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v

 Bone fractures are becoming more and more common and complex, and 
therefore their management is becoming more and more diffi cult. Generally 
speaking, bone fractures are produced in high-energy traumatisms, mainly in 
traffi c accidents, so that many of them take place in the setting of a poly-
trauma patient. We consider that a bone fracture is complex when there is 
marked comminution, there are severe soft tissue injuries associated with it, 
it takes place in an osteoporotic bone, or it is associated with a previous 
implant (for bone fi xation or total joint replacement). If a complex fracture is 
not treated in the appropriate way, it may cause severe complications and 
sequelae (nonunion, malunion, infection). In this book we have analyzed the 
current management of complex fractures of the limbs based on the experi-
ence of the contributing authors and on an in-depth review of the literature.   

  Pref ace     

Madrid, Spain
Madrid, Spain

   E.     Carlos     Rodríguez-Merchán 
     Juan     Carlos     Rubio-Suárez   
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1.1            Introduction 

 Proximal humerus fractures are very common. In 
patients over 65, they are second only to distal 
radius fractures as the most common fractures of 
the upper limb. If we analyze their overall fre-
quency , proximal humerus fractures are the third 
most common fractures behind proximal femur 
and distal radius. 

 Seventy-fi ve percent of the cases occur in 
patients above age 60 that have suffered direct 
trauma after an accidental fall from their own 
height. In younger patients, however, high-energy 
trauma to the shoulder is the usual mechanism of 
injury [ 1 ]. 

 Radiographic diagnosis  of these fractures 
should always be performed with appropriate 
projections. The fracture usually can be framed 
within a classifi cation with the help of an antero-
posterior and lateral shoulder view in the plane 
of the scapula. With a CT scan , it would be easier 
to evaluate complex fractures such as fracture 
 dislocations, fractures associated with the glenoid 
and articular humeral head, posterior displace-
ment of the greater tuberosity, and the presence 
of an associated fracture of the lesser tuberosity. 

 Although there are many classifi cations for 
cataloging these fractures, none of them is com-
plete and useful enough to frame all fracture pat-
terns and their possible variations. We will use 
the Neer Classifi cation  in this chapter, as it is one 
of the most widespread. It is based on the four- 
part anatomy of the proximal humerus and 
defi nes the displacement as an angulation greater 
than 45° or a separation between fragments of 
greater than 1 cm. This leaves us with 1-part 
(non-displaced), 2-part, 3-part, and 4-part frac-
tures. The Neer Classifi cation also assesses the 
viability of the humeral head according to the 
fracture pattern and the soft tissue attachments 
and the humeral head’s relationship to the gle-
noid to classify fractures associated with disloca-
tion [ 2 ]. 

 Approximately 80 % of the cases are consid-
ered non-displaced fractures  and treated conser-
vatively. Among the remaining 20 % of cases, 
there is a small percentage of fractures that can 
be solved with a simple osteosynthesis  [ 2 ,  3 ]. 
Since this chapter aims to review complex frac-
tures of the proximal humerus and their potential 
treatments, we will exclusively cover these types 
of fractures.  

1.2     Three- and Four-Part 
Fractures in Young Patients  

 Treatment of 3- and 4-part fractures in young 
people is challenging. The fi rst thing to consider 
in all cases is the risk to the potential disruption 
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to vascularization of the humeral head. Major 
blood supply to the proximal humerus comes 
from the ascending branch of the anterior 
humeral circumfl ex artery. Patients with 4-part 
fractures, anatomical neck fractures, fracture 
dislocations, or fracture patterns with altered 
medial hinge or minimal medial metaphyseal 
extension  may lead to eventual avascular necro-
sis  of the humeral head and, therefore, worse 
results [ 4 ]. 

 In young patients, the treatment goals should 
aim to achieve an anatomic reduction of the frac-
ture and the joint, with stable fi xation, to restore 
mobility and relieve pain. Over the years, 
attempts at achieving those aims have included a 
variety of conservative and internal fi xation 
methods . Of the latter, the most widespread 
methods used are nails or plates. The use of 
shoulder arthroplasty  in young people is reserved 
for fractures impossible to synthesize and when 
there is previous joint pathology. 

 In 2001, based on a review of all published 
literature regarding 3- and 4-part fracture treat-
ments, Misra et al. concluded that conservative 
treatment does not provide good results for these 
patients in relieving pain and in post-injury range 
of motion [ 5 ]. Open reduction and internal fi xa-
tion with plate or nail  is, therefore, the treatment 
of choice. 

 Fixation with an intramedullary nail  is known 
to be a good option for 2-part fractures, but for 
3- and 4-part fractures, there are numerous stud-
ies that have refl ected a higher complication rate. 
The worse results in 3- and 4-part fractures were 
linked to the inherent qualities of nail usage 
(loosening of screws, penetration of the glenohu-
meral joint, subacromial pain due to implant pro-
trusion) and also due to the possible malreduction 
of tuberosities  and varus misalignment  [ 6 ]. 

 However, in other studies, such as Konrad 
et al., which compared 211 three-part fractures 
treated with intramedullary nail or by plate, they 
saw no signifi cant differences in the complication 
rate nor in the outcome in the Constant and Neer 
questionnaires [ 7 ]. 

 This could be due to the different complexity 
of the fracture. In another study by Adedapo 
et al., 3- and 4-part fractures treated with intra-
medullary nail were examined separately. Despite 
good results, we can observe how results wors-
ened in 4-part fractures as compared to 3-part 
fractures [ 8 ] (Table  1.1 ).

   Furthermore, the fi xation with plate offers the 
advantage of giving a stable fi xation but at the 
expense of increased soft tissue dissection, so it 
can further compromise head vascularization. 
This technique gives good results but not without 
complications (Table  1.2 ).

   Table 1.1    Comparison of 
results of three- and 
four-part fractures treated 
with intramedullary nail   

  N   FLX  ABD  ER  IR  Neer  Constant 

 3 part  10  170  155  60  90  83.6  88.4 
 4 part  6 (26.1 %)  100  120  30  50  62.5  67 
 3 and 4 part with shaft FX  7 (30.4 %)  115  90  30  40  69.14  69 

  Reproduced with permission from Adedapo and Ikpeme [ 8 ]  

   Table 1.2    Results of 
three- and four-part 
fractures treated with plate   

 Author  Soliman et al. [ 9 ]  Moonot et al. [ 10 ]  Kim et al. [ 11 ] 

 Type of study  Prospective  Prospective  Retrospective 

  N   39  32  21 
 Age  29.6  59.9  66 
 FX  4-part fracture dislocations  3 and 4 part  4 part 
 Follow-up  18 months  11 months  27.5 months 
 Union rate  93.3 %  97 %  100 % 
 Constant/Neer  77 (65–90)  66.5 (30–92)  92 (81–100) 
 Complications  2 infections  1 NAV  No NAV 

 7 NAV (anatomic neck)  1 nonunion  No nonunion 
 1 screw loosening  1 infection 
 3 nonunion (anatomic neck)  2 screws loosening 
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   In conclusion, according to some studies, in 
3-part fractures in young people, it is possible to 
use an intramedullary nail  as long as there is both 
good fi xation and positioning of tuberosities. The 
results of this treatment are more unpredictable 
than with plates, which give more stable fi xation 
and allow, in most cases, a more anatomical 
reduction (Fig.  1.1 ).

1.3        Three- and Four-Part 
Fractures in the Elderly  

 Proximal humerus fractures account for 10 % of 
all fractures in the elderly, and as the global pop-
ulation continues to age, the incidence of proxi-
mal humerus fractures could triple in the next 20 
years. Fractures are complicated in elderly patient 
care, as they not only increase patient morbidity 
but also are associated with increased mortality 
rates. 

 They have particular characteristics that 
make treatment options different from those 
of younger patients. Firstly, these are usu-
ally patients with lower functional demand, so 
they can have good results with conservative 

 treatment. Secondly, comorbidities are present 
to increase the risk perioperatively. And thirdly, 
the high degree of osteoporosis in these patients 
compromises the stability of the fracture fi xation 
by conventional modes [ 12 ]. Among the treat-
ment options are conservative treatment, locking 
plates ,  shoulder hemiarthroplasty , and shoulder 
reverse prosthesis . 

 Fjalestad et al. conducted a randomized study 
of 50 patients over 60 years old that compared 
fractures in 3 and 4 parts treated with locking 
plates  versus conservative treatment. It was noted 
that although the results were less satisfactory 
radiographically and the avascular necrosis rate 
was higher in patients treated conservatively, 
there was no clinical evidence of better clinical 
outcomes in the fi xation group. Meanwhile, the 
rate of collapse of the humeral head, and the 
rate of penetration of the screws in the joint 
because of poor bone quality, made the complica-
tion rate higher in the surgical group [ 13 ]. 

 For all these reasons, shoulder arthroplasty  is 
reserved as an appropriate treatment for these 
patients. Shoulder hemiarthroplasty  provides 
advantages compared to conservative treatment 
in relieving pain and, thus, in improving quality 

a b

  Fig. 1.1    ( a ) Preoperative AP view of a complex proximal humerus fracture in a 60-year-old patient. ( b ) The fracture 
was reduced through an anterosuperior approach and fi xed with a percutaneous plate with good reduction       
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of life. Different studies have shown that there 
are differences in mobility due to the nonunion or 
postoperative migration of the tuberosities. Also, 
the necessity of the tuberosities’ union delays 
and complicates postoperative rehabilitation [ 14 ] 
(Fig.  1.2 ).

   Therefore, in recent years the use of reverse 
prosthesis for the treatment of acute complex 
fractures in elderly patients has been introduced. 
With that change in confi guration, the prosthesis 
has the advantage of improving mobility without 
it being necessary to have the union of tuberosity 
with a good position and a healthy rotator cuff, 
because the deltoid muscle performs the move-
ment for the most part (Fig.  1.3 ).

   Various studies indicate that reversed shoulder 
prosthesis  could have better results than shoulder 
hemiarthroplasty  (Table  1.3 ).

   In conclusion, reverse prosthesis implantation 
in patients older than 70 years old can be a break-
through and get reliable and predictable results in 
terms of improved mobility, rapid recovery, and 
rehabilitation [ 14 ,  15 ]. 

 Among fractures in the elderly, it is key to also 
discuss valgus impacted fractures . This type of 
fracture rarely occurs in young patients. First 
described by Jakob et al. [ 16 ], the fracture pattern 
has demonstrated reduced risk of development of 
avascular necrosis due to the maintenance of the 

periosteum in the medial hinge (21.1–74 % 
 versus 8–26 %) [ 17 ]. 

 Treatments for valgus impacted fractures 
range from conservative treatment to different 
types of osteosynthesis  to shoulder arthroplasty . 
In several studies, conservative treatment has 
been shown to have an 80.6 % success rate at 1 
year, with average values in the Constant score of 
71.8 and 87.1 on the Neer scale. According to the 
authors, the strength in both fl exion and abduc-
tion reached 75 % of normal, though patients did 
not perceive the reduction in mobility subjec-
tively. Even so, these values are inversely corre-
lated with the degree of displacement of the 
fracture [ 18 ]. 

 Therefore, surgical treatment has gained sup-
port for achieving anatomical position and restor-
ing better stabilization of the humeral head, 
which avoids joint incongruity  and the malunion 
of tuberosities  thereby preventing posttraumatic 
arthritis  and subacromial syndrome . Still, surgery 
is not without complications, such as avascular 
necrosis , stiffness , nonunion , malunion , and per-
sistent pain [ 19 ] (Table  1.4 ).

   In summary, in impacted valgus fractures in 
the elderly, because the risk for avascular necrosis 
is decreased, conducting osteosynthesis can give 
good results, though this depends on the specifi cs 
of each case and the patient’s bone density [ 19 ].  

a b

  Fig. 1.2    ( a ) Preoperative radiograph of a 72-year-old 
patient with a complex proximal humerus fracture. ( b ) The 
fracture was treated with hemiarthroplasty, and the x-ray 2 

years after the operation showed resorption of the greater 
tuberosity and superior migration of the humeral head. 
This patient had no pain but very limited function       
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a

b

  Fig. 1.3    ( a ) AP view of a 
four-part fracture in an 
82-year-old patient with 
osteopenic bone. ( b ) Patient 
was treated with a reverse 
shoulder arthroplasty through 
a deltopectoral approach       

   Table 1.3    Comparison of 
results of proximal humerus 
fractures treated with 
hemiarthroplasty and 
reversed prosthesis   

 Gallinet et al. [ 14 ]  Garrigues et al. [ 15 ] 

 Hemi  Reversed  Hemi  Reversed 

  N   21  19  12  11 
 Age  74  74  69  81 
 Follow-up  2 years  2 years  3.6 years  3.6 years 
 FLX  53.5°  97.5°  90°  122° 
 ABD  60°  91° 
 IR  54°  31° 
 ER  13.5°  9°  31°  33° 
 Constant  39  53 
 ASES  47.4  81.1 
 EQ5D  64.2  86.6 
 Complications  3 malunion 

tuberosities 
 ↓ ER 
 12 notching 

 2 malunion 
tuberosities 

 1 notching 
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1.4     Posterior Fracture 
Dislocations  

 Posterior fracture dislocations are uncommon inju-
ries that normally occur during seizures, electrocu-
tion, electroconvulsive therapy, and high- energy 
trauma. They account for less than 3 % of all shoul-
der dislocations, although their number is increas-
ing in recent years due to the high prevalence of 
diabetes and drug use among the population. As a 
result, a greater proportion of dislocations occur 
during seizures related to hypoglycemia and drug 
withdrawal. A majority of posterior fracture dislo-
cations occur in males between 35 and 55 years old. 
Up to 15 % of the cases are bilateral and up to 50 % 
go unnoticed on the fi rst consultation post-injury. 

 The shoulder is protected from posterior dis-
location by the posterior part of the glenoid and 
by the static stabilizers, which are the posterior 
capsulolabral complex and the posterior band of 
the inferior glenohumeral ligament. Posterior 
dislocation fractures occur with the arm in a posi-
tion of internal rotation, 90° of fl exion and adduc-
tion, or due to sudden contraction of the internal 
rotators during a seizure. 

 We can classify them according to three 
groups: lesser tuberosity fractures , 2-part frac-
tures of the anatomic neck , and complex 3- and 
4-part fractures . Concomitant tears of the rotator 
cuff  and neurovascular injury are uncommon, but 
those diagnoses should be excluded. 

 Treatment can be divided into three groups 
according to the degree of joint involvement of 
the humeral head [ 20 ]: 

1.4.1     Dislocations with Involvement 
of Less than 40–50 % of the 
Humeral Head Surface and No 
Deformity or Degenerative 
Changes  

 This group is usually made up of cases diag-
nosed immediately or within the fi rst 6 weeks 
post- injury. The most appropriate treatment is 
the reduction and subsequent verifi cation of 
stabilization. If the shoulder is stable through-
out a functional range of rotation (usually 
patients with a humeral head defect occupying 
less than 25 % of the articular surface), it is 
immobilized for 4 weeks in neutral or external 
rotation. 

 Despite negative reports in recent years, in 
case of instability, one treatment choice is immo-
bilization in a more stable position. Other options 
would be the transfer of the subscapularis muscle 
to the defect (McLaughlin procedure) or, in case 
of major defect, the transfer of the subscapularis 
muscle in continuity with the osteotomized lesser 
tuberosity (Neer modifi cation). Another option 
for small defects would be disimpaction, eleva-
tion, and fi lling of the depressed osteochondral 

   Table 1.4    Surgical treatment options for valgus impacted fractures of the proximal humerus   

 Percutaneous reductions  Locking plates  Arthroplasty 

 Advantage  No soft tissues disruption  Anatomic reduction  No osteonecrosis 
 More stability 
 Less loosening 

 Complications  Loosening  Soft tissue disruption 
(risk osteonecrosis) 

 Loosening 
 Migration  Infection 
 Infection  False sense of security  Instability 
 Less stability  Fracture 

 Indications  Good bone density  Displacement  Elderly 
 No displacement  Acceptable bone density  Articular displacement 
 Less than 1 week post-injury  Poor bone quality 
 No comminution 

E. Casado-Sanz et al.
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area of the humeral head with autologous bone 
graft. In cases of major defect (40–50 % of the 
humeral head), solutions that provide more sta-
bility are recommended, such as structural 
allografts.  

1.4.2     Dislocations with Involvement 
of More than 40–50 % of the 
Humeral Head Surface  or with 
Deformity or Secondary 
Osteoarthritis of the 
Humeral Head 

 These dislocations usually occur in patients in 
whom the diagnosis is delayed or in elderly 
patients with osteoporotic bone. Open reduction 
and stabilization with allograft has been the 
method used for young patients with a defect 
greater than 50 % and with preservation of the 
sphericity of the head. However, in elderly 
patients, or in cases of higher defect or deformity 
of the humeral head, prosthetic replacement is a 
better option.  

1.4.3     Fracture Dislocations  

 In cases of fracture of the lesser tuberosity , the 
treatment is the same as in simple dislocations – 
fi xing either the tuberosity anatomically or into 
the base of the humeral head defect, if the shoul-
der is unstable. 

 The treatment of 2-, 3-, and 4-part fractures , 
with involvement of the anatomic neck , will 
depend on the age, patient’s condition, and the 
degree of vascularization  and fragmentation of 
the humeral head  and the tuberosities. As with 
other types of fractures, in young people with 
good bone density, the treatment of choice is open 
reduction and internal fi xation. Closed reduction 
with percutaneous fi xation  would not be consid-
ered as it can cause iatrogenic displacement of the 
fracture. In older people with poor bone quality, 
the treatment of choice is the replacement of the 
shoulder.  

 In 2007, Robinson et al. [ 21 ] reviewed 26 
patients with acute posterior fracture dislocations 
treated with allograft in the bone defect area and 
fi xation with plate or screws depending on the 
type of fracture. In 11 patients the injury was sec-
ondary to a seizure (mean age 51 years), and in 
15 patients the injury was due to trauma (with a 
mean age of 57 years). During surgery the capsu-
lolabral complex  was not repaired because no 
damage was found. Discovering the capsulo-
labral complex intact supports usage of fi xation 
for these young patients because it is possible to 
maintain head vascularity. 

 With a 2-year follow-up, they found a 100 % 
union rate, 83.5 points (75.7–88.5) in the 
Constant score, 17.5 (12–19) in the DASH score, 
175° (60–180°) of fl exion, and 169° (45–180°) of 
abduction. They observed only one case of osteo-
necrosis , two cases of early posttraumatic osteo-
arthritis , one case of redislocation  due to the 
collapse of the elevated segment of the humeral 
head, and two cases of displacement of the 
greater tuberosity. In all cases, internal rotation 
was the most restricted movement. There were no 
signs of posterior instability. 

 With reduction and early fi xation in fractures 
that had been traditionally treated with shoulder 
replacement , there have been good results spe-
cifi cally in young patients and acute injuries [ 21 ].   

    Conclusions 

 Complex fractures of the proximal humerus are 
challenging. Every attempt should be made to 
fi x fractures in the young patient. Healing of 
tuberosities is of paramount importance. Nailing 
has recently gained more popularity in order to 
reduce the risk of osteonecrosis. 

 Conminuted fractures in the elderly are 
very prevalent and their incidence will 
increase in the future. Hemiarthroplasty yields 
to poor functional results due to tuberosity 
nonunion and resorbtion. Either conservative 
treatment or reverse shoulder arthroplasty are 
more commonly used nowadays. Future stud-
ies should clarify which is the best option for 
this diffi cult problem.     

1 Complex Fractures of the Proximal Humerus
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2.1            Introduction 

 Distal humerus fractures are, by themselves, 
complex injuries. However, in this chapter we 
will be reviewing the more challenging patterns 
of these fractures. Distal humerus fractures may 
be challenging due to the presence of severe 
comminution at the supracondylar level , loss of 
bone, comminution at the articular surface, or 
 signifi cant soft-tissue compromise. The goal of 
a stable anatomic reduction  and fi xation may not 
always be possible, and variations of the standard 
surgical technique  need to be considered in order 
to obtain a stable reconstruction  and restore a 
painless functional elbow. 

 When reconstruction is not feasible, hemiar-
throplasty  or total elbow arthroplasty  may be a 
last resource to obtain a functional stable elbow. 
Three groups are generally recognized as they 
affect specifi c populations and pose specifi c chal-
lenges including supracondylar fractures, distal 
humerus articular fractures , and low transcondy-
lar fractures  [ 1 ].  

2.2     Epidemiology 

 In the adult population group, these fractures 
are generally seen after high-energy injuries, 
usually following motor vehicle accidents, or in 
the elderly population after falls form a stand-
ing height. In the United States, the rate of dis-
tal humerus fractures has been estimated in 43 
fractures every 100,000 people [ 2 ]. Palvanen 
et al. showed a 395 % increase in these kind of 
osteoporotic fractures, which he defi ned as frac-
tures occurring after the age of 60 years and 
sustained after moderate or minimal trauma [ 3 ]. 
Specifi cally, the greatest increase (×9) was seen 
in the group of women above 80 years. This pop-
ulation has seen a greater incidence in articular 
fractures with comminution of the articular sur-
faces and columns [ 4 ]. 

 Articular fractures  are rare. Ring et al. and 
Dubberley et al. published their surgical experi-
ence and reported treating between four and ten 
of these fractures a year in dedicated upper limb 
services [ 5 ,  6 ].  

2.3     Classifi cation 

 Supracondylar fractures  are generally classifi ed 
when reporting these injuries using the AO clas-
sifi cation , although generally they can be classi-
fi ed in one of three patterns according to the 
nature of the injury and treatment preference. 
Type A fractures are considered extra-articular, 
B fractures are partial articular fractures , and C 
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fractures are supraintercondylar fractures . These 
are further subdivided into three subcategories 
depending on the degree of comminution of the 
articular surface  [ 7 ]. 

 Supracondylar fractures  generally involve a 
fracture line through the supracondylar level and 
through the articular surface, often presenting 
with comminution or bone loss at one or both 
levels. A modifi cation of this pattern of injury 
may include injury only to one of the columns 
and is termed partial articular fractures. These 
injuries generally affect younger patients and can 
be usually managed with a single plate with or 
without supplemental screw fi xation  from the 
contralateral column through a bilaterotricipital 
approach . 

 Articular shear fractures  typically affect the 
capitellum , with or without extension into the 
trochlea but without involvement of the columns. 
Using the classifi cation system by Dubberley 
et al. , fractures can be classifi ed as type 1 if they 
involve the capitellum and a small portion of the 
lateral aspect of the trochlea with involvement of 
the posterior part of the humerus. Whenever there 
is posterior fracture impaction, they are subclas-
sifi ed as subtype B. Type 2 have more extensive 
involvement of the lateral part of the trochlea pre-
senting as one big fragment with or without pos-
terior fracture (subtype A or B, respectively) and 
type 3 with involvement of the trochlea with 
more than one fragment generally presenting 
with a posterior fracture (subtype B) [ 6 ]. 

 Low transcondylar fractures  present typically 
in the elderly group with a fracture line proximal 
to the medial epicondyle  to the midportion of the 
lateral epicondyle  and present with the challenge 
of achieving distal fi xation in osteopenic bone.  

2.4     Clinical Presentation  

 Complex injuries may be produced by high- 
energy injuries in young patients or low-energy 
injuries in osteopenic patients. As such, other 
orthopedic injuries must be discarded. The neuro-
vascular status of the limb should be documented 
including the status of the median, radial, and 
ulnar nerves . The presence of an open  fracture or 

a compromise of the soft tissues must be assessed 
because it has been related with worse clinical 
outcomes and an increase in complications [ 8 ]. 
Previous conditions affecting the elbow joint 
(rheumatoid arthritis, posttraumatic arthritis, 
etc.) should be excluded as this may modify the 
surgical plan. 

 Orthogonal radiographic views should be 
obtained to assess the fracture. The presence of a 
coronal fracture line , more than three articular 
fragments, metaphyseal comminution, a com-
pletely separated articular fragment, or impaction 
of the articular surface should be considered as a 
complex pattern of injury . CT scan may improve 
our understanding of articular fractures; specifi -
cally, it may detect the existence of posterior 
comminution of the trochlea and extension of the 
fracture into the medial epicondyle. Traction 
radiographs have been advocated but are seldom 
used in our practice.  

2.5     Management 

 Distal humerus fractures are diffi cult to treat. 
Internal fi xation  is probably the gold standard of 
these injuries, except for certain patterns of frac-
tures in selected group of patients (old age, prior 
joint disease). However, the results of internal 
fi xation may be compromised by the complex 
pattern of the injury, the loss of bone, and the 
presence of additional trauma [ 1 ]. 

2.5.1     Supracondylar Fractures  

 Plating techniques  have evolved over the years to 
include precontoured anatomical plates  that facili-
tate and guide bony reconstruction. The use of par-
allel plating  has gained favor because of improved 
fi xation of the distal fragment and the possibility 
of metaphyseal compression that may reduce the 
rates of nonunion  [ 9 ] (Figs.  2.1  and  2.2 ).

    A posterior midline incision  with thick fas-
ciocutaneous fl aps is used. The management of 
the ulnar nerve  is controversial. Some authors 
prefer to identify and decompress the nerve dur-
ing surgery and leave it in place at the end of the 
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procedure, while others prefer a routine anterior 
transposition. It is probably wise to individualize 
each case, but it seems that anterior transposition 
is at least as safe as leaving the nerve in place. 
This is probably true as well for total elbow 
arthroplasty  [ 10 ,  11 ]. 

 Complex fractures usually require olecranon 
osteotomy . These injuries may be very challeng-
ing due to articular surface or metaphyseal col-
umn comminution. The principles of this surgery 

include provisional assembly of the articular sur-
face, plate placement and provisional reduction, 
articular and distal fi xation, supracondylar com-
pression, and fi nal proximal plate fi xation [ 12 ]. 

 Comminution of the articular surface may be an 
indication for prostheses, but usually if the medial 
trochlea and the condyle are present, reconstruc-
tion can be performed. An intercalary segmental 
tricortical iliac crest graft  can be used between the 
medial and lateral columns and help support one 

a b

dc

  Fig. 2.1    A supraintercondylar fracture with a low frac-
ture line and comminution of the articular surface in a 
59-year- old patient ( a ,  b ) treated with internal fi xation 

with parallel plates through an olecranon osteotomy fi xed 
with a tension band wiring technique ( c ,  d )       
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column against the other when internal fi xation is 
performed. Fixation with parallel plating should 
be then performed engaging the graft with screws 
from each plate. Metaphyseal comminution can 
be managed by controlled shortening of the distal 
humerus in order to achieve metaphyseal com-
pression . Shortening of up to 2 cm is tolerable, 
without obvious decrease in extensor strength. 
With shortening, the distal humerus may have 

to be slightly translated  medially or laterally, as 
needed. Sometimes, precontoured plates  need to 
be recontoured to fi t this new situation, but the 
objective of achieving metaphyseal compression 
should be fulfi lled [ 13 ]. 

 There are situations where internal fi xation 
may not be feasible, and elbow arthroplasty  can 
be a good salvage option (Fig.  2.3 ). Indications 
would include extensive comminution in the 

a b

c d

  Fig. 2.2    Complex distal articular humerus fracture ( a ,  b ). 
An extensile lateral approach and variable pitch headless 
screws were used from anterior to posterior. An associated 

triceps tendon injury was presented and was treated with 
tension band wiring ( c ,  d )       
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elderly or cases with previous articular 
damage [ 14 ]. A posterior midline incision is gen-
erally used. Thick fasciocutaneous fl aps need to 
be developed to gain access to both the medial 
and the lateral sides of the humerus. The ulnar 
nerve management  is based on surgeon’s criteria, 

but we generally protect and transpose it anteri-
orly at the end of the procedure. A bilaterotricipi-
tal approach  is developed, and the distal fragments 
are removed after detaching the ligaments and 
extensor and fl exor muscles. The elbow is 
 dislocated and is brought through the medial or 

a b

c d

  Fig. 2.3    A complex distal humerus fracture in a 79-year-old patient treated with a linked total elbow arthroplasty: 
( a ,  b ) preoperative radiographs; ( c ,  d ) radiographs after total elbow arthroplasty       
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lateral side of the triceps to gain access to the dis-
tal humerus. The humeral shaft is opened at the 
top of the olecranon fossa and broached follow-
ing the specifi c surgical technique for the used 
implant. Since the epicondylar axis is absent for 
referencing the external rotation of the implant, 
the posterior cortex of the humerus may serve as 
a valuable reference. Access to the ulna is prob-
ably the most diffi cult part of the procedure 
because the orientation is hindered by the triceps-
 on approach. The canal is accessed with the use 
of a high-speed burr and progressively reamed. 
The canal is then broached, after which trialing is 
performed and elbow motion and alignment 
assessed. The fi nal components are implanted 
with antibiotic-loaded cement and coupled. The 
subcutaneous tissue is closed over drains, and the 
elbow is placed in an extension splint. The elbow 
is kept in the splint between 2 and 7 days, when 
active motion exercises are encouraged. A nightly 
elbow extension splint can be used for 2–4 weeks. 
Heterotopic ossifi cation  therapy with indometha-
cin  is not routinely used in this population.

2.5.1.1       Results/Outcomes 
 Robinson et al. analyzed 949 fractures treated 
with “modern” techniques of internal fi xation 
with a mean follow-up of 36 months. They 
reported a mean    arc of motion of 100° with 78 % 
patients having good or excellent results. Limited 
motion and residual pain and less strength were 
common fi ndings [ 4 ]. 

 Sanchez-Sotelo et al. reviewed the results of 
complex supracondylar fractures with the use of 
parallel-plating principle technique. Twenty-six 
fractures (81 %) were AO type C3 and 14 (44 %) 
were open. 97 % achieved union and 84 % 
patients achieved a satisfactory result. The result 
was graded as excellent for 11 elbows, good for 
16, fair for 2, and poor for 3 using the Mayo 
Elbow Performance Score. Five patients required 
surgery for stiffness associated with heterotopic 
ossifi cation , and one patient presented with deep 
infection that required surgical debridement. Two 
patients needed additional procedures to achieve 
fi nal wound closure. One patient required reop-
eration for a nonunion. Two patients experienced 
ulnar neuropathy that resolved without operation 
(of note, all patients had an anterior transposition 

of the ulnar nerve). Two patients developed 
osteoarthritis and one developed avascular necro-
sis . Open fractures had more pain, worse func-
tional outcomes, and more complications [ 8 ]. 

 Kaminemi et al. reported on the outcome of 42 
elbows treated with total elbow arthroplasty at a 
mean follow-up of 7 years showing a mean 
MEPS of 93. Twenty-nine percent of patients had 
a complication, and 23 % required revision sur-
gery for any reason [ 15 ]. 

 In our own experience treating 16 elbow frac-
tures with a linked elbow arthroplasty  at mean 
follow-up of 4.7 years, patients achieved a mean 
motion in fl exion-extension of 28–117°. The 
mean MEPS was 73 points (out of a 100) with 
31 % of patients showing moderate to severe pain. 
Complications included sensory ulnar neuropathy  
in half of the patients, infection  in three patients, 
and humeral loosening in one patient [ 16 ]. 

 McKee et al. performed a prospective ran-
domized multicenter trial comparing ORIF with 
semi-constrained total elbow arthroplasty  in 
patients over 65 years of age. Five patients ini-
tially allocated to receive ORIF had to cross over 
and received TEA because of the unreconstruc-
table nature of the fracture. Outcomes were better 
for patients receiving an arthroplasty at 2 years. 
The complication rate was 140 % in the ORIF 
group and 72 % in the TEA group [ 17 ].   

2.5.2     Articular Fractures  

 Often regarded as simple capitellar fractures,  
experience has shown that these are rarely simple 
fractures and that they are often complicated by 
the presence of medial extension into the trochlea 
and posterior comminution. The most complex 
situation involves the presence of fi ve individual-
ized fragments, those being the lateral epicondyle, 
capitellum with an anterior and posterior frag-
ment, the trochlea with an anterior and a posterior 
impacted fragment, and the medial epicondyle. 
In this situation an olecranon osteotomy  is needed 
in order to be able to reduce and disimpact the 
posterior fractures and have access to the medial 
epicondyle. Bone graft may be needed to augment 
the fi xation, which is generally performed with 
screws. If the elbow was approached through an 
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olecranon osteotomy, posterior-to- anterior screws 
are generally preferred. Plates are rarely needed 
except in cases with extensive posterior commi-
nution or to reconstruct the medial or lateral 
epicondyle. 

 In cases without involvement of the medial 
epicondyle, a lateral approach through the lateral 
column extending distally through Kaplan’s 
interval may be utilized. When the lateral epicon-
dyle is fractured, the elbow can be hinged open 
on the medial side in order to gain access to the 
medial trochlea. In cases without fracture of the 
lateral epicondyle, the lateral ligament must be 
explored because it may be injured. Screws 
inserted from anterior to posterior can be used. 
Herbert-type screws or differential pitch screws 
are generally preferred. The screws should be 
countersunk to avoid damage to the cartilage of 
the radial head or proximal ulna. 

2.5.2.1     Results/Outcomes 
 Dubberley et al. reported on 28 cases of capitellar 
and trochlear fractures. Of these, 13 cases were 
type 3 (capitellar fracture  with involvement of 
the trochlea and more than one fragment gener-
ally presenting with posterior fracture). They 
were generally treated using screws of various 
types, supplemented with threaded Kirschner 
wires . Two patients were treated with total elbow 
arthroplasty  and were excluded from the fi nal 
analysis. At fi nal follow-up, patients with more 
complex fractures had less grip, fl exion, exten-
sion, and supination strength, but there was no 
difference in elbow motion when compared to 
simpler patterns of injury. Osteonecrosis  was 
only observed in type 3 fractures. Seventy per-
cent of patients had a complication requiring 
another operation, mainly due to restricted 
motion. Nine out of thirteen cases had radio-
graphic signs of arthritis. Patients showed 25° of 
decreased motion in fl exion- extension when 
compared to the unaffected side [ 6 ]. 

 Ring et al. reported their experience treating 
21 patients with articular fractures of the distal 
part of the humerus. Eleven of these, with poste-
rior impaction, were regarded as the most com-
plex injuries of this series (types 4 and 5 according 
to Ring et al. classifi cation). An extensile lateral 
exposure was used for every case except when 

the medial epicondyle was affected (type 5). 
When the medial epicondyle was fractured, an 
olecranon osteotomy  was used. Although the 
results were not stratifi ed according to the degree 
of injury, 10 out of 21 patients required a second 
operation, mainly to address stiffness, ulnar neu-
ropathy, hardware removal, and loss of fi xation. 
The authors found settling of one trochlear frac-
ture, but no cases of osteonecrosis  and no signs of 
arthritis were found. The mean arc of motion was 
27° of extension and 123° of fl exion with normal 
pronosupination [ 5 ]. 

 Mighell et al. analyzed the results of distal 
articular humeral fractures. Six of sixteen patients 
had Ring type 4 injuries. All patients were oper-
ated through a lateral approach using headless 
compression screws from anterior to posterior. 
Patients achieved a mean arc of motion of 126°, 
and all patients achieved good or excellent 
results. No patients required a reoperation, and 
two patients showed signs of osteoarthritis [ 18 ]. 

 Hughes et al. reported on the outcome of 
hemiarthroplasty  for fractures of the distal 
humerus following acute or chronic trauma in 29 
patients. Patients achieved a functional arc of 
motion with better pain scores in patients treated 
acutely. The requisite for the use of a hemiarthro-
plasty is that the supracondylar columns are not 
fractured or they are reconstructable, an intact or 
stable radial head and coronoid, and competent 
medial and lateral ligaments. If one of the latter is 
absent, a total elbow arthroplasty is probably bet-
ter as previously mentioned [ 19 ].   

2.5.3     Low Transcondylar Fractures  

 These fractures generally affect elderly patients. 
The fracture line is usually proximal to the medial 
epicondyle and extends to the midportion of 
the lateral epicondyle without extension into the 
joint line. Fractures with a higher fracture line are 
managed with internal fi xation. 

 The challenge in these fractures is the quality 
and amount of bone in the distal fragment to 
allow purchase with internal fi xation. Since the 
requirements of this population are to gain rapid 
return to their low-demand daily activities, total 
joint arthroplasty  may be an option and can be 
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performed without disruption of the extensor 
mechanism. Although some authors have used a 
hemiarthroplasty  in this population with good 
results, this indication is limited in the available 
literature, and total elbow arthroplasty  is usually 
preferred [ 15 ,  19 ,  20 ].   

    Conclusions 

 Distal humerus fractures  are diffi cult  fractures 
to treat and have a high rate of complications. 
These fractures should probably be treated 
in specialized centers. Internal fi xation  is the 
gold standard for the majority of these injuries. 
It is usually necessary to perform additional 
surgical gestures during surgery, including 
soft-tissue procedures, bone augmentation or 
grafting,  bone remodeling, and nerve release, 
which increases the complexity of these inju-
ries. The use of an elbow arthroplasty  may be 
benefi cial in the elderly or in patients with pre-
vious joint disease. Patients should be coun-
seled that appropriate treatment may render a 
functional painless elbow but may need addi-
tional procedures and extensive rehabilitation.     
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3.1           Introduction 

 The elbow comprises the ulnohumeral, radio-
humeral, and proximal radioulnar joints. The 
most important joint for the overall stability of 
the elbow in any plane is the ulnohumeral 
joint [ 1 ]. The principal structures participating in 
elbow stability are the coronoid process, collat-
eral ligaments, olecranon, and radial head. The 
stability in the sagittal plane is essentially pro-
vided by the coronoid process and olecranon by 
serving as a buttress to anteroposterior displace-
ment, essentially with elbow fl exion [ 1 ]. In exten-
sion, the anterior displacement is prevented by 
the olecranon, whereas the collateral ligaments 
prevent posterior displacement. Experimental 
data have demonstrated that resection of more 
than 50 % of the coronoid process results in a 
highly unstable elbow, especially when com-
bined with injury to the radial head or collateral 
ligaments [ 1 ]. 

 The coronoid process of the ulna is one of the 
most important stabilizers of the elbow. Regan 
and Morrey  classifi ed these fractures into three 
types depending on the size of the fragment type I 
is an avulsion of the tip of the coronoid process; 
type II is a fragment <50 % of the coronoid pro-
cess; and type III is a fragment >50 % of the coro-
noid process [ 2 ]. Each type was further divided to 
include whether the fracture was associated (A) or 
not (B) to elbow dislocation [ 3 ]. The most unsta-
ble injury pattern is type III, especially IIIB, 
which requires fi xation in virtually all cases. The 
degree of instability  in type II fractures depends 
on the size of the fragment but also on the associ-
ated injuries. Specifi c characteristics of type II 
fractures will guide the management strategy. 

 Bony structures involved in varus/valgus stabil-
ity of the elbow are the anteromedial facet of the 
coronoid process and humeral trochlea for varus 
stability and the radial head, capitellum, greater 
sigmoid cavity, and humeral trochlea for valgus 
stability. Altogether, bony structures provide 50 % 
of varus/valgus stability in elbow fl exion [ 1 ]. 

 The radial head (i.e., radiohumeral joint) is a 
secondary stabilizer because its role in elbow sta-
bility only takes place when severe damage to the 
coronoid process (for anteroposterior displace-
ment) or MCL (for varus/valgus stability) is pro-
duced [ 1 ]. 

 Among the soft tissue stabilizers , the collat-
eral ligaments are the most critical. The lateral 
collateral ligament (LCL)  complex and medial 
collateral ligament (MCL)  provide varus and val-
gus stability to the elbow, respectively. The role 
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of the collateral ligaments in stability in the coro-
nal plane is provided mainly in fl exion, as they 
have a minor contribution in extension [ 1 ]. 
Thanks to its different bundles, both ligaments 
also contribute to anteroposterior and rotational 
stability of the ulnohumeral, radiohumeral, and 
proximal radioulnar joints. 

 Stability for the proximal radioulnar joint 
essentially depends on the annular and quadrate 
ligaments, and fi bers of the anterior bundle of both 
the LCL and MCL. Anterior and posterior bundles 
of both collateral ligaments also contribute to 
anteroposterior stability of the ulnohumeral joint . 

 Rotational stability of radiohumeral and ulno-
humeral joints  depends on all bundles of both col-
lateral ligaments, capsule and capsular ligament 
reinforcements, and bony structures itself. Injury 
of any of the above-mentioned structures may lead 
to simple (damage of few stabilizers) or complex 
(damage of many stabilizers) elbow instability.  

3.2    Complex Acute Elbow 
Instability  

 Complex acute elbow instability is defi ned when-
ever there is elbow instability with a bony injury, 
usually a combination of a radial head and coro-
noid fracture. Fracture of the coronoid process  
should rise suspicious of complex elbow instability 
because this fracture rarely occurs in isolation [ 3 ]. 

 Different patterns of injury have been 
described: posteromedial, posterolateral, and 
fracture- dislocations of the proximal ulna. The 
intra-articular nature of these injuries and the 
associated damage to the ligaments explain 
their inherent diffi cult treatment and suboptimal 
results [ 4 ]. The use of CT scan has increased our 
understanding of these diffi cult injuries. 

