid space in posterior fracture- 
dislocations) (Fig.  15.4b ). Check for osteo-
cartilaginous lesions, and if necessary reduce 
them and stabilize them with bone sutures 
using n. 1 nonabsorbable wires.  

•   After the recovery of the humeral head from 
the anterior subscapularis fossa, we identify 
the inferior fracture line between the calcar  
and cephalic cup, and then we identify the 
position of the superior aspect of the head. 
These two points enable us to determine the 
correct inclination. We then identify the junc-
tion with anterior and posterior rimes.  

•   Once ascertained the anatomic junction points 
of the humeral head, we position the metaphy-
seal part of the humerus ensuring the perfect 
correspondence between these two medial 
rimes (cup and calcar) that reconfi gure the 
correct humeral retrotorsion and inclination 
(Fig.  15.4c ).  

•   With the arm of the patient in complete exter-
nal rotation  to allow correct visualization of 
the proximal third of the humerus in its medial 
and posterior area, positioning the cephalic 
bone cup on the metaphyseal bone, we ensure 
the correct retroversion and inclination of the 
head on the calcar and fi ll the space between 
the cup and diaphysis with a modeled tricorti-
cal trapezoidal iliac crest bone graft  or with a 
pyramidal titanium cage  (especially in cases 
of osteoporosis). Having obtained a partial 
stabilization of this reconstructed proximal 
part with the bone block or titanium technique 
[ 30 ], we use three wires (or three screws at the 
end of the treatment) (Fig.  15.4d ) crossing 
them through the humeral head and through 
the block (bone or titanium cage) to the diaph-
ysis starting from the upper part of the cephalic 
cup and then drawing them down 4–5 mm 
under the cartilage.  

•   We replace the reconstructed humeral head 
stabled with the proximal humeral diaphysis 
in the glenoid fossa. With C-arm X-ray, we 

   Table 15.1    Surgical treatment according to the proposed 
revisited classifi cation   

 Fracture type  Treatment group 

 I, II, IIIA,  VA, VC, 
VIA  

 Reconstruction and 
osteosynthesis 

 IVC,  VD, VB, VIB   Prosthesis: anatomic or reverse 
 IIIB, IVA, IVB,  VB   Borderline group 

   Bold  indicates the decision-making for four-part fracture- 
dislocations. We systematically apply this treatment- 
related classifi cation  
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control the reduction of fracture and the orien-
tation of the humeral head in different shoul-
der rotations.  

•   If the orientation of the head is good, we fi ll 
the remaining space with bone chips and very 
easily reconstruct the greater and lesser tuber-
osities on the original site. We fi x everything 
with transosseous sutures using n. 2 or n. 5 
nonabsorbable wires and/or screws or a small 
plate and screws.    
 If the alpha plane is not intact, we decide for 

prosthesis implant. We prefer an anatomic nonce-
mented humeral prosthesis in patients between 
the age of 50 and 70 years if the rotator cuff is 

intact. Patients with a non-plurifragmented 
greater tuberosity are candidates for an anatomic 
implant. In cases of a plurifragmented greater 
tuberosity, we systematically use a reverse pros-
thesis  in patients from 70 to 85 years old. 

 The revisited Neer classifi cation , which 
reveals the pathomechanics of fractures  between 
the humeral head and calcar, provides landmarks 
that enable reconstruction of the correct retrotor-
sion and height of the prosthesis. Moreover, 
starting from this medial reconstruction, with 
landmark points, it is possible to use the Brems 
puzzle piece technique [ 31 ] to implant anatomic 
humeral prostheses.   

a b

c d

  Fig. 15.4    Complex four-part anterior fracture-disloca-
tion (type VC of the revisited Neer classifi cation). 
( a ) Anteroposterior X-ray showing a four-part anterior 
dislocation fracture (type VC of the revisited Neer 
 classifi cation). ( b ) Image of the humeral head after being 
recovered from the subscapularis fossa; four-part 

 pathological position of the long head of the biceps on the 
fracture rimes. ( c ) Image of a perfect reconstruction of the 
medial calcar after we had fi lled the bone loss and replaced 
the wires with cannulated free screws. ( d ) Anteroposterior 
X-ray 5 years postsurgery       
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15.6     Postoperative Management 

 Patients with fracture-dislocations treated with 
osteosynthesis or prosthesis implants remain 
with their arm in a sling for 4 weeks and are 
allowed only active movements of the wrist and 
elbow. After 4 weeks of rest, we recommend 
rehabilitation with the Lyon technique [ 32 ] for 6 
weeks, after which patients can resume active 
movement.     
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16.1            Introduction 

 Since proximal humerus fractures are increasing 
[ 46 ], posttraumatic conditions have to be faced 
in a growing number by orthopedic surgeons, 
as well. For the patients’ satisfaction, two fac-
tors are relevant: pain and shoulder function. 
Usually, with increasing age, the functional 
expectations of the patients decrease. Thus, for 
elderly patients, priority in posttraumatic case 
management should focus on a low pain level, 
and shoulder function should at least allow for 
performance of daily activities. 

 Generally, fractures can result in vari-
ous sequelae. It is important to distinguish 
between mechanical and biologic complications. 
Mechanical problems result from a changed 
anatomy due to fragment displacement, which 
can be primary after nonoperative treatment or 
poor fracture reduction or secondary after loss 
of reduction. Displacement of the tuberosities is 
associated with changed lever arms of the rota-
tor cuff resulting in decreased shoulder func-
tion. Additionally, superior displacement of the 
greater tuberosity leads to a mechanical con-
fl ict with the acromion in terms of an impinge-
ment syndrome. Posterior displacement of the 
greater tuberosity with step formation toward the 

 articular segment may limit external rotation in 
terms of a  mechanical confl ict between displaced 
tuberosity and posterior glenoid rim. The same 
problem is possible at the anterior aspect of the 
humeral head regarding the lesser tuberosity. 
In a biomechanical fracture model of the proxi-
mal humerus, Bono et al. [ 10 ] evaluated differ-
ent amounts and directions of greater tuberosity 
malposition. They found that the deltoid abduc-
tion force was signifi cantly increased by 16 and 
27 % by superior displacements of 0.5 and 1 cm, 
respectively, while combined superior and pos-
terior displacement of 1 cm gave an increase 
in force of 29 %. These data suggest that small 
amounts of residual displacement may alter the 
balance of forces required to elevate the arm at 
the glenohumeral joint. 

 In addition, tuberosity malunion limits the 
clinical outcome in posttraumatic shoulder 
arthroplasty. In an own study [ 58 ], the relevance 
of preoperative tuberosity malunion in 38 
patients undergoing secondary shoulder arthro-
plasty for posttraumatic avascular humeral head 
necrosis was evaluated. Two novel radiological 
parameters were introduced, the greater tuberos-
ity offset (GTO) in the AP view for lateralization 
of the greater tuberosity and the posterior offset 
(PO) in the axillary view to determine the widen-
ing at the intertubercular groove. Although gen-
eral  substantial improvement according to the 
Constant score (CS) was achieved (27 points 
 preoperatively to 57 points postoperatively), 
patients with a near anatomic tuberosity align-
ment had a  signifi cantly better functional  benefi t. 
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Greiner et al. [ 29 ] confi rmed these fi ndings and 
found out that tuberosity position correlates with 
fatty infi ltration of the rotator cuff after hemiar-
throplasty for proximal humeral fractures. The 
CS of patients with greater tuberosity displace-
ment of 0.5–1 cm was signifi cantly higher than 
that in patients with nonunited greater tuberosi-
ties. For the lesser tuberosity, patients with dis-
placement of <0.5 cm showed signifi cantly 
higher outcome scores than patients with dis-
placement of >1 cm and nonunited lesser tuber-
osities. There was a signifi cant correlation 
between fatty infi ltration of the supraspinatus 
and infraspinatus muscles and greater tuberosity 
malposition and between fatty infi ltration of the 
subscapularis and lesser tuberosity malposition. 

 All these data underline the importance of the 
anatomic confi guration of the humeral head for a 
satisfying posttraumatic outcome. Another 
mechanical problem refers to the inclination 
angle according to varus and valgus malalign-
ment of the humeral head. The current literature 
is scant regarding critical values for fragment dis-
placement or angulation in the frontal plane. 
Solberg et al. reported that varus deformities 
exceeding 20° are associated with a signifi cantly 
impaired outcome [ 54 ,  55 ]. Valgus deformities 
seem to be better tolerated. 

 Biologic complications refer to the vascularity 
of the humeral head. Depending on the fracture 
pattern, the vascular supply of the articular head 
segment can be interrupted and lead to a mid- or 
long-term evolution of partial or complete head 
necrosis. The incidence after surgical treatment has 
been reported to range between 4 and 33 % after 
open reduction and internal fi xation [ 13 ] and 
between 8 and 11 % after percutaneous treatment 
[ 7 ,  49 ]. Nevertheless, the natural potential of revas-
cularization, especially in young patients, has to be 
considered. After intraoperative documentation of 
avascularity of the articular segment, Bastian and 
Hertel [ 5 ] reported radiological signs of posttrau-
matic head necrosis after 5 years in 20 % and struc-
tural radiological alterations in 80 %. Thus, it was 
proven that a high number of initially avascular 
articular segments could be preserved in terms of 
revascularization after  stable osteosynthetic treat-
ment with associated satisfying clinical results. 

 A combination of mechanical and biologic 
complications leads to fracture nonunions. 
Usually, mechanical instability is the main reason 
for fragment nonunion at the surgical neck. In 
addition, extended displacement with disruption 
of blood vessels and the periosteum represents a 
biologic factor favoring delayed fracture union or 
even nonunion. For tuberosity nonunion, the 
mechanical aspect of insuffi cient fragment stabil-
ity alone has to be considered due to a preserved 
fragment blood supply along the attached rotator 
cuff tendons. 

 In addition to fracture-related factors associ-
ated with posttraumatic complications such as 
comminution, fragment displacement, open inju-
ries, involvement of the articular surface, fracture- 
dislocation, and delayed operative treatment, if 
indicated, general unfavorable factors have to be 
considered. These are advanced age of the patient, 
reduced general health status, metabolic diseases 
as diabetes, and nicotine or alcohol abuse. In many 
cases, the destiny of the fracture is designated by 
its personality already at the time of injury.  

16.2     Classifi cation 

 Posttraumatic deformities and pathologies show 
a complex heterogeneity with often coexisting 
and overlapping entities. Thus, it is not always 
easy to clearly defi ne and classify these altera-
tions. In order to obtain the correct diagnosis, a 
detailed imaging diagnostic should be performed 
in every case. In addition to biplane radiographs 
(AP and axillary views), a computed tomography 
(CT) scan is of utmost importance to acquire pre-
cise anatomic information about fragment posi-
tion, grade of bony consolidation, bone quality, 
and joint alignment. 3D reconstruction allows for 
better visualization and preoperative planning for 
both, either reconstructive procedures or shoul-
der arthroplasty. 

 In 2001, Boileau et al. [ 9 ] presented a new 
classifi cation system for proximal humerus frac-
ture sequelae based on 71 cases undergoing pros-
thetic replacement with an anatomic design. This 
classifi cation system has been established in the 
meantime and is still valid (Fig.  16.1 ).
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   Two categories of fracture sequelae were imple-
mented: Category 1 includes the intracapsular, 
impacted fracture sequelae, where no greater tuber-
osity osteotomy was necessary performing humeral 
head replacement. These were type 1 represented 
by the cephalic collapse or necrosis and type 2 rep-
resented by chronic locked dislocations or fracture-
dislocations. Forty patients had cephalic collapse 
or necrosis, 35 of them with primary nonoperative 
treatment. Nine patients had a type 2 fracture 
sequelae including seven patients with posterior 
locked dislocation and each one patient with a pos-
terior and anterior fracture-dislocation. 

 Category 2 included the extracapsular, disim-
pacted fracture sequelae with the need for tuber-
osity osteotomy when performing shoulder 
arthroplasty. Type 3 was surgical neck nonunion 
including each two 2-part surgical neck displaced 
fractures, 3-part greater tuberosity fractures, and 
4-part fractures. One of them had already previ-
ous surgery. Type 4 fracture sequelae referred to 
severe tuberosity malunion including 16 4-part 
displaced or dislocated fractures, two undergoing 
revision surgery. 

 The main purpose was to correlate the clinical 
outcome after shoulder arthroplasty with an 

Category 1:

Fractures
sequelae

Greater
tuberosity
osteotomy:

Good and predictable
result

NO

Tuberosity
osteotomy:

Poor and
unpredictable result

YES

(intra-capsular,
impacted)

Type 1:

Type 1:

Cephalic
collapse or
Neerosis

Surgical neck
nonunions

Type 4:

Severe
tuberosity malunions

Type 1:

Locked dislocation
or

Fracture-dislocations

Category 2:

Fractures
sequelae

(extra-capsular,
disimpacted)

  Fig. 16.1    Surgical classifi cation of proximal humerus 
fracture sequelae according to Boileau et al. [ 9 ]: four 
types of sequelae including posttraumatic avascular 

humeral head necrosis as type 1, locked dislocation or 
fracture-dislocation as type 2, surgical neck nonunion as 
type 3, and severe tuberosity malunion as type 4       
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unconstrained stemmed design with the type of 
fracture sequelae. All patients in types 3 and 4, 
who underwent a greater tuberosity osteotomy, 
had either a fair or poor result and did not regain 
active elevation above 90°. Out of their fi ndings, 
the authors recommended avoidance of greater 
tuberosity osteotomy whenever possible in sec-
ondary shoulder replacement using an uncon-
strained design with the use of a modular and 
adaptable prosthesis with both adjustable offsets 
and inclination.  

16.3     Fracture Sequelae Type 1: 
Posttraumatic Avascular 
Necrosis 

 Vascular supply of the humeral head is provided 
by the anterior and posterior circumfl ex arter-
ies, both originating from the axillary artery. 
Whereas at the beginning the role of the anterior 
circumfl ex artery was overestimated [ 12 ,  27 ], the 
importance of the posterior circumfl ex artery’s 
contribution was highlighted later by several 
authors [ 20 ,  34 ,  39 ]. Decisive for the development 
of posttraumatic avascular head necrosis (PAVN) 
is the vascularity of the articular segment. In vivo 
measurement of this parameter is technically dif-
fi cult and allows only assessment of the situation 
directly after the trauma. Posttraumatic processes 
of revascularization cannot be determined or 
quantifi ed in a suffi cient manner despite modern 
imaging tools. In 2004, Hertel et al. [ 33 ] pub-
lished a pioneering work regarding this topic and 
identifi ed 3 primary predictors of humeral head 
ischemia in 100 acute fractures after an average 
time period of 4 days after the trauma. These pre-
dictors were a calcar segment <8 mm, a disrupted 
hinge (>2 mm), and a fracture line at the anatomic 
neck (fracture types 2, 9, 10, 11, and 12 according 
to the  classifi cation of Hertel [ 33 ]). The combina-
tion of all 3 predictors was associated with a risk 
for humeral head ischemia of 0.97. 

 Thus, the risk for development of PAVN is 
mostly determined by the type of fracture. An 
incidence between 3 and 14 % has been reported 
for three-part fractures and 13–34 % for four-part 
fractures [ 18 ,  43 ,  56 ]. 

 Avascular necrosis has been classifi ed by Ficat 
and Arlet [ 24 ] and was modifi ed by Cruess [ 17 ] 
for the humeral head:
•    Stage I: no radiographic evidence of necrosis  
•   Stage II: presence of mottled sclerosis  
•   Stage III: subchondral fracturing, crescent 

sign, occasional with fl attening of articular 
surface  

•   Stage IV: collapse of subchondral bone, loss 
of humeral head sphericity  

•   Stage V: stage IV plus glenoid arthrosis 
(Fig.  16.2 )
      Stages I to III affect only the subchondral 

bone and cartilage, whereas the soft tissue enve-
lope including capsule and rotator cuff is not 
involved. Due to the collapse of the head in 
advanced cases (stages IV and V), the center of 
rotation (COR) of the humeral head is shifted 
medially (medialization of COR) associated with 
capsular restriction and shortening of rotator cuff 
muscles adapted to the changed position of COR. 
This has to be taken into consideration when 
inserting a humeral head component of normal 
size and even more when total shoulder arthro-
plasty is planned with insertion of a glenoid com-
ponent. Extended soft tissue management with 
bifocal capsular release on the humeral as well as 

  Fig. 16.2    Posttraumatic avascular necrosis of the 
humeral head after locking plate osteosynthesis of a four-
part fracture. The anteroposterior screw for fi xation of the 
lesser tuberosity is still in place. Note the medialization of 
the center of rotation following loss of sphericity of the 
articular segment with beginning glenoid erosion in terms 
of stage V according to the classifi cation of Cruess [ 17 ]       
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on the glenoid side is of utmost importance in 
these cases to avoid overstuffi ng followed by 
pain and postoperative stiffness. Furthermore, 
release of the subscapularis tendon represents a 
key step of the procedure. A 270° tenolysis 
according to Matsen is performed mobilizing the 
tendon from the conjoint tendon, beneath the 
coracoid, and from the glenoid and scapular 
neck. Hereby, care must be taken not to harm the 
axillary nerve. In cases with malunion of the 
lesser tuberosity, correction osteotomy should be 
performed with lateralization of the lesser 
tuberosity. 

 Gerber et al. [ 26 ] stated that in cases with 
humeral head necrosis, the deformity rather than 
the necrosis itself creates disability underlining 
the importance of anatomic confi guration of the 
proximal humerus with acceptable tuberosity 
alignment. 

 Treatment strategies are fi rst of all stage 
dependent. Quite often a discrepancy is seen 
between advanced radiological changes with col-
lapse of the head and low pain and moderate 
functional restriction and vice versa. Thus, the 
indication for surgical treatment has to be set 
individually depending on patients’ complaints. 
However, range of shoulder motion should not be 
limited too much and for too long time in order to 
avoid soft tissue shortening and degenerative 
alterations as atrophy and fatty infi ltration of the 
rotator cuff muscles. A functional and compen-
sated soft tissue envelope represents a prerequi-
site for a good clinical outcome after posttraumatic 
shoulder arthroplasty. 

 If radiological signs of PAVN are present and 
the full spectrum of nonoperative treatment is 
exhausted, humeral head replacement represents 
the only sensible treatment solution. As standard 
implant stemmed humeral prosthesis has been 
established. A key aspect for adequate shoulder 
function is a correct COR. In order to restore ana-
tomic glenohumeral joint kinematics, it is neces-
sary to restore the COR, which in PAVN with loss 
of sphericity and possible additional tuberosity 
malunion has changed. Out of this rationale, it is 
important to use a shoulder prosthetic design of 
the fourth generation with 3D adaptability (incli-
nation, retroversion, and eccentricity). In order to 

choose the right head size, preoperative radio-
graphs of the uninjured shoulder are recom-
mended to be made. If the surgeon is in doubt 
regarding the head size, a smaller one should be 
chosen in order to avoid joint overstuffi ng, espe-
cially if total shoulder arthroplasty is carried out. 
A major problem of stem designs in PAVN is that 
implantation of the humeral component refers 
always to the humeral shaft limiting the possibil-
ity of COR restoration in severely distorted anat-
omy. One option is to choose a smaller stem size 
and to implant it cemented. Nevertheless, some 
varus or valgus malalignment (Fig.  16.3 ) has to 
be tolerated, and sometimes it is even impossible 
to restore the COR due to severe malunion. In a 
recent retrospective study, Moineau et al. [ 40 ] 
followed up (mean follow-up time of 52 months) 
55 patients undergoing anatomic shoulder arthro-
plasty (80 % TSA) without greater tuberosity 
osteotomy for type 1 fracture sequelae. The 
Constant score improved from 32 to 69 points, 
the Simple Shoulder Value was 81 %, and the 
revision rate was 7 %. As negative prognostic 
factors, proximal humeral deformity, specifi cally 
varus more than valgus malunion of the greater 
tuberosity, and fatty infi ltration of the rotator cuff 
muscles have been identifi ed. The authors con-
cluded that anatomic shoulder arthroplasty for 
PAVN with acceptable deformation of the proxi-
mal humerus provides good and predictable out-
comes. When negative predictive factors are 
present, reverse shoulder arthroplasty may be 
more appropriate, especially in elderly patients. 
The fi ndings of Moineau et al. are consistent with 
those reported in the literature [ 8 ,  11 ,  19 ,  29 ,  36 ], 
including the author’s own experience [ 58 ].

   Out of the complex posttraumatic situations 
requiring independency from the humeral shaft, 
stemless designs were developed. Usually, the 
metaphyseal bone at the resection plane corre-
sponding to the anatomic neck is of good, scle-
rotic bone quality allowing for stable fi xation of 
various stemless designs. In the author’s prac-
tice, the Eclipse prosthesis is used (Arthrex, 
Naples, Florida). This stemless implant offers a 
dual primary fi xation mechanism. First, the so-
called trunnion, a certain kind of baseplate, has 
cortical support on the resection plane, and a 
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second  stabilizing mechanism is provided by the 
cage screw, which is inserted through a central 
hole in the baseplate. Both, the trunnion and the 
cage screw, are coated with hydroxyapatite 
allowing for a reliable bony ingrowth. Finally, 
the head component is set on the top of the base-
plate, which completes the three-component 
implant (Fig.  16.4 ). The plane of resection is 
defi ned using a 135° inclination resection guide. 
The amount of retrotorsion should be decided 
individually and ranges between 20° and 40°. 
During the resection using an oscillating saw, 
care must be taken not to harm the rotator cuff 
insertion which in some cases overlaps the resec-
tion plane due to tuberosity malunion and col-
lapse of the articular segment. Small bone cysts, 
if encountered, can be fi lled with autologous or 

  Fig. 16.3    Posttraumatic avascular head necrosis stage III 
according to Cruess [ 17 ] with valgus malalignment between 
shaft and head. Using a stem design introduction in valgus 

malalignment is unavoidable in order to restore COR. Note 
the relative overstuffi ng performing total shoulder arthro-
plasty with an increased acromiohumeral index       

  Fig. 16.4    The Eclipse prosthesis (Arthrex, Naples, FL), a 
stemless humeral head prosthetic design consisting of 
three components: trunnion (coated baseplate with antiro-
tation fi ns at its undersurface), cage screw available in 
four length sizes, and the head       
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allogeneic bone material and usually do not set 
primary fi xation stability of the cage screw at 
risk. However, if the metaphyseal bone is weak 
and/or soft with insuffi cient primary fi xation of 
the cage screw, a stemmed prosthesis should be 
implanted. Thus, both arthroplasty systems 
should be at disposal in the surgical unit, when 
posttraumatic arthroplasty is performed. In a ret-
rospective multicenter study, the outcome of the 
stemless Eclipse prosthesis has been evaluated 
[ 14 ]. From a total of 233 patients, 70 were post-
traumatic cases type 1 with an average age of 59 
years and a follow-up period of 27 months; 71 % 
of the patients had previous surgery. The age- 
and sex-related Constant score increased from 
48 % preoperatively to 72 % postoperatively. 
Regarding the subgroups, the pain score 
improved from 7 to 12 points, activities of daily 
living from 8 to 13, range of motion from 16 to 
21, and strength remained unvaried at 8 points. 
Range of motion increased in all planes signifi -
cantly with fl exion from 91° to 109°, abduction 
from 67° to 106°, and external rotation from 11° 
to 32°. Previous surgery seemed to  negatively 
infl uence the fi nal outcome (79 % according to 
the age- and sex-related Constant score for pri-
mary surgery and 69 % for revision surgery, 
respectively) without achieving statistical sig-
nifi cance ( P  = .18). In comparison to the 100 
cases operated on for primary osteoarthritis 
(53 % Constant score preoperatively to 84 % 
postoperatively), the posttraumatic results were 
moderately inferior (Fig   .  16.5 ).

    If PAVN is in an early stage with preserved 
sphericity of the articular segment (stages I to III, 
which is rarely the case), humeral head resurfac-
ing can be performed. Initially designed for pri-
mary osteoarthritis, these cup prostheses replace 
only the cartilage and the subchondral bone. 
Therefore, it should be warranted that the necrotic 
process has ended without any further progres-
sion and loss of epiphyseal bone stock. Implants 
of the fi rst generation were nonanatomic due to a 
geometric mismatch creating a glenohumeral 
overstuffi ng. With introduction of the new cup 
generation, this problem can be avoided. As main 
disadvantages, the risk for secondary glenoid 
erosion and the diffi culty of glenoid component 
implantation have to be mentioned, which in 
PAVN is not always necessary. 

 In a retrospective study, Raiss et al. [ 48 ] com-
pared the functional results after cementless 
humeral replacement between posttraumatic 
( n  = 8) and nontraumatic ( n  = 9) osteonecrosis of 
the humeral head. They included even stage 4 
osteonecrosis with the presence of bone loss of as 
much as 31 % of the humeral head. After an aver-
age follow-up period of 3 years, signifi cant 
improvement was observed for both groups 
(average age 48 years) with superior benefi t in 
favor to the nontraumatic group (34 preopera-
tively to 70 points postoperatively in the Constant 
score for the nontraumatic group and 28–52 
points for the PAVN, respectively). Signs of 
implant loosening were not observed in this 
short-term follow-up period. In 2010,  comparable 

  Fig. 16.5    AP radiogram showing PAVN stage IV after 
plate osteosynthesis of a four-part fracture in a 79- year- old 
female patient. One screw is loosened. Note the massive 
osteophyte at the calcar area       
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results were published by Pape et al. [ 47 ] report-
ing on 28 shoulders undergoing humeral head 
resurfacing after PAVN. The average age of the 
patients was 60 years with an average follow- up 
of 31 months. Three types of PAVN were distin-
guished according to the inclination of the 
impacted head: type 1, an impacted fracture with 
the head in an anatomic position; type 2, a valgus 
impacted fracture; and type 3, a varus impacted 
fracture. The overall Constant score improved 
from 23 to 55 points, with the best results for val-
gus impacted fractures. No loosening was 
reported with one patient suffering from mild 
secondary glenoid erosion. One patient required 
revision arthroplasty using a reverse design due 
to anterosuperior instability and persistent pain. 

 If PAVN is combined with severe tuberosity 
malunion or nonunion, shoulder arthroplasty 
using a reverse design should be considered. It is 
well documented in the literature that combined 
humeral head replacement and greater tuberosity 
osteotomy is associated with poor and unpredict-
able functional outcomes [ 9 ,  36 ,  45 ]. Thus, a con-
strained prosthetic design should be preferred in 
cases with PAVN and severely distorted anatomy 
of the tuberosities with secondary functional cuff 
defi ciency. 

16.3.1     Hemi- Versus Total Shoulder 
Arthroplasty 

 The decision to perform hemi- (HAS) or total 
shoulder arthroplasty (TSA) is dependent primar-
ily from the integrity and shape of the glenoid but 
from the integrity of the cuff and capsular tension, 
as well. Small rotator cuff tears can be recon-
structed. It is crucial to achieve centering of the 
head into the glenoid component with adequate 
tension and translation. If this is not possible, 
eccentric component positioning consequently is 
associated with increased loading and risk for gle-
noid component loosening in terms of the so-
called rocking horse phenomenon [ 38 ]. Regarding 
the clinical outcome, LeHuec et al. [ 35 ] did not 
fi nd a correlation between posttraumatic HSA or 
TSA and the clinical result, with the exception of 
PAVN. In this group, TSA showed signifi cant 

 better outcomes than HSA. This advantage was 
maintained even after complications and revisions 
[ 21 ]. These results were confi rmed also in a later 
retrospective multicenter study [ 8 ]. In theory, 
implantation of a glenoid component provides 
superior support and containing in cases of gle-
noid erosion. However, survivorship of the gle-
noid component is more likely at risk than that of 
the humeral component. Thus, in younger patients 
with suffi cient glenoid bone stock, implantation 
of the glenoid is dispensible [ 42 ], or reaming of 
the glenoid alone (“ream and run”) can be per-
formed. The results of glenoid replacement and 
“ream and run” have been reported to be compa-
rable for glenohumeral arthritis [ 15 ].   

16.4     Fracture Sequelae Type 2: 
Chronic Locked Dislocations 
or Fracture-Dislocations 

 These severe shoulder injuries are rare but 
still occur due to the fact that mainly posterior 
shoulder dislocations or fracture-dislocations 
represent the most commonly misdiagnosed 
dislocations of the body with devastating conse-
quences. Main reasons are high-energy trauma 
or seizures [ 53 ]. The purpose is to primarily rec-
ognize such dislocations, to reduce them, and to 
reconstruct bony impression defects such as Hill- 
Sachs or Malgaigne lesions and bony glenoid rim 
lesions in order to prevent recurrence. Patients 
with type 2 fracture sequelae are younger [ 4 , 
 31 ], and the main objective of shoulder arthro-
plasty is pain relief [ 4 ]. Anatomic shoulder 
arthroplasty (HSA or TSA) is recommended in 
type 2 fracture sequelae [ 8 ,  9 ]. Besides man-
agement of bony lesions, soft tissue balancing 
represents a challenging but key step procedure 
regarding the functional outcome. Capsule and 
rotator cuff muscles have been adapted to the 
chronic dislocated position of the joint and have 
to be addressed adequately and accurately during 
arthroplasty. In chronic posterior shoulder dislo-
cation with fi xed glenohumeral internal rotation 
and static decentration, the anterior soft tissue 
structures are shortened, which means to perform 
an extended anterior capsular and subscapularis 
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tendon release together with tendon lengthening. 
In addition, a posterior capsular plication some-
times might be necessary in order to re-center 
the humeral head. However, the risk for recur-
rent instability of the shoulder arthroplasty might 
be given, so that a constrained prosthetic design 
becomes necessary in some cases. 

 Boileau et al. [ 9 ] reported on shoulder replace-
ment in 9 patients with type 2 fracture sequelae, 
7 had locked posterior dislocation, 1 locked pos-
terior fracture-dislocation, and 1 locked anterior 
fracture-dislocation. After a mean delay of 19 
months, 8 had HSA and 1 TSA with partial 
greater tuberosity in only one patient. The 
Constant score improved from 22 to 71 points, 
which was the highest improvement compared to 
other types of fracture sequelae. Although the 
overall clinical results are good, an increased 
complication rate up to 32 % has to be consid-
ered. Most frequent complications are infection, 
restriction of range of motion, persistent poste-
rior instability, and heterotopic ossifi cations [ 4 ]. 
Similar good results have been reported for the 
outcome after reverse shoulder arthroplasty in 
type 2 fracture sequelae. Gwinner et al. [ 30 ] pub-
lished their results of reverse shoulder arthro-
plasty for fracture sequelae treatment including 4 
type 2 sequelae with combined rotator cuff 
pathology. The Constant score improved from 19 
to 75 points (27–101 % age- and sex-adjusted) 
which was again the best result of all types of 
fracture sequelae treated with a reverse design. 
Neyton et al. [ 44 ] observed comparable results 
(16–57 points according to the Constant score), 
which are equivalent to anatomic shoulder arthro-
plasty. Thus, reverse shoulder arthroplasty is rec-
ommended by those authors in chronic locked 
anterior and posterior dislocations or fracture- 
dislocations with associated rotator cuff 
defi ciency.  

16.5     Fracture Sequelae Type III: 
Surgical Neck Nonunion 

 Humeral surgical neck nonunions are rare, but 
they cause considerable disability for the patient 
in terms of pain and functional impairment. 

Epidemiological data indicate a prevalence of 
proximal humeral nonunions of 1.1 % (11 out of 
1.027 fractures) or up to 8 % if metaphyseal 
comminution is present and 10 % if there is 
between 33 and 100 % translation of the surgi-
cal neck [ 16 ]. In that study, the high percentage 
of fractures (89 %) treated nonoperatively with 
a nonunion rate of 0.8 %, in contrast to a 3.4 % 
nonunion rate in the operatively treated group, 
should be noted. However, other authors have 
reported a 20 % rate of proximal humerus non-
unions with nonoperative fracture treatment 
identifi ed as the principal cause [ 61 ]. Surgical 
treatment of fracture sequelae may be challeng-
ing due to patient-associated factors, such as 
advanced age, osteoporosis, medical illness, 
reduced compliance, alcoholism, and nicotine 
abuse. In addition, fracture and fracture care- 
associated factors, such as comminution, severe 
bone loss, cavitation of the humeral head result-
ing in a small articulating fragment, insuffi cient 
reduction and stabilization, and contracture of 
the glenohumeral joint following long-term dis-
use, are of major relevance. Several surgical 
techniques have been described for the treat-
ment of humeral surgical neck nonunions, 
including reconstructive procedures using intra-
medullary nails [ 63 ], blade plates [ 25 ,  50 ,  57 ], 
locking plates [ 1 ], Rush rods with tension-band 
wiring [ 23 ,  41 ], and intramedullary bone peg-
ging with internal plate fi xation [ 60 ]. On the 
other hand, shoulder arthroplasty has been 
described using anatomic humeral head replace-
ment [ 2 ,  8 ,  23 ,  32 ], as well as reverse shoulder 
arthroplasty [ 37 ,  44 ,  62 ]. 

 Out from the current literature, shoulder 
arthroplasty seems not to provide reliable and 
satisfying results for type 3 fracture sequelae. 
Implantation of an anatomic design showed the 
poorest outcomes of all types of sequelae [ 8 ,  9 ] 
and a high tuberosity-related complication rate in 
terms of nonunion, resorption, and need for revi-
sion [ 22 ] infl uencing negatively the outcome. 
Even shoulder arthroplasty using a reverse design 
is associated with only moderate results and a 
surprisingly high complication and revision rate 
ranging from 27 % [ 37 ] up to 71 % (5 out of 7) 
[ 44 ] including infection, instability, and stiffness. 
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Thus, surgical reconstruction of surgical neck 
nonunion represents the fi rst choice of treatment 
(Figs.  16.6 ,  16.7 , and  16.8 ).

     The rate of success in reconstructive surgical 
procedures in terms of bone healing varies from 
50 % [ 23 ] to 100 % [ 1 ,  63 ]. In contrast to the 
mainstream trend to perform autologous bone 
grafting using either iliac crest or fi bular/tibial 

bone grafts, in the author’s    experience, bone 
grafting seems not to be necessary to achieve 
bone union [ 57 ]. Magnetic resonance imaging 
demonstrates vitality of the humeral head, which 
indicates preserved vascularity of the head frag-
ment. Thus, we are confronted with the challenge 
of treating loss of stability with intact vascularity. 
For this reason, only aggressive and accurate 
debridement of the nonunion gap without bone 
grafting is recommended to focus on achieving 
suffi cient compression for osteosynthesis. This is 
achieved using a blade plate with an angle of 
100° which exerts compression at the calcar side 
when fi xed to the shaft by screws. According to 
the principle of tension banding, compression 
results from the tension forces of the rotator cuff. 
In patients with    a small and cavitated head frag-
ment, diffi culties can be encountered when it is 
fi xed by a blade plate. In these cases, the 
Humerusblock device (Synthes, Bettlach, 
Switzerland) is used, which was developed for 
percutaneous acute fracture management [ 7 ,  49 ]. 
In a series of 55 patients (mean age 66 years), the 
results using a blade plate (45 patients—group 1) 
or the Humerusblock device (10 patients—group 
2) without bone grafting have been evaluated 
[ 57 ]. After a mean follow-up time of 74 months, 
the overall mean age- and sex-adjusted Constant 
score improved from 30.4 % preoperatively to 
83.2 % postoperatively. The improvement was 
from 30.5 to 85.3 % in group 1 and from 32.2 to 

  Fig. 16.6    Axillary view: complete collapse of the articu-
lar segment with medialization of the center of rotation. 
The joint is still centered with near anatomic alignment of 
the tuberosities       

  Fig. 16.7    Postoperative AP view 1 year after plate 
removal and HSA using a stemless design (Eclipse, 
Arthrex, Naples, FL). The center of rotation is restored       

  Fig. 16.8    Postoperative axillary view: well-centered gle-
nohumeral joint without signs of implant loosening. The 
joint space is still preserved       
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75.4 % in group 2, which represented statistically 
signifi cant improvements for both groups 
( P  < .01). Radiological bone healing was achieved 
in 51 patients (93 %). The overall complication 
rate was high (15 %) including plate loosening, 
avascular head necrosis, persistent nonunion, and 
infection. However, nonunion of humeral surgi-
cal neck fractures can be successfully treated by 
surgical reconstruction without bone grafting 
using either a blade plate (Figs.  16.9 ,  16.10 , and 
 16.11 ) or the Humerusblock for small head frag-
ments. The surgeon must be aware of the 
increased complication rate associated with this 
challenging posttraumatic pathology and has to 
inform the patient in the preoperative setting in a 
detailed manner.

16.6          Fracture Sequelae Type IV: 
Severe Malunion of the 
Tuberosities 

 Type 4 fracture sequelae are dealt with in the 
Chap.   13    , p. 157 contributed by Giuseppe 
Porcellini .   

  Fig. 16.9    Axillary view of a surgical neck nonunion after 
nonoperative treatment in an 80-year-old female patient. 
The head fragment is vital but unstable with malposition 
in hyperextension       

  Fig. 16.10    The AP view shows bone defi ciency at the 
surgical neck without bony contact at the lateral side. The 
head confi guration is quite anatomic with minimal varus 
inclination       

  Fig. 16.11    AP view 2 years after angular blade plate sta-
bilization without bone grafting shows complete bone 
union at the surgical neck with anatomic alignment. Note 
the broken drill tip at the second inferior plate hole       

  

 

16 Treatment of the Sequelae

http://dx.doi.org/10.1007/978-88-470-5307-6_13


198

16.7     Severe Varus or Valgus 
Malunion of the Humeral 
Head 

 This type of fracture sequelae is not included in 
the classifi cation system of Boileau. However, 
posttraumatic deformity relating only to the level 
of the surgical neck with malalignment in the 
frontal plane in terms of varus or valgus position 
does occur after both surgical and nonoperative 
treatments. Thereby, varus malalignment is more 
disabling than valgus deformity [ 54 ,  55 ]. From a 
biomechanical aspect, acromiohumeral impinge-
ment appears due to a relatively higher position of 
the greater tuberosity creating a subacromial con-
fl ict during abduction and fl exion. In addition, the 
insertion point of the rotator cuff is medialized 
which is associated with shortened lever arms and 
reduced force vectors resulting in inability to gain 
full range of motion. If the anatomic shape of the 
humeral head is preserved without osteoarthritic 
changes, corrective metaphyseal valgus osteot-
omy at the surgical neck can be performed. The 
aim is to correct the inclination angle in order to 
restore normal joint kinematics. It is crucial to 
assess the amount of malunion using adequate 
imaging diagnostics. In addition to conventional 
radiographs with the forearm in neutral rotation, a 
CT scan is recommended. Accurate preoperative 
planning is necessary in order to exactly calculate 
the width of the valgus wedge. A deltopectoral 
approach is performed, and the surgical neck is 
presented. Two horizontally parallel pins are 
inserted through shaft and proximal humerus as 
references for the resection planes. In order to 
achieve healing of the osteotomy, the varus forces 
of the rotator cuff have to be neutralized during 
the healing period. For osteosynthesis purposes, 
either plate fi xation or tension banding can be 
used [ 3 ,  6 ,  28 ,  51 ,  52 ]. The results reported in the 
literature are consistently good with bone union in 
all cases and signifi cant functional improvement. 
Patients’ subjective satisfaction is high and the 
complication rate low. Even complex two- plane 
and three-plane osteotomies are possible and pro-
vide functional improvement [ 52 ]. Nevertheless, 
the high technical demands of this procedure have 
to be considered. 

 In contrast to adults, varus deformity of the 
proximal humerus in children or adolescents usu-
ally is due to disturbs at the epiphyseal plate. 
Reasons for humerus varus caused by growth 
arrest in skeletally immature patients can be trau-
matic injuries of the epiphysis, infection, or 
acquired secondary to benign bone cysts. 
Ugwonali et al. [ 59 ] reported on the results after 
valgus osteotomy with tension-band fi xation in 
six cases. Shoulder function improved signifi -
cantly with fl exion from 76° to 148° and abduc-
tion from 63° to 116°. The mean inclination angle 
increased from 95° preoperatively to 130° post-
operatively. Two patients required tension-band 
removal due to local soft tissue irritation.     
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17.1            Introduction 

 Proximal humerus fracture treatment 
 decision- making   continues to be controversial. 
The majority of trauma and shoulder surgeons use 
the Neer classifi cation  to decide if a patient should 
be treated surgically or not. Neer-promulgated 
fractures were produced in reproducible planes, 
individualizing four main fragments:    the articular 
segment, the greater tuberosity, the lesser tuberos-
ity, and the diaphysis. A fragment was displaced 
when it was separated more than 1 cm from its 
origin or rotated more than 45°, independent of 
which was the involved fragment or the direction 
of the displacement [ 1 ]. Nondisplaced fractures 
would be treated conservatively with good results, 
whereas displaced ones would be treated surgi-
cally because of the poor results that could be 
obtained with nonsurgical treatment [ 2 ].    Although 
these guidelines have been very useful, the major-
ity of authors recognize now the important limita-
tions of this system: Neer classifi cation was 
developed in the 1970s, when CT scans were not 
readily available, and was based on simple X-rays 
with their well-known limitations [ 3 ]; some frac-
ture patterns were not included [ 4 ]; the descrip-
tion of the fragments were not accurate [ 5 ]; it has 
a low interobserver and intraobserver reproduc-

ibility [ 6 ,  7 ]; and the most important point is that 
it was based on a personal experience of a great 
shoulder surgeon, but not on the analysis of com-
parative data from patients with different injuries 
treated with different methods, and the criteria 
selected by Neer, 1 cm or 45° of displacement, 
were arbitrarily set [ 8 ]. As a consequence, we can 
affi rm that the main classifi cation system used 
currently is just an expert opinion. 

