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      The importance of this argument arises from high incidence of tibial plateu fractures, from epidemiology of this kind of fracture (usually young and active people) and from necessity to obtain a good restoration of function.




      Tibial plateu fractures are mostly articular fractures. The goal of treatment is restoration of function and fracture fixation must offer enough stability to allow early mobilisation.




      Several problems are correlated to this kind of fracture:




      

        	cutaneous and soft tissue damage are often present, as these fractures often result from high energy trauma




        	diagnosis is sometimes difficult: x-ray, CT scans and MRI can be used without a correct standardization




        	associated lesions of menisci or ligaments can influence the final outcome




        	different procedures are described for tibial plateau fractures: conservative treatment, open reduction and internal fixation, with arthroscopic techniques, with external fixation, using “balloon” indirect reduction, etc.




        	postoperative care is fundamental to obtain a good result, but the timing is not so clear


      




      We think a book clarifying and summarizing anatomy, pathogenesis, diagnosis, treatment and rehabilitation can help all orthopaedics surgeons treating this disabling kind of fracture. Our objective is not to give a definitive answer about treatment choice, but to propose some solutions on the basis of the fracture “personality”.
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      It is a great pleasure to write the foreword for “The tibial plateu fractures: diagnosis and treatment”, edited by my colleagues and friends Francesco Atzori and Luigi Sabatini.




      Techniques in traumatic knee surgery have continued to evolve and the editors of this book have described various possible surgical procedures. The authors articulate with clarity the best evidence available to support the use of the procedure they described as well as any controversial aspects of the technique and alternative treatment options if available.




      Furthermore, every perspective of tibial plateau fractures is well represented, from epidemiology to rehabilitation protocols.




      I think this e-book will be extremely precious for every orthopaedic surgeon, residents and fellows to manage tibial plateau fractures and I congratulate the Editors and the Authors on the production of a very interesting e-book.


    




    
Marco Schiraldi


    Unit Orthopaedics and Traumatology


    Orthopaedic Prostethic Surgery Regional Center


    Hospital SS. Antonio e Biagio e Cesare Arrigo


    Alessandria


    Italy


    Email: mschiraldi@ospedale.al.it
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      Abstract




      Fracture of the tibial plateau is seen frequently in orthopedic trauma units and pose major threats to the structure and function of the knee joint. Tibial plateau fractures are complex injuries to treat due to their articular involvement and associated disruption of ligamentous structures in the knee. For many years several discussion has been done about the best treatment of tibial plateau fractures . A lot of orthopeadic surgeons and researchers have analyzed functional and radiologic results for nonoperative and surgical, treatments [1, 2]. Nevertheless the surgical treatment is mandatory in the tibial platueau fracture associated with an acute compartment syndrome or an acute vascular lesion and in open tibial plateau fracture.
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      INTRODUCTION




      

        	Tibial plateau is formed by medial and lateral tibial plateaus. They are the articular surfaces of the medial and lateral tibial condyles and they articulate with the medial and lateral femoral condyles, respectively. They are an essential part of knee joint, a diarthrodial joints, which provide a smooth, stable capacity for motion of the appendicular skeleton to perform specialized tasks [3].




        	So it is essential to know the general bases for an effective treatment of any articular fracture:


      




      The alteration of the articular surface joint often affect stability, cause pain, and disrupt effective range of motion of the joint. The inflammatory response combined with this type of fracture can create a massive fibrosis within the injured joint, exacerbated by inadequate immobilization or inappropriate surgical treatmentss. The malconsolidation of the fracture was often associated with a bony deformity, stiffness, pain, and functional disability. The anatomical restoration of the articular surface and freedom of joint movement is necessary to obtaine a favorable outcome [3].


    




    

      EPIDEMIOLOGY




      

        Epidemiology of Tibial Plateau Fracture




        The prevalence of tibial plateau fractures is 1.3% of all fractures, males are more often affected than females. Several studies show that 71% of injuries occurred in those aged 30-60 years.




        It isn’t the most common tibial fracture, having a frequency of less than 10% [4, 5].




        Both high energy trauma (e.g. motor vehicle, cycling and winter sports) and low energy trauma (e.g. falls, contact sports, distance running, and other endurance or repetitive impact activities) are commone causes of this kind of fracture.




        It occurs principally in two groups of patient:




        Younger or middle-aged patients, suffered of moderate or high-energy injuries (especially motor vehicle accidents or a fall from a height) and elderly osteoporotic patients, who suffered of low energy injury like a simple fall [5, 6].




        When tibial plateau fractures are cause by falls from height, they can be associated with calcaneal fractures and fractures of the thoraco-lumbar spine, nevertheless in the majority of cases the lesion is isolated. It affect rarely the children and young adults prior to epiphyseal plate closure.




        The principal causes are:




        

          	Road traffic accidents 52%;




          	Falls 17%;




          	Sporting or recreational activities in 5% [5, 7].


        




        There is a third group, significantly less numerous compared to the previous, regarding stress fracture. Stress fracture are common in military and athletic trainess during running, as they often develop forces that are several times higher than their body weight at the interface between foot and terrain.