3.2.1    Complex Posterolateral Acute 
Instability : The Terrible Triad  

 The “terrible triad” is an elbow injury consisting 
of elbow dislocation, radial head fracture, and 
coronoid fracture (Fig.  3.1 ). It has been termed 
“terrible” because of poor results and frequent 

complications associated with these injuries: 
stiffness, instability, or posttraumatic osteoarthri-
tis, among others [ 5 – 11 ]. It is usually caused by a 
fall onto an extended elbow with a supinated 
forearm and a combination of axial- and valgus- 
directed forces in a posterolateral rotatory insta-
bility pattern. The damage begins with avulsion 
of the lateral ulnar collateral ligament (LUCL). 
Ligamentous injury along with the supination 
position favor the fracture and dislocation of the 
radial head, which is accompanied by tears of 
other fascicles of the LCL complex [ 12 ]. Injury 
forces then progress to the anterior and posterior 
capsule and reach the medial collateral ligament: 
the Horii circle of forces [ 13 ,  14 ]. The elbow usu-
ally suffers a subluxation or complete dislocation 
at this point, which tears the posterior bundle of 
the MCL and posteromedial capsule  and, fi nally, 
the anterior bundle of the MCL [ 14 ]. The coro-
noid process may be fractured at any stage by the 
axial-valgus load or because of the posterior 
elbow dislocation [ 14 ], increasing the posterolat-
eral rotatory instability  of this injury [ 15 ].

   Fractures of the coronoid process have been 
also classifi ed depending on the location of 
the injury by O’Driscoll et al.: type I fractures 
involve the tip; type II, the anteromedial facet ; 
and type III, the base of the coronoid process 
[ 16 ]. This classifi cation system correlates with 
the mechanisms of injury and has been related 
to different associated injuries and management 
strategies [ 15 ]. The posterolateral rotatory insta-
bility  is typically associated with O’Driscoll type 
I coronoid fracture [ 15 ,  17 ], but may be associ-
ated with any type of coronoid fracture [ 12 ]. 

 The management of the “terrible triad” 
 involves a careful consideration of each of the 
damaged structures to achieve successful results 
(Fig.  3.2 ). The fi rst important aspect to take into 
account is the radial head fracture. It is desirable 
to attempt a stable fi xation whenever possible 
(with screws or plate and screws), but many times 
it is not possible due to articular damage, metaph-
yseal comminution or bony impaction. When 
stable fi xation is precluded, the radial head 
should be replaced to prevent any further destabi-
lizing effect on the elbow from suboptimal osteo-
synthesis. After the radial head is fi xed or 
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replaced, the LCL complex is repaired through 
the same approach with a high-strength suture 
with locking stitches fi xed to the isometric point 
just distal to the epicondyle.

   Internal fi xation of the coronoid process is 
advisable in Regan-Morrey type II and probably 
mandatory in type III fractures. This may be per-
formed with sutures (mainly in the smallest type 
II fractures), screws, or plate and screws (essen-
tially in larger fragments). Our preference is usu-
ally to fi x the coronoid with simple screws and 
avoid bulky plates medially. 

 After radial head fracture, LCL tear and coro-
noid fracture are addressed, and careful elbow 

stability is examined under fl uoroscopy. In gen-
eral, if the elbow remains unstable, the surgeon 
may use an external fi xator or repair the MCL. 
However, if there is clear valgus instability, the 
repair of MCL may be advisable. Table  3.1  sum-
marizes the studies involving “terrible triad” 
injuries [ 5 – 11 ].

3.2.2       Complex Posteromedial Acute 
Instability  

 This pattern of injury develops after a varus and 
posteromedial rotational injury  force is applied to 

a b

c d

  Fig. 3.1    Terrible triad of the elbow: ( a ) plain radiograph 
with lateral view; ( b ) plain radiograph with anteroposte-
rior view; ( c ) 3D CT reconstruction with lateral view 

demonstrating intra-articular fragments of the radial head; 
( d ) 3D CT reconstruction with lateral view       
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the elbow [ 16 ], following a fall onto an out-
stretched arm with the forearm in pronation [ 18 ]. 
The varus force causes tearing of the LCL com-
plex and creates a fracture of the anteromedial 
facet of the coronoid  due to an axial- and varus- 
directed force from the trochlea (shearing mecha-
nism fracture) (Fig.  3.3 ) [ 19 ]. It may be associated 
with either subluxation or dislocation of the 
elbow, and it is usually accompanying damage of 
the ulnohumeral cartilage. The posteromedial 
rotatory instability  pattern is therefore associated 

with an O’Driscoll type II coronoid fracture 
[ 15 ,  20 ]. Bone injury to the medial column 
between the anteromedial facet of the coronoid 
process  and the medial lip of the trochlea creates 
bony incongruity and instability. The MCL is usu-
ally intact; however, it is incompetent because its 
attachment to the coronoid process has been frac-
tured. The elbow is unstable in the coronal (varus/
valgus) plane and also unstable in the sagittal 
(anteroposterior) plane. The radial head is not 
typically fractured, but it may be involved in some 

Terrible
triad

Posterior/Lateral approach
No displacement

Displacement <2 mm
Radial head fracture

No

Ignore

Type I

Anterior capsule repair

No

Clearly valgus
instability

No

No

Yes

MCL
repair

Elbow stability Yes

Yes

Radial head
ORIF

LCL repair

Coronoid fracture

Radial head
replacement

Yes

Unstable fixation
Neck displacement
Neck comminution
Coronoid type II-III

Displaced >2 mm

Type II-III

Coronoid ORIF

Elbow stability

External fixator

Immobilization 1 week
Then begin ROM

Immobilization 3 weeks
Then begin ROM

Medial window/Medial approach

  Fig. 3.2    Management algorithm 
for the “terrible triad”:  ORIF  
open reduction internal fi xation, 
 LCL  lateral collateral ligament, 
 ROM  range of motion,  MCL  
medial collateral ligament       
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cases if elbow dislocation occurs. Because of the 
recent recognition of this pattern of injury, there 
are still only very few studies reporting on the 
results of treatment. Excluding short case series, 
case reports, and non-English publications, there 
is only one relevant report on this injury pattern. 
Doornberg and Ring published the results of 18 
patients (mean age 49 years, range 18–85) treated 
for fracture of the anteromedial facet of the coro-
noid process over a 6-year period (12 of them 
were treated in the acute setting and 6 were ini-
tially treated elsewhere) [ 21 ]. According to the 
O’Driscoll classifi cation system for coronoid 
fractures [ 16 ], the injury characteristics of the 18 
patients were fracture of the anteromedial facet in 
16 (subtype I in 1 patient, subtype II in 3 patients, 
and subtype 3 in 13 patients) and fracture of the 
base of the coronoid process in 2 (type III). Fifteen 
patients had avulsion of the origin of the LCL 
complex from the lateral epicondyle [ 21 ]. Three 
patients were initially treated nonoperatively, 

and the remaining 15 patients were treated with 
medial buttressing plates in nine cases, and a 
screw and sutures in one patient each. The coro-
noid fracture was not repaired in the remaining 
seven patients. At an average of 26 months of 
follow-up after the injury, six patients had 
malalignment of the anteromedial facet with varus 
subluxation of the elbow. In four of them, the 
fragment had not been specifi cally treated, and in 
two of them there was a loss of fracture fi xation. 
All six patients developed signs of osteoarthritis 
and had poor results. In contrast, the remaining 12 
patients (nine with fi xation of the coronoid frac-
ture) had good or excellent elbow function [ 21 ]. 
The authors recommended to securely fi x the 
coronoid fracture to restore good elbow alignment 
to increase elbow stability and to decrease the risk 
of early posttraumatic osteoarthritis.

   Internal fi xation of coronoid fractures can be 
achieved with sutures, screws, or plate and 
screws, depending mainly on the size of the 

a b

  Fig. 3.3    Fracture of the anteromedial facet of the coronoid process: ( a ) plain radiograph with anteroposterior view; 
( b ) 3D CT reconstruction with caudal view       
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injury and the possibility to obtain a stable fi xa-
tion. The reconstruction should be, whenever 
possible, stable enough to begin early range of 
motion and to prevent elbow stiffness. 
Reconstruction of the lateral collateral ligaments 
is advisable as it protects the varus moment of the 
repaired anteromedial fragment. In cases of tenu-
ous fi xation of a small coronoid fragment, protec-
tion with an external fi xator is advisable.   

3.3    Transolecranon Fracture- 
Dislocations   and Complex 
Monteggia Injuries  

 This group of injuries comprises the transolecra-
non fracture-dislocations  and Monteggia injuries. 
Both injuries share the common fi nding of a proxi-
mal ulnar fracture with or without a radial head 

fracture. In Monteggia lesion , a proximal ulnar 
fracture is associated with a radial head dislocation, 
whereas in transolecranon fracture- dislocation   the 
proximal ulnar fracture (which is an olecranon 
fracture) is associated to a dislocation of both ulna 
and radius with respect to distal humerus (Fig.  3.4 ). 
Therefore, the principal difference between both 
injuries is the status of the proximal radioulnar 
joint which is damaged in Monteggia injuries  and 
preserved in transolecranon fracture-dislocations . 
Specifi c patterns of injury associate lateral collat-
eral ligament damage.

3.3.1      Transolecranon 
Fracture-Dislocation  

 Transolecranon fracture-dislocations occur as a 
result of a direct trauma over a fl exed elbow. 

a c

db

  Fig. 3.4    Transolecranon fracture-dislocations and complex 
Monteggia lesions: ( a ) anterior transolecranon fracture- 
dislocation of the elbow; ( b ) posterior transolecranon frac-
ture-dislocation of the elbow associated with a radial head 

fracture; ( c ) complex Monteggia lesion (Bado-Jupiter type 
IIA); ( d ) complex Bado type III Monteggia lesion ( left ) and 
original Monteggia fracture-dislocation lesion ( right ) as 
described by Giovanni Battista Monteggia in 1814       
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The proximal ulna is fractured at the level of the 
olecranon, and, depending on the direction of 
forces, the ulna and radius distal to the olecranon 
fracture will dislocate anteriorly or posteriorly 
with respect to the distal humerus. Although the 
proximal radioulnar joint is not dislocated, some 
authors have considered that the posterior tran-
solecranon fracture-dislocation is in fact a variant 
of a Monteggia lesion  [ 22 ]. Theoretically, in tran-
solecranon fracture-dislocations (either anterior 
or posterior), the annular and quadrate ligaments 
remain intact. However, the inclusion of posterior 
transolecranon fracture-dislocation in the spec-
trum of Monteggia lesions has been justifi ed by 
the fact that the former typically has posterior 
angulation of ulnar apex, radial head fracture, 
and usually disruption of the LCL [ 23 ]. This 
injury would have been produced by a valgus 
posterolateral rotatory force  with damage to bony 
more than ligament structures [ 23 ]. 

 Depending on the energy of the trauma and 
the bone quality, the olecranon fracture will be 
simple or comminuted. In aged osteoporotic indi-
viduals, a low-energy trauma may create a com-
plex olecranon fracture. This is the    most common 
type of injury and presents in the form of poste-
rior transolecranon fracture-dislocation [ 22 ]. In 
younger patients with high-energy trauma, poste-
rior transolecranon fracture-dislocations may 
present as open injuries with involvement of the 
coronoid process, but this is usually the case of 
anterior transolecranon fracture-dislocation  [ 24 ]. 
This injury was fi rst described by Biga and 
Thomine as an olecranon fracture (type I or type 
II depending on the presence of comminution) 
with anterior dislocation of the proximal ulna and 
radius [ 25 ]. Most of these injuries involve the 
greater sigmoid notch and the coronoid process 
and are commonly open injuries due to the high- 
energy trauma [ 24 ]. The radial head and collat-
eral ligaments are commonly spared [ 15 ]. Each 
associated injury must be recognized and treated 
to prevent poor outcomes. The essential steps in 
the treatment are to achieve a stable fi xation of 
the ulna and to restore the contour and width of 
the trochlear notch (anatomic reduction) [ 4 ,  26 ]. 

 The most common fi xation method is a poste-
rior precontoured plate and screws with or 

 without bone grafting depending on the degree of 
comminution [ 4 ]. The coronoid process must be 
fi xed with screws through the precontoured plate, 
and the stability should be checked under fl uoros-
copy [ 4 ]. If the injury is associated with LCL rup-
ture, the ligament should be repaired, especially 
in cases of residual instability after fracture fi xa-
tion. As in “terrible triad ” injuries, a hinged 
external fi xation should be used whenever a 
 stable internal fi xation is not achieved [ 4 ]. 
Table  3.2  summarizes the studies involving ante-
rior and posterior transolecranon fracture-dislo-
cations  [ 22 ,  24 ,  26 – 33 ].

3.3.2       Complex Monteggia Injuries  

 Monteggia fracture-dislocation was initially 
described as a proximal ulnar fracture associated 
with anterior dislocation of the radial head. The 
eponym Monteggia injury includes now several 
patterns of complex fracture-dislocation of the 
proximal ulna and radius. The common fi nding is 
a fracture of the proximal ulna at different levels 
with dislocation of the proximal radioulnar 
joint [ 34 ]. Bado classifi ed the Monteggia lesion in 
four groups [ 35 ]: type I, fracture of ulnar diaphy-
sis with anterior angulation associated with ante-
rior dislocation of the radial head; type II, fracture 
of ulnar diaphysis with posterior angulation asso-
ciated with posterior dislocation of the radial 
head; type III, fracture of ulnar metaphysis with 
lateral or anterolateral dislocation of the radial 
head; and type IV, fracture of the proximal third of 
the radius and ulna at the same level associated 
with anterior dislocation of the radial head. Jupiter 
et al. further classifi ed type II Monteggia lesions  
[ 22 ]: type IIA, ulnar fracture involving the distal 
olecranon and coronoid process; type IIB, ulnar 
fracture at the metaphyseal-diaphyseal juncture 
distal to the coronoid; type IIC, ulnar fracture is 
diaphyseal; and type IID, complex ulnar fracture 
extending from the olecranon into the diaphysis. 
The coronoid fracture involved in types IIB and 
IID is usually a large fragment corresponding to a 
type III of either the Regan-Morrey or O’Driscoll 
classifi cations [ 2 ,  16 ], thus explaining the 
 characteristic high instability of these injuries. 

E. Alentorn-Geli et al.
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 The spectrum of Monteggia lesion includes 
injuries to the most important bone structures for 
elbow stability: olecranon, coronoid, and radial 
head. Giannicola et al. summarized the spectrum 
injuries commonly found in the Monteggia-like 
pattern : ulnar fracture, radiohumeral dislocation, 
ulnohumeral dislocation, proximal radioulnar 
dislocation, radial head fracture, and distal radio-
ulnar joint or interosseous membrane lesion [ 4 ]. 
In summary, Monteggia fracture-dislocation  or 
Monteggia-like lesions are complex injuries 
affecting several stabilizers of the elbow from 
both bone and ligament components. 

 The gold standard for the treatment of 
Monteggia injury  is open reduction and internal 
fi xation of the ulna (and radius in Bado type IV 
injuries) with a posterior precontoured plate and 
screws trying to achieve anatomic reduction in 
terms of length and rotational alignment [ 4 ,  34 ]. 
Adequate management of basal coronoid frac-
tures and fractures of the anteromedial facet  of 
the coronoid process and fractures involving the 
crista supinatoris is essential to achieve adequate 
function of the MCL and LCL, respectively, and, 
therefore, a stable reconstruction [ 4 ,  34 ]. Small 
fragments of the coronoid may be fi xed with 
sutures [ 34 ]. In cases of sigmoid notch commi-
nution, use of bone graft in conjunction with an 
angular stable construct of the olecranon is recom-
mended to sustain the articular surface, achieve a 
stable fi xation [ 4 ], and decrease the risk of early 
onset posttraumatic osteoarthritis due to articular 
incongruence. If the radial head is fractured, fi xa-
tion instead of excision is recommended to pre-
vent proximal migration of the radius, especially 
in injuries where the interosseous membrane 
may have been damaged [ 4 ]. Open reduction and 
internal fi xation of ulnar fractures usually allows 
reduction of the radial head [ 34 ]. In cases where 
the radial head cannot be reduced or remains 
unstable, exposition of the radiohumeral joint is 
needed to discard soft tissue interposition and/or to 
repair the LCL complex [ 4 ,  34 ]. Anatomic reduc-
tion of ulnar fractures is essential to manage the 
radial head, as any shortening or mal-reduction of 
the ulna may also prevent reduction of radiohum-
eral joint [ 4 ,  34 ]. Table  3.2  summarizes the studies 
involving Monteggia lesions  [ 22 ,  24 ,  26 – 33 ].   

   Conclusions 

 Fracture-dislocations    of the elbow are com-
plex and severe injuries with a high potential 
for complications and suboptimal or poor 
results. Careful physical exams and adequate 
imaging studies are essential to understand all 
injuries and provide satisfactory management. 
In the “terrible triad, ” there is an elbow dislo-
cation along with fractures of both radial head 
and coronoid process, leading to posterolat-
eral rotatory instability . In these injuries, it is 
essential to treat the LCL tear and the radial 
head fracture. Coronoid fractures should be 
fi xed in those cases with type II and III frac-
tures which render the elbow unstable after 
radial head reconstruction. 

 Varus posteromedial rotatory instability  
typically has both LCL tear and fracture of the 
anteromedial facet of the coronoid process , 
where the MCL attaches. The important aspect 
of the treatment is to repair the LCL and to 
fi x the coronoid fragment. In transolecranon 
 fracture-dislocations   and complex Monteggia 
injuries , the principal damage lies on bony sta-
bilizers. The standard of care is through pre-
contoured plates and screws with careful 
assessment of any ligament tear, which will 
require adequate repair to prevent early failure 
of the implant or severe complications. An 
external fi xator should be used in all cases 
with residual instability after appropriate 
treatment of these injuries. The principles of 
treatment are to provide a stable fi xation of 
bone fragments and strong repair of ligaments 
to allow early range of motion to decrease the 
likelihood of elbow stiffness.     
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4.1            Introduction 

 Knowledge of distal radius anatomy is critical to 
planning surgery. The articular distal radius sur-
face is typically tilted with 22° of radial inclina-
tion, 11° of volar tilt, and 12 mm of radial height. 
The radiocarpal joint is composed of the lunate 
fossa and the triangular scaphoid fossa. On the 
ulnar aspect of the distal radius, the sigmoid 
notch articulates with the distal ulna to form the 
distal radioulnar joint (DRUJ). It is a pivot that 
permits pronation and supination of the wrist. 
The triangular fi brocartilage complex stabilizes 
the DRUJ. The distal ulna does not articulate 
with the carpal bones. 

 For years distal radius fractures were assumed 
to warrant no more than a cast following Colles’ 
report [ 1 ]. Volar and dorsal approaches are used 
for distal radius fractures. The standard volar 
radial approach allows the volar surface of the 
distal radius to be accessed through the inter-
val between the fl exor carpi radialis (FCR) ten-
don and the radial artery. The extended FCR 
approach allows access to dorsally comminuted 
and displaced distal radius fractures from a volar 
approach. Pronating the proximal fragment of the 
radius out of the way will allow us to visualize the 
dorsal aspect of the distal radius. The  longitudinal 

dorsal approach has several advantages, includ-
ing access to the dorsal aspect of the distal radius, 
the radiocarpal and radioulnar joints, the carpal 
bones, and the extensor tendons. Important land-
marks are the Lister’s tubercle, the lunate fossa, 
the long fi nger metacarpal, and the radial and 
ulnar styloids. Access to most dorsal structures 
of the dorsal wrist, including the distal radius and 
midcarpus, can be achieved between the third and 
fourth dorsal compartments.  

4.2     Classifi cations 

 Classifi cation systems are used to categorize 
injuries and direct treatment. They should pro-
vide a reproducible diagnosis with intra- and 
interobserver reliability and offer prognostic con-
siderations. There are multiple classifi cations for 
distal radius fractures. No one is adequate 
because there are a large number of variables to 
be considered regarding the fracture characteris-
tics. To be effective a classifi cation system must 
categorize the fracture pattern and the severity of 
the injury, which can be used as a guideline for 
treatment and prognosis. 

4.2.1     Gartland and Werley 

 In 1951, Gartland and Werley brought attention 
to a high percentage of poor results of distal 
radius fracture [ 2 ]. An evaluation system was 
created and it included intra-articular  fractures 
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and their implications. Most distal radius 
 fractures had an intra-articular pattern, and 
one third of patients had unsatisfactory results. 
Posttraumatic arthritis affected 20 % of their 
series.  

4.2.2     Lidstrom 

 The Lidstrom classifi cation, published in 1959, 
was based on the fracture line, the direction and 
degree displacement of distal fragment, and the 
intra-articular or DRUJ involvement [ 3 ].  

4.2.3     Frykman 

 Frykman introduced ulnar involvement in distal 
radius fracture [ 4 ]. The classifi cation identifi ed 
radioulnar joint injury and the presence or 
absence of ulnar styloid process. This system 
does not quantify the direction of initial fracture, 
comminution, or shortening, and it is very limited 
to predict prognosis.  

4.2.4     Melone 

 Most recent systems have focused on identifying 
intra-articular fragments. Melone observed that 
there were four components at the radiocarpal 
joint [ 5 ]. It includes the radial shaft, the radial 
styloid, the dorsal medial fragment, and the pal-
mar medial fragment. The extent and direction of 
these fragments form the basis of this classifi ca-
tion. There are fi ve basic fracture patterns.  

4.2.5     Jenkins 

 In 1989, Jenkins added the direction of the frac-
ture line and the degree of comminution to 
Malone’s classifi cation [ 6 ].  

4.2.6     McMurtry and Jupiter 

 In 1990, McMurtry and Jupiter defi ned intra- 
articular fracture when it extended into the 

 radioulnar or the radiocarpal joints and was 
 displaced more than 1 mm [ 7 ].  

4.2.7     Mayo Clinic 

 The Mayo Clinic developed another classifi ca-
tion focusing on intra-articular patterns [ 8 ]. This 
system includes the specifi c articular surfaces of 
the distal radius.  

4.2.8     AO/ASIF 

 The Association for the Study of Internal Fixation 
group developed a comprehensive system that 
serves as a basis for treatment and prognosis 
[ 9 ]. A number designates each bone or segment. 
The basic types of fractures are extra-articular 
(A), simple intra-articular (B), and complex 
 intra- articular (C).  

4.2.9     Fernández 

 In 1993 Fernández developed a complex system 
that is able to recognize the mechanism of injury 
by observing the fracture pattern [ 10 ]. It is a prac-
tical classifi cation for determining stability and 
associated injuries.   

4.3     Indications for Surgery 

 The treatment plan for patients with distal radius 
fractures can be broken down broadly into the 
following criteria: fracture pattern, fracture sta-
bility, and other situations. 

4.3.1     Fracture Pattern 

 For extra-articular distal radius fractures, the goal 
is to reduce the fracture to the normal radiographic 
parameters and maintain them until the fracture 
heals. Biomechanical studies have helped defi ne 
the acceptable radiologic parameters of reduction. 
Loss of radial inclination or radial shortening 
causes increase in stress across the lunate facet 
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and disruption of distal radioulnar  mechanics 
and distortion of the triangular fi brocartilage 
complex [ 11 ]. Malunion with angulations greater 
than 20° dorsally or volarly causes changes in 
the position of the carpus. Dorsal malunion often 
results in rotational deformities that can result in 
pronation and supination defi cits [ 12 ]. Finally, 
malposition of a fracture has been shown to accel-
erate degenerative changes (posttraumatic osteo-
arthritis) over the long term [ 13 ]. 

 For intra-articular distal radius fractures, artic-
ular congruity must be assessed in addition to the 
normal radiographic parameters of the distal 
radius. Several studies have shown that articular 
step-off of 1 mm or more can result in late radio-
carpal osteoarthritis [ 10 ]. The presence of post-
traumatic radiocarpal osteoarthritis alone does 
not necessarily correlate with poor functional 
outcome [ 14 ]. With these variables in mind, 
guidelines for acceptable closed reduction have 
been formulated [ 15 ]: (1) radial inclination 
greater than or equal to 15° on posteroanterior 
view, (2) radial length less than or equal to 5 mm 
shortening on posteroanterior view, (3) radial tilt 
less than 15° dorsal or 20° volar tilt on lateral 
view, and (4) articular incongruity less than or 
equal to 2 mm of step-off.  

4.3.2     Fracture Stability 

 If a fracture is reduced and the position is within 
the acceptable parameters of reduction as out-
lined, the next question is to know whether the 
fracture is stable. Radiographic signs that should 
alert the orthopedic surgeon that the fracture is 
probably unstable and closed reduction will be 
insuffi cient include the following [ 16 ]: dorsal 
comminution greater than 50 %, palmar metaph-
yseal comminution, initial dorsal tilt greater than 
20°, initial radial shortening more than 5 mm, 
intra-articular disruption, associated ulnar frac-
ture, and severe osteoporosis.  

4.3.3     Other Situations 

 Lifestyle, mental attitude, associated medical 
conditions, and compliance with treatment can 

help decide a surgical treatment. Open fractures 
warrant operative management following well- 
established protocols. Bilateral distal radius frac-
tures and ipsilateral concomitant fractures of the 
upper extremity also require operative treatment. 
Acute median nerve dysfunction is not associated 
with specifi c fracture patterns of the distal radius. 
Persistent or worsening symptoms warrant surgi-
cal fi xation of the fracture and open carpal tunnel 
release.   

4.4     Nonoperative Treatment 

 Nonoperative treatment of distal radius fractures 
by reduction and immobilization remains the 
most common form of treatment. Clinical out-
come studies and the biomechanical literature 
demonstrate that maintenance of palmar tilt (nor-
mally 11°), ulnar variance (normally <2 mm), 
and radial height (normally 12 mm) is probably 
the most important factor in attaining acceptable 
patient outcomes [ 17 ]. The indications for nonop-
erative management include patients presenting 
with a fracture in acceptable position or patients 
in whom the fracture can be maintained in an 
acceptable position following reduction. The 
indications for nonoperative management may be 
broader in the elderly because the fracture often 
represents a low-energy fragility fracture with 
less articular involvement. Adequately reduced 
distal radius fractures require follow-up radio-
graphs to assess for redisplacement and healing. 

 Complications associated with this distal 
radius fractures may be diverse. The most com-
mon complication is compression neuropathy. 
The next most commonly observed complication 
is malunion. Other complications include resid-
ual wrist and hand stiffness, attrition ruptures of 
the extensor pollicis longus, and complex 
regional pain syndrome (CRPS). 

 Despite the large body of literature on the sub-
ject, results of the nonoperative management of 
distal radius fractures remain confl icted. Poor 
outcomes are more common in malunions and 
included at least one of the following: DRUJ pain 
or prominent ulnar styloid, radial deviation of the 
wrist, dorsal angulation, nerve compression, and 
posttraumatic osteoarthritis [ 18 ].  
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4.5     Operative Treatment 

 There are two main types of operative treatment: 
percutaneous pinning and open reduction and 
internal fi xation (ORIF) with plating. 

4.5.1     Percutaneous Pinning 

 Percutaneous pinning can be an effective option 
for selected fractures. It may be indicated for 
younger patients who have reduced or reducible 
fractures with predicted or proven stability [ 19 ]. In 
elderly osteoporotic patients [ 20 ] and in severely 
comminuted intra-articular fractures [ 21 ], this 
technique yields less favorable results. Fractures 
without signifi cant shortening, comminution of 
the volar cortex, and fractures that have failed 
closed reduction or redisplaced with regard to 
dorsal angulation are ideal for percutaneous pin-
ning. Potential complications include those pre-
viously described for nonoperative treatment as 
well as those directly attributed to the use of per-
cutaneous pins, such as tendon tethering, injury 
or rupture, pin migration, nerve injury, and pin 
site infection. 

 Some studies have demonstrated no signifi -
cant difference in outcomes between percutane-
ous pinning and nonoperative treatment [ 22 ]. 
Percutaneous pinning has also been demonstrated 
to be as effective as external fi xation for unstable 
distal radius fractures. This technique can pro-
vide adequate fracture stability and soft tissue 
and vascular preservation, in addition to minimal 
patient morbidity, which may facilitate a more 
rapid return to function compared with more 
invasive methods.  

4.5.2     Open Reduction and Internal 
Fixation (ORIF): Plating 

 Restoration of normal anatomy usually provides 
a satisfactory result. Malunion of the distal radius 
has been associated with pain, stiffness, weak 
grip strength, and carpal instability. Plating 
ensures more consistent correction of displace-
ment and maintenance of reduction. Over the last 

years, there has been a trend to operative 
 treatment of these fractures in both the elderly 
and the young population (Fig.  4.1 ).

   Because of a high rate of complications with 
dorsal plate placement, volar fi xation has become 
the standard approach for distal radius fractures 
[ 23 ]. Volar buttress plates are the traditional plate 
designs used to treat distal radius volar shear 
fractures. In normal bone, or even osteoporotic 
bone without comminution, a locked device pro-
vides no advantage and a normal buttress plate 
can be used. 

 Fixed-angle locking plate designs have 
improved strength characteristics compared with 
traditional nonlocking plates to resist angular 
motion. Polyaxial locking plates allow an inde-
pendent trajectory to be selected for each distal 
screw. The locking nature of the screw-plate con-
struct produces fi xation even in bone defects and 
osteopenic bone and permits early range of 
motion exercises. 

 Fixation with a volar fi xed-angle device 
should permit earlier and more aggressive reha-
bilitation and more rapid regain of function when 
compared with stabilization with external fi xa-
tion or percutaneous pinning. Another advantage 
of a locked plate is the ability to perform indirect 
reduction. 

 Most implants currently used to treat distal 
radius fractures are made either of stainless steel 
or of titanium alloys. The most commonly used 
titanium alloys used today are Ti-6Al-7Nb and 
Ti-6Al-4V. These alloys display excellent corro-
sion resistance, biocompatibility, decreased 
implant stiffness, and diminished stress shielding 
compared with stainless steel [ 24 ]. 

 Although the advent of volar locking plates 
for treating distal radius fractures may seem like 
a panacea, their use is not without complications. 
Reports of the complications of volar plates are 
beginning to appear in the literature [ 25 ].   

4.6     Complications 

 The reported complication rates of distal radius 
fractures in the literature vary from 6 to 80 % [ 26 ]. 
The median nerve is most frequently involved, 
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  Fig. 4.1    Intra-articular fracture of the distal radius with 
an associated scapholunate dislocation treated by means 
of ORIF with LCP 2.4/2.7 volar plate and K-wires at 
 carpal injury: ( a ) anteroposterior preoperative view, 

( b ) lateral preoperative radiograph, ( c ) anteroposterior 
postoperative radiograph, ( d ) lateral radiograph after 
surgery         

a

b

c
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followed by the radial and ulnar nerves. Acute 
carpal tunnel syndrome is more common in 
patients who have more severe and comminuted 
fractures and also in those undergoing multiple 
closed reduction attempts [ 27 ]. Carpal tunnel 
symptoms are common and usually related to 
swelling and contusion. A carpal tunnel release 
should be considered if the symptoms are more 
severe or progressive. Open fractures of the distal 
radius are infrequent. However, open fractures of 
the distal ulna in association with a distal radius 
fracture are more common. Compartment syn-
drome is a rare complication, but can have dra-
matic consequences. Young male patients are 
most at risk because they are more likely to have 
sustained a high-energy injury. Many factors 
have been associated with an increased risk for 
displacement, including increasing age, dorsal 
comminution, and degree of dorsal angulation at 
presentation [ 28 ]. 

 Compound fractures and fractures treated 
operatively are at risk for infection. Infection rate 
with K-wire fi xation has been reported to be as 
high as 33 % [ 29 ]. If the wires are left in situ for 
a prolonged period, the risk for infection 
increases. Infection with internal fi xation is less 
common. Percutaneous K-wires should not be 
used to supplement internal fi xation because this 
can act as a pathway for superfi cial infection to 
spread to the deeper tissues and bone. The radial 
nerve sensory branch is particularly vulnerable to 
injury during K-wire fi xation. 

 Tendon ruptures can occur as an early or late 
complication. The extensor pollicis longus ten-
don is most commonly ruptured. CRPS, formerly 
known as refl ex sympathetic dystrophy, has been 
reported to be more common in the elderly, 
women, and individuals who have a psychologi-
cal predisposition. 

 Years after an intra-articular fracture of the 
distal radius found that 65 % of patients have 
radiographic signs of posttraumatic osteoarthri-
tis. Fractures that heal with residual radiocarpal 
incongruity have a 91 % rate of radiographic 
osteoarthritis, while fractures that heal with a 
congruent joint have an 11 % rate [ 30 ].  

    Conclusions 

 Distal radius fractures are frequent, represent-
ing approximately 15 % of all fractures seen 
in an emergency department. For years distal 
radius fractures were assumed to warrant no 
more than a cast following Colles’ report. 
Increasing interest for this fracture is due not 
only to its high incidence but also to the devel-
opment of different treatments. Today, the lit-
erature is often contradictory regarding the 
indications for operative and nonoperative 
management. The goal of treatment for distal 
radius fractures is to obtain suffi cient painless 
range of motion that will allow the patient to 
return to daily activities while minimizing the 
risk of posttraumatic osteoarthritis. Close 
reduction and casting has historically been the 

d
Fig. 4.1 (continued)
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gold standard of treatment. However,  operative 
management may be an option depending on a 
number of variables such as fracture displace-
ment, fracture stability-associated injuries, 
and those patient-related.     
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5.1            Introduction 

    Pelvic ring fractures  are not frequent, with a 
reported incidence of 2–8 % of all fractures [ 1 –
 3 ]. In multiple-trauma patients, however, the fre-
quency of pelvic ring fractures rises signifi cantly, 
with an incidence of around 25 % [ 3 – 5 ]. In young 
patients, pelvic ring fractures are mostly caused 
by high-energy trauma. When we discuss pelvic 
ring disruptions, we usually refer to high-velocity 
accidents, such as motor vehicle and motor car 
crashes, falls from a great height and crush inju-
ries. Thanks to preventive measures on the road 
and at workplaces, intensive controls of driver 
behaviour and severe punishment of violation of 
traffi c regulations, the number of highly unstable 
pelvic ring lesions is slowly diminishing in indus-
trialised countries [ 6 ]. 

 At the same time and related to growing life 
expectancy, the number of ageing persons is 
steadily growing. As a consequence, we experi-
ence a sharp increase in the number of fractures 
of the proximal femur, proximal humerus, distal 
radius and vertebral body due to low-energy inju-
ries. Similarly, the number of fragility fractures 
of the pelvic ring is increasing. Pelvic injuries in 

the elderly are often caused also by low-energy 
trauma [ 7 ,  8 ]. 

 The pelvic ring provides a stable osteo- 
ligamentous compartment for the neurovascular 
and visceral structures of the pelvis. In accor-
dance, disruption of the pelvic ring places patients 
at a high risk for severe haemorrhage and other 
life-threatening complications [ 3 ,  9 ,  10 ]. 

 In a substantial number of cases, reduction of 
blood loss  and physiological haemostasis can be 
achieved by rapid mechanical stabilisation of the 
pelvic ring [ 10 ]. Tools for emergency stabilisation 
of the pelvis include folded bed sheets anchored 
anteriorly by towel clips [ 11 ,  12 ], commercially 
available pelvic binders [ 13 ] and pelvic C-clamps 
[ 14 – 17 ]. These devices enable compression of the 
disrupted hemipelvis medially and does not rely 
on an intact posterior pelvic ring [ 8 ,  11 – 13 ,  18 ]. 
Circumferential sheets and binders realise com-
pression of the pelvic ring indirectly via the 
greater trochanter, while C-clamps compress 
directly on the bony structures of the posterior 
pelvis. In contrast, external fi xators function by 
internally rotating an externally rotated pelvis 
(open book fracture) but only if the posterior ring 
has no vertical instability [ 8 ,  19 ]. In vertically 
unstable type C fractures, an internal rotation of 
the pelvis by an external fi xator may result in fur-
ther dislocation of the posterior ring, if the poste-
rior pelvis is not fi xed as well. Sheet slings and 
pelvic binders can be used also in prehospital 
course, while the pelvic C-clamp usually has to be 
applied by a surgeon in a  resuscitation area or 
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operating room [ 8 ,  11 – 14 ]. If haemodynamic sta-
bilisation is achieved, time for further diagnostics 
is attained [ 20 ]. If no haemodynamic stabilisation 
can be reached by mechanical stabilisation of the 
pelvic ring, further measures like pelvic packing 
or arterial embolisation are necessary [ 10 , 
 21 – 23 ].  

5.2     Anatomy 

 Pelvic ring is a bony structure made up of three 
bones: sacrum  and two innominate bones. The 
innominate bone  is formed from the fusion of 
three ossifi cation centres: ilium, ischium    and 
pubis. These three centres bind at the acetabu-
lum by triradiate cartilage. Both innominate 
bones are joined anteriorly to one another at the 
pubic symphysis. Posteriorly, the innominate 
bone is joined the sacrum at the two sacroiliac 
joints. Three bones and three joints together 
form the pelvic ring. 

 Pelvic ring stability is given by strong liga-
mentous structures. We can divide the pelvic lig-
aments in two groups:
•    Articular ligaments

 –    Posterior sacroiliac ligaments: they are the 
strongest and provide major structural 
integrity to the sacroiliac joint.  

 –   Anterior sacroiliac ligament: They    pro-
vides some stability but less than that pro-
vided by the posterior ligaments.  

 –   Symphysis ligaments: they are formed by a 
thick band of fi brous tissue. The thickest 
portion is usually superior and anterior. 
Inferiorly, they are reinforced by muscle 
insertions and the arcuate ligament.     

•   Extra-articular ligaments
 –    Sacrotuberous ligament: it is a strong band 

running from the posterolateral aspect of 
the sacrum to the ischial tuberosity.  

 –   Sacrospinous ligament: it is a triangular 
band that runs from the lateral edge of the 
sacrum to the ischial spine.  

 –   Lumbosacral ligaments: several ligaments 
run from the spine to the pelvis. They origi-
nate from the transverse process of L4 and 
L5 and insert on the superior edge of the 
sacral wing and the posterior iliac crest. 
Figure  5.1  shows pelvic ligaments.

         Inside, the pelvic ring harbours and protects a 
signifi cant number of vascular, nervous, genito-
urinary, digestive and muscular structures that 
can be injured by trauma that produces the same 
pelvic fracture. Understanding pelvic anatomy 
will help us to understand and suspect retroperi-
toneal bleeding and recognise injuries involving 
genitourinary or gastrointestinal systems.  

  Fig. 5.1    Drawing showing 
the pelvic ligaments       
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5.3     Assessment and Diagnosis 

 Pelvic fracture should be considered a sign lead-
ing to other associated injuries that may be life 
threatening. These include head, chest and 
abdominal injuries and, overall, retroperitoneal 
bleeding due to vascular injury. 

5.3.1     History 

 The injury mechanism is the key to determine the 
classifi cation and treatment setting of the frac-
ture. It is important to know the position of the 
victim and the direction and intensity of the force 
during the impact.  

5.3.2     Physical Examination 

 Pelvic examination includes    palpation of anterior 
superior iliac spine and iliac crests to check posi-
tion and stability and inspection of the skin, 
including the perineum, observing the presence 
of wounds, lacerations or urethral, vaginal or rec-
tal bleeding. Do not fi nalise the exploration with-
out performing a rectal and vaginal exploration.  

5.3.3     Radiological Examination 

 A radiographic assessment of the pelvis includes an 
AP view (Fig.  5.2 ). In order to determine displace-
ment appropriately is mandatory to obtain two more 
views proposed by Pennal and Sutherland in 1961 
[ 24 ,  25 ]. However, nowadays, any traumatic injury 
of the pelvis, especially high energy, should be stud-
ied by computer tomography (Figs.  5.3  and  5.4 ). 
CT scan allows us to study the injury in three 
dimensions and establish a correct classifi cation 
and appropriate treatment plan. In patients with 
hypovolaemic shock, the use of radiopaque contrast 
allows us to identify areas of bleeding.

5.4           Classifi cation 

 Several classifi cations have been done on an ana-
tomical basis. Judet and Letournel classifi cation 
[ 26 ], based on the site of injury, is an example. 

5.4.1     Young-Burgess Classifi cation 

 Currently, Young and Burgess classifi cation  [ 27 ] 
based on mechanism of injury is widely used. 

  Fig. 5.2    Anteroposterior 
(AP) radiographic view 
of the pelvis       
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a

b

  Fig. 5.3    CT (computed 
tomography) scan of the 
pelvic ring ( a ). Sagittal 
tomography of the same 
pelvis ( b )       

a b

  Fig. 5.4    Pelvic CT scan ( a ) and 3D reconstruction of the same pelvis ( b )       
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This classifi cation takes into account the forces 
direction and distinguishes three components: 
anteroposterior compression (APC), lateral com-
pression (LC) and vertical shearing (VS). Each 
group is divided into three types according to the 
degree of injury:
•    APC fractures

 –    I. Pubic diastasis <2.5 cm. No posterior 
component.  

 –   II. Pubic diastasis >2.5 cm. Anterior SI 
ligaments disrupted.  