 After Neer’s, other authors have tried to 
develop classifi cations, but all failed in giving a 
clear guideline for treatment. Some examples are 
the AO system [ 9 ], which has too many fracture 
types and did not improve Neer’s system repro-
ducibility; Edelson [ 10 ] tridimensional system, 
which included only displaced fractures assum-
ing Neer’s criteria; and others such as Duparc’s 
[ 11 ] and Tamai’s [ 12 ]. 

 Trying to select the patients that would benefi t 
from surgery, there has been also a great interest 
in trying to establish the factors that could predict 
the development of avascular necrosis. On this 
regard, several studies have described the vascu-
lar supply of the humeral head [ 13 ,  14 ] and the 
interruption of the vascularization in different 
fracture patterns [ 12 ]. Hertel established two 
important criteria that determined the isolation 
and ischemia of the humeral cephalic segment: 
the lack of integrity of the posteromedial perios-
teal hinge    and a posteromedial metaphyseal seg-
ment extension in continuity with the articular 
segment lesser than 8 mm [ 15 ].    However, despite 
the initial enthusiasm with which this article was 
received, the same authors recognized in a 
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 subsequent paper that the incidence of avascular 
necrosis in the same patients used for the fi rst 
study was not related to the initial ischemia 
encountered, leading to the interpretation that 
there must be revascularization phenomena and 
other factors that preclude the possibility of pre-
dicting avascular necrosis [ 16 ]. After reviewing 
the literature, we should recognize we still are 
unable to reliably predict which patients will 
develop this complication. 

 When we fi nally analyze the evidence avail-
able, there is still a lack of evidence supporting 
surgical options over conservative treatment [ 17 ]. 
At this point, the need of further research to 
establish how we should treat our patients is 
clear. Until this new evidence is available, we 
believe we should fully understand the results of 
conservative treatment in the entire spectrum of 
injuries when establishing the treatment for a 
given patient; in our opinion, conservative treat-
ment continues to be the best treatment option for 
the majority of patients, including some with 
“displaced” fractures. We will offer in this chap-
ter a review of the results of conservative treat-
ment and describe the prognostic factors 
determining the results of proximal humeral frac-
tures treated conservatively.  

17.2     Outcome of Conservative 
Treatment  

 Conservative treatment of proximal humeral frac-
tures is the treatment of choice for the majority of 
patients. Early mobilization  (1 week postinjury) 
offers a sooner and better outcome, with less pain 
and without compromising the fi nal result [ 18 , 
 19 ]. In minimally displaced [ 19 ] and impacted 
fractures [ 20 ], immediate mobilization allows a 
faster recovery. Patients receiving instructions 
to perform the physical therapy at home without 
supervision obtain satisfactory results [ 21 ]. 

 Patients sustaining minimally displaced frac-
tures  according to Neer’s criteria obtain good 
results in a high percentage of cases, but not in all 
of them. Good or excellent results can be expected 
in 80–90 % of patients [ 22 ,  23 ]. Sixty percent of 
cases can be expected to be pain-free and 10 % to 

have moderate to severe pain. Mobility can be 
90 % of the contralateral shoulder in 80 % of the 
shoulders; however, complete recovery is only 
seen in 46 % [ 24 ]. 

 Patients with displaced fractures  obtain worse 
results compared to those with undisplaced ones 
when treated conservatively. Mobility is usually 
reduced, with values between 90° and 120° of 
elevation, and Constant scores were lower [ 25 ]. 
However, 30–60 % of patients can obtain reason-
ably good results [ 26 ], and patients’ satisfaction 
can be also good in 60 % of cases [ 27 ]. 

 When recommending a specifi c treatment, it 
should be taken into account that contrary to 
what is generally thought, displaced fractures can 
be successfully treated with nonoperative meth-
ods.    Furthermore, there is no evidence support-
ing that surgical treatment would obtain a better 
outcome; in addition, more surgical patients have 
a reoperation—one reoperation every nine surgi-
cal cases—compared to the need of secondary 
surgery in conservatively treated cases (relative 
risk 3.3) [ 17 ]. As a consequence, we can say that 
“displaced fractures have a worse outcome when 
treated without surgery,” but not “displaced prox-
imal humeral fractures have a better outcome 
when treated surgically” as this last assumption is 
not supported by the literature.  

17.3     Prognostic Value of Facture 
Pattern and Fragment 
Displacement 

 With the evidence available, we could easily 
reach a point of agreement saying that minimally 
displaced fractures should be treated conserva-
tively and extremely displaced ones—i.e., a sur-
gical neck fracture without fragment contact or a 
four-part fracture-dislocation—probably would 
be better treated surgically to avoid disabling and 
painful complications. However, after knowing 
the displacement thresholds published by Neer 
were arbitrarily set, it could be very diffi cult to 
make an unequivocal choice based on the litera-
ture for injuries in which an evident deformity 
exists, but fragments are near each other to allow 
an easy consolidation; on this regard, how do we 
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know an initial deformity is severe enough to 
produce pain or a signifi cant functional impair-
ment? What is exactly the displacement limit 
from which the patient will develop a symptom-
atic malunion? 

 Some case series dealing with specifi c frac-
ture patterns  are available. It has been published 
that varus surgical neck impacted fractures have 
up to 80 % of good results independent of varus 
angulation [ 28 ] and that valgus impacted frac-
tures have a similar outcome, but in these, the 
displacement appears to have a role in fi nal 
results [ 29 ]. Surgical neck two-part proximal 
humeral fractures have worse outcome as they 
are more displaced, but surgery apparently did 
not improve their result [ 30 ]. Greater tuberosity 
displacement lesser than 5 mm can reach up to 
97 % of good results [ 31 ]. 

 With the hypothesis that fracture pattern and 
fragment displacement determine the outcome of 
conservatively treated proximal humeral frac-
tures, we performed a prospective study includ-
ing a consecutive series of 93 patients treated 
conservatively with a year of follow-up, in which 

standardized X-rays and tridimensional CT scans 
were performed [ 5 ]. We obtained a representative 
spectrum of injuries, as 40 % of the shoulders had 
a displaced fracture according to Neer’s criteria. 
Patients were asked the day they had the fracture 
about their functional status and pain before the 
injury, and this information was compared to that 
recovered after 1 year of follow-up. Injured 
shoulder motion and strength was compared to 
that of the contralateral healthy shoulder. The 
same physician with the same home-based exer-
cise program treated all patients nonsurgically. A 
set of standardized measurements was performed 
with dedicated software in both X-rays and CT 
scans (Fig.  17.1 ), and these values were related 
with clinical data, represented as the variation of 
function, motion, pain, and strength obtained by 
comparing the status “previous” to the injury to 
that at 1 year of follow-up.

   Our study identifi ed four main fracture types 
including 90 % of fractures (Fig.  17.2 ):
     1.    Posteromedial varus impaction  with or with-

out tuberosities involvement—54 %   
   2.    Valgus impaction —14 %   

  Fig. 17.1    Examples of computed tomography-assisted measurements    performed after correction for magnifi cation 
(Modifi ed with permission and copyright © of the  British Editorial Society of Bone and Joint Surgery  [ 5 ])       
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   3.    Isolated fractures of the greater 
tuberosity —16 %   

   4.    Anteromedial impaction—9 %    
  A miscellanea group included the rest of the 

fractures. We found that different fracture pat-
terns had different outcome (Fig.  17.3 ). Fifty- 
four percent of valgus impacted fractures had an 
unsatisfactory result, as well as 25 % of postero-
medial varus impacted fractures. The great 

majority of isolated greater tuberosity and antero-
medial impacted fractures had excellent results.

   When analyzing fragment displacement  in the 
posteromedial varus impacted fractures with or 
without tuberosity displacement, we were able to 
verify that specifi c fragment displacements corre-
lated with loss of specifi c outcome parameters 
(Table  17.1 ). Motion loss was related to the change 
of orientation of the cephalic segment and the 
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interference between fragments surrounding struc-
tures: the greater the varus impaction, the greater 
the elevation loss; the greater the posterior greater 

tuberosity displacement, the greater the loss of 
external rotation because of impingement with the 
posterior glenoid rim; the greater the retroversion, 
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the lesser the loss of external rotation. Finally, mul-
tivariate analysis defi ned prognostic models for the 
loss of motion and function based on combinations 
of measurements of displacement (Table  17.2 ).

    In a subsequent analysis of image test—X-ray 
and CT scan—performed at 1 year of follow-up, 
we observed that initial humeral neck deformity 
increased during fracture healing in a signifi cant 
number of patients. However, tuberosity progres-
sion of displacement seldom occurred. This frac-
ture settling was signifi cantly greater in older 
patients and in those fractures that were initially 
more displaced. This fi nding represents another 
source of outcome variability that had not been 
well studied yet—study pending of publication. 

 Using the most modern imaging techniques 
available and dedicated software, up to 57 % of 
outcome variability could be explained by the 
initial morphology of the fracture. Other patient, 
treatment, fracture healing process, or environ-
mental factors could be infl uencing the fi nal 
outcome after a proximal humeral fracture.  

17.4     Patient-Related Prognostic 
Factors 

 Patient characteristics infl uence fracture pattern, 
displacement, and outcome after conservative 
treatment. 

   Table 17.1    Clinical value and statistical signifi cation of correlations between measurements performed in CT triplane 
reconstructions and outcome variables in all patients ( N  = 93)   

 Measurement 
variable 

 Measured 
displacement 

 Univariate linear regression parameter*   / P  value 

 ASES change 
 (points) 

 DASH 
change 
 (points) 

 Elevation 
change 
 (degrees) 

 External 
rotation 
change 
 (degrees) 

 Internal 
rotation 
change 
 (spinal levels) 

  Axial CT  
    AS to Gle angle a   >45° 

retroversion 
 −15.2 
  p     = 0.008 

 +8.7 
  p  = 0.05 

 −14.6 
  p  = 0.009 

 −14.9 
  p  = 0.02 

 −2.1 
  p  = 0.05 

 % GT to AS 
superposition 

 20 %  −11.0 
  p  < 0.001 

 +8.4 
  p  < 0.001 

 −9.4 
  p  = 0.002 

 −12.8 
  p  < 0.001 

  p  = 0.06 

 Intertuberosity 
distance 

 10 mm  −4.3 
  p  = 0.007 

 +4 
  p  = 0.001 

 −3.3 
  p  = 0.03 

 −4.3 
  p  = 0.01 

 −0.8 
  p  = 0.009 

 GT medial 
displacement 

 10 mm  −8.8 
  p  < 0.001 

 +5.6 
  p  = 0.005 

 −6.6 
  p  = 0.008 

 −11.0 
  p  < 0.001 

  p  = 0.09 

 %LT-AS 
superposition 

 20 %   p  = 0.65   p  = 0.22   p  = 0.47   p  = 0.39  −6.2 
  p  < 0.001 

  Coronal CT  
 Increase AS-AC 
distance 

 10 mm  −29.7 
  p  < 0.001 

 +20.9 
  p  < 0.001 

 −26.2 
  p  < 0.001 

 −21.7 
  p  < 0.001 

 −3.1 
  p  = 0.002 

 GT-AS distance 
(GT above AS) 

 10 mm  −10.9 
  p  < 0.001 

 +7.8 
  p  = 0.002 

 −15.5 
  p  < 0.001 

 −8.8 
  p  = 0.02 

 −1.5 
  p  = 0.02 

 Medial impaction  10 mm  −4.0 
  p  = 0.04 

  p  = 0.09  −7.5 
  p  < 0.001 

  p  = 0.11   p  = 0.94 

 AS-shaft (varus) 
angulation 

 20°   p  = 0.32   p  = 0.81  −4.6 
  p  = 0.003 

  p  = 0.50   p  = 0.84 

  Sagittal CT  
 Extension surgical 
neck 

 20°   p  = 0.11  +3.6 
  p  = 0.02 

 −5.6 
  p  = 0.003 

  p  = 0.13   p  = 0.44 

 Posterior neck 
impaction 

 10 mm   p  = 0.07   p  = 0.07  −8.6 
  p  < 0.001 

 −5.9 
  p  = 0.02 

  p  = 0.50 

  *Model parameters represent change in outcome from baseline to follow-up for the given displacement (independent 
variable). Model parameters are not reported for nonsignifi cant associations 
  AS  articular surface,  Gle  glenoid,  GT  greater tuberosity,  LT  lesser tuberosity,  AC  acromion,  Post  posterior 
  a Angle between the articular surface axis and the perpendicular line to the glenoid face, greater than 45°  
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    Age is related to displacement; in our sample, 
displaced fractures according to Neer’s criteria 
occurred in individuals 7 years older compared to 
those with undisplaced fractures, and this has been 
found also by other authors [ 32 ]. Furthermore, 
older patients had more often fracture patterns 
with worse results, as valgus impacted fractures. 
When only fi nal results are evaluated and they are 
not related to the previous status, older patients 
seem to have a worse  outcome [ 22 ,  33 ], but this 

apparent conclusion fi nding is a consequence of 
their initial status. 

 We found in our study that comorbidity  did 
not correlate with age, but it was associated with 
sustaining a displaced fracture according to Neer’s 
criteria—odds ratio of 4. Those comorbidities were 
diabetes, cardiac, lung, kidney or digestive diseases, 
and neoplasm. Furthermore, patients with severe 
diseases had a worse recovery along the follow-up, 
with more strength, motion, and functional loss. 

   Table 17.2    Outcome    multivariable models   

 Outcome variable  Measurement variables to use 

 Increase in 
measurement 
variable 
displacement 

 Resultant 
change in 
outcome   P    R  2  

  Posteromedial impaction fracture pattern  ( N =  50) 
 Change ASES 
(points) 

 AS-AC distance (mm). Coronal CT  10 mm  −32.4   p  < 0.001  0.40 

 Change DASH 
(points) 

 AS-AC distance (mm). Coronal CT  10 mm  25.6   p  < 0.001  0.34 

 Change elevation 
(degrees) 

 AS-AC distance (mm). Coronal CT  10 mm  −22.1   p  < 0.001  0.48 
 AS-diaphysis angle. Lat X-ray  50°  −9.9   P  = 0.004 

 Change external 
rotation (degrees) 

 GT medial displacement (mm). Axial 
CT 

 10 mm  −15   p  < 0.001  0.46 

 LT-Glen distance (mm). Axial CT  10 mm  −20   p  < 0.001 
 Change internal 
rotation (spinal 
levels) 

 LT-AS % overlapping. Axial CT  10 %  −4.3   P  = 0.009  0.22 

 AS-AC distance (mm). Coronal CT  10 mm  −2.5   P  = 0.044 

 Change pain (points)  AS-AC distance (mm). Coronal CT  10 mm  2.9   p  < 0.001  0.23 
  Posteromedial impaction and greater tuberosity fracture  ( N =  32) 
 Change ASES 
(points) 

 Cephalic axis-diaphyseal axis angle a . 
Axillary X-ray 

 20°  −4.6   P  = 0.037  0.39 

 AS-AC distance (mm). Coronal CT  10 mm  −20.4   P  = 0.003 
 Change DASH 
(points) 

 AS-AC distance (mm). Coronal CT  10 mm  15   p  < 0.01  0.57 
 LT-Glen distance (mm). Axial CT  10 mm  8   p  = 0.01 
 Neck extension angle. Sagittal CT  20°  6   p  = 0.007 

 Change elevation 
(degrees) 

 AS-diaphysis angle. Lat X-ray  20°  −6.6   P  = 0.001  0.45 
 Intertuberosity Angle. Axial CT  20°  −4.2   P  = 0.004 

 Change external 
rotation (degrees) 

 GT medial displacement. Axial CT  10 mm  −16.8   P  < 0.001  0.45 
 Cephalic axis-glenoid axis angle a . 
Axial CT 

 20°  9.6   P  = 0.013 

 Change internal 
rotation (spinal 
levels) 

 LT-AS overlapping angle. Axial CT  20°  −4   P  = 0.044  0.44 
 Anterior head translation. Sagittal CT  10 mm  −10.5   P  < 0.001 

  Each multivariable linear regression model provides the predicted change in the outcome variable for the given dis-
placement (independent variables) defi ned on the model. The predicted model-based decrease in DASH after a postero-
medial impaction and greater tuberosity fracture with an increase of 5 mm of the AS-AC distance, a decrease of 5 mm 
of the LT-Glen distance, and an extension of the neck of 40° will be 7.5 − 4 + 12 = 15.5 points 
  AS  articular surface,  AC  acromion,  GT  greater tuberosity,  LT  lesser tuberosity,  Glen  glenoid,  Lat  lateral 
  a Measured as increased retroversion  
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 Other authors found that patients without 
underlying diseases had fewer complications and 
lower consumption of drugs; mortality in patients 
with associated severe illness was also greater. 
However, they found no signifi cant differences in 
fi nal function, Constant-Murley scores, pain, or 
range of motion [ 34 ]. 

 Finally, rotator cuff integrity  at the moment of 
sustaining a proximal humeral fracture is not a pre-
dictor of shoulder function; therefore there is no 
clinical indication for routine imaging of the rotator 
cuff in patients for whom conservative management 
is the preferred treatment option [ 35 ].  

    Conclusion 

 Conservative treatment continues to be the 
best treatment option for the majority of 
patients sustaining a proximal humeral frac-
ture.    However, specifi c fracture patterns, such 
as valgus impaction, and cases with important 
displacement are associated with pain, motion 
loss, and functional impairment. Such injury 
consequences can be anticipated based on the 
fracture confi guration and specifi c displace-
ment measurements. Patients with advanced 
age and/or comorbidities have displaced inju-
ries more frequently, but such conditions are 
not independently associated with greater 
functional loss. These fi ndings are very useful 
in counseling our patients; however until 
information regarding the theoretical superi-
ority of surgery over conservative treatment in 
the more severe injuries is available, cautious 
and informed decisions should be made and 
treatment established in an individual basis.     
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18.1            Introduction 

 Fractures of the humeral shaft are common, 
account for approximately 3 % of all orthopedic 
injuries, and result in a signifi cant burden to 
society from lost productivity and wages [ 1 ]. 
Treatment modalities have greatly evolved since 
their fi rst description in ancient Egypt (circa 
1600 BC); however, fundamental management 
principles have remained consistent throughout 
time [ 2 ]. Nonoperative management continues 
as the mainstay for treatment of the majority of 

these injuries, with acceptable healing in more 
than 90 % of patients. The treatment of humeral 
shaft fractures may be the only fracture treat-
ment  concept left in the human body, in which 
nonoperative measures will survive. There is no 
evidence to this, and we want to cite one of the 
great  orthopedic trauma surgeons on the topic, 
Ernest Amory Codman:    “there is one very strik-
ing thing about fractures of the humerus, and 
that is that most cases eventually recover to 
pretty good use of the shoulders in spite of any 
kind of treatment” [ 3 ]. This chapter will shed 
some light on the concept and the actual treat-
ment and evaluate the results we can expect from 
this treatment.  

18.2     Relevant Anatomy 

 The humeral shaft is defi ned as the expanse 
between the proximal insertion of the pectoralis 
major and the distal metaphyseal fl are of the 
humerus. Cylindrical in shape, the shaft inher-
ently provides strength and resistance to both 
torsional and bending forces. Distally the bone 
transitions into a triangular geometry with the 
base posterior; the supracondylar region main-
tains a narrow anteroposterior dimension. 
Important osseous landmarks of the humeral 
shaft include the deltoid tuberosity at the mid- 
anterolateral aspect, which serves as the inser-
tion for the deltoid muscle, and the spiral groove 
posteriorly, which houses the profunda brachii 
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artery and radial nerve as they traverse proxi-
mally to distally in a posterolateral direction. 
The humeral shaft serves as the insertion and 
origin site for several major muscles of the 
upper extremity. These play an important role in 
the biomechanical consequences of different 
fracture patterns. Muscles inserting on the shaft 
include the deltoid, pectoralis major, teres 
major, latissimus dorsi, and coracobrachialis; 
those originating on the shaft include the bra-
chialis, brachioradialis, and the medial and lat-
eral heads of the triceps brachii. In fractures 
occurring between the more proximal pectoralis 
insertion and the more distal deltoid insertion, 
the proximal fragment is adducted by the pull of 
the pectoralis and the force of the deltoid pulls 
the distal fragment upward and laterally. In 
comparison, fractures occurring distal to both 
insertions cause abduction of the proximal frag-
ment due to the deltoid, whereas the distal frag-
ment is drawn proximally due to the pull of the 
biceps brachii, coracobrachialis, and triceps 
muscles [ 1 ].  

18.3     The History of Conservative 
Treatment of Humeral Shaft 
Fractures 

 Methods and materials used for immobilization 
of humeral shaft fractures have remained 
unchanged over the past several thousand years. 
In the Edwin Smith Papyrus, circa 1600 BC, 
Egyptians fi rst described treatment of three 
humeral shaft fractures with splints made of 
cloth, alum, and honey [ 2 ]. Thirteen hundred 
years later, the Greeks, in De Fracturis (415 
BC), described the use of weights for traction 
during closed reductions and elaborated on spe-
cifi c methods of splinting with bandages soaked 
in cerate (an ointment composed of lard mixed 
with wax) after reduction was performed. The 
Roman author Celsus (25 BC to AD 50) 
described in the medical text “De Medicina” 
different humeral shaft fracture patterns, as well 
as benefi ts of fracture reduction including 
length restoration and reduction of pain.    Since 
the fi rst narrative description, other various 
splinting techniques have come into vogue, 

including hanging arm casts, Thomas arm 
splints, modifi ed Velpeau dressings, coaptation 
splints, shoulder spica casts, and abduction-
type splints, and have been advocated and used, 
then it will make sense. Despite the various 
modifi cations in theme, the basic principle of 
fracture stabilization has remained unchanged 
throughout time. The main limitation of many 
of these earlier splinting techniques was the 
impairment imparted to the patient with regard 
to activities of daily living. These apparatuses 
extended from the shoulder to past the elbow, 
and the prolonged use required for healing of 
humeral shaft fractures often resulted in stiff-
ness in both the shoulder and elbow. It was not 
until 1977, when Sarmiento et al. fi rst described 
functional bracing, that a major advancement 
was made and the modern era of splinting was 
introduced [ 4 ]. Since its fi rst inception, func-
tional bracing has become the gold standard for 
defi nitive management of the majority of mid-
shaft humeral fractures. A functional brace is an 
orthosis with an anterior and posterior 
 prefabricated shell that is contoured to accom-
modate the arm musculature (Fig.  18.1 ). 

  Fig. 18.1    Schematic image of a Sarmiento (functional) 
brace. The material is a Thermoplastic moldable splint 
with Velcro straps that can be tightened as swelling sub-
sides to allow continued compression on the fracture. The 
brace is applied in a manner that allows shoulder and 
elbow motion       

 

K. Mader et al.



215

Fracture stabilization is accomplished via the 
hydrostatic  compressive forces of the surround-
ing soft tissues and is not dependent on the 
rigidity of the splinting material [ 5 ]. As demon-
strated by Sarmiento et al. through laboratory 
analysis, the fracture callous created through 
functional activity during the reparative process 
is more robust and is mechanically stronger 
than that gained through rigid immobilization 
[ 4 ]. The advantage of this type of bracing is that 
it avoids unnecessary immobilization of other 
joints and allows for earlier restoration of 
motion and function to the injured extremity.

18.4        Four Different Types 
of Conservative Measures 
Can Be Used 

 Although good to excellent results have been 
reported using each of these different treatment 
modalities, functional fracture bracing has 
become the most common treatment for closed 
humeral shaft fractures [ 6 ]. 

18.4.1     The Hanging Arm Cast 

 The hanging arm cast uses gravity traction pro-
vided by the weight of the cast to maintain frac-
ture reduction. Therefore, for this technique to be 
effective, the patient ideally should remain 
 semierect at all times. The hanging arm cast may 
be the defi nitive fracture treatment or can be 
exchanged for a functional fracture brace. 
Treatment with the hanging arm cast requires 
meticulous attention to detail. The cast should be 
lightweight and applied with the elbow at 90° and 
the forearm in neutral rotation. The cast should 
extend at least 2 cm proximal to the fracture. 
Three plaster or wire loops are applied at the dis-
tal forearm in dorsal, neutral, and volar positions; 
a stockinette is passed through one of these loops 
and around the patient’s neck. Apex anterior 
angulation is corrected by shortening the sling; 
apex posterior angulation is corrected by length-
ening the sling; apex medial angulation is cor-
rected by using the volar loop; and apex lateral 
angulation is corrected by using the dorsal loop 
(Fig.  18.2 ).

  Fig. 18.2    ( a ) With a hanging cast, apex anterior angula-
tion can be corrected by shortening the sling; ( b ) apex 
posterior angulation is corrected by lengthening the sling; 

( c ) apex medial angulation is corrected by using the volar 
loop; ( d ) apex lateral angulation is corrected by using the 
dorsal loop (Modifi ed after Taha [ 6 ])       
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18.4.2        Coaptation Splint 

 The U-shaped coaptation splint with collar 
and cuff is indicated for the acute treatment of 
humeral shaft fractures with minimal  shortening. 
A carefully molded plaster slab is placed around 
the medial and lateral aspects of the arm, extend-
ing around the elbow and over the deltoid and 
acromion (Fig.  18.3 ). The forearm is suspended 
by a collar and cuff. The splint should hang free 
of the body. The patient is instructed in range of 
motion exercises of the shoulder, elbow, wrist, 
and hand. Similar to the hanging arm cast, the 
coaptation splint is frequently exchanged for a 
functional cast brace 1–2 weeks after injury as 
the patient’s pain permits.

18.4.3        Thoracobrachial 
Immobilization 

 A stockinette Velpeau shoulder dressing is used 
for immobilization of the shoulder girdle. This 
over-the-shoulder device is inexpensive, com-
fortable, and easily applied (Fig.  18.4 ). This 
device is most useful in nondisplaced or mini-
mally displaced fractures in children or the 
elderly who are unable to tolerate other methods 
of management.

18.4.4        Functional Bracing 

 The humeral functional brace was fi rst described 
by Sarmiento et al. [ 4 ]. A functional brace is an 
orthosis that affects fracture reduction through 
soft tissue compression. The use of this device 
allows for shoulder and elbow motion. This brace 
initially was custom-made and designed as a 

  Fig. 18.3    Schematic    image of the fabrication of a U-shaped coaptation splint       

  Fig. 18.4       Schematic image of a Velpeau shoulder dress-
ing, which can be fabricated from a single piece of 
stockinette       
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wraparound sleeve. However, current braces are 
prefabricated and consist of an anterior shell 
(contoured for the biceps tendon distally) and a 
posterior shell (Fig.  18.1 ). These shells are circu-
larized with Velcro straps, which can be tightened 
as swelling decreases. Sometimes a custom-made 
Sarmiento brace is necessary (Fig.  18.5 ).

18.5         Discussion of Current 
Nonoperative Management 

 It is important to stress here that virtually nearly 
all transverse to short oblique humeral shaft 
fractures are amenable to nonoperative manage-

ment and recommendations by some authors for 
immediate surgical intervention are not at all 
supported by orthopedic evidence (there is only 
level II study evidence and one randomized con-
trolled trial underway); the Cochrane analysis 
from 2012 is even more characteristic [ 7 – 9 ]: six 
completed studies that appeared to meet the 
Cochrane inclusion criteria. After scrutiny, all 
six studies were excluded: fi ve were retrospec-
tive studies and one was a prospective study 
without randomization. There is no evidence 
available from randomized controlled trials to 
ascertain whether surgical intervention of 
humeral shaft fractures gives a better or worse 
outcome than no surgery. One suffi ciently pow-

a

e f g

b c d

  Fig. 18.5    X-ray series of the left humerus in a 66-year-
old female patient: ( a ,  b ) trauma X-rays, ( c ) after applica-
tion of a coaptation cast, ( d ,  e ) after application of a 

custom-made Sarmiento brace, and ( f ,  g ) after healing of 
the fracture 10 weeks after trauma       
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ered good quality randomized controlled trial 
comparing surgical (MIPO plating) versus non-
surgical intervention (bracing) for treating 
humeral shaft fractures in adults is actually 
ongoing, and it is likely that the results from this 
and two other ongoing randomized trials will 
help inform practice in due course [ 9 ]. In addi-
tion a level III comparative study of extra- 
articular distal-third diaphyseal humeral 
fractures brings into play complications: the 
authors concluded that although operative treat-
ment resulted in more predictable alignment and 
a potentially quicker functional return, the oper-
ative risks were not insignifi cant and included 
loss of fi xation; infection, which is concerning; 
and postoperative radial nerve palsy, which is of 
serious concern [ 10 ]. Among the 19 patients 
treated surgically, a 26 % complication rate was 
reported. Comparatively, in the group that under-
went brace treatment, the end result in each case 
was a healed fracture with excellent functional 
outcome, with only minor skin complications 
due to local brace irritation. Advocates for surgi-
cal treatment should acknowledge that even in 
cases in which brace treatment is a challenge, the 
literature does not support the superiority of 
operative treatment [ 10 ]. Our current strategy for 
conservative management of humeral shaft frac-
tures begins with immediate immobilization of 
the injured extremity via a coaptation splint 
and/a cuff and collar shoulder sling to provide 
initial fracture stability, pain control, and resolu-
tion of the swelling. Once the soft tissue enve-
lope is adequate, typically after 7–10 days, the 
initial splint is exchanged for a functional brace 
that provides circumferential soft tissue com-
pression. When fi tted properly, the brace extends 
medially from 2.5 cm beneath the axilla to 1 cm 
proximal to the medial epicondyle. On the lateral 
aspect of the arm, the brace should be placed so 
that it spans from just below the lateral acromion 
to a point just above the lateral epicondyle [ 11 ]. 
Velcro straps that are fashioned around the brace 
are tightened periodically as the swelling sub-
sides to maintain the constant compressive envi-
ronment during fracture healing. Adequate 
placement of the orthosis will provide nearly 

unhindered range of motion of the shoulder and 
elbow. Active motion of these joints should 
begin as soon as tolerated. The use of the brace 
is typically continued for a period of approxi-
mately 8 weeks, at which time it is discontinued 
after clinical and radiological confi rmation of 
fracture healing. In the largest clinical analysis 
to date, Sarmiento et al. reported on 922 patients 
treated with a functional brace for both closed 
and open humeral shaft fractures [ 11 ]. In total, 
67 % of patients were available for follow- up, 
and among these patients, 98 % of all closed 
injuries and 94 % of all open fractures healed. 
Frequently debated concerns regarding closed 
management of humeral shaft fractures pertain 
to the amount of angulation that is acceptable for 
a good outcome and the proper management of 
an associated radial nerve injury [ 1 ]. Fjalestad 
et al. added a further concern in treating humeral 
shaft fractures conservatively, a substantial defi -
cit in external rotation in the shoulder using stan-
dardized CT    scan [ 12 ]. With regard to angular 
deformities, given the mobility afforded by the 
shoulder and elbow, malunions of the humeral 
shaft are well tolerated with minimal functional 
impairment [ 1 ,  10 ,  11 ,  13 ]. Parameters in the 
acceptable range therefore have included up to 
30° of varus angulation, 20° of anterior bowing, 
and up to 15° of internal rotation; beyond these 
limits, cosmetic deformity and functional 
impairment may show clinically [ 11 ,  14 ]. In 
terms of neurological sequelae, injury to the 
radial nerve with neurapraxia is the most fre-
quently encountered nerve defi cit associated 
with humeral fractures and is found in up to a 
fi fth of all patients [ 15 ]. Spontaneous recovery 
over a period of 4 months occurs in 70–92 % of 
patients managed expectantly   ; therefore, its 
presence is not an indication for open manage-
ment and nerve exploration [ 14 – 16 ]. Conversely, 
nerve loss after application of a brace or closed 
reduction of the fracture is sometimes consid-
ered a relative indication for nerve exploration; 
however, no studies document improvement 
with such management, and most authors 
 continue to recommend against operative inter-
vention [ 17 ].  
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18.6     Limitations to Functional 
Bracing Do Exist (Relative 
Contraindications) 

  Open fractures,  specifi cally Gustilo type III inju-
ries with extensive soft tissue stripping, are not 
amenable to bracing because of the wound con-
tamination, soft tissue defi cits, and inherent diffi -
culties with dressing care. These fractures are best 
managed with immediate stabilization through 
internal or external fi xators.    Conversely, in situa-
tions where the patient is not hemodynamically 
stable because of severe head or chest trauma and 
has several long-bone fractures in a  polytrauma 
scenario , external fi xation in a “damage control 
orthopedics”—strategy of the humeral fracture—
can aid in nursing care when access to the chest or 
positioning of the arm is vital to proper ventilation 
and oxygenation of the patient.  Fracture patterns 
with a high propensity for nonunion  are also 
believed to be best managed by immediate fi xa-
tion to potentially improve the healing rate [ 18 ]. 
Fractures at particular risk include humeral frac-
tures associated with ipsilateral brachial plexus 
involvement and long oblique fractures with prox-
imal extension. A high risk of nonunion has also 
been observed in patients  with long oblique frac-
tures  with proximal extension. Soft tissue interpo-
sition between the fracture fragments occurs due 
to buttonholing of the sharp distal fragment 
through the deltoid muscle belly. Relative indica-
tions for surgery also include the cases of “fl oat-
ing elbow” with  concomitant fractures of the 
humerus and both forearm bones ,  morbidly obese 
patients  whose bracing is uncomfortable or not 
feasible because of the impediments of the sur-
rounding soft tissues, and  cases in which closed 
management has failed  [ 1 ]. An unreliable or 
uncooperative patient will be a challenge for both 
conservative and operative treatment (Table  18.1 ). 
In modern orthopedic times, DRG revenue plays 
unfortunately a more active role (Table  18.2 ), the 
modern DRG-driven reimbursement policy shifts 
the pendulum more and more toward operative 
therapy, and it is nearly a shame that fi nancial 
implications will infl uence the treatment concept 
substantially.

          References 

        1.    Walker M, Palumbo B, Badman B, Brooks J, Van 
Gelderen J, Mighell M (2011) Humeral shaft frac-
tures: a review. J Shoulder Elbow Surg 2011:1–12  

     2.    Brorson S (2009) Management of fractures of the 
humerus in Ancient Egypt, Greece, and Rome: an his-
torical review. Clin Orthop Relat Res 467:1907–1914  

    3.    Brorson S (2013) Fractures of the proximal humerus: 
history, classifi cation, and management. Acta Orthop 
Suppl 351:1–30  

      4.    Sarmiento A, Kinman PB, Galvin EG, Schmitt RH, 
Phillips JG (1977) Functional bracing of fractures of 
the shaft of the humerus. J Bone Joint Surg Am 
59:596–601  

    5.    Zagorski J, Latta L, Zych G, Finnieston A (1988) 
Diaphyseal fractures of the humerus. Treatment with 
prefabricated braces. J Bone Joint Surg Am 70:607–610  

     6.    Taha MM (2011) The outcome of conservative treat-
ment of closed fractures of the humeral shaft in adult 
patients. Am Med J 2:32–39  

    7.    Denard A Jr, Richards JE, Obremskey WT, Tucker 
MC, Floyd M, Herzog GA (2000) Outcome of nonop-
erative vs operative treatment of humeral shaft frac-
tures: a retrospective study of 213 patients. Orthopedics 
11:33  

   8.   Gosler MW, Testroote M, Morrenhof J, Janzing HMJ 
(2012) Surgical versus non-surgical interventions for 
treating humeral shaft fractures in adults. Cochrane 
Database Syst Rev 1:CD008832  

   Table 18.1    Indications of ORIF in fractures of the 
humeral shaft   

 Open fracture 
 Associated vascular injury 
 Floating elbow 
 Bilateral humerus fractures 
 Humerus fracture in polytrauma patients 
 Failure of conservative treatment 
 Radial nerve dysfunction after fracture manipulation 
 Pathological fracture 
 Nonunion 
 Unacceptable malunion 
 No compliance, uncooperative patient 

   Table 18.2    Payment for conservative treatment and 
operative treatment of a humeral fracture   

 Treatment  DRG  CM  Revenue 

 Conservative  I17B  0   .539  1,569.92€ 
 Nail or plate  I13C  1.528  4,450.53€ 

  Mean costs in the German DRG refunding system, per-
sonal communication, Prof. Dr. med. Leonard Bastian, 
Klinikum Leverkusen, Germany  

18 The Diaphysis: Nonsurgical Treatment



220

     9.    Matsunaga FT, Tamaoki MJ, Matsumoto MH, dos 
Santos JB, Faloppa F, Belloti JC (2013) Treatment of 
the humeral shaft fractures–minimally invasive osteo-
synthesis with bridge plate versus conservative treat-
ment with functional brace: study protocol for a 
randomised controlled trial. Trials 14:246  

      10.    Jawa A, McCarty P, Doornberg J, Harris M, Ring D 
(2006) Extra-articular distal-third diaphyseal frac-
tures of the humerus. A comparison of functional 
bracing and plate fi xation. J Bone Joint Surg Am 88:
2343–2347  

       11.    Sarmiento A, Zagorski JB, Zych GA et al (2000) 
Functional bracing for the treatment of fractures of 
the humeral diaphysis. J Bone Joint Surg Am 82:
478–486  

    12.    Fjalestad T, Stromsoe K, Salvesen P et al (2000) 
Functional results of braced humeral diaphyseal 
 fractures: why do 38 % lose external rotation of the 
shoulder? Arch Orthop Trauma Surg 120:281–285  

    13.    Koch P, Gross D, Gerber C (2002) The results of func-
tional (Sarmiento) bracing of humeral shaft fractures. 
J Shoulder Elbow Surg 11:143–150  

     14.    Papasoulis E, Drosos GI, Ververidis AN, Verettas DA 
(2012) Functional bracing of humeral shaft fractures. 
A review of clinical studies. J Am Acad Orthop Surg 
20(7):423–433  

    15.    Ekholm R, Ponzer S, Tornkvist H, Adami J, Tidermark J 
(2008) Primary radial nerve palsy in patients with acute 
humeral shaft fractures. J Orthop Trauma 22:408–414  

    16.    Shao Y, Harwood P, Grotz M, Limb D, Giannoudis P 
(2005) Radial nerve palsy associated with fractures of 
the shaft of the humerus: a systematic review. J Bone 
Joint Surg Br 87:1647–1652  

    17.    Anglen J, Archdeacon M, Cannada L, Herscovici D Jr, 
Ostrum R (2009) Avoiding complications in the treat-
ment of humeral fractures. Instr Course Lect 58:3–11  

    18.    Spiguel AR, Steffner RJ (2012) Humeral shaft frac-
tures. Curr Rev Musculoskelt Med 5:177–183      

K. Mader et al.



221F. Castoldi et al. (eds.), Simple and Complex Fractures of the Humerus,
DOI 10.1007/978-88-470-5307-6_19, © Springer-Verlag Italia 2015

19.1            Introduction 

 Fractures of the humeral shaft are quite common 
and represent ~1 to 3 % of all fractures. The aver-
age age of incidence is older than 50 years [ 1 – 3 ]. 
Most fractures are simple    and associated with 
low-energy injuries such as a simple fall. The 
incidence of humerus fractures and concomitant 
nerve injury can be signifi cant. Noble et al. exam-
ined 444 patients with humerus fractures for inci-
dence of concomitant nerve injury and reported a 
9.5 % incidence of radial nerve injury, 3 % inci-
dence of median nerve trauma, and 1.5 % inci-
dence of ulnar nerve problems [ 4 ]. The majority 
of these injuries (60 %) were associated with 
high-energy trauma such as motor vehicle acci-
dents. From this and other reports, the radial 
nerve palsy seems to be the most common nerve 
lesion complicating fractures of the humeral 
shaft, with a frequence of 4–16 % according to 
the different series [ 5 ]. 

 The radial nerve is in close contact with the 
humerus as it wraps around it into the spiral 
groove at the posterior aspect of the humeral 
shaft; it may be injured at the occasion of 
humeral fracture or entrapped into the frac-
ture site or damaged during closed reduction 

 maneuvers or open reduction and internal fi xa-
tion procedure [ 6 – 8 ]. Ekholm et al. noted a radial 
nerve injury incidence of 8 % in their series of 
humerus fractures [ 2 ]. The authors further ana-
lyzed the data and found that radial nerve injury 
occurred in 2 % of proximal, 11.5 % of midshaft, 
and 20.7 % of distal third fractures. They con-
cluded that fracture type, energy of injury, and 
patient age were not associated with a higher risk 
of concomitant radial nerve injury [ 2 ]. In 1963, 
Holstein and Lewis described a higher inci-
dence of radial nerve injury associated with an 
oblique distal third of humerus fracture pattern 
[ 9 ]. They postulated that the obliquity of the frac-
ture injured or lacerated the nerve as it courses 
alongside the humerus. Several subsequent inves-
tigators have supported their fi ndings [ 2 ,  10 ,  11 ]. 
However, other studies demonstrated contradic-
tory fi ndings [ 12 ,  13 ]. Shao et al. performed a 
meta- analysis of the literature and concluded that 
there were not enough data to support Holstein 
and Lewis’s original premise [ 14 ]. They noted 
that risk factors for concomitant radial nerve 
injuries included both middle and mid-distal 
fractures and both transverse and spiral fracture 
patterns [ 14 ]. Although causes of postoperative 
radial nerve paralysis are poorly documented in 
the literature, they have been attributed to several 
factors such as stretching and elongation of the 
nerve during fracture manipulation, extensive 
dissection of the nerve, and the direct compres-
sion of the nerve by bone clamps or plate or even 
because of direct accidental injury to the nerve by 
the surgical blade [ 7 ]. Additionally, the  position 
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of the nerve over the plate at the end of the opera-
tion may cause chronic friction and confl ict 
between the nerve and the hardware with conse-
quent secondary palsy. 

