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Background Information
Lower limb fractures are quite frequent, and in case of natural disasters and accidents their quantity increases significantly. Lower limb fractures are mostly attributed to traumas, which involve inpatient treatment. Generally displaced fractures involve surgical treatment. The period of fusion of long bones is the longest, which may lead to temporary incapacitation. The proper organization of medical help for the patient with lower limb fracture plays an important role in restoration of function and vocational rehabilitation. It is the proper diagnosis, the amount of help on all levels and stages of medical evacuation of the patients with lower limb fractures that is the guaranty of satisfactory functional outcome.  
The manual is concerned with theoretical and practical aspects of the diagnosis and treatment of patients with lower limb fractures.
The independent study manual is destined for the 5th year students, but can also be used by the physicians-interns who undergo specialty training in orthopedics and traumatology.   
The Objective is to master clinico-roentgenological diagnosis of lower limb fractures, first-aid techniques, qualified surgical and specialty care.
Tasks:
- to identify the possible localization of the injury according to anamnesis and injury mechanism;
- to be able to conduct clinical examination of patient and to make provisional diagnosis; 
- to use the laboratory and the necessary accessory methods of diagnosis to establish the final diagnosis;

- to be able to draw up a plan of treatment of the patient with the lower limb fractures. 
Proximal femoral fracture. The femoral head fracture, the femoral neck fracture, as well as the trochanteric region fracture, namely the intertrochanteric fracture, the transtrochanteric fracture and fracture of the trochanters are attributed to the proximal femur fracture. 

Femoral neck fractures are divided into medial, intermediary and lateral. In medial fracture the fracture line goes close to the femur head (subcapital fracture) or directly through the femur neck, but closer to the femur head (transcervical). In intermediary one, the fracture line goes through the middle of the femur neck. In case of lateral fracture the base of the neck is injured, the fracture line goes close to the trochanter region.
Medial femoral neck fractures. The frequency of such fractures in the structure of traumas of musculoskeletal system constitutes from 10 to 13%. These traumas are attributed to intraarticular traumas and are divided into 2 main types:
– abductive or valgus: the cervico-diaphyseal corner in these fractures increases; 
– adductive and varus: the cervico-diaphyseal corner in these fractures decreases due to the upper displacement of the femur and approaches the right angle (figure 1).
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	Figure. 1. Femoral Neck Fractures
a – abductive (valgus); b - adductive (varus)


The typical mechanisms of injury are the fall on the side, on the gluteal region or a forced rotation of a limb. This type of fractures is typical for the elderly. The anatomical features of the proximal femur at this age are characterized with deficient blood supply to the femoral head due to coronary sclerosis. Fusion of the fragments occurs only due to endosteal osteogenesis and is possible in ideal reposition and stable fixation of the fragments. 
Clinical picture, diagnosis. The patients complain of pain in the region of acetabulofemoral joint, which appears after the trauma; inability to move the limb actively; disturbance of the lower limb movement. 
On physical examination of the patient the following features are common for the medial femoral neck fracture: during the examination the visual rotation of the whole lower limb, the greater trochanter located above the Roser-Nelaton line, pain in the acetabulofemoral region on palpation, in the femoral neck region (under the inguinal ligament), and pain on exertion along the axis of the femur, positive SLR (“straight leg raising”), shortening of the limb due to fragments displacement. In the impacted femoral neck fractures the mentioned symptoms manifest themselves in a mild form or are absent, due to which the patients sometimes walk independently at the beginning.    
Treatment. In the impacted valgus medial femoral neck fractures the immobilization of the limb is accomplished in position of abduction and internal rotation for 4 months with the help of the acetabulofemoral bandage. 
Only surgery is effective in treatment of compression fractures of the femoral neck. The following surgical procedures are performed: a) external osteosynthesis without aortotomy (after anesthesia the closed reposition of fragments is performed on the operating table, after that a fixator-guide or pin guides are conducted through the exterior opening in the subtrochanteric region); b) internal osteosynthesis (open reposition and metal osteosynthesis of the fractures); c) endoprosthesis of the hip joint.
Metal osteosynthesis is indicated to the patients under the age of 60, to the patients after 60 endoprosthesis of the hip joint is indicated. The patients are allowed to walk on crutches in 1-2 weeks after osteosynthesis, graduated exertion is allowed in 6-8 weeks, full exertion in 6-8 moths. The vocational rehabilitation occurs in 7-10 months. After the total endoprosthesis of the hip joint full exertion on the operated limb is allowed in 5-7 weeks after operation. 
Intertrochanter and transtrochanter femoral fractures. The frequency of these fractures in the structure of traumas of musculoskeletal system constitutes 10%–15%.  Such fractures are more typical for the elderly patients (from 66 to 76 years old and older), 4-6 times more frequent in women than in men. There are transtrochanteric, intertrochanteric and isolated fractures of the greater and lesser trochanter (fig. 2). 
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	Fig. 2. Trochanter Femoral Fractures: 
a – intertrochanteric; b – transtrochanteric; c – of the greater trochanter; d –of the lesser trochanter