 –   III. Pubic diastasis >2.5 cm. Anterior and 
posterior SI ligaments and sacrotuberal and 
sacrospinal ligaments disrupted. Figure  5.5  
shows APC II pelvic fracture.

•         LC fractures
 –    I. Pubic rami fracture unilateral (ipsi- or 

contralateral). Impacted fracture of the 
sacral wing ipsilateral.  

 –   II. Pubic rami fracture unilateral. Posterior 
iliac wing fracture near to the sacroiliac 
(SI) joint (crescent fracture).  

 –   III. The same injury as type I or II associ-
ated with open book injury of the contralat-
eral hemipelvis. Figures  5.6  and  5.7  show 
LC II fractures.

•          VS fractures. Anterior component: pubic disrup-
tion or pubic rami fracture. Posterior component: 
Sacroiliac joint disruption    or vertical sacral wing 
fracture or vertical  posterior iliac wing fracture, 

a b

  Fig. 5.5    Anteroposterior compression (APC) type II pelvic fracture. AP radiographic view ( a ) and CT scan ( b )       

  Fig. 5.6    Lateral compression 
(LC) type II fracture: 
anteroposterior (AP) 
radiographic view       
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complete breakdown of extra- articular ligaments 
(sacrotuberal and sacrospinal and lumbosacral), 
vertical displacement of the injured hemipelvis. 
Figure  5.8  shows a VS pelvic fracture.

5.4.2           Tile’s Classifi cation 

 The AO/OTA classifi cation  [ 28 ] combines both 
mechanism of injury and stability  and aids in 

a

c

b

d

  Fig. 5.7    Lateral compression (LC) II fracture: four ( a – d ) different CT scan images of the fracture       

a b

  Fig. 5.8    Vertical    shearing (VS) pelvic fracture: anteroposterior (AP) radiographic view ( a ) and CT scan ( b )       
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determining prognosis and treatment options. 
This classifi cation is widely used today:
•    Type A: stable fractures

 –    A1. Avulsion of the anterior superior iliac 
spine, anterior inferior iliac spine or ischial 
tuberosity  

 –   A2. Unilateral pubic rami fractures  
 –   A3. Transverse fractures of the sacrum     

•   Type B: rotationally unstable
 –    B1. Unilateral external rotation  
 –   B2. Internal rotation: lateral compression 

mechanism  
 –   B3. Bilateral external rotation: open book 

fractures     
•   Type C: rotationally and vertically unstable

 –    C1. Unilateral injury  
 –   C2. Bilateral injury: one side rotationally 

unstable, other side vertically unstable  
 –   C3. Bilateral injury: both sides completely 

unstable       
 Analysis of the classifi cation produced 

54.8 % stable type A fractures, 24.7 % rotation-
ally unstable type B fractures and 20.5 % type C 
fractures unstable in translation and concomi-
tant acetabular fractures in 15.7 % of cases. Of 
the 54.8 % type A fractures, 91.1 % affected the 
anterior pelvic ring or were fractures of the iliac 
rim. Coccygeal or sacral fractures below the 
linea terminalis occurred in 8 % of cases. 
Avulsion fractures of muscle attachments were 
present in only 0.9 %. 10.2 % of patients in this 
group suffered concomitant acetabular frac-
tures. In the case of rotationally unstable type B 
fractures,  lateral compression was present in 
57.5 % and open book fractures in 36.8 %. In 
5.7 %, there was bilateral rotational instability 
of the posterior pelvic ring. In this group, 20.6 % 
had concomitant acetabular fractures. Of the 
20.5 % type C fractures, 8.3 % were bilateral 
and 23.8 % had a concomitant acetabular frac-
ture [ 29 ].   

5.5     Treatment 

 We can distinguish two phases in the treatment 
of pelvic fractures : an initial, immediate and 
another delayed over the course of the following 
days. 

5.5.1     Initial Management 

5.5.1.1     Outpatient Management 
 Immediate stabilisation  of the pelvis by a sheet or 
strip is a noninvasive technique, fast and secure 
for mobilising the patient safely. It is a mechani-
cal procedure contained in ATLS protocols. The 
pelvic belt should be maintained during trans-
port, resuscitation and diagnostic tests. Only 
withdraw when you know the extent of injuries, 
or it may be replaced by other means of stabilisa-
tion. It should not be kept more than 48 h.  

5.5.1.2     External Fixation 
 It was described by Slatis in 1975 and today still has 
a major role in the emergency treatment of unstable 
pelvic fractures. External fi xation has a dual role: to 
stabilise the fracture and reduce venous bleeding by 
reducing pelvic volume. Main indications include:
•    Damage control in patients with unstable pel-

vic fractures and haemodynamic instability  
•   Unstable pelvic fractures with abdominal 

injuries requiring laparotomy  
•   Open pelvic fractures with contaminated peri-

neal wounds    
 External fi xation may be:

•    Anterior: by pins attached to an anterior exter-
nal fi xator that should allow to perform a lapa-
rotomy. Pins can be placed either in the iliac 
crest or in supra-acetabular position. The last 
option is more complex, requires Rx    control 
and will be reserved for stable patients. 
Figure  5.9a, b  shows an anterior pelvic  fracture 
treated with external fi xator.

•      Posterior: the use of the C-clamp was intro-
duced by Ganz in 1989. It was designed to 
achieve a stabilisation of the posterior elements 
of the pelvis and decrease bleeding of the pre-
sacral venous plexus. It is a quick and easy 
technique but has a high rate of complications 
such as intrapelvic penetration, medial dis-
placement of the hemipelvis or damage or 
nerve damage in the sciatic notch, so its use 
may be dangerous. Figure  5.10  shows posterior 
pelvic external fi xation by means of a C-clamp.

5.5.1.3           Retroperitoneal Packing 
 It consists in haemostasis  by direct compression 
of the retroperitoneal venous plexus and is 
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 performed through a infraumbilical laparotomy 
through which wet compresses are introduced in 
variable number (3–15) in the retroperitoneal 
space. The pads will be removed within 48 h. 
This technique is of dubious effectiveness and is 
reserved for patients in extremis that cannot be 
taken to the angiography room.  

5.5.1.4     Angiography and Embolisation 
 It is the treatment of choice for pelvic arterial haem-
orrhage. It is indicated in the absence of haemody-
namic response to initial resuscitation or arterial 
bleeding in the angioTC. Its effi ciency is 90 % when 
performed within 180 min after admission [ 30 ].   

5.5.2     Defi nitive Treatment 

 After    the patient has been monitored for immedi-
ate complications (this may take 5–10 days), we 
proceed to make the defi nitive treatment. 

 We choose the defi nitive treatment according 
to the fracture pattern:
•    APC I: this kind of fractures does not usually 

need surgical management so it may be man-
aged by symptomatic treatment.  

•   APC II: anterior stabilisation  is enough in this 
kind of injuries. We use open reduction and 
internal fi xation by plate and screws in both 
symphysis disruption and fractures of the 

a

b

  Fig. 5.9    Anterior pelvic 
external fi xation: clinical ( a ) 
and radiographic image ( b )       
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pubic rami. External fi xation can also be used. 
Figure  5.11  shows anterior internal fi xation of 
pelvic ring.

•      APC III: due to the high instability, having 
anterior and posterior stabilisation  is required. 
Anterior stabilisation can be obtained by 
external fi xation or by open reduction and 
internal fi xation with plates and screws. The 
injury of the back pelvic ring (sacroiliac dislo-
cation or sacral wing fracture) can be stabi-
lised by using percutaneous iliosacral screws 
under x-ray, CT scan or navigator control.  

•   LC I: they usually are stable injuries and so do 
not require surgical treatment in most cases. 
Symptomatic management is usually enough.  

•   LC II: anterior injury can be managed by 
external fi xation or open reduction and inter-
nal fi xation by plate and screws. Posterior 
injury (crescent fractures) requires internal 
fi xation. We can use percutaneous screws [ 31 ] 
or ORIF by plate and screws onto the inner 
face of the iliac wing. Figure  5.12  shows ante-
rior and posterior internal fi xation of an LC II 
pelvic fracture.

  Fig. 5.10    Posterior pelvic 
external fi xation: C-clamp       

  Fig. 5.11    Anterior internal 
fi xation of pelvic ring       
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•      LC III: anterior ring injury will be treated by 
external fi xation or ORIF as mentioned for 
LC II. The back ring of the same side of the 
trauma can also be treated as mentioned for 

LC II. The back ring of the opposite side of 
the trauma (similar to an open book injury) 
must be treated by iliosacral percutaneous 
screws.  

a

b

  Fig. 5.13    Internal fi xation of a pelvic fracture: anterior plate and bilateral percutaneous iliosacral screws. X-ray AP 
view ( a ) and sagittal view CT scan ( b )       

  Fig. 5.12    Anterior 
(symphysis plate) and 
posterior (percutaneous 
screws for crescent fracture) 
internal fi xation of a pelvis 
fracture       
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•   VS: this kind of injury requires reduction by 
traction and then anterior stabilisation by exter-
nal fi xation or ORIF for the pubic component. 
Back ring injury can be stabilised by iliosacral 
percutaneous screws. Figure  5.13  shows ante-
rior and posterior internal fi xation of the pelvis.

5.6            Open Fractures 

 Open pelvic fractures are not frequent and 
account for only 2–4 % of all pelvic fractures 
[ 32 ,  33 ]. Such injuries usually result from high-
energy trauma . They are present when there is a 
direct communication between a skin, rectal or 
vaginal wound and the fracture, including every-
thing from an iliac wing fracture with a small 
puncture wound up to pelvic disruptions with 
gross external bleeding and massive displace-
ments. In the 1980s, mortality rate was more than 
50 %. Fortunately, the application of multidisci-
plinary protocols, with early, aggressive fracture 
 management and selective faecal  diversion, as 
well as advances made in modern critical care 
medicine, has led to reduced mortality rates from 
open pelvic fractures [ 33 ]. Some authors have 
described mortality rates as low as 5 % [ 32 ,  34 ]. 
This has been attributed to the lower incidence of 
associated injuries to the head and thorax, com-
pared to previous reports [ 32 ]. 

5.6.1     Initial Treatment 

5.6.1.1     Haemodynamic Stabilisation 
 Open    fractures of the pelvis have more risk of 
bleeding  than closed fractures. So haemody-
namic stabilisation plays an important role in 
their management. Volume contribution by iso-
tonic fl uids and blood transfusion should be the 
fi rst step. Then, pelvic ring stabilisation followed 
arterial embolisation if necessary will be done.  

5.6.1.2     Pelvic Ring Stabilisation 
by External Fixation 

 Such as we do in other open fractures, open pel-
vic fractures must be managed according to the 
damage control principle. This includes stabilisa-
tion by external fi xation.  

5.6.1.3     Wide Wound Debridement 
 It includes extensive irrigation and debride-
ment of traumatised and devitalised soft tis-
sues, as well as the complete and radical 
removal of all foreign material [ 35 – 37 ]. At all 
times, early detection, together with aggressive 
treatment, of possible pelvic compartment syn-
dromes is necessary. In the pelvic region, the 
three major compartments under consideration 
are the gluteus medius/minimus, the gluteus 
maximus and the iliopsoas compartment [ 38 ].  

5.6.1.4     Early Diverting Colostomy, 
or Ileostomy, and Distal Rectal 
Washout of Residual Faeces 

 Penile catheterisation should only be performed 
once urethral integrity has been demonstrated 
by open retrograde cystourethrogram, thus min-
imising the risk of completing a partial urethral 
tear or creating a false tract [ 39 ,  40 ]. If retro-
grade cystourethrogram is positive for a urethral 
injury, a suprapubic cystostomy tube needs to be 
inserted during the emergency operation, to 
ensure diversion of the urinary fl ow, in order to 
prevent sepsis from infected urine [ 41 ,  42 ].   

5.6.2     Defi nitive Treatment 

5.6.2.1     Defi nitive Pelvic Fracture 
Stabilisation 

 Factors affecting the decision-making process 
are the condition of the soft tissues  and the 
physiological status of the patient. The defi ni-
tive stabilisation of open pelvic fractures 
remains to some extent controversial, since 
there is no clinical study available comparing 
complications and mortality for different tech-
niques. In any case, external fi xation seems to 
be the most safety option in most cases.  

5.6.2.2     Skin and Soft Tissue Coverage 
 In perineal and ischial wounds associated with 
open pelvic fractures, local soft tissue transfer 
can be diffi cult, due to the functional necessity of 
neighbouring muscle groups. Free tissue transfer 
techniques  exist to address complex wounds of 
the pelvis in which local donor sources are 
inadequate.  
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5.6.2.3     Urethral Realignment and 
Reconstructive Urethral Repair 

 Delayed end-to-end repair of the urethra is gener-
ally undertaken 3 months following trauma and 
once the acute problems, such as local infections, 
have resolved.  

5.6.2.4    Colostomy Takedown 
 Traditionally, 6 weeks to 3 months following the 
injury colostomy takedown, with restoration of 
gastrointestinal tract continuity, has been advo-
cated [ 43 ].    

5.7     Complications 

5.7.1     Early Complications 

 Immediate complications of open fractures of the 
pelvis are infections (sepsis, pelvic abscess, 
osteomyelitis, perineal wound infections) and 
rectal incontinence [ 44 ], with some of them being 
very rare, such as a septic arthritis of a hip joint 
following a rectal tear  associated with a pelvic 
fracture [ 33 ]. 

 Even in the event that an individual is able to 
survive the initial trauma, severe complications 
may further increase the cumulative risk of mor-
tality or compromise fi nal outcome and quality of 
life [ 45 ]. 

5.7.1.1    Infection 
 Low-grade infection can occur around the pin 
tracts of an external fi xator. It usually responds 
well to the daily cleaning of the pins and antibi-
otic drugs  and disappears when the pins are 
removed. Deep infection is rare. However, its 
incidence in open fractures, especially when rec-
tal or vaginal tear exists, rises considerably.  

5.7.1.2    Deep Venous Thrombosis 
 It has an incidence of 35 % due to lesion of the 
pelvic venous plexus and immobilisation. The 
best treatment is its prevention by administering 
low-molecular-weight heparin  subcutaneously. 
This does not signifi cantly increase the risk of 
bleeding [ 46 ].   

5.7.2     Late Complications 

5.7.2.1    Malunion 
 It commonly follows unreduced pelvic fractures. 
Symptoms are pain, deformity, leg length dis-
crepancies and gait abnormalities. If these symp-
toms are severe, surgical treatment is indicated. 
Pelvic osteotomy of the malunion site is required.  

5.7.2.2    Nonunion 
 It is uncommon and is more common in vertically 
unstable fractures. Pain and instability are the 
symptoms. The treatment consists in open reduc-
tion, internal stable fi xation and bone grafting.  

5.7.2.3    Pain 
 It may be due to malunion, nonunion or sacroil-
iac osteoarthritis . However, most patients have a 
chronic sacroiliac pain despite anatomical reduc-
tion and good consolidation of the fracture.  

5.7.2.4    Neurologic Injuries 
 Nerve damage is common following pelvic frac-
ture, with an incidence of about 10–15 % [ 47 ]. In 
bilateral VS fractures, the incidence rises 46 %. It 
may be due to traction or avulsion of sacral nerve 
roots, so a good reduction and stabilisation of the 
injury may reduce the incidence. In chronic 
cases, nerve roots decompression  may be indi-
cated. Lumbar sympathetic blocks may be useful 
in cases of chronic causalgia. 

 Long-term sequelae of open pelvic fractures 
include chronic pain, residual disability in physi-
cal functioning, incontinence, impotence and 
dyspareunia.    

    Conclusions 

    Pelvic ring fractures are not frequent among the 
general population. But their incidence increased 
in cases of multiple-injured patients . Because 
the large number    of blood vessels containing it is 
not diffi cult imagine that these fractures are 
associated with signifi cant bleeding that may 
compromise the patient’s life. Very high-energy 
injuries can cause open fractures with vaginal or 
rectal tears. This situation worsens prognosis 
and increases the risk of infection. 
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 Pelvic fractures that do not produce ring 
instability may be managed by conservative 
means. However, fractures affecting the ring 
stability should be treated by surgical stabili-
sation. Pelvic stabilisation may be done by 
external fi xation as damage control surgery 
followed by ORIF as soon as possible. In 
stable patients with no other injuries, imme-
diate ORIF may be done. Open pelvic frac-
tures require special care. They must be 
managed by external fi xation and treatment 
of the haemodynamic instability, followed by 
control of wounds, visceral tears and uro-
logic injuries. 

 Complications of the pelvic ring fractures 
are frequent. Infection is rare in closed frac-
tures, but it is frequent in open fractures. 
However, vein thrombosis in the lower limbs 
has a high incidence in both. Late complica-
tions include chronic pain, residual disability 
in physical functioning, incontinence, impo-
tence and dyspareunia.     
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6.1            Introduction 

    The treatment of acetabular fractures  is a com-
plex area of orthopaedics that is continually 
refi ned. Until the middle of the twentieth century, 
surgical treatment of pelvic and acetabular frac-
tures was non-existent [ 1 ]. 

 In the early 1960s, the management of acetab-
ular fractures was revolutionised by the work of 
Judet and Letournel. They recognised that the 
principles applied to the treatment of displaced 
articular fractures (anatomic reduction, stable 
fi xation, and early movement) should also be 
applied to the acetabulum. Their studies led them 
develop news surgical approaches and a classifi -
cation system which has been tested in time and 
is currently used all over the world [ 2 ]. This 
approach led to a reduction in the incidence of 
post-traumatic arthritis and an improvement in 
the overall outcome. 

 Acetabular fractures constitute 18 % of pelvic 
injuries and most often occur in young adults 
involved in high-energy motor vehicle collisions or 
falls from a height. As with pelvic fractures, acetab-
ular fractures also can occur in older patients with 
osteoporotic bone, usually from a low-energy fall.  

6.2     Anatomy 

 The acetabulum can be described as an incom-
plete hemispherical socket with an inverted 
horseshoe-shaped articular surface surrounding 
the nonarticular cotyloid fossa. This articular 
socket is composed of and supported by two col-
umns of bone, described by Letournel and Judet 
as an inverted Y [ 3 ]. 

 The anterior column  is defi ned as the strut of 
bone that extends from the sacroiliac joint to the 
ipsilateral pubic ramus. The anterior column 
includes the superior pubic ramus, anterior half 
of the acetabulum, anterosuperior and anteroinfe-
rior iliac spines, and anterior iliac crest. The ilio-
pectineal (also called the iliopubic) line on 
radiographs approximates the anatomic anterior 
column [ 4 ]. 

 The posterior column  is the bony strut extend-
ing from the posterosuperior iliac spine to the 
ischial tuberosity. The posterior column includes 
the portion of the ischium from the ischiopubic 
junction of the obturator foramen to the greater 
sciatic notch and posterior half of the acetabu-
lum. The ilioischial line on radiography approxi-
mates the anatomic posterior column. 

 The walls of the acetabulum extend from the 
corresponding columns, consequently forming 
the acetabular cup, and stabilise the hip joint. The 
posterior wall is larger and extends more later-
ally; the anterior wall is smaller and stabilises the 
hip joint anteriorly and has been described as 
extending to the pelvic rim [ 5 ]. 
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 The neurovascular structures passing through 
the pelvis are at risk during the original injury 
and subsequent treatment, and the various surgi-
cal approaches are designed around these struc-
tures. The sciatic nerve  exiting the greater sciatic 
notch inferior to the piriformis muscle frequently 
is injured with posterior fractures-dislocations of 
the hip and fractures with posterior displacement. 
The superior gluteal artery and nerve exit the 
greater sciatic notch at its most superior aspect 
and can be tethered to the bone at this level by 
variable fascial attachments.  

6.3     Clinical Evaluation 

 Patients with acetabular fractures often have mul-
tiple injuries and the initial approach to evalua-
tion should follow ATLS guidelines [ 5 ]. Careful 
   assessment of the ipsilateral lower extremity 
should be taken and performed to rule out frac-
ture or ligamentous injury of the knee. The soft 
tissues overlying the greater trochanter should be 
carefully inspected for signs of a Morel-Lavallee 
lesion , a closed degloving injury resulting in a 
haematoma and liquefi ed fat forming between 
the subcutaneous tissues and the fascial layer. 
Sciatic nerve function should be carefully 
assessed in the ipsilateral extremity, especially 
with fractures involving the posterior wall.  

6.4     Radiographic Evaluation 

 Acetabular fracture classifi cation by Judet and 
Letournel requires oblique radiographs of the 
pelvis. A standard radiograph series consists of 
an anteroposterior view and left and right Judet 
views. Judet views are right posterior oblique 
(also known as right iliac oblique or left obtura-
tor oblique) and left posterior oblique (also 
known as left iliac oblique or right obturator 
oblique) views of the pelvis. Appropriate posi-
tioning of the obliquity is confi rmed by ensuring 
that the coccyx projects over the ipsilateral fem-
oral head: In the right posterior oblique projec-
tion, the coccyx should project over the right 
femoral head. 

 The obturator oblique view splays open the 
contralateral iliac wing and allows visualisation 
of the ipsilateral iliopectineal line and posterior 
wall. For example, with a right obturator oblique 
view, the right iliopectineal line, left iliac wing, 
and right posterior wall are best visualised. 

 An iliac oblique view shows the ipsilateral 
ilioischial line and the anterior wall. Thus, the 
right iliac oblique view will show the entire right 
ilium en face, the right anterior wall, and the left 
posterior wall. These views are critical to ortho-
paedists because they are the intraoperative views 
used to judge reduction. 

 CT scan better defi nes acetabular fractures, par-
ticularly in identifying the location and displace-
ment of fractures and loose fragments in the hip 
joint. CT also helps with preoperative planning. 
Furthermore, CT offers better soft tissue assess-
ment for rapid evaluation of visceral structures in 
the multitrauma patient [ 6 ] (Figs.  6.1  and  6.2 ).

6.5         Classifi cation 

 There are several acetabular fracture classifi ca-
tion schemes, with the most widely used classifi cation 
scheme being the Judet-Letournel classifi cation 
scheme. 

 In the Judet-Letournel classifi cation  system, 
acetabular fractures are classifi ed into two broad 
categories: elementary and associated fractures. 
The associated fracture patterns are composed of 
a combination of at least two of the elementary 
fracture patterns. The importance of this classifi -
cation system lies in the fact that different acetab-
ular fractures are repaired by different surgical 
approaches and techniques [ 7 ]. 

 Elementary fractures include wall, column, 
and transverse fractures. These fracture types can 
easily be remembered by recalling the basic func-
tional anatomy of the acetabulum: Elementary 
fractures involve a single wall, a single column, or 
are purely transverse. The simplest elementary 
fractures are two-part fractures. It is important to 
note that the term “transverse fracture” should be 
reserved to describe a diagnostic type of acetabu-
lar fracture, whereas the term “transverse” should 
be avoided when describing the orientation of a 
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fracture because it may quickly become confus-
ing as to which type of fracture is present. 

 Associated fracture patterns have at least three 
major fracture fragments and include a posterior 
column fracture with a posterior wall fracture, a 
transverse fracture with a posterior wall fracture, 
an anterior column fracture with a posterior 
hemi-transverse fracture, a T-type transverse 
fracture, and associated both-column fractures. 

 Although there are ten fracture patterns , 
90 % of acetabular fractures that occur are one 
of fi ve types: associated both-column, T-type, 

transverse, transverse with posterior wall, and 
elementary posterior wall fractures [ 8 ]. Some 
investigators have advocated concentrating 
only on these common fractures; however, 
commonly acetabular fractures do not fi t per-
fectly in one of the fracture patterns in the clas-
sifi cation scheme. 

 The most frequent type of fracture involved 
the posterior wall, accounting for 23.9 % of all 
injuries. Fractures involving both columns were 
seen in 22 %, those described as transverse and 
involving the posterior wall accounted for 

  Fig. 6.1    CT scan. Axial 
view of acetabular fracture       

  Fig. 6.2    CT scan. 3D 
reconstruction of acetabular 
fracture       

 

 

6 Complex Fractures of the Acetabulum



54

17.7 %, while other fracture types were less com-
mon and were seen in less than 10 %. 

 The AO group has developed an alphanumeric 
classifi cation system for acetabular fractures 
based on the severity of the fracture: Type A frac-
tures include fractures of a single wall or column, 
type B fractures involve both anterior and poste-
rior columns (both transverse or T-type frac-
tures), and type C fractures involve both anterior 
and posterior columns, but all articular segments, 
including the roof, are detached from the remain-
ing segment of the intact ilium. Type C fractures 
are those designated both-column fractures in the 
Letournel and Judet classifi cation. Each type has 
subtypes 1, 2, and 3, depending on the character-
istics of the fracture (Figs.  6.3 ,  6.4 , and  6.5 ).

6.6          Treatment 

6.6.1     Nonsurgical Treatment 

 In the past few decades, indications for conserva-
tive management  have been reduced to a mini-
mum, and it is currently used mostly in 
circumstances preventing surgery [ 9 ]. 

 Nondisplaced fractures or displaced frac-
tures that do not involve the dome of the 

 acetabulum are treated nonsurgically. The 
dome of the acetabulum has been defi ned by 
Matta et al. [ 10 ] as the area within the 45° roof 
arc or the superior 10 mm on a CT scan. An 
exception to this rule is posterior wall frac-
tures, which may not involve the dome but nev-
ertheless can result in hip instability if a large 
fragment is involved. 

 Some both-column fractures have extensive 
comminution, but the fragments remain mini-
mally displaced around the femoral head. This so-
called secondary congruence also allows for 
nonsurgical management. Other contraindications 
to open reduction and internal fi xation include the 
following: associated medical conditions that pre-
vent surgery; advanced osteoporosis or degenera-
tive joint disease, making hip arthroplasty the 
better option; and local or systemic sepsis. In all 
those cases, the treatment consists in mobilisation 
out of bed with toe-touch weight bearing for 
10–12 weeks.  

6.6.2     Surgical Treatment 

 Open reduction and internal fi xation, as for any 
other intra-articular fracture, is now a standard 
treatment for a displaced acetabular fracture . In 

  Fig. 6.3    Posterior wall 
fracture       
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a comparative study, nonoperative treatment of 
the displaced acetabular fracture has been shown 
to give far inferior results compared to operative 
treatment (30 % good results versus 86 % good 
results). The goal of treatment of a displaced 

acetabular fracture is to achieve anatomical 
reduction of the articular surface with rigid 
internal fi xation to allow early joint motion, but 
the choice of surgical approach remains contro-
versial [ 11 ]. 

  Fig. 6.4    T-shaped fracture       

  Fig. 6.5    Both-column 
fracture       
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6.6.2.1     Indications for Operative 
Treatment and Selection 
of Approach 

 Indications include fractures involving the dome 
of the acetabulum with at least 2 mm of displace-
ment, fractures that result in instability of the hip 
joint, and fractures with trapped intra-articular 
fragments. The approach selected depends on 
pattern and location of the fracture. Fractures 
involving a single column or wall can be 
approached through a single approach (ilioingui-
nal or modifi ed Stoppa for anterior fractures and 
Kocher-Langenbeck for posterior fractures). 

 The Kocher-Langenbeck approach  is used 
most frequently in the operative treatment of 
acetabular fractures. It gives access to the retro-
acetabular surface of the innominate bone from 
the ischium to the greater sciatic notch. Access 
to the quadrilateral surface is possible by palpa-
tion through the greater and lesser sciatic 
notches, allowing assessment after the reduction 
of fractures involving the quadrilateral plate and 
anterior column. The greater sciatic notch also 
provides a window for the placement of clamps 
to manipulate and reduce these fractures. The 
superior gluteal neurovascular bundle limits 
access to the superior iliac wing in this approach. 

 The ilioinguinal approach  offers a direct view 
of the iliac wing, the anterior sacroiliac joint, the 
entire anterior column, and the pubic symphysis. 

 Both-column fractures may require both an 
anterior and a posterior approach or an extensile 
approach such as the extended iliofemoral. This is 
an anatomical approach and follows an interner-
vous plane, refl ecting anteriorly the femoral 
nerve-innervated muscles and posteriorly the 
muscles innervated by the superior and inferior 
gluteal nerves. The posterior fl ap is mobilised as a 
unit without damaging its neurovascular bundles. 

 This approach provides direct exposure of the 
whole outer aspect of the ilium, the posterior col-
umn down to the ischium, and the hip joint. With 
further retraction of the iliopsoas and abdominal 
muscles medially, exposure of the internal aspect 
of the ilium is also possible.  

6.6.2.2     Fracture Osteosynthesis 
 Posterior wall fractures are the commonest type 
of acetabular fracture. Fractures of the posterior 
wall of the acetabulum as well as fractures of the 
posterior column, fractures of the posterior col-
umn and wall, transverse fractures, and trans-
verse posterior wall T-shaped fractures can be 
managed with the operative technique described 
below [ 12 ]. 

 Displaced posterior column fractures can be 
reduced using either a bone hook or a reduc-
tion forceps. Rotational deformities can be cor-
rected by inserting a Schanz screw into the 
ischial tuberosity, thus allowing manipulation 
of the deformity. 

 In an isolated posterior wall fracture, the 
fragment is reduced anatomically and held 
with the aid of K-wires. Lag screws can then be 
inserted from the wall to the posterior column. 
A depth gauge is usually used to determine the 
screw length and 3.5 mm screws are used from 
the posterior wall to the posterior column. The 
overall fi xation is then neutralised by the appli-
cation of 3.5 plate  appropriately contoured to 
accommodate the shape of the posterior col-
umn. The plate must be contoured adequately 
to include coverage of the posterior wall frac-
ture. Where there is a transverse facture, a 
screw can be inserted from the posterior to the 
anterior column. 

 Isolated anterior column and anterior wall 
fractures account for only 6.3 % of acetabular 
fractures. Their outcome is often analysed with 
other associated fracture patterns, particularly 
hemi-transverse or bicolumnar fractures, thereby 
masking their true prognosis. In spite of exten-
sive literature on the management of acetabular 
fractures in general, information on outcome fol-
lowing open reduction and internal fi xation 
(ORIF) of anterior column and anterior wall 
fractures is scarce [ 13 ]. Depending on the dis-
placement and stability of the fracture fragments, 
either closed reduction and percutaneous fi xa-
tion or ORIF through an ilioinguinal approach 
can be performed (Figs.  6.6 ,  6.7 , and  6.8 ).
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  Fig. 6.6    Posterior wall 
osteosynthesis using screws       

  Fig. 6.7    Posterior wall 
osteosynthesis using plate       
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6.7            Outcomes and 
Complications 

 Following stable fi xation, patients should be 
mobilised as soon as possible. Weight bearing on 
the injured side is limited to touch down for 
10–12 weeks. With stable fractures or solid fi xa-
tion, active and active-assist range of motion of 
the affected extremity is begun as soon as symp-
toms allow. Isometric quadriceps exercises and 
straight leg raises are begun early to minimise 
thigh atrophy. Full weight bearing is delayed for 
10–12 weeks, at which point progressive 
strengthening exercises are added. 

 The outcome following acetabular frac-
ture may be infl uenced by various factors. 
Those beyond the surgeon’s control include the 

 mechanism of the injury, damage to the femoral 
head, sciatic nerve injury, dislocation, fracture 
pattern, associated injuries, the patient’s age, and 
comorbidities. Crucial yet controllable factors 
include the timing of surgery, surgical selection, 
and quality of reduction and fi xation. Restoration 
of articular congruity with stable fi xation is the 
most signifi cant predictive factor of post-trau-
matic osteoarthritis [ 14 ]. Complex associated 
fractures need to be fi xed within the fi rst 5 days, 
but more simple fractures can be adequately 
managed up to 15 days after the injury. Beyond 
this time, results become less satisfactory. 

 Mears et al. [ 15 ] showed in his study of 424 
fractures treated by operation that simple frac-
tures were reduced anatomically in 87 % of 
patients, whereas associated fractures could be 
reduced anatomically in only 59 %. Matta [ 16 ] 
had similar results, achieving anatomical reduc-
tion in 96 % of simple fractures and only 64 % of 
associated fractures. Both agree that both-column 
and T-type fractures showed the least accuracy of 
reduction. 

6.7.1     Early Complications 

 Deep vein thrombosis  (DVT) is a major concern 
for patients with acetabular fractures. Prevention 
includes use of pneumatic compression boots and 
chemical prophylaxis. 

 Iatrogenic nerve or vessel injury can result 
from surgical treatment. Maintaining the knee in 
fl exion and the hip in extension during the 
Kocher-Langenbeck approach helps to decrease 
the tension on the sciatic nerve. Self-retaining 
retractors should be used with caution. There is 
an overall incidence of post-traumatic nerve pal-
sies associated with acetabular fractures of 
16.4 %. This rises to more than 40 % in fractures 
involving a posterior dislocation of the hip. The 
incidence of infection is between 4 and 5 %.  

6.7.2     Late Complications 

 Heterotopic ossifi cations  are most common with 
the extended iliofemoral and Kocher-Langenbeck 

  Fig. 6.8    Both-column osteosynthesis across double 
approach       
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approaches and least common with the ilioingui-
nal approach. A meta-analysis by Giannoudis 
et al. [ 17 ] showed an incidence of 25.6 % of HO 
following operation for acetabular fractures. 
However, only 5.7 % of patients will develop HO 
grade III or IV according to the Brooker classifi -
cation. Several clinical studies have shown that 
either local radiation or oral administration of 
indometacin provided effective prophylaxis 
against HO following the surgical treatment of 
acetabular fractures. 

 The overall incidence of osteoarthritis (OA)  
following operatively treated acetabular fractures 
is around 26 %. Higher rates can be reached, 
especially in anterior column/posterior hemi- 
transverse, T-shaped, and posterior wall/posterior 
column fractures. Further risk factors for the 
development of post-traumatic OA include asso-
ciated chondral or osseous lesions of the femoral 
head and the quality of reduction. 

 The incidence of avascular necrosis (AVN)  
described in published papers varies from 3 to 
53 %. Recent reports show that it may be grossly 
overestimated and that most of the observed 
changes in the head of the femur are probably 
due to OA. However, in patients sustaining a pos-
terior fracture dislocation of the hip, the inci-
dence of AVN increased up to 9.2 % [ 18 ]. 

 8.5 % of patients with fractures treated by 
operation needed an arthroplasty at an average of 
2 years following the initial procedure. Anyway, 
long-term results are infl uenced by numerous 
factors. The type of fracture and the quality of 
the reduction are the main infl uences on func-
tional outcome. The quality of reduction is a cru-
cial but controllable factor. An excellent or good 
functional outcome can be expected in between 
83 and 89 % of patients with an anatomical 
reduction [ 19 ]. 

 The treatment of these fractures sets high 
demands and needs to be in the hands of experts. 
Tertiary referrals should be undertaken as early 
as possible, since the timing is of utmost impor-
tance. It is important, at operation, to obtain the 
most accurate reduction of the fracture, which is 
possible, with a minimal surgical approach. Both, 
anatomical reduction and minimal approach, 
infl uence the outcome.   

    Conclusions 

 Acetabular fractures constitute 18 % of pelvic 
injuries, and most often occur in young adults 
involved in high-energy motor vehicle colli-
sions or falls from a height. The treatment of 
acetabular fractures is a complex area of ortho-
paedics that is continually refi ned. Patients 
with acetabular fractures often have multiple 
injuries and the initial approach to evaluation 
should follow ATLS guidelines. CT scan is 
currently the best diagnosis tool in the acetabu-
lar fracture assessment. There are several ace-
tabular fracture classifi cation schemes. 
However, the most widely used is the Judet-
Letournel classifi cation scheme. Nondisplaced 
fractures or displaced fractures that do not 
involve the dome of the acetabulum are treated 
nonsurgically, except posterior wall fractures. 

 Open reduction and internal fi xation, as 
for any other intra-articular fracture, is now a 
standard treatment for a displaced acetabular 
fracture. The approach selected depends on pat-
tern and location of the fracture: ilioinguinal 
or modifi ed Stoppa for anterior fractures and 
Kocher- Langenbeck for posterior fractures. 
Both-column fractures may require both an 
anterior and a posterior approach. Early com-
plications include deep vein thrombosis, post-
traumatic nerve palsies (16.4 %), and wound 
infection (4–5 %). Late complications are as 
follows: heterotopic ossifi cation (25.6 %), 
osteoarthritis (26 %), and avascular necrosis 
(3–53 %). 8.5 % of the patients require total hip 
arthroplasty 2 years following the initial proce-
dure. The treatment of these fractures sets high 
demands and needs to be in the hands of experts. 
In these cases, an excellent or good functional 
outcome can be expected in between 83 and 
89 % of patients with an anatomical reduction.     
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7.1            Introduction 

 Fractures of the distal femur  are defi ned as frac-
tures from the articular surface to 5 cm above the 
metaphyseal fl are. The anatomical axis of the dis-
tal femur  is 6–7° of valgus. The lateral cortex of 
the distal femur slopes about 10°, while the 
medial cortex slopes about 25°. 

 Fractures of the distal femur are often com-
plex injuries presenting numerous potential com-
plications. There is a bimodal distribution  of 
fractures of the distal femur based on age and 
gender. Most high-energy fractures of the distal 
femur occur in males between 15 and 50 years, 
while most low-energy fractures occur in osteo-
porotic women >50 years [ 1 ]. The most common 
high-energy mechanism of injury is a traffi c acci-
dent (53 %) and the most common low-energy 
mechanism is a fall (33 %). 

 Fractures of the distal femur involve the femo-
ral condyles and the metaphysis [ 2 ]. Understanding 
the deforming forces involved is paramount for 
successful operative management. Shortening of 
the fracture with varus and extension of the distal 
articular segment is the typical deformity . 

Shortening is caused by the quadriceps and 
 hamstrings. The varus and extension deformities 
are due to the unopposed pull of the hip adductors 
and gastrocnemius muscles, respectively [ 3 ]. 

 The most common classifi cation system used 
for fractures of the distal femur is the ASIF 
(Association for the Study of Internal Fixation)/
OTA (Orthopaedic Trauma Association) system  
[ 4 ]. The distal femur is number 33 in this system, 
and the fracture is then classifi ed based on the 
amount of articular involvement and comminu-
tion. Type 33-A is an extraarticular fracture. 
Type 33-B is a partial articular fracture involving 
one of the femoral condyles. Type 33-C is a 
 complete articular fracture. Each of the letter des-
ignations is further classifi ed into 1, 2, or 3 based 
on the amount and location of comminution. 

 ASIF/OTA 33-C3 distal femur fracture is char-
acterized by complex articular involvement and is 
often accompanied by a very short distal femur 
segment, small osteochondral fragments, and high-
energy soft tissue injury. Current fi xation strategies  
try to provide optimal reduction of the articular sur-
face in conjunction with stable fi xation of the distal 
femoral segment. In the treatment of the 33-C3 dis-
tal femur fractures malunion, loss of fi xation, need 
for supplemental fi xation, and need for bone graft-
ing  (autogenous bone graft) are common. 

 On physical examination vascular assessment 
is paramount due to the potential for injury to the 
popliteal artery if signifi cant displacement is 
present. If no pulse after gross alignment is 
restored, then angiography must be indicated. 
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 The surgical management of complex fractures 
of the distal femur must be based on classifi ca-
tion, patient selection, and preoperative planning. 
The complex nature of combined fractures and 
soft tissue injuries of the distal femur needs spe-
cial attention and specifi c management.  

7.2     Imaging 

 Adequate radiographic evaluation of fractures of 
the distal femur includes standard anteroposterior 
and lateral radiographs of the entire length of the 
femur to avoid missing ipsilateral femoral neck 
or shaft fractures. Knee (anteroposterior and lat-
eral) radiographs are also required to look for 
intra-articular extension of fracture lines. 

 If intra-articular extension is suspected, a com-
puted tomography (CT) scan must be  performed. It 
must be obtained with frontal and sagittal recon-
struction. It is useful to establish intra-articular 
involvement, to identify separate osteochondral 
fragments in the area of the intercondylar notch, and 
to identify coronal plane fractures (Hoffa fracture) 
– 38 % incidence of Hoffa fractures  in type C frac-
tures – and for preoperative planning. It is important 
to mention that 31 % of the coronal plane fractures 
are not identifi ed by plain radiographs alone. 

 Identifying coronal plane fractures is para-
mount for preoperative planning, with regard to 
both surgical approach and implant selection. In 
high-energy distal femur fractures that will 
undergo temporary external fi xation , it is helpful 
to obtain the CT scan after the knee-spanning 
external fi xator is applied. The distraction and 
ligamentotaxis that the external fi xator provides 
allows for easier visualization of fragments and 
better preoperative planning [ 5 ]. 

 Angiography  must be indicated when dimin-
ished distal pulses are present after gross align-
ment has been restored.  

7.3     Surgical Treatment 

 The diversity of surgical options for the manage-
ment of fractures of the distal femur refl ects the chal-
lenges inherent in these injuries. These fractures are 

frequently comminuted and intra- articular, and they 
often involve osteoporotic bone, which makes it dif-
fi cult to reduce and hold them while maintaining 
limb alignment (Fig.  7.1 ). Surgery has become the 
standard of care for displaced fractures [ 6 ].