 As for nerve recovery possibilities, Ogawa 
and Ui reported 100 % recovery in one large 
series [ 15 ]. However, other authors as    Shao found 
a statistically signifi cant difference in the recov-
ery between complete (77.6 %) and incomplete 
(98.2 %) radial nerve palsy and closed (97.1 %) 
versus open fractures (85.7 %) [ 14 ]. While 
reviewing 101 patients who experienced sponta-
neous nerve recovery in a meta-analysis of the 
literature, they also observed that the average 
time to recovery was 7.3 weeks [ 14 ]. One could 
consider this to be a minimum period of clinical 
observation. 

 All these observations may explain why sev-
eral authors approach differently this type of 
lesion going from simple clinical control to early 
surgical exploration, and the debate on the sub-
ject is still open.  

19.2     Anatomy 

 The radial nerve [ 1 ] is derived from the posterior 
cord of the brachial posterior cord of the brachial 
plexus, which receives contributions from all 
three trunks of the plexus and consequently from 
the cervical spine nerve roots 5 through 8, with 
inconsistent contribution from the fi rst thoracic 
nerve root (T1). As the radial nerve leaves the 
axilla, it travels along the fi brotendinous junc-
tion of the latissimus dorsi and the long head of 
the triceps. It then continues distally between the 
long and the medial head of the triceps, send-
ing off motor branches to supply these muscles, 
as well as the lateral head of the triceps. The 
motor branch to the medial head of the triceps 
continues on to innervate the anconeus. Sensory 
contributions include the posterior brachial 
cutaneous and posterior antebrachial cutane-
ous nerves, which supply the posterior aspect 
of the arm and forearm, respectively. As the 
radial nerve enters into the arm, it passes from 
medial to lateral and enters the spiral groove of 
the humerus. Approximately at the level of the 

deltoid, the radial nerve passes laterally around 
the humerus. Although the spiral groove of the 
radius is  frequently described as containing the 
radial nerve, it is actually the origin of the bra-
chialis muscle. During this path, the nerve has 
close relationship with the posterior aspect of the 
humerus as it lies directly on it without any inter-
posed layer of soft tissue over a mean distance of 
6.5 cm [ 16 ,  17 ]. The radial nerve continues on to 
pierce the intermuscular septum 10–12 cm prox-
imal to the lateral epicondyle of the humerus 
and runs between brachialis and brachioradialis 
muscles; at this area of emergence, the nerve is 
relatively fi xed to the diaphysis and is therefore 
more vulnerable [ 9 ,  18 ]. The nerve remains ante-
rior to the humerus and passes along the lateral 
column, anterior to the capitellum at the elbow. 
The radial nerve divides into the superfi cial 
radial nerve and the posterior interosseus nerve 
at the level of the radial head. 

 Although the radial nerve is separated from 
the humerus by the fi bers of the medial head of 
the triceps proximally and the brachialis laterally, 
it does travel directly on bone over the distal third 
of the humerus. Thus, the anatomic location of 
the Holstein-Lewis fracture is thought to predis-
pose the radial nerve to injury via either lacera-
tion or entrapment.  

19.3     Diagnosis and Prognosis 

 In the acute setting, diagnosis of radial nerve 
injury in patients with humerus fractures is 
based on clinical examination. Patients pres-
ent with weakness or paralysis of wrist, fi nger, 
and thumb extension. Sensory examination fre-
quently shows diminished or absent sensation 
of the dorsal and radial aspect of the hand in the 
distribution of the superfi cial branch of the radial 
nerve. The patient is observed clinically for any 
sign of recovery of the nerve, which is typically 
seen in the fi rst muscles innervated distal to the 
injury: the brachioradialis and extensor carpi 
radialis brevis and longus. The patient should be 
given a cock-up wrist splint and instructed to per-
form daily passive wrist, fi nger, and thumb range 
of motion exercises to prevent the development 
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of a fl exion contracture [ 19 ]. Electromyography 
(EMG) can be a useful adjunct tool in the inves-
tigation of associated radial nerve palsy [ 20 ,  21 ]. 
A baseline EMG at 3–6 weeks after injury pro-
vides an index for following evaluations. Typical 
EMG fi ndings at this initial evaluation include 
fi brillation potentials, positive sharp waves, 
and monophasic action potentials (MAPs) of 
short duration. Repeat examination at 12 weeks 
should show larger polyphasic action potentials 
in recovering nerves. Nerves that are not recover-
ing generally show no change in the fi brillation 
potentials, sharp waves, or MAPs. EMG fi ndings 
may precede clinical indications of reinnervation 
by up to 4 weeks. 

 Radiographic methods that directly verify the 
entrapment of the radial nerve at the fracture site 
are limited. Bodner et al. described a case of 
radial nerve palsy investigated by both magnetic 
resonance imaging (MRI) and ultrasound [ 22 ]. 
Ultrasound was then used to trace the radial nerve 
into the zone of injury, and an abrupt change was 
observed in its course over the site of the fracture, 
suggesting entrapment of the nerve that was later 
confi rmed surgically. They then prospectively 
performed ultrasound on 11 patients with a high- 
energy humeral fracture and associated radial 
nerve palsy [ 23 ]. The examinations were per-
formed between 1 and 8 weeks after the initial 
injury. In all cases, the radial nerve was easily 
identifi ed and traced past the zone of injury. The 
uninjured side served as a control, as did the 
ultrasound examinations of 10 healthy patients. 
Surgical fi xation and concomitant nerve explora-
tion were performed in 5 of the 11 patients con-
fi rming the preoperative diagnosis, and the 
remaining 6 patients, who had benign fi ndings on 
ultrasound, recovered fully. 

 Several characteristics of presentation of 
radial nerve palsy can be consistently corre-
lated with rates of recovery. Fortunately, most 
of these lesions are neuropraxic injuries of the 
nerve: spontaneous recovery is the rule. Pollock 
et al. reported a recovery rate of 90 % in closed 
fractures [ 13 ], and Sarmiento et al. reported a 
100 % recovery rate in 85 patients with distal 
humeral shaft fractures [ 24 ]. However, there is 
some evidence that the prognosis for  recovery 

with  high- energy or open fractures is not as 
good. Sanders et al. presented 12 cases of open 
humeral shaft fractures associated with radial 
nerve injury; only four recovered function [ 25 ]. 
Ring et al. described six radial nerve transections 
in 24 patients with high-energy humeral shaft 
fractures with an associated radial nerve palsy 
[ 26 ]. Connolly reported that 4 of 14 radial nerve 
injuries in patients with open fractures did not 
recover and required nerve grafting. 

 Shao agree with Green, Hotchkiss, and 
Pederson [ 14 ,  27 ], who stated that assuming a 
nerve regenerates at the rate of approximately 
1 mm a day and adding 30 days (as suggested 
by Seddon [ 28 ]), the maximum length of time 
which may be required for motor recovery to fi rst 
manifest itself could easily be calculated. This 
is achieved by measuring the distance on the 
radiograph from the fracture site to the point of 
innervation of the brachioradialis muscle, which 
is approximately 2 cm above the lateral epicon-
dyle. The overall waiting time should not be lon-
ger than 6 months. The presence of an advancing 
Tinel sign can be helpful in suggesting recovery. 
In a series of patients with peripheral nerve pal-
sies associated with closed fractures and dislo-
cations, Birch noted that when a stronger Tinel 
sign was present at the level of injury, compared 
with the growing point,  recovery was likely to 
be poor. 

 The signifi cance of radial nerve palsy not 
present initially but that develops after iatrogenic 
treatment is another area of controversy. These 
cases are defi ned as secondary radial neuropathy. 
The incidence of these injuries ranges from 10 to 
20 %. In 1967, Shaw and Sakellarides reported 
on 45 cases of radial nerve palsy, fi nding that 
only 40 % of primary nerve palsies recovered 
spontaneously, whereas all of the secondary 
nerve defi cits recovered fully [ 29 ]. In Shao’s 
meta-analysis of 1,045 cases of radial nerve 
palsy, 921 palsies resolved fully (88.1 %) [ 14 ]. 
Primary nerve palsy recovery was noted at a rate 
of 88.6 %; secondary nerve palsy recovery was 
93.1 %. This difference between these two groups 
was not statistically signifi cant. Other recent 
studies however contradict or at least fail to con-
fi rm this doctrine.  
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19.4     Treatment 

 Treatment options for radial nerve palsy with 
associated humeral fracture include expectant 
observation, early exploration, late exploration, 
or performing tendon transfers. 

 Whether or not early exploration of a radial 
nerve palsy associated with a humeral fracture is 
due or not is a continual subject of controversy. 
In some cases, such as an open fracture with 
radial nerve palsy, there is a clear need for early 
exploration. 

 There are differences in opinion regarding the 
treatment of choice. Early exploration of the 
radial nerve claims a variety of advantages. It is 
technically easier and safer than the delayed pro-
cedure. Direct examination of the nerve clarifi es 
the diagnosis and the extent of the lesion. Open 
reduction of the fracture helps to lessen the risk 
of further neural damage from mobile bone ends. 
Shortening of the humerus to facilitate nerve 
repair is better done before healing of the fracture 
is complete [ 9 ,  30 ,  31 ]. Early stabilization of the 
fracture reduces the chance of the nerve being 
enveloped by scar tissue and callus. Besides, 
there are accepted indications for exploration of 
the radial nerve in the setting of a humeral shaft 
fracture. Clear indications for early exploration 
include vascular injury, high-velocity gunshot 
wounds, a high suspicion of nerve laceration, 
severe soft tissue injury, and sharp or penetrating 
injury [ 10 ,  13 ,  31 – 35 ]. 

 However, opponents of early exploration 
have observed high rate of spontaneous recov-
ery and have advised a policy of expectancy [ 10 , 
 11 ,  13 ,  36 – 39 ], believing that this approach mit-
igates an unnecessary complications attendant 
on exploration. Late exploration may avoid 
unnecessary early surgery in patients who would 
otherwise obtain spontaneous recovery, may 
allow for nerve recovery in an environment 
more conducive to healing, and allows for nerve 
sheath to thicken providing for easier repair of 
the nerve if necessary   . Finally, it may be easier 
to treat the nerve when the fracture is healed. 
Potential disadvantages include the possibility 
that nerve exploration can become more diffi -
cult due to scarring. 

 Late exploration of radial nerve injuries asso-
ciated with humerus fractures is somewhat con-
troversial. The fi ndings at the time of surgery and 
outcomes following treatment are variable. Shao 
et al. noted that the incidence of nerve entrap-
ment ranged from 6 to 25 %, and the incidence of 
nerve laceration noted was 20–42 %. 

 However, in the case of a closed humeral frac-
ture with radial nerve palsy, consistent reports in 
the literature show that at least 70 % of patients 
experience spontaneous recovery [ 9 ,  11 ,  26 ,  28 , 
 31 ,  33 ,  35 – 38 ,  40 ]. In a series of 59 patients with 
complete radial nerve palsy, half of which were 
treated with early exploration and the other half 
with expectant management, an overall recovery 
rate was found to be 78 %, 73 % in the early 
exploration group, and 83 % in the observation 
group. Eighty-fi ve percent of the explored cases 
showed the nerve to be only contused. 

 In a review of 14 cases of radial nerve palsy 
associated with open humerus fracture, 64 % of 
patients were found to have a surgically correct-
able radial nerve injury [ 32 ]. Even after repair of 
the radial nerve, none of these patients recovered 
sensation, but only one patient failed to recover 
motor function and required tendon transfer. 

 Sonneveld et al. reviewed 17 humerus frac-
tures with radial nerve injury, 16 of which were 
closed [ 39 ]. Fourteen underwent early explora-
tion, and on inspection 13 appeared undamaged 
and 1 had a contusion with mild laceration. 
Twelve completely recovered, including the one 
case with gross injury; two partially recovered. 
All three patients that were observed recovered 
fully. The authors concluded that most concomi-
tant radial nerve injuries recover and surgical 
exploration is unnecessary. Bostman et al. in two 
related studies, reported on 75 patients with 
humerus fractures and associated radial nerve 
injury [ 12 ,  41 ]. The authors concluded that rou-
tine early exploration could not be justifi ed and 
the decision for exploration should be based 
on the nature of the fracture and not the function 
of the nerve. 

 Delay beyond 5 months is associated with 
poorer outcomes [ 10 ]. However, other reports 
suggest healing rates are comparable to early 
exploration and repair [ 42 ]. Although the optimal 
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timing of late exploration has been debated, most 
investigators suggest it is best performed between 
4 and 6 months postinjury [ 10 ,  43 ,  44 ]. Shaw and 
Sakellarides [ 29 ] reviewed a series of patients 
and concluded that the nerve should be explored 
at 7–8 weeks if there is no evidence of return of 
function. The reasons for this decision were that 
all patients in their series showed some signs of 
recovery of nerve function within the fi rst 
2 months and unnecessary operation would be 
avoided in most patients, in whom spontaneous 
nerve recovery would occur; furthermore, there is 
no interference with fracture healing, and the 
waiting period allows the neuroma to become 
well delineated and to be adequately resected but 
is short enough to minimize nerve retraction. 
Goldner and Kelley [ 45 ] advocated a similar 
position, but they considered the absence of an 
advancing Tinel sign to be an important added 
indication for exploration at 6–8 weeks. They go 
on to say, however, that “a longer waiting period 
could not be criticized, because some of the 
patients in this group recovered completely with-
out sign of motor recovery for 20 weeks.” Amillo 
and associates [ 10 ] recommended surgical explo-
ration at 3 months if there are no clinical or elec-
trophysiological signs of nerve recovery. 

 Some authorities recommend that baseline 
electromyography and nerve conduction studies 
be performed at 3 weeks postinjury so that later 
studies can be compared to them [ 46 ,  47 ]. The 
patient is observed clinically for any sign of 
recovery of the nerve, which is typically seen in 
the fi rst muscles innervated distal to the injury: 
the brachioradialis and extensor carpi radialis 
brevis and longus. The electric equivalent is the 
development of action potentials where complete 
denervation or fi brillation was noted before. If no 
electric or clinical activity can be identifi ed by 
3–4 months postinjury (depending on the site of 
the fracture), then surgical exploration of the 
nerve is indicated [ 19 ]. This plan of management 
is based on the work of Seddon [ 48 ,  49 ] regard-
ing nerve regeneration. Assuming that a nerve 
regenerates at the rate of approximately 1 mm/
day and adding 30 days for an initial latent period 
as Seddon [ 48 ] suggested, the maximum length 
of time that may be required for motor recovery 

fi rst to manifest itself can easily be calculated by 
measuring the distance on the X-ray from the 
fracture site to the point of innervation of the bra-
chioradialis muscle (approximately 2 cm above 
the lateral    epicondyle). In most midshaft humerus 
fractures, this distance is 90–120 mm. The major 
advantages of this plan of management are that 
unnecessary operative intervention is avoided in 
most patients, most of these patients achieve full 
recovery of the radial nerve without surgical 
treatment, and the humerus fracture usually is 
healed. A question that must be raised is whether 
the delay in nerve repair for the very few patients 
in whom neurorrhaphy becomes necessary is 
excessive and would lessen the chances for good 
functional recovery. According to Sunderland 
[ 50 ], a delay of 12 months or longer is not likely 
to jeopardize functional motor return after nerve 
repair. Seddon [ 51 ] reported that prognosis for 
good recovery worsens only after a 12-month 
delay, quoting Zachary’s conclusions that the 
radial nerve can be repaired successfully 
9–16 months after injury, depending on the level 
of injury. 

 In some cases of exploration of the radial 
nerve, a nerve graft may be indicated. Performing 
nerve repair free of any tension is essential for 
optimal nerve recovery [ 52 ]. Delayed exploration 
of a severed nerve can result in retraction of the 
nerve ends due to its elastic properties. Repair of 
a nerve in such a situation would necessitate 
grafting to ensure the repair is tension-free. 
Additionally, damaged areas of nerves, if present, 
should be resected back to healthy nerve tissue, 
requiring grafting. Functional recovery after 
nerve grafting is related to the length of the defect 
and the time interval from injury [ 53 ]. Nunley 
et al. reported that 85 % of patients grafted within 
6 months of injury obtained M3 or better motor 
recovery, and no patient grafted after 12 months 
gained useful function [ 54 ]. The length of nerve 
graft does not appear to play a signifi cant role in 
functional recovery until lengths exceed 10 cm. 
Shergill noted that no patient with a graft length 
>10 cm obtained good results. 

 Tendon transfers are most often advocated as 
secondary procedures for patients not experienc-
ing neurological recovery 1 year after nerve 
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repair [ 55 ]. Some investigators have recom-
mended simultaneous nerve repair along with 
tendon transfer [ 56 ]. Given the high rates of func-
tional recovery after radial nerve repair, others 
fi nd this combined approach unnecessary [ 57 ]. 
Tendon transfer is a reliable salvage for nerves 
that fail to recover, often resulting in excellent 
functional outcomes, and some authors advocate 
this even as a fi rst choice in aged patients or even 
in noncompliant patients not wishing to wait for 
nerve repair and regeneration. 

 Another point regarding early exploration 
deals with patients who develop “secondary” 
radial nerve paralysis in conjunction with a frac-
tured humerus, that is, the nerve is intact when 
the patient is fi rst seen and subsequently goes 
out, usually after fracture reduction. In several 
articles [ 29 ,  33 ,  58 ], this situation was cited as an 
absolute indication for immediate nerve explora-
tion (Fig.  19.1 ), although more than one study 
[ 12 ,  37 ] has offered convincing evidence that 

even secondary radial nerve paralysis can be 
treated nonoperatively with good expectation for 
full recovery in most cases.

19.5        Surgical Procedure 

 The majority of authors preferred a lateral 
approach of the humerus in semi-sitting position. 
This is also our standard approach. A lateral skin 
incision is made from the tip of the deltoid V to 
the lateral epicondyle; it can be extended proxi-
mally as for a deltopectoral approach if needed. 
The radial nerve is fi rst identifi ed at its emer-
gence from the lateral intermuscular septum and 
dissected anteriorly and distally between brachia-
lis and brachioradialis muscles. At this point, the 
nerve is isolated, and reduction and fi xation of 
the fracture with plate and screws is fi nally 
achieved [ 6 ] (Fig.  19.2 ).

   Many authors preferred the posterior approach 
[ 6 – 30 ,  40 ,  59 – 62 ], in lateral position to explore 
the radial nerve. A longitudinal incision is made 
in the midline of the posterior aspect of the arm, 
from 8 cm below the acromion to the olecranon 
fossa. The deep fascia of the arm is incised in line 
with skin incision. The gap is indentifi ed between 
the lateral and long heads of the triceps muscle. 
The interval between the two heads is proximally 
developed by blunt dissection, retracting the lat-
eral head laterally and the long head medially. 
Their common tendon is distally split along the 
line of the skin incision by sharp dissection. The 
radial nerve and the accompanying profunda bra-
chii vessels are identifi ed. The fracture is exposed 
and fi xed with a plate that is put on the posterior 
surface of the humerus anterior to the radial 
nerve. 

 If the nerve is severed, there are no doubts on 
its reconstruction by means of suture or grafts. If 
the nerve is in continuity, its function of the nerve 
is tested by intraoperative electric nerve stimula-
tion and also by detecting the nerve integrity by 
its normal glistening whitish color, soft in consis-
tency with normal nerve sheath containing longi-
tudinal blood vessels. The use of magnifi cation 
facilitates the identifi cation of healthy nerve 
 tissue from the injured and edematous nerve 

  Fig. 19.1    Radial nerve entrapped by external fi xation 
screw. The early exploration, following the secondary 
nerve palsy, allowed a simple decompression with screw 
reposition. The radial nerve recovered in 2 weeks       
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 tissues. Resection of the damaged portion of the 
nerve is followed by cable graft reconstruction 
using sural nerve. If nerve reconstruction is 
unsuccessful or not indicated, tendon transfers 
are an ideal procedure to restore function, since 
the major contribution of the radial nerve to the 
hand is the motor function. 

 Some authors reported trans-fracture transpo-
sition of the radial nerve through lateral approach 
[ 6 ,  7 ,  63 ,  64 ]. The authors believe that this proce-
dure allows a better exposure of the fracture site, 
protects the radial nerve during manipulations 
and reduction, and facilitates the application of 
longer plates.  

19.6     Proposed Algorithm 
Treatment 

 Humeral shaft fractures with radial nerve palsy 
has been the debate since this entity was origi-
nally described and continues to be a controver-
sial subject among upper extremity surgery. 

 Generalized guidelines based on the literature 
can be stipulated as follows. Open fractures or 
any fracture with concomitant radial nerve palsy 
that warrants operative fi xation should undergo 
exploration of the nerve at the time of fi xation. 
Some types of injuries, i.e., high-energy trauma 

and/or oblique fractures of the lower third of the 
humerus, are highly suspicious for an important 
radial nerve lesion. In such cases, an open reduc-
tion and fi xation of the fracture with early nerve 
exploration is more suggested than other fracture 
treatments. Then, the indication for early explo-
ration of the radial nerve appears to be based best 
on the type of trauma and type of fracture and on 
the decision of how to treat the fracture than on 
the clinical suspect of severe nerve lesion. 

 Radial nerve status can be kept under clinical 
control in fractures that would otherwise be 
treated nonoperatively. Ultrasound shows prom-
ise as a useful adjunct for visualizing the radial 
nerve. If the nerve is intact, observation can be 
continued. If the nerve is clearly severed, explo-
ration is warranted. Repairable nerves should be 
microsurgically reconstructed by means of suture 
or graft. When ultrasounds or MRI suggests the 
possibility of an entrapped nerve, it should be 
explored. 

 We agree with many authors that there is no 
need to be too aggressive and that, except the 
clear indications for an early exploration, we may 
wait for a spontaneous nerve recovery. In studies 
drawn from major trauma centers where consec-
utive series of patients with humeral shaft frac-
tures complicated by radial nerve palsy were 
evaluated, virtually all the authors [ 12 ,  13 ,  37 ,  65 , 

  Fig. 19.2    Lateral approach 
to the humerus       
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 66 ] agree that nonoperative management of the 
radial nerve palsy is the treatment of choice. 
However, the waiting time should not be too 
long: if no sign of recovery appears by 3–4 months 
from the injury, a radial nerve exploration is sug-
gested. In fact, we think that an excessive delay 
would lessen the chances for good functional 
recovery (need of longer grafts, long denervation 
time of the muscles, etc.). 

 Tendon transfers are indicated for irreparable 
nerves or for patients with long persistent nerve 
palsy. 

 Finally, a different approach should be used 
for secondary nerve palsies: especially in cases 
where open procedures (plates) in which the 
nerve was not well visualized or even in closed 
reduction fi xed by external devices with “danger-
ous positioned screws,” we think that early nerve 
exploration could avoid to underestimate a severe 
nerve lesion, reducing the medicolegal sequelae.     
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20.1            Introduction 

 Humeral shaft fractures account for about 3 % of 
all fractures and 20 % of humeral fractures; 
therefore, they represent a common fracture in 
the adult [ 1 ,  2 ]. Most commonly they are repre-
sented by closed fractures: open fractures are 
2–10 % of cases. Sixty percent involve middle 
third of the diaphysis. 

 Traditionally most humeral shaft fractures 
have been treated conservatively. The initial sta-
bilization is usually achieved with a U-shaped 
splint. The splint is removed once swelling has 
subsided and a functional brace is applied [ 3 ]. 
Reduction occurs due to gravity and circum-
ferential compression of the limb. The range 
of acceptable alignment of the fracture is quite 
wide [ 4 ] with up to 20–30° of angular and rota-
tional deformities and up to 3 cm of shortening. 
With this treatment, encouraging results have 
been documented. Sarmiento et al. [ 3 ] reported 
an incidence of nonunion of less than 2 % in 
closed fractures and 6 % in open fractures. Time 
to union was 9 and 14 weeks in closed and open 

fractures, respectively. Varus deformity up to 10° 
was common and observed in 75–80 % of cases. 

 Also other authors have described positive 
outcomes of functional bracing. Koch et al. [ 5 ] 
retrospectively reviewed 67 humeral shaft frac-
tures treated with a Sarmiento brace. Fifty-eight 
fractures (87 %) were clinically healed at a mean 
of 10 weeks after injury. Fifty-fi ve cases treated 
conservatively (95 %) obtained an excellent or 
good clinical result. Three patients (5 %) had a 
slight limitation of active range of motion. All 58 
patients returned to their job. Ekholm et al. [ 6 ] 
performed a retrospective study of 78 closed 
humeral shaft fractures. Ninety percent of the 
fractures healed with the brace. Almost 50 % of 
the patients reported full recovery. The short 
musculoskeletal functional assessment (SMFA) 
for arm/hand function was acceptable. The SF 36 
score was slightly lower when compared to a 
Swedish reference population [ 6 ]. In conclusion, 
a high rate of union can be achieved with func-
tional bracing, and these patients experience 
good functional outcome. 

 Not all diaphyseal humeral fractures can be 
treated conservatively, and absolute and rela-
tive indications to surgery have been defi ned [ 7 , 
 8 ]. Intramedullary nailing (IMN) and plate fi xa-
tion (PLT) techniques are the most common 
choices, and each one has advantages and dis-
advantages. Up to date there is an ongoing 
debate on whether treatment option is prefera-
ble. The purpose of this article is to describe the 
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key points of such controversy as well as the 
data on which they are based.  

20.2     Indications to Surgical 
Treatment 

 Surgical treatment is indicated in cases of failure 
to achieve and maintain acceptable reduction and 
alignment at fracture site. Bedridden patients and 
segmental fractures are examples. Open fractures 
require surgical treatment including debride-
ment, lavage, and stabilization. Polytraumatized 
patients, fractures with articular extension either 
proximally or distally, associated fracture of the 
shoulder girdle or forearm benefi t from surgical 
treatment to allow early motion and facilitate 
patient care. Humeral shaft fractures with a vas-
cular injury require limb revascularization and 
stabilization. The presence of a nerve injury, 
more often regarding the radial nerve, may 
require nerve exploration and fracture stabiliza-
tion. Pathological fractures are another good 
indication for surgery together with nonunions. 

 The growing importance of socioeconomic 
issues has expanded the indications for surgery. 
Some patients poorly tolerate the application of a 
brace. Others are concerned by the occasional 
occurrence of a malunion of the fracture. The 
possibility of active postoperative mobilization 
and of shorter sick leave also represents attractive 
advantages for some patients [ 9 ]. 

 Operative techniques include plate fi xation 
(PLT), intramedullary nailing (IMN), and external 
fi xation. The choice depends on fracture character-
istics, associated injuries, and surgeon’s preference. 
Most surgeons use external fi xators for acute frac-
ture stabilization. Soft tissue injuries, burns, frac-
tures in polytrauma patients, and associated vascular 
injuries are excellent indications for external fi xa-
tion. The external fi xator is usually converted to 
more stable constructs such as PLT or IMN. 

 Theoretically, both PLT and IMN have a ratio-
nale that justifi es and favors their use. Topics of 
this debate include biologic insult, mechanical 
properties, as well as technical issues, results, 
and complications.  

20.3     Plate and Screw Fixation 

 The theoretical advantages of plate and screw 
fi xation include direct visualization, anatomic 
reduction, and compression of the fracture. 
Fracture gaps are poorly tolerated by the humerus 
and should be avoided. The radial nerve can be 
identifi ed and explored. Neither the shoulder nor 
the elbow is harmed by the procedure therefore 
encouraging a full recovery of joint motion. 

 The disadvantages of PLT include a wide dis-
section, soft tissue stripping with biologic dam-
age, and the potential for iatrogenic injury to 
neurovascular structures including the radial 
nerve. 

 The recommended surgical approach is infl u-
enced by the anatomic location of the fracture. 
The anterolateral approach is indicated in frac-
tures of the proximal and middle third of the 
humeral shaft. It includes the deltopectoral 
approach which can be extended distally splitting 
the brachialis muscle in the middle [ 10 ]. The 
radial nerve is protected by the lateral third of the 
brachialis. The deltoid tendon requires to be ele-
vated from the lateral surface of the humerus, but 
the consequences are limited if it is left continu-
ous with the lateral half of the brachialis. 

 Fractures of the distal third are usually 
approached posteriorly; the advantage is a fl at 
surface for the placement of the plate. There are 
different techniques to develop a posterior 
approach to the humerus. A triceps-splitting 
approach may be chosen: the lateral and long 
head of the triceps are separated proximally. The 
radial nerve may be visualized deep between the 
two heads. The deeper medial head is exposed 
and incised longitudinally. With the triceps- 
splitting approach and the mobilization of the 
radial nerve, 76 % of the humerus can be visual-
ized [ 11 ]. Alternatively the triceps can be mobi-
lized from lateral to medial, the so-called 
paratricipital approach. The lateral margin of the 
triceps is lifted off the lateral intermuscular sep-
tum. This approach avoids splitting the muscle 
and decreases scar formation and muscle dener-
vation [ 12 ]. Using this approach over 90 % of 
humeral shaft can be exposed [ 11 ]. Regardless 
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which approach is used, triceps splitting or 
paratricipital, the radial nerve must be identifi ed 
and protected throughout the procedure. 

 Minimally invasive percutaneous osteosyn-
thesis [ 13 ] technique has been recently developed 
for the treatment of humeral shaft fractures. The 
amount of soft tissue dissection is minimized 
compared to a traditional open approach. The 
approach is usually anterior with the arm maxi-
mally supinated to protect the posteriorly located 
radial nerve [ 14 ]. Excellent union rates without 
an iatrogenic injury to the radial nerve have been 
recently reported [ 13 ,  15 ]. 

 The MIPO technique seems to enhance recov-
ery of range of motion postoperatively [ 16 ]. 
Limited indications in terms of fracture type, 
increased technical diffi culties, and prolonged 
use of fl uoroscopy have so far limited this tech-
nique to spread among all surgeons. 

 As far as reduction techniques are concerned, 
indirect reduction is preferred to direct manipula-
tion of bone fragments. Instruments with a small 
footprint like Weber clamps should be used 
whenever possible and preferred to more invasive 
instruments. The preliminary reduction is 
 maintained with either K-wires or compression 
screws. A prominent screw head invariably inter-
feres with the subsequent plate positioning. The 
use of smaller screws (2.4 or 2.7 mm in diameter) 
with low-profi le heads adequately countersunk in 
the cortex is ideal to avoid interference with 
plate. Small plates applied with an antiglide func-
tion may be occasionally used to aid in prelimi-
nary reduction. 

 The type of fracture infl uences the plating 
technique: transverse and short oblique fractures 
should be plated with axial compression taking 
advantage of the oval shape of the holes. 
Prebending of the plate is mandatory to compress 
the opposite cortex. Alternatively the compressor 
device can be used but it requires a longer surgi-
cal approach. Oblique and spiral fractures can be 
treated with compression interfragmentary 
screws and a neutralization plate. Attention 
should be paid to minimize soft tissue dissection 
and interfragmentary screws should be placed 
through the plate if it all possible. Comminuted 

fractures are typically managed with bridge plat-
ing techniques to span the zone of comminution 
with minimal manipulation of the interposed 
bone fragments. A “wave plate” technique with 
autologous bone graft is advocated for the treat-
ment of nonunions [ 17 ]. 

 The most common implant employed is a nar-
row 4.5 mm straight plate. Smaller patients may 
require 3.5 mm plate. Fractures extended to the 
proximal metaphysis require plates with multiple 
locking screws to engage the humeral head. 
Fractures with extension to the distal metaphysis 
may require a preshaped plate with a “J” design 
to reach the lateral column of the distal humerus. 

 The ideal number of screws to be inserted 
on each fracture fragment is debated: two is the 
minimum   , and three is wiser. This corresponds 
to six cortices to be engaged. More recent stud-
ies have emphasized that the working length of 
the plate may be more important than the number 
of screws [ 18 ,  19 ] and increased spacing between 
the screws may offer better mechanical properties. 
Nowadays the trend involves careful attention to 
optimal placement of the implants reducing at the 
same time the total amount of hardware. 

 The introduction of locking screws [ 20 ] has 
added a new dimension to the techniques, and 
this applies also to the treatment of humeral shaft 
fractures in the setting of osteoporosis. Plates are 
now available from many brands which accept 
both locking and non-locking screws, and lock-
ing screws may have a fi xed or variable axis. 
Fixation with locking screws has been found to 
be mechanically superior to non-locking screws 
[ 21 ]. Hybrid fi xation with a single non-locking 
screw and two locking screws has been found 
mechanically comparable to a fi xation with 
three locking screws. Hybrid fi xation offers 
some advantages in that the fracture can be pre-
liminary reduced and compressed with the non-
locking screws and then stabilized with locking 
screws [ 21 ]. The ideal number of locking screws 
has been investigated in the humeral shaft [ 22 ]. 
Other authors emphasized that two well-placed 
locking screws per fragment may offer suffi cient 
mechanical stability which is not augmented 
by the placement of a third locking screw [ 22 ]. 
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The advantage of the locking screws however 
seems to be less evident for fractures involving 
only the humeral shaft [ 23 ]. In conclusion until 
further data become available, locking screws 
may be advisable in osteopenic bone or non-
unions or for a short proximal or distal fragment.  

20.4     Intramedullary Nailing 

 Intramedullary nailing has theoretical advantages 
from a mechanical and biologic perspective. 

 Locked intramedullary humeral nails behave 
as load sharing devices [ 7 ] and promote the heal-
ing process without bone exposure at fracture 
site. IMN are positioned in line with the mechan-
ical axis of the humeral shaft and therefore are 
subjected to lower bending loads. 

 Flexible nails including Kirschner wires or 
Ender nails have been used in the past, but they 
have been abandoned due to insuffi cient control 
of rotational and axial forces [ 24 ]. The main dis-
advantage of IMN is the production of an entry 
hole close to the proximal or distal epiphysis with 
possible pain and stiffness. 

 Currently the most common devices are 
 represented by interlocking medullary nails 
which can be inserted in either an antegrade or a 
retrograde fashion. 

 To perform an antegrade nailing, the patient is 
positioned in either the beach-chair, supine, or 
lateral position. Antegrade nails are introduced 
through a deltoid-splitting incision followed by 
excision of the subdeltoid bursa and exposure of 
the supraspinatus tendon. The supraspinatus ten-
don is incised in line with its fi bers in order to 
reach the correct entry point on bone surface. The 
insult to the rotator cuff may cause shoulder pain 
and stiffness [ 25 ]. 

 The diameter of the medullary canal should be 
carefully evaluated preoperatively. The size of 
the nail should match the diameter of the medul-
lary canal. The shape of the humerus is peculiar 
as it narrows along its course from proximal to 
distal and it ends 2 cm proximal to the olecranon 
fossa. The attempt to introduce a mismatched 
nail will invariably cause distraction at fracture 
site which predisposes to nonunion. Aggressive 

reaming to house an oversized nail has several 
potential drawbacks: cortical necrosis due to 
thermal injury [ 26 ], iatrogenic comminution at 
fracture site, and potential injuries to neurovascu-
lar structures. 

 Proximal locking should be performed before 
distal locking and it is preformed using the dedi-
cated guide. Attention should be paid to the 
course of axillary nerve which runs about 5–6 cm 
distal to the acromion process. An oblique screw 
running proximal to distal is safer than a trans-
verse screw. Before proximal locking, attention 
should be paid to avoid protrusion of the nail in 
the subacromial space in order to prevent postop-
erative shoulder impingement. After proximal 
locking, distraction at fracture site should be 
minimized. The fracture should be carefully 
reduced before proceeding to distal locking. 

 Distal locking is usually performed in the sag-
ittal plane with “freehand” technique under fl uo-
roscopic control. A 3 cm incision and two right 
angle retractors are useful to expose the bone and 
avoid accidental injuries to the soft tissues. 

 Retrograde nailing requires a prone position 
and triceps-splitting incision proximal to the 
olecranon. A substantial entry hole needs to be 
carefully produced proximal to the olecranon 
fossa and enlarged with high-speed burrs until it 
allows nail introduction. This procedure may sig-
nifi cantly weaken the cortex of the distal humerus 
and predispose it to the feared complication of 
supracondylar fractures. Other possible compli-
cations include postoperative elbow pain and 
range of motion diffi culties as well as the forma-
tion of periarticular ossifi cations. Distal locking 
is performed as previously described through the 
guide. Proximal locking is performed with “free-
hand” technique under fl uoroscopic assistance 
usually in the frontal plane. Attention to avoid 
damage to neurovascular structures is essential 
also at this level.  

20.5     Comparative Studies 

 A few comparative studies between PLT and 
IMN in diaphyseal humeral fractures have been 
published (Table  20.1 ).
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   Rodriguez-Merchan [ 27 ] prospectively stud-
ied 40 patients with closed transverse fractures of 
the diaphysis of the humerus without associated 
nerve palsies. All failed nonoperative treatment 
and were operated with either compression plat-
ing (PLT) or intramedullary fi xation (IMN) with 
Hackethal nail. The patients were not random-
ized but the treatment was left to the surgeon’s 
preference. The patients were reviewed with an 
average follow-up of 18 months. The patients in 
the IMN group required with one exception a 
second anesthesia to remove the symptomatic 
nails and had to be protected in the brace for 
6 months. Patients in the PLT group performed 
the same rehabilitation protocol but did not use 
the postoperative brace. All fractures treated with 
IMN healed with a delayed union in one case. All 
the fractures treated by PLT healed with one 
exception who showed delayed union. The author 
concluded that there were no differences between 
the two groups and that either PLT or IMN can be 
used. Disadvantages of the IMN group included 
the need to use a postoperative brace and the need 
of a second procedure to remove the device. 

 Chapman et al. [ 28 ] performed a prospective 
randomized study including 84 patients which 
underwent IMN ( n  = 38) or PLT ( n  = 46). The 
devices implanted were either an antegrade 
humeral nail (Russell Taylor, Smith and Nephew) 
or a dynamic locking compression plate (DCP 
Synthes). The results were studied with a 
13-month follow-up. Fracture healing by 
16 weeks was present in 42 of 43 PLT, compared 
with 33 out of 38 in the IMN group ( p  = nonsig-
nifi cant). Shoulder pain and decreased shoulder 
motion were signifi cantly more frequent after 
IMN ( p  = 0.007). A decreased range of motion of 
the elbow was signifi cantly ( p  = 0.003) more fre-
quent after PLT of distal third fractures. The 
same patients did not experience increased elbow 
pain. The prevalence of other complications was 
not signifi cantly different between the two 
groups. The authors concluded that both treat-
ments can provide predictable methods for the 
treatment of these fractures. 

 McCormack et al. [ 29 ] prospectively random-
ized 44 patients with fractures of the shaft of the 
humerus to either intramedullary nail (IMN) or 

plating (DCP). After a minimum 6-month fol-
low- up, there were no differences in shoulder and 
elbow function and pain and time to return to nor-
mal activity. Shoulder impingement was present 
in one case after plating and six after IMN. 
Complications were found in three DCP group 
patients compared with 13 in the IMN group. 
Secondary surgery was needed in 7 IMN nail 
patients but only one in the DCP group. The 
author concluded that DCP remained the best 
treatment for humeral shaft fractures, while IMN 
may have specifi c indications but is technically 
more demanding and shows a higher complica-
tion rate. 

 Changulani et al. [ 30 ] compared results of 
humerus IMN and DCP. Forty-seven patients 
with a diaphyseal fracture of the shaft were pro-
spectively randomized. The IMN group included 
23 patients, while in the DCP group there were 
24 patients. Antegrade nailing was routinely 
employed and DCP plating was applied through 
an anterolateral or posterior approach. The out-
come measurements included union time, union 
rate, functional outcome, and incidence of com-
plications. Functional outcome assessed with the 
American Shoulder and Elbow Surgeons Score 
(ASES) showed no differences between the two 
groups. Union rate was similar, and time to union 
was signifi cantly lower for IMN. Complications 
such as infection were higher with DCP. 
Shortening of the arm and restriction of shoulder 
movements due to impingement were more fre-
quent with IMN compared with DCP. The authors 
concluded that IMN may be preferable because 
of shorter union time and lower incidence of 
infection. There were no differences between the 
two groups in terms of rate of union and func-
tional results. 

 Raghavendra and Bhalodiya [ 31 ] prospec-
tively studied 36 patients with fractures of the 
shaft of the humerus. The follow-up was from 1 
to 2 years. There were two groups, each one of 18 
patients. There were no differences in union time 
between the two groups but patients with an 
interlocking nail underwent more bone grafting 
procedures to achieve the union (six vs two). A 
good to excellent result was achieved by 12 
patients in the DCP (66 %) compared to 4 patients 
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(25 %) in the nailing group. Locked nailing was 
associated with a signifi cant reduction of shoul-
der function ( p  = 0.003) and overall results 
( p  = 0.02). The authors concluded that there was 
no difference between the two groups in terms of 
time to union. However compression plating was 
preferable because of better preservation of joint 
function and lesser need for secondary bone 
grafting. 