        Military and athletic trainees population are more mainly affected by stress fractures. During training exercises they can develop forces much higher than their body weight at the interface between foot and ground during running [8].


      




      

        Epidemiology of Different Type of Tibial Plateau Fracture




        Several studies show that 52-68% were low energy lesions (level ≤ 3) while approximately 32-48% of the lesions were caused by a high energy impact, according to Hohl scales (level 5), Schatzker scale (levels 5 and 6 ) and AO (levels C1, C2 and C3) [2, 4, 9].




        Yang et al. observed a particular type of lesion, the fracture of the posterior tibial plateau. Posterior tibial plateau fracture (PTPF) was defined as a fracture with an independent fragment of the posterior column. It is associated especially with high energy lesions (Schatzker levels 5 and 6) with percentages of 51.2 and 76.1%, respectively [10].


      




      

        Epidemiology of Soft Tissue Lesion Associated




        It is now widely accepted that the incidence of soft tissue injuries, such as meniscal tears and ligamentous lesions (ACL, PCL, LCL and MCL), are common, ranging from 47% to 99% [11, 12].




        The frequency of soft tissue injury has been found to be in direct correlation with the energy of the initial injury, which often translates to fracture classification.




        Gardner et al. evaluated 103 patients with tibial plateau fractures, investigating soft-tissue injuries by MRI. They highlighted a complete absence of soft tissues injuries in 1% of patients, while up to 91% showed a meniscal injury [13].




        Mustonen et al. demonstrated an elevated prevalence (36%) of an unstable meniscal tear [14]. Shepherd et al. demonstrated an elevated prevalence of meniscal, ligamentous and other soft-tissue injuries even in minimally displaced fractures [11]. Many authors have discussed about the treatments of these soft-tissue for several years. Actually the gold standard treatment aims to create a stable knee, guaranteeing a rapid recover of knee motion and function and minimizing the risk of secondary osteoarthritis in the long term.




        There has yet to be a gold standard for accurately predicting the presence of soft tissue injuries in tibial plateau fractures. However, there have been recent studies that have employed preoperative magnetic resonance imaging (MRI) or operative arthroscopy to evaluate the extent of tissue damage [15-17].


      




      

        Red Flag: The Compartment Syndrome




        Compartment syndrome is a terrible complication of tibial fractures. The rate of compartment syndrome is highest in the diaphyseal tibial fracture with a rate of 8%. It is less common in proximal and distal fracture. The rate in proximale fracture is less than 2%. Nevertheless tibial plateau fractures, expecially if the diaphisis is involved, can lead to an acute compartment syndromes because of hemorrhage and edema of the muscular compartments [18].




        Chang et al. demonstrated that the incidence of compartment syndrome seem to be related to the fracture pattern as well as to the mechanism of trauma. The compartment syndrome was more common in high-energy traumas (Schatzker's type IV, V, and VI), ranging from 30.4% in type VI [19, 20].


      




      

        Particular Case: The Floating Knee




        The floating knee is the ipsilateral fracture of the femur and tibia. It’s an uncommon and serious injury which is often associated with other major injuries. The tibial plateau is involved in the type IIa and IIc of floating knee. The rate of these types of lesion is around the 20% of total.




        In these cases several studies report an higher rate of complication, an higher rate of open fracture and a worse prognosis than the type I [21, 22].


      




      

        Most Common Features of Clinical Presentation




        

          	Gender: male,




          	Age: fifth decade of life,




          	Type of trauma: victim of traffic accidents,




          	Type of fracture: depression and shear fractures of the tibial plateau


        


      




      

        Mechanism of Injury




        

          General Principle




          There are two common mechanisms of injury for articular fractures [3]:




          

            	Direct application of the force




            	Indirect application of the force


          




          There is then a third one, less common, that involves especially the athletes [8]:




          

            	Cronic overload


          


        




        

          Indirect Application of the Force




          Usually the injury is produced by the indirect application of the force, causing a bending moment through the joint. This mechanism bring a part of the joint toward its opposite surface. The ligaments generally resist to the eccentric load, converting the force into a direct axial overload that causes a joint fracture.




          Typically, the result is a partial articular fracture [3].


        




        

          Direct Application of the Force




          The other possibile mechanism is the direct application of the force, which can be either caused by a force toward the metaphyseal-diaphyseal component of the joint or through axial transmission of force from one end segment of bone to the opposing surface. Both cases cause the bone explosion with a dissipation of force into the soft tissues. It results in a multifragmentary articular fractures, with associated severe soft-tissue injuries. The fracture pattern is determined by the position of the limb, the bone quality, and the vector of the force applied [3].


        




        

          Cronic Overload




          The third mechanism of injury, significantly less frequent is the repetitive cyclical absorption by bone (tibial bone in this particurarly case) of large compression and tension force developed during walking and running. It thought to produce stress fractures [8, 23].


        




        

          Mechanism of Injury: The Tibial Plateau Fracture




          At the beginning the appellation of these type of fractures was “the fender fracture” because they was principally caused by low-energy pedestrian versus car bumper accidents [24, 25].