   The goal of surgical management is to get 
early knee motion while restoring the articular 
surface, maintaining limb length and alignment, 
and preserving the soft tissue envelope with a 
durable fi xation that allows functional recovery 
during bone healing. 

 A variety of surgical exposures, techniques, 
and implants have been developed to meet these 
objectives. They include external fi xation , intra-
medullary (IM) nailing,  and plating  (Figs.  7.2 , 
 7.3 ,  7.4 , and  7.5 ).

      Open reduction and internal fi xation (ORIF)  
must be indicated in displaced fractures, intra- 
articular fractures, and nonunions [ 7 ]. To achieve 
a good result, we need anatomic reduction of the 
joint, stable fi xation of the articular component to 
the femoral shaft, and preservation of vascularity. 
Retrograde IM nail should be indicated in frac-
tures of the distal femur without signifi cant com-
minution, being the preferred implant in the 
osteoporotic bone. 

 The identifi ed risk factors for reoperation to 
promote union and complications included open 
fracture, diabetes, smoking, increased body mass 
index, and shorter plate length. The majority of 
these factors are out of surgeon control but are 
useful when considering prognosis. Use of rela-
tively long plates is a technical factor that can 
reduce risk for fi xation failure [ 8 ]. 

7.3.1     ORIF Approaches  

 The anterolateral approach is recommended in 
fractures without or with simple articular exten-
sion; an incision must be made from the tibial 
tubercle to the anterior third of the distal femoral 
condyle; the approach can be extended up the 
midlateral femoral shaft as needed. 

 The lateral parapatellar approach should be 
used in fractures with complex articular exten-
sion; the incision can be extended into the quad-
riceps tendon to evert the patella. 
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  Fig. 7.1    Supracondylar femoral fracture in an 
elderly patient with osteoporosis treated by plating: 
( a ) Anteroposterior preoperative view. ( b ) Lateral 

 preoperative radiograph. ( c ) Postoperative lateral view. 
( d ) Anteroposterior postoperative radiograph       
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  Fig. 7.2    A 19-year-old polytrauma patient suffered cranio-
encephalic trauma, thoracic trauma, complex supracondylar 
femoral fracture, and ipsilateral distal tibia fracture. The fem-
oral fracture was treated by plating and the tibial fracture by 
means of a locked unreamed intramedullary nail: ( a ) Lateral 

preoperative view. ( b ) Anteroposterior postoperative radio-
graph of the distal femur fracture. ( c ) Lateral postoperative 
view of the supracondylar femoral fracture. ( d ) Postoperative 
lateral view of the tibial fracture. ( e ) Anteroposterior postop-
erative radiograph of the tibial fracture       
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  Fig. 7.3    A 39-year-old polytrauma patient suffered a 
bilateral femoral fracture, bifocal in the right side, and 
supracondylar in the left side. Both fractures were tempo-
rarily fi xed by external fi xators (damage control strategy). 
In a second procedure the fracture on the right limb was 
fi xed with an unreamed locked intramedullary nail, while 
the fracture on the left side was fi xed by means of plating: 
( a ) Anteroposterior view of the bifocal right femoral frac-

ture with the external fi xator in place. ( b ) Distal view of 
the same bifocal fracture. ( c ) Anteroposterior view of the 
same fracture after unreamed locked intramedullary nail-
ing. ( d ) Distal view of the same fracture with the intra-
medullary nail in place. ( e ) Anteroposterior view of the 
left femoral fracture with the external fi xator in place. ( f ) 
Anteroposterior view of the same fracture after plating. 
( g ) Lateral radiograph of the same fracture after plating         

a
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 The medial parapatellar approach is the typi-
cal TKA (total knee arthroplasty) approach. It 
should be used for complex medial femoral con-
dyle fractures. 

 The medial/lateral posterior approach should be 
used for very posterior Hoffa fragment fi xation; the 
patient must be placed in prone position; a midline 
incision should be made over the popliteal fossa; then 
the plane between the medial and the lateral gastroc-
nemius muscle must be developed; and fi nally, cap-
sulotomy will let us visualize the fracture.  

7.3.2     External Fixation 

 External fi xation is usually indicated in open 
fractures of the distal femur with bone loss, vas-
cular injury, associated severe soft tissue injuries, 

or extensive comminution [ 9 – 11 ]. Monolateral 
external fi xation  without spanning the knee and 
circular or ring fi xators  can be used. 

 For fractures with articular involvement, artic-
ular reconstruction must be performed fi rst, using 
either open reduction and limited internal fi xa-
tion or closed reduction and percutaneous fi xa-
tion with independent screws. Articular 
reconstruction must be then followed by applica-
tion of the external fi xator. Occasionally, a knee- 
spanning component can be used initially to 
augment the distal segment fi xation. 

 Complications related to the use of external 
fi xation for defi nitive treatment of fractures of the 
distal femur include septic arthritis, osteomyeli-
tis, pin tract infection, loss of reduction, delayed 
union or nonunion requiring bone grafting, and 
limited knee motion requiring either manipulation 

f gFig. 7.3 (continued)
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  Fig. 7.4    A 32-year-old man suffered a supracondylar 
fracture of the femur. It was fi xed by means of plating: ( a ) 
Anteroposterior preoperative view. ( b ) Anteroposterior 

postoperative radiograph. ( c ) Lateral postoperative view. 
( d ) Anteroposterior radiograph after bone healing. ( e ) 
Lateral view after bone union       
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under anesthesia or quadricepsplasty. Several 
series have reported <10° of angular deformity 
and <3 cm of shortening [ 9 ,  10 ,  12 ]. 

 Timing of external fi xator removal may be 
diffi cult to determine in complex fractures. Time 
to bony union has been reported to require up to 
an average of 25 weeks [ 9 ,  11 ]. External fi xator 
removal may require anesthesia and may lead to 

a risk of refracture. Zlowodzki et al. [ 13 ] reported 
an average 7.2 % nonunion rate, a 1.5 % rate of 
fi xation failure, a 4.3 % rate of deep infection, and 
a 30.6 % rate of secondary surgical procedures. 

 The use of ring fi xators is complicated by the 
fact that this technique is technically demanding 
and has a steep learning curve. Arazi et al. [ 10 ] 
reported that in the management of comminuted 

  Fig. 7.5    Polytrauma patient who suffered pelvic fracture, 
complex supracondylar femoral fracture, and ipsilateral 
patellar fracture. Initially he was treated by means of dam-
age control strategy (external fi xators in pelvis and femur). 
In a second stage the pelvic fracture and the supracondylar 
fracture were fi xed with plating. The patellar fracture was 
fi xed by a fi gure-of-eight wiring: ( a ) Anteroposterior view 
of the pelvic fracture. ( b ) Anteroposterior radiograph of 

the supracondylar femoral fracture. ( c ) Anteroposterior 
view of the pelvis after external fi xation. ( d ) Anteroposterior 
radiograph of the femur after external fi xation. ( e ) 
Anteroposterior view of the pelvis after defi nitive fi xation. 
( f ) Anteroposterior radiograph of the femur and patella 
after defi nitive fi xation. ( g ) Lateral view of distal femur 
and patella after fi xation. ( h ) AP long-standing radiograph 
of the lower limbs showing the fi nal result           

a
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fractures of the distal femur, the Ilizarov fi xator is 
safe and effective in providing stability and 
allowing early rehabilitation.  

7.3.3     Plating 

 Blade-plate fi xation  (95°-angled blade plate) is 
no longer used today; in fact, it is contraindicated 
in type C3 fractures. The dynamic condylar screw 
(DCS)  has the same indications with that of the 
95°-angled blade plate. From the technical point 
of view, precise sagittal plane alignment is not 
necessary; the DCS must be placed 2.0 cm from 
the articular surface. An important disadvantage 

of DCS is that a large amount of bone must be 
removed. 

 Locking condylar plate (LCP)  has an impor-
tant advantage: that the fi xed-angle locked screws 
provide improved fi xation in short distal femoral 
segments. The lag screws with locked screws 
result in a hybrid construct that is useful for inter-
condylar fractures (usually in conjunction with 
locked plate); it also helps obtain anatomic reduc-
tion of the knee which is required in displaced 
articular fractures. 

 Several biomechanical studies  compared con-
ventional fi xed-angle implants (nonlocking 
plates) and locking plates in supracondylar 
(ASIF/OTA A3) fracture models. Marti et al. [ 14 ] 

g h

Fig. 7.5 (continued)
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compared the LISS (less invasive stabilization 
system) plate  with unicortical locking screws to 
the dynamic condylar screw and condylar but-
tress plate in axial loading and cyclic axial load-
ing to failure in a cadaveric 1-cm fracture gap 
model. The LISS had more reversible and less 
irreversible deformation when compared to the 
other two constructs, which they attributed to the 
titanium composition and the unicortical screws. 

 Zlowodzki et al. [ 13 ] compared the LISS plate 
with unicortical locking screws to the 95° blade 
plate in axial, torsional, and cyclic axial loading 
in a cadaveric 1-cm fracture gap model. The 
blade plate was signifi cantly stiffer in torsion. 
However, the LISS plate had signifi cantly less 
permanent deformation under cyclic axial load-
ing. Therefore, it appeared that the LISS provides 
improved distal fi xation in osteoporotic bones. In 
a 4-cm fracture gap model in high bone density 
cadaveric specimens, no signifi cant difference 
was found between the LISS plate with unicorti-
cal locking screws and the angled blade plate for 
axial load to failure, but the LISS plate had 
 signifi cantly less axial stiffness [ 13 ]. 

 Higgins et al. [ 15 ] compared the LCP, with 
distal locking screw fi xation and bicortical lock-
ing and nonlocking diaphyseal fi xation, to the 
angled blade plate in axial load to failure and 
cyclic axial loading in a cadaveric 1-cm fracture 
gap model. The locking construct had a signifi -
cantly higher load to failure and less permanent 
deformation with cyclic loading. All of these 
studies reveal that locking plates with unicortical 
or bicortical diaphyseal fi xation have adequate 
axial stiffness but more fl exibility when com-
pared to conventional fi xed-angle implants. 
Although they have less torsional stiffness, the 
studies that evaluated torsional stiffness demon-
strated that the distal fi xation in locked implants 
is typically maintained, while conventional fi xed- 
angle implants have a higher rate of distal cutout 
from the femoral condyles. 

 In complex fractures of distal femur with a 
defi cient medial-cortical buttress, stability may 
not be achieved with a lateral condylar buttress 
plate alone. When collapse of the distal fragment 
into varus angulation is noted intraoperatively, 
with the axis of rotation being the junction of the 

distal screws and the plate, additional stabiliza-
tion with a medial plate and a bone graft from the 
iliac crest should be applied [ 16 ]. 

 Complex fractures of the distal femur can be 
treated using an indirect plate fi xation technique  
and a lateral parapatellar arthrotomy for the direct 
reduction of the condylar segment [ 17 ]. Following 
reconstruction of the articular segment , the seg-
ment must be indirectly reduced and fi xed to the 
shaft by a plate inserted by the retrograde method 
beneath the vastus lateralis. 

 Transcutaneous/transmuscular screws  must 
be then used to fi x the plate to the shaft. The 
results obtained with this technique compared 
favorably with other reported series using differ-
ent techniques without the added morbidity asso-
ciated with autogenous bone grafting . However, 
the surgical technique is demanding and special 
care must be taken to ensure correct axial 
alignment. 

 Multiplanar complex C3-type unstable frac-
tures of the distal femur present many challenges 
in terms of approach and fi xation. Khalil and 
Ayoub [ 18 ] used double plating with autogenous 
bone grafting via a modifi ed Olerud extensile 
approach. Use of this modifi ed highly invasive 
approach facilitated anatomical reconstruction of 
C3-type complex fractures of the distal femur 
with lower expected complication rate and 
acceptable clinical outcome. It can be considered 
as a standby solution for managing these diffi cult 
injuries. 

 An important complication is symptomatic 
hardware ; in lateral plates we can fi nd pain with 
knee fl exion/extension due to iliotibial band con-
tact with plate; medial screw irritation may also 
be found due to excessively long screws that can 
irritate medial soft tissues. It is paramount to 
determine appropriate intercondylar screw length 
by obtaining an anteroposterior radiograph of the 
knee with the leg internally rotated 30°. 

 Malunions  is most commonly associated with 
plating; functional results may be satisfactory if 
malalignment  is within 5° in any plane. In case of 
nonunions  treatment with revision ORIF and 
autogenous graft must be indicated; we should 
also consider changing fi xation technique to 
improve biomechanics.  
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7.3.4     Interlocked Intramedullary 
(IM) Nail  

 This technique is good for fractures of the distal 
femur without signifi cant comminution; in fact, it 
is our preferred implant in osteoporotic bone; the 
surgical approach must be medial parapatellar. 
When no articular extension is present, a 2.5-cm 
incision parallel to medial aspect of patellar ten-
don must be done staying inferior to the patella. 

 No attempt must be made to visualize the 
articular surface. When articular extension is 
present, the approach must be continued 2–8 cm 
cephalad incising the extensor mechanism 10 mm 
medial to the patella; eversion of the patella is not 
typically necessary. The main advantage of this 
technique is that it requires minimal dissection of 
soft tissues. The main disadvantages, however, 
are that less axial and rotational stability is 
achieved, and that postoperative knee pain is 
common. 

 Complications related to retrograde IM nail-
ing  include nonunion (5.3 % rate), fi xation failure 
(3.2 % rate), deep infection (0.4 % rate), and sec-
ondary procedure rate (24.2 %) [ 13 ]. Other com-
plications are anterior knee pain, injury to the 
deep femoral artery with proximal locking, iatro-
genic fracture of the femoral shaft, stress fracture 
above the implant, fatigue failure of the nail, 
intra-articular impingement of the nail, distal 
interlock bolt breakage, and varus malalignment 
requiring osteotomy correction.  

 Functional outcomes have been shown to cor-
relate with patient age and severity of the initial 
injury. Studies that included fractures with articu-
lar involvement used closed or open reduction of 
the articular surface with supplemental fi xation 
prior to nailing. To improve distal fi xation, 
authors have recommended longer nails with 
more distal positioning or cutting the distal end 
of the nail to allow for more distal placement of 
the interlocking holes [ 19 – 21 ]. 

 Complications with antegrade IM nailing  in 
fractures of the distal femur include painful distal 
interlocking bolts, malunion, limb shortening 
>1 cm, and nail breakage. The systematic litera-
ture review of antegrade IM nailing for distal 
femur fractures reported by Zlowodzki et al. [ 13 ] 

revealed a nonunion rate of 8.3 %, a fi xation fail-
ure rate of 3.7 %, an infection rate of 0.9 %, and 
a 23.1 % rate of secondary procedures.  

7.3.5     Total Knee Arthroplasty (TKA)  

 A controversy still exists for elderly osteoporotic 
patients with poor fracture healing potential. 
TKA has been used in an attempt to solve this 
diffi cult situation. Rosen and Strauss [ 22 ] 
reviewed the use of two different distal femoral 
replacement rotating hinge total knee prostheses 
in 24 patients, averaging 76 years old. Twenty- 
three fractures were ASIF/OTA type C and one 
was type B. Five patients had preexisting osteoar-
thritis. All patients regained ambulatory and full 
weight-bearing status. Seventy-one percent of 
patients regained prefracture ambulatory aid 
requirements. No prosthetic loosening or revi-
sions were found with an average follow-up of 11 
months. They reported 1 superfi cial infection that 
resolved with antibiotics, 1 dislocation of the 
hinged prosthesis after a fall, and 1 cardiac- 
related death 13 months postoperatively. The 
reported benefi ts of this technique include early 
weight bearing and knee motion, fewer compli-
cations, and fewer revision surgeries than internal 
fi xation. Primary TKA appeared to be effective in 
elderly patients with articular fractures and sig-
nifi cant osteoporosis, preexisting osteoarthritis, 
restricted lifestyles, and limited treatment expec-
tations [ 22 ].   

7.4     Periprosthetic Fractures 
of the Distal Femur  

 The osteosynthesis of the periprosthetic fractures 
following a TKA or a total hip arthroplasty 
(THA) can be technically diffi cult with relatively 
small satisfactory results and high complication 
rates (Fig.  7.6 ).

   Several methods have been described to stabi-
lize periprosthetic fractures following a TKA 
[ 23 ]. In fractures of the distal femur around a 
stable implant (Rorabeck type I and II), it is rec-
ommended to use plates and retrograde IM nails 
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  Fig. 7.6    Periprosthetic fracture of the distal femur in an 
elderly patient with a total hip prosthesis implanted 4 
years before. The fracture was fi xed by means of a long 
femoral plate: ( a ) Anteroposterior view of the peripros-
thetic fracture. ( b ) Lateral radiograph of the same  fracture. 

( c ) Anteroposterior view after plating. ( d ) Anteroposterior 
radiograph after plating of the periprosthetic fracture 
showing the proximal part of the plate and the previously 
implanted total hip prosthesis       
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(in Rorabeck I or II with an open box of a TKA). 
For reduction, three methods can be used: the 
open technique (with direct or indirect reduc-
tion), the mini open technique (direct reduction 
of the fracture by cerclage or lag screw and per-
cutaneous plate fi xation in ASIF/OTA- type 32 or 
33-A1), and the minimally invasive technique 
(indirect reduction and percutaneous fi xation in 
all other ASIF/OTA types). Fractures with a loose 
prosthesis (Rorabeck III) are best stabilized by 
hinged revision arthroplasty. 

 Gavaskar et al. [ 24 ] analyzed the midterm 
results following the locked plating of peripros-
thetic fractures of the distal femur after a TKA. 
Successful union was achieved in 18 of the 19 
patients available for the follow-up. The mean 
follow-up was 39 months. Signifi cant reductions 
in the range of motion and WOMAC scores were 
evident in the follow-up. Secondary procedures 
were required in fi ve patients to address the delay 
in union and the reduced knee range of motion. 
The osteosynthesis failed in one patient who 
underwent a revision TKA. 

 Saidi et al. [ 25 ] reviewed three different treat-
ment methods for treating comminuted peripros-
thetic fractures of the distal femur in 23 patients 
over the age of 70 (average age 80). Reconstruction 
techniques included seven allograft prosthesis 
composite , nine revision systems, and seven dis-
tal femur endoprosthesis. Their preliminary 
results demonstrated that distal femur endopros-
thesis should be considered in patients with 
advanced age and poor bone quality who require 
early mobilization. 

 Horneff et al. [ 26 ] compared retrograde IM 
femoral nailing with supracondylar locked screw- 
plate fi xation for the treatment of periprosthetic 
fractures of the distal femur following TKA. 
Their results supported the use of a laterally 
based locked plate in the treatment of Rorabeck 
type II periprosthetic fracture of the distal femur.  

7.5     Evidence-Based Medicine 

 In 2006, Zlowodzki et al. [ 13 ] reported a system-
atic review of the literature from 1989 to 2005 for 
operative treatment of acute fractures of the distal 

femur. The levels of evidence for studies included 
in the meta-analysis ranged from 2 to 4. Evidence- 
based recommendations were given. A grade B 
recommendation was given for operative treat-
ment over nonoperative treatment. Operative 
treatment reduced the risk of poor results by 32 %. 
For the type of internal fi xation used, a grade C 
recommendation was given. There were no 
observed differences between implants for non-
unions, fi xation failures, infections, and revision 
surgeries. Subgroup analysis showed that sub-
muscular locked plating may reduce the rate of 
infection when compared to compression plating 
(55 % relative risk reduction), but at the increased 
risk of fi xation failure and revision surgery. In 
addition, increased surgeon experience may sig-
nifi cantly reduce the risk of revision surgery. 

 Krijnen et al. [ 27 ] stated in 2012 that even 
though the overall level of evidence in the litera-
ture is very low (expert opinions), the use of CT 
scans or 3D reconstructions can be considered 
for standard use in the management planning of 
fractures of the distal femur. Regarding the opti-
mal type of fi xation, the use of either a retrograde 
IM nail or plate fi xation must be guided by ortho-
pedic surgeon experience (overall level of evi-
dence is low). Concerning what is the best type of 
plate fi xation, the overall level of evidence is also 
low. The rates of deep infection and nonunion are 
similar in locking plates with that of traditional 
plates (blade plate, DCS). In periprosthetic frac-
tures the level of evidence is very low. Retrograde 
IM nailing and locking plates appear to be more 
successful than nonlocking plates [ 27 ].  

    Conclusions 

 ASIF/OTA 33-C3 distal femur fracture  is 
characterized by complex articular involve-
ment and is often accompanied by a very short 
distal femur segment, small osteochondral 
fragments , and high-energy soft tissue disrup-
tion. Current fi xation strategies  do not provide 
for optimal reduction of the articular surface 
in conjunction with stable fi xation of the distal 
femoral segment. 

 The use of either a retrograde IM nail or 
plate fi xation in complex fractures of the distal 
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femur must be based on orthopedic surgeon 
experience. Concerning what is the best type 
of plate fi xation, the current trend is to use 
locking plates . However, the rates of deep 
infection  and nonunion are similar in locking 
plates with that of traditional plate fi xation 
(blade plate, DCS) . 

 External fi xation is usually reserved for open 
fractures of the distal femur with bone loss, vas-
cular injury, associated severe soft tissue inju-
ries, or extensive comminution. Monolateral 
external fi xation without spanning the knee and 
circular or ring fi xators can be used. 

 Malunion, loss of fi xation, need for supple-
mental fi xation, and need for bone grafting are 
common in the treatment of the C3 distal 
femur fracture. 

 In periprosthetic fractures retrograde IM 
nailing and locking plates appear to be more 
successful than nonlocking plates. Distal 
femur endoprosthesis should be considered in 
patients with advanced age and poor bone 
quality who require early mobilization.     
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8.1            Introduction 

 Complex fractures of the proximal tibia are diffi -
cult to treat due to the comminution and associ-
ated injuries, such as meniscal and ligamentous 
tears, lesions of the peroneal nerve or the popliteal 
vessels, and severe skin damage. Preoperative 
planning is essential and the state of the soft tissue 
marks the time of surgery. These fractures have 
been associated with high complication rates. 
Recognizing and managing the soft tissue compo-
nents of tibial plateau injuries may be the most 
important aspects of the treatment and ultimate 
outcome. The goals of treatment are the decom-
pression and preservation of the soft tissue, recon-
struction of the articular surfaces, restitution of 
normal mechanical axis, and early mobilization.  

8.2     Classifi cation 

 Complex tibial plateau fractures are usually 
described as Schatzker et al. [ 1 ] types IV, V, and 
VI or as a Type C injury when using the AO/
Orthopaedic Trauma Association classifi cation  [ 2 ]. 

Tibial plateau fractures belong to the segment 
number 41 of the AO/Orthopaedic Trauma 
Association classifi cation. 

 Type C fractures    affect both condyles with 
articular and metaphyseal strokes:
•    C-1: simple articular and metaphyseal fracture  
•   C-2: simple articular and complex metaphy-

seal fracture  
•   C-3: complex articular and metaphyseal fracture    

 Schatzker classifi cation is perhaps the most 
used today and divides plateau fractures into two 
groups with three types in each group. The sec-
ond group consists of high-energy fractures:
•    IV fracture of the medial condyle. It is rare but 

is frequently accompanied by neurovascular 
injuries, compartment syndrome, and/or liga-
ment lesion. The medial condyle fractures dif-
fer from lateral condyle in which more energy 
is required to produce them.  

•   V bicondylar fracture without metaphyseal 
involvement.  

•   VI fracture of both condyles and metaphyseal.    
 Schatzker and the AO/OTA systems are based 

on two-dimensional classifi cation systems. Some 
fracture patterns are incompletely classifi ed, such 
as posterior shearing fractures of the tibial pla-
teau. A new classifi cation improves the under-
standing of more complex fracture patterns. The 
three-column classifi cation is based on the CT 
(computed tomography) scan and on the three- 
dimensional (3-D) reconstruction as a supplement 
to the Schatzker classifi cation . Three-column 
classifi cation  [ 3 ] takes a transverse view and the 
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tibial plateau is divided into three areas, which are 
defi ned as the lateral column, the medial column, 
and the posterior column (Fig.  8.1 ). The classifi -
cation can help surgeons for the diagnosis and 
preoperative planning providing a better approach 
and fi xation methods.

8.3        Clinical Assessment 

 Patients who have sustained a high-energy 
injury require a special evaluation, through 
advanced trauma life support (ATLS) proto-
cols .    First treat injuries that are potentially 
life threatening, and once stabilized, evaluate 
orthopedic injuries. 

 The evaluation and documentation of neuro-
logical status, vascular status, and soft tissues is 
essential in these fractures.
•    Neurological examination focuses on the 

function of the peroneal nerve , which is the 
most vulnerable in the medial plateau frac-
tures and high-energy fractures and is stretch 
on their way around the neck of the fi bula. The 
tibial nerve is located in close proximity to the 
site of injury and also to be evaluated.  

•      Vascular examination focuses on the popliteal 
artery , which can be injured by traction, 

debuting as a thrombosis, or may be sectioned 
by posteriorly displaced fracture fragments. 
If pulses are not palpable, use an echo 
Doppler. If there is any question of vascular 
injury, ankle–brachial index is obtained. If 
less than 0.9 or physical examination (capil-
lary refi ll, color, and skin temperature) fi nd-
ings suggest vascular injury, CT angiography 
and vascular surgical consultation should be 
performed (Fig.  8.2 ).

•      The skin is inspected circumferentially. 
Contusion, blisters, and swelling are common 
in high-energy fractures. Open lesions should 
be excluded. We can inject methylene blue 
into the joint to assess whether there is com-
munication between the joint and skin lacera-
tions. In our center we photograph any injury 
to the skin. The Gustilo–Anderson et al.  [ 4 ] 
classifi cation and Tscherne and Gotzen   [ 5 ] 
classifi cation are used for, respectively, open 
and closed fractures.    
 The knee stability should be evaluated to rule 

out ligament disruption although this assessment 
can be diffi cult preoperatively owing to diffi culty 
differentiating ligamentous from bony instability. 

Medial column

a

cb

o

Lateral column

Posterior column

  Fig. 8.1    Three-column classifi cation of fractures of the 
proximal tibia.  Point A  is the anterior tibial tuberosity. 
 Point O  is the midpoint of the two tibial spines.  Point C  is 
the most anterior point of the fi bular head and  point B  rep-
resents the medial–posterior ridge of the tibial plateau. 
The tibial plateau is divided into three parts which repre-
sent the lateral column, medial column, and posterior col-
umn, respectively       

  Fig. 8.2    Angio-CT of complex fracture of the proximal 
tibia with stop in the popliteal artery       
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The examination should be delayed until the time 
of surgery to prevent the patient’s pain and after 
bone stability. We must also rule out knee dislo-
cation, heightening the importance of a thorough 
neurovascular examination and the need for pre-
operative MRI (magnetic resonance imaging). 

 The compartment syndrome is a terrible com-
plication, diagnosis and early treatment is essen-
tial. We must have a high level of clinical suspicion 
for compartment syndrome in high- energy plateau 
fractures, especially types V and VI [ 6 ]. Measuring 
the pressure of the compartments (pressures within 
30 mmHg of the diastolic blood pressure) can be 
useful for diagnosis, but the clinical scene is preva-
lent (6 Ps: pain out of proportion, pain with pas-
sive stretch of muscle groups in the leg, pressure, 
paresthesias, paralysis, and  pulselessness). The 

 management must    be urgent through fasciotomies  
of the four leg compartments.  

8.4     Radiological Assessment 

 Standard preoperative radiographic evaluation 
includes radiographs and CT. 

 Most high-energy fractures of the tibial pla-
teau are easy to identify in standard anteroposte-
rior (AP) and lateral views of the knee. The AP 
projection allows us to classify the fracture. The 
lateral projections provide a better assessment of 
coronal fractures (Fig.  8.3 ).

   The CT scan is compelling for the precise 
diagnosis of tibial plateau fractures. Chan et al. 
[ 7 ] demonstrated that taking CT scans in addition 

a b

  Fig. 8.3    Anteroposterior ( a ) and lateral ( b ) views of a tibial plateau fracture       
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to plain radiographs affected fracture classifi ca-
tion, and thus the surgical plan, in >25 % of cases. 

 Fine-cut (2–2.5 mm)    and especially three- 
dimensional reconstruction allows us to know the 
fracture and to plan surgery and surgical 
approaches accurately. 

 The CT scans were performed after bridging 
external fi xation had been applied; this was much 
more informative for decision-making. If there is 
suspicion of vascular injury or compartment syn-
drome, CT angiography must be performed, 
which is faster and less invasive and has less radi-
ation than arteriography. 

 The role of MRI in acute fracture management 
is controversial. High-energy tibial plateau frac-
tures are often accompanied by ligamentous and 
meniscal tears. There is scant evidence that its 
routine use impacts on outcomes. Furthermore, 
incompatible external fi xators often preclude the 
use of MRI with these injuries. The formal role of 
MRI in these fractures has yet to be defi ned [ 8 ].  

8.5     Treatment 

8.5.1     Timing of Treatment 

 Open fractures  with compartment syndrome  and 
vascular injury must be treated immediately. 
However, patients with multiple injuries, espe-
cially those with head, thoracic, or abdominal inju-
ries, must be stabilized provisionally using an 
external fi xator  (damage control orthopedics) until 
the general conditions improve (window of oppor-
tunity, 5–10 days after injury). On the other hand, 
closed fractures with severe damage of soft tissues 
should not undergo open reduction and internal 
fi xation immediately; in such cases we must do a 
sequential treatment [ 9 ]. This sequential treatment 
algorithm has evolved from that used for tibial pla-
fond fractures. Egol et al. [ 10 ] report low rate 
(5 %) of deep wound infection in 57 high-energy 
tibial plateau fractures treated with this protocol. 

 First, we must stabilize the fracture provision-
ally by means of an external fi xator performing 
indirect reduction via ligamentotaxis  and restora-
tion of limb length. In this way we await resolution 
of soft tissue injury and relief of pain (Fig.  8.4 ).

   The external fi xator spans the knee joint with 
two femoral pins, proximal to the suprapatellar 
pouch, and two tibial pins. Tibial pins 
(5 × 170 mm) must be implanted in the anterome-
dial surface, nearly perpendicular to the bone sur-
face. Pins must be placed remote from anticipated 
skin incisions and anticipated implants. Femoral 
pins (5 × 170 0 200 mm) can be placed anteriorly, 
laterally, or anterolaterally. Lateral pins avoid 
loss of knee motion due to scarring of the quadri-
ceps, but the frame is mechanically inferior to 
that of anterior pins. The stability can improve by 
stacking the frame. The connector clamps must 
be placed outside of fracture to allow images of 
the reduced fracture without interference.  

8.5.2     Defi nitive Treatment 

 Nonoperative treatment for these high-energy 
injuries has a role in a medically decompensated 
patient only. These injuries have poor outcomes 
with nonoperative treatment [ 8 ]. 

 The defi nitive internal fi xation  in close frac-
tures should be performed when the soft tissues 
are improved (normally in 2 or 3 weeks). This 
can be evaluated by the decrease of infl amma-
tion, the perimeter of the leg, and the return of the 
ability of the skin to wrinkle. 

 The new plates have afforded more biological 
approaches to these fractures. The use of fi xed- 
angle locking plates avoids periosteal dissection. 
Locking plates  can be inserted submuscularly 
through a limited incision with percutaneously 
placed locking screws to minimize soft tissue 
injury. Indications for locking plates are not fully 
developed; the cost–benefi t ratio should be 
weighed in each case [ 11 ]. 

8.5.2.1     Medial Plateau Fractures  
 These fractures affect the medial tibial plateau. 
There is high frequency of soft tissue, ligament, 
and neurovascular injuries associated with these 
fractures. Surgical treatment is preferred in most 
cases through a posteromedial approach . The 
medial incision started 1 cm posterior to the pos-
teromedial edge of the tibia, and the proximal 
extension parallel to the pes anserinus tendons 
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  Fig. 8.4    Clinical view of a temporary spanning external fi xator ( a ). In ( b ,  c ) indirect reduction via ligamentotaxis and 
restoration of limb length can be seen       
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should be as posterior as possible in order to 
reduce the posterior fragment. The pes tendons 
can be retracted or cut and repaired at the end of 
the procedure. The medial gastrocnemius is dis-
sected from the tibia. A buttress plate is necessary 
to improve stability after open reduction (Fig.  8.5 ).

   The repair of associated soft tissue injuries is 
determined on an individual basis. Meniscal inju-
ries should be repaired whenever possible. 
Osseous avulsion of ligaments  can be directly 
repaired with sutures or screws. Further ligament 
reconstructions  are best delayed until bone heal-
ing has occurred and knee range of motion has 
returned [ 11 ].  

8.5.2.2     Bicondylar Tibial Plateau 
Fractures  

 These fractures affect both lateral and medial 
tibial plateaus. The preferred treatment of these 
fractures is open reduction and internal fi xation 
through two approaches: anterolateral and pos-
teromedial. The use of the two-incision approach 
offers the benefi ts of direct visualization, reduc-
tion, and stabilization of medial and lateral artic-
ular and metaphyseal fragments while minimizing 
extraneous soft tissue dissection and potentially 
decreasing wound complications and deep sepsis 
previously reported with a single anterior  incision 
[ 12 ,  13 ]. 

 Anatomical reduction to restore the joint sur-
face and the limb alignment is mandatory. 
Isolated lateral plating of bicondylar tibial  plateau 
fractures  using conventional plates is frequently 
insuffi cient in maintaining axial alignment [ 14 ]. 
   In a lot of high-energy fractures the medial frag-
ment, which is comminuted or not reducible. 
Then, the screws from a lateral plate cannot 
engage this fragment. Therefore, separate medial 
fi xation is required. Bilateral dual plating is usu-
ally recommended as the defi nite fi xation for this 
kind of fracture (Fig.  8.6 ), but may need an addi-
tional plate to fi x the posterior column. Three-
column fi xation is a new fi xation concept in 
treating complex tibial plateau fractures, which is 
especially useful for multiplanar fractures involv-
ing the posterior column [ 3 ].

   Generally, the medial column is approached 
fi rst using a posteromedial approach. Care must 

be taken to avoid screw fi xation of unreduced lat-
eral fracture fragments. Lou et al.    [ 15 ] use the 
“reversed L-shaped” posterior approach to reduce 
directly and buttress posterior fragments. 

 The anterolateral approach is used to reduce 
and fi xate the fracture in the lateral column. We 
identifi ed the tubercle of Gerdy, tibial crest, 
patella, and fi bular head. A longitudinal curvilin-
ear    skin incision is centered on the tubercle of 
Gerdy extending along the lateral femoral epi-
condyle and extending distally 1 cm lateral to the 
tibial crest, expose the iliotibial band and anterior 
compartment fascia and anterior and posterior 
retraction to expose the proximal tibia.    The arthrot-
omy is performed through a submeniscal 
approach pass menisco-capsular sutures. More 
late we develop fracture    line, freeing peripheral 
rim of the fragment like an open book, and tamp-
ing- up of the depressed articular fragment. Then, 
bone void fi lling with either allograft or auto-
graft. Our opinion is that synthetic graft is supe-
rior. The peripherial rim is reduced (book closed), 
menisco-capsular sutures through the plate and 
put screws. Locking plates are commonly used 
for complex periarticular fractures, but its main 
use is for fi xation in osteoporotic bone. A mini-
mum of four locked screws should be used in the 
proximal and distal segments. 

 In complex fractures with severe damage    of 
soft tissues, many authors advise the use of hybrid 
external fi xation  [ 16 ]. The hybrid construction is 
made with tensile wires and ring in the proximal 
tibia and threatened pins in the tibial shaft, all of 
them through percutaneous insertion. The surface 
reduction can be checked by arthroscopic view. 
The hybrid external fi xation can be combined 
with internal fi xation through percutaneous can-
nulated screws. This minimally invasive method 
provides good result because it does not add dam-
age to the injured soft tissues [ 17 ].  

8.5.2.3    Special Situations 
 The management of open fractures and high- 
energy fractures in the tibial plateau with asso-
ciated compartment syndrome  represents a 
challenge. In both cases, emergency surgery is 
required. Irrigation, debridement, and appropriate 
antibiotic or fasciotomy opening the four com-
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  Fig. 8.5    Medial column fracture: anteroposterior ( a ) and lateral ( b ) views. The same fracture    with medial osteosynthe-
sis with a plate and lateral avulsion repaired, ( c ,  d ), respectively       
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partments of the leg is mandatory,  respectively. 
A sequential treatment will be more prudent. 
This, however, presents an opportunity to carry 
out early internal fi xation. In level 1 trauma cen-
ter with plastic surgeons, the open fractures can 
be treated with immediate fi xation and early soft 
tissue coverage [ 9 ]. 

 In fractures with suspected injury of the 
popliteal artery , an angio-CT must be per-
formed. Arterial injury must be repaired imme-
diately; but we must fi rst stabilize the fracture 
with an external fi xator. The artery can be 
repaired with a bypass using vein graft or pros-
thesis. It is very important to perform fasciot-
omy opening the four compartments of the leg 
after repair. 

 The repair of associated soft tissue injuries  is 
determined on an individual basis. Meniscal inju-
ries  should be repaired whenever possible. 
Osseous avulsion  of ligaments can be directly 
repaired with sutures or screws. Further ligament 

reconstructions are best delayed until bone heal-
ing has occurred, knee range of motion has 
returned [ 11 ], and hardware has been removed.    

8.6     Postoperative Treatment 

 The patients with closed fractures received 
intravenous antibiotics for a period of 24–48 h 
after the surgery. When the fi xation is stable, the 
main goal is to emphasize early motion to avoid 
stiffness. We use a hinged knee brace only if 
there is subtle instability. During the fi rst week 
the patient can do passive motion and then begin 
on active range of knee motion and isometric 
quadriceps strengthening. The patient is kept 
non-weight bearing until 6–12 weeks. During 
this time, the patient must walk with the help of 
crutches. Thereafter, weight bearing is advanced 
based on radiographic evidence of fracture 
healing.  

a b  Fig. 8.6    Lateral and medial 
osteosynthesis plates for 
Schatzker VI fracture: AP 
view ( a ) and lateral view ( b )       
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    Conclusions 

 Complex fractures of the proximal tibia are 
associated with soft tissue and neurovascular 
injuries. Appropriate clinical assessment, 
diagnostic imaging, and management of the 
soft tissue are the most important aspects.    The 
sequential treatment  algorithm with tempo-
rary external fi xation  allows the recovery of 
soft tissue and improvement of the results. 
Defi nitive treatment  is aimed at reconstruction 
of the articular surfaces and restitution of 
 normal mechanical axis. The use of the two-
incision approach decreases wound complica-
tions and deep sepsis. Minimally invasive 
techniques  and anatomically contoured plates 
have afforded more biological approaches to 
these fractures. Bilateral dual plating  is usu-
ally recommended as the defi nite fi xation for 
this kind of fracture but may need an addi-
tional plate to fi x the posterior column.     
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9.1            Introduction 

 The analysis of the fracture pattern must be 
performed with the three standard views of 
the ankle. Full-length tibia and fi bula fi lms 
can also offer information on general align-
ment [ 1 ,  2 ]. Ruëdi and Allgöwer [ 3 ] offered 
the original foundation for classifi cation, indi-
cating three fracture types that increase in 
severity, from low-energy non-displaced frac-
tures of the tibial plafond to high-energy, to 
severely comminuted, and to impacted articu-
lar fracture patterns. Minimal improvements to 
 classifi cation agreement were observed with 
the development of the Arbeitsgemeinschaft 
für Osteosynthesefragen/Orthopaedic Trauma 
Association (AO/OTA) classifi cation system. 
Although orthopedic surgeons might not nec-
essarily agree on the specifi c classifi cation of 
the pilon fracture pattern presented, there is 
reliably high agreement on assessing the sever-
ity of the injury and also in determining the 
quality of a poor or good reduction.  

9.2     Acute Management 

 Important considerations include the presence 
of an open wound and/or vascular injury [ 4 ]. 
A medical history involving diabetes or smoking 
can also be crucial to management decisions and 
potential avoidance of future wound complica-
tions. Patients with complicated diabetes have an 
increased risk for overall complications and an 
increased risk for revision surgery. 

 Comminution, Tscherne class of fracture, sig-
nifi cant open wounds, and a fi bular fracture serve 
the understanding of the amount of energy 
absorbed. A present fi bular fracture typically is 
associated with higher-energy injuries. The pres-
ence of the fracture contributes only to the direc-
tion of the mechanism, typically occurring with 
valgus and axial load [ 5 ]. The absence of a fi bular 
fracture or tension failure of the fi bula is associ-
ated with a varus and axial load injury pattern [ 6 ]. 

 After medical clearance and before defi nitive 
fi xation, restoring the alignment is essential to 
allow for soft tissue stabilization. Acute fi bular 
fi xation provides restoration of length safely in 
the initial period without an increased risk for 
complications [ 2 ]. However, preoperative plan-
ning, including determination of the defi nitive 
surgical incision, is paramount. Classically, many 
surgeons have attested a minimum of a 7-cm 
skin bridge to minimize soft tissue and wound 
complications. If the surgeon is uncertain of the 
posterior incision, or is not the defi nitive treating 
surgeon, it might be prudent to defer fi bular fi xa-
tion until an external fi xator has been placed to 
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restore the general mechanical axis and length. 
Typically a delta frame construct with two 5-mm 
pins in the tibial shaft is the most common con-
struct (Fig.  9.1 ).