 Putti et al. [ 32 ] randomized 34 patients with 
humeral shaft fractures to either antegrade IMN 
( n  = 16) or DCP ( n  = 18). Fractures were classi-
fi ed according to the AO system (type A in 19 
cases, type B in 15 cases). The outcome evalua-
tion included functional results, union, and com-
plications. The minimum follow-up was 
24 months. The functional scores according to 
American Shoulder and Elbow Surgeons (ASES) 
were not signifi cantly different. Complication 
rates were higher in IMN group versus DCP 
groups (50 % vs 17 %,  p  = 0.038) and the non-
union rate was 0 % versus 6 % (ns). Two patients 
in the IMN group sustained an iatrogenic fracture 
at the time of insertion. Two had a radial nerve 
palsy and one patient needed nail removal for 
shoulder impingement. Three patients had 
 adhesive capsulitis. The authors concluded that 
the complication rate was higher in the IMN 
group, while functional outcomes were similar in 
the two groups. 

 Khan et al. [ 33 ] compared two groups of 30 
patients each treated with intramedullary inter-
locking nail and plating with DCP. In the IMN 
group 11 patients had moderate to severe  shoulder 

dysfunctions and 8 of them were above 50 years 
of age. In the DCP group only one patient had 
severe shoulder dysfunction ( p  = 0.001). There 
was no signifi cant difference in infection rate and 
palsy between the two groups. The authors con-
cluded that antegrade nailing may not be suitable 
in elderly patients as it can cause signifi cant 
shoulder dysfunction.  

20.6     Meta-Analysis 

 In an effort to enlarge the number of patients, 
several meta-analysis have been performed 
(Table  20.2 ).

   Bhandari et al. [ 16 ] reviewed randomized tri-
als from 1969 to 2000. Only three studies were 
included for a total of 155 patients. Plate fi xation 
showed a lower risk of reoperation compared to 
the intramedullary nailing. The risk reduction 
was 74 %: one reoperation could be prevented 
every ten patients treated with plates. Plate fi xa-
tion also reduced the risk of shoulder problems. 
The authors concluded that plate fi xation may 
reduce the risk of reoperation and shoulder 
impingement. 

 Orthopedic Trauma Directions in 2007 per-
formed a meta-analysis based on a MEDLINE 
search for randomized and quasi randomized 
studies published between 1995 and 2007. Three 
studies were identifi ed. Common outcome mea-
sures included reoperation (any additional 
humeral surgery), nonunion, time to union, infec-
tion, and nerve injury. The authors identifi ed an 

    Table 20.2    Meta-analysis of randomized prospective studies of humeral shaft fracture fi xation: intramedullary nails 
versus plates   

 Author, year 
 Total complication 
rate  Reoperation 

 Time to 
union  Nonunion 

 Shoulder 
problems 

 Radial 
nerve 
palsy 

 Bhandari, 2006  Not available (na)  ⇑ IMN  na  ns  ⇑ IMN  ns 
 Orthop Tr 
Directions, 2007 

 na  ⇑ IMN  ns  ns  na  ns 

 Orthop Tr 
Directions, 2010 

 na  ⇑ IMN  ns  ns  na  ⇑ IMN 

 Heineman, 2010  Nonsignifi cant (ns)  ns  ns  ns  na  ns 
 Heineman, 2010  ⇑ nail (IMN)  ns  ns  ns  na  ns 
 Ouyang, 2013  na  ⇑ IMN  na  ns  ⇑ IMN  ns 
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increased risk of reoperation with IMN. Time to 
union ranged from 6.3 to 9.8 in the IMN group 
compared with 8.9–10.4 of the plating, and the 
difference was signifi cant in only one study. 

 This study was updated by Orthopedic Trauma 
Direction in 2010 by adding the fourth study car-
ried out by Putti et al. Outcome measures 
remained the same. There was a signifi cantly 
increased incidence of reoperation and radial 
nerve palsy after IMN, while the time to union 
remained not signifi cant. 

 Heineman et al. [ 34 ] performed a literature 
search between 1967 and 2007 in the main medi-
cal search engines. Four randomized trials were 
selected pooling a total of 203 patients. Primary 
outcome included the total complication rate. 
Secondary outcomes included nonunion, infec-
tion, nerve palsy, and reoperation rate. Results 
did not show signifi cant differences between the 
IMN and PLT groups. These authors updated 
their conclusions adding Putti’s study and found 
that total complication rates were higher after 
IMN nailing [ 35 ]. 

 Ouyang et al. [ 36 ] conducted an updated 
meta-analysis on the optimal treatment of 
humeral shaft fractures and included ten 
 randomized controlled trials comparing nailing 
and plating from 1969 to 2011. Primary out-
comes were nonunion, delayed union, postopera-
tive infection, reoperation, and radial nerve palsy. 
Secondary outcomes include shoulder motion, 
shoulder impingement, iatrogenic fracture com-
minution, and implant failure. Plating (PLT) 
reduced the risk of shoulder impingement and 
shoulder loss of motion in comparison to nailing 
(IMN). Reoperation risk was uncertain. No other 
signifi cant difference was identifi ed. The authors 
concluded that plating and nailing can achieve 
similar results, but plating may reduce the occur-
rence of shoulder problems.  

    Conclusion 

 The classic indications to surgical treatment of 
diaphyseal fractures of the humerus have 
broadened due to new considerations includ-
ing cost- effectiveness, time of disability, func-
tional outcome, and others [ 20 ]. Given this 
trend it would be helpful to defi ne which 

 surgical option, PLT or IMN, represents the 
gold standard technique. 

 Both plates and nails have relative advan-
tages and disadvantages. IMN seems to be 
ideal from the biologic point of view since the 
technique may be employed without exposing 
the fracture site. The cosmetic advantage of 
IMN is also obvious. A disadvantage to be 
expected with IMN is the increased incidence 
of pain and stiffness at the site of introduction 
of the nail, namely, the shoulder or the elbow. 

 Plating techniques offer the opportunity to 
visualize fracture fragments and to manipulate 
these to achieve a more anatomic reduction of 
the fracture. If exploration of the radial nerve 
is needed, the use of a plate seems logical. The 
obvious disadvantage of plating is the wide 
dissection to be employed which can lead to a 
biologic insult and delayed healing. 

 Both techniques are demanding and require 
a careful operative execution. Technical diffi -
culties are challenging to estimate and may be 
widely infl uenced by the surgeon’s training 
and experience. 

 The type of fracture also has an infl uence 
on the choice of the procedure. When the frac-
ture approach is to either the proximal or dis-
tal epiphysis, a plating technique is advisable. 
Segmental, comminuted, and pathological 
fractures are good indications for IMN; again 
the presence of a short proximal or distal frag-
ment demands the use of a plate. The presence 
of a preoperative radial nerve palsy suggests 
avoidance of closed IMN for fear of further 
damage to the nerve. 

 The revision of comparative randomized tri-
als between PLT and IMN suggest that signifi -
cant differences occur (Table  20.1 ). We pooled 
six publications for a total 305 patients. We 
analyzed differences in 9 outcome measures 
for a total of 54 fi elds. We found that 25 (46 %) 
fi elds showed insignifi cant differences. A sig-
nifi cant difference was identifi ed in 18 (33 %) 
fi elds: in 14 (26 %) fi elds IMN performed 
less well, while in 6 (11 %) PLT was inferior. 
Differences in eight (15 %) fi elds could not be 
evaluated because data were not available. The 
results of meta-analysis (Table  20.2 )  further 
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contribute to identifi cation of signifi cant dif-
ferences. We pooled 6 meta- analysis and ana-
lyzed 6 outcome measures for a total of 36 
fi elds. There were no differences in 18 (50 %) 
fi elds, while a signifi cant difference was shown 
in eight (22 %), and IMN performed less well 
in all of them. Differences in ten (28 %) fi elds 
could not be evaluated because data were not 
available. Signifi cant differences seem to sug-
gest that IMN perform less well with increased 
incidence in reoperation rate, radial nerve 
palsy, and shoulder problems. 

 In conclusion published trials have been 
limited in size and have methodological limi-
tations. Defi nitive larger trials should be con-
ducted and should be prospective randomized 
with blinding of patients, care providers, and 
outcome assessors. The infl uence of new 
devices including locked plating and newly 
designed intramedullary nails along with the 
importance of new surgical techniques like 
MIPO should also be evaluated.     

   References 

    1.    Tytherleigh–Strong G (1998) The epidemiology in 
humeral shaft fractures. J Bone Joint Surg Br 
80(2):249–253  

    2.       Igbigbi PS (2004) Epidemiology of humeral fractures 
in Malawi. Int Orthop 28:338–341  

     3.    Sarmiento A, Zagorsky JB, Zych GA et al (2000) 
Functional bracing for the treatment of fractures of 
the humeral diaphysis. J Bone Joint Surg Am 
82(4):476–488  

    4.    Klenerman L (1966) Fractures of the shaft of the 
humerus. J Bone Joint Surg Br 48(1):105–111  

    5.    Koch PP, Gross DF, Gerber C (2002) The results of 
functional bracing of humeral shaft fractures. 
J Shoulder Elbow Surg 11(2):143–150  

     6.    Ekholm R, Tidermark J, Törnkvist H, Adami J, Ponzer 
S (2006) Outcome after closed functional treatment of 
humeral shaft fractures. J Orthop Trauma 
20(9):591–596  

     7.    Schemitsch EH, Bhandari M (1998) Fractures of the 
humeral shaft. In: Browner J, Levine T (eds) Skeletal 
trauma. Saunders, Philadelphia, pp 1481–1511  

    8.    Rommens PM, McCormack R (2007) Humerus, shaft. 
In: Ruedi T, Buckley RE, Moran CG (eds) AO prin-
ciples of fracture management. AO publishing, Davos 
Platz, pp 595–597  

    9.    Bhandari M, Devereaux PJ, McKee MD, Schemitscch 
EH (2006) Compression plating versus  intramedullary 

nailing of humeral shaft fractures – a meta- analysis. 
Acta Orthop 77(2):279–284  

    10.    Hoppenfi eld S, deBoer P (2003) Surgical exposures in 
orthopaedics: the anatomic approach, 3rd edn. 
Lippincott Williams and Wilkins, Philadelphia  

     11.    Gerwin M, Hotchkiss RN, Weiland AJ (1996) 
Alternative operative exposures of the posterior aspect 
of the humeral diaphysis with reference to the radial 
nerve. J Bone Joint Surg Am 78(11):1690–1695, 
Gerwin 1996  

    12.    Zlotolow DA, Catalano LW III, Barron OA, Glickel 
SZ (2006) Surgical exposures of the humerus. J Am 
Acad Orthop Surg 14(13):754–765  

     13.    Zhiquan A et al (2007) Minimally invasive plating 
osteosynthesis (MIPO) of middle and distal third 
humeral shaft fractures. J Orthop Trauma 21:628–633  

    14.    Apivatthakakul T et al (2005) Minimally invasive 
plate osteosynthesis (MIPO) of the humeral shaft 
fracture. Is it possible? A cadaveric study and prelimi-
nary report. Injury 36:530–538  

    15.    Jiang R, Luo CF, Zeng BF, Mei GH (2007) Minimally 
invasive plating for complex humeral shaft fractures. 
Arch Orthop Trauma Surg 127(7):531–535  

     16.    Kobayashi M, Watanabe Y, Matsushita T (2010) 
Early full range of shoulder and elbow motion is pos-
sible after minimally invasive plate osteosynthesis 
for humeral shaft fractures. J Orthop Trauma 24(4):
212–216  

    17.    Hsu TL, Chiu FY, Chen CM, Chen TH (2005) 
Treatment of nonunion of humeral shaft fracture with 
dynamic compression plate and cancellous bone graft. 
J Chin Med Assoc 68(2):73–76  

    18.    Crow BD, Mundis G, Anglen JO (2007) Clinical 
results of minimal screw plate fi xation of forearm 
fractures. Am J Orthop 36(9):477–480  

    19.    Lindvall EM, Sagi HC (2006) Selective screw place-
ment in forearm compression plating: results of 75 
consecutive fractures stabilized with 4 cortices of 
screw fi xation on either side of the fracture. J Orthop 
Trauma 20(3):157–162  

     20.       Walker M et al (2011) Humeral shaft fractures: 
a review. J Shoulder Elbow Surg 20(5):833–844  

     21.    Gardner MJ et al (2006) Hybrid locked plating of 
osteoporotic fractures of the humerus. J Bone Joint 
Surg Am 88(9):1962–1967  

     22.    Hak DJ et al (2010) Locked plate fi xation of osteopo-
rotic humeral shaft fractures: are two locking screws 
per segment enough? J Orthop Trauma 24(4):207  

    23.    O’Toole RV et al (2008) Are locking screws advanta-
geous with plate fi xation of humeral shaft fractures? 
A biomechanical analysis of synthetic and cadaveric 
bone. J Orthop Trauma 22(10):709–715  

    24.    Zimmerman MC, Waite AM, Deehan M, Oppenheim 
W (1994) A biomechanical analysis of four humeral 
fracture fi xation systems. J Orthop Trauma 8(3):
233–239  

    25.    Cheng HR, Lin J (2008) Prospective randomized 
comparative study of antegrade and retrograde locked 
nailing for middle humeral shaft fracture. J Trauma 
65(1):94–102  

20 Internal Fixation of Diaphyseal Humeral Fractures: Plate or Intramedullary Nail?



240

    26.    Leunig M, Hertel R (1996) Thermal necrosis after 
tibial reaming for intramedullary nail fi xation. J Bone 
Joint Surg Br 78-B:584–587  

    27.    Rodriguez-Merchan EC (1995) Compression plating 
versus Hackethal nailing in closed humeral shaft frac-
tures failing nonoperative reduction. J Orthop Trauma 
9(3):194–197  

    28.    Chapman JR, Henley MB, Agel J, Benca PJ (2000) 
Randomized prospective study of humeral shaft frac-
ture fi xation: intramedullary nails vs plates. J Orthop 
Trauma 14(3):162–166  

    29.    McCormack RG, Brien D, Bucley RE, McKee MD 
et al (2000) Fixation of fractures of the shaft of the 
humerus by dynamic compression plate or intramed-
ullary nail. J Bone Joint Surg Br 82-B:336–339  

    30.    Changulani M, Jain UK, Keswani T (2007) 
Comparison of the use of the humerus intramedullary 
nail and dynamic compression plate for the manage-
ment of diaphyseal fractures of the humerus. A ran-
domized controlled study. Int Orthop 31:391–395  

    31.    Raghavendra S, Bhalodiya H (2007) Internal fi xation 
of fractures of the shaft of the humerus by dynamic 

compression plate or intramedullary nail: a prospec-
tive study. Indian J Orthop 41(3):214–218  

    32.    Putti AB, Uppin RB, Putti BB (2009) Locked intra-
medullary nailing versus dynamic compression plat-
ing for humeral shaft fractures. J Orthop Surg (Hong 
Kong) 17(2):139–141  

    33.    Khan AS, Azfal W, Anwar A (2010) Comparison of 
shoulder function, radial nerve palsy and infection 
after nailing versus plating in humeral shaft fractures. 
J Coll Physicians Surg Pak 20(4):253–257  

    34.    Heineman DJ, Poolman RW, Nork SF, Ponsen KJ, 
Bhandari M (2010) Plate fi xation or intramedullary 
fi xation of humeral shaft fractures. Acta Orthop 
81(2):216–223  

    35.    Heineman DJ, Bhandary MO et al (2010) Treatment 
of humeral shaft fractures – meta-analysis reupdated. 
Acta Orthop 81(4):517  

    36.    Ouyang H, Xiong J, Xiang P, Cui Z, Chen L, Yu 
B (2013) Plate versus intramedullary nail fi xa-
tion in the treatment of humeral shaft fractures: an 
updated meta- analysis. J Shoulder Elbow Surg 22:
387–395      

M.J. Ceglia et al.



241F. Castoldi et al. (eds.), Simple and Complex Fractures of the Humerus,
DOI 10.1007/978-88-470-5307-6_21, © Springer-Verlag Italia 2015

21.1            External Fixation in Humeral 
Shaft Fractures 

21.1.1     Introduction 

 Humeral shaft fractures  account for about 1–3 % 
of all fractures [ 1 ]. The overall incidence rate is 
about 14.5/100,000 people/year, and open frac-
tures amount to 2 %. 

 Two classes of patients are the most interested 
ones: young patients with a high-energy trauma 
or elderly patients with a low-energy injury. 
Nevertheless, the average age for both genders is 
68 for females and 53 for males [ 2 ].  

21.1.2     Diagnosis and Classifi cation 

 The most common classifi cation is the AO 
(Muller) classifi cation, as shown in Fig.  21.1 . 
The greatest part of all fractures could be classi-
fi ed with some standard AP and lateral X-rays. In 
less than 2 % of all cases, a vascular lesion 
involving the axillary or humeral artery can 

 coexist; in selected cases with a doubtful clinic 
and a major trauma, a CT, a CTA, or an angiogra-
phy could be performed to improve the diagnosis 
and to act immediately to repair the vascular 
damage. CT scan could also be useful, especially 
with 3D reconstructions.

   Several mechanisms could be a cause of a 
humeral shaft fracture, and the mechanism nor-
mally correlates with the fracture type:
•    A fl exion trauma usually leads to a transverse 

fracture.  
•   A twisting trauma could lead to a spiral 

fracture.  
•   A mix of bending and twisting could lead to 

an oblique fracture.  
•   High loads, especially in axial direction, could 

lead to complex and epiphyseal fracture.    
 The most important biomechanical aspect in 

humeral shaft fractures is where the fracture 
occurs: if it is between the insertion of the deltoid 
and the pectoralis major, the proximal fragment 
will be displaced medially and adduced by the 
traction of the fi bers of the pectoralis (Fig.  21.2 ); if 
it is under the insertion of the deltoid, the proximal 
fragment will be displaced laterally and abducted 
by the traction of the same deltoid (Fig.  21.3 ).

    Although any randomized clinical trial does 
not exist confi rming a safe, proven, and effective 
treatment, the fi rst eligible treatment for these 
fractures is the conservative  one [ 3 ]. Following 
recent meta-analyses, about 94–97 % of the 
humeral shaft fractures heal in cast or brace [ 4 ]; 
in low-energy fractures, this percentage could 
grow up to 99 % [ 5 ]. 
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  Fig. 21.1    AO classifi cation    of the humeral shaft fracture       
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 In fact, the humerus can tolerate deformities 
of 20° in procurvatum and 30° in varus,  shortening 
and translation up to 4 and 1 cm, respectively [ 6 ]. 

 The remaining fractures are treated surgically, 
following AO indications with plating, with 
anterograde or retrograde nailing, and in some 
selected cases with external fi xation.  

21.1.3     Surgical Indications 

 Commonly accepted criteria for surgical treatment, 
with both open and closed reductions, are [ 7 ]:
•    Exposed fractures  
•   Severe radial nerve injuries   
•   Multifragmentary fractures  
•   Bilateral fractures or polytrauma  

•   Stabilization in intensive trauma care unit  
•   Obese patients    

 Common indications for  external fi xation  in 
humeral shaft fractures are:
•    Bilateral fractures  
•   Poor cutaneous conditions  
•   Infections and infected nonunions  
•   Malunions   
•   Posttraumatic radial nerve palsy  
•   Severe displacement  of the fracture  
•   Open fractures or comminuted fractures  
•   Failure of a previous treatment    

 Although these are commonly accepted indi-
cations, a standardized decision-making guide-
line does not exist for any surgical treatment: we 
suggest that external fi xation, in the presence of 
an expert surgeon, could be a safe option for the 
greatest part of the humeral shaft fractures. 
External fi xation is often a more safe, rapid, and 
low-complication-rate procedure; nevertheless, it 
needs a high patient compliance and an accurate 
surgical procedure. 

21.1.3.1     External Fixation Technique  
 In our experience, external fi xation has to be used 
more commonly, with the purpose of a simple 
management and a rapid mobilization. The 
advantage of this technique (which if performed 
by an experienced surgeon takes a little surgical 
time) is giving an excellent stability with mini-
mizing soft tissue damage. Furthermore, the pos-
sibility of callus distraction and compression and 
alignment correction during the treatment could 
lead to excellent results [ 8 ,  9 ]. 

 Considering these factors, our indication in 
acute trauma is given when the patient presents a 
severe nerve injury, exposed fractures, and bilat-
eral or comminuted fractures but also in young 
patients with simple fractures. 

 Other indications could be given in chronic 
conditions like pseudarthrosis , both septic and 
non-septic. 

 Three steps are mandatory for a good reduc-
tion and positioning of a humeral external fi xator: 
patient position, pin insertion, and subsequent 
reduction:
    1.    Patient position—the patient lies supine, 

with the head immobilized, under general or 
 selective anesthesia: a support has to be 

  Fig. 21.2    Displacement mechanism #1: pectoralis major 
traction and adduction of the proximal fragment       
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mounted under the humerus; surgical zone 
(in the absence of further lesions) goes from 
the axilla to the elbow included. Draping 

may leave free motion range to the entire 
arm. No fi xed traction is needed (Figs.  21.4  
and  21.5 ).

  Fig. 21.3    Displacement 
mechanism #2: deltoid 
traction and abduction 
of the proximal fragment       

  Fig. 21.4    Patient positioning       
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        2.    Screw position and fracture reduction have to 
be done always under image intensifi er con-
trol. Screws are placed on the lateral side of 
the humerus. The fi rst screw is the most distal 
one, which has to be placed parallel to the 
articular line and in proximity to the epicon-
dylar line (Fig.  21.6 ). The use of a K-wire to 
fi nd a good zone for screw positioning is rec-
ommended. After fi nding a good point for the 
screw insertion, the bone has to be drilled and 
the screw positioned. The same procedure has 
to be repeated, without the use of the K-wire, 
for the second distal screw. Be careful of the 
radial nerve: we usually maintain a safe zone 
of 4 cm above the transepicondylar line.

       3.    An analog procedure has to be performed for 
the two proximal screws, which have to be 
placed nearly perpendicular to the cortical 
bone; the main difference is the safe area (nor-
mally 5 cm under a line tangential to the most 
proximal part of the humeral head) to avoid an 
iatrogenic lesion of the axillary nerve 
(Fig.  21.7 ). Use the fi xator  without reducing 
the fracture to obtain a useful, simple, and cor-
rect guide for the insertion of the two proxi-
mal screws.

  Fig. 21.5    Patient positioning       

  Fig. 21.6    Distal pins       

  Fig. 21.7    Proximal pins       
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       4.    Once placed the screws, lock the fi xator to the 
screws leaving the same fi xator free in move-
ments and, using the designed devices, reduce 
the fracture (Fig.  21.8 ). Once a good reduction 
is achieved, lock the fi xator (Fig.  21.9 ).
        Do not mind    of the alignment of the fi xator till 

the fracture is reduced; if a good screw position-
ing and a good reduction have been performed, 
the fi xator will appear aligned at the end of the 
procedure, and the screws will appear parallel in 
the AP X-rays. In case of an irreducible fracture, 
a mini approach in correspondence of the frac-
ture line has to be considered. 

 If an exposition is present, always perform an 
irrigation and debridement of the wound before 
locking the fi xator. 

 In case of a radial nerve palsy, vascular injury, 
or diffi culty of reduction, a surgical approach is 
performed in correspondence of the site of injury. 

 The standard program includes an early mobi-
lization  without weight bearing for the fi rst 
month; elbow and shoulder mobilization is con-
ceded and is normally preserved, especially in 
young people, although pins through muscles 
could cause lesser stiffness problems. If other 
lesions do not coexist, monthly X-ray controls 
are performed, until the radiographic healing of 
the fracture (Fig.  21.10 ). The mean time of treat-
ment with external fi xator is about 12 weeks.

   Complications are rare: except radial nerve 
palsy, which is a common complication of 
this kind of fractures, affecting up to 18 % of 

  Fig. 21.8    Reduction of the 
fracture       

  Fig. 21.9    Reduced fracture appearance at X-ray 
control       
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all  fractures [ 10 ], infection and malunion 
rates are lower than in other surgical 
treatments. 

 Deep infection rate is consistently lower 
because of the smaller wounds and the little sur-
gical exposition. 

 Superficial skin infections  are quite com-
mon; about 10 % of all patients could experi-
ence a pin tract infection; normally, this kind 
of infections is auto-limiting or resolvable 
with light antibiotic and anti-inflammatory 
therapy. Infections are avoidable with a 

 periodic careful cleaning and disinfection of 
pin tracts. 

 Malunions and malalignments could be 
avoided with callus compression or distraction 
and with axial correction and leaving the fi xator 
in situ for a greater lapse of time, although a 
review over real pseudarthrosis rate does not 
exist yet. Probably pseudarthrosis accounts for 
about 1 % of all cases. 

 Wire breakage is another complication; this 
one could easily be avoided using adequate 
 (normally 6 mm of diameter) HA screws.       

  Fig. 21.10    Consolidated 
fracture       
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22.1            Background 

 There are about 4,000 shoulder arthroplasty  pro-
cedures in Italy annually. This number is expected 
to double over the next decade. In general, the 
incidence of periprosthetic humeral or scapular 
fracture associated with shoulder arthroplasty is 
approximately 0.6–4.5 % of all complications 
[ 1 ,  2 ]. The incidence of shoulder periprosthetic 
fractures  is expected to increase not only for an 
increased number of primary and revision shoul-
der arthroplasties performed annually but also for 
the increased survivorship of the elderly with 
shoulder arthroplasties and the increased activity 
of patients after a shoulder arthroplasty [ 3 – 10 ]. 

 Periprosthetic humeral or scapular fractures 
can occur intraoperatively or postoperatively 
after shoulder arthroplasty [ 8 ]. From the Swedish 
registry database, up to 76 % of humeral fractures 
have been reported to occur intraoperatively [ 1 , 
 2 ]. Intraoperative fractures occur more com-
monly during revision surgery and with implan-
tation of noncemented stems. The intraoperative 
humeral fractures in reverse shoulder arthroplasty 
(RSA) occur mainly during removal of the pri-
mary humeral stem or cement mantle in revision 
surgery in up to 24.1 % of all revisions [ 2 ]. 
Intraoperative glenoid fractures are rare in uncon-

strained and reverse shoulder arthroplasty and 
related to the reaming or fi xation technique. 
Postoperative low-energy falls are the  mechanism 
of injury in most patients; high-energy trauma 
accounts for only a small percentage of peripros-
thetic fractures, and these types are usually more 
comminuted fracture pattern than seen with low-
energy fractures. General risk factors for peri-
prosthetic shoulder fractures  include osteopenia/
osteoporosis, rheumatoid arthritis, neurological 
disorders, chronic steroid therapy, and revision 
surgery [ 1 ,  2 ,  5 – 10 ]. 

 Most humeral and glenoid fractures can be 
treated conservatively with closed reduction and 
splinting or bracing. Early classifi cation system 
focused on displacement as a guide to operative 
versus nonoperative treatment; however, current 
surgical techniques and the use of modular 
implants have made operative treatment the pre-
ferred choice for most of these fractures [ 3 ,  10 ]. 
The fracture management is dictated by type and 
location of the fracture in relation to the shoulder 
arthroplasty component and the stability of the 
prosthesis. Surgical methods of treatment include 
open reduction and internal fi xation, revision 
arthroplasty, removal of prosthetic components, 
or arthrodesis. It is important to understand which 
options are most appropriate for each type of 
fracture pattern since no treatment option is opti-
mal for all fracture types. The diffi culty in man-
agement of periprosthetic fractures is evidenced 
by the array of treatment options described in the 
literature without a clear consensus emerging on 
the most appropriate method [ 11 – 17 ].  
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22.2     Clinical and Imaging 
Evaluation for Periprosthetic 
Fractures 

 The evaluation of a patient with an obvious or 
even suspected periprosthetic fracture should 
include a detailed history of the status of the 
arthroplasty. Any information about the date of 
implantation, the specifi c prosthesis used, and the 
index diagnosis for implantation (primary or 
revision surgery) should be recorded. Additional 
secondary procedures should be carefully cata-
loged as well as other complications, such as 
prior wound infection or recent change in symp-
toms related to the involved joint. In case of dis-
placed fracture, a standard orthopedic clinical 
exam  is suffi cient to confi rm the diagnosis. 
However, it is important to obtain a comprehen-
sive history in order to identify potential etiologic 
factors to the acute fracture such as implant loos-
ening, osteolysis, and infection that could infl u-
ence the fracture treatment [ 4 – 8 ,  13 ]. 

 Direct observation of periprosthetic fractures 
occurs when the fractures happen intraopera-
tively during reaming or impaction of a trial or 
fi nal component. For example, a pitch change 
during malleting a component should alert the 
surgeon to the possibility of an intraoperative 
fracture; in this case, the surgeon should immedi-
ately proceed to a direct observation. 

 In case of a clinical suspicion of periprosthetic 
fracture, it is mandatory to obtain a standard 
radiographic evaluation . The standard radio-
graphic evaluation should include two orthogonal 
plain radiographic views that include the joint in 
question and full length of the bone above and 
below the prosthetic components. On the fracture 
X-rays, the degree of angulation, amount of dis-
placement, and fracture confi guration should be 
evaluated. The radiographic evaluation should be 
made whether the humeral or glenoid component 
is tightly fi xed or loose. In uncemented or 
cemented components, the presence of radiolu-
cent lines at the implant-bone or cement-bone 
interface should be identifi ed. If the lucent lines 
are 1.5–2 mm or greater in thickness and sur-
round the implant, it should be seriously consid-
ered the presence of an implant loosening. A 
similar line extending entirely along one side of 

the implant or substantive osteolysis of the 
humeral shaft adjacent to the implant would also 
likely indicate prosthetic loosening [ 5 – 7 ,  9 ]. 

 Previous radiographic images, when avail-
able, can provide insight to the time course of any 
existing or impending prosthetic failure, specifi -
cally osteolysis, progression of cortical erosions, 
and the presence of any cortical penetrations or 
notching. 

 The main risk factor for the occurrence of a 
periprosthetic fracture is osteopenia . On the frac-
ture X-rays, the degree of osteopenia can be 
judged according to Campbell et al. [ 13 ]. 
Osteopenia is graded on the basis of the ratio of 
combined width of mid- diaphyseal cortices to the 
diameter of the diaphysis. It is graded as normal 
if the ratio is greater than 50 %, mildly osteope-
nic if the ratio is between 25 and 50 %, and 
severely osteopenic if ratio is less than 25 %. 

 A computed tomography scans could be 
required to evaluate small fractures or available 
bone stock for fracture treatment.  

22.3     Classifi cation System 

 There have been several fracture classifi cations  
described for periprosthetic humeral fractures. 

 Thomas W. Wright and Cofi eld have classifi ed 
these fractures into three groups: type A (near the 
stem tip, extending proximally), type B (near the 
stem tip, extending distally), and type C (distal to 
the stem tip) [ 18 ]. 

 Campbell et al. categorized fractures into four 
types related to the fracture site. Type 1 included 
the greater or lesser tuberosity, type 2 metaphy-
seal portion or surgical neck, type 3 proximal 
humeral diaphysis, and type 4 the mid- and distal 
diaphysis [ 13 ]. 

 Groh et al., like Wright and Cofi eld classifi ca-
tion, distinguished three types of humeral shaft 
fractures. Type I fractures occur proximal to the 
tip of the prosthesis; type 2 fractures originate 
proximal to the tip of the prosthesis and extend 
distal to it; type 3 fractures lie distal to the tip of 
the prosthesis [ 14 ]. 

 Worland  classifi ed these fractures by fracture 
anatomic pattern and implant stability in order to 
provide a treatment algorithm. Type A (tuberosi-
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ties) and C (distal to the tip of the stem prosthe-
sis; Fig.  22.1 ) fractures were considered to 
behave in the same manner as humeral fractures 
without a prosthesis. Fractures around the stem 
were designated type B, with type B1 being a spi-
ral fracture with a stable stem, type B2 being a 
transverse or short oblique fracture with a stable 
stem, and type B3 being a fracture about the pros-
thesis with an unstable stem [ 19 ].

   Periprosthetic scapular fractures most com-
monly occur intraoperatively to the glenoid. Due 
to the rarity of these fractures, no generally 
accepted fracture classifi cation exists. Acromion 
and scapular spine fracture  is a relatively com-
mon complication of reverse shoulder arthro-
plasty (RSA) and rates 2.2 % of all complications 
in RSAs [ 2 ]. In a series of seven patients (eight 

shoulders), Rittmeister et al. reported three cases 
of reoperations for nonunion of the acromion. 
These cases were all patients with rheumatoid 
arthritis, and the authors utilized a trans-acromial 
approach with a sagittal osteotomy [ 20 ]. Crosby 
and Hamilton proposed an anatomic classifi ca-
tion system based on the relationship of the frac-
ture to the acromioclavicular joint [ 21 ]. 
According to this system of classifi cation, the 
scapular fractures after RSA are graded as:
•    Type I: small avulsions of the anterior acro-

mion that seemed to occur at the time of 
surgery  

•   Type II: fractures propagated from just poste-
rior to the AC joint through the anterior 
acromion  

•   Type III: all displaced fractures of the poste-
rior acromion or scapular spine    
 Recently, Otto et al. showed that the classifi -

cation of Crosby and Hamilton has only moder-
ate inter-rater reliability, which questions its 
validity and suggests that an alternative method 
of classifying these fractures is needed. The 
authors speculate that in many of type I fracture 
cases, the patients may have an os acromiale or 
preoperative acromial insuffi ciency or fragmen-
tation; thus, the authors do not consider these to 
be fractures. The study also suggests that these 
fractures are not always detectable on plain radio-
graphs and may require additional imaging stud-
ies to make a fi rm diagnosis [ 22 ]. 

 Wahlquist et al. reported on fi ve patients with 
“acromial base fracture” after RSA. The authors 
defi ned these fractures as a fracture occurring at 
the connection between the acromial process and 
the spine of the scapula at the level of the glenoid. 
This location is the foundation of the bony sup-
port for the entire deltoid, so a fracture of this 
region disables the deltoid function [ 23 ].  

22.4     Surgical Techniques: 
Treatment Options and 
Outcomes/Results for Site 

 For shoulder arthroplasty, the preferred surgical 
approach is the deltopectoral exposure . When 
fracturing of the humeral shaft occurs during 
 surgery or when periprosthetic humeral shaft 

  Fig. 22.1    Periprosthetic humeral shaft fracture distal to 
the tip of a cemented stem in an RSA, the Worland type C 
fracture       
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fracture occurs after surgery and it requires to 
approach both the shoulder joint and the humeral 
shaft, this incision can be extended distally fol-
lowing the anterolateral aspect of the humerus. 
For displaced humeral shaft fractures associated 
with a stable implant, the preferred exposure is 
through a posterior approach. This exposure 
allows complete visualization of the humeral 
shaft and a clear identifi cation of the radial nerve 
that can be protected during reduction, plating, 
and most importantly cable fi xation in the zone of 
the prosthesis. 

 For primary RSA, some surgeons prefer the 
anterosuperior or transdeltoid approach . The main 
advantages of this approach during primary 
implant are simplicity, ease of axial preparation of 
the humerus, quality of the frontal exposure of the 
glenoid, and preservation of the subscapularis ten-
don. Its main drawback is the risk of neurological 
weakening of the anterior deltoid by damage to 
the distal branches of the axillary nerve in case of 
inferior extension incision to reach the humeral 
shaft for an intraoperative fracture [ 24 ,  25 ]. 

22.4.1     Periprosthetic Humeral 
Fractures 

 The majority of periprosthetic fractures of 
the greater tuberosity , type A according to the 
Worland classifi cation, are stable [ 19 ]. They 
are usually non- or minimally displaced and, 
when occurring postoperatively, can be man-
aged nonoperatively (immobilization in a sling 
or brace for about 4 weeks) with symptomatic 
treatment. Intraoperative stable fractures of the 
greater tuberosity can be managed similarly. 
Displaced, or otherwise unstable, intraoperative 
fractures are generally treated with a cerclage. 
Intraoperative fractures of the tuberosities have 
been considerably diminished by having the 
availability of trial humeral stems without associ-
ated heads that can be maintained in the humeral 
canal during posterior retraction of the proximal 
humerus during glenoid preparation. If there is 
an osteopenic bone condition that could weaken 
the greater and lesser tuberosity, it may be useful 
to perform a transdeltoid surgical exposure rather 

than a deltopectoral approach to avoid torsional 
stress on the tuberosities during performance of 
the procedure. 

 The Worland type C fractures are defi ned as 
being “distal” to the humeral stem. The literature 
demonstrates that these fractures with a well- 
fi xed humeral component are similar to closed 
humerus fractures and may respond favorably to 
nonoperative treatment. Campbell et al. [ 13 ] 
reported on a multicenter series of periprosthetic 
humeral fractures. Each of the fi ve postoperative 
fractures healed with nonoperative management. 
Four of these were distal to the tip of the humeral 
stem. When the humeral component of the pros-
thesis is loose, revision with a longer stemmed 
humeral component is the fi rst choice. In case an 
acceptable closed reduction cannot be obtained 
with the use of a plastic orthosis, an open reduc-
tion and internal fi xation (ORIF)  could be 
 considered. General principles are anatomic 
reduction and a stable fi xation using a long plate 
to overlap the humeral stem. Fixation in the distal 
fragment is with multiple bicortical screws distal 
to the stem into the native bone and mono- cortical 
screws in the zone of the humeral prosthesis sup-
plemented with multiple cables. Similar systems 
are generally used for periprosthetic fractures of 
the femur [ 5 – 8 ,  11 – 15 ,  26 ,  27 ]. 

 Bone graft  is also used in order to maximize 
the healing potential: allograft in acute cases and 
autograft (iliac crest) in cases with delayed heal-
ing or nonunion. In addition, one may consider 
supplementary fi xation with a cortical strut onlay 
allograft in combination with a plate and screws/
cables to obtain secure fi xation. The specifi c revi-
sion strategy chosen depends on the quality of the 
remaining bone stock [ 28 ,  29 ]. 

 In case of a periprosthetic humeral fracture 
with a loosening component, several strategies 
can be used, but all rely on obtaining secure dis-
tal fi xation [ 30 ]. Only rarely a cemented long-
stem component is used; the most effective 
strategies include noncemented distal fi xation 
techniques. If the distal fragment maintains 5 cm 
of intact tubular diaphysis, then extensively 
coated uncemented long-stem prosthesis  with 
or without plate augmentation could be used 
(Figs.  22.2 ,  22.3 , and  22.4 ). The distal canal is 
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reamed, and a trial stem is  temporarily implanted. 
The proximal fragments can then be reduced 
using the trial component as a template. A lateral 
plate with cerclage cables is then applied in order 
to recover the normal length and obtain a stable 
fi xation. Once length and stability are accept-
able, the trial component is removed, and a defi n-
itive humeral stem is impacted; the cerclage 
cables are then retensioned and cut, and some 
screws are added to maximize the stability. The 
appropriate humeral length is selected combin-
ing different modular components (metaphysis 
and head), and a trial reduction is performed. 
After trialing, the defi nitive components are 
assembled and the shoulder reduction. These 
types of modular prosthesis  have demonstrated 
excellent results in the revision setting and for 
periprosthetic fracture situations [ 30 ,  31 ]. This 
strategy is also effective for the Worland type B3 
fractures (fractures about the prosthesis with an 
unstable stem). 

 Rarely, the proximal bone is so defi cient that a 
modular proximal humeral replacement (so- 
called tumor prosthesis) could be used. In these 
situations, a cemented distal fi xation is recom-
mended. The proximal remaining bone and soft 
tissue can be cerclaged around the body of the 
proximal humeral replacing prosthesis with cable 
or heavy braided suture in order to maintain a 
stable shoulder. 

 For the Worland type B1 and B2 fractures 
with good alignment and a well-fi xed humeral 
component, a nonoperative treatment could be 
considered. However, as reported in the litera-
ture, type B fractures treated nonoperatively have 
a high propensity to fail to heal and eventually 
require surgery. Wright and Cofi eld suggested 
that operative treatment should be considered for 
short oblique or transverse fractures that occur at 
the level of prosthesis tip. In addition, they rec-
ommended the use of autologous bone graft at 
the time of surgery. Type B fractures that have 
not progressed toward union by 3 months are also 
recommended for operative intervention. 

 For patients with a type B fracture and a well- 
fi xed humeral component, the preferred current 
construct practice is a lateral plate with screw 
fi xation in the distal portion and cerclage fi xation  

in the proximal portion of the humerus. Distally, 
the plate should have a minimum of four to six 
holes covering the native humerus distal to the 
stem. If the diaphyseal bone is osteoporotic, as it 
is in many cases of periprosthetic fractures, 
locked screws are indicated. Locked screws 
should be placed after non-locked screws and 
appear to be most advantageous near the fracture 
site. Two or three equally spaced cables are used 
proximally between the surgical neck and the tip 
of the stem. The cables are sequentially tightened 
akin to the method of tightening a car wheel. This 
assures that tightening one cable does not result 
in loosening of an adjacent cable. Bone grafts are 
also used in order to maximize the healing poten-
tial, and strut allografts are reserved for situations 
with associated bone loss. The strut is secured 
with cables independent of an associated plate 
(cables over the strut and under the plate) and 
with cables around both. 

 The occurrence of humeral fractures after a 
shoulder prosthesis does not appear to signifi -
cantly alter the fi nal functional results.  