          Injuries to the plateaus occur as a result of:




          

            	A force directed laterally (varus deformity) or medially (valgus deformity) [see before: indirect application of the force];




            	An axial compressive force [see before: direct application of the force];




            	Both a force from the side and an axial force.


          




          It occurs usually as a consequence of bending and vertical thrust combined. This mechanism of fracture usually causes different combinations of articular surface depressions.




          The most common combination of forces is a direct axial compression with a valgus moment and indirect shear forces.




          The anterior part of the femoral condyles has got a wedge aspect. When the injury occurs during the knee extension phase, a force that pushes the condyle into the tibial plateau is produced [26]. The fracture pattern is determined by the entity of the phenomenon, in terms of magnitude and location of the force.




          The femoral condyles has an anterior wedge shaped aspect. When the knee is in full extension, the force generated by the injury drives the condyle toward the tibial plateau [26]. To determine the fracture pattern is important to understand the direction, magnitude and location of the force. Moreover, the position of the knee during the impact determines the fracture pattern, location, and degree of displacement.




          Due to the special anatomic configuration of the knee (valgus position, trabecular pattern of lateral condyle and shape of respective condyle) and the mechanism of injury (the force involved usually is direct from the lateral side to medial part of the knee), up to 55 to 72% of tibial condyle fractures are located laterally [2, 4, 6, 27, 28].




          The fracture pattern can also be influenced by patient factors such as age and bone quality.




          Depression-type fractures are more frequent in elderly population with osteopenic bone [29] because their subchondral bone is less able to withstand axially directed loads. These are fractures that generally occur after low-energy injuries, as simple slip or fall accidents [30] Younger parients are more likely to sustaina pure split fractures, because they have got a strong subchondral bone of the tibial condyle. It is prone to resist to compressive forces of th overlying femoral condyle, but the shear component of the load can produce a split in the condyle itself [31-33].




          Biomechanical studies demonstrated how fracture patterns reflect the forces involved.




          Kennedy and Bailey [33], using cadaver models, showed many of the commonly observed plateau fracture patterns. They perfomed empirical studies in cadaver knees applying valgus or varus forces in combination with axial loads (ranging from 1600 to 8000 pounds). Mixed fractures with large variations in the amount and degree of joint impaction and condylar separation were generated by valgus loads in the range of 2250 to 3750 inch pounds. These type forces are similar to those seen in the classic tibial plateau fracture (e.g. the bumper type). This is a typical fracture of the lateral plateau, that results in a lateral blow to the leg, with a valgus deforming force and a loading of the lateral plateau by the overlying femoral condyle.




          After an high-energy injuries, the forces may be so powerful to generate the explosion of the plateau into various fracture fragments. If axial loading exceeded 8000 pounds, the impact produces severely comminuted fractures. This kind of fracture is typically seen after a fall from a height or after a motor vehicle accident, if the axial load is delivered to an extended knee. The magnitude of the force determines the degree of fragmentation and the degree of displacement. Furthermore, an association between tibial plateau fracture and soft tissue lesions is very common:




          

            	A The disruption of anterior cruciate ligament and a tear of medial collateral ligament are associated with a lateral plateu fracture [28, 34].




            	The disruption of lateral collateral ligament complex, the posterior cruciate, and the lesion of peroneal nerve or of the popliteal vessels are associated with a medial plateau fracture [34, 35].


          




          Nevertheless, some authors believe that it is necessary an intact collateral ligament on one side of the knee to produce a fracture on the controlateral side [36].




          The increase of magnetic resonance imaging (MRI) for these fractures, has improved the recognition of associated ligamentous injuries [11- 14, 37, 38].




          Moreover, it is very important for the surgeon to identify the associated soft tissue lesion and modulate the treatment taking in consideration osseus and soft tissue lesions. It is also crucial to recognize split fractures that are the result of a shearing force from rim avulsion fractures associated with knee dislocations and lead to an unstable injury.


        


      




      

        Abstract/Take Home Messages




        

          	Tibial plateau fractures are complex injuries to treat due to their articular involvement and associated disruption of ligamentous structures in the knee.




          	It account for 1.3% of all fractures and affect males more commonly than females, it has a frequency of less than 10% of total tibial fractures.




          	It occurs in both high energy trauma and low energy trauma.




          	The incidence of soft-tissue injuries is high, ranging from 47% to 99%.




          	Tibial plateau fractures, especially if they extend into the diaphysis, may be associated with acute compartment syndromes caused by the hemorrhage and edema of the involved compartments.The rate of compartment syndrome is around 2%.




          	Injuries to the plateaus are caused by (1) a force directed either laterally (varus deformity) or medially (valgus deformity, called commonly ‘‘bumper fracture’’), (2) an axial compressive force, or (3) both an axial force and a force from the side.




          	The complexity of the fracture and the consequent treatment are influenced by the energy transmitted to the limb. Low-energy impact is usually lead to unilateral depression-type fractures, whereas high-energy impact can cause comminuted fractures with important osseous, soft-tissue, and neurovascular injury.
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