9.3        Operative Timing 

 Defi nitive operative management within 6 h of 
injury may be safe, but when high-energy mecha-
nisms are evaluated, ORIF that had been under-
taken in the acute period yields suboptimal results 
and high complication rates [ 7 ,  8 ]. Infl ammatory 
process is potentially at its highest for up to 6 days 
post injury. Tscherne emphasized the importance 
of soft tissue management [ 9 ]. His soft tissue 
classifi cation system offers graded indicators of 
severe soft tissue damage, ranging from minimal 
superfi cial abrasions and degloving injuries to 
deep muscular and subcutaneous fat contusions, 
vascular injury, and compartment syndrome. 

 There are two safe surgical windows: an 
early period, within 6 h after injury, and a late 
period between 6 and 12 days after injury. A 
staged protocol consisting of acute external fi xa-
tion and delayed defi nitive reconstruction yields 
better results, with lower complication rates and 
higher clinical outcomes [ 10 ]. Furthermore, the 
presence of blisters, which occur at a relatively 
high rate in pilon fractures, offers more clues to 
the awaiting defi nitive management. With blood- 
fi lled blisters Giordano recommended waiting for 
full reepithelialization before operative interven-
tion [ 11 ]. Despite the success of the staged proto-
col, proponents for early ORIF still remain [ 12 ]. 
When planning for defi nitive fi xation, CT scan is 
an invaluable tool for defi ning the articular frag-
ments and for the purpose of the defi nitive surgi-
cal approach to perform (Fig.  9.2 ).

9.4        Defi nitive Treatment 

 The treatment algorithm, which places emphasis 
on restoration of length with fi bular reconstruc-
tion, reconstruction of the metaphyseal shell 

and  articular joint, bone grafting, and medial 
 buttress to stabilize metaphysis for the diaphysis 
 reconstruction, still applies. Classically, the stan-
dard approach to the tibial plafond is described 
as a 2-incision technique, an anteromedial inci-
sion for the tibia and a posterolateral incision for 
the fi bula. Careful consideration must be made to 
avoid violating the tibial anterior tendon sheath 
(Fig.  9.3 ).

   An anterolateral approach to the tibial pla-
fond allows direct access to the Tillaux–Chaput 
fragment unlike the anteromedial approach. 
Identifi cation and protection of superfi cial pero-
neal nerve branches are imperative. Alternatively, 
the direct anterior approach can offer access to 
both the anteromedial and the anterolateral frag-
ments of a pilon fracture, with a straightforward 
linear incision centered over the tibiotalar joint 
(Fig.  9.4 ). Posterior approaches to the pilon are 
used in selected situations.

   At the time of defi nitive open reduction and 
internal fi xation, the surgical goals are the fol-
lowing: (1) anatomical articular reduction; (2) 
length, alignment, and rotation of the recon-
structed articular block adequately assembled 
to the shaft; (3) metaphyseal defects must be 
improved by reducing impacted articular seg-
ments and supported with bone graft. 

 Atraumatic surgical technique and meticulous 
soft tissue handling are paramount in minimizing 
potential wound complications. Limited perios-
teal stripping will decrease the chances of further 
devascularizing involved bone segments. 

 The individual articular fragments must be 
reduced from posterior to anterior, typically 
using the posterolateral articular fragment, with 
its ligamentous attachments to the fi bula. The 
provisional reduction of each fragment must be 
secured with at least two Kirschner wires. 

 Precise restoration of articular congruity 
should allow the articular block to correctly 
“key” into the adjacent metaphyseal and diaphy-
seal fragments, thereby restoring columnar 
length, rotation, and overall alignment. 

 A low-profi le anterior or anterolateral 
plate must be then placed to buttress the tibial 
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a

c

b

  Fig. 9.1    Closed extra-articular distal tibial and fi bular 
fracture treated by means of ( a ) ORIF (open reduction and 
internal fi xation) of fi bular fracture and ( b ) provisional 

external fi xator of tibial fracture. ( c ) Clinical view of the 
delta frame construct       
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 metaphysis and link the articular block to the 
tibial diaphysis while minimizing soft tissue ten-
sion at closure (Fig.  9.5 ). A supplemental medial 
bridge plate may be added in instances of sig-
nifi cant metaphyseal comminution or bone loss 
(Fig.  9.6 ). Early aggressive range of motion 
therapy is initiated once the incisions have ade-
quately healed, although weight bearing must not 
be allowed for 10–12 weeks postoperatively.

    We believe that fractures without soft tissue 
damage allow the application of a minimally inva-
sive internal fi xation in the fi rst 12–24 h, aiming 
for anatomical reduction (Fig.  9.7 ). Tscherne type 
3 and open fractures dictate a two- step approach: 
temporary bridging external fi xation, later substi-
tuted by an internal biological osteosynthesis or by 
a defi nitive external fi xation (using mostly a circu-
lar frame spanning or not the ankle joint). The 
choice of implant should be based on the status of 
the soft tissues and the surgeon’s preference.

a b

  Fig. 9.2    Anteroposterior radiograph of an intra-articular pilon fracture ( a ) and CT scan better defi ning the articular 
fragments ( b )       

  Fig. 9.3    Classic anteromedial approach to a distal tibial 
fracture       
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9.5        Complications 

 There are many potential complications resulting 
from the surgical treatment of tibial pilon 
fractures. 

9.5.1     Early Complications 

 Wound complications: In the early postoperative 
period, the most common wound complication 
is superfi cial surgical wound necrosis without 
dehiscence. It can be treated with standard local 
wound care. If associated with wound erythema, 
there may be a role for systemic oral antibiot-
ics. If a surgical wound dehiscence is identifi ed, 
the patient should be treated with urgent surgi-
cal debridement. Deep wound infection also 
requires surgical treatment. Defi nitive soft tis-
sue management with rotational or free tissue 
transfer may be needed; a surgeon familiar with 

such  procedures should be consulted early in the 
treatment process to appropriately coordinate the 
reconstruction.  

9.5.2     Late Complications 

 Chronic infection: Late or chronic infections 
after pilon fracture surgery are generally associ-
ated with osteomyelitis and contaminated surgi-
cal implants. The implants usually cannot be 
retained. All devitalized and necrotic bone should 
be removed. Large bony defects may be fi lled 
with an antibiotic-impregnated cement spacer. 

 Malunion: Malunion or nonunion after pilon 
fracture surgery may pose complex  reconstructive 
problems. Often, the articular surface of the pilon 

  Fig. 9.4    Direct anterior approach offers access to antero-
medial and anterolateral fragments       

  Fig. 9.5    Low-profi le anterolateral plate used in a multi-
fragmentary distal tibial fracture       
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a b c

  Fig. 9.6    Four-fragment pilon fracture in a 48-year-old patient ( a ). ORIF (open reduction and internal fi xation) with an 
anterolateral plate and a supplemental medial bridge plate. Anteroposterior view ( b ). Lateral view ( c )       

a b

  Fig. 9.7    MIPO (minimally 
invasive plate osteosynthesis) 
of a distal tibial fracture after 
2 weeks of external fi xator 
( a ). No signs of skin necrosis 
and infection after the MIPO 
technique ( b )       
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fracture has united, and the nonunion or malunion 
is largely extra-articular. If the articular surface is 
well aligned, an extra-articular correction of the 
deformity or nonunion may be performed. The 
selection of nail fi xation, plate fi xation, or external 
fi xation should be made depending on the distance 
of the deformity from the articular surface. Large 
complex deformities, particularly in compromised 
soft tissues, may be best treated with gradual cor-
rection and distraction osteogenesis. The treat-
ment of intra-articular malunion or nonunion 
requires a careful assessment of the viability of the 
ankle joint. Staging arthroscopy may be used to 
evaluate the chondral surface in circumstances 
where other diagnostic imaging studies have failed 
to provide suffi cient information for surgical plan-
ning and decision making. The treatment of intra-
articular nonunion or malunion after pilon fracture 
is generally reserved for partial articular fractures. 

 The most common long-term complication 
after a tibial pilon fracture is posttraumatic arthri-
tis. Radiographic fi ndings of posttraumatic arthri-
tis may not always correlate with the patient’s 
symptoms or reported disability. The most reli-
able treatment of end-stage posttraumatic ankle 
arthritis is arthrodesis. Short- and intermediate- 
term outcomes are generally good after arthrod-
esis, with patients reporting a signifi cant 
reduction in pain and improvement in gait.   

    Conclusions 

 “Pilon” or “plafond” fracture pattern is defi ned 
by the intra-articular involvement of the distal 
tibia with metaphyseal extension. It only 
occurs in a small percentage of tibia and lower 
extremity injuries. One third of pilon fractures 
stem from high-energy mechanisms of injury 
and they are often associated with concomitant 
polytrauma. Historically, treatment involving 
early acute open reduction and internal fi xation 
(ORIF) led to clinical outcomes with high 
complication rates. The implementation of a 

delayed and staged surgical treatment  protocol, 
along with the improvements in imaging, 
implant technology, and surgical techniques, 
has allowed us to decrease the complication 
rates. Some recent authors have suggested that 
early defi nitive ORIF can have comparable 
results with staged protocols.     
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10.1            Introduction 

 Fractures of the calcaneus  are the most frequent 
injuries in the tarsal region, and their prognosis is 
relatively poor [ 1 ]. The bone anatomy and the sur-
rounding soft tissues are some of the reasons for 
the diffi culty of the management of these fractures. 
Modern imaging techniques and different surgical 
approaches have been developed over the last years 
to improve the results of these injuries [ 2 ]. This 
chapter tries to summarise most important points.  

10.2     Bone Anatomy and 
Mechanism of Injury  

 The function of the calcaneus is to provide verti-
cal support during weight-bearing and to anchor 
calf musculature. The complex anatomy of the 
superior surface and its relationship to the infe-
rior aspect of the talus provide the proper inver-
sion and eversion of the foot during walking [ 3 ]. 

 A fall from a height is the most frequent mecha-
nism for this fracture. The axial loading over the 
talus fractures the calcaneus, and the different types 
of intra-articular patterns can be observed depend-
ing on the landing position of the foot. The so-called 
separation fracture or primary fracture line appears 

in the sinus tarsi and extends from the posterior 
facet to the medial wall and to the angle of Gissane 
anterolaterally, creating two important identifi able 
fragments: the posterolateral and the anteromedial 
segments [ 4 ,  5 ]. Although the comminution of this 
fracture is very frequent, the orientation of the sec-
ondary fracture line originates the two most com-
mon fractures patterns: the tongue-type fragment, 
which is oriented transversely, exiting posteriorly 
towards the tuberosity, and the joint depression 
type, in which the secondary fracture line exits on 
the superior aspect of the tuberosity [ 6 ,  7 ].  

10.3     Classifi cation and 
Radiological Evaluation 

 During the last decades, progress in diagnostic 
imaging tools has helped to dilucidate the mor-
phology of this complex fracture. Modern com-
puted tomography (CT) allows us to visualise 
these injuries in detail and to establish a proper 
prognosis. A complete radiological assessment 
with plain radiographs must be done if this frac-
ture is suspected including foot dorsoplantar, ante-
rior and oblique, lateral and axial views. These 
four plain radiographs can reveal the differences 
between the tongue-type  and the joint depression 
fractures  as well as the displacement of the lateral 
wall. Bohler’s angle  can be assessed on the lateral 
view, providing an initial impression of the charac-
teristics of the lesion (Fig.  10.1 ). Although classi-
fi cation is not easy to perform here, the distinction 
between extra-articular  and intra-articular  can be 
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made at this point. An overall viewing of the lesion 
as displaced or not and the extension of the frac-
ture to the posterior facet can also be observed. 

However, a complete description of the fracture, 
particularly for an intra-articular lesion that may 
be operated, can be only assessed by CT study. 
Sanders et al. described the characteristics of the 
intra-articular subtalar displacement based on 
the  pattern of the fracture  and the posterior facet  
in the coronal view [ 8 ]. Type I is described as non-
displaced, type II as a two-part fracture, type III as 
a three- part fracture and type IV as severely com-
minuted fractures; the other subtypes depend on 
the fracture line in relation to the posterior facet 
and the subtalar joint. This classifi cation is used 
very frequently; however, some authors report dif-
fi culties in obtaining good reliability for this issue 
yet [ 9 ,  10 ]. CT studies provide adequate recon-
struction to evaluate all fragments on every view, 
particularly the axial view, which reveals the sec-
ondary fracture line (Fig.  10.2 ).

10.4         Management 

 A patient injured after a fall from a height usually 
reports much pain and may have some severe 
lesions. Particular attention must be paid to the 

  Fig. 10.1    Lateral view 
of an ankle radiograph of 
a 28-year-old male patient 
after fall from a height       

  Fig. 10.2    Axial computed tomography of the same patient       

 

 

E. García-Rey



97

spine, both knees and both hindfeet. Once the 
fracture is diagnosed with plain radiographs as 
mentioned above, the physician must decrease 
pain and swelling. Severe complications related 
to soft tissues like compartmental syndromes  and 
open fractures  may occur. Elevation and immo-
bilisation can initially control these problems; 
however, compression and early motion are indi-
cated after a few days when conservative treat-
ment is the fi nal decision. 

 Initial plain radiographs should be enough to 
select which fractures require surgery or not, and a 
CT scan is necessary only if surgery is fi nally indi-
cated [ 11 ]. The long-term results for conservative 
treatment are not so poor as the degree of displace-
ment may suggest, although some residual symp-
toms can be disabling for some patients [ 12 ]. On 
the other hand, a better anatomical reconstruction 
of the calcaneus has shown better clinical results at 
long term; thus, the complications observed sec-
ondary to an open reduction and internal fi xation 
(ORIF)  of these fractures did not affect the clinical 
outcome [ 13 ] (Fig.  10.3 ). Although the decision 
for surgery is not easy to take, it seems that surgery 
would be indicated for displaced fractures: a 
decrease of Bohler’s angle  with widening and fl at-
tening of the heel  and displacement of >1 cm  or 
angulation of >10° of the tuberosity fragment  [ 14 ]. 
Recently, Rammelt et al. have reported that 
although the severity of the fracture is related to 
the long-term result, an anatomical reconstruction 
improves the fi nal result [ 15 ].

   Table  10.1  tries to summarise this contro-
versial topic. Although conservative treatment 
avoids wound complications  derived from sur-
gery, clinical outcome seems to be related to a 
better reconstruction of the subtalar joint. Parmar 
et al. reported similar results for both treatments 
at 1 year [ 16 ]; nevertheless, Rodríguez-Merchán 
and Galindo observed better results with opera-
tive treatment in a comparative clinical and 
radiological study although they emphasised 
the importance of good surgical technique and 
adequate reduction [ 17 ]. In the same manner, 
Thordarson and Krieger reported better clini-
cal outcome and a better range of motion after 
surgery in a prospective randomised trial [ 18 ]. 
Buckley et al. observed similar results for both 

operative and nonoperative treatments in a large 
multicentre study; however, they highlighted 
some factors like worker’s compensation and 
whether female patients are prone to be treated 
surgically, fi nding that the severity and the reduc-
tion of the fracture also infl uenced the fi nal clini-
cal outcome [ 19 ]. Last but not least, Agren et al. 
observed similar results for both operative  and 
nonoperative treatment  at 1 year but also noted 
that surgery had some long-term benefi ts and less 
incidence for post-traumatic osteoarthritis  [ 20 ].

   Once the operative decision has been taken, the 
best surgical technique must be followed. Again, 
there is controversy between a limited or extended 
lateral  l -shaped approach ORIF . In a compara-
tive study, Weber et al. reported similar clinical 
outcomes and shorter operations  including less 
wound complications for the percutaneous group 
than the ORIF group [ 21 ]; however, the extended 
lateral approach  did not affect the long-term 
results as already mentioned above [ 22 ]. This per-
cutaneous technique also provides a good result 

  Fig. 10.3    Intraoperative radiographic view of reduction 
of the fracture from the same patient       
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evaluated either arthroscopically or with newer 
radiological intraoperative imaging in moderate 
displaced fractures [ 23 ]. For severely comminuted 
fractures, a primary subtalar arthrodesis  could be 
indicated associated to an osteosynthesis of the 
fracture [ 24 ]. Finally, when conservative treatment 
for post-traumatic subtalar osteoarthritis  fails, a 
subtalar fusion  can be performed with acceptable 
results.  

    Conclusions 

 Current evidence supports the surgical treat-
ment for displaced intra-articular fractures  of 
the calcaneus; it provides a better anatomical 
reconstruction of the subtalar joint and a recov-
ery of the Bohler’s angle , which is related to a 
better prognosis for the lesion. The choice 
between a limited and an extended lateral 
ORIF  should be taken according to the experi-
ence of the team. Subtalar fusion  continues to 
provide an adequate result for post-traumatic 
osteoarthritis  or very comminuted fractures.     
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11.1            Introduction 

 In our clinical practice the best way to deal with 
the treatment of an open fracture  and fully 
understand the pathology we face is to consider 
this situation as a soft tissue injury  with a bro-
ken bone in. However, despite improvements in 
technology and surgical techniques, the rates of 
infection  and nonunion  are still troublesome. 
We must recognize in a short period of time the 
full extension of the lesion, the patient’s general 
condition, and whether there are associated 
injuries that may delay or change the manage-
ment of the fracture. 

 Protocols and algorithms  are critical in these 
situations because the prognosis and treatment 
outcome of an open fracture greatly depends on 
the initial management of the same. 

 In this chapter we will try to review the gen-
eral treatment of an open fracture, establish the 
level of evidence regarding the different possi-
bilities of action, and propose a protocol that 
has been useful in focusing their treatment for 
our practice.  

11.2     History and Classifi cation 
Systems 

 The fi rst medical document written, the Smith 
papyrus, reveals that the ancient Egyptians 
treated open fractures by immobilization of the 
limb and animal tissue coverage [ 1 ]. 

 Throughout history surgeons such as 
Ambroise Pare improved techniques for immobi-
lization and debridement of these injuries with an 
emphasis on the treatment of soft tissue. 

 Still, we must bear in mind that until the advent 
of the antibiotic era, mortality of open fractures 
amounted to one third of patients, as Billroth 
communicates in the nineteenth century with 36 
deaths of 93 open fractures of the lower limb. 

 The improvement in aseptic technique, anes-
thesia, and surgical techniques of fi xation and the 
advent of antibiotics lead to a drastic reduction in 
mortality of open fractures and enable the preser-
vation of the affected limb, reducing the rate of 
amputations  that still amounted to 15 % of these 
fractures 40 years ago. 

 There are several classifi cation systems of 
open fractures . The best known and more widely 
used is the Gustilo classifi cation that proposed 
three main types depending on the state of the soft 
tissues [ 2 – 4 ] (Table  11.1 ). Gustilo published 
infection and amputation rates for each subgroup 
that varied between 0 % of amputations in types I, 
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II, and IIIA and 16 % in type IIIB and over 40 % 
in type IIIC.

   We must remember that in the Gustilo classifi -
cation, the most accepted and used, the staging 
must be performed once explored in the operating 
room and completed the soft tissue debridement.  

 Tscherne proposed the Hannover open frac-
ture score in which fractures are classifi ed into 
four groups depending on the type of fracture, 
soft tissue injury , neurovascular status , ischemia 
time , and degree of contamination  [ 5 ,  6 ]. 

 AO-ASIF group proposed an interesting 
alternative that classifi es the quality of the soft 
tissues in any type of fracture, and established 
two main subgroups, integument open and 
integument close, with fi ve subtypes varying 
from intact soft tissues to massive lost necrosis 
and contamination. The classifi cation is com-
pleted with two subgroups that indicate the level 
of muscular and neurovascular injury  [ 7 ] 
(Table  11.2 ).

11.3        Treatment 

11.3.1     Initial Management 

 Treatment should begin with a quick and com-
plete approach to the patient, especially in the 
case of polytrauma, allowing us to set priorities. 
In most centers protocols to discard potentially 
vital injury at the time of the reception are used 
routinely [ 8 – 16 ]. 

 We must proceed to establish prophylactic 
antibiotics, immobilize the limb with splints for 
preliminary radiographic study, and prepare the 
operating room. 

 Prophylaxis and treatment for tetanus should be 
considered for every patient with an open fracture. 

 There is no general agreement on which anti-
biotic to use, but several reports have found state-
ments with great level of evidence. 

 These are level 1 recommendations:
•    Systemic antibiotic coverage  directed at gram- 

positive organisms should be initiated as soon 
as possible after injury; additional gram- 
negative coverage should be added for type III 
fractures.  

•   High-dose penicillin should be added in the 
presence of fecal or potential clostridial 
 contamination (e.g., farm-related injuries).  

   Table 11.1    Gustilo open fracture classifi cation   

 Gustilo 
grade  Defi nition 

 I  Open fracture, clean wound, and wound 
<1 cm in length 

 II  Open fracture, wound >1 cm in length 
without extensive soft tissue damage, fl aps, 
and avulsions 

 III  Open fracture with extensive soft tissue 
laceration, damage, or loss or an open 
segmental fracture. This type also includes 
open fractures caused by farm injuries, 
fractures requiring vascular repair, or 
fractures that have been open for 8 h prior to 
treatment 

 IIIA  Type III fracture with adequate periosteal 
coverage of the fracture bone despite the 
extensive soft tissue laceration or damage 

 IIIB  Type III fracture with extensive soft tissue 
loss and periosteal stripping and bone 
damage. Usually associated with massive 
contamination. Will often need further soft 
tissue coverage procedure (i.e., free or 
rotational fl ap) 

 IIIC  Type III fracture associated with an arterial 
injury requiring repair, irrespective of 
degree of soft tissue injury 

  Reproduced with permission from Gustilo et al. [ 3 ]  

   Table 11.2    AO-ASIF classifi cation for soft tissues   

 Skin lesions IC (closed 
fractures) 

 Skin lesions IO (open 
fractures) 

 IC 
1 

 No skin lesion  IO 1  Skin breakage from 
inside out 

 IC 
2 

 No skin laceration, 
but with contusion 

 IO 2  Skin breakage from 
outside in <5 cm, 
contused edges 

 IC 
3 

 Circumscribed 
degloving 

 IO 3  Skin breakage from 
outside in >5 cm, 
increased contusion, 
devitalized edges 

 IC 
4 

 Extensive, closed 
degloving 

 IO 4  Considerable, 
full-thickness 
contusion, abrasion, 
extensive open 
degloving, skin loss 

 IC 
5 

 Necrosis from 
contusion 

  Reproduced with permission from Müller et al. [ 7 ]  
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•   Fluoroquinolones offer no advantage com-
pared with cephalosporin/aminoglycoside reg-
imens, result in higher infection rates in type 
III open fractures, and have a detrimental effect 
on fracture healing.    
 Recommendations with level 2 of evidence are:

•    In type III open fractures, antibiotics  should be 
continued for 72 h after injury and less than 24 h 
after soft tissue coverage  has been achieved.  

•   Once-daily aminoglycoside dosing is safe and 
effective for type II and III fractures.    
 We use routinely intravenous infusion of 

cefazolin 1 g every 8 h in Gustilo type I fractures, 
and we add tobramycin 300 mg every 24 h plus 
clindamycin 600 mg every 8 h in Gustilo type II 
and type III fractures until defi nitive coverage is 
achieved. We do not use routinely high-dose pen-
icillin in our center for farm injuries, and fecal- 
contaminated injuries  are uncommon. 

 Once in the operating room, we will pro-
ceed to the thorough irrigation of the wound  
with saline and chlorhexidine solution. 
Higher- pressure devices should not be used 
because of their association with added soft 
tissues and bone damage. Early cultures of the 

wound have not proven useful in current clini-
cal practice. Level I evidence study found that 
there is no significant difference between anti-
biotic and liquid soap solutions in wound 
infection or bone-healing rates in the manage-
ment of open fractures.  

11.3.2     Debridement and Fixation 

 Each fracture could conceivably be treated quite 
differently, ranging from external fi xation  and 
delayed closure  or fi xation to immediate irriga-
tion , debridement , and primary closure . The sta-
tus of the soft tissues surrounding the fracture site 
is of paramount importance in this decision- 
making process, which usually infl uences the ini-
tial management. The viability of the limb  must 
be assessed by the team. Once preservation of the 
limb is accorded, next step must be taken depend-
ing on the multiple situations according to the 
algorithm proposed (Fig.  11.1 ).

   The three main principles for limb salvage 
surgery  are debridement , stable fi xation , and 
early coverage  [ 8 – 16 ]. 

Complete debridement

Yes

Everything available?

Yes

New debridement
48−72h

External fixation +
temporary coverage

Fix and flap

No

No

  Fig. 11.1    Algorithm for treatment 
of open fractures       
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 The initial debridement should include a 
sequential evaluation of skin, fat, fascia, mus-
cle, and bone. The propensity to excise as lit-
tle as possible should be avoided. Our 
approach with open fracture is to remove any 
devitalized tissue (including bone) at the ini-
tial debridement . Only large articular frag-
ments can be preserved in order to achieve 
joint reconstruction. If a second debridement 
is needed, some questionable muscle may be 
left until the next scheduled debridement. 
Ideally, coverage of the open fracture  should 
take place after one to two formal debride-
ments with 48 h between them. 

 Early stabilization of open fractures  provides 
many benefi ts to the injured patient. It protects 
the soft tissues around the zone of injury by 
 preventing further damage from mobile fracture 
fragments. It also restores length, alignment, 
and rotation—all vital principles of fracture 
fi xation. This restoration of length also helps 
decrease soft tissue dead spaces and has been 
shown in studies to decrease the rates of infec-
tion in open fractures. 

 Skeletal traction and external fi xation  are the 
quickest fi xation constructs to employ. The use of 
skeletal traction should be reserved only for 
selected open fracture types (i.e., pelvis fractures 
in addition to external fi xation and very proximal 
femur fractures), and if used, it should only be for 
a short selected time. 

 External fi xation  is the treatment of choice in 
most open fracture as initial stabilization of the 
bone. It provides excellent management of the 
fracture and is a safe and fast method, and its 
fl exibility allows its use in almost all types of 
fracture. External fi xation is placed as a span-
ning construct leaving the zone of injury free of 
pins and easily accessible for imaging studies, 
second debridements, and future fi xation. The 
surgeon should also be cognizant of future 

 incision placement and avoid placing external 
fi xation pins in these areas. 

 Defi nitive fi xation  must be focused only on 
the fracture pattern with independence of the 
tissue coverage technique used. Plate fi xation  is 
generally indicated for open upper extremity 
fractures and periarticular fractures where 
reconstruction of the articular surface is para-
mount. Plates may be also indicated in isolated 
cases of diaphyseal comminution with ques-
tionable vascularized fragments as an alterna-
tive to radical debridement in order to avoid 
great bone defects. Cases are mandatory to pro-
vide defi nitive coverage  that will provide addi-
tional vascularization to the fracture site 
(Fig.  11.2 ).

   In diaphyseal fractures we will use intra-
medullary nails . A report called SPRINT 
(Study Prospectively evaluate Reamed 
Intramedullary Nails in Tibial fractures) 
enrolled more than 1,300 patients and random-
ized them to reamed or non-reamed tibial nails. 
There were 400 open fractures enrolled in the 
study, and the major end point was reoperation. 
They found a 27 % risk of revision in open 
fractures, regardless of the treatment used. 
Although not statistically signifi cant, a trend 
was noted toward the need for revision of sur-
gery SPRINT ( P  = 0.16) when reamed nails 
were used in open fractures. There are no dif-
ferences in infection rates or compartment syn-
drome between reamed and non-reamed nailing 
in tibial open fractures. 

 Conversion from external fi xation to an 
intramedullary nail  is safe given two parame-
ters: conversion in less than 2 weeks and 
absence of pin site infections. Conversion after 
pin site infections may require additional time 
and antibiotic treatment after removing the 
external fi xator and placement of the intramed-
ullary nail.   
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  Fig. 11.2    Immediate debridement and coverage of open 
tibial fracture Gustilo type IIIB with plate fi xation and free 
vascularized fl ap of the latissimus dorsi in the fi rst 8 h: 
( a ) clinical view of the open fracture, ( b )  anteroposterior 

radiograph of fracture, ( c ,  d ) radiographs after bone fi xa-
tion. ( e ) Clinical view after the free vascularized fl ap of 
the latissimus dorsi       
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    Conclusions 

 The coordination of multidisciplinary specifi c 
units to combine polytrauma cases and cata-
strophic members is critical in optimizing the 
resources of a region, establishing protocols, and 
having all the possibilities for reconstructive sur-
gery to successfully confront the growing num-
ber of complex open fractures . Debridement can 
be completed in a one-stage procedure with 
defi nitive fi xation or by several consecutive 
debridements with external fi xation meanwhile. 
Though defi nitive treatment of open fractures  
depends on several issues as the general status of 
the patient and the availability of adequate human 
and material resources, the onset of antibiotic 
perfusion and debridement must be immediate. 
Defi nitive treatment should be planned and 
agreed by the multidisciplinary team; once cov-
erage is planned, adequate and defi nitive fi xation 
must be performed, according to the “fi x and 
fl ap” principles . We must keep in mind that 
amputation is a reasonable treatment option 
when our best expectations for conservative treat-
ment are worse than those with a prosthetic limb .     
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12.1            Introduction 

 Evolution in reconstructive surgery, especially the 
microsurgery techniques, has substantially infl u-
ence limb salvage surgery. Mangled extremity is, 
nowadays, a challenge to reconstructive surgeons. 
These injuries have a signifi cant clinical compli-
cations like wound infection, soft tissue lost, com-
partment syndrome, non-union, pain and stiffness, 
joint contracture, chronic osteomyelitis, refl ex 
sympathetic dystrophy and even amputation. 
Severe open fracture must be considered a surgi-
cal emergency and needs a sophisticated manage-
ment protocol and a specialised team. 

 Mangled extremities are severe injuries of at 
least three of fi ve of the following extremity sys-
tem: skin and integument, nerve, bone, vascular 
or muscle [ 1 ]. 

 Characteristics of injury are noted in 
Table  12.1 . There are many classifi cations of 
extremity injuries. Most include, to a varying 
degree, the destruction of bone, tendon, nerve, 
soft tissue and vascular structures. The modifi ed 
Gustilo-Anderson classifi cation of open fractures 
is shown in Table  12.2  [ 2 ,  3 ]. This scheme was 
initially derived to stratify the risk of infection 
in open fractures. The classifi cation, although 
fairly simple, provides a guideline for treatment. 

The AO/ASIF classifi cation is more extensive 
and considers skin, muscle, arterial and nerve 
damage. This is a more exhaustive classifi cation, 
better to know exactly what happened, but more 
diffi cult to use in clinical practice.

    Reimplantation must be considered in major 
upper limb amputation if the general condi-
tions of the patient allow it [ 4 ]. And in the lower 
extremity, it must be considered if the plantar sur-
face is intact and the reconstruction of the bone 
and soft tissue is possible.  

12.2     Initial Preoperative 
Assessment 

 Initial stabilisation and diagnosis should be per-
formed via a multidisciplinary approach accord-
ing to the established advance trauma life support 
(ATLS) protocol. For emergency extremity trauma, 
immediate attention primarily targets haemorrhage 
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   Table 12.1    Characteristics of a severely injured 
extremity   

 High-energy wounding mechanism 
 Severe vascular injury 
 Soft tissue damage 
 Complex fractures 
 Bone loss 
 Joint dislocation 
 Nerve injury 
 Gross contamination 

  Three or more of them defi ned the extremity as a mangled 
extremity  
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control. Once the patient is stabilised, the clinical 
evaluation is performed. Assessment of the injured 
extremity must consider trauma mechanism, 
wound dimensions and all functional components 
(soft tissues, nerves, vessels, bones).    Radiographic 
imaging and Doppler sonograhy or angio-TC are 
essential in case of vascular injury. 

 In reality, the mangled extremity is an injured 
extremity where amputation is a possible outcome. 
The decision between amputation and salvage  is 
being made in the emergency department and oper-
ating room [ 5 ]. The mechanism, circumstances and 
time of injury, comorbidities, medications, age and 
preinjury functional status are all important parts of 
the medical history. Physical fi ndings as pulse, per-
fusion, degree of soft tissue and bony injury must 
be quickly discerned (Table  12.3 ).

   Studies show that delay of the fi rst operative 
procedure is associated with a signifi cantly 
increased probability of amputation in patients 
with an open tibial fracture. Nowadays, we know 
that the prognosis of these fractures depends on 
the soft tissue damage. So plastic surgeons must 
be involved in care immediately after admission 
instead of rather days to perform the appropriate 
plan of treatment avoiding desiccation necrosis 
and various steps in debridement.  

12.3     Indications for Limb Salvage 
Procedure vs. Amputation 

 The decision to proceed with primary amputation 
is one of the most diffi cult decisions. The practi-
cal questions are as follows: Is the limb feasible 

for salvage? Is the limb salvage advisable? (Will 
limb salvage hasten the patient’s demise? If 
choosing salvage, what is the order of the steps?) 
When does salvage fail and secondary amputa-
tion is required? 

 This decision must be considered individually 
for each patient, considering not only local 
trauma site but also the age, presence of other 
concomitant injuries, patient comorbidities, 
socioeconomic status and patient motivation. 

 Numerous algorithms have been established to 
estimate the viability of damaged tissue and to 
assist in determining whether amputation is neces-
sary [ 6 ]. These included the Mangled Extremity 
Severity Score (MESS), the Limb Salvage Index 
(LIS), the Predictive Salvage Index (PSI) and the 
Hannover Fracture Scale (HFS). These scores con-
sider the vascular injury as a major prognostic fac-
tor and also include the local tissue status and the 
shock time. All of them must be used after the 
debridement. Comparison between them is in 
Table  12.4 . These tools, unfortunately, were still 
debated over defi nitive criteria for amputation, and 
this led to the recent multicentre study entitled the 
Lower Extremity Assessment Project (LEAP), car-
ried out at eight level I trauma centres in the USA. 
This study looked prospectively at patients with 
traumatic amputations of the lower leg, Gustilo III 
(A–C) injuries, lower leg devascularising injuries, 
major soft tissue injuries of the lower leg, open 
pilon fractures (grade III) and ankle fractures 
(grade IIIB) and severe open hindfoot and midfoot 

   Table 12.2    Gustilo-Anderson classifi cation of open 
fractures [ 2 ]   

 I  Laceration <1 cm, low-energy trauma, 
minimal contamination 

 II  Laceration >1 cm, severe soft tissue damage 
 III  Extensive soft tissue loss 
  IIIa  Adequate coverage of fracture 

 High-energy fracture regardless of the size 
of the wound 

  IIIb  More extensive injury, gross contamination 
of the soft tissue, periosteal stripping, soft 
tissue gaps with bone exposure 

  IIIc  Arterial injury requiring repair 

   Table 12.3    Prognostic factors for limb salvage follow-
ing complex extremity trauma   

 Time 
   Direct correlation between delay in revascularisation 

and limb loss 
 Mechanism 
   Blunt and high-energy velocity penetration have 

worse prognosis than low velocity 
 Anatomy 
   Lower leg vessels have worse prognosis than upper 

extremity vessels. Popliteal the worst 
 Associated injuries 
 Age and physiological conditions 
 Clinical presentation 
   Shock and obvious limb ischaemia pose worse 

outcome 
 Environmental circumstance 
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   Table 12.4    Comparison between different scores   

 PSI  MESS  LSI  HFS-97  NISSA 

 Age  +  + 
 Shock  +  + 
 Ischaemia  +  +  +  +  + 
 Skeletal trauma  +  +  + 
 Muscle trauma  +  + 
 Skin trauma  +  + 
 Nerve trauma  +  +  + 
 Vessel trauma  + 
 Soft tissue 
trauma 

 +  + 

 Contamination  +  + 
 Time of 
treatment 

 + 

   PSI  Predictive Salvage Index,  MESS  Mangled Extremity 
Severe Score,  LSI  Limb Salvage score,  HFS-97  Hannover 
Fracture Scale,  NISSA     Nerve, Ischemia, Soft tissue, 
Skeletal, Shock, Age  

injuries with degloving and nerve injury. The goal 
of the study was to defi ne the characteristics of the 
individuals sustaining lower extremity trauma. A 
total of 601 patients were enrolled, and the patient 
demographic was primarily male (77 %), Caucasian 
(72 %) and young (71 % between 20 and 45 years 
old). The results demonstrated that the patients 
who sustained a high degree of extremity trauma 
had several disadvantages    prior to their injury 
(social, economic, personality), and that quality of 
life and functional outcome data seemed more 
related to these than to the injury [ 7 ].

   The principle life before the limb will obvi-
ously be the primary objective. In this case, reim-
plantation remains fairly uncommon. Indications 
for primary amputation  may include very advance 
patient age, prolonged warm ischaemia time and 
presence of life-threatening concomitant injuries. 
In case of trauma amputation, warm ischaemia 
can be tolerated up to 8 h and cooling may extend 
the safe time to reimplant to 24 h. Risk factors 
that may contribute to or predict the need for 
amputation are in Table  12.5 .

   The plantar sensation  is no longer a limiting 
prognostic factor. Bose et al. showed compara-
ble sensation outcomes in plantar sensation 
between patients initially lacking and patients 
with permanently preserved plantar sensibility 
at 2 years [ 8 ]. 

 From an economic point of view, unless 
amputation is inevitable, surgeons must always 
consider limb salvage, which will yield lower 
costs and higher utility compared with amputa-
tion [ 9 ]. 

 Thus, a surgeon must perform realistic risk- 
benefi t stratifi cation to determine whether ampu-
tation is justifi ed. Individual patient assessment 
remains the key step in determining if limb sal-
vage procedure is indicated. The limb salvage 
is indicated if this extremity will be, in future, 
functional and without pain or chronic infection. 
Surgeons should try to optimally meet outcome 
expectations while keeping morbidity at the low-
est possible level.  

12.4     Timing 

 Godina was the fi rst surgeon who introduced 
the concept of emergency coverage   in the 1980s 
[ 10 ]. To reduce the incidence of non-union frac-
ture and osteomyelitis is necessary: (1) early 
and adequate debridement of traumatic zone of 
injury (2) followed by immediate restoration 
of affected longitudinal structures and (3) early 
defect coverage by transferring a well-vascular-
ised tissue.    The importance of early soft tissue 
coverage after removing all devitalised tissues 
has been demonstrated, thereby preventing bac-
terial colonisation. Complex and contaminated 
wounds should be converted into surgically clean 
wounds to allow an appropriate closure [ 11 ,  12 ]. 
All of these extremities result from high-energy 
trauma, and this means that they develop a zone 

   Table 12.5    Risk factors that may contribute to or predict 
the need for amputation   

 Gustilo III-C tibial injuries 
 Sciatic or tibial nerve injury 
 Ischaemia >4–6 h/muscle necrosis 
 Crush or destructive soft tissue injury 
 Signifi cant wound contamination 
 Multiple/severely comminuted fractures; segmental 
bone loss 
 Old age or severe comorbidity 
 Apparent futility of revascularisation or failed 
revascularisation 
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of soft tissue injury much larger than the wound 
and bony fracture site itself.    The traumatic zone 
of injury  includes areas of increasing soft tissue 
destruction as the point of impact is approach 
[ 13 ]. The direct trauma contact area is a zone of 
necrosis, with adjacent tissue becoming a zone 
of stasis and the surrounding region developing 
into a zone of hyperaemia. These areas, with sta-
sis and hyperaemia, that are marginally viable at 
the time of initial injury eventually die or become 
replaced by a fi brotic scar. Both the soft tissue 
and the bone tissue are traumatised and if not 
adequately treated during the initial manage-
ment will develop soft tissue defects, non-union 
and osteomyelitis. Also, in the microvascular 
reconstruction, the vessels in the zone of injury 
are fi brotic, without suitable veins and diffi cult to 
dissect. The average distance between the anas-
tomotic area and the zone of injury was around 
45.7 mm in mangled limbs. Initial appreciation 
of the zone of injury and the extent of recipient 
vessel damage are crucial for developing a strat-
egy for fracture stabilisation, debridement and 
soft tissue coverage, which together determine 
the success of the patients’ limb salvage outcome. 

 Debridement of damaged tissues  is the most 
important procedure in treating mangled lower 
and upper limbs.    Any soft tissue with bleeding 
and destruction activates the humoral and cel-
lular mechanisms to stop bleeding and to resist 
the infection.    The body’s response to injury is 
a sequence of overlapping reactions that can be 
divided into four phases: (1) The initial coagu-
lation phase, which takes some minutes, is fol-
lowed by (2) an infl ammatory phase lasting 
several hours, and then (3) the granulation phase 
takes place for days, which is fi nally followed by 
(4) the scar formation phase, a remodelling pro-
cess that lasts for weeks. 