22.4.2     Periprosthetic Scapular 
Fractures 

 Fractures of the glenoid  usually occur intraopera-
tively when the glenoid is extremely osteopenic, 
such as in the patient with rheumatoid arthritis, 
and are related to the reaming or fi xation tech-
nique. These complications concern only total 
shoulder replacements. Generally, the fracture 
fragments are small and comminuted and are not 
available to screw fi xation. With inadequate bone 
support, the implant of a glenoid component 
should be abandoned and the defect bone grafted 
for a two-stage revision. After fracture healing, 
conversion of a hemiarthroplasty to a total uncon-
strained or RSA can be considered if symptoms 
require. 

 Postoperative acromial and spine fractures  
after RSA and their treatment have been 
described in the literature [ 32 – 35 ]. Because of 
the relatively brief history of the RSA, the man-
agement of these complications is poorly under-
stood. The operative treatment is characterized 
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by a high rate of nonunion due to the diffi culty 
of stabilizing an osteoporotic bone under the 
increased tension of an elongated deltoid. The 
natural history of nonoperative management is 
characterized by reduced global shoulder func-
tion, but most of the patients who experienced 
this complication did not report chronic pain 
[ 36 ]. Given these patient outcomes, conserva-
tive treatment with an abduction splint for 
6 weeks to limit pain and acromial tilt is a rea-
sonable option for this complication.

22.5           Postoperative Restrictions/
Rehabilitation 

 Patients with periprosthetic fractures often have 
numerous medical comorbid conditions that 
should be managed properly to mobilize the 

  Fig. 22.2    Treatment of the 
fracture in Fig.  22.1 . The 
glenoid component was well 
fi xed at the time of surgery, 
and thus revision of the 
component was not 
necessary. The humeral 
component was removed and 
replaced with an uncemented 
long-stemmed component. 
The fracture was further 
secured with cortical strut 
allograft and plate with 
multiple cables. The radial 
nerve is precisely located and 
protected       

  Fig. 22.3    Bone graft substitute was added at the fracture 
site in order to maximize the healing potential       

  Fig. 22.4    Fracture healing 1 year after surgery       
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patients early and prevent life-threatening com-
plications [ 1 ,  2 ,  5 – 8 ]. Physical therapy  of the 
shoulder depends on type of fi xation and bone 
quality; as in an acute fracture, early passive 
mobilization is recommended when adequate 
fi xation has been achieved. 

 Few days after surgery, the hand, forearm, and 
elbow are gently exercised with active-assisted 
movement. Typically, passive external rotation 
outward to neutral position (0° degree with the 
arm at the side) and in elevation to 100–120° is 
also started early (2 weeks after surgery); how-
ever, it is important to avoid stress at the fracture 
site when doing this and also to continue with a 
passive program until healing has been ensured. 
When a long-stemmed implant has been 
implanted and the fracture is rotationally stable, 
we usually begin an active-assisted motion pro-
gram at 4 weeks after the soft tissues have been 
allowed to heal. 

    In case of reverse shoulder replacement, due 
to the high incidence of instability, it is always 
recommended to delay the beginning of the ther-
apy till the sixth week after surgery [ 2 ].  

22.6     Complications 

 The complications of periprosthetic fracture can 
be related to the typical complications of an 
acute fracture in a native bone or the complica-
tions secondary to a joint replacement; some-
times the complications can occur in combination. 
These include nonunion, infection, axillary or 
radial nerve paresthesias or palsy, and stiffness 
as those with the major functional implications 
[ 5 – 8 ]. 

  Nonunion   is perhaps the most common com-
plication, and the rate of nonunion in peripros-
thetic fracture is generally higher than the rate of 
a fracture in a native bone. The presence of an 
intramedullary stem implant could compromise 
the optimal fi xation of the fracture, especially in 
osteopenic bone. Plate with cable fi xation around 
the zone of prostheses has inferior strength com-
pared with bicortical screw plating. Different 
operative strategies could be utilized in order to 
achieve fracture healing: long-stem prostheses in 

conjunction with extramedullary locked plates 
where mono-cortical locking screws augment 
cable fi xation in the zone of the implant, the use 
of osteogenic and osteoinductive grafts or graft 
substitutes, and supplementation with osteogenic 
growth factors and cytokines [ 26 – 28 ]. 

  Radial      nerve injury   may occur at the time of 
surgery because of the proximity of the nerve to 
the fracture site. Of course, appropriate choice of 
surgical approach is mandatory in order to avoid 
the nerve by careful dissection; the radial nerve 
should be precisely located and protected 
throughout the procedure. After a careful neuro-
logical clinical exam, the surgeon must be sure at 
the time of surgery that the radial nerve is not 
compromised [ 8 ]. 

 Postoperative  infection   is a devastating com-
plication in periprosthetic fracture that could 
compromise the fracture healing and the survi-
vorship of the associated arthroplasty [ 5 – 7 ]. An 
acute infection could be managed by thorough 
debridement and irrigation, maintenance of the 
implanted internal fi xation, and the use of anti-
biotics. In subacute or chronic infection, an 
implant revision could be considered in 1 or 2 
stages using a temporary antibiotic-impregnated 
spacer. Failure to control the infection can lead 
sometimes to resection arthroplasty or even 
amputation.  

    Conclusions 

 Periprosthetic fractures continue to increase 
in frequency. In general, the goals of a peri-
prosthetic fracture care include uncomplicated 
fracture union and return to preinjury level of 
pain and function. Treatment of periprosthetic 
fractures starts with prevention of intraopera-
tive humeral or glenoid fracture. Meticulous 
surgical technique, good exposure, and gen-
tle manipulation facilitate the procedure and 
reduce the risk of intraoperative fracture. In 
postoperative fractures, most authors favor 
nonoperative treatment and only consider 
open reduction and internal fi xation when 
the fracture is unstable or in an unacceptable 
position. When the fracture leads to compo-
nent loosening, revision of the component is 
indicated.     
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23.1           Introduction 

 An overall prevalence of 12 % of acute radial 
nerve palsies after humeral shaft fractures has 
been reported [ 1 ]. An additional 10 % of the frac-
tures treated surgically can develop an iatrogenic 
radial nerve palsy [ 2 ]. Forty percent of the 
patients that undergo open reduction and internal 
fi xation for a distal humeral fracture can develop 
an acute or late ulnar neuropathy [ 3 ]. These data 
give a clear picture of the scope of the problem. 

 The surgical treatment of fractures of the 
elbow includes fractures of the distal humerus, 
coronoid and radial head fractures, and articular 
fractures of the trochlea and of the capitulum 
humeri. These fractures, whether they are treated 
with open or arthroscopic technique, can poten-
tially injure the ulnar and radial nerves. The 
median nerve, on the contrary, is less frequently 
affected, as it is protected by the brachialis mus-
cle. In this chapter, we will discuss the surgical 
anatomy of the ulnar and radial nerves with use-
ful tips on how to avoid neurological injures. The 
median nerve, due to the rarity with which it is 
injured, will not be discussed here.  

23.2     Ulnar Nerve: Open Surgery 

 An understanding of the anatomic path of the 
ulnar nerve is critical to understand how to avoid 
ulnar nerve problems during fi xation or replace-
ment of distal humeral fractures. The fi rst impor-
tant concept regarding the anatomy of the ulnar 
nerve is the extreme variability of its course in 
the distal part of the humerus. Because of this 
variability, it is dangerous to blindly rely on pre-
cise anatomical landmarks when handling the 
ulnar nerve, without exploring its real position. 

  The ulnar nerve runs initially in the anterior 
compartment of the arm and goes posteriorly 
through the medial intermuscular septum at an 
average distance of about 6–8 cm proximal to the 
medial epicondyle with a range of between 5 and 
11 cm [ 4 ,  5 ]. In approximately 40 % of cases, 
however, the ulnar nerve passes posteriorly with-
out crossing the medial intermuscular septum 
and then transitions from anterior to posterior at a 
more distal point [ 6 ]. 
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 Further complicating the picture, the point of 
passage through the medial intermuscular septum 
can occur through a simple hole in the membrane 
or a fi brous channel formed by a splitting of the 
medial intermuscular septum. In some cases, the 
presence of a fi brous tissue in the vicinity of the 
medial intermuscular septum, particularly evident 
at the level of the passage of the nerve, led to the 
coining of the term  arcade of Struthers  whose exis-
tence and description, however, remain unclear. 
Several anatomical studies on cadavers have inves-
tigated the existence of the arcade of Struthers and 
have described its anatomical variants. The great 
variability reported in some articles is largely 
dependent on the terminology used to describe this 
structure. In articles in which the presence of any 
fi brous structure between the medial triceps and 
the medial intermuscular septum has been defi ned 
as the arcade of Struthers, the prevalence of this 
arcade exceeds 80 % in cadavers [ 4 ,  5 ]. 

 In articles in which the description of the 
arcade is more adherent to the original descrip-
tion of the ligament of Struthers, the percentage 
drops to 0 % [ 7 ]. According to our clinical experi-
ence, the presence of a clear structure of a dense, 
fi brous, tendon-like membrane, stretched between 
the medial intermuscular septum and medial head 
of the triceps, is extremely rare. However, it is 
important to explore the nerve proximally, even in 
the absence of a clear ligament of Struthers, until it 
passes through the medial intermuscular septum, 
to avoid tardy neuropathies of the ulnar nerve. 

 At the level of the elbow, the ulnar nerve 
engages in the cubital tunnel, which is comprised 
proximally by the Osborne ligament (a fi brous 
structure stretched between the two heads of the 
FCU) and is formed distally by the deep fl exor/
pronator aponeurosis (approximately 5 cm distal 
to the medial epicondyle). 

 Considering the great variability of the ulnar 
nerve and its proximity to the medial epicondyle 
and the distal humerus, a cautious exploration of 
the ulnar nerve is usually recommended before 
proceeding with the treatment of the fracture. 

In  elective surgery cases, the identifi cation of the 
ulnar nerve is not particularly diffi cult. However, 
in fracture cases—especially those treated sev-
eral days after the trauma—the identifi cation of 
the ulnar nerve can be tricky because of the local 
edema and hematoma that usually infi ltrates the 
triceps. To simplify the identifi cation of the ulnar 
nerve, we recommend the application of a sterile 
tourniquet and to begin the identifi cation of the 
ulnar nerve from proximal to distal (Fig.  23.1a ,  b ).

    In extremely diffi cult cases, the identifi cation 
of the nerve is made simpler by extending the 
exploration more proximally. Once isolated, the 
ulnar nerve must be released distally in order to 
allow a complete exposure of the medial epicon-
dyle and to avoid a more distal compression. The 
exposure of the medial epicondyle is especially 
crucial for the synthesis of distal humeral fractures 
using parallel precontoured plates (Fig.  23.2 ). We 
recommend a neurolysis extending at least until 
the fi rst motor branch followed by a transposition 
into a large subcutaneous pocket. During surgery, 
great care must be taken to avoid excessive trac-
tion on the nerve. For this reason, we prefer not 
to place heavy tools to clamp the vessel loop but 
instead use a simple knot (Fig.  23.3 ).

    The postoperative management is extremely 
important to avoid tardy ulnar nerve complica-
tions. In this regard, we believe that it is impor-
tant a drain be kept in place for 24 h to prevent 
the formation of large hematomas that may com-
press the ulnar nerve. The elbow must also be 
kept in extension for 24 h, hung above the head, 
to facilitate the resolution of local edema.  

 Key Points 

 To simplify the identifi cation of the ulnar 
nerve, we recommend the application of a 
sterile tourniquet and to begin the identifi -
cation of the ulnar nerve from proximal to 
distal. 
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  Fig. 23.2    The ulnar nerve is 
isolated before placing a 
medial precontoured plate for 
the distal humerus. In this 
case, a triceps-on technique 
has been used to fi x the 
fracture       

  Fig. 23.1    ( a ) Posterior 
approach to the left elbow: the 
ulnar nerve is covered by 
abundant scar tissue. ( b ) The 
identifi cation of the nerve is 
performed from proximal to 
distal       
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23.3     Ulnar Nerve: Arthroscopic 
Surgery 

 The treatment of articular fractures of the elbow 
can be assisted by the use of arthroscopy in 
order to reduce the invasiveness of the surgical 
procedure and to obtain a better reduction. This 
can be done by following the principles that 
have led to the adoption of arthroscopic tech-
niques for the repair of fractures in the shoulder 
such as in cases of bony Bankart fractures of the 
glenoid. Differently from the shoulder, how-
ever, the risk of injuring the three major nerves 
is greater in the elbow. The ulnar nerve is at 
risk especially during placement of the antero-
medial portal. In the treatment of fractures, the 
risk is still higher than that in elective surgery 
due to the presence of edema and hematoma 
which reduces our ability to predict the position 
of the nerve. To reduce the risk of neurologi-
cal injury, we advise to always perform an open 
exploration of the ulnar nerve without violat-
ing the joint capsule (so as not to lose the fl uid 
pressure essential for proper arthroscopic visu-
alization). The exploration of the ulnar nerve 
is also essential because a modest instability of 
the ulnar nerve at the level of the cubital tunnel 
is not uncommon—a factor that signifi cantly 
increases the risk of iatrogenic nerve injury 
(Fig.  23.4a–c ).

23.4        Radial Nerve: Open Surgery 

 The radial nerve has a course that puts it at high 
risk of iatrogenic damage in both fractures of 
the distal humerus and fractures of the radial 
head. The orthopedic surgeon’s main diffi culty 
is to correctly predict the position of the radial 
nerve with respect to the fracture line in order 
to ascertain during the preoperative planning 
stage if it will be necessary to isolate the radial 
nerve. 

 The importance of correct preoperative plan-
ning for the fi xation of fractures of the proximal 
humerus is not to be underestimated. The knowl-
edge, in advance, of the need to isolate the radial 
nerve has some advantages including (a) mental 
preparation of the surgeon, (b) a more accurate 
prediction of the length of the intervention and 
better management of the tourniquet, and (c) 
the ability to foresee the use of sterile tourni-
quet in cases of fractures with a more proximal 
extension. 

 The radial nerve arises, along with the axillary 
nerve, from the posterior cord of the brachial 
plexus. It runs posteromedially in the arm and 
descends into the arm moving laterally between the 
medial and lateral heads of the triceps closely to the 
radial nerve groove of the humerus. Here, the nerve 
is at high risk during the surgical treatment of 
diaphyseal fractures of the humerus (Fig.  23.5 ).

  Fig. 23.3    A vessel loop 
without tension is placed 
around the ulnar nerve       
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  Fig. 23.4    ( a – c )    The more proximal anteromedial portals, 
during elbow arthroscopy, are at risk of damaging the 
ulnar nerve especially in cases of ulnar nerve instability 
( c   black arrow ). In this cadaver specimen, the proximal 
anteromedial portal is at the level of the ulnar nerve with a 
high potential risk of damaging the nerve       

   Moving laterally, the radial nerve pierces the 
intermuscular septum, and it runs in the ante-
rior compartment of the arm between the biceps 
brachii muscle and the brachialis muscle. 
Approximately at the level of the elbow joint, 
it divides into its two terminal branches—the 
anterior and posterior interosseous nerve. The 
posterior interosseous nerve passes adjacent to 
the joint capsule at the level of the radial head. 

In this area, it is consistently located at the level 
of the middle aspect of the radial head. This 
site is of particular clinical importance because 
here the radial nerve is at risk in surgical pro-
cedures involving the removal of the joint cap-
sule for stiff elbow. The posterior interosseous 
nerve passes from the anterior compartment to 
the posterior compartment of the forearm in the 
deep part of the supinator muscle adjacent to 
the proximal radius. The entrance of this chan-
nel is known as the arcade of Frohse. At this 
level, the posterior interosseous nerve is at 
risk of injury in surgery of the proximal radius 
(Fig.  23.6 ).

   A prerequisite to the successful execution of 
preoperative planning is the knowledge of the 
path of the radial nerve in particular in relation to 
the lateral epicondyle (for fractures of the distal 
humerus) and radiohumeral joint (for fractures of 
the radial head). 

 The study of Kaminemi et al. [ 8 ] has dem-
onstrated the importance of the intercondylar 
distance as a reliable measurement to predict 
the position of the radial nerve. This distance 
describes a secure area where we can manage the 
fracture of the distal humerus in relative safety. 
Increasing this measure by 40 %, we closely 
approach the radial nerve in its passage from the 
anterior to the posterior compartment of the arm. 
We commonly use this measure during preop-
erative planning to estimate the risk of damaging 
the radial nerve during repair of distal humeral 
fractures and thus know when it is necessary to 
explore the radial nerve posteriorly. This infor-
mation is extremely important when an ana-
tomical precontoured lateral plate is used for the 
fi xation of the lateral column of a distal humeral 
fracture (Video  23.1 ). 

 Distal to the elbow, the radial nerve and its 
major branch, the posterior interosseous nerve, 
are at risk in different surgical procedures such as 
radial head replacement, fi xation of radial head 
fractures, and reinsertion of the distal head of the 
biceps (Fig.  23.6 ). 

 The posterior interosseous nerve is in fact at 
risk both because of the close relationship 
between the nerve and the proximal radius and 
for the relative rarity with which orthopedic 
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 surgeons operate in this area. There are essen-
tially two mechanisms of injury of the posterior 
interosseous nerve: (a) direct injury and (b) com-
pression by retractors. In our experience, the sec-
ond cause is far more frequent (Fig.  23.6 ). The 
placement of a retractor anterior to the radial 
diaphysis is very risky if it is not done with cau-
tion since the nerve passes close to the shaft and 
can be easily compressed by a retractor posi-
tioned incorrectly. The risk of a retractor damag-
ing the posterior interosseous nerve is affected by 
the degree of pronation and supination of the 
forearm. The posterior interosseous nerve in fact 
changes position relative to the radial shaft dur-
ing pronation-supination. 

 Forearm pronation tends to move the radial 
nerve more distally, while supination moves it 
more proximally. Based on the degree of  pronation 
and supination, the radial nerve can therefore be, 

in theory, moved proximally or distally,  making 
it more or less safe during the surgical procedure. 
However, this theory has been partially negated 
by recent studies of the anatomy of the posterior 
interosseous nerve where it appeared that prona-
tion and supination change the orientation of the 
nerve without affecting its position relative to the 
articular surface [ 9 ]. 

 As we have seen for fractures of the distal 
humerus, even in elbow surgery cases involving 
the proximal radius, preoperative planning is 
extremely important to prevent damage to the 
radial nerve. 

 What is important to know is the safety dis-
tance at which the nerve is located, with respect 
to the articular surface, in order to know whether 
it will be necessary to isolate and protect the 
 posterior interosseous nerve during surgery. 
A study of Lawton et al. pointed out that the 

a b

  Fig. 23.5    Identifi cation    of the radial nerve through a posterior approach to the humerus to treat a fracture of the 
diaphysis       

 

D. Blonna



267

 average distance from the radiocapitellar joint to 
the posterior interosseous nerve was 4.6 cm with 
a minimum distance of 4 cm and limited nerve 
distal translation in pronation [ 9 ].  

23.5     Radial Nerve: Arthroscopic 
Surgery 

 At the level of the elbow joint, the radial nerve is 
constantly in contact with the anterior joint cap-
sule and crosses the joint at the level of the mid-
dle aspect of the radial head. This localization is 
very reproducible (Shawn O’Driscoll, personal 
communication) and exposes the radial nerve 
to iatrogenic injury during anterolateral access 
to the elbow. Three anterolateral arthroscopic 
portals have been described that can compro-
mise the radial nerve in this area: the anterolat-
eral portal, the proximal anterolateral portal, 

and the  accessory proximal anterolateral portal. 
Although    all three portals allow you to reach the 
joint cavity, the more proximal portals are likely 
to be safer because they are further from the path 
of the radial nerve (Fig.  23.7 ). For this reason, we 
recommend to those who favor the arthroscopic 
fi xation technique to use a more proximal antero-
lateral portal.

a

c d

b

  Fig. 23.6    The lateral approach to the proximal radius is 
at risk of damaging the posterior interosseous nerve ( a ). In 
this specimen, the Hohmann retractor is placed  erroneously 
into the supinator muscle instead of in tight contact with 
the radius ( b ). By enlarging the approach ( c ), it is clear 

that the retractor is placed over the  posterior  interosseous 
nerve with an extremely high risk of  neurological defi cit 
after surgery. Four centimeters  distally to the radiohum-
eral joint is generally considered a safe area in order to 
avoid damaging the posterior interosseous nerve ( d )       

 Key Points 

•     Importance of preoperative planning.  
•   Intercondylar distance as a safe 

distance.  
•   Use proximal anterolateral portals for 

elbow arthroscopy.  
•   Do not rely on pronation and supination 

of the forearm to move the radial nerve 
away from iatrogenic injury.    
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24.1            Introduction 

 Many surgical approaches have been described 
in    the treatment of distal humerus fractures. 
Especially based on fracture patterns and sur-
geon’s preference, the lateral, posterior, medial, 
and anterior approaches have been proposed. 
Of all the approaches described, only some are 
diffusely used in clinical practice: olecranon 
osteotomy, triceps-on (or triceps-preserving), 
triceps-splitting,    triceps-refl ecting anconeus 
pedicle (TRAP), Bryan-Morrey, and Kocher and 
Hotchkiss approaches and posterolateral exten-
sile exposure. Each of these approaches presents 
inherent advantages in specifi c cases of trauma 
reconstruction, but no single approach can be 
considered optimal for the treatment of all the 
different patterns of distal humerus fractures. In 
fact, the complexity of different types of fractures 
along with the necessity to manage the exten-
sor mechanism, to avoid neurovascular injuries, 
instability, and triceps weakness, requires to 
adapt the surgical exposure to the type of fracture. 

 The strategic choice of the surgical exposure 
is certainly the fi rst basic step to obtain good 
functional results and minimize complications. 

 The choice of the surgical exposure requires 
an accurate comprehension of the lesion pattern, 
and it should be evaluated case by case;  general 
factors , common to all the distal humerus frac-
tures, along with  specifi c elements  of each case 
must be evaluated to choose the right approach. 
Also the possible intraoperative decision to have 
to convert surgery from ORIF to replacement can 
infl uence the choice of the approach. 

 The  general elements  that need to be consid-
ered in distal humerus exposure are:
•    Obtaining an optimal visualization of all 

structures that require to be fi xed (bone and 
soft tissues)  

•   Extending the exposure if required  
•   Minimizing the risk of injury of the neurovas-

cular structures  
•   Preserving stability or allowing a strong repair 

if the ligaments are broken to allow early 
mobilization  

•   Handling the triceps in the best possible way 
in order to start an early rehabilitation    
  Specifi c patient’s elements  that need to be 

carefully considered for the choice of the expo-
sure are:
•    Osteopenia, age, and preexisting arthritis: In 

case of not fi xable fracture in old and low- 
demand patients or in the presence of preexist-
ing arthritis, a prosthesis has to be considered.  
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•   Associated lesions: It is possible to take 
advantage of associated lesions (osseous, 
 ligamentous, muscular) exploiting the bro-
ken structures as “windows” for the exposure 
and limiting the dissection of other healthy 
tissues.  

•   Previous surgical scars or skin lesions: The 
course of previous incisions should be fol-
lowed whenever it is possible; conversely, 
skin lesions should be avoided modifying the 
line of the incision. In cases of severe skin 

lesions, the assistance of a plastic surgeon can 
be helpful to perform cutaneous or musculo-
cutaneous fl aps.    
 For practical purposes, to guide the best pos-

sible choice of the approach, it is possible to 
divide the distal humerus fractures in two main 
types: those requiring exposure of only one col-
umn, medial or lateral (A1, B1, B2, most of B3 
types of the AO/OTA classifi cation [ 1 ]) 
(Fig.  24.1 ), and those requiring both column 
exposures (A2, A3, C1, C2, C3) (Fig.  24.2 ).

  Fig. 24.1    Indications for surgical approaches based on fracture patterns       
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24.2         Lateral and Medial 
Approaches 

 In trauma reconstruction, a medial paratricipital 
approach, described by Hotchkiss [ 2 ], is indi-
cated for the medial epicondyle fractures (A1.2) 
or the rare medial monocondylic fractures (B2) 
and the very rare isolated trochlear fractures 
(B3.2). Similarly, a Kocher approach with its 
variations (more or less extended proximally or 
distally) [ 2 ,  3 ] can be ideal to treat the lateral epi-
condylar fractures (A1.1), the lateral monocon-
dylic fractures (B1), or the isolated capitellar 
fractures (B3.1, corresponding to the type I of the 
Dubberley classifi cation [ 4 ]). 

 An extensile posterolateral exposure [ 2 ], fea-
sible through a posterolateral skin incision, is 
indicated for capitellar and trochlear fractures 
(B3.3 type II of the Dubberley classifi cation). 

 For the rare coronal plane fractures of the dis-
tal humerus involving not only the capitellum but 
also the posterior trochlea and the medial epicon-
dyle (type of fracture not included in AO/OTA 
classifi cation, corresponding to type 3B of the 
Dubberley classifi cation [ 4 ] or to type 5 of the 
Ring classifi cation [ 5 ]), the exposure of both col-
umns is necessary, and therefore an olecranon 
osteotomy is the recommended approach. The 
indications for lateral and medial approaches are 
summarized in Fig.  24.1 . 

  Fig. 24.2    Indications for posterior approaches based on fracture patterns       
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 With both the lateral and medial approaches, 
there is a risk of injuring the antebrachial cutane-
ous nerve (lying between derma and fascia); 
therefore, a careful dissection with a full- 
thickness fasciocutaneous fl ap is recommended. 
As an alternative, a posterior skin incision is per-
formed developing a lateral or medial exposure 
in the deep planes. 

24.2.1     Hotchkiss Approach 

 It consists of exposing the anterior and posterior 
part of the medial column [ 2 ,  3 ] with  distal exten-
sion toward the pronator and a portion of the 
common fl exor tendon.  

24.2.1.1     Technique 
 The ulnar nerve is identifi ed and mobilized, and 
the medial supracondylar ridge is localized. 
Anteriorly, the brachialis is subperiosteally ele-
vated from the anterior aspect of the humerus, 
and posteriorly the triceps is elevated from its 
posterior insertion. Distally, the approach is 
extended between pronator teres and fl exor carpi 
radialis or between fl exor carpi radialis and fl exor 
carpi ulnaris (FCU). It is important to preserve 
the anterior band of the medial collateral liga-
ment lying beneath the FCU.   

24.2.2     Kocher Approach 

  In distal humerus fracture, the      Kocher approach  
commonly used is the extensile variation [ 3 ] with 
exposure of the anterior and posterior part of lat-
eral column (as described in lateral column pro-
cedure [ 6 ]), the lateral condyle, and the radial 
head as far as needed, preserving the LCL. 

24.2.2.1     Technique 
 Anteriorly, the insertion of the brachioradialis, 
extensor carpi radialis longus, and brachialis is 
elevated from the lateral column; the triceps is 
elevated from its insertion on the posterior col-
umn. Proximally, the radial nerve is encountered 
approximately 8–10 cm above the lateral epicon-
dyle as it crosses the lateral intermuscular septum. 

 Distally, the approach is extended in the 
Kocher interval between anconeus and extensor 
carpi ulnaris. It is important to preserve the lat-
eral ulnar collateral ligament (LUCL) lying pos-
terior to the equator of the capitellum and of the 
radial head.   

24.2.3     Extensile Posterolateral 
Exposure 

 This exposure is an extension of the Kocher 
approach and allows to expose the anterior and 
posterior part of the capitellum and the anterior 
part of the trochlea through a dislocating maneu-
ver of the elbow [ 2 ]. 

24.2.3.1     Technique 
 The exposure consists proximally of a lateral col-
umn procedure with release of the triceps from 
the posterior column, of the common extensor 
tendons, of the capsule, and of the lateral collat-
eral ligament (if not yet detached by the fracture) 
from their humeral insertion. Distally, the 
approach consists of a Kocher approach. 
Applying a varus, fl exion, and supination force, a 
subluxation maneuver is achieved, allowing a 
wide exposure of the anterior articular distal 
humerus surface.    

24.3     Anterior Approach 

 The anterior approach is not usually required in 
the treatment of distal humerus fracture, even if it 
has been suggested to fi x capitellar and trochlear 
fractures. This approach in our experience is not 
recommended in view of both the vicinity of neu-
rovascular structures and the diffi culties to obtain 
an accurate reduction of the fragments.  

24.4     Posterior Approaches 

 In distal humerus fractures, the exposure is poste-
rior in the great majority of cases because of its 
great versatility. This approach permits to reach 
not only the posterior but also the medial, lateral, 
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and (albeit to a lesser extent) anterior part of the 
joint, and every type of distal humerus fracture 
can be treated with a posterior skin incision. “The 
front door to the elbow is at the back” is the 
famous sentence by Shawn O’Driscoll [ 7 ]. 
Precisely for its maximal versatility, the extensile 
posterior cutaneous incision has also been named 
the “universal approach.” 

 Independently of the technique used to man-
age the triceps, the posterior approaches present 
some elements in common:
•     Patient’s position : Usually, a lateral decubi-

tus with the arm supported over a bolster is 
preferred. Alternatively, a supine position 
with a bolster under the ipsilateral scapula 
and the arm crossing the chest with the 
humerus in a vertical position can be used. 
The choice between the two positions is 
essentially based on the surgeon’s prefer-
ence; however, the lateral decubitus allowing 
full elbow fl exion can maximize the exposure 
of the articular surface.  

•    A pneumatic tourniquet  during the ulnar nerve 
isolation and exposure/fi xation of the frag-
ments is helpful.  

•    Skin incision:  A posterior midline straight 
incision just medial or lateral to the tip of the 
olecranon is performed. For most distal 
humeral fractures, a skin incision about 15 cm 
long is performed, but it can vary based on the 
proximal and distal extension of the fracture. 

•  The incision is carried down to the level of the 
deep fascia and triceps tendon, achieving two 
full-thickness fasciocutaneous fl aps.  

•    Ulnar nerve:  In the treatment of distal 
humerus fractures involving the medial col-
umn, the ulnar nerve requires to be always 
identifi ed and dissected free throughout the 
cubital tunnel to its fi rst motor branch, and—
in our practice—it is always anteriorly trans-
posed to protect it during the procedure and to 
prevent contact with the plate.  

•    Radial nerve:  A proximal posterolateral 
extension over 10 cm requires to isolate the 
radial nerve.  

•    Reconstruction surgery : Independently of the 
triceps management, a careful reconstruc-
tion of the extensor mechanism is mandatory 

to avoid complications and to allow a rapid 
rehabilitation.    
 On the contrary, the posterior approaches differ 

in the way used to face the extensor mechanism. 
Based on the technique used to move the triceps 
off, the selective posterior approaches for distal 
humerus fi xation can be classifi ed in olecranon 
osteotomy, triceps splitting, Bryan-Morrey expo-
sure, triceps on (or triceps preserving), and TRAP. 

 Olecranon osteotomy approach offers the 
maximum exposure, and therefore it is the expo-
sure to be preferred in case of complex but fi x-
able distal humerus fractures. 

 The triceps-on approach, allowing to maintain 
the triceps integrity, is recommended for fi xation 
of extra-articular fractures (A2–A3 types of the 
AO/OTA classifi cation [ 1 ]) to manage a not fi x-
able fracture with a linked total elbow arthro-
plasty. In case of surgical diffi culties, the triceps 
on can be converted in TRAP approach obtaining 
a greater articular exposure. 

 In case of open distal humerus fractures, it 
is possible to take advantage from the triceps 
muscle rupture to perform the triceps-splitting 
approach; however, because of the limited expo-
sure of the joint, this approach is not indicated    to 
treat the more complex distal humeral fractures. 

 TRAP and Bryan-Morrey approaches are 
especially indicated when the decision to proceed 
with internal fi xation or arthroplasty needs to be 
taken intraoperatively. 

 We prefer to use the TRAP rather than the 
Bryan-Morrey approach for its better exposure of 
the lateral column permitting an easier placement 
of the plates with parallel confi guration. The 
indications for each posterior approach are sum-
marized in Fig.  24.2 . 

24.4.1     Olecranon Osteotomy 

 It is certainly the most frequently used approach, 
as it provides the widest exposure of the articular 
surface of the distal humerus. 

 This approach is however associated with pos-
sible complications as delayed union, nonunion, 
malunion, prominent hardware, intra-articular 
adhesions, and arthritis. 
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 Moreover, if a total elbow arthroplasty (TEA) 
is considered in face of a fracture not certainly 
reconstructible, the olecranon osteotomy is 
contraindicated. 

24.4.1.1     Technique 
 The ulnar nerve is identifi ed along the medial 
border of the triceps, dissected at least 6 cm prox-
imally and distally, and anteriorly transposed at 
the end of the procedure.    Once the greater sig-
moid notch is exposed medially and laterally to 
clearly visualize the bare area (the nonarticular 
portion between the olecranon articular facet and 
the coronoid articular facet), an apex-distal 
chevron- shaped osteotomy is performed at that 
level, initially using an oscillating saw and com-
pleting the procedure with an osteotome. The 
osteotomized proximal fragment is refl ected 
proximally, exposing the medial and lateral col-
umns and all the posterior articular part. With 
elbow hyperfl exion, also a part of the anterior 
distal humerus can be exposed. 

 Athwal et al. [ 8 ] suggested a modifi cation of 
the technique to preserve the anconeus muscle 
innervation, because the anconeus branch of the 
radial nerve comes from the lateral triceps mus-
cle. This exposure, called “anconeus fl ap tran-
solecranon approach,” consists of combining the 
olecranon osteotomy with a proximally based 
anconeus fl ap, leaving the anconeus in continuity 
with the triceps muscle. 

 The anconeus is in fact a dynamic stabilizer 
of the elbow, and as it provides a vascular sup-
ply to the proximal fragment of the olecranon, it 
can play a role in reducing the risk of olecranon 
nonunion.   

24.4.2     Triceps Splitting 

 The technique was originally described by 
Campbell [ 9 ]. This approach, consisting of a lon-
gitudinal splitting of triceps muscle and tendon to 
expose the distal humerus, is relatively easy to per-
form and allows a good exposure of the two col-
umns and of the posterior part of the distal humerus 
articular surface. In patients with open intra- 
articular distal humeral fractures, the shaft of the 

humerus typically ruptures through the triceps 
muscle; this defect can be incorporated into a tri-
ceps-splitting approach [ 10 ]. The limited exposure 
of the joint makes this approach not indicated to 
treat the more complex distal humeral fractures. 

24.4.2.1     Technique 
 A midline incision is performed through the tri-
ceps, fascia, and tendon and is continued distally 
across the insertion of the triceps tendon at the tip 
of the olecranon and down the subcutaneous crest 
of the ulna. 

 The ulnar nerve is identifi ed and protected 
during the following time of triceps retraction. 

 The triceps muscle and its tendon are splitted, 
and two full-thickness fl aps are created, leaving 
the extensor mechanism in continuity with the 
forearm fascia and muscle medially and laterally; 
the triceps insertion on the ulna is carefully sub-
periosteally refl ected, laterally with the anconeus 
and medially with the fl exor carpi ulnaris, expos-
ing the olecranon. 

 It is possible to detach the triceps insertion by 
elevating osteoperiosteal fl aps with a sharp osteo-
tome from the olecranon as proposed by 
Gschwend [ 11 ]. 

 In distal humerus fi xation, attention must be 
paid not to detach the collateral ligaments; 
instead, they need to be released to allow the nec-
essary elbow dislocation to implant a total elbow 
prosthesis. 

 Careful reconstructive surgery with transosse-
ous suture on the olecranon of the triceps inser-
tion is recommended because triceps detachment 
can occur, with olecranon buttonholing through 
the detached split triceps.   

24.4.3     Triceps Refl ecting 
or Bryan-Morrey 

 This approach permits to expose the posterior 
part of the distal humerus preserving the integrity 
of the extensor mechanism that is refl ected from 
medial to lateral .  Although this exposure has 
been described for total elbow arthroplasty [ 12 ] ,  
it can also be used for relatively not complex 
fractures of the distal humerus. Without  detaching 
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the collateral ligaments, it is possible with this 
approach to obtain an optimal exposure of the 
medial column; more diffi culties can be encoun-
tered in fi xing a fracture of the lateral column 
with proximal extension. 

24.4.3.1     Technique 
 The ulnar nerve is identifi ed, extensively iso-
lated, and anteriorly transposed at the end of 
the procedure. The medial aspect of the triceps 
is proximally elevated from the humerus, and 
the posterior capsule is incised; more distally, 
Sharpey’s fi bers of the triceps attachment are 
sharply dissected from the proximal ulna. It is 
also possible to release the triceps with its osse-
ous attachment as a thin wafer of bone [ 13 ]. With 
the elbow fl exed 20–30° to relieve the tension on 
the extensor mechanism, it is entirely refl ected 
over the lateral epicondyle. 

 In fracture fi xation, careful attention must be 
paid not to detach the collateral ligaments from 
their humeral origins: in this way, mostly the 
medial column is exposed. 

 Instead, if a prosthesis is planned, the tech-
nique requires the surgical release of the collat-
eral ligaments to allow elbow dislocation and to 
provide visualization of all the elbow joint. 

 A careful reinsertion of the extensor mecha-
nism with heavy nonabsorbable sutures placed 
through crossed holes in the ulna is mandatory.   

24.4.4     Triceps-On or Triceps- 
Preserving or Paratricipital 
Approach 

 This approach has been ideated in order to 
maintain the triceps integrity with visualiza-
tion through medial and lateral windows, leav-
ing the triceps insertion on the olecranon intact 
[ 14 ]. This provides an adequate exposure to treat 
extra- articular or simple intra-articular fractures; 
in case of diffi culty due to an unexpectedly com-
plex intra-articular fracture, this approach can be 
easily converted into a TRAP or a transolecranon 
approach. 

 This is the recommended approach to manage 
a not fi xable fracture with a linked total elbow 

prosthesis [ 15 ]. Flexor and extensor tendons are 
released from the medial and lateral epicondylar 
regions, and the excision of the fractured con-
dyles creates a distal working space to insert the 
components. The prosthesis is implanted by 
working on either side of the triceps mechanism. 
To have a better visualization of the ulna and to 
prepare the ulnar canal, about 20 % of the medial 
attachment of the triceps needs to be released. 

24.4.4.1     Technique 
 The ulnar nerve is identifi ed and isolated to the 
arcade of Struthers proximally and to the fi rst 
motor branch in the fl exor carpi ulnaris muscle 
belly distally. In case of medial column plating at 
the end of the procedure, our preference is to per-
form an anterior transposition of the ulnar nerve. 
The medial and lateral borders of the triceps mus-
cle are elevated from their respective intermuscu-
lar septa. The lateral dissection is continued 
distally in the Kocher interval elevating the anco-
neus muscle along with the triceps and preserv-
ing its neurovascular supply. 

 The medial and lateral windows are connected 
with blunt dissection, elevating the triceps mus-
cle from the posterior aspect of the humerus.
•    Extreme fl exion can be helpful to further visu-

alize the posterior aspect of the distal part of 
the humerus.    
 Using the triceps-on approach, the reconstruc-

tive surgery at the end of the procedure is very 
limited, and a rehabilitation program can be 
started immediately.   

24.4.5     Triceps-Refl ecting Anconeus 
Pedicle (TRAP) Approach 

 This approach consists in detaching the triceps- 
anconeus unit from their ulnar and proximal 
humeral insertion with proximal refl ection to 
expose the distal humerus.    This exposure has 
been described by Shawn O’Driscoll [ 7 ], and 
although it does not allow an exposure as wide 
as that obtained with olecranon osteotomy, it is 
the approach suggested by O’Driscoll in many 
cases of distal intra-articular humeral fracture 
[ 7 ]. We can strongly support the author’s  opinion 
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that this approach is easier to perform than it 
is imaginable by reading the description of the 
technique, and in our experience it is an effec-
tive elbow exposure in many situations both in 
trauma reconstruction and in replacement. This 
is our preferred approach when the decision to 
proceed with internal fi xation or arthroplasty 
(distal humeral hemiarthroplasty, DHH, or total 
elbow arthroplasty, TEA) needs to be taken 
intraoperatively. 

24.4.5.1     Technique 
 The ulnar nerve is identifi ed, isolated, and usu-
ally anteriorly transposed at the end of the pro-
cedure. Laterally, a modifi ed Kocher approach 
is performed. Opening the interval between the 
anconeus and the extensor carpi ulnaris, the 
anconeus is elevated subperiosteally off the ulna 
and the capsule. More proximally, the triceps is 
released from the lateral supracondylar ridge of 
the humerus. Medially, an exposure similar to the 
Bryan-Morrey approach is performed, with the 
triceps elevated from the medial supracondylar 
ridge and from the proximal ulna. More distally, 
the medial release of the anconeus from the ulna 
is connected with the previously performed lat-
eral dissection. The triceps and anconeus are 
refl ected proximally as a unique structure in an 
apex-distal V-shaped fl ap to expose the distal 
humerus. On both sides of the elbow, attention 
must be paid to preserve the lateral collateral 
ligaments. 

 In two studies performed on cadaver elbows, 
the distal articular surface exposure of different 
approaches has been calculated [ 16 ,  17 ]. It has 
been observed in both studies that the percentage 
of articular surface visible with a triceps splitting 
was about 35 % and with olecranon osteotomy 
about 55 %. The Bryan-Morrey approach allows 
to expose 46 % [ 16 ] and triceps on 26 % [ 17 ]. 

 These studies indicate that all four tested 
approaches (olecranon osteotomy, Bryan- Morrey, 
triceps splitting, and triceps on) can provide good 
exposure to the medial and lateral columns; the 
olecranon osteotomy provides the greatest expo-
sure of the distal humeral articular surface but 
leaves a substantial part of the anterior articular 
surface unvisualized (more than 40 %) [ 17 ], and 
the other three approaches ( triceps on, splitting, 

Bryan-Morrey) provide even poorer exposure to 
the trochlear articular surface and almost no visu-
alization of the capitellum [ 17 ].    