The trochanter area is the metaphyseal region of the femur, has good blood supply, which guarantees, on the one hand, significant blood loss in case of injuries of this site, on the other hand, there are good conditions for the fragments consolidation. 
The mechanism of the trauma is mostly direct: the fall on the greater trochanter, rarely – due to forced rotational motions. 
Clinical picture, diagnosis. The clinical picture is similar to the one of the medial femoral neck fractures, with the difference that the local pain in them is marked above the greater trochanter and is marked with hematoma across the anteriolateral surface of the hip joint. In significant displacement of the fragments shortening of a limb can be accompanied by the deformity of the upper third of the femur. Obligatory radiography of the joint in two projections specifies the fracture character and fragments displacement. 
Treatment. Immobilization method of treatment, as an independent method, is not used due to the volume of the hip joint bandage and the possibility of recurrent displacement of the fragments. The main means of treatment of the fractures of this localization is extensional, which involves skeletal traction of the femoral condyle weighing 4-6 kg in a state of abduction of a limb for 6 weeks with subsequent spica cast application. Graduated exertion is allowed in 2,5-3 months, full exertion in 4-5 months.
	Lately the preference has been given to surgical treatment, which involves external reposition and stable-functional osteosynthesis by an angulated plate, or by a external pin fixator. Such method allows to start walking on crutches on the 2nd or 3rd day after operation, graduated exertion – in 1-1,5 and full exertion – in 2.5-3 months. 
Stable fixation of the trochanter region fragments is achieved by intramedullary osteosynthesis of the femoral bone with pins (nails) Gamma (GN-gamma nail) (fig. 3). 
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	Fig. 3. Sketch of Gamma-nail


The patients with an acute accompanying internal pathology are indicated temporary limb fixation with a derotation boot for 3-4 weeks, which facilitates the care for the patient, with subsequent mobilization of the patient and walk on crutches for 3-4 months. 
Vocational rehabilitation occurs in 3,5-5 months.
Isolated lesser trochanter fractures. The frequency of these fractures in the structure of musculoskeletal traumas constitutes 3-6%. According to mechanism the traumas are of avulsion character and are rarely met as independent condition. 
Clinical picture, diagnosis. The complains of pain in the groin, aggravated by bending of a limb, are typical. The hip joint radiography confirms the diagnosis. 
Treatment. Concervative treatment by extention method is indicated for 4-5 weeks. For the limb the right angle bent is indicated, some adduction and minute external rotation. Physiofunctional treatment is indicated after removal of traction, walk is allowed. Vocational rehabilitation occurs in 5-7 weeks. 
Isolated greater trochanter fractures. Trauma mechanism, as a rule, is due to straight fall on the greater trochanter, rarely – due to excessive exertion on gluteus muscle. 
Clinical picture, diagnosis. Localized pain, blood effusion in the region of the greater trochanter, restriction of adduction and external limb rotation are common. Support ability is saved.
Treatment. Mostly is accomplished by method of extension in a position of full limb abduction. After that it is allowed to walk with exertion on a leg, functional treatment. Vocational rehabilitation occurs in 5-7 weeks.
For fractures of the greater trochanter with significant displacement open reposition with metal osteosynthesis is indicated.
Femoral diaphysis fractures. The frequency of such fractures in the structure of musculoskeletal system fractures comprises 15-16%.
In fractures of the femoral diaphysis the direct mechanism of traumas prevails over the indirect one. Development of shock due to massive trauma of muscles and excessive blood loss is observed, which comprises 0,5-1,5 l.
Fractures of diaphysis are divided according to the localization into fractures of the upper and the lower third with typical fragments displacement. In femoral fractures in the upper third the central fragment impacted by bent of gluteus muscle is directed outwardly, and by force of iliopsoas muscle bends forward and rotates outwards. Peripheral ending is relocated medially and superiorly (the action of diarthric and adductor muscles). Femoral “breeches-type” deformity occurs. The higher the position of the femoral fracture is, especially in subtrochanteric fractures, the bigger the abduction and bent of the central fragment is (fig. 4).
In the fractures of femoral diaphysis in the medial third the abduction of the central fragment may be absent; it depends on the condition of abductor femoral muscles. Fragments displacement is determined by the direction of the active traumatic force and shortening of the forceful diarthric muscles.
In femoral fractures of the lower third the central ending is always adducted and located in front of the peripheral fragment. The distal ending is displaced posteriorly by force of fibular muscle. 
Clinical picture, diagnosis. The general systemic condition suffers, a state of shock is often observed. The patient complains of pain in the site of femoral fracture. The following is mentioned in the Status Localis: pain, fragments crepitation, deformity in fractures in the medial third of the femur according to “breeches” type, pathologic motion, generalized oedema, hematoma, external rotation of the peripheral portion of the limb. The necessary control over the condition of peripheral innervation and bloodstream indicates the relation of the fragments to neurovascular bundles.
	[image: image3.jpg]