 In the infl ammatory phase, the injured tissue 
suffers an oxygen defi ciency because of the ini-
tial underperfusion that leads to anaerobic metab-
olism of the cells. Therefore, adequate surgical 
debridement of devitalised tissue in the injured 
areas reduces the risk of hypoxia and infection. 
The timing of surgery also plays a role in the 
clinical outcome. Therefore, the timing for mak-
ing the debridement is paramount. As we know 

that the infl ammatory response occurs in hours, 
debridement should be done within 6 h of an 
open fracture.  

12.5     Surgical Technique 

12.5.1     Radical Debridement 

 Radical and early debridement is a key step in 
surgical management and one of the most pow-
erful tools for infection control. Radical means 
that the surgeon should debride all of the devi-
talised and potentially contaminated tissue. 
Debridement should be done like resection of a 
malignant tumour, that is to say, always to the 
healthy tissue, removing all the necrotic, devi-
talised tissue and even the uncertain vital tissue. 
We have to transform the open fracture into a 
healthy and without dead spacer defect. We 
have to begin from outline to inner. Only we 
have to be careful in tendons and neurovascular 
structures. In case of damage or complete tran-
section, they must be repaired with a tendon, 
vessel, nerve or bone graft. This is the best time 
to make it. Therefore, the next surgery is more 
diffi cult and the clinical outcomes are worse. 
   Fasciotomy should be performed if there were 
warm ischaemia and accumulated haematoma. 
Figure  12.1  shows the evolution of the plastic 
reconstruction concept.

12.5.2        Fracture Stabilisation 

    In the past the initial treatment of an open fracture 
was the use of an external device, always. 
Nowadays, recent studies show no difference 
between an internal fi xator (nail or plates) and 
external fi xator.    An internal fi xator is recom-
mended if soft tissue procedures are done expedi-
tiously. Also, an adequate fi xation of the fractures 
reduces the incidence of infection or non-union. 
A trauma surgeon should choose the best fi xation 
to the fracture forgetting about the soft tissue [ 14 ]. 

 We should use the so-called fi x and fl ap con-
cept . Gopal et al. demonstrated less mobility in 
terms of non-union and osteomyelitis if the 
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sequence of treatment is aggressive debridement, 
fracture stabilisation and well-vascularised 
 coverage in only one stage [ 15 ].  

12.5.3     Soft Tissue Reconstruction 

 Since the imposition of microsurgery  in the 
1960s, the traditional concept of the “reconstruc-
tive ladder” has undergone a substantial evolu-
tion [ 16 ]. In the past, the primary objective was a 
simple wound closure. Modern microsurgery 
allows reconstruction of complex bone and soft 
tissue defects with excellent aesthetic and func-
tional outcomes (Fig.  12.2 ). Thus, reconstructive 
surgery becomes a reconstructive lift. Although 
local fl aps and skin graft are still considered in 
reconstructive surgery, they are associated with 

an increased rate of wound complications and 
compromises concerning results. Today, local 
and pedicle fl aps are, in most of the cases, dam-
aged and unusable. Further compromise of a 
severely injured extremity by sacrifi cing local tis-
sue should be avoided.

   Therefore, free tissue transfer provides the most 
appropriate repair for severely injured extremi-
ties. In general there are four principal indications 
for free fl ap coverage of traumatised extremities: 
(1) soft tissue defects in the distal third of the leg, 
(2) soft tissue defects with functional defects in 
the upper and lower extremities, (3) extensive 
defects in the lower or upper extremities at any 
level and (4) salvage free fl aps in non-reimplant-
able amputation. Local fl aps must be considered 
in low-energy trauma patients with a small soft 
tissue defect (less than 5 cm) and only when the 
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  Fig. 12.1    Evolution of the plastic reconstruction concept: from the progressive reconstructive ladder to the new con-
cept, each defect requires a specifi c type of reconstruction (the lift concept)       

a b c

  Fig. 12.2    This case example shows the importance of radical debridement in extremity reconstruction to allow tendon 
mobility: ( a ) preoperative view, ( b ) intraoperative view, ( c ) postoperative view       

 

 

12 Soft Tissue Coverage in Complex Fractures of the Limbs



112

surgeon is completely sure that the local tissue is 
not damaged. Skin graft has only one indication: 
non-complicated defects, that is, defects without 
tendon, bone, nerve or vascular exposure. 

 Modern techniques range from supermicro-
surgery free tissue transfer, functional composite 
free fl aps  and pre-expanding and chimeric fl aps 
to innervated functional myocutaneous fl aps. 

12.5.3.1     Time of Soft Tissue 
Reconstruction 

 The soft tissue reconstruction must be done as 
soon as possible [ 17 ]. Flap closure timing is 
divided into three categories: (1) primary free 
fl ap closure (12–24 h), (2) delayed primary 
free fl ap closure (2–7 days) and (3) secondary 
free fl ap closure (>7 days). 

 Primary free fl ap closure with primary recon-
struction is defi ned as a combination of defi nite 
functional reconstruction of longitudinal struc-
tures (bone, vessels, nerves and tendons using 
grafts if it is necessary) and fl ap coverage follow-
ing surgical debridement as a single-step proce-
dure within a period of 24 h. 

 Delayed primary reconstruction is defi ned as 
free fl ap defect closure within 2–7 days after the 
trauma. Again, defi nitive reconstruction of longi-
tudinal structures must be performed and it is a 
single-step procedure too. 

 Secondary free fl ap closure signifi es closure 
with a free fl ap later than one week after trauma. 
In general, reconstruction of soft tissue and tem-
porary bone stabilisation may be achieved. The 
defi nitive reconstruction of longitudinal struc-
tures and bone defects must be performed later. 

 Primary fl ap cover  for crucial closure prevents 
further tissue damage caused by desiccation and 
facilitates vascular ingrowing from the new sur-
rounding soft tissue. Well-vascularised fl aps pro-
vide healthy tissue, thereby allowing a radical 
debridement of the trauma zone. Because the pri-
mary goal in the treatment of complex extremity 
injury is a quick and functionally optimal recov-
ery, the treatment of choice is the primary free fl ap 
cover within the fi rst 24 h after injury. This mini-
mises morbidity, tissue infection rate, requirement 
for secondary surgical procedures, rehabilitation 
time and total duration of hospital stay.  

12.5.3.2     Flap Selection 
 Because of the huge variety of fl aps available for 
reconstruction, fl ap selection must aim to optimally 
meet the specifi c functional and aesthetic require-
ments of the recipient site such as tissue volume 
and surface, vascular pedicle length and functional 
exigencies [ 18 ]. Flaps with different tissues (bone, 
muscle, tendon, nerve, adipose, fascia and skin) 
are referred as composite fl aps. Each fl ap has its 
property characteristic of functionality, durability, 
vascular supply and blow fl ow. Nowadays, there is 
an upcoming trend towards using the fasciocutane-
ous fl aps in reconstructive surgery [ 18 ]. There was 
no statistical difference in terms of fl ap survival, 
rate of postoperative infections, chronic osteomy-
elitis and stress fractures between coverage with 
muscle fl aps and coverage with a fasciocutaneous 
fl ap. Both are useful to cover three-dimensional 
defects [ 19 ]. Only in muscle function reconstruc-
tion is a muscle fl ap required [ 20 ,  21 ]. 

 Special attention must be paid to the recon-
struction of the highly sensitive weight-bearing 
area of the foot. Here, choice of the fl ap remains 
controversial, and it is mainly determined by the 
localisation of the defect. 

 Evaluation of the foot defects includes the 
dimensions of the defect, localisation (weight- 
bearing or not areas), exposure of noble struc-
tures, age of patient and concomitant disease. 
Hidalgo and Shaw en 1986 [ 22 ] provided an algo-
rithm of reconstruction as follows: type 1, defects 
less than 3 cm 2 , local fl aps in weight- bearing 
areas (Fig.  12.3 ) and skin graft in non-weight- 
bearing areas; type 2, defects of 3 or more than 
3 cm 2  without bone involvement, a free fascio-
cutaneous fl ap or muscle fl ap covered with skin 
graft; and type 3 large defect with bone loss and a 
free osteocutaneous fl ap. The controversial items 
in foot reconstruction are muscle vs. fasciocuta-
neous fl ap and if it is necessary the nerve coapta-
tion. Some have argued that thin perforator fl aps 
would reduce shear forces and improve the sta-
bility compared to muscular and fasciocutaneous 
fl aps [ 23 ]. It is true that these forces are reduced 
within the fl ap, but the interface between the fl ap 
and the bone would still be the potential site of 
shearing. In the controversial nerve  coaptation, 
numerous studies have shown that coaptation 
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improved early sensation, but by 1 year, most 
of the authors noted good return of sensibility in 
non-neurotised fl aps [ 24 ,  25 ].

   Besides adequate bone stabilisation and soft 
tissue coverage, restoration of impaired physiolog-
ical function  is one of the key objectives in extrem-
ity salvage. Microsurgical tissue transfer has 
opened a wide variety of possibilities to re- 
establish function of impaired limbs. If    local repair 
or tendon transfer and/or nerve grafting is not 
practical for localised trauma, free functional mus-
cle transplantation will be the treatment of choice. 
Several previous studies proved the applicability 
of this concept. Basic functions of skeletal mus-
cles include posture maintenance, joint stabilisa-
tion and active movement. In functional muscle 
transfer, the surgical goal is to supply suffi cient 
resting tension while at the same time providing an 
optimal range of motion. Therefore, muscle selec-
tion must target optimal range of motion. If neces-
sary, functional muscle fl aps can be transplanted 
as composite fl aps including bone and soft tissue. 
Commonly used fl aps include the gracilis, rectus 
femoris, latissimus dorsi and tensor fascia lata 
fl ap. In lower extremity reconstruction, the main 
functional goal is the restoration of active hip, 
knee and ankle dorsifl exion/extension. In    upper 
extremity reconstruction, the gracilis and pectoral 
muscles are considered to establish the elbow and 
long fi nger reconstruction. Usually functional res-
toration after trauma or severe nerve injury con-
sists of a complex combination of tendon transfer, 
nerve reimplantation and muscle transfer [ 26 ]. 

 In a one-stage “functional” reconstructive 
approach  , the reconstruction is not simply for 
defect coverage and bone or tendon repair, but 

may also include tendon transfer for nerve palsy 
and tendon defect and functional muscle or 
myocutaneous transfer for composite function-
ing [ 27 ]. Multiple bony metacarpal defects as 
well as soft tissue coverage can be adequately 
addressed simultaneously with a free fi bular 
osteocutaneous fl ap osteotomised into two or 
three struts [ 28 ]. The extensor tendon disrup-
tion should be repaired, and the missing or non-
functional interossei can be reconstructed using 
splinted palmaris longus extension graft from 
the ECRL to the lateral bands (Brand method) 
to achieve PIP and DIP joint extension. In the 
case of forearm avulsion with loss of the fl exor 
muscle group and median nerve damage, a one-
stage strategy may include defect reconstruc-
tion with a gracilis functioning muscle fl ap for 
fi nger fl exion, remnant fl exor muscle utilisation 
or uninjured extensor tendon transfer for thumb 
fl exion and opponensplasty for thumb ray oppo-
sition [ 29 ]. To accomplish the goal of one-stage 
functional reconstruction, a free composite fl ap 
inclusive of different components can be cus-
tom-made to fulfi l every defect in the recipient 
site: the fi bula, ALT and forearm fl aps. If the 
reconstruction requires multiple tendon trans-
fers from both the fl exor and the extensor groups 
even though the defect is on one side, such as 
the volar aspect, the surgeon has to prioritise the 
order of tendon harvest and choose from one 
of the two muscle groups but not both concur-
rently. One-stage early reconstruction is prefer-
able to shorten the disability time and to allow 
for earlier rehabilitation to have better recovery 
and improved outcomes (Fig.  12.4 ). In some 
situations, staged reconstruction is  inevitable. 

a b c

  Fig. 12.3    Reconstruction of small defect in the weight-bearing area with a propeller perforant fl ap: ( a ) preoperative 
view, ( b ) intraoperative view, ( c ) postoperative view       
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However, all upper limb  reconstructions should 
have a well-thought-out strategic road map con-
sisting of an optimal plan A and a backup plan 
B, or even a plan C, to achieve an effective func-
tional restoration.

   In hand surgery, another highly sophisticated 
and well-established technique is the free toe-to- 
hand transfer. This transfer aims to restore the 
length, stability, aesthetic apiece and especially 
pinch-and-grasp function of traumatised hands. 
Single or multiple toe transplantations can effec-
tively help the patient to regain acceptable func-
tion and appearance, even after traumatic multiple 
digit amputations. 

 One controversy is the use of muscle vs. fas-
ciocutaneous fl ap (Fig.  12.5 ). Fasciocutaneous 
fl aps may be superior to muscle in fractures 
around the ankle or the knee, thereby avoiding 
skin grafts which can be ulcerated with minor 
trauma. Muscle in diaphyseal fractures would aid 
healing and the aesthetic appearance is not bad 
[ 30 ,  31 ]. However, they can be diffi cult to elevate 
for secondary procedures such as bone grafting; 
an alternative that retains the biological benefi ts 
of muscle apposition is the use of chimeric fl aps, 
such as a free anterolateral thigh fl ap that includes 
a segment of the vastus lateralis.

   So, there is no standardisation of the fl ap used 
in the extremity reconstruction. A key principle is 
the individual fl ap selection depending on the 
recipient site requirements. Remember that 
the core concept in plastic surgery has been the 
replacement of “like-with-like” tissue [ 32 ,  33 ].  

12.5.3.3     Vessel Selection 
 Both the upper and lower extremities have dual 
arterial supplies, for example, the radial and ulnar 
arteries or anterior and posterior tibial arteries. 
Sometimes, after confi rmation of reliable distal 
fl ow, one of them must be sacrifi ced for use as the 
fl ap recipient vessel in microsurgical reconstruc-
tion. Recipient fl ow is better preserved, however, 
by making a T-anastomosis  [ 34 ]. This is espe-
cially    useful in patients with diabetes, chronic 
vasculopathy or traumatic loss of one dominant 
vessel; because distal perfusion of the lower 
extremity is crucial in these patients, the donor 
vessel can also be preserved with T-anastomosis. 
When the entire blood fl ow from a recipient artery 
is concentrated on the pedicle of the fl ap after 
end-to-end anastomosis, the fl ap is prone to con-
gestion, especially if a large perforator fl ap is used 
or if there is a size discrepancy in the vascular 
anastomosis. Blood fl ow and pressure can be 

a b

c d

  Fig. 12.4    The soft tissue reconstruction must include the 
vascular, nerve and tendon repair. Every component must 
be repaired the fi rst time to reduce the rate of complica-

tions and allow early rehabilitation: ( a ) preoperative view, 
( b ) intraoperative view, ( c ,  d ) postoperative views       
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 dispersed to both the fl ap and the distal recipient 
vessel by a T-anastomosis until the fl ow 
equilibrates. 

 The fl ow-through free fl aps  allow arterial 
reconstruction and soft tissue coverage in the 
same stage [ 35 ]. Without a fl ow-through fl ap, 
damaged extremities usually require second- 
stage operations, with vein grafts in the fi rst 
stage and skin fl aps or tissue transfers in the sec-
ond stage. The ideal interposition pedicle vessels 
for the fl ow-through fl aps seem to be large-cali-
bre, long trunk vessels with adequate septocuta-
neous perforators. The radial forearm fl ap and 
the anterolateral fl ap are used to these proposes   . 
Both have a long pedicle enough to repair a long 
arterial gap. However, a radial forearm fl ap has 
several drawbacks, including sacrifi ce of the 
radial artery, skin graft loss with tendon expo-
sure and displeasing appearance of the skin-
grafted donor site, in addition to which, a large 
fl ap size cannot be obtained. Flow-through 
anterolateral thigh fl ap has several advantages, 
including large cutaneous area, acceptable donor 
site morbidity, adjustable thickness and the pos-
sibility of combining the adjacent muscle and 
fascia lata. 

 Therefore, the proper selection of recipient 
vessels appears to have the utmost importance in 
the success of a microvascular tissue transfer. 
One of the most important problems in the trauma 
surgery is the selection    of the healthy vessel out 

of the zone of injury. To avoid it, the surgeon can 
use bypass or arteriovenous loop or choose the 
distal anastomosis.
•    The use of interposition vein grafts  has been 

reported to be associated with a higher inci-
dence of fl ap loss than regular transfers [ 36 ]. 
Using vein grafts to reach healthy recipient 
vessels remote from the zone of injury is much 
safer option than the suboptimal selection of 
the recipient vessels to decrease operative 
time or to avoid a more complex procedure. 
Pre-planned vein graft interposition in a fl ap 
transfer does not alter the operative course 
substantially.  

•   Other authors have demonstrated the useful-
ness of arteriovenous loops  as an alternative in 
which a constant high blood fl ow is estab-
lished by shunting the arterial and venous por-
tion, thereby achieving high-fl ow perfusion of 
the newly created loop [ 37 ]. The free fl ap 
transfer may then be performed either as a 
simultaneous procedure or at the second stage 
after perfusion has been ensured for an appro-
priate time interval. These are indicated if the 
bypass is longer than 20 cm.  

•   There is another possibility to avoid the dam-
age vessels: Choose the recipient site distal to 
the zone of injury [ 38 ]. Distal vessels may 
have potential problems associated with blood 
fl ow traversing the injured tissue. Furthermore, 
these vessels may be smaller. On the other 

a b c
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  Fig. 12.5    Reconstruction with musculocutaneous fl ap ( a – c ) vs. fasciocutaneous fl ap ( d–f ). No differences exist 
between them regarding fracture healing and aesthetic result. However, the fasciocutaneous fl ap is easier to reelevate       
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hand, distal vessels are more superfi cial, mak-
ing the anastomosis easier; require a shorter 
pedicle; and may obviate the possibility of 
tunnelling the pedicle or interposition grafts. 
The critical step is to evaluate the patency of 
the recipient vein intraoperatively by injecting 
heparinised saline after division and noting an 
unresisted fl ush.  

•      Anastomosis to retrograde fl ow , generally dis-
tal to the defect [ 39 ].  

•   Supermicrosurgery  or perforator-to-perforator 
surgery represents a modern technique of free 
tissue transfer in which the diameter of the 
anastomosis does not exceed 0.8 mm. Donor 
site tissue is harvested in a superfi cial approach 
reducing the donor site morbidity. But, this 
dissection results in pedicles in limited length 
and calibre. Subsequently, in most cases, one 
cannot respect the basic principle of perform-
ing anastomosis outside of the trauma zone. 
So this is a limited indication technique.    
 Early and radical debridement and early fl ap 

coverage of open fractures achieve infection-free 
union. During the past decades, reconstructive 
microsurgery has strongly infl uenced the man-
agement of complex extremity trauma [ 40 ]. 
Isolated complex extremity injury requires 
immediate specialised attention via an interdisci-
plinary approach [ 41 ,  42 ]. Whenever possible, all 
efforts must be focused on primary surgical 
reconstruction and soft tissue coverage at the ear-
liest point of time. Any delay in treatment may 
lead to a higher rate of complications, a pro-
longed hospital stay, an increase in invalidity and 
a higher cost treatment [ 43 ,  44 ]. The main goal of 
reconstructive microsurgery must be an optimal 
functional and aesthetic reconstruction, meeting 
the individual trauma site requirements with min-
imal donor site morbidity.    

    Conclusions 

    Complex fractures of the limbs pose a clinical 
challenge for the multidisciplinary team that 
needs to treat them. The current advances in 
soft tissue fl ap reconstruction techniques have 
signifi cantly improved the results of the limb 
salvage attempts. Understanding the recon-
structive concepts of zone of injury,  aggressive 
debridement and timing and the possibilities 
of fl ap coverage is essential to complete limb 

salvage in a timely and appropriate fashion. 
Complex extremity injury requires immediate 
and specialised attention via an interdisciplin-
ary approach. The steps in surgical manage-
ment include radical tissue debridement, 
adequate stabilisation and reconstruction of 
viable structures by the use of autologous 
blood vessels or nerve grafts and bone and 
soft tissue reconstructions with a “custom-fi t” 
fl ap. Generally all of them must be done in a 
unique surgery. These are the most powerful 
tools for infection control and to get the best 
results.     
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13.1            Introduction 

 Inadequate response to the fracture injury some-
times occurs, resulting in delayed union or 
 nonunion . We consider that a fracture has devel-
oped a nonunion when it lacks potential to heal 
without further intervention [ 1 ,  2 ]. In the clinical 
practice, we should take into account some prin-
ciples: 9 months’ elapsed time with no healing 
progress for 3 months can be considered a non-
union, we should not consider a nonunion a frac-
ture of the shaft of a long bone less than 6 months 
post injury, and a central fracture of the femoral 
neck can sometimes be defi ned as a nonunion 
after only 3 months due to the evidence of lack of 
response after that period in such location. 

 To the clinical fi ndings in nonunion  as persis-
tence of abnormal mobility at the fracture site, 
pain (absence if true nonunion is developed), and 
deformity, we can add some typical radiologic 
fi ndings:
•    Absence of bone crossing the fracture site 

(bridging trabeculae)  
•   Sclerotic fracture edges  
•   Persistent fracture lines (true union shows 

four healed cortices on the AP and lateral 
views)  

•   Lack of evidence of progressive change 
toward union on serial x-ray  

•   Failing or broken implants  
•   Progressive deformity  
•   Lack of callus (except when plating for abso-

lute stability where it is not expected)     

13.2     Etiology and Classifi cation 

 Mechanical instability and disturbed vascularity 
are the most important factors leading to non-
union, but other factors, such as noncompliance 
and neuropathy, may also inhibit healing. When a 
nonunion is observed, an occult  infection must be 
taken into account : up to 30 % of nonunion 
patients will have unexpected positive OR 
cultures. 

 Other risk factors for nonunion  are NSAIDs, 
smoking, infection, vitamin D defi ciency, thyroid 
imbalance, and occult hyperparathyroidism. 

 To classify nonunions, we have traditionally 
used a schematic based on the amount of callus or 
bone healing at the fracture site. The Weber- Cech 
classifi cation is widely applied [ 2 ]. Hypertrophic 
nonunions  show prolifi c callus formation. The 
environment is vascular. Because excellent heal-
ing potential is present, inadequate immobiliza-
tion or stabilization usually creates the nonunion. 
Oligotrophic nonunions  show some callus for-
mation. The environment has a moderate healing 
potential. A defect in healing can be consid-
ered either primarily biological (multifactorial), 
biomechanical (frequently implant related or 
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 alignment related), or mechanical (almost always 
implant related). Atrophic nonunions  are charac-
terized by an absence of callus formation. The 
bone ends may be sclerotic or osteopenic. The 
healing environment is avascular. The fracture 
will not heal without changes to promote vascu-
larity, such as living cells (autograft and/or free 
or rotational tissue transfer), removal of infec-
tion, and/or resection of nonviable bone. 

 Though often multifactorial, we must identify 
the main causes of nonunion  in each case and aim 
our treatment to provide adequate environment 
for bone healing.  

13.3     Diagnosis 

 Defi nition of nonunion has been given at the 
beginning of this chapter, but in the clinical prac-
tice it is not easy to differentiate whether a case 
still has potential to heal without further interven-
tion or not. 

 We must take into account history, local fac-
tors, systemic factors, and radiologic images to 
make the diagnosis. The goals of the evaluation 
are to discover the etiology of the nonunion and 
form a plan for healing the nonunion. 

 Evaluation begins with a thorough history, 
including the date and mechanism of injury of the 
initial fracture. Preinjury medical problems, dis-
abilities, or associated injuries should be noted. 
The specifi c details of each prior surgical proce-
dure to treat the fracture and fracture nonunion 
must be obtained. The history should also include 
details regarding prior wound infections. Culture 
reports should be sought in the medical records. 

 The patient should be questioned regarding 
other possible contributing factors for nonunion. 
A history of NSAID use should be obtained and 
its use discontinued. Active smokers  should be 
offered a program to halt the addiction. From a 
practical standpoint, however, it is unrealistic to 
delay treatment of a symptomatic nonunion until 
the patient stops smoking. 

 The general health and nutritional status  of the 
patient should be assessed, since malnutrition 
and cachexia diminish fracture repair. The skin 
and soft tissues in the fracture zone should be 

inspected. The presence of active drainage, sinus 
formation, and deformity should be noted. 

 Active and passive motion of the joints adja-
cent to the nonunion, both proximal and distal, 
should be performed. An interesting situation 
worth noting is the stiff nonunion  with an angular 
deformity . These patients may already have 
developed a compensatory fi xed deformity at an 
adjacent joint. If the patient cannot place the joint 
into the position that parallels the deformity at 
the nonunion site, the joint deformity is fi xed and 
requires correction. If the patient can achieve the 
position, the joint deformity will resolve with 
realignment of the long bone deformity. 

 Radiologic assessment will include plain 
radiographs where we will evaluate the follow-
ing radiographic characteristics of a nonunion: 
anatomic location, healing effort, bone qual-
ity, surface characteristics, status of previously 
implanted hardware, and deformities. Bilateral 
AP and lateral alignment radiographs for lower 
extremity nonunions for assessing length dis-
crepancies and deformities are mandatory. 
Sometimes two oblique views of the nonunion 
site will provide information about partial heal-
ing of the fracture. Weber and Cech classify 
nonunions based on radiographic healing effort 
and bone quality as  viable  nonunions , which 
are capable of biological activity, and  nonviable  
nonunions, which are incapable of biological 
activity. Viable nonunions include hypertro-
phic nonunions and oligotrophic nonunions. 
Hypertrophic nonunions possess adequate vas-
cularity and display callus formation. They arise 
as a result of inadequate mechanical stability 
with persistent motion at the fracture surfaces. 
The fracture site is progressively resorbed with 
accumulation of unmineralized fi brocartilage 
and displays a progressively widening radiolu-
cent line with sclerotic edges. Hypertrophic non-
unions  may be classifi ed as elephant foot type , 
with abundant callus formation, or horse hoof 
type , which are still hypertrophic but with less 
abundant callus formation. Oligotrophic non-
unions have an adequate blood supply but little 
or no callus formation. They arise from inade-
quate reduction with displacement at the fracture 
site. Nonviable nonunions  do not display callus 
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formation and are incapable of biological activ-
ity. Their inadequate vascularity precludes the 
formation of periosteal and endosteal callus, and 
radiographically, the fracture surfaces appear 
partially absorbed and osteopenic. 

 CT scans can be used to estimate the percent-
age of the cross-sectional area that shows bridging 
bone. Nonunions typically show bone bridging of 
less than 5 % of the cross-sectional area at the 
fracture surfaces. Healed or healing fracture non-
unions typically show bone bridging of greater 
than 25 % of the cross-sectional area. Serial CT 
scans may be followed to evaluate the progres-
sion of fracture consolidation. CT scans are also 
useful for assessing intra-articular nonunions for 
articular step-off and joint incongruence. 

 Angio CT scan will provide adequate infor-
mation about vascular supply and anatomy in 
order to evaluate free vascularized bone grafts or 
fl aps to cover the area when necessary. 

 Nuclear imaging studies are useful for assess-
ing bone vascularity at the nonunion site and 
infection. Technetium-99m bone scan will show 
increased uptake in viable nonunions. Gallium 
scans are useful in the evaluation of chronic bone 
infections. Gallium-67 citrate localizes to sites of 
chronic infl ammation. The combination of gal-
lium- 67 citrate and technetium-99m scans can 
clarify the diagnosis of a chronically infected 
nonunion. 

 MRI is occasionally used to evaluate the soft 
tissues at the nonunion site or the cartilaginous 
and ligamentous structures of the adjacent joints 
but is not routinely performed.  

13.4     Treatment 

 The goals in the treatment of a nonunion are to 
eliminate pain, obtain osseous consolidation in 
correct alignment and rotation, and thus restore 
function of the injured limb [ 3 – 32 ]. Though 
every goal is important, some level of priority can 
be remarked as follows:
•    Heal the bone.  
•   Eradicate infection.  
•   Correct deformities.  
•   Maximize joint motion and muscle strength.    

 In most cases consolidation can be achieved 
after a single, well-planned operation. When sev-
eral interventions are needed, the treatment must 
therefore be planned so that each step anticipates 
the possibility of failure and allows for further 
treatment options. The patient needs to under-
stand the uncertainties of nonunion healing, time 
course of treatment, and number of surgeries 
required. 

 The primary consideration for designing the 
treatment strategy is nonunion type. 

 Hypertrophic nonunions  lack mechanical sta-
bility. Hypertrophic nonunions require no bone 
grafting. The nonunion site tissue should not 
be resected. If the method of rigid stabilization 
involves exposing the nonunion site (e.g., com-
pression plate stabilization ), decortication of the 
nonunion site  may accelerate the consolidation of 
the bone. If the method of rigid stabilization does 
not involve exposure of the nonunion site (e.g., 
intramedullary nail fi xation or external fi xation), 
surgical dissection to prepare the nonunion site is 
unnecessary. In long-term established nonunion, 
exposure of the focus, tissue debridement, and 
refreshing of the bony surfaces will be necessary. 

 In oligotrophic nonunions  an adequate blood 
supply is present, but there is little or no callus 
formation, typically as a result of inadequate 
reduction with little or no contact at the bony sur-
faces. There are recent reports of adding a small 
plate to a previously nailed fracture (that has 
evolved into delayed nonunion) with promising 
good results. 

 Treatment methods for oligotrophic nonunions 
include reduction of the fragments to improve 
bone contact, bone grafting to stimulate the local 
biology, and usually a combination of the two. 
Reduction of the bony fragments to improve bony 
contact can be performed with either internal or 
external fi xation. Reduction is appropriate for 
oligotrophic nonunions with large surface areas 
without comminution where compression can be 
applied. Bone grafting is appropriate for oligo-
trophic nonunions that have poor surface charac-
teristics and no callus formation. In the clinical 
practice, most cases are solved applying the same 
treatment we should have used at the fracture 
onset, improving reduction (open if necessary). 
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In the upper limb with diaphyseal nonunions , we 
will use plate for the ulna and radius and plate or 
reamed nails in the humerus. Reamed nails  are 
the gold standard in the diaphysis of the femur 
and tibia. When reamed nails are not possible, 
compression plate and autogenic bone graft are 
the alternatives (Figs.  13.1  and  13.2 ).

    Atrophic nonunions  are nonviable. Their 
blood supply is poor, and they are incapable of 
purposeful biological activity. Stabilization and 
biological improvement of the focus is manda-
tory. Biological stimulation  is most commonly 
provided by autogenous cancellous graft  laid 
onto a widely decorticated area at the nonunion 
site, and mechanical stability can be achieved 
using either internal or external fi xation. Final 
decision largely depends on the specifi c pattern 

of the nonunion, previous treatment, anatomic 
location, and medical condition of the patient. In 
general practice the treatment consists in refresh-
ing of the surfaces, decortication , rigid plate fi xa-
tion , and autograft  in the upper extremity and 
most metaphyseal locations [ 3 ]. 

 In diaphyseal nonunions of the femur and 
tibia, without extensive bone loss, treatment is 
reamed nailing with a dynamic locked pattern 
when possible. 

13.4.1     Segmental Bone Defects  

 Segmental bone defects associated with non-
unions may be a result of high-energy open 
 fractures with bone lost at the site of the accident 

a b

  Fig. 13.1    Distal femoral nonunion ( a ). Union after 3 months of compression plating and iliac autograft ( b )       
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a b

c

  Fig. 13.2    Diaphyseal femoral nonunion after non-reamed nailing ( a ). Union achieved 4 months after reaming and 
exchange nailing ( b ,  c )       
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or necrotic or infected bone that must be debrided 
in order to get fracture healing [ 33 ]. Segmental 
bone defects may have partial bone loss or cir-
cumferential bone loss. Though not the purpose 
of this chapter, general bone loss management 
must be mentioned. Techniques for the treat-
ment of bone loss can be divided in these three 
groups: grafting, acute shortening, and distrac-
tion techniques. 

 In small defects iliac crest grafting  with 
 fi xation is the gold standard; it is possible to 
perform the grafting directly or in greater than 
2 cm defects with several scaffolds. Vascularized 
grafts are preferred in defects greater than 2 cm 
though it is often used as a rescue technique for 
failed previous treatments due to the morbidity 
of the giving zone. When not available, direct 
grafting with bone allograft, demineralized 
bone matrix, and calcium phosphate ceramics 
(hydroxyapatite, tricalcium phosphate) can be 
performed. 

 Acute shortening  is the technique of choice in 
complete circumferential defects that cannot be 
grafted. Though shortening up to 2 cm in the 
lower limb and 3–4 cm in the humerus is well tol-
erated, this technique must be used with caution 
for complications in wound healing, and loss of 
strength is often observed. We use this method in 
distal metaphyseal femoral fractures in the older 
and often non-ambulating patients in order to 
achieve good bone contact. 

 Distraction techniques  popularized by Ilizarov 
are the option in the bigger defects at the lower 
limb. They can be performed in several ways 
being bone transportation  and limb lengthening , 
the ones used more often.   

    Conclusions 

 Because of the various nonunion types and 
the constellation of possible problems related 
to soft tissues, prior treatments, patient’s 
health, and other factors, no simple treatment 
algorithms are possible. Several goals are 
mandatory: achieve good coverage with well-
vascularized environment, adequate bone con-
tact, and stable fi xation with dynamization or 
compression when possible and rule out infec-
tion. We must take into account the  possibility 

of failure and future interventions and base 
the treatment plan on the nonunion type and 
the treatment modifi ers. Patient collaboration 
is a critical concern, and detailed explanation 
about the rate of success and different options 
including amputation  must be performed prior 
to surgery.     
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14.1            Introduction 

 Skeletal defects result more often from trauma 
but also may result from oncologic    or infection. 
Additionally, traumatic injuries that have been 
treated with defi nitive fi xation may subsequently 
develop a non-union requiring bony debride-
ment, and as a result skeletal defect must be 
reconstructed. 

 The main objectives of fracture management 
are stabilisation, length maintenance, preserva-
tion of function and early rehabilitation. In the 
past, extensive skeletal defects were primarily 
managed by interposition of nonvascularised 
autografts and allografts in combination with 
external/internal fi xation or by Ilizarov bone- 
lengthening technique. Because of narrow    blood 
supply, these methods showed high rates of infec-
tion, non-union and early fracture. Ultimately, 
these methods were limited to segmental defects 
of less than 5 cm in length. Reconstructive micro-
surgery has opened new possibilities in skeletal 
reconstruction. Vascularised bone transplants 
provide excellent structural support while at 
the same time reducing the rates of infection or 
non- union and increasing the bone union and the 
functional outcome.  

14.2     Diagnosis 

 Injuries to the appendicular and axial skeleton are 
commonly encountered at most medical centres. 
Both plastic and trauma surgeons are called upon 
to treat these challenging patients. They are best 
served with the “orthoplastic” approach  in a mul-
tidisciplinary setting [ 1 ]. This    is the major chal-
lenge to improve result, the participation of many 
disciplines as orthopaedic and plastic surgeon, 
physical therapists, vascular surgeons, infectious 
disease physicians and the prosthetics [ 2 ]. 

 One must consider (1) the nature of the defect, 
including its anatomic position and length, (2) other 
associated injuries of the ipsilateral or contralateral 
extremity, (3) concomitant trauma injuries, (4) the 
nature of the surrounding tissues, (5) the potential 
for a functional recovery, and (6) the cost associated 
with the reconstruction, both fi nancial and social. 

 One of the key concerns in the reconstruc-
tion of the appendicular and axial skeleton is the 
blood supply  to the bone graft. If a cancellous or 
cortical cancellous bone graft is planned, then it 
is the blood supply of the underlying wound bed 
that will be responsible for supplying the neces-
sary blood supply to the graft. If there is a poor 
blood supply to the wound bed, the success of 
a nonvascularised bone graft is poor despite a 
meticulous surgical approach. In patients whom 
a vascularised bone graft is planned, there needs 
to be adequate infl ow and outfl ow to achieve suc-
cess. If there is any abnormality or nonpalpable 
pulses, the author’s preference is to obtain an 
arteriogram or better an CT angiograhy   . 
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 The other alternative to these patients is ampu-
tation . These patients must be carefully selected. 
Patients who elect reconstruction and limb sal-
vage will require an increased number of opera-
tive procedures compared with those that choose 
amputation. The    medical team must individualise 
the indications in function of the true outcomes 
possible.  

14.3     Treatment and Surgical 
Technique 

 To maximise the potential for skeletal stability, 
one must understand the methods of reconstruc-
tion and the limitations of each approach. There 
are several methods of skeletal reconstruction: 
conventional cancellous or corticocancellous 
bone grafting, nonvascularised allografts, vas-
cularised free fl ap transfer of a bone or a bone 
with associated soft tissue and distraction osteo-
genesis through the use of the Ilizarov technique. 
These methods are not mutually exclusive and 
may be combined to extend the capability of one 
modality alone. 

14.3.1     Bone Grafting  

 Fresh autologous graft, particularly cancellous 
bone, has osteogenic properties provided by 
osteoinductive growth factors, osteogenic cells 
and structural scaffold. Autologous graft sup-
ports all aspects of bone regeneration (osteo-
induction, osteoconduction and osteogenesis) 
at the recipient site and, as such, is considered 
superior in promoting bone healing [ 3 ]. Bridging 
large bone defects by avascular grafts involves 
creeping substitution with cells migrating from 
the well- perfused resection into an almost acel-
lular matrix. This is related to the fact that 
osteoblasts are not able to survive in biological 
surroundings with low oxygen tension. Thus, the 
use of avascular grafts not only requires time but 
also bears the risk for complications, including 
bone atrophy, transplant fracture and non-union. 
Successful    bone grafting is dependent upon the 
adequate vascularisation of the host’s wound bed. 

 Traditionally, corticocancellous bone graft 
had been used for bony defects that are 5 cm or 
less in length. This technique requires a well- 
vascularised wound bed for bone grafting that 
is free of underlying infection and has adequate 
soft-tissue coverage. 

 The principles stabilised for Kazanjian [ 4 ] 
in the 1950s and still hold true today are the fol-
lowing: (1) The recipient site must have adequate 
blood supply to ensure the survival of the graft, (2) 
bone-to-bone contact must be established to facili-
tate creeping substitution, (3) there should not be 
any motion at the fracture site through the use of 
rigid fi xation and (4) the wound bed must be free 
of infection. For defects of more than 5–6 cm, graft 
reabsorption prevents complete healing [ 5 ]. 

 Masquelet  et al. [ 6 ] described a technique for 
inducing the bioactive membrane. This technique 
has extended the diaphyseal defects for which 
cancellous bone grafting may be substituted with 
success. The basic tenets of wound preparation 
are radical debridement of devitalised tissue and 
delineation of the intercalary defect. If it is a 
concomitant soft-tissue defect, a free-fl ap recon-
struction must be used to ensure the defi nitive 
soft-tissue reconstruction. A polymethylmeth-
acrylate spacer is then placed into the defect in 
the fi rst stage. The second stage is undertaken 
in 6–8 weeks when the spacer is removed. The 
membrane which is induced must be left in place. 
This membrane packs the cancellous bone graft. 
This    membrane has been shown to have bio-
logical properties [ 7 ], including a rich vascular 
network, a synovial-like epithelial lining and a 
biologically active secretion of growth factors. 
Nonvascularised autografts are now harvested 
from the iliac crest. These bones have an abun-
dant source of corticocancellous graft.  

14.3.2     Distraction Osteogenesis 
and the Ilizarov Technique 

 The Ilizarov technique  [ 8 ,  9 ] is a means of gen-
erating bony length through distract in osteogen-
esis as well as the capacity to generate additional 
soft tissue. It can be used for defects up to 15 cm 
and may be combined with free bone fl aps or 
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 fasciocutaneous, muscle, and musculocutane-
ous fl aps [ 10 ]. It can be used in non-unions, 
segmental bone loss, malrotation and congenital 
abnormalities. The technique requires the use of 
an external fi xator that allows axial motion. The 
principal disadvantages are the following: time 
consuming, diffi culty in tolerating the external 
fi xator device and the local infection [ 11 – 13 ].  

14.3.3     Allograft Reconstruction  

 Allografts are nonvascularised and lack any osteo-
genic potential. Their healing is slow, and their 
incorporation is never complete. Allografts may 
be intercalary or osteoarticular [ 14 ]. Union times 
can be as long as 23 months in the intercalary posi-
tion and 12 months in the osteoarticular position. 
The success always depends on the surrounding 
soft tissue. To achieve better results, a well-vas-
cularised tissue around the allograft is required. It 
is better to cover it with a well- vascularised fl ap. 
There is a failure rate of 14 % and a wide rate of 
complication (30 %), and these rates can decrease 
with a good cover technique [ 15 – 18 ]. 

 The    Capanna technique  [ 19 ] is a mix between 
the allograft technique and the vascularised bone 
fl aps. It takes the advantage of both allograft and 
free vascularised bone reconstruction. Intercalary 
allograft provides initial stability and mechanical 
strength, while the free vascularised bone allows 
integration, the capacity of bony remodelling 
and the long-term viability of the construct    bony 
union [ 20 ]. The    traditional technique includes the 
fi bula free fl ap into the endomedular channel of 
the allograft with a canal to allow vessels get out 
the allograft. The “hemicapana   ” [ 21 ,  22 ] tech-
nique uses only a part of the allograft and permits 
much easier positioning of the pedicle to facili-
tate microanastomoses.  