24.5     Discussion and Conclusion 

 Controversy still exists regarding which is 
the best approach in optimizing fi xation and 
minimizing complications for distal humerus 
fracture. However, even with limits and gen-
eralizations, it is possible to indicate that eight 
approaches can be effectively used to treat the 
different patterns of distal humerus fractures, 
each with specifi c indications and particular 
limits. In no other joint, so many exposures for 
trauma reconstruction have been described and 
should be known. 

 Certainly, the personal preference of the sur-
geon can be important in choosing the exposure, 
even if we think that the surgeon should adapt the 
exposure as much as possible to the type of frac-
ture. This means that the surgeon should have a 
deep knowledge of the elbow anatomy and of the 
fracture patterns (a preoperative CT scan study 
with reconstruction is often recommended). 

 We can conclude that the correct choice of the 
approach is the fi rst basic step to obtain good 
functional results and minimize complications. 

 The strategic choice of the approach should be 
mainly based on:
    1.    Obtaining  adequate exposure,  allowing the 

best management of all the potential surgical 
diffi culties. 
 A  posterior cutaneous incision, named the 
“universal approach”  for its maximal versatil-
ity,  permits to treat every type of distal 
humerus fracture. For this reason in trauma 
reconstruction , the approach is posterior in the 
great majority of cases. M ore rarely, a lateral 
or medial skin incision, or sometimes both of 
them, is performed.  
 Olecranon osteotomy can be considered the 
gold standard in elbow trauma for the treat-
ment of complex intra-articular fractures of 
the distal humerus. However, in elderly and 
low-demand patients with severe comminu-
tion, if the decision can be to replace the frac-
tured distal humerus with a linked total elbow 
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prosthesis, the recommended approach is the 
triceps on. In fact, excision of the fractured 
condyles creates a distal working space that 
permits to preserve the entire extensor mecha-
nism decreasing time in surgery and triceps- 
related complications and enhancing rapid 
restoration of elbow strength and motion. 
 For the exposure, it is also important to 
remember to try to take advantage from pos-
sible associated lesions whenever possible. If 
there are an open fracture and a triceps defect, 
a triceps-splitting approach should be consid-
ered; if there is an olecranon fracture, it can be 
used instead of an osteotomy; if in a coronal 
shear fracture there is a lesion of the lateral 
collateral ligament or a fracture of the lateral 
column, these injuries can be exploited to 
facilitate dislocation through an extensile pos-
terolateral exposure.   

   2.     Versatility  with possibility of extensile option 
and possible conversion from ORIF to replace-
ment if necessary. It is useful to remember that 
the TRAP or Bryan-Morrey approach is espe-
cially attractive when the decision to proceed 
with internal fi xation or arthroplasty (DHH or 
TEA) needs to be taken intraoperatively.     
 We think that the algorithm proposed 

(Figs.  24.1  and  24.2 ) can help the surgeon in 
deciding among many different approaches, 
guiding the choice to the more appropriate expo-
sure for the specifi c pattern of fracture. 

 In conclusion, we want to highlight the impor-
tance of reconstructive surgery. We need to 
remember that the initial and the fi nal steps of 
exposure and reconstruction should be consid-
ered as important as the fi xation in obtaining 
good results and minimizing the complications in 
elbow trauma surgery.     
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           Fractures of the distal humerus are common and 
are increasing in frequency as the average age of 
our population increases. 

 Nonoperative management  is rarely indicated 
and reserved for undisplaced fractures, for 
patients for whom anesthesia is deemed to pose 
too high of a risk, and for patients not mentally fi t 
for surgery. Nonoperative treatment commonly 
results in poor outcomes due to nonunion, mal-
union, and joint stiffness [ 1 – 4 ]. 

 The alternative to conservative treatment is 
surgery with reduction and fi xation using plates 
or wires. Early reports on open reduction and 
internal fi xation (ORIF), however, were unsatis-
factory because the plates were bulky, diffi cult to 
contour, and rarely able to provide good distal 
fi xation [ 5 ,  6 ]. On the other hand, other tech-
niques, such as Kirschner wire  fi xation, did not 
provide adequate stability to treat bicolumnar 
distal humeral fractures [ 7 ,  8 ]. 

 Modern operative fi xation techniques and 
systems have progressively led to good results. 

Robinson [ 3 ] compared 273 surgically treated 
patients with 47 nonoperatively treated patients 
and stated that the latter were almost six times 
more likely to experience a nonunion. In the 
study performed by Srinivasan [ 9 ] of 29 frac-
tures that occurred in patients over the age of 
75, good to excellent results were seen in 57 % 
of the patients treated with ORIF and in 25 % 
of the patients treated nonoperatively. 
Conversely, poor results were seen in 10 % of 
the patients treated operatively and in 37.5 % 
of the patients treated conservatively. Zagorski 
[ 10 ] compared 29 patients treated with ORIF. 
Thirteen of these 29 were treated conserva-
tively, and authors observed excellent or good 
results in 76 % of the patients of the fi rst group 
versus observing satisfactory results only in 
8 % of the second group of patients. A pooled 
analysis of these last two studies showed that 
patients treated conservatively experience 
three times the risk of having unacceptable 
result [ 11 ].  

 25      Principles of Fixation for Distal 
Humerus Fractures 

           Davide         Blonna      and     Enrico         Bellato    

 Key Point 

 Surgical treatment is indicated in the major-
ity of cases since it provides better out-
comes compared to conservative treatment. 
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25.1     Which Type of Fixation? 

 Fixation of distal humeral fractures has evolved 
from the use of Kirschner wires and lag screws to 
modern double-plate fi xation resulting in a dra-
matic improvement in outcomes. 

 Ulusal [ 12 ] compared the results of three dif-
ferent surgical techniques: double plates (seven 
patients), multiple Kirschner wires (eight patients), 
and multiple screws (seven patients); the mean 
   Mayo Elbow Performance Scores (MEPS) were 
88, 55, and 72, respectively, and the authors con-
cluded that ORIF with double plates was superior. 
Papaioannou [ 13 ] reported the results achieved 
by two groups of patients, one treated with mini-
mal osseous reconstruction (screw and pins) and 
the other with double plates; the risk of poor out-
comes was three times higher after the fi rst treat-
ment ( p  < 0.01). Screw reconstruction and fracture 
fi xation by pins resulted in a high percentage of 
implant failures in Södergard’s study [ 14 ]. 

 These and other studies have led to the conclu-
sion that plate fi xation is the procedure of choice 
in the adult population, while Kirschner wire 
fi xation remains the treatment of choice for pedi-
atric supracondylar fractures [ 15 – 17 ].   

25.2     Which Type of Plates? 

 Distal humeral fracture fi xation can be achieved 
basically with three types of plates: (1) 3.5 mm 
straight standard plates that are intraoperatively 
contoured, (2) perpendicular precontoured 
plates  (Fig.  25.1 ), and (3) parallel precontoured 
plates  (Fig.  25.2 ). The plates moreover can be 
placed with or without the locking screw 
principle.

    The use of one-third tubular plates  is not rec-
ommended because they are too weak and prone 
to breakage, particularly in cases of metaphyseal 
comminution [ 18 – 20 ]. 

 Different authors advocate the use of locking 
compression plates  (LCPs) because they are more 
reliable in humeri with decreased bone quality or 
in the presence of a metaphyseal  comminution 
and because they are based on the principle of an 
internal fi xator [ 21 ]. However, even though they 
have been proven to achieve better fi xation and 
outcomes when used for other types of fractures, 
the use of locking plates for distal humeral frac-
tures is debated. There is a lack of evidence to rec-
ommend for or against the use of LCP. Schuster 
[ 22 ] used cadaver specimens of different bone 
mineral densities to compare the stiffness of con-
ventional reconstruction plates, surgeon-con-
toured 3.5 mm LCPs, and precontoured distal 
humerus LCPs. Results were not signifi cantly dif-
ferent between the three groups even though the 
failure rate was lower in the precontoured distal 
humerus plate group. In particular, there was no 
statistical difference between LCPs and conven-
tional reconstruction plates, but the author con-
cluded that, in case of low bone density, LCPs 
should be chosen over other hardware. Korner 
[ 23 ] showed no difference in stiffness between 
LCPs and non-locking conventional reconstruc-
tion plates placed in a perpendicular confi gura-
tion. Reising [ 24 ] and Greiner [ 25 ] reported good 
results, but the evidence level of their studies is 
type IV. Other authors prefer not using LCP to pre-
vent the problem of incorrect screw positioning 
due to the fi xed angles of the hardware [ 26 ,  27 ]. 

 Quite recently, implant manufacturers have 
started producing specially precontoured dis-
tal humeral plates. Despite being more costly, 
these plates are preferable since they may reduce 
the duration of surgery and since their fracture- 
specifi c screw patterns allow high-density screw 
placement into the distal humeral articular seg-
ment [ 22 ,  24 ,  28 ]. Low distal humerus fractures 
with articular comminution seem to be best 
treated with  precontoured plates [ 29 ]. Athwal 
[ 28 ] reported the results of 32 patients affected 
by AO C-type fractures treated with precon-
toured non-locking plates. He stated that a 
high rate of union with good  outcomes can be 
expected but was also concerned about the high 
rate of complications (a total of 24 complica-
tions occurred in 17 patients, including nerve 
injuries, wound problems, and intra- articular 
screw penetration). Celli [ 30 ] reported  excellent 

 Key Point 

 Plate fi xation is the procedure of choice in 
the adult population, while Kirschner wire 
fi xation is the treatment of choice in pediat-
ric supracondylar fractures. 
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a b

c d

  Fig. 25.1    Two precontoured    anatomic perpendicular 
plates are used to fi x a distal humeral fracture. In this case, 
the use of perpendicular plates can be indicated since the 
fracture does not affect the articular surface. 

( a ,  b ) Preoperative x-rays, showing displaced  distal 
humeral fracture; ( c ,  d ) Postoperative x-rays showing ana-
tomical reduction and plate fi xation       

and good results achieved in 16 patients and 
 unsatisfactory results in 2, but the study was a 
 retrospective, multi- surgeon series with a rela-
tively short follow-up period. Theivendran [ 31 ] 

reported good  functional results and a high union 
rate but pointed out that screw extraction can be 
diffi cult when the implant is removed. Contrary 
to this, Koonce [ 32 ] stated that perpendicular 
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 conventional reconstruction plate constructs pro-
vided similar stiffness and load to failure prop-
erties to precontoured locking plate systems 
regardless of plate confi guration. 

 Finally, plate length is also important: plates 
should end at different levels proximally to avoid 
the formation of a stress riser in the humeral 
diaphysis [ 26 ].   

a b

c d

  Fig. 25.2    Two precontoured anatomic parallel plates are 
used to fi x this distal humeral fracture affecting the articu-
lar surface of the humerus. Using these plates, fractures 
with comminution of the articular surface can be success-

fully treated. ( a ,  b ) Preoperative x-rays, showing  displaced  
distal humeral fracture with comminution of the articular 
surface; ( c ,  d ) Postoperative x-rays showing anatomical 
reduction and plate fi xation       
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25.3     How Many Plates? 

 It is now widely accepted that good fi xation 
requires two plates, either parallel or perpendicu-
lar [ 11 ,  18 ,  33 ,  34 ]. In distal humeral fractures, 
one plate is usually not enough to guarantee good 
stability, while in other fractures (e.g., proximal 
tibia and distal femur) the introduction of LCPs 
has obviated the need for bicolumnar fi xation. 
The use of a single lateral plate should be avoided 
or limited to well-selected cases where the frac-
ture does not affect both the lateral and medial 
columns of the distal humerus. 

 Some clinical studies reported adequate fi xation 
of extra-articular distal humerus fractures using a 
single-plate technique [ 4 ,  35 ,  36 ], but some degree 
of cortical contact was present, and this probably 
infl uenced the outcome. Tejwani [ 37 ] performed a 
biomechanical study to compare the stiffness and 
the strength provided either by standard double-
plate fi xation or by  single- locking plate fi xation in 
cases of comminuted extra-articular distal humeral 
fractures. The fi rst construct was signifi cantly stiffer 
than the second in anterior bending, posterior bend-
ing, and lateral bending, while there were no signifi -
cant differences in axial compression and torsion. 

 However, different results have been recently 
reported by Meloy [ 38 ]. The authors compared the 
traditional dual-column plating with a single- 
column posterolateral small-fragment precon-
toured locking plate used as a neutralization device 
with at least fi ve screws in the short distal segment 
in fracture extra-articular cases (AO A2 and A3 
types). The two groups had similar union rates and 
alignment, but the second was characterized by a 
better range of motion with less complications. 

 A third posterolateral plate may be used to 
increase the fi xation rigidity [ 39 ,  40 ]. Some 
authors believe that it is mainly indicated for low 
transcondylar fractures and those with a coronal 
shear component, which are best stabilized using 
posterior to anterior screws [ 34 ].   

25.4     Which Plate Confi guration? 

 Three options of plate localization have been 
described:
•    Perpendicular plating  (Fig.  25.1 ): This tech-

nique evolved after a publication by Jupiter in 
1985 [ 41 ]; the posterior plate is the lateral one. 
It needs to be placed as close as possible to the 
capitulum articular surface without causing 
impingement, so that it can gain the best possi-
ble purchase of its screws in the distal fragment.  

•   Parallel plating  (Fig.  25.2 ): This concept was 
conceived because some surgeons felt that the 
orthogonal plating technique provided inade-
quate fi xation of the distal fragments and not 
enough stability between the intra-articular 
distal fragments and the humeral shaft [ 14 ,  19 , 
 42 – 44 ]. Based on these observations, the Mayo 
Clinic group proposed the idea of parallel 
 plating [ 33 ,  45 ]. The lateral plate is applied 
along the supracondylar ridge  in the sagittal 
plane and is characterized by a “J” shape to 
accommodate the anterior angulation of the 
lateral epicondyle; it needs to be placed as dis-
tal as possible to the edge of the capitulum. 
The surgeon must evaluate the elbow in full 
extension and pay attention that the plate does 
not impinge on the radial head. The medial 
plate is placed along the supracondylar ridge 
that curves around the medial epicondyle; it is 
better if distal tip of the plate lies superior to 
the most prominent portion of the medial epi-
condyle. Actually, the two plates are not per-
fectly parallel, rather they are offset dorsally 
such that the angle between them is usually 
between 150° and 160°. This allows the place-
ment of at least four long screws passing 
through the distal fragments from medial to 
lateral and vice versa [ 46 ].  

•   Triple plating : It is a combination of the two 
techniques. It is used in cases with severe com-
minution where additional fi xation is required. 
Typically, the third plate is applied along the 

 Key Point 

 Precontoured anatomic plates seem to pro-
vide better outcomes through superior bio-
mechanical properties. 

 Key Point 

 Two plates either parallel or perpendicular 
are preferred to a single-plate confi guration. 
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lateral aspect of the lateral column [ 47 ,  48 ]. 
However, it does not seem to confer greater 
stiffness and is technically diffi cult [ 34 ].    
 To date, the fi rst two plate confi gurations have 

typically been used. Historically, the treatment 
with conventional reconstruction plates in a per-
pendicular confi guration has been recommended 
by the AO group [ 49 ,  50 ]. However, this approach 
has been widely criticized—mainly because 
obtaining adequate screw purchase and length in 
a posteroanterior direction through a posterolat-
eral plate can be diffi cult (especially with 
osteopenic bone) [ 51 ]. Several studies support 
either the parallel plating technique [ 28 ,  30 ,  31 , 
 52 ,  53 ] or the orthogonal plating technique [ 24 , 
 25 ,  54 – 56 ]. 

25.4.1     Studies Supporting the 
Parallel Confi guration 

 Schemitsch [ 18 ] created a metaphyseal supracon-
dylar osteotomy to reproduce a distal humeral 
fracture in eight upper extremities from cadavers. 
He then created a gap and tested the plate recon-
struction with and without cortical contact. In the 
former confi guration, the plates provided equiva-
lent rigidity, while in the later confi guration, the 
parallel plates showed higher stiffness in axial 
compression, without any difference in ultimate 
load to failure. 

 Zalavras [ 57 ] stressed the fact that the fracture 
model used in his study was characterized by an 
extensive metaphyseal defect  for which he used, 
in contrast to previous studies, plates from a sin-
gle elbow fi xation system in order to avoid bias. 
Screw loosening  occurred in all posterior plates 
of orthogonal constructs but in none of the paral-
lel plate constructs. 

 Arnander [ 58 ] osteotomized two groups of 
artifi cial humeri. The specimens were subject to 
static loading only in the sagittal plane in an 
anteroposterior direction, and the parallel system 
had superior strength and stiffness  as compared 
to the orthogonal system. 

 Stoffel [ 59 ] tested on cadavers two elbow plat-
ing systems with locking screws (the perpendicu-
lar 3.5 mm LCP distal humerus plating system 
and the parallel Mayo Clinic Congruent elbow 

plate system). They were tested for their stiffness 
(in compression and internal/external rotation), 
plastic deformation, and failure in torsion and 
showed that the parallel construct had signifi -
cantly higher stiffness in axial compression and 
external rotation than the orthogonal construct. 
However, the different plating systems might be a 
confounding factor. 

 In Penzkofer’s biomechanical study [ 60 ], 
three different implant confi gurations on artifi cial 
humeri were compared to each other: parallel 
plating and orthogonal plating either with a pos-
teromedial plate or with a posterolateral plate. All 
three plate confi gurations provided enough 
mechanical stability to start early postoperative 
rehabilitation; the parallel confi guration achieved 
the highest bending stiffness in extension, while 
in fl exion the highest bending stiffness was pro-
vided by the construct with a posterolateral plate. 
However, the author concluded that a parallel 
plate confi guration provides the highest stability 
since extension is the most demanding load situ-
ation for the elbow.  

25.4.2     Studies Supporting the 
Perpendicular Confi guration 

 One of the fi rst studies evaluating the perpendic-
ular confi guration was carried out by Helfet [ 61 ], 
who stated that it was biomechanically optimal. 
However, he compared this construct with cross 
screws or the single “Y” plate. 

 Jacobson [ 34 ] evaluated the rigidity of fi ve 
internal fi xation constructs. There was no signifi -
cant difference in torsional stiffness of the fi ve 
constructs. The confi guration with a medial pel-
vic reconstruction plate combined with a postero-
lateral dual compression plate had signifi cantly 
greater relative bending stiffness in the sagittal 
plane than the other constructs. However, this dif-
ference could be a consequence of the stronger 
plate used in the orthogonal group and as opposed 
to the plate orientation. 

 Got [ 62 ] evaluated bone density of ten pairs 
of cadaver elbows and randomly assigned 
them to either the parallel or the perpendicular 
 confi guration group. These two constructs were 
tested in cases of comminuted intra-articular 
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fractures. He demonstrated that the two con-
structs had similar biomechanical properties, 
while the perpendicular confi guration had greater 
torsional resistance.  

25.4.3     Studies Showing No Difference 
Between the Two Options 

 Kollias [ 63 ] compared in a cadaveric study precon-
toured non-locking parallel plates versus a 90° non-
locking construct. He found a trend toward more 
stiffness of the parallel construct in anteroposterior, 
mediolateral, and torsional testing, but statistical 
signifi cance was not achieved. He concluded by 
suggesting both confi gurations but stressing that his 
results were in line with the biomechanical litera-
ture supporting the use of a parallel confi guration. 

 Schwartz [ 64 ] created a bicolumnar fracture  in 
ten artifi cial humeri: fi ve were randomly fi xed 
with parallel plates and the other fi ve were fi xed 
with orthogonal plates. Both confi gurations 
seemed to provide similar stabilization under 
physiological loads: there were no differences 
between constructs both under longitudinal strain 
(for torsion, varus/valgus or fl exion-extension) 
and under transverse strain. However, this study 
does have some limitations, e.g., the low number 
of specimens and the different plate systems 
used.  

 As we can see, all the references cited above 
are biomechanical studies . Only two clinical 
studies have been recently carried out. 

 Shin [ 51 ] described the results of 17 patients 
treated by perpendicular plating and 18 by parallel 
plating techniques. All patients were affected by 
closed intra-articular distal humerus fractures (AO 
C type) and were randomly assigned to one of the 
two groups. Different types of plates were used, 
but the material was the same (titanium). A single 
surgeon carried out all surgeries within 5 days of 

injury (except for one patient), and all patients 
 followed the same postoperative rehabilitation pro-
tocol. In the perpendicular plating group, the arc of 
fl exion averaged 106° ± 23° postoperatively (mean 
elbow fl exion of 119° ± 16° and mean extension of 
13° ± 9°), while in the parallel plating group the arc 
of fl exion averaged 112° ± 19° (mean elbow fl exion 
of 121° ± 15° and mean extension of 10° ± 8°). The 
Mayo Elbow Performance Scores (MEPS) were 
91.5 and 94.3, respectively. Bony union occurred 
at 6.3 months and at 5.4 months after surgery, 
respectively, and nonunion was observed only in 
two patients of the fi rst group. The author reported 
fi ve complications in the fi rst group and seven in 
the second one. Even though no signifi cant differ-
ences were recorded between the two groups, the 
author concluded that the two nonunions in the 
perpendicular group may suggest a more rigid fi xa-
tion provided by two parallel plates. 

 Lee [ 65 ] performed a prospective, randomized, 
comparative study including 67 patients affected 
by AO C-type intra-articular distal humerus frac-
tures randomly divided into two groups: 32 in the 
perpendicular group (using a locking compres-
sion distal humerus plate) and 35 in parallel group 
(using a precontoured anatomic plate). All sur-
geries were performed by the same surgeon, and 
all patients followed the same postoperative and 
rehabilitation protocol. The operating time, the 
time to fracture union, the presence of a step or 
gap at the articular margin, the varus/valgus angu-
lation, the functional recovery, and the complica-
tions were recorded. No articular defects >1 mm 
were detected. Bony union was achieved at a mean 
of 6.1 months in the fi rst group and 5.8 months in 
the second group, and no patients were affected 
by nonunion. The mean arc of motion at last fol-
low-up was 98° ± 20° versus 100° ± 23°, respec-
tively. The VAS, DASH, and MEP scores were 
2 ± 1.3 versus 2 ± 1.7, 25.2 ± 9.8 versus 22.9 ± 8.7, 
and 85.1 ± 28.2 versus 89.7 ± 30.1, respectively. 
Three patients in the perpendicular group and two 
patients in the parallel group experienced hetero-
topic ossifi cation: one of the latter two needed 
resection with arthrolysis and implant removal 
after 11 months. Two patients with screw loosen-
ing in the parallel group had a  secondary proce-
dure; however, fracture  stability was not affected. 
Eight patients in the perpendicular group and 13 

 Key Point 

 A parallel plate confi guration seems to pro-
vide better biomechanical properties com-
pared to a perpendicular plate confi guration. 
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in the parallel group required surgery to remove 
hardware, the main reason for which being the 
prominence of the olecranon plate or lateral plate 
in the parallel group. The author concluded that 
no signifi cant differences were found between the 
two methods with respect to clinical outcomes 
and complications. Nevertheless, the perpendicu-
lar confi guration may provide additional stability 
in cases of coronal shear fractures, while the par-
allel confi guration may provide more stability at 
the most distal portion of the humerus thanks to a 
higher number of screws.   

25.5     Authors’ Preferred Approach 

 A good outcome after surgical treatment for a 
fracture of the distal humerus is the result of the 
integration of several factors:
•    Detailed preoperative evaluation   
•   Careful management of the soft tissues  
•   Adequate visualization of the fracture  
•   Proper fi xation technique  
•   Early postoperative mobilization    

  Detailed Preoperative Evaluation.  All patients 
undergoing surgery for fractures of the distal 
humerus should be evaluated with CT scans with 
2D and 3D reconstructions (Fig.  25.3 ).

    Careful Management of the Soft Tissues.  Careful 
management of soft tissues means: (1) using full-
thickness fl aps from the skin to the fascial plane 
(Fig.  25.4 ); (2) preserving the triceps when pos-
sible, preferring the triceps-on technique (Video 
 25.1 ); and (3) maintaining the upper limb extended 
and hanging over the head for 12 h after surgery to 
facilitate the resolution of edema (Fig.  25.5 ).

     Adequate Visualization of the Fracture.  
Fixation devices with superior biomechani-
cal properties are not useful if we are not able 
to properly see the fracture and obtain an ana-
tomic reduction. This is especially important in 

a

b

c

  Fig. 25.3    Accurate preoperative planning is mandatory 
to successfully treat comminuted fractures of the distal 
humerus: 2D and 3D reconstructions should be obtained 
in all the cases. ( a ,  b ) preoperative x-rays, showing dis-
placed  distal humeral fracture with comminution of the 
articular surface. ( c ) postoperative xrays showing anatom-
ical reduction and plate fi xation       
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a b c

d e f

  Fig. 25.4    A transolecranon osteotomy used to fi x a frac-
ture with comminution of the articular surface. ( a ) 3D CT 
scan showing the comminution of the trochlea. ( b ) 
Posterior approach to the elbow with two deep fl aps that 

reach the fascia. ( c ) Olecranon osteotomy performed using 
a saw. ( d ) Through the osteotomy, the comminution of the 
articular surface is assessed. ( e ) Two parallel anatomic 
plates are used to fi x the fracture. ( f ) Postoperative X-ray       

 fractures with comminution of the articular sur-
face. When in doubt, always favor a transolec-
ranon approach to the distal humerus, which 
provides excellent exposure of the articular sur-
face of the trochlea. 

 The blind pursuit of a minimally invasive 
approach can lead to an insuffi cient reduction of 
the articular surface. 

  Proper Fixation Technique.  In our experience, 
the treatment with perpendicular plate confi gura-
tions has been replaced by the parallel plate con-
fi gurations that have signifi cantly reduced our 
rate of nonunions and malunions (Fig.  25.6 ).

   Our results have signifi cantly improved since 
we have embraced the principles stated by 
O’Driscoll [ 33 ]. He stated that the key principles 
to successful ORIF are:
•    Maximizing fi xation in the distal fragments  
•   Ensuring that all fi xation in the distal segment 

contributes to stability at the supracondylar level    
 This can be done by achieving eight technical 

objectives :
    1.    Each screw should pass through a plate.   
   2.    Each screw should engage a fragment on the 

opposite side that is also fi xed to a plate.   

   3.    As many screws as possible should be placed 
in the distal fragments.   

   4.    Each screw should be as long as possible.   
   5.    Each screw should engage as many articular 

fragments as possible.   
   6.    The screws should lock together by interdigi-

tation, thereby creating a fi xed-angle structure 
and linking the columns together.   

   7.    The plates should be applied such that com-
pression is achieved at the supracondylar level 
for both columns.   

   8.    The plates used must be strong enough and 
stiff enough to resist breaking or bending 
before union occurs at the supracondylar level.    
  In our personal experience, when these objec-

tives are not achieved, an increase in the rate of 
complications is commonly observed (Fig.  25.7 ).

    Early Postoperative Mobilization   .  Except for 
very rare cases, all patients begin passive and 
active motion 24 h after surgery without the use of 
braces but remain in an elastic bandage that limits 
extreme movements. The elastic bandage is 
removed at the removal of the stitches, three weeks 
after the surgery. The patient is informed that he/
she cannot lift weights until bone healing occurs.       
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a

c

e

d
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b

  Fig. 25.5    Postoperative    management to reduce edema 
and swelling. ( a ) a steril plaster is plased over the skin 
incision; ( b ) a soft  cotton cast padding is position with the 
elbow in extension and than; ( c ) coverd by a single layer 

of peha-half adhesive bandage; ( d - e ) a tubular bandage is 
wraped over the arm and the arm is hang over the head of 
the patient for 12 hours ( f )       
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  Fig. 25.6    Perpendicular plate confi guration with a failure 
of the fi xation       

  Fig. 25.7    Parallel plate confi guration with a failure of the 
fi xation. The fi xation of this distal humeral fracture has 
been performed without achieving the technical objec-
tives. Only few screws have been used, and not all the 
screws passed through the plates. With these screws, inter-
digitation was not achievable       

 Key Point 

 By following simple principles, the com-
plication rate can be reduced drastically. 
The use of parallel anatomic plates has 
defi nitely brought radical positive changes 
in our practice. 
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26.1            Introduction 

  Fractures of the distal humerus   are not common: 
they represent 0.5 % of all fractures [ 1 ]. Recent 
studies showed that these fractures affect with 
high frequency an osteoporotic old population, 
with a mean age of 63 years and a male-to-female 
ratio of 29:71; Palvanen et al. [ 2 ] observed an 
increase in the distal humeral fractures in the 
Finnish female population older than 60 years 
from 11/100,000 in 1970 to 30/100,000 in 1995, 
with a rise of 9 % in patients older than 80 years: 
thus, distal humeral fractures can be considered 
as fragility fractures of the elderly [ 1 ]. 

 The main cause is a fall from standing height 
in 70 % of the cases, while high-energy traumas 
or sport traumas represent just 30 %. 

 These fractures are often very unstable and 
usually need surgery. The surgical treatment of 
elbow fractures has considerably evolved over 
the last 30 years: the new techniques of fi xation 
and prosthetic implants confi ned conservative 
treatment to a marginal role. 

 Despite these evolutions, the literature indicates 
an incidence of 20–25 % of unsatisfactory results 
after osteosynthesis of a distal humeral fracture in 

an elderly population [ 3 ], due to the often severe 
and disabling sequelae like loss of reduction, non-
union, stiffness, and posttraumatic arthrosis. 

 Although ORIF is nowadays the fi rst treat-
ment option, also in osteoporotic patients, an 
unstable fi xation has more disadvantages than a 
prosthesis that warrants an early mobilization, 
a faster recovery of autonomy in daily life activi-
ties, and reproducible results in terms of range of 
movement and pain control [ 4 ,  5 ]. 

 Indications for a primary prosthesis are also 
strengthened by the increased technical diffi cul-
ties when performing secondary prosthesis (in 
malunited fractures and nonunions) and by the 
worse functional results if compared with those 
of a primary implant in elbow fracture [ 6 ]. 

 The elbow prostheses currently used in distal 
humeral fractures are the linked  total elbow 
arthroplasty (TEA)   and the  distal humeral hemi-
arthroplasty  (DHH) . 

 The linked TEA has an absolute indication in 
cases with joint instability and in the ones with 
loss of the condyles (where the collateral liga-
ments have their origin) [ 7 ]. 

 The indications for DHH are the comminuted 
intra-articular fractures where an ORIF is not 
technically feasible or cannot achieve absolute 
stability and the patient is not fi t for a TEA 
because of the active age and the high/moderate 
functional needs [ 8 ]. 

 The advantages of a DHH if compared with 
a TEA are the avoidance of the ulnar implant, 
that is, the prosthesis component more suscep-
tible to aseptic loosening, and the absence of the 
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 components connection, eliminating the polyeth-
ylene wear problems. 

 The market, nowadays, offers to the surgeon 
convertible prosthesis systems, allowing the pas-
sage from DHH to TEA intraoperatively or, if 
necessary, during a revision surgery, leaving the 
humeral stem in place [ 9 – 11 ].  

26.2     Indications 

26.2.1     TEA 

 The articular comminuted fractures of the distal 
humerus in elderly and low-demand patients 
(usually with an age higher than 70 years) in 
which an ORIF cannot achieve stability represent 
the main indication for TEA, most of all in case 
of comorbidities like osteoporosis, low humeral 
bone stock, rheumatoid arthritis, or long-term 
steroid treatment. In these patients, TEA allows 
an early autonomy recovery, with good short- and 
midterm results for range of motion and pain. 

 Before choosing a prosthesis, the surgeon 
must carefully evaluate the skin conditions, to 
exclude abrasions or open fracture and to assess 
the presence of neurological defects. 

 The fracture pattern should be assessed by a 
CT scan with bidimensional and three- 
dimensional reconstructions (plain X-rays usu-
ally underrate the comminution of the articular 
part of the humerus). 

 Based on AO classifi cation of fractures, C2 
and C3 fractures in patients older than 70 years 
are the elective indications for TEA. In the same 
patient group, the authors consider as relative 
indication for TEA also fracture types A3.3, 
B3.3, and A2.3 [ 12 ], especially in cases with pre-
existing degenerative arthropathy (Fig.  26.1 ).

26.2.2        DHH 

 This prosthesis is indicated in unreconstructible 
fractures of the distal humerus when the  following 
two conditions are met:

Elbow prosthesis in “elderly patient”

Elective indication
C2

C1 B3.3 A2.3 A3.3

C3

Relative indication

  Fig. 26.1    Fractures of the distal humerus, basing on AO classifi cation [ 12 ], in which, in low-demand patients, the 
prosthesis is indicated       
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•    Integrity or stable fi xation of the medial and 
lateral  humeral columns   with  presence/valid-
ity of the medial collateral ligament (MCL) 
and of the lateral ulnar collateral ligament 
(LUCL)  

•   Integrity of the coronoid and of the radial head      

26.3     Contraindications 

 The main contraindications for a prosthetic 
implant in the elbow are critical wounds, open 
fracture, history of previous joint infection, neu-
rological or vascular diseases, and muscle defi -
ciency of the elbow fl exors and/or extensors. 

 Other contraindications are a noncompliant 
patient (who would be unable to follow a rehabil-
itation program and to respect the limitations in 
the use of the elbow, most of all in TEA implants) 
and immunosuppression or immunodefi ciency.  

26.4     Surgical Technique 

 In the authors’ preferred technique, the patient is 
placed in supine position, with the arm above the 
chest (the lateral position is preferred sometimes 
if an ORIF of both columns is planned). 

 During the anesthesia procedure, intravenous 
antibiotic is administered (2 g of cefazolin or 
600 mg of clindamycin in case of allergy to 
cephalosporins). 

 A sterile tourniquet is placed at the arm. Under 
regional or general anesthesia, a posterior median 
skin incision is performed. 

 The ulnar nerve is protected and widely iso-
lated for the possible anterior transposition. The 
key point of this technique is the triceps manage-
ment that the authors carry out according to the 
following diagram. 

26.4.1     TEA 

•     More followed method:  triceps-sparing 
approach  (Fig.  26.2 )
   The removal of bone fragments creates enough 
space for all the steps of the prosthetic implant, 

in both the humeral and the ulnar side (this is 
the most uncomfortable passage of the 
implant). By this method, the triceps remains 
intact, and the fi rst phase of the rehabilitation 
is quicker and more effective.  

•   Alternative methods:  triceps splitting, triceps 
refl ecting  
 The use of these techniques depends on the 
surgeon confi dence, but splitting and refl ect-
ing are mainly indicated in case of prosthesis 
implant in degenerative diseases.     

26.4.2     DHH 

•     Conservation of the medial and lateral collat-
eral ligaments is mandatory.  

•   More followed method:  triceps-sparing 
approach  
 This technique combines the advantages of 
leaving the extensor mechanism intact with an 
adequate exposure of both humeral columns 
for the plating needs.  

  Fig. 26.2    Triceps-sparing approach (Designed by School 
of Anatomical Drawing of Rizzoli Orthopaedic Institute)       
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•   Hughes et al. [ 8 ,  13 ] described a lower inci-
dence of complications with olecranon 
osteotomy.  

•    TRAP approach  (Fig.  26.3 )
   The authors prefer this technique to olecranon 
osteotomy, if a wide exposure of the columns 
is needed for their fi xation.    
 Once the bone surface is exposed, the fracture 

pattern is evaluated, and the bone fragments are 
recovered and used to determine the size and the 
depth of the prosthesis; the depth of the humeral 
component is evaluated by the fl ange of the 
implant staying on the roof of the coronoid fossa. 

 A radial head prosthesis is implanted only in 
case of degenerative arthritis, but usually the 
proximal radius is conserved. The ulna is pre-
pared with dedicated rasps and reamers, after the 

resection of the olecranon tip, to improve direct 
access to the medullary canal. 

 The trial components are very useful to check 
the implant alignment and the articulation in 
TEAs and to verify the feasibility of column 
fi xation and of collateral ligament repair in 
DHHs. 

 The  cementation technique   is another key 
point of this surgery. After a careful canal lavage, 
the authors prefer the use of bony cement restric-
tors in the ulna and a plastic cement restrictor in 
the humerus to obtain a correct pressurization. 
Antibiotic-loaded cement is inserted under pres-
sure by a cement gun with a thin nozzle (which 
can be cut in the suitable length). Cementation 
should be performed with the elbow in extension. 
When the prosthesis is correctly in place, a thin 
bone graft is inserted between the fl ange and the 
anterior humeral cortex. 

 In linked TEAs, if possible, tensioning of the 
collateral ligaments should be carried out, to 
improve the soft tissue balance and to reduce the 
load stress on the system. 

 In DHHs, the  reconstruction of MCL and 
LUCL    is mandatory . A correct reconstruction 
of the columns is necessary and is performed 
exploiting the hole (if available, like in Tornier 
Latitude implant) of the articular component. 
If a  TRAP approach  has been done, the anco-
neus is strongly sutured, and the triceps-olec-
ranon contact is recreated by transosseous 
stitches with high-resistance sutures 
(Figs.  26.4 ,  26.5 ,  26.6  and  26.7  : case and sur-
gical technique ).

      The ulnar nerve, if confl icting with the pros-
thesis, is anteriorly translocated, and the skin is 
closed in layers over two drains.   

26.5     Postoperative Care 

 At the end of the surgical procedure, an elbow 
splint is placed preferably in extension. In case of 
wound problems, few days of rest from kinesis 
are indicated. 

 If a  triceps-sparing approach  has been per-
formed, active extension and fl exion can be 
immediately allowed. 

  Fig. 26.3    TRAP approach (Designed by School of 
Anatomical Drawing of Rizzoli Orthopaedic Institute)       
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 If the triceps has been detached ( TRAP 
approach ), it should be protected by a splint in 
fl exion for 4 weeks performing exercises in active 
fl exion and passive or gravity-assisted extension, 
avoiding a fl exion over 100°. 

 Usually, in linked TEA, the passive movement 
in fl exion and extension begins the day after the 
operation and is progressively increased. This 
movement can be performed by a therapist or by 
a CPM machine. The patient is also taught how 

  Fig. 26.4    Distal humeral fracture 3D CT scan images (anterior and posterior visions)       

  Fig. 26.5    DHH in situ with triceps-sparing approach.  Tr.  
triceps dislocated,  O.  olecranon,  MCL  medial collateral 
ligament,  RH  radial head,  LCL  lateral collateral ligament         Fig. 26.6    ORIF of medial column, triceps in anatomic 

position.  MC  medial column,  Ul  ulnar nerve,  Tr  triceps       
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to perform  self-assisted exercises   in fl exion, 
extension, pronation, and supination, using the 
contralateral arm. 

 In DHH, the rehabilitation must be more care-
ful, avoiding varus and valgus stress on the recon-
structed collateral ligaments, so the preferred 
protocol includes only self-assisted mobilization in 
fl exion, extension, pronation, and supination after a 
detailed explanation of the exercises to do and of 
the movements to avoid. After 3 weeks of full-time 
splinting (with the only exceptions of self-assisted 
mobilization, wound care, suture removal, and per-
sonal hygiene), the rehabilitation program begins 
with passive and then active movement. 

 The recovery of the normal activities of daily 
living should be complete in 3 months. Weight 
lifting must be limited to 2–3 kg, with a further 
restriction to 1 kg if the effort has to be repeated.  

26.6     Complications 

 After an elbow prosthesis, there can be major or 
minor complications. 

 Minor complications include:
•     Ulnar nerve apraxia . The entity of nerve dam-

age ranges from transient numbness to deep 
neuropathy. It can be caused by excessive trac-
tion on the nerve or by ischemia due to aggres-
sive nerve isolation. Thermal damage during 
cementation is possible; however, it is very 
rare if the appropriate cautions are observed.  

•    Wound problems . Their occurrence is more 
frequent in patients affected with rheuma-
toid arthritis or under corticosteroid therapy. 
Extensive dissection of the superfi cial tissues 
and excessive wound traction are additional 
causes.  

•    Instability . This complication can be present 
only in DHH when a correct reconstruction of 
the collateral ligaments has not been obtained.  

•    Triceps insuffi ciency.  It can take place when 
the muscle is detached and not correctly recon-
structed or in case of  triceps-splitting  procedure 
with possible boutonniere-type lesion [ 14 ].    
 Major complications can be:

•     Periprosthetic fractures . These can be intra-
operative or postoperative. The former can be 

  Fig. 26.7    Elbow X-rays after 
1 year: DHH, plate for medial 
column reconstruction and 
suture anchor for LCL 
reconstruction       
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favored by bad bone quality or by too vigor-
ous maneuvers, and the latter usually are due to 
trauma or sometimes to rehabilitation stresses in 
case of bad bone quality. A special condition to 
be considered when implanting an elbow pros-
thesis is the presence of a shoulder prosthesis 
in the same limb, as this can cause a signifi cant 
risk of interprosthetic fractures with low-energy 
trauma, quite diffi cult to treat [ 15 – 17 ].  

•    Aseptic loosening.  Mechanical failure of the 
prosthesis components is strictly consequent 
to the cementation technique. Progresses in 
the development of prostheses with stem coat-
ing and a careful respect of pressurized 
cementation techniques should restrict 
chances for this complication in the future.  

•    Infection . In the past, this complication had 
unacceptably high incidences (up to 12 % [ 18 , 
 19 ]). The current occurrence is about 2–3.3 % 
[ 20 ], still higher if compared to prosthetic 
implants of other major joints.     

    Conclusions 

 In view of the anatomic complexity of the 
elbow joint, displaced and comminuted distal 
humeral fractures still represent a challenge 
for the orthopedic surgeon. 

 Even though double-plate internal fi xation 
is the treatment to be preferred, in the elderly 
patient this method is often diffi cult to per-
form and bears high risks of failure due to the 
low mechanical bone quality. The elbow func-
tional limitation consequent to a possible fail-
ure of fi xation can restrict the normal activities 
of daily living to such an extent in the elderly 
to impair his or her independence. 

 Therefore, with the aim to conserve a good 
level of autonomy in elderly patients, Cobb 
and Morrey [ 3 ] in 1997 suggested the elbow 
prosthesis as a solution. The results reported 
by several authors [ 4 ,  5 ,  21 – 26 ] who followed 
this indication allow nowadays to include the 
elbow prosthesis among the surgical tech-
niques to be considered in elderly patients. 
This surgical procedure however is not free 
from possible complications, well evidenced 
in the literature [ 27 ]. 

 The higher incidence of  complications   
is related to the  ulnar component   (aseptic 

loosening, periprosthetic fractures, polyethyl-
ene wear), and this has prompted the develop-
ment of distal humeral hemiarthroplasty. 

 It is of paramount importance for the sur-
geon to carefully evaluate the features of the 
patients in which to consider an elbow pros-
thesis. A  patient  should be  compliant  not only 
in following a careful rehabilitation protocol 
but also in avoiding weight lifting with the 
operated limb. 

 A recent paper from the Mayo Clinic [ 28 ] 
has shed light on the fact that, although 
instructed about the permanent activity restric-
tions to observe, 94 % of the patients have per-
formed moderate-level activities (carrying 
groceries, gardening, leaf raking) and 40 % 
high-level activities (dirt shoveling, snow 
shoveling, putting luggages overhead). 

 The  management of the triceps   represents a 
key point for the success of this complex surgi-
cal act. There is consensus about the use of the 
 triceps- sparing approach  in TEA in fracture 
cases, while there is still open debate about the 
approach to prefer DHH. The  triceps-sparing 
approach  is the authors’ preferred method 
considering the respect of the anatomy of the 
extensor mechanism and the consequently 
shorter functional recovery. This approach 
moreover does not impair the conversion of a 
DHH, in case of instability, into a TEA. 

 Some authors [ 8 ] indicate olecranon osteot-
omy as the ideal approach for DHH as it allows 
a better view and would warrant in time a supe-
rior ligamentous stability if compared to the 
 triceps- sparing approach.  The authors of the 
present chapter prefer the  TRAP approach  over 
the  olecranon osteotomy  as it allows an equally 
wide visualization of the two columns and 
does not bear the risk of olecranon nonunion. 

 There is consensus in  DHH  technique  
about the point that  fi xation of the columns   
and  collateral ligament repair   are the key 
steps for success. About timing of the surgical 
steps, it is the authors’ opinion that it is useful 
to put the prosthetic implant in place fi rst, as 
this will provide a stable base over which, in 
the following steps, internal fi xation of the 
columns and reconstruction of the collateral 
ligaments will be performed. 
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 In patients aged over 65 years, TEA is 
superior to ORIF for both elbow range 
of motion and pain, especially in short-term 
(<2 years) follow- up [ 4 ,  5 ].     
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27.1            Introduction 

 Although a rigid external fi xator applied on the 
distal humerus can be used in the general situa-
tions for which these devices have been designed 
(i.e., open fractures with extensive soft tissue 
damage or infections), there are specifi c indi-
cations and considerations to be taken when 
these devices are used in the context of elbow 
pathology. 

 The pathological elbow joint has a tendency to 
develop stiffness; specifi c hinged elbow external 
fi xators have been designed with the aim of main-
taining motion at the same time the joint is stabi-
lized and the soft tissues protected. There are 
several hinged elbow fi xators on the market [ 1 ]:
•    The Dynamic Joint Distractor (DJD) II: a sim-

ple device with an integrated hinge and a low 
profi le. The stability can be increased by bilat-
eral application, but this confi guration is sel-
dom needed. Concentric joint reduction is 
required before fi xation to the ulna.  

•   The Orthofi x Elbow Fixator: similar to the 
DJD, it is integrated by linked components with 
central connecting units. It can be used only by 
unilateral confi guration and bigger in size.  

•   The OptiROM Elbow Fixator: it has a com-
fortable unilateral design; multiple adjustable 
linkages feature it; therefore, it has less frame 
stability.  

•   Compass Universal Hinge: a multiplanar 
device based on the Ilizarov concept, com-
posed by radiolucent arcs with bilateral 
hinges. It is the fi xator with more frame stabil-
ity but less patient comfort. It is also and the 
most diffi cult to apply.    
 The concept of an articulating fi xator about 

the elbow is based on the normal ulno-humeral 
kinematics, which approximate a simple hinged 
joint. Recreating the anatomic axis of rotation 
with a hinged fi xator allows concentric ulno- 
humeral motion while protecting the joint sur-
faces and periarticular soft tissues from loads [ 2 ]. 

 A hinged fi xator stabilizes the elbow joint in 
varus and valgus stress, neutralizes rotational 
forces around the forearm preventing elbow rota-
tory instability, and, at the same time, allows a 
congruent elbow fl exion and extension [ 3 ]. If 
required, it is also possible to protect the articular 
cartilage adding joint distraction. Given the 
above-mentioned advantages, hinged external fi x-
ators are indicated in a wide spectrum of elbow 
problems, including both traumatic and recon-
structive pathologies. In our opinion, it is impera-
tive that surgeons treating elbow diseases are 
familiar with their indications, surgical technique, 
potential complications, and postoperative care. 

 Elbow hinged external fi xators are used com-
monly along with other reconstructive procedures 
performed simultaneously, so the reported results 
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cannot be attributed exclusively to the frame; there 
are no comparative studies randomizing patients to 
receive either external fi xation or braces or splint-
ing, and the procedures in which a hinged external 
fi xator is used are also uncommon. On this con-
text, our aim is to provide the necessary informa-
tion to the reader to be able to use these devices 
with confi dence in the selected group of patients 
that can benefi t from this technique.  

27.2     Indications 

 Hinged elbow external fi xators are used in a wide 
variety of elbow pathology including acute and 
chronic instability and severe elbow arthropathy 
and as an adjuvant to control elbow motion. 

27.2.1     Acute Elbow Instability [ 1 ] 

     1.    Fracture-dislocations, including terrible triads 
(the combination of elbow dislocation, radial 
head fracture, and coronoid fracture) and pos-
teromedial rotatory instability (combined lig-
amentous injury and anteromedial facet 
coronoid fracture)   

   2.    Radial head and medial collateral ligament 
disruption with subsequent valgus instability   

   3.    Comminute olecranon or distal humerus 
fractures   

   4.    Extensive post-contracture release of a stiff 
joint (see below)     
 Persistent instability that is present either 

acutely or in the early postoperative period is an 
indication for a hinged external fi xator to main-
tain concentric reduction, protect the bony and 
ligament repair, and allow early postoperative 
motion [ 4 ]. In this setting, the fi xator should be 
used to protect a suboptimal reconstructive pro-
cedure allowing immediate postoperative reha-
bilitation and in cases of persistent subluxation 
despite ligamentous and fracture repair. Several 
authors have reported their experience with 
hinged external fi xators in acute elbow fracture- 
dislocations with reasonable good results [ 5 ,  6 ]. 

 Missing the opportunity to further stabilize and 
protect the elbow can lead to the prescription of a 

prolonged period of immobilization with the sub-
sequent high risk of joint stiffness. On the other 
hand, in some instances we could be too optimistic 
about our repairs, and persistent subluxation can 
be easily missed intraoperatively; realizing a sub-
optimal joint congruency in the postoperative 
X-rays is present can lead us to proceed to a sec-
ond procedure for ligament and/or fracture re-
repair along with external fi xation. When this is 
necessary, good results can still be obtained if the 
reoperation is performed within the fi rst 6 weeks 
after the injury [ 7 ]. Without ignoring the potential 
complications related to the use of this device, we 
believe a more liberal use of hinged external fi x-
ators in the more severe complex elbow instability 
cases, along with a thorough intraoperative exam 
including the use of fl uoroscopy, will prevent com-
plications and improve the fi nal outcome. 

 Hinged external fi xation is also indicated in the 
setting of acute gross instability that cannot be 
splinted in concentric reduction in a patient who is 
unable to tolerate a prolonged surgical procedure.  

27.2.2     Chronic Elbow Instability [ 7 ,  8 ] 

 There are two major types of chronic elbow 
instability, subluxation and dislocation, and both 
can be treated with a hinged fi xator. 

    Chronic subluxation is a diffi cult problem that 
requires reconstruction of the bony and soft tis-
sue elbow stabilizators when possible and the 
application of an external fi xation. As mentioned 
before, this is particularly effective when per-
formed before 6 weeks after the injury [ 7 ]. The 
presence of extensive posttraumatic joint degen-
eration would require other reconstructive proce-
dures as distraction interposition arthroplasty or 
total elbow arthroplasty. 

 Chronic complete elbow dislocation requires 
excision of all fi brous tissue and release of con-
tracted soft tissues, including the capsule, the medial 
and lateral collateral ligaments, and possibly the tri-
ceps, before joint reduction. The induced instability 
will be neutralized with a hinged fi xator to allow 
immediate motion and to protect the repaired col-
lateral ligaments. The application of distraction can 
be useful to start immediate concentric motion [ 8 ].  
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27.2.3     Severe Elbow Arthropathy 

 Distraction interposition arthroplasty has been 
developed from two procedures, distraction and 
biologic resurfacing of the joint, both used to treat 
incapacitating elbow pain and loss of motion. 
This procedure has been used for posttraumatic, 
postinfectious, and hemophilic arthropathies and 
rheumatoid arthritis; in general, this procedure is 
indicated for patients with severe intra-articular 
pathology who are too young to undergo total 
elbow prosthesis [ 9 ]. 

 In this procedure, the articular surface of the 
humerus or the ulna is debrided and covered by a 
biologic material such as fascia lata or Achilles 
tendon allograft or autologous deep dermal skin. 
Subsequently, the addition of joint distraction by 
the means of an external fi xator allows early 
motion and minimizes shear forces across the 
interposed tissue, protecting the collateral liga-
ments of the elbow [ 1 ,  9 ].  

27.2.4     Control of Motion 

 Elbow contracture releases often require exten-
sive excision of soft tissues, including sometimes 
heterotopic bone, hypertrophic capsule, and 
osteophytes and sometimes even the collateral 
ligaments [ 10 ]. On this context, the joint may be 
rendered unstable, requiring the application of a 
hinged fi xator to allow controlled motion. 

 An uncommon use of hinged fi xation is pro-
tecting elbow motion and/or repair in the obese 
patient, because the use of bracing and splinting 
may be diffi cult [ 3 ,  11 ].  

27.2.5     Contraindications 

 The contraindications for the hinged external 
fi xation of the elbow are the general of this kind 
of devices:
•    Absolute contraindications: local infection in 

the pin site, cellulitis, and osteomyelitis; large 
disturbance of the anatomy for a high-energy 
trauma or infl ammation; or a noncompliant 
patient  

•   Relative contraindications: internal fi xation or 
the presence of other kinds of devices which 
may make the correct positioning of the pins 
or the correct position of the external fi xator 
diffi cult      

27.3     Relevant Anatomy 

 Being familiar with elbow anatomy is paramount 
when using external fi xation. Of special interest 
is recognizing the location of important neuro-
vascular structures, as the radial nerve, and being 
familiar with ligamentous attachments and their 
bony landmarks, as these are the reference we 
will use to reproduce the axis of rotation. 

    Since the recognition of both varus and valgus 
stabilities is restored with a half-pin lateral fi xa-
tion confi guration in the absence of collateral lig-
aments [ 3 ], medial frames or transfi xing pins or 
wires have been mostly abandoned. As a conse-
quence, the majority of mayor vessels    and nerves 
are safe during the procedure with the exception 
of the radial nerve. The radial nerve is the main 
noble structure at risk during surgery, and its 
injury generally occurs with the placement of the 
humeral half pins. In this regard, knowing its 
location with respect to identifi able bone land-
marks is probably the main concept that needs to 
be clarifi ed. Studies performed by Kamineni et al. 
[ 12 ] identifi ed the distance between the lateral 
epicondyle and the point where the radial nerve 
crosses the humerus in the mid-lateral plane to be 
1.4–1.7 times the inter- epicondylar distance for a 
given patient. Based on this fi nding, an “absolute 
safe zone” has been described for humeral pin 
placement and is defi ned as equivalent in length to 
the patient’s own transepicondylar distance, when 
projected proximally from the lateral epicondyle 
(Fig.  27.1 ). The ulnar nerve is usually safe, but a 
too proud ulnar half pin or a careless placement of 
the axis pin guide could put this structure at risk.

   The elbow axis of rotation is located with the 
aim of bony landmarks. On the lateral aspect of 
the capitellum, the axis crosses a tubercle present 
at the site of origin of the lateral collateral liga-
ment, which represents the geometric center of 
curvature of the capitellum. On the medial aspect 
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of the distal humerus, the axis of rotation lies just 
anterior and inferior to the medial epicondyle. 
This corresponds to the center of curvature of the 

medial contour of the trochlea and is the locus of 
the humeral origin of the medial ulnar collateral 
ligament (Fig.  27.2 ).

  Fig. 27.1    “Absolute safe    zone” defi ned as equivalent in length to the patient’s own transepicondylar distance ( a ), when 
projected proximally from the lateral epicondyle ( b )       

  Fig. 27.2    Landmarks for fl exion axis pin insertion. ( a ) 
Site of origin of the lateral collateral ligament represent-
ing the geometric center of curvature of the capitellum. 

( b ) Site of the humeral origin of the medial ulnar collat-
eral ligament representing the center of curvature of the 
medial contour of the trochlea. See text for more details       
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27.4        Surgical Technique 

 We commonly use the DJD II (Stryker, 
Kalamazoo, MI) because of its simple surgical 
technique and reduced size; several confi gura-
tions can be used, including a lateral frame with 
lateral half pins, a medial frame with half pins, 
and transfi xing pins with bilateral frames. As 
mentioned before, mechanical stability is restored 
with a half-pin lateral fi xation confi guration [ 3 ], 
so we do not use medial frames. We describe in 
this section the surgical technique for the lateral 
unilateral hinged external fi xator (Fig.  27.3 ).

27.4.1       Setup and Patient Positioning 

 We usually place the patient supine in the operating 
table with the forearm across the chest, although 
the use of a radiolucent arm board or hand table can 
be also useful. Fluoroscopy enters parallel to the 
table from the feet. A small tourniquet is used as 
proximal as possible, making sure it will not inter-
fere with the fi xator frame; this is especially impor-
tant in small persons. The fi eld is prepared and 
draped, and the indicated repair- reconstruction 
procedure performed; the external fi xation is gen-
erally the last steps of the whole surgery. In choos-
ing the skin approach, it should be taken into 
account the lateral placement of the fi xator and the 
necessity of identifying correctly the bony land-
marks used for axis pin insertion (Fig.  27.2 ).  

27.4.2     Axis Identifi cation and Frame 
Orientation 

 The tubercle present at the site of origin of the 
lateral collateral ligament, which represents the 
geometric center of curvature of the capitellum, is 
identifi ed. Medially, the axis of rotation lies just 
anterior and inferior to the medial epicondyle; this 
corresponds to the center of curvature of the 
medial contour of the trochlea and is the locus of 
the humeral origin of the medial ulnar collateral 
ligament. If a medial exposure/cutaneous fl ap has 
been performed, the medial landmark is easily 
identifi ed. When only a lateral approach is being 

used, the medial landmark can be palpated 
through the skin using the medial epicondyle as a 
reference that can be confi rmed with the aid of a 
fl uoroscope; a slight nonanatomic axis does not 
alter the elbow kinematics [ 11 ], so we usually do 
not perform a medial approach specifi cally for 
this purpose (Fig.  27.2 ) and have not had any 
complications on this regard. 

 Once the axis is located, the pointed tip of the 
axis target guide is placed on the medial side, 
with the cannulated stylus guide on the lateral 
side; the axis pin is then inserted through the 
guide in the distal humerus with a mallet or 
power tool. 

 The fi xator frame is then placed on the axis 
pin with the distraction mechanism oriented dis-
tally; the proximal bar is aligned with the anterior 
humeral cortex.  

27.4.3     Humeral Pin Insertion 

 The “absolute safe zone” (the inter-epicondylar 
distance proximal to the axis guide) demarcates 
the area of the humerus where the pins will 
be inserted. Before pin insertion, the skin should 
be positioned back anatomically where it will be 
sutured, and then a stab incision is performed for 
pin insertion. A 4 mm (3 mm in small bones) 
self-drilling self-taping pin is inserted proximally 
engaging both humeral cortices through the spe-
cifi c pin guide. A pin-rod coupling is placed and 
tightened with a wrench. A second pin is inserted 
distally using the same procedure including the 
pin guide, avoiding the olecranon fossa. Once 
both pins are rigidly coupled to the proximal rod, 
the axis pin can be removed. 

27.4.3.1     Technical Points 
•     Before proximal pin insertion, it is useful to 

plan where both pins are going to be posi-
tioned. This is of special interest in small per-
sons, as a too distally placed proximal pin can 
make impossible to correctly place and orien-
tate the pin guide for the distal humeral pin.  

•   As opposed to other external fi xation tech-
niques, humeral and ulnar pins spatial position 
is determined by the spatial position of the 

27 External Fixation: When and How



308

  Fig. 27.3    Surgical technique for elbow hinged external 
fi xation. ( a ) Axis pin guide placement. ( b ) Axis pin 
inserted in the distal humerus. ( c ) External fi xation frame 
inserted on the axis pin and with its humeral rod aligned 

with the anterior humeral cortex. ( d ) Humeral pin guide 
placed within the margins of the “absolute safe zone.” 
( e ) Distal humeral pin insertion through the pin guide. 
( f ) Ulnar pin insertion       
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frame; as a consequence, not using the pin 
guides or sliding the frame along the axis pin 
once the humeral pin has been inserted will 
change the pin-frame distance, changing the 
orientation of the frame as a consequence 
when the coupling system is tightened.  

•   The pins do not need to be parallel. The pin 
guide can be rotated over the humeral rod to 
gain access to a better bone purchase. By pro-
viding proper pin to rod distance, an indepen-
dent pin placement is possible.  

•   The pin guide is positioned so the pin is 
located posterior to the rod, increasing its dis-
tance from the radial nerve.      

27.4.4     Ulnar Pin Insertion 

 Three millimeter self-taping self-drilling pins 
are used for the ulna. The technique is similar to 
that described for the humeral pins. We insert 
the proximal pin fi rst and then the distal one, 
always with the aid of the pin guide. It can be 
diffi cult to “feel” the ulnar second cortex pene-
tration, so we recommend checking with fl uoro-
scope the correct position of the pins at the end 
of the procedure.  

27.4.5     Distraction 

 The amount of separation between articular sur-
faces is determined by the calibrations on the dis-
traction unit. Two to three mm is usually enough 
to protect the articular surfaces and the bony 
repairs. 

 The skin is closed and a bandage applied.   

27.5     Postoperative Care 

 The patient should be informed of the pin and 
wound daily care. The postoperative care must be 
tailored for each individual. In patients treated 
for elbow stability problems, our main indica-
tion, we do all possible efforts to maintain the 
external fi xator a minimum of 4 weeks and try 
not to remove it before 6 weeks after surgery. We 

teach our patients range of motion exercises in 
both fl exion and extension and prono-supination, 
to be performed with the elbow at the side of the 
body. They start this program the day after the 
surgery performing the exercises during a few 
minutes fi ve to six times a day. As time goes by, 
we encourage them to increase the frequency and 
intensity of exercises. We advise not to take any 
weight or manipulate any object with the oper-
ated elbow. Serial X-rays are taken at 10 days, 3 
weeks, and 6 weeks after surgery. 

 After the sixth to eighth weeks, we proceed 
to fi xator removal under regional blockade or 
general anesthesia. This is a good moment for 
gentle manipulation to help the patient gain-
ing some degrees of motion. The manipulation 
should be done before fi xator removal to pre-
venting any additional damage. Stability and 
congruity are evaluated under fl uoroscopy. After 
this, the patient can initiate formal progressive 
physical therapy. 

 Postoperative care after distraction interposi-
tion arthroplasty is similar to the one described 
above. Physical therapy starts the day after the 
surgery; the external fi xator is also removed at 6 
weeks with gentle manipulation as needed; ther-
apy with the use of static splinting if necessary is 
also implemented.  

27.6     Complications 

27.6.1     Minor Complications 

     1.    Pin tract infection. This complication can 
occur in up to 5 % of pin sites. Usually, local 
erythema and non-purulent drainage are pres-
ent, but the pin is not loose. In addition, cel-
lulitis around the pin can be also frequent. 
They can be treated with oral antibiotics, as an 
oral fi rst- or second-generation cephalosporin, 
for 2 weeks or even for the entire duration of 
the fi xation, and care of the pin tract with 
daily local cures [ 13 ].   

   2.    Some patients need skin release around the 
humeral pin site to improve their motion. This 
can be made easily with local anesthesia.      
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27.6.2     Major Complications 

     1.    Pin loosening is a major complication. It may 
require debridement of pin sites and place-
ment of new pins in healthy tissue and oral 
antibiotics. Some patients may require early 
removal of the fi xator.   

   2.    Purulent drainage with associated deep sepsis 
and/or osteomyelitis is a rare complication. It 
requires open irrigation, debridement, and 
6-week course of antibiogram-guided antibi-
otics to eradicate the infection.   

   3.    Loss of reduction can occur from improper 
placement of the fi xator axis or from hardware 
failure. Periodic radiographic evaluation is 
important. In these cases, fi xator replacement 
may be necessary.   

   4.    The occurrence of a fracture is a very infre-
quent complication. It involves usually the 
ulna and is related to a vigorous therapy. 
Using smaller-diameter pins (3 mm) for the 
ulna can help to reduce the stress riser effect. 
When the fracture occurs, internal fi xation 
with plating may be necessary.      

27.6.3     Nerve Injuries 

 Ulnar nerve can be at risk during the surgical pro-
cedure because of an injudicious placement of 
the axis pin guide or medial humeral half pins, 
over-penetration of lateral humeral or ulnar half 
pins, and increased elbow fl exion after a contrac-
ture release. Ulnar nerve injury can be avoided 
with precise pin insertion and protection and/or 
transposition of the nerve [ 1 ]. 

 As mentioned before, for laterally based 
unilateral frames, care must be taken to protect 
the radial nerve during the application of the 
most proximal pin. The radial nerve crosses the 
humerus in the mid-lateral plane at a distance 
of 1.4–1.7 times the inter-epicondylar distance 
projected proximally over the lateral epicon-
dyle, and this location makes it vulnerable to 
injury with placement of the humeral pins supe-
rior to the elbow [ 13 ,  14 ]. Injury to the posterior 
interosseous has been reported as an infrequent 
complication [ 15 ].   

    Conclusions 

 Hinged elbow external fi xation is a surgical 
resource indicated in complex elbow fracture- 
dislocations, elbow instability, and chronic 
degenerative disorders along with other repar-
ative or reconstructive techniques. Recognizing 
its value is paramount to avoid suboptimal 
treatment of these conditions and to open the 
spectrum of treatment in elbow degenerative 
diseases. Recognizing the importance of work-
ing in safe areas when implanting this device 
and following the recommendations given 
about the surgical technique are mandatory to 
obtain a rewarding result in the diffi cult situa-
tions in which it is indicated.     

   References 

       1.    Tan V, Daluiski A, Capo J, Hotchkiss R (2005) Hinged 
elbow external fi xators: indications and uses. J Am 
Acad Orthop Surg 13(8):503–514. Epub 2005/12/07  

    2.    Deland JT, Garg A, Walker PS (1987) Biomechanical 
basis for elbow hinge-distractor design. Clin Orthop 
Relat Res 215:303–312. Epub 1987/02/01  

       3.    Kamineni S, Hirahara H, Neale P, O’Driscoll SW, An 
KN, Morrey BF (2007) Effectiveness of the lateral 
unilateral dynamic external fi xator after elbow liga-
ment injury. J Bone Joint Surg Am 89(8):1802–1809. 
Epub 2007/08/03  

    4.    Kolb W, Guhlmann H, Windisch C, Marx F, Markgraf E, 
Koller H et al (2008) Complex osteoligamentary injuries of 
the elbow. Treatment with a hinged external fi xator. 
Unfallchirurg 111(8):584–586, 8–91. Epub 2008/06/28. 
Komplexe osteoligamentare Verletzungen des Ellenbogens. 
Therapie mit dem Bewegungsfi xateur externe  

    5.    Frank J, Howorka A, Marzi I (2011) Treatment of 
complex elbow injuries with the hinged fi xation device 
DJD II. Technique and results. Orthopade 40(4):
316–322. Epub 2011/02/26. Behandlung komplexer 
Ellenbogenverletzungen mit dem Bewegungsfi xateur 
DJD II. Technik und Ergebnisse  

    6.    Schep NW, De Haan J, Iordens GI, Tuinebreijer 
WE, Bronkhorst MW, De Vries MR et al (2011) A 
hinged external fi xator for complex elbow disloca-
tions: a multicenter prospective cohort study. BMC 
Musculoskelet Disord 12:130. Epub 2011/06/11  

      7.    Sorensen AK, Sojbjerg JO (2011) Treatment of per-
sistent instability after posterior fracture-dislocation 
of the elbow: restoring stability and mobility by inter-
nal fi xation and hinged external fi xation. J Shoulder 
Elbow Surg 20(8):1300–1309. Epub 2011/10/11  

     8.    Jupiter JB, Ring D (2002) Treatment of unreduced 
elbow dislocations with hinged external fi xation. J Bone 
Joint Surg Am 84-A(9):1630–1635. Epub 2002/09/05  

A.M. Foruria and J. Cobos



311

     9.    Larson AN, Morrey BF (2008) Interposition arthro-
plasty with an Achilles tendon allograft as a salvage 
procedure for the elbow. J Bone Joint Surg Am 
90(12):2714–2723. Epub 2008/12/03  

    10.    Foruria AM, Augustin S, Morrey BF, Sanchez-Sotelo 
J (2013) Heterotopic ossifi cation after surgery for 
fractures and fracture-dislocations involving the prox-
imal aspect of the radius or ulna. J Bone Joint Surg 
Am 95(10):e66. Epub 2013/05/17  

     11.    Morrey BF (2012) Ligament injury and the use of 
hinged external fi xators at the elbow. Instr Course 
Lect 61:215–225. Epub 2012/02/04  

    12.    Kamineni S, Ankem H, Patten DK (2009) Anatomic 
relationship of the radial nerve to the elbow joint: 

clinical implications of safe pin placement. Clin Anat 
22(6):684–688. Epub 2009/07/29  

     13.    Cheung EV, O’Driscoll SW, Morrey BF (2008) 
Complications of hinged external fi xators of the elbow. J 
Shoulder Elbow Surg 17(3):447–453. Epub 2008/03/04  

    14.    Baumann G, Nagy L, Jost B (2011) Radial nerve dis-
ruption following application of a hinged elbow exter-
nal fi xator: a report of three cases. J Bone Joint Surg 
Am 93(10):e51. Epub 2011/05/20  

    15.    Tomaino MM, Sotereanos DG, Westkaemper J, 
Plakseychuk A (1999) Posterior interosseous nerve 
palsy following placement of the compass elbow 
hinge for acute instability: a case report. J Hand Surg 
Am 24(3):554–560. Epub 1999/06/05      

27 External Fixation: When and How



313F. Castoldi et al. (eds.), Simple and Complex Fractures of the Humerus,
DOI 10.1007/978-88-470-5307-6_28, © Springer-Verlag Italia 2015

        The incidence of complex articular fractures of 
the distal humeral in adults has increased and will 
be growing in the future due to the greater inci-
dence of high-energy trauma and to the higher 
percentage of elderly population [ 1 ]. The distal 
humerus and the entire elbow joint have complex 
anatomy (three articulations in a small space) 
with a high degree of mechanical force crossing 
the articular surface from the forearm to the 
shoulder. This leads to an increased risk of com-
plications after intra- and extra-articular fractures 
of the distal humerus. The two major complica-
tions that infl uence daily living activities are stiff-
ness and instability with pain. These clinical 
aspects are often related to the malunion or non-
union of the distal humerus. The risk of malunion 
or nonunion following fractures is infl uenced by 
a variety of factors: biology, in particular the 
blood supply of the metaphysis; the nonanatomic 
reduction of the fracture; and the methods of 
osteosynthesis and mechanical failure. 

28.1     Distal Humerus Malunion 

 Malunions of distal humerus fractures occur 
fairly often following closed-treated fractures 
and occasionally after open reduction and  internal 

 fi xation. Frequently, different planes can be 
involved (transversal, coronal, and sagittal 
planes). The intra-articular or extra-articular 
areas can also be involved. The most common 
deformities in the supracondylar area associated 
with distal humeral fractures are varus malunion 
and extension malunion. Both of these are related 
to elbow deformity (clinical assessment) with or 
without loss of range of motion. The malunion 
of intra-articular fractures is associated with loss 
of range of motion in fl exion-extension. The 
stiffness depends on the extent and nature of the 
articular surface deformity. The common intra-
articular deformities are related to a reduction of 
the trochlea shape and to the malposition of the 
capitellum. Both the latter lead to maltracking of 
the olecranon and radial head onto the articular 
surface of the humerus. 

28.1.1     Extra-articular Malunion 

28.1.1.1     Varus Malunion 
 The malunion of the cubitus varus is the most 
common cause of deformity following fractures 
of the extra-articular area in the distal humerus in 
children. Clinically, these patients present with 
deformity in the varus of the elbow with or with-
out loss of range of motion (Fig.  28.1 ). The cos-
metic deformity often infl uences daily living 
activities and can increase the risk of secondary 
instability.

   It is well described that varus deformity causes 
the medialization of the olecranon and triceps 
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insertion. This results in the triceps muscles 
being forced to become medial with respect to 
the mechanical axis of the elbow. This situation 
increases stress on the lateral collateral ligament 
complex which may lead in time to posterolateral 
rotatory instability. The clinical signs of this situ-
ation will be increased pain and clicking during 
the fl exion and extension movements. The surgi-
cal indication is related not only to the deformity 
with snapping of the medial triceps with or with-
out ulnar nerve symptoms but also to the postero-
lateral instability when the forearm is in full 
supination. The more common surgical treatment 
is osteotomy with internal fi xation and ligament 
reconstruction or retention in cases of lateral liga-
ment defi ciency. 

 This surgical procedure can be performed in 
supine or lateral position (we prefer the lateral 
decubitus). A posterior skin incision is per-
formed, and the ulnar nerve is identifi ed and 
decompressed to the medial epicondyle through 
the two heads of the fl exor carpi ulnaris. The 
medial intermuscular septum is excised, and 
the ulnar nerve is moved to a position anterior to 
the epicondyle in order for it to be in a safe posi-
tion during the procedure. The triceps tendon is 

lifted from the posterior surface of the humerus, 
and the anterior muscles are also detached from 
the humerus to expose the osteotomy site all 
around the humeral bone. The lateral side of the 
triceps is refl ected together with the anconeus 
muscle, and the lateral ligament complex is 
exposed. The osteotomy can be performed with 
or without triceps splitting. The angulation and 
the level of the osteotomy (three-cut osteotomy) 
are determined in the preoperative X-ray evalua-
tions. A goniometer is useful to determine the 
correct angulation and level of the lateral closing 
wedge osteotomy. Distal cutting is performed as 
distally as possible above the olecranon fossa. 
The depth of the osteotomy is marked with elec-
trocautery, and an oscillating saw is used to per-
form the three levels of bone cuts, while the 
anterior tissue and muscles are moved out of the 
way. A cut is made, and the triangular bone block 
shape is removed leaving a lateral edge to the 
cortex, to improve the stability of the reduction. 
The distal and proximal cutting levels are reduced 
to recover the anatomic axis in the frontal and 
sagittal planes. The proximal aspect of the lateral 
humeral cortex is  modeled to adjust it to the lat-
eral spike of the distal fragment. The fi xation can 

  Fig. 28.1    Deformity in the varus of the elbow with loss of range of motion following supracondylar fracture. The 
angulation and the level of the osteotomy are determined in the preoperative X-ray and CT scan evaluations       
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be performed with 3.5-mm screws placed from 
lateral to medial, or a precontoured plate can be 
used on the medial side or on both sides; this will 
improve stability in particular in adults. A corti-
cal bone graft can be also carried out in conjunc-
tion, to improve healing in adults. Usually, at this 
point the tension of the lateral ligament complex 
can be found to be inadequate, and reconstruction 
or augmentation is then advised, depending on 
tissue quality. A postoperative program has to 
then be carried out to optimize bone healing and 
ligament reconstruction. The arm is held in a 
hinge elbow brace with the forearm pronated for 
6–8 weeks (depending on the kind of ligament 
reconstruction) with limited range of motion. 
Finally, the brace is removed, and the full range 
of motion is allowed. The full range of activities 
with strengthening will be allowed after 4–6 
months depending on the healing progress.  

28.1.1.2     Extension Malunion 
 The extension malunion is the posterior angula-
tion of the distal humerus on the sagittal plane. 
The loss of    humerus antiversion, also known as 
“gunshot deformity,” is clinically defi ned and is 
related to hyperextension and loss of fl exion 
(Fig.  28.2 ). Two major groups of surgical proce-
dures can be performed in adults: osteotomy to 
correct the posterior angulation and recontouring 
arthroplasty. Osteotomy can be considered in 
cases of high-degree retroversion of the distal 
humerus with clinical deformity, as previously 
described.

   A radical debridement of the posterior and 
anterior compartments can be achieved by an 
open Outerbridge-Kashiwagi operation as a 
“house-keeping procedure” [ 2 ] which includes 
olecranon tip resection, transhumeral fenestra-
tion, and coronoid tip resection. 

 Recontouring arthroplasty can be performed 
with either open or arthroscopic techniques. 
Preoperative evaluations should include a physi-
cal examination to assess the range of motion 
loss and an examination of the extra-articular 
deformity and the intra-articular status of the dis-
tal humerus by means of imaging studies. 
Imaging studies (X-rays and CT scan) allow an 
evaluation of the nature and degree of malunion 
and to identify any associated loose bodies or 
heterotopic ossifi cations. The aim of open and 
arthroscopic procedures is to increase the range 
of motion and not to alter the retroversion of the 
distal humerus with no change in the clinical 
aspect. The remodeling procedure has to be per-
formed on both sides of the ulno-humeral articu-
lation, following the anterior capsulectomy and 
the remodeling of the coronoid and radial head 
fossa, and also on the ulnar side to reduce the 
coronoid apex. Following these surgical steps, an 
increase in range of motion can be obtained. 
Posterior capsulectomy with incision of the pos-
terior band of the medial collateral ligament asso-
ciated with ulnar nerve neurolysis is an advanced 
technique to improve range of motion in terms of 
fl exion and to reduce the risk of secondary 
neuropathy.   

  Fig. 28.2    The loss of humerus antiversion, also known as “gunshot deformity,” is clinically defi ned, and it is related to 
hyperextension and loss of fl exion       
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28.1.2     Intra-articular Malunion 

 Intra-articular malunions involve the articular sur-
face (shape, orientation, dimension, and axis of 
rotation) of the trochlea and capitellum humeri. 
The most common intra-articular deformity is sec-
ondary to the loss of orientation and dimension of 
the trochlea shape with or without change in angu-
lation of the rotational axis. Clinically, patients 
lose fl exion-extension range of motion due to the 
incongruency between the olecranon and the 
trochlea. If the intra-articular malunion is associ-
ated with an extra-articular deformity, the elbow 
becomes stiff due to the malunion of the three axes 
within the elbow (diaphyseal, intercondylar, and 
rotational axes). Imaging studies are useful to 
assess the status of the articular surface and its 
deformity. Computer tomography with three-
dimensional reconstructions reproduces the elbow 
joint and allows the investigator to understand the 

nature of the articular deformity and the alignment 
between the olecranon and trochlea and the radial 
head and the capitellum humeri. Different surgical 
options (ulno- humeral arthroplasty, interposition 
arthroplasty, or elbow prosthesis) are available for 
this group of patients with distal humerus deformi-
ties depending on the nature and extent of the 
articular changes and on patient age. 

28.1.2.1     Surgical Techniques 
for Preserved Joint 
Congruency with Limited 
Articular Damage 
(Less Than 50 %) (Fig.  28.3 ) 

    Ulno-humeral arthroplasty can be performed fol-
lowing open or arthroscopic techniques. This sur-
gical procedure is indicated if the articular 
deformity is not further compromised by severe 
joint destruction, avascular necrosis, or second-
ary degenerative changes. 

  Fig. 28.3    Preserved joint congruency with limited articular damage (less than 50 %). The articular deformity is not 
further compromised by severe joint destruction, avascular necrosis, or secondary degenerative changes       
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 The open technique can be performed using a 
posterior midline skin incision; the ulnar nerve is 
isolated, and triceps splitting is performed. The 
posterior compartment is exposed, and the articu-
lar bone surface of the distal humerus and olecra-
non is reshaped. The anterior compartment can 
be exposed using medial and lateral column pro-
cedures, and the anterior bone remodeling is then 
adjusted. The arthroscopic procedure follows the 
same open surgical steps. The standard setups 
and portals are made. We usually isolate the ulnar 
nerve through a medial skin incision just above 
the ulnar nerve groove. Posterior debridement is 
performed with standard approaches, the capsula 
is lifted from the bone to create a space, and bone 
remodeling is performed with a 5-mm round 
burr, on both sides of the joint to reduce impinge-
ment and maltracking of the ulno-humeral joint. 

 Remodeling of the anterior is routinely per-
formed using blunt retractors to help with visual-
ization and to protect the nearby neurovascular 
structures. 

 Once the bony debridement and remodeling 
are completed, the anterior and posterior capsu-
lae are excised. The medial capsula can be 
excised through a medial skin incision performed 
to isolate the ulnar nerve. 

 The aim of both surgical techniques is to 
improve the range of motion without altering the 
articular surface.  

28.1.2.2     Surgical Techniques for 
Lost Joint Congruency with 
Extensive Articular Damage 
(More Than 50 %) (Fig.  28.4 ) 

    Interposition arthroplasty is indicated for severe 
joint destruction or avascular necrosis of the 
articular surface that involves more than half of 
the joint surface or with signifi cant incongruity 
between the trochlea and olecranon or between 
the radial head and the capitellum humeri. 

 Usually, the trochlea is altered in conformity 
and size due to the reduction with high- 
compression screws. In these cases, the trochlea 

  Fig. 28.4    Lost joint congruency with extensive articular 
damage (more than 50 %). Severe joint destruction of the 
articular surface that involves more than half of the joint 

surface and with signifi cant incongruity between the 
trochlea and olecranon       
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needs to be treated with a broad remodeling tech-
nique to recover an adequate size and congruency 
with the olecranon. Following this broad remod-
eling, the use of interposition tissue can be useful 
to interpose within the articular joint. Tissues 
commonly used are the Achilles tendon (for 
allografts) or the fascia (for autografts or 
allografts). The medial and lateral collateral liga-
ments can be reconstructed using a portion of the 
tissue grafts. External joint distraction is also per-
formed in conjunction to protect the reconstruc-
tion for 5–6 weeks and to allow early mobility. 

 In cases of severe joint destruction that cannot 
be recovered with conservative procedures, 
elbow replacement can be considered. 

 Elbow replacement (total or hemi) may be the 
principal indication for older patients with lower 
mobility requirements. In selected cases, this 
course of action offers reliable improvements in 
pain relief and mobility even if it does introduce the 
potential for complications related to the mechani-
cal failure of the implant or of the soft tissues. 

 Recently, hemi-humeral arthroplasty has been 
introduced with anatomic designs that reproduce 
the trochlea surface. From our experience, this is 
correctly indicated in cases of preserved olecra-
non articular surface and ligaments, but little 
information is available from the literature, on 
medium- and long-term follow-up. 

 The surgical technique to implant the hemi- or 
total elbow prosthesis (arthroplasty) can be per-
formed using a posterior midline approach. The 
ulnar nerve should be isolated, and the extensor 
mechanism is prepared using a splitting or preserv-
ing approach to expose the articular bone surface.   

28.1.3     Outcomes of Malunion 

 There is limited information about the outcomes 
of surgical correction of distal humerus mal-
unions, but most of these procedures have been 
performed in the young or adult populations with 
high degrees of varus and retroversion deformity. 
Elbow stiffness and instability are the most com-
mon clinical, surgical sequelae following a mal-
union of the distal humerus [ 3 ]. The treatment, 
which is technically demanding, since it requires 

great surgical  experience, includes correct 
 osteotomy or debridement with recontouring 
arthroplasty. The primary goal is to restore the 
original anatomic morphology and stability of 
the elbow, to allow motion without pain. In the 
preoperative planning stages, a CT scan should 
be performed to assess the joint congruency and 
intra-articular bone deformity. Moreover, the 
choice of surgical treatment must take into 
account patient age and extent of disabilities. 