14.3.4     Vascularised Bone Grafting 

 Intercalary defects longer than 5 cm typically 
require free vascularised bone  reconstruc-
tion. This technique has a signifi cant advan-
tage over the nonvascularised techniques   . Free 

 microvascular bone transfers are used to cover 
large defects [ 23 ]. The blood supply is preserved 
by anastomosing the vessels of the bone being 
transferred to the host’s vessels. It is believed that 
preserving the arterial blood supply of the peri-
osteum and endosteum enables primary healing 
and induces vital osteoblasts. Thus, the graft does 
not undergo necrosis and revascularisation takes 
place. Both the anastomosed pedicle and the sup-
port from the well-vascularised surrounding tis-
sue ensures the success of the technique. 

 Factors to consider when choosing a bone 
fl ap are (1) the available pedicle length, (2) the 
available bone stock in terms of its length and 
thickness, (3) its osteogenic potential and (4) 
the diffi culty of harvesting. Additionally   , it must 
value the possibility of the addition of a skin 
paddle and/or muscle, the recipient’s vessels and 
the osteosynthesis device. Donor sites include the 
iliac crest fl ap, fi bular fl ap, rib fl ap and the medial 
femoral condyle corticoperiosteum fl ap. 

14.3.4.1     Fibular Flap 
 Fibular fl ap has become the preferred source for 
vascularised bone grafts for the reconstruction 
of defects of the axial and the appendicular skel-
eton [ 24 ]. The fi bula is well suited for the use as 
a free vascularised bone grafting, providing up to 
26 cm of vascularised cortical bone with the abil-
ity to support angular and rotational stress and 
remodel and hypertrophy with graduated weight 
bearing in the postoperative period for interca-
lary defects. The blood supply of the diaphysis 
is based on an endosteal and musculoperiosteal 
component from the peroneal artery and vein. 
Only in a small number of patients is the pero-
neal artery dominant to supply blood to the lower 
extremity. The peroneus magna [ 25 ] artery may 
not be evident in the preoperative exam, but it 
can be encountered intraoperatively to avoid the 
transfer so as not to render the foot ischaemic. 
The double vascularity of the fi bula  with endos-
teal and periosteal vessels enhances the biology 
at the recipient site and improves healing. 

 Remodelling, incorporation and hypertrophy 
of the graft are depending on the immediate res-
toration of the vascular supply after anastomosis. 
The epiphyseal [ 26 ] of the fi bula head is  supplied 
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by the anterior tibial artery. If the epiphyseal 
growth is needed, the anterior tibia must be 
included. If it is necessary physis and diaphysis, 
the anterior tibial and the peroneal vessels must 
be included in the fl ap pedicle. 

 It can be used in upper extremity reconstruc-
tion where the shape and size of the fi bula is 
particularly favourable for the reconstruction of 
the humerus [ 26 ] and the forearm [ 27 ] bones. It 
can also be used in the lower leg as a single- or 
as a “double-barrel” shape  [ 28 ]. In this case, the 
proximal segment is vascularised by endosteal and 
periosteal vessels and the distal one with the peri-
osteal vessel. The fi bula fl ap has a double vascu-
larity, because of this it can be trisected into two 
struts that share the same pedicle. By this method, 
the effective cross-sectional area of the graft is 
duplicated. Jupiter et al. [ 29 ] who introduced 
this technique proposed osteotomy to be done at 
approximately the centre of the fi bula with    a con-
tinuous of the periosteum [ 30 ]. 

 However, other authors prefer to osteotomise 
the fi bula in unequal struts. The longer strut is 
doweled into the medullary cavity of the recipient 
bone, and the smaller inlay parallel to the recipi-
ent bone [ 31 – 33 ]. This technique is indicated in 
femur and proximal tibia reconstruction when the 
defect is shorter than 13 cm. 

 If there is any doubt of ankle stability follow-
ing harvesting the fi bula, a sindesmotic screw 
should be placed for additional stability of the 
ankle joint. Careful dissection must be taken to 
be aware of a peroneal magna artery [ 34 ]. Large 
series have demonstrated persistent long-term 
defi cits after fi bula harvest. They may have pain, 
ankle stability and/or weakness after harvesting 
the fi bula [ 35 ]. Up to 11 % have persistent pain. 
The motor weakness decreases over time [ 36 ].  

14.3.4.2     Scapular and Parascapular 
Flaps 

 They remain a viable source of adequate bone 
stock for reconstruction. The scapular osteocu-
taneous fl ap has a reliable vascular pedicle and 

permits about 11–13 cm length of bone from the 
lateral side of the scapula. This osseous segment 
is vascularised by the branches of the circum-
fl ex scapular vessels. The medial aspect of the 
scapula can be harvested, although this requires 
detaching the serratus, the teres major and the 
greater rhomboid muscles, and it has more 
donor morbidity. The latissimus and serratus 
muscle can be included on a single subscapu-
lar pedicle. This allows a greater versatility in 
designing fl aps.  

14.3.4.3     The Radial Forearm Flap 
 It provides a thin fasciocutaneous skin paddle 
that is 8–10 cm in length and 1–1.5 cm in width. 
The thickness does not allow it to be used for 
intercalary defects, except for the exception of 
the metacarpal or metatarsal defects. Another 
problem is the risk of radius fracture.  

14.3.4.4     The Iliac Crest Flap 
 It was popularised in the 1980s [ 37 ]. Its vascu-
lar supply is based on the deep circumfl ex iliac 
artery. It has the advantage of being able to sup-
ply a 4 × 11 cm of bone with a skin paddle of 
8 × 18 cm. One limit in intercalary defect is its 
curve. It is possible to perform osteotomies to 
get a more straight form. The problems are the 
risk of hernia (9 %) and the anaesthesia in the 
cutaneous lateral femoral nerve in the thigh. 
Persistent pain is also a problem in 8 % of the 
patients.  

14.3.4.5     Periosteal Flaps 
 Periosteal and osteoperiosteal fl aps  from the 
medial femoral condyle fl ap are based in the 
descending geniculate artery, and they can be 
used with success in non-unions of the appen-
dicular and axial skeleton. The vascularised 
medial femoral condyle fl ap can be harvested as 
an osteogenic periosteal fl ap and osteoperiosteal 
or a cutaneous osteoperiosteal fl ap depending 
on the need of reconstruction. Sakai et al. [ 38 ] 
subsequently described free vascularised thin, 
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 corticoperiosteal fl aps based on the articular 
branch of the descending geniculate artery and 
vein [ 39 ,  40 ] or the superomedial genicular ves-
sels that were used in the treatment of persistent 
non- unions of the humerus, ulna and metacar-
pals. Since that time, MFC grafts have been used 
in the successful treatment of non-unions of the 
clavicle [ 41 ], humerus [ 42 ], tibia, subtalar joint, 
mandible and scaphoid. Its principal indication 
is bone defects with a non-well-vascularised sur-
rounding of less than 3 cm in length.   

14.3.5     Clinical Indications 

14.3.5.1    Trauma 
 Skeletal defects are a challenge especially when 
they are combined with soft-tissue loss. The 
question about whether to salvage or not the 
extremities is not solved. Gustilo IIIB and IIIC 
fractures are often associated with combined soft 
tissue and bone defects [ 43 – 45 ]. 

 The basic principles for the reconstruction 
of these lesions, delineated by Godina in 1986, 
involve aggressive debridement of infected and 
devitalised tissue, primary stabilisation, early soft-
tissue reconstruction and bone reconstruction. In 
these cases the surgeon must decide between one-
time reconstruction and sequential reconstruction  
[ 46 ], fi rst the soft tissue and then the bone. 

 Secondary defects may also result after wide 
excision of pathological tissue in case of sep-
tic or aseptic non-union. Nowadays special-
ised teams consider one-stage procedure. It is 
easier and time- and cost-effective, with better 
results and without more morbidity. It includes 
simultaneous bone and soft-tissue reconstruc-
tion, early bony stability, stimulation of bone 
union and decreased time for bone healing, pre-
vention of soft tissue and vessel scarring and 
decreased rate of infection. There are several 
advantages of one-stage reconstruction [ 47 ]: 
(1) achievement of bone defect reconstruc-
tion at the same time as soft- tissue coverage, 

(2) prevention of adjacent soft- tissue and recip-
ient vessel scarring and limitation of the quality 
of recipient vessels because of repeated tissue 
transfers, (3) avoidance of  diffi culty and risk of 
repeated microvascular tissue transfer, (4) early 
structural stability of the bone, (5) promotion of 
bone union, (6) success rate for resolving infec-
tion and (7) reduction of overall healing time of 
severe complex injuries of the lower extremi-
ties [ 48 ].  

14.3.5.2    Non-union and Chronic 
Osteomyelitis 

 Non-union is defi ned as a complete cessation of 
the healing process after 6–9 months. Assuming 
that mechanical stability is optimal, an inad-
equate blood supply of the fracture site is consid-
ered as the primary contributor. Two conditions 
are required to establish union. One is the stabil-
ity and the other is the biological stimulus  for the 
callus to fi nish the healing process. In most cases 
there is bone atrophy, damage to the surrounding 
soft tissue and local infection. 

 Treatment    of infected non-union and chronic 
osteomyelitis remains a challenge, mainly 
because of alterations in bacterial fl ora and 
appearance of resistant bacteria. Systemically 
delivered antibiotic cannot easily reach the sep-
tic area due to the presence of a biologically 
inactive bone surrounded by scarred tissue. In    
the presence of necrotic bone or foreign mate-
rial, bacteria grow in biofi lms, a barrier for 
antibiotics and the host’s defence mechanisms, 
so radical debridement of the infected tissue is 
the mainstay of the treatment. These complex 
cases require adequate bone and soft-tissue 
debridement and bone and soft-tissue repair with 
osteocutaneous fl aps, musculo-osteocutaneous 
fl aps, corticoperiosteal fl aps and cutaneous-cor-
ticoperiosteal fl aps    [ 48 ]. Adequate debridement 
is the key process in these cases, then chooses 
the ideal fl ap to achieve stability and soft-tissue 
reconstruction with a well-vascularised fl ap 
   (Figs.  14.1 ,  14.2 ,  14.3 , and  14.4 ).
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a b

  Fig. 14.1    Fibula fl ap to humerus reconstruction. It is paramount to perform a careful intercalary resection and also 
remodelling the fi bula to mimic a humerus. ( a ) Preoperative radiograph. ( b ) Postoperative radiograph       

a b c d

  Fig. 14.2    Two-stage reconstruction of a tibial osteomyelitis. First stage: Aggressive debridement, spacer and soft  tissue 
reconstruction with a latissimus dorsi fl ap. Intraoperative views ( a – d )       

a b c

  Fig. 14.3    Second stage of same case of Fig.  14.2 : Capanna’s technique with an allograft mixed with a free fi bular fl ap. 
( a ,  b ) Intraoperative views. ( c ) Postoperative radiograph       
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a b

  Fig. 14.4    Medial condyle fl ap to repair a scaphoid non-union. ( a ) CT preoperative view. ( b ) Postoperative 
radiograph       

            Conclusions 

    Skeletal reconstruction remains a challeng-
ing problem for both plastic and orthopaedic 
surgeons. Bone defects are usually the result 
of high-energy trauma, recalcitrant non-
union, tumour resection or severe sepsis. 
The limb- sparing surgery is relatively new. 
The improved understanding of bone heal-
ing, infection and tumour biology, combined 
with the introduction of effective systemic 
and local antibiotics and neoadjuvant ther-
apy, and the advance of biomaterials and 
endoprosthesis have bought the era of limb-
sparing surgery of the extremities. In the 
past, skeletal defects were primarily man-
aged by interposition of nonvascularised 
autografts and allografts. These methods 
had high rates of complications and were 
limited to defects of less than 5 cm in length. 
The reconstructive microsurgery has had an 
important impact in the ability to reconstruct 
skeletal defects by a vascularised bone trans-
fer. It is important to understand how to 
approach skeletal defects and their algo-
rithm of reconstruction.     
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15.1            Introduction 

 Trauma is the leading cause of death in the 1- to 
45-year-old age group, and it is the fourth cause 
of death in the general population. In 2010 
there were 5.2 millions of deaths by polytrauma 
worldwide (10.3 % of deaths). It causes as    sick 
leaves as heart disease and cancer together. 
Polytrauma patient  or multiple injured patient 
is defi ned as one that has injuries in two or 
more organs, systems, or cavities of the body 
that  jeopardized the patient’s life. We can also 
   defi ne it as a syndrome or systemic disease that 
includes multiple traumatic injuries to various 
organ systems which can trigger a systemic 
infl ammatory response  and produce a second-
ary deterioration of vital organs and systems. 
HC Pape et al. defi ne polytrauma as the condi-
tion in which the following criteria were ful-
fi lled: injuries of at least two long bone 
fractures, or one life-threatening injury and at 
least one additional injury, or severe head 
trauma and at least one additional injury [ 1 ] 
(Fig.  15.1 ).

15.2        Pathophysiology 

 In 1974, Trunkey and Lim [ 2 ] described that the 
mortality of the polytrauma patient s can happen 
in three differentiated stages:
•    Immediately after the accident: as a result of 

head injury or massive hemorrhage due to 
heart or large mediastinal vessel rupture [ 3 ]  

•   Between fi rst and fourth hour after the acci-
dent: secondary to uncontrolled bleeding into 
thoracic, abdominal, or pelvic cavity  

•   Delayed death from the fi rst week, due to sep-
sis or multiple organ failure    

15.2.1     Lethal Triad 

 One of the most common and most serious com-
plications in the polytrauma patient is hemor-
rhage . Blood loss leads to a decreased oxygen 
transport to the tissues. Hypoxemia triggers met-
abolic alterations that drive the body to a situa-
tion called lethal triad . This situation consists of:
•    Acidosis: Bleeding can cause hypovolemic 

shock. In consequence, tissues will be poorly 
perfused and cellular metabolism will be 
altered causing a metabolic acidosis.  

•   Hypothermia: Body temperature decreases 
under 35 °C due to hypovolemic shock and 
hypoxemia. These factors alter the neural reg-
ulation of the temperature by the hypothala-
mus. Furthermore, the patient’s exposure to 
room temperature and perfusion with cold liq-
uids must be added.  
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•   Coagulopathy: The normal coagulation mech-
anism is altered by blood loss causing a con-
sumption coagulopathy. This is coupled with 
metabolic acidosis, hypothermia, and media-
tors of infl ammation, all of which alter the 
coagulation cascade.     

15.2.2     Systemic Infl ammatory 
Response Syndrome (SIRS) 

 In the polytrauma patients, the defense mecha-
nisms are activated by hypoxia, acidosis, and tis-
sue hypoperfusion especially in the liver, kidney, 
and lung. The defense mechanisms activated trig-
ger a hyper-infl ammatory response that is charac-
terized by tachycardia (>90 bpm), tachypnea 
(>20 bpm), body temperature >38.5 °C, and leu-
kocytosis [ 4 ]. The clinical consequences of the 
hyper-infl ammatory response are:
•    Acute respiratory distress syndrome (ARDS) 

[ 5 ]: It is caused by damage of the alveolar 

membrane. An increased capillary permeabil-
ity allows passage of rich plasma proteins 
into the alveolar space and the interstitial 
space of the alveolar membrane. Impaired 
alveolar- capillary barrier alters the gas 
exchange and increases the capillary blood 
pressure. The fi nal result is hypoxemia and 
heart failure [ 6 ].  

•   Multiple organ failure syndrome (MOFS): 
Lung damage is followed by progressive 
damage of other organs such as the liver, kid-
ney, and, fi nally, the heart. All this is accom-
panied by a status of sepsis. The MOFS may 
be explained by the phenomenon of intesti-
nal bacterial translocation. Hypovolemic 
shock  results in splanchnic ischemia that 
alters the intestinal mucosa. This results in 
the passage of intestinal bacteria and infl am-
matory mediators into the portal circulation. 
From here, they are distributed throughout 
the body causing serious damage to vital 
organs [ 7 ].      

  Fig. 15.1    Multiple injured patient       

 

J.C. Rubio-Suárez



139

15.3     Initial Management: 
Advanced Trauma Life 
Support (ATLS) 

 A quick and effective initial care to polytrauma 
patient signifi cantly improves his prognosis. It is 
called “golden hour.” An adequate protocol and a 
close coordination between different treatment 
stages are necessary. The initial management of 
the polytrauma patient goes through two phases: 

15.3.1     Prehospital Trauma Life 
Support (PHTLS)  

 PHTLS is held in the crash place by emergency 
teams. Their performance is critical to the prog-
nosis of the patient and consists of:
•    Triage: It is a method of victim’s selection and 

classifi cation based on chances of survival, 
therapeutic needs, and available resources.  

•   Immediate life support: Following the 
ABCDE protocol, the emergency teams 
should take special care in keeping a perme-
able airway and effective breathing, treating 
the hypovolemic shock, bleeding control, and 
adequate immobilization. Then, patient must 
be taken immediately to the nearer trauma 
center, decreasing the time of attention in the 
crash (scoop and run).  

•   Information and communication: Emergency 
team should    obtain as much information as 
possible about patient medical history as well 
as accident characteristics. The obtained 
information must be communicated to the 
hospital prior     to the patient transfer.     

15.3.2     Advanced Trauma Life 
Support (ATLS) in the Hospital 

 The polytrauma patient management passes 
through three phases:
•    Primary survey [ 8 ]: ABCDE protocol  must be 

followed: 
  A  ( Airway ): Patency of the airway must 

be checked discarding the existence of for-
eign bodies, facial fractures, or laryngeal or 

tracheal injuries. The most common    cause of 
airway obstruction is dropping of the tongue 
backward in unconscious patient. In case of 
obstruction of the airway and in patients with 
GCS <8, the isolation of the airway by endotra-
cheal intubation or emergency cricothyroidot-
omy would be indicated. Special care must be 
taken with cervical spine. All trauma patients 
should be under suspicion of a cervical lesion . 
Any maneuver to restore the airway should be 
performed with cervical spine control. 

  B  ( Breathing ): Pulmonary, chest wall, and 
diaphragm functions are necessary to get an 
adequate breathing. If breathing is insuffi cient, 
one of these situations should be suspected:

•    Tension pneumothorax: This situation requires 
immediate decompression by needle into sec-
ond intercostal space midclavicular line or 
chest tube in 5th intercostal space.  

•   Flail chest: Require mechanical ventilation.  
•   Open pneumothorax: Treatment is airtight 

closure of the defect and drainage by chest 
tube.  

•   Massive hemothorax: It must be drained by a 
thoracic tube and hemorrhage controlled. If 
bleeding is greater than 1,500 cc initially or 
more than 200 cc/h during 2 h, exploratory 
thoracotomy may be necessary.    
  C  ( Circulation ): Hemodynamic state of the 
patient must be checked. There are four param-
eters to assess: consciousness, skin color and 
temperature, pulse, and blood pressure. If they 
are altered, hypovolemic shock should be sus-
pected. The main cause of hypovolemic shock 
is severe hemorrhage so we must look for 
bleeding points. Hemorrhage may be:

•    External hemorrhage: Especially in limbs. 
They can be controlled by hemostatic forceps 
or tourniquet.  

•   Internal or hidden hemorrhage: They used to be 
in thoracic, abdominal, or pelvic cavities. We 
must suspect its existence in all patients with 
hypovolemic shock and no visible bleeding.    

 In all patients with hypovolemic shock, two 
peripheral veins should be channeled, and then 
volume replacement will be introduced adminis-
tering crystalloid liquids (ringer lactate) and 
isogroup blood. 
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  D  ( Disability ): It consists of neurologi-
cal evaluation exploring the level of con-
sciousness, motor focality, and size and 
reactivity of pupils. The Glasgow Coma 
Score     (GCS) is an excellent method to 
establish the neurological status in a sim-
ple and fast way (Table  15.1 ).

    E  ( Exposure ): The patient should be com-
pletely naked for proper exploration. However, 
we must be careful to avoid hypothermia so 
the emergency room shall be maintained at a 
suitable temperature, the patient should be 
covered, and intravenous fl uids should be 
warmed before administration.    
 Other procedures:

•    Nasogastric tube: In order to prevent gastric 
distension and aspiration pneumonia. Especial 
care must be taken in patients with facial 
injury (Fig.  15.2 ).

•      Bladder catheterization: It is useful to estab-
lish diuresis control and avoid bladder disten-
sion. It should not be placed in suspected 
urethral disruption (Fig.  15.3 ).

•      Monitoring: Permanent information of the 
heart rate, blood pressure, ECG, and pulse 
oximetry.  

•   Body CT scan: A complete radiological study 
by full body CT scan with contrast allows us to 
know those injuries that endanger the patient’s 
life as a prelude to their urgent treatment.  

•   Secondary survey [ 9 ]: Once the patient is sta-
bilized, a more detailed physical examination 
is mandatory to get an accurate diagnosis. It is 
useful to follow a systematic exploration by 
such as head and neck, thorax, abdomen, pel-
vis, spine, upper extremities, and lower 
extremities. At this stage, radiographs of areas 
with suspected injury will be taken.      

   Table 15.1    Glasgow 
Coma Score (GCS)   

 Eye opening  Verbal response  Motor response 

 Spontaneous  4  Oriented  5  Obeys orders  6 
 To order  3  Confused  4  Localized pain  5 
 To pain  2  Inappropriate  3  Withdrawal to pain  4 
 No response  1  Incomprehensible  2  Abnormal fl exion  3 

 No response  1  Extension  2 
 No response  1 

  Fig. 15.2    Gastric tube in a 
patient with facial injury       
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15.4     Rating Scales in the Trauma 
Patient 

 They are mathematical tools for scoring the 
severity and prognosis of a given patient in a 
numerical scale. There are two types of scales: 
physiological scales and anatomic scales. 

15.4.1     Physiological Scales 

 They are rating scales for prehospital use. The 
most widely used is the Revised Trauma Score 
(RTS)  (Table  15.2 ) which employs three physio-
logical parameters: Glasgow Coma Score (GCS), 
breath frequency (BF), and blood pressure (BP). 
The score is calculated through the following 
mathematical expression: 0.93(GCS) + 0.73(BF) 
+ 0.29(BP). Lower score   , lower probability of 
survival.

15.4.2        Anatomic Scales 

 The most widely used is Injury Severity Score 
(ISS). It is based on the list of Abbreviated Injury 
Scale (AIS) (Table  15.3 ) that divides the body in 
six different regions: (1) head and neck, (2) face, 

(3) thorax, (4) abdomen, (5) limbs, and (6) skin. 
A value is given to each of the regions in accor-
dance with the severity of the injury. ISS is calcu-
lated by summing the squares of the three highest 
AIS that are not in the same region. To prevent 
undervaluation of serious injuries in the same 
region, the New Injury Severity Score (NISS)  
was created. NISS is calculated by summing the 
squares of the three highest values of AIS regard-
less of the anatomic region.

15.5         Decision Making in the 
Management of the Skeletal 
Injuries of the Polytrauma 
Patient 

 Management of the skeletal injuries in the poly-
trauma patient is a dynamic process that should 
be carried out according to the physiological situ-

  Fig. 15.3    Blood    in meatus. Urethral disruption suspected       

   Table 15.2    Revised    Trauma Score (RTS)   

 Parameter  Value  Score 

 Respiratory frequency 
(bpm) 

 10–29  4 
 >30  3 
 6–9  2 
 1–5  1 
 0  0 

 Systolic blood pressure 
(mmHg) 

 >90  4 
 76–89  3 
 50–75  2 
 1–49  1 
 0  0 

 Glasgow coma score  13–15  4 
 9–12  3 
 6–8  2 
 4–5  1 
 3  0 

   Table 15.3    Abbreviated Injury Scale (AIS) of the chest 
trauma   

 Rib fracture  1 
 Fracture of 2–3 ribs  2 
 Lung contusion  3 
 Unilateral H’/P’ – thorax 
 Bilateral H’/P’ – thorax  4 
 Flail chest 
 Aortic laceration  5 

 

15 Management of the Polytrauma Patient



142

ation of the patient. We must consider the impact 
that the treatment of the fractures can have on the 
patient (second hit) [ 10 ]. What we must do is 
clear: stabilize immediately the fractures. How 
we can do it depends on patient situation. We 
have two options:
•    Fix the fractures in a provisional, fast, and less 

aggressive way (damage control orthopedics).  
•   Fix the fractures in a defi nitive but slow and 

more aggressive way (early total care).    
 To make the decision, we must know the 

 physiological condition of the patient. For this we 
use a series of clinical and analytical parameters 
that we use to classify patients into four physi-
ological conditions: stable, unstable, borderline, 
and in extremis (Table  15.4 ). This classifi cation 
allows us to decide the strategy according to a 
therapeutic algorithm (Fig.  15.4 ).

15.5.1        Damage Control (DCO) 
Surgery 

 The DCO goals are fast resuscitation, bleeding 
control, pain relief, and minimize the second 
hit. DCO surgery includes external fi xation of 
pelvic and long bone fractures, fasciotomies, 
debridement and stabilization of open fractures, 
and reduction of joint dislocations (Fig.  15.5 ). 
DCO change to fi nal internal fi xation should 
be performed when the patient’s situation per-
mits. There are several stages in the evolution 
of severe  polytrauma (Table  15.5 ). Defi nitive 
surgery  should be made between 5th and 10th 
days, during the window of opportunity. This 
interval of time is when the patient’s physiologi-
cal conditions are optimal to support aggressive 
surgery [ 11 ].

   Table 15.4    Physiological values to determine the clinical situation of a polytrauma patient   

 Stable  Borderline  Unstable  In extremis 

 Hypovolemia  Systolic blood pressure 
(mmHg) 

 >100  80–100  60–80  <60 

 Units of blood transfused  0–2  2–5  5–15  >15 
 Lactate (mmol/l)  <2.5  2.5  >2.5  >5 
 Base defi cit (mmol/l)  Normal  <6  <8  >8 
 Loss blood (%)  <15  15–30  30–40  >40 

 Coagulation  Platelets  >110,000  90,000–110,000  70,000–90,000  <70,000 
 Factor II, V (%)  Normal  70–80  50–70  <50 
 Fibrinogen (mg/ml)  >2  1–2  <1  Undetectable 

 Temperature  T °C  >34  32–34  30–32  <30 
 Soft tissue injury  Lung function (Pa = 2/

FiO 2 ) 
 350–400  300–350  200–300  <200 

 Chest injury (AIS)  1  2–3  3–4  5 
 Pelvic fracture (AO/
ASIF) 

 A–B1  B2–B3  B3–C1  C2–C3 

 

stable

82 %

stabilized

Early total care Definitive
surgery

wo Damage control

Clinical status

Resuscitation
Reevaluation

unstable

unstable

In extremis

18 %

Borderline

  Fig. 15.4    Decision algorithm 
in polytrauma management       
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15.5.2         Early Total Surgery 

 ET surgery is indicated in stable or borderline 
stabilized patient. It should be performed within 
24 h after trauma and always in trauma centers 
with adequate human and material resources. 
Open reduction and internal fi xation will be made 
according to the principles of osteosynthesis for 
each type of fracture.   

15.6     Special Situations 
in Polytrauma Patients 

15.6.1     Head Injury 

 Polytrauma patients with associated head injury  
require special consideration. Classifi cation 
according to physiological conditions is not valid 

in these patients. ET in a stable patient with 
severe head injury may be deleterious for the 
intracranial pressure and the brain oxygenation. 
For an adequate management, we can follow 
these strategies [ 12 ]: ET in stable patients with 
GCS 14–15 and normal brain CT scan; DCO in 
stable patients with GCS < 9 and GCS 9–14 with 
abnormal brain CT scan; change DCO to 
 defi nitive internal fi xation when GCS increases 
to 12 or more; when the patient remains in coma 
but keeps stable values of intracranial pressure 
(<20 mmHg) and cerebral perfusion pressure 
(>80 mmHg) longer than 48 h.  

15.6.2     Chest Injury 

 Early intramedullary nailing  in the fi rst 48 h is 
associated with a better functional outcome. 
However, it may cause some degree of lung dam-
age. The main reasons for this are fat embolism 
syndrome [ 13 ] and respiratory distress due to the 
infl ammatory response secondary to bleeding 
during surgery. For this reason, multiple trauma 
patients associated with thoracic trauma and 
long bone fractures deserve special consider-
ation [ 14 ]. 

 Stable polytrauma patient associated with tho-
racic trauma presents a thoracic AIS 1 or 2 and 
lung fraction (PaO 2 /FiO 2 ) 350–400. So these 
patients may be managed by unreamed intramed-

  Fig. 15.5    Damage control 
surgery in unstable poly-
trauma patient       

   Table 15.5    Chronogram of the polytrauma evolution   

 Time  Physiological status  What to do? 

 Day 1  Resuscitation response  Save the life. 
CDO 

 Day 2–4  Hyper infl ammation  Life support. 
Reevaluation 

 Day 5–10  Window of opportunity  Defi nitive 
surgery 

 Day 11–20  Immunosuppressant  No surgery 
 Day 21–…  Repair phase  Reconstructive 

surgery 
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ullary nailing with no increased risk at respira-
tory distress [ 15 ]. 

 In contrast, polytrauma patients classifi ed as 
borderline present a lung function lower than that 
of stables’ (300–350) and a lung AIS 2–3, so 
immediate nailing of long bone fractures may 
result in further lung damage [ 16 ,  17 ]. 

 In summary, multiple trauma patients with 
thoracic trauma, if they are stable, can be sub-
jected to early nailing of long bone fractures 
without increasing the risk of respiratory  distress. 
However, multiple trauma patients with tho-
racic trauma  presenting instability or borderline 
 criteria should be initially treated by damage 
control surgery to decrease the risk of associated 
lung damage.  

15.6.3     Spinal Injury 

 Spinal injury associated with multiple trauma has 
special characteristics. It may be undiagnosed. 
Furthermore, a poor handle of the patient or 
incorrect immobilization can trigger a neurologi-
cal damage  that previously did not exist (3–25 %). 
We should keep in mind that head injuries are 
frequently associated with cervical spine frac-
tures and thoracic and abdominal injuries are 
associated with thoracic-lumbar spine fractures 
in a high percentage of cases. And we should not 
forget that spine fractures may be affecting two 
different segments in 5–20 % of cases. For all 
these reasons, a complete and adequate explora-
tion of the spine, including CT scan and MRI as 
possible, should be carried out in all trauma 
patients. 

15.6.3.1     Cervical Spine 
 C1 and C2 fractures produce neurological dam-
age in 16 % of cases. When they are very dis-
placed, they may cause death. The rest of fractures 
must be properly immobilized and subsequently 
surgically stabilized when the patient is stable. C3 
to C7 fractures can produce neurological damage 
in higher percent of cases. In the polytrauma 
patient, all fractures should be initially immobi-
lized, and the dislocations reduced and provision-
ally immobilized. Indications for surgery are 

recovery of spinal alignment, unstable lesions, 
neurological damage, and open fractures.  

15.6.3.2     Thoracolumbar Fractures 
 Thoracolumbar fractures may be divided in six 
distinct patterns based on the three-column con-
cept [ 18 ]. Urgent surgery is    indicated only in 
the stable patient with progressive neurologi-
cal injury which. In this case, we will make a 
decompression and immediate stabilization. 
Compression fractures with < 50 % wedging and 
stable burst fractures may be managed by con-
servative means. Delayed surgery is indicated 
in compression fractures with > 50 % wedging, 
unstable burst fractures, Chance’s fracture, and 
fracture dislocation.   

15.6.4     Open Fractures 

 Open fractures in multiple injured patients follow 
the same principles of management for fractures 
with soft tissue damage , that is to say, antibiotics 
[ 19 ], wash and debridement [ 20 ], and special 
care of the soft tissues [ 21 ]. Fracture stabilization 
should be made considering the general situation 
of the patient and soft tissue injury. In stable 
patient with little soft tissue damage or possibil-
ity for immediate coverage, defi nitive internal 
fi xation can be made [ 22 ]. In most cases, how-
ever, damage control surgery by external fi xation 
is the best option.  

15.6.5     Compartment Syndrome 

 The diagnosis of compartment syndrome is 
primarily clinical. An exaggerated pain in the 
affected limb that increases with passive move-
ments of the fi ngers or toes and unyielding with 
morphine should put us on alert. Measuring 
the pressure in the muscle compartments can 
be useful if we apply the following formula: 
middle blood pressure – intracompartmental 
pressure < 40 mmHg. 

 In the multiple injured patients, the diagnosis 
is diffi cult because of the low level of awareness 
that masks the pain and low blood pressure that 
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affects the calculation of the differential pres-
sure. In these cases the alert level should be over, 
and we have to react to the slightest suspicion 
[ 23 ]. The best treatment is the prophylaxis. It 
consists of opening all compartments by wide 
fasciotomy  before irreversible complications are 
present.   

    Conclusions 

 Trauma is the leading cause of death in the 1- 
to 45-year-old age group, and it is the fourth 
cause of death in the general population. In 
2010 there were 5.2 millions of deaths by 
polytrauma worldwide (10.3 % of deaths). 
One of the most common and most serious 
complications in the polytrauma patient is 
hemorrhage . Blood loss leads to a decreased 
oxygen transport to the tissues. Hypoxemia 
triggers metabolic alterations that drive the 
body to a situation called lethal triad: acidosis, 
hypothermia, and coagulopathy. 

 In the polytrauma patients, the defense 
mechanisms are activated by hypoxia, acido-
sis, and tissue hypoperfusion especially in the 
liver, kidney, and lung. The defense mecha-
nisms activated trigger a hyper-infl ammatory 
response  that is characterized by tachycardia 
(>90 bpm), tachypnea (>20 bpm), body tem-
perature > 38.5 °C, and leukocytosis [ 4 ]. The 
clinical consequences of the hyper-infl amma-
tory response are acute respiratory distress 
syndrome (ARDS) and multiple organ failure 
syndrome (MOFS). 

 The initial management of the polytrauma 
patient goes through two phases: prehospital 
trauma life support (PHTLS) and advanced 
trauma life support (ATLS) in the hospital. 
ATLS protocol consists of three phases: pri-
mary survey (A, B, C, D, E), secondary sur-
vey, and defi nitive treatment of the injuries. 

 There are mathematical tools for scoring 
the severity and prognosis of the trauma 
patient in a numerical scale. There are two 
types of scales: physiological scales (RTS) 
and anatomic scales (NISS). 

 Management of the skeletal injuries  in the 
polytrauma patient is a dynamic process that 
should be carried out according to the physi-

ological situation of the patient. We must 
consider the impact that the treatment of the 
fractures can have on the patient (second hit). 
What we must do is clear: stabilize immedi-
ately the fractures. How we can do it depends 
on patient situation. We have two options: 
damage control surgery or early defi nitive 
surgery. Stable polytrauma patients with 
associated head injury require special consid-
eration. In contrast, trauma patients with tho-
racic trauma, if they are stable, can be 
subjected to early nailing of long bone frac-
tures without increasing the risk of respira-
tory distress. 

 Spinal injury associated with multiple 
trauma has special characteristics. It may be 
undiagnosed. Furthermore, a poor handle of 
the patient or incorrect immobilization can 
trigger a neurological damage that previously 
did not exist. A complete and adequate explo-
ration of the spine, including CT scan and 
MRI as possible, should be carried out in all 
trauma patients. 

 Open fractures in multiple injured patients 
follow the same principles of management for 
fractures with soft tissue damage. In most 
cases, damage control surgery by external 
fi xation is the best option. 

 The diagnosis of compartment syndrome  is 
primarily clinical. In the multiple injured 
patients, the diagnosis is diffi cult because of 
the low level of awareness that masks the pain 
and low blood pressure that affects the calcu-
lation of the differential pressure. In these 
cases the alert level should be over, and we 
have to react to the slightest suspicion.     
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16.1            Introduction 

 A knee fracture is defi ned “osteoporotic ” if it is 
caused by a low-energy trauma only, that is, a 
fall from standing height or less [ 1 ]. Kannus 
et al. [ 1 ] predicted fracture development until the 
year 2030 by a regression model, which took 
into account the predicted changes in the frac-
ture incidences and population at risk. The num-
ber and incidence (per 100,000 persons) of 
osteoporotic knee fractures  in women aged 
≥60 years clearly increased during the study 
period, from 218 (number) and 55 (incidence) in 
1970 to 685 and 113 in 1999. Even after age 
adjustment, the incidence of women’s fractures 
showed a clear increase, from 59 in 1970 to 105 
in 1999. If this trend continues, there will be 
about 2.5 times more osteoporotic knee fractures 
in women in the year 2030 than there were in 
1999. In men aged ≥60 years, the annual number 
of fractures and its changes were clearly smaller 
(77 in 1970 vs. 138 in 1999), and the fracture 
incidence did not show consistent trend changes 
over time (30 in 1970 vs. 34 in 1999). Kannus 
et al. [ 1 ] concluded that in elderly women the 
number of osteoporotic knee fractures showed a 
rise with a rate that could not be explained 

merely by demographic changes, and, therefore, 
preventive measures are needed to control this 
development. 

 Osteoporotic fractures can be a major cause 
of morbidity. A study demonstrated a negative 
association between osteoporotic fractures and 
health-related quality of life  in both women and 
men [ 2 ]. 

 Studies of the association between the pres-
ence of osteoarthritis (OA) and the risk of osteo-
porotic fractures  have produced confl icting 
results. Arden et al. [ 3 ] found that despite having 
increased bone mineral density (BMD) of 5 %, 
subjects with hip OA had a signifi cantly increased 
risk of fracture compared to controls. These data 
suggest that the increased risk of fracture in sub-
jects with OA of the hip is most likely to be due 
to mechanical and locomotor factors, such as the 
risk of falling. 

 Liu et al. evaluated the role of LISS (less 
invasive stabilization system)  in osteoporotic 
fractures around the knee [ 4 ]. The results indi-
cated the LISS system is perfect but by no 
means unique in the treatment of osteoporotic 
fractures around the knee. The fi xation was 
adequate enough to maintain alignment and 
obtain union with a low incidence of 
 complications [ 4 ]. 

 The fundamental issues of poor bone quality, 
poor hosts, and associated medical comorbidities 
make treating osteoporotic fractures about the 
knee in elderly patients diffi cult both in terms of 
the decision-making process and the chosen 
 surgical technique [ 5 ].  
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16.2     Supracondylar Femur 
Fractures  

 In a study, supracondylar femur fractures in 
severely osteoporotic patients (average age, 82 
years) were treated with a 95° supracondylar 
plate  and dynamic compression screw supple-
mented with intramedullary methyl methacrylate  
and massive cancellous bone graft  harvested 
from the distal femoral metaphysis [ 6 ]. 
Interfragmentary compression and rigid fracture 
fi xation were obtained in all cases with the use of 
the ASIF (Association for the Study of Internal 
Fixation) compression device . Patients were 
allowed early protected weight bearing without 
external immobilization. At follow-up observa-
tion (average, 2 years), bony union was seen in 
all cases, and knee fl exion averaged 100°. There 
were no malunions or cases of implant failure. 
Complications included two early postoperative 
deaths and three femur fractures above the plate. 
The ASIF compression device was effective in 
rapidly restoring patient mobility while avoiding 
the complications of implant failure. 

 A retrograde supracondylar nail  can also be 
used for the management of fractures of the distal 
femur in elderly patients. In a study, 18 fractures 
of the distal femur in 18 patients were treated with 
retrograde titanium supracondylar nails [ 7 ]. 
Sixteen patients with a median age of 83 years 
were reviewed. All 16 fractures were classifi ed as 
extra-articular type A according to the ASIF clas-
sifi cation. The average operative time was 58 min. 
Follow-up ranged between 4 and 35 months. 
Fifteen fractures (94 %) united in an average 
duration of 3.5 months. The average range of 
motion achieved at the knee was 100°. There were 
no implant failures, knee sepsis, or wound healing 
problems. One nonunion and two stress fractures 
of the femur above the nail were the main compli-
cations in this series. Retrograde titanium supra-
condylar nail is a useful alternative implant for the 
management of the osteoporotic fractures of the 
distal femur particularly the extra-articular AO 
type A fracture in elderly patients [ 7 ]. 

 Intramedullary nail locking bolts  often fail 
to gain purchase or cut out in osteoporotic bone. 
Ito et al. [ 8 ] performed standardized simulated 

 comminuted supracondylar femoral fractures 
(segmental defect) in fresh-frozen paired osteopo-
rotic (BMD, bone mineral density <200 mg/cm 3 ) 
human cadaveric femurs that were stabilized with 
a retrograde unreamed distal femoral nail and dis-
tally interlocked with conventional locking bolts 
or a bladelike device. The distal portions of the 
fi xator-bone constructs were tested under axial 
load, and the stiffness and strength were compared. 
Their main results showed that interlocking with a 
bladelike device was 41 % stiffer and 20 % stron-
ger than that with conventional locking bolts. All 
posttesting radiographs showed compaction of the 
cancellous bone distal to the interlocking devices. 
Even after nail displacements of 12 mm, only a few 
locking bolts were plastically deformed, and no 
bladelike device showed gross plastic deformation. 
The fi xator- bone construct  withstood higher forces 
before failure in osteoporotic cancellous bones [ 8 ]. 