 McKee et al. [ 4 ] reported 13 patients treated 
with osteotomy and bone graft associated with 
capsular release. The mean age of patients was 
40 years, and the mean follow-up time was 
25 months (ranging from 12 to 60 months). 
According to the Mayo Elbow Performance 
Score (MEPS), 2 were excellent, 3 good, and 8 
fair. All the osteotomies healed with an average 
range of mobility between 25° and 122°. Other 
experiences have been reported in the literature 
with good results in osteotomy healing and useful 
outcomes in elbow motion and pain relief [ 5 – 8 ]. 

 A variety of procedures have been described 
for operative humerus osteotomy; Lim et al. [ 9 ] 
analyzed the results of three-dimensional correc-
tive osteotomy in the middle-aged population. 
Twenty consecutive patients underwent correc-
tive osteotomy at an average age of 47.9 years 
(range, 41–55 years). The osteotomy was fi xed 
with single plating in eight patients and with dou-
ble plating in 12. The average follow-up was 23 
months (range, 18–109 months). Osseous union 
was radiographically demonstrated in all patients 
at an average of 17.5 weeks. Delayed union of 
further than 12 weeks was observed in 15 patients 
(75 %). The average time to union in the single- 
plating group was 21.0 weeks compared with 
15.1 weeks in the double-plating group. Failure 
of fi xation occurred in two patients who had sin-
gle plating. The average fi nal MEPS was 90.3 
points (range, 70–100 points). 

 Hahn et al. [ 10 ] reported their experience 
using a corrective dome osteotomy performed in 
19 adult patients. The mean age was 31.1 years, 
and the mean follow-up was 41 months. None of 
the patients had recurrence of deformity. An 
excellent result was achieved in 13 patients and 
good in 6. They therefore concluded that 
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 corrective dome osteotomy with stable fi xation is 
a valid option in cases of distal humerus defor-
mity also among adults. 

 Gong et al. [ 11 ] reported their experience 
with 12 consecutive patients treated with lateral 
oblique closing wedge osteotomy with a larger 
contact area and stable fi xation. The mean age 
at the time of the surgery was 39 years (range, 
31–48 years). The minimum follow-up was 15 
months. All patients achieved healing of the oste-
otomy and regained preoperative arcs of elbow 
motion at a mean of 7 weeks. The fi nal MEPS 
and Disabilities of the Arm, Shoulder and Hand 
questionnaire (DASH) averaged 95.4 points and 
5.5 points, respectively. The conclusion of their 
report was that humerus osteotomy and fi xa-
tion with lateral plating is a sound technique for 
humerus deformities in adults, with early recov-
ery of elbow motion and satisfactory deformity 
correction. 

 The outcomes of recontouring arthroplasty 
were reported in patients with a lesser amount of 
extra-articular or intra-articular deformities. 

 Husband and Hastings [ 12 ] used this tech-
nique on seven patients with a mean age of 32 
years at 38-month follow-up. They were able to 
recover functional arc of motion in six patients 
with a mean range of 117°. 

 Mansat and Morrey [ 13 ] reported 37 patients 
treated with the column procedure. At 43 months 
of mean follow-up, they reported a satisfactory 
result in 82 % of cases, while 89 % improved the 
range of motion with a mean arc of 94°. More 
recently, Stans et al. [ 14 ] reported 37 patients 
treated with capsular release and bony debride-
ment at 15 months of mean follow-up. They 
described an improvement in elbow motion in 
75 % of cases with an average arc of 94°. 

 Capsular release and bone recontouring can 
be also performed using either open or 
arthroscopic procedures. Most of these cases are 
analyzed as part of a posttraumatic series, and it 
is diffi cult to agree whether the stiffness in the 
elbow is the consequence of distal humerus mal-
union from the simple contracture with hetero-
topic ossifi cations. 

 In 2000, Cohn et al. [ 15 ] reported their 
 experience with the treatment of  osteoarthritis 

(primary and posttraumatic) in the elbow, 
 comparing open and arthroscopic debride-
ment. The outcomes of 18 patients treated by 
the Outerbridge-Kashiwagi (O-K) open pro-
cedure and 26 patients treated by arthroscopic 
debridement and fenestration of the olecranon 
fossa were compared at mean follow- up of 35 
months. At the end of their study, they found that 
both procedures were effective, with no major 
complications. Patients treated by arthroscopic 
debridement and fenestration achieved better 
relief of pain, whereas those patients undergo-
ing the O-K open procedure achieved signifi -
cantly greater improvement in range of motion. 
In the same years, Kim and Shin [ 16 ] reported 
their series of 63 patients focused on arthros-
copy for limited elbow range of motion. The 
mean range of motion was 79° before surgery. 
Patients with posttraumatic stiffness had a more 
marked reduction in extent and total range of 
motion (73°) compared to those with degenera-
tive stiffness (86°) before surgery. However, no 
signifi cant differences were found in the postop-
erative range of motion (posttraumatic stiffness, 
123°, and degenerative stiffness, 121°). In 2011, 
Cefo and Eygendaal [ 17 ] reported their experi-
ence with 27 patients with posttraumatic stiff 
elbow treated by arthroscopic release. The mean 
preoperative range of motion was 99°, and after 
surgery, improved signifi cantly to 125°, they 
reported one postoperative superfi cial infection 
of the lateral portal but no vascular or neurologi-
cal complications. The conclusion of the study 
was that arthroscopic capsular release of the 
elbow is a safe and reliable option for patients 
with posttraumatic elbow stiffness without 
intrinsic broad deformity. 

 Recently, Charalambous and Morrey [ 18 ] 
published a systematic review on the treatment 
options for posttraumatic stiff elbow. They 
described how arthroscopic treatment for post-
traumatic conditions is a challenging procedure. 
Good results with improvement in range of 
motion and daily living activities have been 
reported in the literature, but the fact that it  carries 
with it a steep learning curve in order to avoid 
complications, in particular in the posttraumatic 
conditions, has to be borne in mind. 
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 In cases of severe intra-articular malunion, 
interposition arthroplasty can be performed; 
Cheng and Morrey [ 19 ] reported the out-
comes of this technique in 13 patients at 63 
months of mean follow-up. They found 62 % 
of satisfactory results based on to the Mayo 
Elbow Performance Index. Four cases were 
subsequently revised as requiring total elbow 
arthroplasty. 

 In cases of severe damage of the articular sur-
face, total elbow arthroplasty is the primary indi-
cation, mostly for older patients. 

 In the young portion of the population with 
severe deformity of the articular surface as a con-
sequence of posttraumatic lesions, total elbow 
arthroplasty may be considered as a salvage pro-
cedure. In a recent Mayo experience [ 20 ], this 
indication was correlated with a higher risk of 
complications and implant failure than the degen-
erative conditions. The most important factors to 
be considered are the possibility of using alterna-
tive, non-replacement techniques and patient 
choice.   

28.2     Distal Humerus Nonunion 

 The incidence of nonunion in distal humeral frac-
tures has been reported as approximately ranging 
between 10 and 25 % [ 21 – 25 ]. Poor surgical tech-
nique with inadequate fi xation was found to be the 
principal risk factor for fracture nonunion. Other 
factors are related to severe soft tissue injuries that 
reduce bone blood supplies or to poor bone condi-
tion of the distal humerus. The nonunion can be 
located at the supracondylar level (extra-articular 
zone) or in the intra-articular zone involving the 
trochlea and the capitellum. The nonunion at the 
supracondylar level is affected by inadequate sta-
ble fi xation and also by the limited blood supply at 
this level [ 26 ]. In the normal elbow, mechanical 
forces from the articular surface are transferred to 
the diaphysis crossing the supracondylar region. In 
cases of unstable fi xation of the supracondylar 
fracture, the fl exion- extension motion can develop 
the hardware failure with a secondary windshield-
wiper effect on the fracture (Fig.  28.5 ). Additional 
joint stiffness can worsen the failure of the fracture 

  Fig. 28.5    The unstable fi xation of the supracondylar fracture associated to the fl exion-extension early motion can 
develop the hardware failure with a secondary windshield-wiper effect on the fracture as shows by two arrows       
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reduction. The movement occurs through the non-
union site rather than through the joint [ 27 ] with 
excessive loads being transmitted through the 
supracondylar region.

   Risk factors for bone nonunion also include 
smoking and the use of medication that may 
impact on bone formation. An investigation for 
symptoms and signs of infection can be per-
formed in all cases of nonunion to exclude their 
concomitant presence. Imaging evaluations 
should start with an analysis of the previous 
X-rays in order to assess the quality of the initial 
fi xation and to determine the amount of bone 
loss. Recent radiographs will help to determine 
the status of the internal fi xation and the bone 
quality and loss to help with planning treatment. 
Computer tomography with 3D reconstruction is 
a useful tool when a further internal fi xation is 
planned, because it provides a better understand-
ing of the remaining bone condition and the 
degree of the associated malunion. 

 Major surgical options available for treatment 
of distal humerus nonunions are internal fi xation 
with bone graft and elbow replacement, and in 
some rare and particular cases elbow arthrodesis 
can be performed. The choice will depend on the 
level of nonunion (intra-articular or extra- 
articular region) and on the concomitant presence 
of an intra-articular malunion or degenerative 
joint disease. Finally, it will depend on patient 
age and activity levels. 

28.2.1     Internal Fixation 

 This is the treatment of choice for the majority of 
patients with intra-articular or extra-articular dis-
tal humerus nonunion. The principal goal of 
internal fi xation is to achieve an anatomic reduc-
tion and stable internal fi xation and to stimulate 
bone healing using a bone graft. To avoid stress 
on the nonunion area, it is useful to release the 
associated joint contracture. In intra-articular 
nonunions, the anatomic reconstruction of the 
articular surface and the recovery of the dimen-
sion and orientation of the trochlea and capitel-
lum are the most important aspects to consider. In 
cases of large bone loss, inadequate to recover a 

correct dimension of the trochlea, a cortical iliac 
bone graft can be used, associated with interposi-
tion arthroplasty. 

 The aim of a reconstruction in the intra- 
articular region is to recover the congruencies 
between the humeral surface and the olecranon 
and the radial head. In the supracondylar region, 
the treatment of the nonunion has to recover the 
correct orientation of the distal humerus in both 
the frontal and sagittal planes. A bone graft at the 
supracondylar level can be useful to improve the 
healing process, and occasionally, a metaphysis 
shortening can be applied in cases of bone reab-
sorption. In these cases, the correct orientation of 
the distal fragment relative to the diaphysis can 
be diffi cult to obtain, especially with more exten-
sive bone loss. The problems with the reduction 
at the supracondylar level are related to the 
attempt to avoid nonanatomic reduction with 
excessive fl exion or extension, valgus/varus, or 
malrotation defects between the diaphysis and 
articular surfaces. 

 An adequate surgical exposure can help the 
visualization of the degree of the nonunion. For 
intra-articular nonunions, when nonunited previ-
ous olecranon osteotomy is present, this should 
be used to expose the articular surface. If other 
surgical exposure techniques have been used, 
such as triceps refl ecting or splitting, and if 
incomplete healing of the extensor mechanism to 
the olecranon is detected, the same approach 
should be used. For extra-articular nonunions 
with an intact extensor mechanism as a conse-
quence of an attempt to preserve the triceps, the 
same approach can be used on both sides of the 
triceps without violating the extensor mecha-
nism. Olecranon osteotomy provides an excellent 
exposure for intra-articular distal humerus non-
unions and allows extensive exposure of the 
trochlea surface including the anterior compart-
ment. The anterior and posterior capsular release 
of the contracture is important for reducing stress 
being transmitted to the nonunion site, which 
may contribute to fi xation failure. 

 The two plates provide a stable fi xation of the 
distal humerus reconstruction after nonunion 
when applied laterally and medially with multi-
ple distal long screws that, in most cases, will be 
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interdigitated together to increase mechanical 
stability. Compression forces should be applied 
at the supracondylar level to avoid reducing the 
articular surface of the trochlea. A bone graft can 
be applied after the reduction at the supracondy-
lar level using a cortical cancellous stabilized 
with screws or heavy sutures (Fig.  28.6 ).

28.2.2        Joint Replacement 

 Elbow arthroplasty use has increased in the last 
few decades as it is seen as an effective treatment 
option for selected patients with distal humerus 
nonunion. The primary indications for elbow 
replacement (total and hemi) are irreversible dam-
age of the articular surface of the distal humerus 
and extensive bone loss (Fig.  28.7 ). Most of these 
patients are unable to use their upper limb in their 
daily living activities. Gross instability with pain 
can be related to a nonunion after unstable osteo-
synthesis or to severe joint stiffness after failed 
reduction of the intra- articular fractures, which is 
known as an intrinsic malunion.

   Patient selection, in the preoperative decision- 
making stages, is an important factor to consider to 
reduce the risk of complications. Total elbow 
arthroplasty is reserved for the older population or 
for sedentary patients with low levels of activity 
and only in selected cases among the young, active 
category of patients as a salvage procedure. Also, 
it is important in the preoperative planning stages 
to exclude an infection to avoid the risk of second-
ary septic loosening of the components. 

 During the surgical technique, it is important 
to preserve the extensor mechanism to improve 
the postoperative recovery time and reduce pain 
and risk of triceps insuffi ciencies. In humeral 
hemiarthroplasty, the reconstruction of both liga-
ments and columns is an important surgical step 
to recover an adequate elbow congruency while 
avoiding the risk of secondary instability. 

 Elbow replacement should be considered as a 
useful surgical option for the treatment of distal 
humerus nonunions, but it should be considered 
as a salvage procedure with limitations in daily 
living activities and with a high risk of complica-
tions if the patient selection is not correct.  

  Fig. 28.6    The principal goal of the intra-articular or extra-articular distal humerus nonunion is to achieve an anatomic 
reduction and stable internal fi xation (two plates) and to stimulate bone healing using bone graft       
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28.2.3     Outcomes of Nonunion 

 There are several studies on the outcomes of dis-
tal humerus treatment using a new internal fi xa-
tion and bone graft protocol published in the last 
few decades. In the 1980s, Mitsunaga et al. [ 28 ] 
reported 25 patients treated with internal fi xation 
for nonunion of distal humerus fractures. At 
mean follow-up of 8 months, they recovered sat-
isfactory results in seven patients. 

 Union was obtained in 22 patients, and the 
reoperation rate was 24 % at a mean follow-up 
time of 7.7 months for revision of the fi xation or 
bone graft. Ackerman and Jupiter [ 29 ] reported 
their experience with 20 patients (11 were con-
sidered to have a reactive nonunion and nine, a 
nonreactive nonunion) with a mean age of 43 
years. At 42 months of mean follow-up, they 
reported satisfactory results based on the MEPS 
in seven patients. They recovered a high percent-
age of union of around 94 %. 

 In conclusion, they observed how the results 
in the extra-articular nonunion category were 
much better than those in the intra-articular non-
union category. They also observed that those 
patients reported to have a long-term disability 
also achieved successful union. 

 The outcomes of nonunion treatment have 
improved with the introduction of better 

 fi xation systems associated to capsular release 
aimed at reducing stress on the side the non-
union is on. 

 Helfet et al. [ 30 ] reported their experience 
with 52 patients with delayed union or non-
union of the distal humerus. Thirteen non-
unions were at the intercondylar level, 27 were 
at the supracondylar one, and 6 cases were in 
the transcondylar area. The last six patients 
presented with nonunion at the lateral and 
medial condylar level. The average time to 
clinical assessment was 18 months. Union was 
achieved in 94 % of patients (the average time 
to union was 6 months), but 30 % of patients 
required additional surgery to improve their 
range of motion, address the ulnar nerve, or 
remove areas of wearing. They concluded that 
open reduction through extensive exposure and 
rigid internal fi xation consistently results in 
healing of the nonunion of the distal part of the 
humerus. 

 McKee et al. [ 4 ] described their experience in 
13 patients with mean age of 40 years at mean 
follow-up of 25 months. Based on the MEPS, 
they recovered two excellent, eight good, and 
three fair results. 

 Ring et al. [ 31 ] described outcomes in 15 
patients with unstable nonunion in which the 
hand and forearm could not be supported 

  Fig. 28.7    Elbow replacement should be considered as a useful surgical option for the treatment of distal humerus 
nonunions in selected cases with irreversible damage of the articular surface and with extensive bone loss       
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against gravity. The average time from the 
 original fracture to the initial treatment of the 
 nonunion was 7 months. At mean follow-up of 
51 months, they achieved union in 12 patients; 
of these, six patients required additional sur-
gery to improve motion. Three nonunions failed 
to heal and were treated with total elbow arthro-
plasty. Based on the MEPS, satisfactory results 
were observed in 11 patients. They concluded 
that unstable nonunions of the distal part of the 
humerus can be treated successfully with the 
use of rigid internal fi xation, joint contracture 
release, and bone grafting. Ali et al. [ 32 ] 
reported their experience with 16 patients with 
mean age of 42 years and at mean follow-up of 
39 months. The MEPS was excellent in 11, 
good in two, fair in two, and poor in one. They 
reported one failure with an infected nonunion 
that required a subsequent bone graft to obtain 
union. They observed that the most important 
factor to obtain union of a distal humeral frac-
ture is the adequacy of fi xation. 

 Regarding total elbow replacement used for 
the treatment of nonunion of the distal humerus, 
different experiences have been reported, the 
majority of which comes from the Mayo Clinic. 
In 1995, Morrey and Adams [ 33 ] published their 
experience using linked semi-constrained pros-
thesis design for the treatment of distal humerus 
nonunions on 36 consecutive patients with a 
mean age of 68 years. At average follow-up of 
50.4 months (24–127 months), 31 patients 
(86 %) had satisfactory results, three (8 %) had 
fair, and two (6 %) had poor results, and in terms 
of pain, 91 % had no or only mild discomfort 
after the procedure. Motion had improved com-
pared to the preoperative state, recovering a 
mean arc ranging between 16° and 127° after 
surgery. There were seven complications (deep 
infection, synovitis, ulnar neuropathy, and worm 
polyethylene bushes). 

 In 2008 and 2009, Cil et al. and Sanchez- 
Sotelo and Morrey [ 34 ,  35 ] reported a new 
series of total elbow arthroplasties performed in 
 nonunion cases at the Mayo Clinic. Ninety-one 

consecutive patients (92 elbows) underwent 
elbow replacement; the results were analyzed 
at a mean follow-up of 6.5 years. Joint stability 
had been restored in all patients. Sixty-seven 
(74 %) patients had no or mild pain, and 20 
(22 %) had a fair or poor MEPS. A total of 44 
complications occurred in 40 elbows, and there 
were 32 reoperations. Factors that increased 
the risk of implant failure were patient age of 
less than 65 years, two or more prior surgical 
procedures, and a history of infection. The rate 
of prosthetic survival without removal or revi-
sion for any reason was 96 % at 2 years, 82 % 
at 2 years, and 65 % at both 10 and 15. 

 LaPorte et al. [ 36 ] reported their experience 
using the linked semi-constrained prosthesis 
for nonunion of the distal humerus following 
failure of internal fixation on 12 patients at 
mean follow- up of 63 months; 11 patients had 
good pain relief and a good or excellent func-
tional result: mean arc of motion was 134–18°. 

 In 2011, Espiga et al. [ 37 ] reported their expe-
rience on using elbow replacement in patients 
older than 70 years and with nonunion of the dis-
tal humerus. Six patients underwent this proce-
dure for symptomatic nonunion of the distal 
humerus. At a mean follow-up of 40 months, the 
mean range of motion in terms of fl exion- 
extension was between 15° and 125°. Only one 
patient had moderate pain, and all six were satis-
fi ed with the procedure.   

28.3     Prevention of Malunion 
and Nonunion 

•     Reduction of the articular distal humeral frag-
ment to recover anatomic congruency and 
mechanical axis in the sagittal and frontal 
planes  

•   Stable fi xation of distal humerus using two 
parallel or orthogonal plates and screws  

•   Avoiding aggressive mobilization or stress of 
the metaphyseal area (Fig.  28.8 )
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28.4           Treatment of Malunion 
and Nonunion 

•     Check for a correlation between the malunion 
and instability with pain and between the 
intra-articular malunion and severe stiffness.  

•   Precise preoperative imaging studies to assess 
the articular deformity and the congruity with 
the olecranon and radial head.  

•   Exclude a subacute infection of the malunion 
or nonunion areas.  

•   The main treatment is to restore the articular 
congruencies and joint stability.  

•   In selected cases, total or hemi-elbow arthro-
plasty should be considered as a salvage 
procedure.        
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29.1           Defi nition 

 The terrible triad injury pattern is a variant of 
traumatic posterolateral elbow instability, char-
acterized by three elements: (1) posterior disloca-
tion of the elbow, (2) fracture of the radial head, 
and (3) fracture of the coronoid (Fig.  29.1 ). The 
defi nition of “terrible” was coined to emphasize 
its clinical prognosis which is frequently associ-
ated with very poor functional results after either 
conservative treatment or surgery.

29.2        Pathogenesis 

 The terrible triad is the result of an indirect 
trauma to the elbow, characterized by an injury 
on the hand, with a combination of compression 
on the elbow, valgus stress, and forearm supina-
tion with respect to the humerus (Video  29.1 ). 
This dynamic of the trauma is usually the result 
of a fall to the ground onto an outstretched hand 
which is resting on the ground and with the elbow 
extended in an attempt to slow the fall. 

 Depending on several factors, the fi rst of 
which being the degree of fl exion and pronation 
of the elbow during the trauma, the elbow may 

suffer a spectrum of pathologies ranging from a 
“simple dislocation” (not associated with frac-
tures) to a terrible triad. The basic principle of the 
interaction between the degree of fl exion and 
pronation of the elbow and severity of the insta-
bility is relatively simple.  

 In extension and supination, the major stabi-
lizers of the elbow resisting posterolateral dislo-
cation are the soft tissues (lateral collateral 
ligament and anterior capsule). In fl exion and 
pronation, the stability of the elbow is further 
reinforced by the bony stabilizers (coronoid and 
radial head). As a consequence, the elbow is more 
stable in fl exion and pronation, while it is less 
stable in extension and supination. 

 A trauma in extension and supination is thus 
able to dislocate the elbow with lower kinetic 
energies without affecting the bony stabilizers of 
the elbow. If the elbow instead undergoes a trauma 
in this position of greater stability, in  fl exion 
and pronation, the dislocation occurs only after a 
fracture of the primary (coronoid) and secondary         D.   Blonna      
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stabilizer of the elbow (radial head). This explains 
why the terrible triad occurs most frequently with 
high-energy trauma or with lower- energy trauma 
in patients affected by osteoporosis. 

 In addition to the degree of fl exion and supina-
tion of the elbow, the degree of valgus stress and 
compression of the elbow also infl uences the type 
and severity of elbow instability. The greater the 
trauma component of valgus stress as compared 
to the compression, the greater the damage to the 
medial collateral ligament and radial head, versus 
the damage to the coronoid.  

29.3     Principles of Biomechanics 
Applied to the Terrible Triad  

 The terrible triad is characterized by an impairment 
of primary and secondary stabilizers of the elbow, 
frequently resulting in a  residual instability  of the 
elbow. The residual instability is defi ned as the 

degree of instability after reduction of the terrible 
triad. The primary stabilizers of the elbow, pertain-
ing to the terrible triad, are the joint capsule, the 
lateral collateral ligament, and the coronoid. The 
radial head, which under normal conditions is a 
secondary stabilizer, becomes a primary stabilizer 
in circumstances where the coronoid is defi cient. 

 The degree of involvement of these structures, 
however, varies from case to case, signifi cantly 
affecting the degree of residual instability and 
therefore the treatment and prognosis of the ter-
rible triad. The concept of residual instability is 
vital and determines the outcome of our conser-
vative or surgical treatment. 

 The degree of residual instability depends on 
the interaction of several elements:
•    Extent of the coronoid fracture  
•   Extent of the radial head fracture  
•   Potential for spontaneous healing of the pri-

mary and secondary stabilizers     

29.4     Fracture of the Coronoid 

 The extent of the coronoid fracture is the most 
important factor in predicting the degree of resid-
ual instability of the elbow. The classifi cation of 

  Fig. 29.1    CT scan showing a typical terrible triad pattern of fracture, characterized by a fracture of the coronoid, a 
fracture of the radial head, and a posterior dislocation of the elbow       

 Tip 

 The residual instability is a critical concept 
in understanding the treatment of a terrible 
triad. 
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Ragan-Morrey [ 1 ] is probably the most used and 
divides the fractures into three groups depending 
on the extent of the fracture of the coronoid 
(Fig.  29.2 ).

29.4.1       Type I 

 Fracture of the apex (Fig.  29.2a ). The elbow 
after reduction usually shows no signs of resid-
ual posterolateral instability, even with severe 
impairment of the radial head. If there is a com-
plete lesion of the medial collateral ligament 

associated with a fracture of the radial head, a 
residual valgus instability can occur and must be 
diagnosed early. In case of type I coronoid frac-
ture, the coronoid remains an effi cient primary 
stabilizer of the elbow and the radial head a sec-
ondary stabilizer. That means that the function of 
the radial head is not mandatory for posterolat-
eral stability. The elbow remains stable even 
under unfavorable conditions such as extension 
and supination. The stability of this condition 
allows the elbow to be mobilized early and to 
allow physiological healing of the lateral collat-
eral ligament.  

a

c

b

  Fig. 29.2    CT scan showing a type I ( a ), type II ( b ), and type III ( c ) fracture of the coronoid according to the Regan- 
Morrey classifi cation       
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29.4.2     Type II  

 Fracture affecting 50 % of the coronoid 
(Fig.  29.2b ). The elbow has signifi cant residual 
posterolateral instability in extension and supina-
tion, if the function of the radial head is compro-
mised. Conservative treatment in this case must 
be weighed carefully and is closely linked to the 
function of the radial head, which in this context 
is a primary stabilizer. If the radial head is only 
partially affected by the fracture or has a frac-
ture that is likely to heal well, conservative treat-
ment may be indicated, but the patient must be 
followed closely with clinical and radiographic 
follow- up for early detection of residual postero-
lateral instability. A concomitant lesion of the 
medial collateral ligament increases the degree 
of residual instability by adding residual valgus 
instability. 

 In our experience, patients affected by a ter-
rible triad with a type II fracture of the coronoid 
comprise the cases where there is the greatest 
risk of inadequate treatment and subsequent 
complications.  

29.4.3     Type III 

 Fracture affecting more than 50 % of the coro-
noid (Fig.  29.2c ) (base of the coronoid). In these 
cases, the elbow is unstable posterolaterally also 
at more than 45° of fl exion and in pronation. 
The radial head is usually not able to provide 
suffi cient stability to the elbow even after a 
proper reconstruction or prosthetic replacement. 
In these cases, coronoid reconstruction, suture 
of the external collateral ligament, and recon-
struction or replacement of the radial head are 
recommended. In some cases, even proper 
 surgical treatment cannot guarantee the absence 
of  residual instability, and it is necessary to use 

an external fi xator which is kept in place for 4–6 
weeks.   

29.5     Extent of the Fracture 
of the Radial Head 

 The extent of radial head involvement is of great 
importance since it can become the primary sta-
bilizer in terrible triad cases. The radial head 
becomes a primary stabilizer against valgus 
instability in concomitant lesions of the medial 
collateral ligament and a stabilizer against poste-
rior instability in the event of type II and III coro-
noid fractures. 

 In these cases, it is essential to restore the 
function of the radial head through reconstruc-
tion or prosthetic replacement. The function of 
the radial head is of such importance in the terri-
ble triad such that our inclination is to prefer a 
prosthetic implant that provides excellent pri-
mary stability rather than a suboptimal recon-
struction. For the same reason, we prefer an 
anatomic prosthesis which ensures better initial 
stability rather than bipolar prosthesis.  

 The study of the type of fracture of the radial 
head is vital to predict the degree of residual 
instability of the elbow affected by a terrible 
triad. The involvement of the anterosuperior 
aspect of the radial head, the comminution of the 
fragments, and a fracture with displacement of 
the neck are negative prognostic factors in which 
we recommend a prosthetic replacement. One or 
two fragments without involvement of the neck 
are potentially reducible and fi xable with screws 
or a precontoured plate (Fig.  29.3 ). The fi nal goal 
is to obtain good primary stability of the elbow, 
thus allowing early mobilization.

 Tip 

 The radial head becomes a primary stabi-
lizer against valgus instability in case of 
concomitant lesion of the medial collateral 
ligament and a  crucial stabilizer against 
posterior instability in the event of type II 
and III coronoid fractures. 

 Tip 

 Terrible triad with a type II fracture of the 
coronoid is at high risk of inadequate treat-
ment and subsequent complications. 
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29.6        Potential for Spontaneous 
Healing of Primary and 
Secondary Stabilizers 
of the Elbow  

 The primary and secondary stabilizers of the 
elbow may heal spontaneously. This applies 
mostly to the lateral and medial collateral liga-
ment. Between the two collateral ligaments, the 
medial collateral ligament is the one that has the 
most potential for spontaneous healing. The rea-
sons for this difference are not known with cer-
tainty, but it is likely due to the continuous varus 
stress in which the elbow is subjected during 
activities of daily living. During the activities of 
everyday life such us grabbing objects to bring 
them to the mouth, the elbow undergoes a varus 
stress that leads to a constant force on the lateral 
collateral ligament, causing a failure of the heal-
ing. This stress is greater in cases of the residual 
elbow instability.  

 Valgus stress is much less common during the 
activities of daily living. So, the medial  collateral 
ligament has a greater potential for spontaneous 
healing. The potential for  spontaneous healing 
has important consequences in the decision- 
making process. In cases of conservative 

 treatment, the immobilization period should be 
approximately 3 weeks to ensure initial healing 
of the lateral and medial collateral ligaments. 
After 3 weeks of immobilization, a brace is usu-
ally prescribed to protect the elbow against varus 
stress for up to 2 months after the trauma.  

29.7     Assessment of Residual 
Instability 

 The degree of residual instability after reduction of 
a terrible triad is dependent on the combination of 
different elements (coronoid fracture, radial head 
fracture, soft tissue insuffi ciency). While the con-
tribution of each element to the degree of residual 
instability may be relatively easy to predict, pre-
dicting the result of the contributions of the vari-
ous elements in combination is rarely possible.  

 It is for this reason that it is important to assess 
the degree of residual instability before deciding 
on the type of treatment.  The assessment of 
 residual instability is the focus of our therapeutic 
choice  and, therefore, must be done correctly and 
repeated several times intraoperatively. 

 The assessment of residual instability is based 
on the concept that there are two main types of 
residual instability once a terrible triad is reduced: 
residual  posterolateral instability  and residual 
 valgus instability :
    1.    Residual posterolateral instability 

 This is the most common type of instability due 
to an insuffi cient coronoid, radial head, anterior 
capsule, and lateral collateral ligament. It is 
assessed with the patient supine using the  lat-
eral pivot shift test [  2 ]. After reducing the dis-
location of the elbow, under anesthesia, with 
the patient supine, the elbow is moved from its 
position of greater stability (in fl exion and 
 pronation) to its position of greater instability 

  Fig. 29.3    Intraoperative picture of a radial head fi xation 
using a precontoured plate       

 Tip 

 The medial collateral ligament has good 
potential for spontaneous healing. 

 Tip 

 There are two main types of residual 
instability:
•    A residual posterolateral instability  
•   A residual valgus instability    
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(in extension and supination) (Video  29.2 ). 
During this progression, the examiner will 
assess angles of extension and supination of the 
elbow, at which the elbow appears to subluxate 
or dislocate. In this manner, the examiner is able 
to measure the degree of residual posterolateral 
instability. If the elbow does not dislocate or 
subluxate, the examiner can add a valgus stress 
to increase the instability of the elbow.   

   2.    Residual valgus instability 
 This is a less common instability, after a ter-
rible triad, due to a complete lesion of the 
medial collateral ligament and a failure of 
the radial head. After reducing the terrible 
triad, the examiner measures the degree of 
valgus instability with the elbow fl exed to 
approximately 20°, with the forearm in pro-
nation. We recommend to administer this test 
under a fl uoroscope since this helps to reduce 
false positives. The test is performed in pro-
nation, also to avoid false-positive results, 
due to a concomitant posterolateral  instability 
(Video  29.3 ).    

29.8       Treatment 

 The treatment of a terrible triad is highly variable 
and includes conservative treatment, fi xation or 
replacement of the radial head, fi xation of the 
coronoid, reinsertion of the lateral collateral liga-
ment, and the application of an external fi xator. 
Deciding which treatment to choose from can be 
challenging. 

 As mentioned earlier, our treatment of a terri-
ble triad is based on the evaluation of the residual 
instability while adhering to these concepts:
    (a)    Avoid undertreatment.   
   (b)    Closed follow-up.   
   (c)    Prefer a stiff elbow than an unstable elbow.   
   (d)    Immediate postoperative passive and active 

motion.     

 Our protocol is shown in Fig.  29.4 .

29.8.1       Closed Reduction  

 Although reduction under anesthesia is not essen-
tial, since terrible triad dislocations are usually 
reduced without diffi culty, the use anesthesia 
allows immediately assessment of the degree of 
residual instability. The degree of residual insta-
bility can also be evaluated if the patient is awake 
or can be postponed until immediately before 
surgery, but nonetheless, whenever possible, we 
prefer to do so as soon as the patient is anesthe-
tized and under fl uoroscopic control. The reduc-
tion of the dislocation of the elbow, in terrible 
triad cases, is usually easy since the radial head 
and the coronoid are fractured and the elbow is 
unstable. In these cases, traction in a semi- 
extended (20°) position is usually suffi cient to 
reduce the elbow. In cases with type I coronoid 
fractures or a marginal fracture of the radial head, 
the reduction may be more diffi cult. In these 
cases, we recommend disengaging the radial 
head from the capitulum humeri, by applying 
prono-supinating movements of the forearm and 
by applying a force in varus during the traction of 
the elbow.  

29.8.2     Conservative Treatment 

 Conservative treatment is rarely indicated for a 
terrible triad. Excluding patients in poor general 

 Tip 

 The reduction should be done under anes-
thesia to allow immediate assessment of 
residual instability. 
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medical health for whom surgery is absolutely 
contraindicated, conservative treatment may 
be indicated in patients with a type I fracture 
of the coronoid with an undisplaced fracture of 
the radial head. For these, the elbow is immo-
bilized at about 90–110° of fl exion in pronation 
(Fig.  29.5 ).

29.8.3        Surgical Approach  

Terrible triad

Closed reduction
under anestesia

Assessment of residual
instability + CT scan

Elbow stable Isolated residual valgus
instability

Fixation or replacement
of the Radial Head

(Video 29.3)

Fixation of the
coronoid and radial
head / radial head
replacement, LCL
repair (Video 29.4)

Residual posterolateral
instability

Intraarticular
fragments

No

Conservative
treatment

1 week follow
up (X-ray)

Open or
arthroscopic
removal of
fragments

(Video 29.5)
Decision about post-

operative rehabilitation

Decision about post-
operative rehabilitation

and external fixator

Re-assessment of
residual instability

Re-assessment of
residual instability

Elbow stable Elbow unstable

Early
rehabilitation

Re-assessment of
residual instability

Yes

  Fig. 29.4    Flow chart used in decision-making for terrible triad injuries. See also Videos  29.4  and  29.5        

 Tip 

 The Kaplan approach to the lateral elbow is 
indicated in most of the cases. 
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 In cases in which surgical treatment is indicated, 
the type of surgical approach depends on the type 
of fracture associated with the terrible triad. In 
our experience, in about 90 % of our cases, lateral 
access to the elbow is enough to properly address 
the terrible triad. Among the lateral approaches 
to the elbow, we prefer the Kaplan approach 
[ 3 ] which has the great advantage of not further 
damaging the lateral collateral ligament and the 
extensor-supinator group (Fig.  29.6 , Video  29.4 ). 
For this approach, the incision is made in line 
with the interval between the extensor carpi radi-
alis brevis (ECRB) muscle and the extensor digi-
torum muscle. In contrast to the Kocher approach 
(between the anconeus and extensor carpi ulna-
ris), the Kaplan approach crosses the tendon and 
muscles in a longitudinal manner (split) allowing 
the preservation of the most posterior component 
of the muscles that acts as a hammock, signifi -
cantly limiting the posterolateral instability of the 
radial head. Through this approach, it is possible 
to address type I to type III coronoid fractures 

without signifi cant comminution and medial 
extension of the fracture. Although the visualiza-
tion of the coronoid is suboptimal through this 
approach, the concomitant fracture of radial head 
improves the visualization.

   In cases involving a concomitant olecranon 
fracture, we recommend a posterior approach to 
the elbow. This permits reconstruction of the ulna 
and management of both the medial and lateral 
sides of the elbow. 

  Fig. 29.6    The Kaplan approach to the lateral elbow ( a ). 
The incision is made in line with the interval between the 
extensor carpi radialis brevis (ECRB) muscle and the exten-
sor digitorum muscle ( b ). The Kaplan approach allows the 
preservation of the most posterior component of the muscles 
and tendons that act as a hammock, signifi cantly limiting the 
posterolateral instability of the radial head ( c )       

  Fig. 29.5    The patient is immobilized at 90–110° of fl ex-
ion with the forearm in pronation       
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 A medial approach to the elbow is reserved 
for cases in which the coronoid is too challeng-
ing to reconstruct using the Kaplan approach. 
This usually happens in cases with comminution 
and medial extension of the coronoid fracture 
(Fig.  29.7 ).

29.8.3.1       Fixation of the Coronoid 
 The reconstruction of the coronoid, in most cases, 
is feasible from a lateral approach. The visualiza-
tion of the coronoid from the lateral side is greater 
in cases with large fractures of the radial head. 
In cases with a type I fracture of the coronoid, we 

  Fig. 29.7    Type III coronoid fracture and comminution of the radial head. The patient was treated with a radial head 
replacement, precontoured coronoid plate, and sutures of the medial and lateral collateral ligaments       
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recommend the simple removal of the tip without 
retensioning the anterior capsule. In cases with a 
fracture of types II and III, the reconstruction can 
be performed using anterograde or retrograde can-
nulated screws. In cases of fi xation using a retro-
grade screw placed from the back of the ulna, a 
cruciate ligament reconstruction guide can be used 
in order to simplify the procedure. In isolated cases, 
the fracture can be synthesized by using a medial 
approach and a precontoured plate (Fig.  29.7 ).  

29.8.3.2     Fixation and Replacement 
of the Radial Head 

 It is likely that the stability of the radial head is 
the most important factor that determines a suc-
cessful outcome after surgical treatment for a ter-
rible triad. This is due to the fact that between the 
coronoid and the radial head, the treatment of 
the radial head is defi nitely more reliable. While 
the coronoid fragment can be diffi cult to repair 
and can heal in a suboptimal way, the radial head 
allows easier surgical management, better expo-
sure, and more surgical options (screw fi xation, 
precontoured plate, and prosthetic replacement). 

 The choice between reconstruction and pros-
thetic replacement depends on several factors. The 
elements that we consider most important are:
•    Involvement of the radial neck (subcapital 

fracture)  
•   Comminution of the fragments  
•   Degree of residual instability  
•   Age of the patient    

 An elderly patient, severe residual instability, 
comminution of the fracture fragments, and a 
subcapital fracture are elements that guide us 
toward a prosthetic replacement. 

 Particular care should be taken in the implan-
tation of a radial head prosthesis in order to avoid 
overstuffi ng. In terrible triad cases, the elbow can 
show severe intraoperative instability. Under 
such conditions, the surgeon may be tempted to 
seek greater stability by increasing the prosthetic 
offset. This error causes an overstuffi ng or over-
lengthening of the radial head resulting in chronic 
pain. In order to avoid this error, we suggest mea-
suring the correct prosthetic offset by positioning 

the elbow in a neutral position (to avoid the varus 
position typical of the limb resting on the abdo-
men with the patient is in a supine position) and 
to stabilize the ulna on the trochlea of the humerus 
with one hand. If there are doubts, we recom-
mend an intraoperative image intensifi er control. 
In cases with gross medial instability (usually in 
cases with medial coronoid fractures), we recom-
mend treating the medial instability before decid-
ing on the height of the radial head replacement.   

29.8.3.3     External Collateral 
Ligament Repair 

 A posterolateral dislocation of the elbow is 
always associated with a lateral collateral liga-
ment injury. Frequently, the ligament is avulsed 
from its insertion on the lateral epicondyle. After 
completing the reconstruction of the coronoid 
and/or treatment of the radial head, the collateral 
ligament is reinserted into the epicondyle using 
transosseous sutures or 5 mm anchors loaded 
with high-resistance nonabsorbable sutures. 
Using the Kaplan approach, the lateral collateral 
ligament is not identifi ed directly, but neverthe-
less is reinserted together with the extensor- 
supinator group to the epicondyle with 
Mason-Allen stitches.  

29.8.3.4     Postoperative Care 
 After surgery, the residual instability of the elbow 
has to be evaluated. If the elbow is also stable in 
extension, we recommend the placement of an 
elastic bandage to allow immediate active and 
passive mobilization. The patients are instructed 
to avoid maximal extension for 30 days after sur-
gery. To reduce the risk of heterotopic ossifi ca-
tion, prophylactic indomethacin is prescribed for 
21 days. In cases of persistent elbow instability 
despite surgical intervention, the placement of an 
external fi xator may be indicated.   

 Tip 

 Do not rely on radial head implant offset to 
increase stability of the elbow. 
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29.8.4     Complications 

 The conservative and surgical treatment of the 
terrible triad, even if the choice of treatment and 
the surgical technique have been optimal, can be 
associated to a high number of complications. 
The most frequent complications are residual 
instability, heterotopic ossifi cation, stiffness, and 
arthritis. In our experience, correct surgical treat-
ment is able to reduce the complication rate to 
below 20 %.       
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