 Since 1992, Ingman [ 9 ] developed an implant 
in which the distal (condylar) screws had a diago-
nal confi guration  so that the screws can be closer 
to the distal end of the nail, allowing more distal 
fractures to be fi xed. It also utilized the denser 
bone of the posterior condyles for more secure 
fi xation in osteoporotic patients. The new implant 
was used for 24 extra-articular fractures during a 
3-year period and for 14 articular fractures from a 
6-year period. There was no signifi cant diffi culty 
with obtaining fi xation in very distal fractures and 
in osteoporotic bone. Early weight bearing was 
allowed in those with extra-articular fractures. All 
fractures united within 3 months except one which 
required a bone graft (but no revision of implant) 
at 6 months. Average knee fl exion at fi nal follow-
up was 100° for extra- articular fractures and 105° 
for articular fractures. Complications included 
quadriceps adhesions requiring further surgery 
in two patients who had open fractures and mal-
union in one patient who had an early design of 
the implant and a 4.5 mm condylar screw broke. 
Nine patients required late removal of condylar 
screws due to local soft tissue irritation. 

 Distal femoral fractures largely occur as osteo-
porotic fractures in the elderly population, includ-
ing periprosthetic fractures above a TKA  [ 10 ]. 
Operative fi xation options include open reduction 
and internal fi xation (Fig.  16.1 ),  percutaneous 
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  Fig. 16.1    Periprosthetic osteoporotic fracture above a 
TKA in an elderly patient. Operative fi xation was per-
formed by open reduction and internal fi xation, with a 
satisfactory result (bone healing): ( a ) anteroposterior 

intraoperative view of the periprosthetic fracture. ( b ) 
Lateral intraoperative view after fi xation of the fracture. 
( c ) Anteroposterior radiograph 6 months later. ( d ) Lateral 
radiograph 6 months after bone fi xation       
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submuscular plating techniques, intramedullary 
nailing  (Fig.  16.2 ), or bridge plating . As with any 
fracture, treatment choice must be individualized 
according to the nature of the injury, bone qual-
ity, and patient demand. Regardless of treatment 
method, goals include restoration of articular 
congruity, anatomical length, rotation, and axial 
alignment while establishing adequate fi xation to 
initiate early and unrestricted range of motion.

    Cavusoglu et al. [ 11 ] assessed the effective-
ness of a modifi ed (low-profi le) Ilizarov fi xation  
in the treatment of osteoporotic fractures of the 
distal femur. The system was composed of ten-
sioned olive wires attached to four 5/8 rings (two 
proximal and two distal to the fracture line) con-
nected to each other with three rods. The  fi xator 

was not extended to the proximal femur nor 
across the knee to the tibia, and no Schanz screws 
were used. Considering the high union and low 
complication rates, Cavusoglu et al. suggested 
the use of a low-profi le Ilizarov fi xator in the 
management of certain distal femoral fractures 
and nonunions that may be diffi cult to manage 
using other means of fi xation [ 10 ]. 

 The diversity of surgical options for the man-
agement of distal femoral fractures refl ects the 
challenges inherent in these injuries. These frac-
tures are frequently comminuted and intra- 
articular, and they often involve osteoporotic 
bone, which makes it diffi cult to reduce and hold 
them while maintaining joint function and overall 
limb alignment. Surgery has become the standard 

a b

  Fig. 16.2    Supracondylar osteoporotic fracture of the 
femur in another elderly patient. Operative fi xation was 
performed by retrograde locked intramedullary (IM) nail-

ing, with a satisfactory result: ( a ) anteroposterior radio-
graph of the fracture. ( b ) Anteroposterior radiograph after 
IM nailing       
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of care for displaced fractures and for patients 
who must obtain rapid return of knee function. 
The goal of surgical management is to promote 
early knee motion while restoring the articular 
surface, maintaining limb length and alignment, 
and preserving the soft tissue envelope with a 
durable fi xation that allows functional recovery 
during bone healing. A variety of surgical expo-
sures, techniques, and implants have been devel-
oped to meet these objectives, including 
intramedullary (IM) nailing , screw fi xation, and 
periarticular locked plating, possibly augmented 
with bone fi llers. Recognition of the indications 
and applications of the principles of modern 
implants and techniques is fundamental in 
achieving optimal outcomes [ 12 ,  13 ]. 

 According to Hierholzer et al. [ 14 ] two major 
therapeutic principles can be employed for the 
treatment of distal femoral fractures: retrograde 
IM nailing  or less invasive stabilization on system 
(LISS) . Both operative stabilizing systems follow 
the principle of biological osteosynthesis. IM 
nailing protects the soft tissue envelope due to its 
minimally invasive approach and closed reduction 
techniques better than distal femoral locked plat-
ing. The main conclusion was that both retrograde 
IM nailing and angular stable plating are adequate 
treatment options for distal femur fractures. 
Locked plating can be used for all distal femur 
fractures including complex type C fractures, 
periprosthetic fractures, as well as osteoporotic 
fractures. IM nailing provides favorable stability 
and can be successfully implanted in bilateral or 
multisegmental fractures of the lower extremity 
as well as in extra-articular fractures. However, 
both systems require precise preoperative plan-
ning and advanced surgical experience to reduce 
the risk of revision surgery . Clinical outcome 
largely depends on surgical technique rather than 
on the choice of implant [ 14 ]. 

 Nonunion of supracondylar femur fracture  
remains a challenging problem because of lim-
ited treatment options. The situation is more 
complex when it occurs in elderly patients with 
osteoporotic bones. Pao and Jiang [ 15 ] reported 
the treatment of three elderly patients with supra-
condylar femur fracture nonunion after open 
reduction and internal fi xation with  various 

 plate- screw  internal fi xation systems. Two of 
these patients had  traumatic fractures, and the 
third had a periprosthetic fracture after primary 
total knee arthroplasty (TKA). After revision 
surgeries using retrograde nailing techniques, all 
fractures united eventually. When combined with 
indirect reduction, these techniques provided 
superior biomechanical properties and reduced 
the need for soft tissue dissection. 

 Hailer and Hoffmann presented a case illus-
trating the successful use of the internal fi xation 
LISS in an osteoporotic nonunion  of the distal 
femur, where classic osteosynthesis has failed 
[ 16 ]. The LISS plate  with its angular stability 
offered the possibility to achieve excellent pur-
chase in the severely porotic and partially 
destroyed bone. In combination with the use of an 
autologous bone graft laterally  and a strut cortical 
autograft medially , a mechanical support and an 
osteoinductive stimulus were provided, and the 
extremity could be saved by this procedure. 

 To date, there is no convincing technique for 
managing femoral supracondylar nonunions . 
When the nonunion is associated with severe 
osteoporosis, treatment becomes even more com-
plicated. Wu [ 17 ] developed a modifi ed retrograde 
locked nailing technique  to treat this complex 
lesion. Twenty-four aseptic femoral supracon-
dylar nonunions with severe osteopenia in 24 
elderly patients (aged ≥65 years) were treated. A 
retrograde femoral locked nail  was inserted in the 
dynamic mode. Next, the medial ½ to 2/3 marrow 
cavity in the nonunion site was fi lled with bone 
cement , and the lateral 1/3 to ½ marrow cavity 
received a cancellous bone graft  with or without 
a bone graft substitute . A cylindrical brace was 
applied for 3 weeks postoperation. Early ambu-
lation with a walker or wheelchair was encour-
aged. Twenty patients were followed up for an 
average period of 2.5 years, and 18 nonunions 
healed. The union rate was 90 % with an average 
union period of 5 months (range, 4–7 months). 
No deep infection or malunion  was found. The 
two patients with persistent nonunions were 
advised to use a walker whenever necessary. The 
satisfactory rate for knee function improved from 
0 % preoperatively to 80 % at the latest follow-
up. The described technique may concomitantly 
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provide suffi cient stability and initiate osteogenic 
potential, thus facilitating bone union. This tech-
nique is simple with a low complication rate and 
thus should be considered as a useful alternative 
for treating these complex lesions [ 17 ].  

16.3     Proximal Tibia Fractures  

 Complex intra-articular fractures  of the proximal 
tibia are diffi cult to treat, especially in the elderly 
osteoporotic patient . Preexisting OA, cartilage 
damage during trauma, suboptimal reduction, and 
fi xation due to poor bone stock and/or  secondary 
displacement frequently lead to poor outcome 
[ 18 ]. After osteosynthesis, rehabilitation is para-
mount as patients have been non-weight bearing 
for long periods of time and secondary TKA  can 
be challenging. For these reasons, Vermeire and 
Scheerlinck investigated the possibility to per-
form a TKA with or without adjuvant osteosyn-
thesis as a primary treatment in elderly and/or 
osteoarthritic patients with complex tibial plateau 
fractures  [ 18 ]. In a 7-year period, 12 patients 
(mean age, 73 years) with an AO-41 fracture 
types B1 (1), B3 (8), and C3 (3) were treated with 
a primary TKA within 3 weeks from their trauma. 
Most patients (7/12) were allowed early full 
weight bearing. One patient died due to an unre-
lated cause; the remaining 11 were reviewed at a 
mean follow-up period of 31 months. At fi nal 
follow-up, the median knee score was 78 and the 
function score 58: 7/11 patients had an excellent 
result, while 1/11 had a fair and 3/11 a poor result. 
Fair and poor results were mostly related to preex-
isting poor general condition and/or concomitant 
disease. Most patients were satisfi ed, and only 
minor short- and long-term complications were 
noted. There was no need for revision surgery. 
This limited series of well-selected elderly and/or 
osteoarthritic patients with a complex tibial pla-
teau fracture  treated with primary TKA  yielded 
encouraging results [ 18 ]. 

 According to Veitch et al. [ 19 ], displaced tibial 
plateau fractures  are traditionally treated with 
internal fi xation using autologous bone grafting  to 
provide structural support . In osteoporotic frac-
tures , there can be insuffi cient autograft available 

for this. Fresh-frozen bone allograft  is readily 
available in suffi cient quantity to fi ll all voids, is 
relatively inexpensive, and avoids donor site mor-
bidity. They described their technique and the 
early clinical and radiologic results of compaction 
morselized bone grafting (CMBG)  for displaced 
tibial plateau fractures using fresh- frozen allograft . 
This technique had been performed on eight 
patients. One patient died of an unrelated cause 3 
months after surgery, and one patient failed to 
attend follow-up clinic. Clinical and radiologic 
follow-up was performed on the remaining six 
patients at an average 15 months after surgery. 
One patient underwent a manipulation under anes-
thesia  at 3 months for knee stiffness. One patient 
developed a painless valgus deformity  and under-
went a corrective osteotomy  at 15 months. The 
height of the tibial plateau on radiographs has been 
maintained to an excellent grade (less than 2 mm 
depression) in all but one patient. The main con-
clusion was that CMBG using fresh-frozen 
allograft in depressed tibial plateau fractures pro-
vides structural support suffi cient to maintain the 
height of the tibial plateau, is associated with few 
complications in complex patients with large bone 
loss, and has theoretical advantages of graft incor-
poration and remodeling [ 19 ]. 

 Intra-articular fractures of the proximal tibia  
that extend to the meta-diaphyseal part of the 
bone represent a severe injury, especially if they 
occur in osteoporotic patients. Current treat-
ment modalities include either internal fi xation 
with traditional or modern plating techniques or 
external fi xation with circular frames or hybrid 
systems. However, problems and complications 
related with these techniques are increasing with 
age, and future reconstructive operations, such as 
TKA, may be jeopardized. Garnavos et al. [ 20 ] 
performed a prospective pilot study about a novel 
type of osteosynthesis for complex intra-articular 
proximal tibial fractures without signifi cant artic-
ular impaction. Within a period of 4.5 years, eight 
patients underwent fi xation of such fractures with 
condylar compression bolts  and IM nailing . The 
mean follow-up period was 1 year. There were 
no neurovascular complications, wound infec-
tions, delayed unions , or nonunions . All patients 
had their fractures healed without secondary 

E.C. Rodríguez-Merchán



153

 displacement  or malalignment . At the fi nal fol-
low-up, all patients had full extension of the knee 
joint, while the fl exion ranged from 125° to 140°. 
The mean new Oxford Knee Score was calculated 
to be 44 points. The main conclusion was that the 
management of selected osteoporotic complex 
intra-articular fractures  of the proximal tibia with 
compression bolts  and IM nailing  offers specifi c 
advantages and, in the present pilot study, pro-
vided promising results [ 20 ].  

16.4     Other Peri-knee Fractures 

 Modifi ed anterior tension wiring with K-wires  
and cannulated lag screws  with anterior tension 
wiring are currently the fi xation of choice for 
osteoporotic patellar fractures . Failure of fi xa-
tion , migration of the wires, postoperative pain, 
and resulting revision surgery , however, are not 
uncommon. After preliminary biomechanical 
testing of a new fi xed-angle plate system espe-
cially designed for fi xation of patella fractures , 
Wild et al. [ 21 ] evaluated the surgical and ana-
tomical feasibility of implanting such a plate 
device at the human patella. In six fresh unfi xed 
female cadavers without history of previous frac-
tures around the knee (average age 89 years), a 
bilateral fi xed-angle plate  fi xation of the patella  
was carried out after previous placement of a 
transverse central osteotomy . Operative time, 
intraoperative problems, degree of retropatellar 
OA (following Outerbridge), quality of reduc-
tion, and existence of any intra-articular screw 
placement have been raised. In addition, lateral 
and anteroposterior radiographs of all specimens 
were made. Due to the high average age of 89 
years, no patella showed an unimpaired retro-
patellar articular surface and all were severely 
osteoporotic, which made a secure fi xation of 
the reduction forceps during surgery diffi cult. 
The operation time averaged 49 min. Although 
in postoperative X-rays the fracture gap between 
the fragments was still visible, the analysis of the 
retropatellar surface showed no residual articular 
step or dehiscence >0.5 mm. Also in a total of 24 
inserted screws, not one intra-articular malposi-
tion was found. No intraoperative  complications 

were noticed. The main conclusion was that 
osteosynthesis of a medial third patella fracture  
with a bilateral fi xed-angle plate device  is surgi-
cally and anatomically feasible without diffi cul-
ties. Further studies have to depict whether the 
bilateral fi xed-angle plate osteosynthesis of the 
patella displays advantages over the established 
operative procedures. 

 Two patients with Hoffa fracture  of the knee, 
both suffering from poliomyelitis, were reported 
by Chang et al. [ 22 ]. Both had unicondylar coro-
nal plane fracture  of the medial femoral condyle . 
The patients were treated with open reduction 
and screw fi xation. Due to poor screw purchase, 
reoperation was necessary in one patient. The 
results were satisfactory in both patients.  

    Conclusions 

    Operative fi xation options of osteoporotic 
supracondylar fractures  of the knee include 
open reduction and internal fi xation, intramed-
ullary nailing, and bridge plating or percutane-
ous submuscular plating techniques. As with 
any fracture, treatment choice must be individ-
ualized according to the nature of the injury, 
bone quality, and patient demand. Regardless 
of treatment method, goals include restora-
tion of articular congruity, anatomical length, 
rotation, and axial alignment while estab-
lishing adequate fi xation to initiate early and 
unrestricted range of motion. Displaced tibial 
plateau fractures  must be treated with inter-
nal fi xation using autologous bone grafting to 
provide structural support. In comminuted and 
osteoporotic fractures, there can be insuffi cient 
autograft available for this. Fresh- frozen bone 
allograft is readily available in suffi cient quan-
tity to fi ll all voids, is relatively inexpensive, 
and avoids donor site morbidity. Intra-articular 
fractures of the proximal tibia  that extend to 
the meta-diaphyseal part of the bone repre-
sent a severe injury, especially if they occur 
in osteoporotic patients. Current treatment 
modalities  include either internal fi xation 
with traditional or modern plating techniques 
or external fi xation with circular frames or 
hybrid systems. However, problems and com-
plications related with these techniques are 
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increasing with age, and future reconstructive 
operations, such as TKA, may be jeopardized. 
Further studies have to depict whether the new 
bilateral fi xed-angle plate osteosynthesis of 
the patella displays advantages over the estab-
lished operative procedures (modifi ed anterior 
tension wiring with K-wires and cannulated 
lag screws with anterior tension wiring).     
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17.1            Introduction 

 Trauma, in general, and complex fractures, in 
particular, are often the cause of pain and disabil-
ity. They affect a very heterogeneous population 
with regard to age, reducing quality of life as 
soon as the injury occurs, so they are of special 
interest for rehabilitation specialists. Complex 
bone injuries of the extremities are often found in 
patients subject to multiple trauma and can be 
associated with organ, vertebral and neurological 
injuries, burns and amputations. 

 The functional impact and degree of disability 
derived from different trauma depend on the frac-
ture’s characteristics: location, fragmentation, pos-
sibility of reduction, stability, etc. In most cases, 
the indicated therapy is surgery, and appropriate 
postsurgical rehabilitation  is fundamental for 
ensuring the patient’s greatest functional recovery. 

 Said postsurgical rehabilitation must always 
be prescribed individually, and, therefore, discus-
sions on rehabilitation in complex fractures can 
be as broad as discussions on each type of frac-
ture and surgical technique. All the different spe-
cifi c rehabilitation programmes available can 
therefore not be described in the space set aside 
for this chapter. Therefore, we will take a look at 
basic aspects and focus on common factors of 
complex fractures of the extremities, in relation 
to therapeutic objectives, rehabilitation tech-
niques, degrees of disability  and individual fea-
tures. The goal of treatment is always to ensure 
that the patient recovers the greatest possible 
functional independence .  

17.2     General Concepts 

 There is no single defi nition of a complex frac-
ture. Several factors determine the possible com-
plexity of fractures: intra-articular defects, 
comminution, associated soft tissue injuries, the 
coexistence of other musculoskeletal injuries 
(multiple fractures) or the association of high- 
energy trauma and at least two organ systems 
being affected (multiple trauma) [ 1 ]. This broad 
range of possible presentations, when referring to 
complex fractures, makes it very diffi cult to thor-
oughly discuss the rehabilitation aspect. 

 Rehabilitation should create a protected envi-
ronment that facilitates tissue recovery while pro-
gressively improving function recovery in terms 
of pain control, improved articular and muscular 
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balance and re-education regarding walking and 
everyday activities, all aimed at restoring the 
patient’s previous degree of functionality. 

 For rehabilitation to be successful in a post-
surgical context, communication between the 
surgeon and the physical medicine and rehabili-
tation specialist is essential. Details of the sur-
gery, basically the type of injury, the exact 
procedure performed and any possible incidents 
occurring during the operation, are of the utmost 
importance when planning the best rehabilitation 
programme.  

17.3     Clinical Assessment 

 When the rehabilitation medicine specialist visits 
a patient who has suffered some kind of trauma, 
he or she needs to know the type and severity of 
the injury or injuries, the treatment provided and 
the necessary duration of immobilisation. Also, 
in patients requiring later surgeries, it is impor-
tant to consider the strategy to be applied in the 
future, in order to make the necessary adjust-
ments to the rehabilitation. 

 The patient’s symptoms, such as pain, infl am-
mation and movement limitations, should all be 
assessed. The physical examination should be 
adapted to the patient’s clinical and haemody-
namic condition. Ideally, the assessment should 
consider static postural stability, external signs, 
pain, joint and muscle balance, neurovascular 
status, bimanual coordination and gait, if possi-
ble. Not only should the traumatic injury be 
assessed but also the patient’s overall condition, 
which could be less than optimal for other rea-
sons, including cardiorespiratory lesions, con-
comitant diseases, age, prior immobilisation, 
cognitive status, sequelae from previous injuries, 
medication, etc. [ 2 ]. 

 Validated scales are useful for quantifying the 
patient’s functional status, measuring the effi cacy 
of the surgery and monitoring the patient’s clini-
cal and functional progress. There are currently 
multiple scales available, and we only highlight 
those that we believe are the most interesting 
for assessing patients with complex fractures. 
General scales that measure quality of life are 

SF-36 (Short Form-36), SF-12, Nottingham 
Health Profi le and EuroQol. There are also 
regional scales that assess function, pain or satis-
faction with the performed procedure. The DASH 
(Disabilities of the Arm, Shoulder and Hand) 
is available for overall assessment of the upper 
extremity. If we specifi cally want to assess an 
upper extremity joint, we can use the Constant- 
Murley scale for the shoulder, the PREE (Patient- 
Rated Elbow Evaluation) scale for the elbow 
or the Gartland-Werley scale for the wrist and 
hand. We can use the Hip and Knee Outcomes 
Questionnaire for overall assessment of the lower 
extremity. For a specifi c assessment of a lower 
extremity joint, we can use the Harris Hip Score 
for the hip, the KSS (Knee Society Score) for 
the knee and the FAAM (Foot and Ankle Ability 
Measure) for the ankle and foot [ 3 ].  

17.4     Objectives of Rehabilitation 

 The basic goal of rehabilitation in patients with 
complex fractures of the extremities is to achieve 
the greatest functional recovery  in the shortest 
possible time, respecting regimens that ensure 
bone consolidation and tissue repair [ 4 ]. An early 
start to rehabilitation is ideal, even when the seg-
ment is immobilised, without compromising the 
anatomical result of the fracture’s treatment, as it 
does not necessarily involve the patient’s com-
plete immobilisation. 

 During the more acute phases, it is fundamen-
tal to maintain appropriate haemodynamic stabil-
ity, relieve pain, follow postural recommendations 
and use therapeutic techniques that hold the limb 
in the best possible conditions with regard to 
alignment, joint, muscle, vascular and neurologi-
cal status. It is also important for treatment to be 
designed to prevent complications such as retrac-
tion, adhesions or demineralisation. 

 In the long term, rehabilitation of a patient 
who has suffered one or more complex fractures 
of the extremities, usually treated by surgery, 
aims to break up adhered tissues; improve joint 
range of motion, muscle strength and propriocep-
tion; and, ultimately, restore the injured limb’s 
function. In the case of fractures of the upper 
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extremity, this involves improving manual abili-
ties and skills as required for everyday activities. 
In the case of lower extremity injuries, it involves 
teaching patients to walk and climb stairs again. 

 There are different treatments available, such 
as oral medication, infi ltration, orthoses, techni-
cal aids and the use of different physical meth-
ods. With regard to the latter, there is a large 
range of treatment techniques that can be classi-
fi ed according to the physical principle on which 
they are based, as shown in Table  17.1 .

17.5        Rehabilitation Techniques 

 The most commonly used rehabilitation tech-
niques in patients with complex fractures, which 
also have the best outcomes, are postural re- 
education  , kinesitherapy  (including early move-
ment, muscle reinforcement, proprioceptive work 
and cardiovascular activity) and occupational 
therapy  (including training in self-help activi-
ties). These should be prescribed according to the 
patient’s clinical characteristics, the surgery per-
formed and the patient’s progress so they are 
always prescribed on an individual basis. Also, 
surgery on one area does not usually require the 
patient’s complete immobilisation so physical 
therapy should be performed on unaffected areas. 

 On the other hand, other therapeutic techniques 
can also be very useful for achieving some thera-
peutic objectives. These include prevention of 
venous thrombosis (early movement,  intermittent 
pneumatic compression or compression  stockings) 
[ 5 ], pain control measures ( analgesic medication, 

TENS), cryotherapy (local use of cold tempera-
tures to reduce bleeding and pain), tissue release 
(massotherapy to reduce the risk of fi brosis), elec-
trical stimulation of denervated muscles, hydro-
therapy (provided that the surgical wounds have 
healed, this supports the body’s weight while per-
forming fl exibilisation and muscle reinforcement 
exercises) [ 6 ], magnetic therapy and mechanical 
waves (ultrasound or shock waves).  

17.6     Specifi c Treatments 
in Complex Fractures 

17.6.1     Conservative Treatment 

 Despite the severity of complex fractures, due to 
the diffi cult surgical techniques involved or the 
patient’s age or comorbidity, the surgeon may 
decide to apply conservative treatment, usually 
comprising immobilisation of the affected area or 
areas. 

 When the upper limb is affected, this obvi-
ously has an impact on everyday activities such 
as personal hygiene, dressing or eating. When it 
affects the lower limbs, weight-bearing is not 
usually permitted for some time to enable satis-
factory consolidation (walking is therefore usu-
ally limited). 

 Rehabilitation should aim to maintain ade-
quate trophism and mobility of non-immobilised 
areas while maintaining cardiovascular status 
with active exercises. In the immobilised area, 
when not contraindicated by lesions, postural 
treatment with elevation can be used to improve 
blood and lymphatic circulation, together with 
isometric exercises. With isometric contractions, 
muscle activity is generated without changing 
muscle length. It is a contraction that can safely 
be prescribed whenever joint mobilisation pres-
ents a risk. However, it can generate major stress 
on the muscle so should be used with caution 
with muscle or tendon injuries. When prescribing 
exercise, we must provide the patient with the 
most accurate information possible. The patient’s 
resistance should be personalised for each con-
traction, as should the number of repetitions and 
sets and their progression. 

   Table 17.1    Description of the physical methods used in 
rehabilitation   

 Thermal therapy  It uses temperature changes 
in a region of the body 

 Electrotherapy  It uses different types 
of nonionising radiation 

 Ultrasound and shock 
wave therapy 

 Application of the effects 
of different mechanical waves 

 Sun therapy and 
thalassotherapy 

 Effect of different natural 
or modifi ed media, such as 
sunshine and sea water 

 Kinesitherapy  Effect of physical exercise 
or movement 
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 Once immobilisation is no longer necessary 
and weight-bearing  is allowed, the therapeutic 
programme advances with the aforementioned 
objectives and techniques [ 6 ].  

17.6.2     Defi nitive Surgery 

 Despite the wide variety of options available for 
the surgical treatment of such fractures, they all 
have one thing in common; they attempt to safely 
restore anatomy and function in the shortest pos-
sible time. We therefore have to start with passive 
and active exercises whenever possible, with the 
patient walking as soon as he/she is authorised to 
do so by the surgeon. 

 There are four basic aspects to be considered 
when designing a rehabilitation programme for a 
patient who has undergone surgery for a complex 
fracture:
•    Pain and infl ammation. Their control is very 

important for ensuring compliance with the 
rehabilitation programme.  

•   Range of motion . We need to know whether 
there are limitations in any ranges of motion 
due to the characteristics of the surgery or 
associated injuries.  

•   Muscle strengthening . This should start as 
soon as possible to prevent amyotrophy and 
weakness.  

•   Weight-bearing load on limb. The idea is to 
determine the load that can be authorised for 
the limb and whether orthoses are required for 
support.    
 In this respect, we primarily consider the fol-

lowing surgical options:
   Open reduction and internal fi xation. These usu-

ally enable active movement with the injured 
limb. On lower limbs, loading is usually per-
mitted with diaphyseal fractures, although a 
no-load period is usually required with intra- 
articular fractures. In type B acetabular frac-
tures (affecting both columns, partially 
intra-articular), loading and passive move-
ment are usually restricted in the early phases.  

  External fi xator. Passive movements with no 
weight-bearing load are usually permitted. 
Extreme precautions are required to ensure 

asepsis, and the fi xator should never be 
touched.  

  Arthroplasty. This is usually performed in com-
plete acetabular fractures or complex tibial pla-
teau fractures. They initially permit active 
movement and weight-bearing loading on the 
limb. For the upper limb, this is usually per-
formed on multi-fragmented fractures or the 
proximal humerus and elbow. Assisted passive 
movements are usually allowed for a start, pro-
gressing to active movements after a few weeks.  

  Amputation. This is performed when the limb is 
not viable or when advisable in view of the 
patient’s haemodynamic condition. The use of 
prostheses on the upper and lower limbs is very 
complex and does not fall within the scope of 
this chapter. We would merely like to highlight 
the fact that the purpose of a prosthesis can be 
functional or merely cosmetic and there are no 
clinical practice guidelines in this respect; the 
rehabilitation medicine specialist’s expertise is 
therefore fundamental for prescribing the most 
appropriate prosthesis for each patient.     

17.6.3     Two-Step Surgery 

 Defi nitive surgery often has to be delayed due to 
clinical or haemodynamic instability or local fac-
tors such as poor soft tissue control. 

 These aspects must be clear when determining 
a rehabilitation programme. When several sur-
geries are performed, one after the other, on the 
same patient, precautions and considerations 
vary enormously as the patient progresses. For 
example, a patient with a pelvic injury might ini-
tially require a pelvic binder and rest and subse-
quently undergo open surgery to enable active 
movement and weight-bearing load, as tolerated. 

 The most common predefi nitive options are:
•    Traction: This does not allow mobilisation or 

weight-bearing loads on the extremity.  
•   External fi xator: This does not allow mobilisa-

tion or weight-bearing loads on the extremity. 
Active mobilisation with no load can be per-
mitted in partially stable pelvic fractures.  

•   Pelvic binder (in completely or partially 
unstable pelvic fractures): This does not allow 
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mobilisation or weight-bearing loads on the 
extremity.    
 Once the defi nitive surgery is performed, and 

as mentioned earlier, the therapeutic objectives 
change.  

17.6.4     Multiple-Trauma Patient 

 A multiple-trauma patient presents high-energy 
trauma with injuries to at least two organ systems 
and a score of more than 16 on the Injury Severity 
Score. As well as the initial injuries, these patients 
suffer a secondary process, systemic infl amma-
tory response syndrome, which causes added 
organ damage, and they usually develop muscle 
weakness of multifactorial origin (nutritional dis-
orders, pharmacological effects, neuropathic 
changes, physical inactivity and long-term bed 
rest) [ 7 ]. This combination of physiopathological 
circumstances determines the great complexity 
of the medical, surgical and rehabilitation man-
agement of these patients. 

 There is a traditional medical culture that rec-
ommends bed rest for critical patients, including 
those with multiple trauma. It is now believed, 
however, that bed rest is not only non-benefi cial 
but can even be detrimental for the patient’s 
recovery [ 8 ]. The negative effects of bed rest are 
described in Table  17.2  [ 9 ]. In this respect, there 
is growing evidence that early mobilisation of 
critical patients is well tolerated, is safe, improves 
the patient’s clinical condition and also favours 
his or her prognosis of recovery [ 10 ,  11 ]. 
Multiple-trauma patients are often young, with a 
good previous baseline status, so early physical 
medicine could be especially indicated [ 12 ]. To 
safely restore functionality in these complex 
patients is a challenge faced by all professionals 
involved in their care. Defi nitive treatment is 
often postponed until a later date, according to 
damage control theory. A multidisciplinary 
approach can therefore provide better patient care.

   The rehabilitation medicine specialist’s func-
tion consists of making a thorough assessment of 
multiple-trauma patients considering their previ-
ous baseline status and using a functionality- 
oriented approach. Specifi c functional recovery 

targets must be established and an individual 
therapeutic programme adapted to the patient’s 
needs, and current clinical condition must be 
designed. 

 Early physical therapy, especially mobilisa-
tion and assisted walking, is highly benefi cial for 
multiple-trauma patients [ 13 ]. Resistance exer-
cise increases muscle protein synthesis, which is 
reduced with bed rest [ 14 ]. Muscle immobilisa-
tion in the shortened position reduces the number 
of sarcomeres, while passive stretching reduces 
amyotrophy [ 15 ]. Early walking also appears to 
reduce bed rest, the duration of ICU admissions 
and total hospital stays without increasing the 
number of complications [ 16 ]. 

 There are no specifi c studies providing a 
detailed assessment of the different injuries found 
in multiple-trauma patients and their limitations 
when establishing a rehabilitation programme. It 
is therefore essential to use clinical experience, 
logic based on physiopathology and a multidisci-
plinary approach. The known benefi ts of starting 
early physical therapy must be weighed against 
the possible risks. 

 In multiple-trauma patients, their fractures 
will require one of the three aforementioned 
options: conservative treatment, damage control 
surgery or defi nitive surgery. These treatments 
can also be applied alone or one after the other. 

 Other injuries to be considered when prescrib-
ing rehabilitation for multiple-trauma patients, 
with special consideration of mobilisation, are:
   Chest trauma : Pulmonary and oesophageal inju-

ries do not usually lead to restrictions. 
Monitoring may be required in cardiac lesions.  

  Head/face trauma: Facial and jaw injuries do not 
usually limit mobilisation. When the eyes are 

   Table 17.2    Negative consequences of bed rest   

 Thromboembolism 
 Collapsed lung 
 Insulin resistance 
 Impaired microvascular function 
 Systemic infl ammatory response syndrome 
 Bed sores 
 Amyotrophy and deterioration in physical condition 
 Retraction of soft tissue with joint stiffness 

  Reproduced with permission from Brower [ 9 ]  
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affected or neurosurgery is performed, it is 
best to avoid manoeuvres that increase intra-
ocular and/or intracranial pressure. Precaution 
is recommended if there are sensory, and par-
ticularly visual, problems.  

  Visceral injuries : Injuries affecting hollow organs 
(stomach, intestine and bladder), the dia-
phragm and the pancreas do not usually limit 
mobilisation. When other solid organs are 
affected (liver, spleen and kidney), walking is 
usually limited depending on haemodynamic 
condition. Abdominal injuries usually require 
bed rest.  

  Spinal injury : If stable, they do not require immo-
bilisation or limit mobility. When stability is 
questionable, they usually require appropriate 
orthoses depending on the injury’s location. 
Unstable injuries require immediate or even-
tual surgery. They usually completely restrict 
axial mobility until they are surgically cor-
rected and also later on depending on the tech-
nique used and the stability of the achieved 
synthesis.     

17.6.5     Skin, Muscle and Tendon 
Repairs 

 It is fundamental to be familiar with how these 
injuries are managed in order to guide rehabilita-
tion treatment. When there is an open wound, 
initial management consists of debriding and 
covering with a damp dressing. Occasionally, 
before coverage surgery, a negative-pressure 
wound therapy system is used to reduce infl am-
mation while maintaining the wound’s integrity 
[ 17 ]. While the wound is closing, the segment 
can be mobilised providing that tissue tension 
does not interfere with the healing process, so 
special precaution is required in joint areas. 

 If the wound is not very large, it is usually 
closed with a skin graft or deferred primary clo-
sure. If the wound is large, a free fl ap, a rotation 
fl ap or a combination of the two is usually neces-
sary [ 18 ]. The presence of grafts or fl aps usually 
requires a period of immobilisation to prevent 
avulsion, which could cause vascular compro-

mise and ultimately graft failure. This period of 
immobilisation varies enormously depending on 
the type of fl ap, composition, blood supply, its 
complexity and location. Mobilisation exercises 
begin when this period is over. 

 If there are tendon injuries, the surgical deci-
sion is based on the type of injury, its location 
and the patient’s local and overall clinical condi-
tion. When treatment is conservative, immobili-
sation is usually required to ensure tendon repair. 
If stitches are applied, subsequent management is 
considerably different. There is no consensus 
concerning the best rehabilitation programme. 
The current trend appears to consist of recom-
mending a regimen of early active exercises, 
starting as soon as the fi rst week after surgery. 
However, communication with the surgeon is 
fundamental for establishing an appropriate and 
safe rehabilitation programme [ 19 ].  

17.6.6     Nerve and Vascular Repairs 

 Peripheral nerve injuries are usually acute and 
caused by fracture fragments. They occasionally 
arise due to the immobilisation device or the sub-
sequent formation of a callus so should always be 
assessed during monitoring of fractures. 

 When there is an associated peripheral nerve 
injury in a fracture, paresis, amyotrophy, sensory 
disorders and even neuropathic pain will arise 
during its evolution. The prognosis will depend 
on the type of nerve injury in question. In this 
respect, Seddon’s classifi cation continues to be 
valid; it refers to neurotmesis (complete sever-
ance of the nerve), axonotmesis (axonal sever-
ance with preservation of the nerve sheath) and 
neurapraxia (functional alteration of the nerve 
with no anatomical solution of continuity). 
Complete surgical repair in the fi rst two types of 
injury is also very important whenever possible. 
The usual surgical options are nerve decompres-
sion, repair or transfer. When there are surgical 
ligatures, a period of immobilisation is usually 
required to ensure the suture holds. 

 Rehabilitation of such injuries is controversial. 
There are animal models [ 20 ] that have shown 
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improved nerve healing on combining electri-
cal stimulation and active exercise. However, 
in humans, it has not been shown that electrical 
stimulation or active exercise improves nerve 
regeneration. It could possibly have an effect on 
the muscle innervated by the nerve in question, 
preserving its trophism. 

 In cases of neurotmesis when a satisfactory 
surgical repair is not possible, rehabilitation 
should be based on passive exercise to maintain 
range of joint motion and the prescription of a 
postural orthosis to prevent joint contractures and 
deformities, thus favouring the limb’s 
functionality. 

 With regard to vascular lesions, when one has 
been repaired, there are no mobilisation con-
straints other than in infrapopliteal lesions, which 
will limit walking for 24–48 h. On many occa-
sions, vascular shunting is preferred to a ligature 
in severe injuries. A vascular shunt is a synthetic 
tube that is inserted into the vessel and secured 
proximally and distally [ 21 ]. When this occurs, 
defi nitive vascular surgery must be delayed, usu-
ally requiring a period of immobilisation. In aor-
tic lesions, the patient is constantly monitored so 
bed rest is usually recommended [ 22 ].  

17.6.7     Defective Consolidation 

 Bone consolidation is a complicated repair pro-
cess that creates new tissue between the edges of 
a fracture, called a callus. This process can take 
time or even fail, in which case we refer to it as 
pseudarthrosis. 

 The physical methods available to rehabilita-
tion medicine specialists in these cases include:
   Magnetic therapy : This is based on the use of 

low-frequency (10–100 Hz) magnetic fi elds 
for therapeutic purposes. It has no thermal 
effect, and, although it has some analgesic and 
anti-infl ammatory effects, its most common 
effect consists of improving the scarring reac-
tion and promoting bone formation [ 23 ].  

  Extracorporeal shock waves : These are high- 
intensity mechanical waves that promote tis-
sue repair mechanisms by means of a 

little-known sound transduction effect. The 
use of this technique for the treatment of 
pseudarthrosis could be an alternative to be 
considered, particularly in view of its few 
undesirable effects [ 24 ].  

  Ultrasound: This consists of a series of waves 
produced by non-audible acoustic vibrations. 
In the pulsed mode, with nonthermal effect, its 
analgesic, anti-infl ammatory and bone- 
forming effects are based solely on mechani-
cal changes, promoting the rearrangement of 
collagen fi bres [ 25 ].  

  Weight loading: Weight loading is benefi cial for 
promoting osteoblastic activity and speeding 
up fracture repairs in loading areas [ 26 ]. 
However, in complex fractures, there are often 
partial or total loading constraints in which 
case support is not possible.     

17.6.8     Heterotopic Ossifi cation 

 This is the formation of ectopic bone in soft tis-
sue. It is common in patients who have suffered 
severe injuries with a considerable infl ammatory 
response, especially when associated with trau-
matic brain injury. It produces joint pain and 
limitation, so it is important to promptly identify 
and treat it [ 27 ]. 

 The most effective treatment option is preven-
tion in high-risk patients. It can be associated 
with pharmacological treatment with NSAIDs, 
bisphosphonates or the use of radiotherapy 
(which appears to be more effective but is more 
expensive and not always available). 

 The fi rst line of therapy comprises assisted 
mobilisation, avoiding aggressive manoeuvres. 

 Heterotopic ossifi cation  has been treated with 
promising results using extracorporeal shock 
waves, improving both pain and mobility [ 28 ]. 

 Surgical removal of ossifi cation is considered 
when there is a major limitation to mobility, 
when a skin wound occurs or when it interferes in 
the use of a prosthesis [ 29 ]. Early rehabilitation is 
required after surgical removal of ossifi cation in 
order to improve the functionality of the limb in 
question.   
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    Conclusions 

 Complex fractures are a common source of 
pain and disability and are therefore of special 
interest to rehabilitation medicine. Bone stabi-
lisation is a fundamental part of early inter-
ventions in patients with complex fractures. 
The characteristics of the fracture and con-
comitant injuries determine the possibility of 
either immediate or deferred surgery. We now 
know that long-term bed rest is not benefi cial 
so, although one segment has to be immobil-
ised, we can ensure activity using uninjured 
segments. The basic goal of rehabilitation in 
patients with complex fractures of the extrem-
ities is to achieve the greatest functional 
recovery in the shortest possible time, respect-
ing regimens that ensure bone consolidation 
and tissue repair. In the case of the upper 
extremity, this involves improving abilities to 
carry out everyday activities. In the case of the 
lower extremity, it involves re-educating 
patients to walk again. Rehabilitation pro-
grammes must always be prescribed individu-
ally, after a thorough assessment of each 
patient’s functional status, paying special 
attention to multiple trauma and soft tissue or 
neurovascular injuries. The most commonly 
used rehabilitation techniques in patients with 
complex fractures, which ensure the best out-
comes, are postural treatment, kinesitherapy 
and occupational therapy. Other techniques, 
such as electrical stimulation, hydrotherapy, 
magnetic therapy, ultrasound or shock waves, 
can also be useful.     
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