	[image: image4.jpg]



	[image: image5.jpg]




	a
	b
	c

	Fig. 4. Fragments dislocation in femoral diaphysis fracture:
a – of the upper third; b – of the medial third; c– of the lower third


Treatment. In oblique and multi-fragmental fractures of femur the treatment by method of extension is indicated. In fractures of the upper femoral third– skeletal traction of the supracondylar area is performed in position of bend and abduction in the hip joint. In fractures of the medial femoral third skeletal fracture is performed in average physiologic position of the limb.
Skeletal traction in fractures localized in the lower femoral third should be performed at the tibial tuberosity in position of bend of the limb in the knee joint up to 90–120°. Limb traction is performed by 4-7 kg weight during 5-6 weeks with subsequent application of dressing over the hip joint for 6-8 wk. Vocational rehabilitation occurs in 4-5 months after trauma.  
Surgery is indicated in interposition of muscles, in presence of fragments displacement. In impaired peripheral circulation and innervation, surgery is performed for urgent reasons. The gold standard of surgical connection of bone fragments in diaphyseal fractures of the femur is locked nails intramedullary osteosynthesis (fig.5). In spiral fractures external fixation is used and only in open injury and polytrauma surgical fixation of fragments, often as the first stage of surgery, is performed by external fixators (pic.6). 
Femoral Condyles Fractures. Fractures of the distal femoral metaepiphysis comprise 6-8% of all femoral fractures and are attributed to severe injuries. 
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	Fig. 5.

Comminuted fracture of the femur.
Intramedullary locking osteosynthesis


	Fig. 6.

The femoral bone fracture. Pin osteosynthesis  
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In direct mechanism the trauma (fall from a height on straighten legs, a blow to knee joint) more often a fracture of the both condyles occurs. In forced external or internal declination of tibia isolated fractures of the external or internal femoral condyles occur. In indirect mechanism, distal femoral metaepiphysis is affected by rotational force in the fixed tibia, which causes fracture, this type of injury is more typical for the elderly. If the fractural line passes through the femoral condyles, significant injury of the articular cartilage is noticed, this can be combined with injury of the tibial plateau and the kneecap. 

Clinical picture, diagnosis. The patients complain of pain in the region of the knee joint; inability of active motion in the injured knee joint; dysfunction of the lower limb. On visual examination the following is observed: knee joint contours deformity; limb axis abnormality (in case of dislocation of one of the condyles); shortening of the limb; passive position of the lower limb with external rotation of the  tibia; restriction of active and passive movements in the injured knee joint. On palpation: local tenderness of the distal femoral metaepiphysis and the knee joint; hemarthrosis signs, the “floating patella” symptom; abnormal mobility. Peripheral circulation and distal innervation of the limb are necessarily checked. 
Treatment. In conservative treatment of the distal femoral epiphysis they perform puncture of the knee joint and remove blood. If the fracture is not accompanied by the fragments displacement, the lower limb is fixed with the help of plaster immobilization for up to 8 weeks. In displacement of the condyles closed reposition is performed after local anesthesia in the following way. The tibia is turned to the side, opposite the injured condyle, at that with the help of the collateral band the condyle will be pulled back to the place of its normal localization (fig.7), the condyles are clenched by the hands, after that plaster immobilization is applied for up to 6-8 weeks. . 
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	In conservative treatment by method of skeletal traction (which is the most appropriate in conservative treatment of fracture of both of the femoral condyles) skeletal traction is applied at the tibial tuberosity for up to 6-8 wk, which enables to perform the fragments reposition.  
Surgery allows to perform open reposition of the condyles and to restore congruence of the articular surface. In type-A fractures, the fragments are fixed with the help of straight or curved at an angle of 95° plate. In type-B fractures of the femoral condyles, osteosynthesis with Cancellous screw or with the help of supporting plate is performed. 

	Fig. 7. Reposition of femoral medial condyle fracture 
	


For osteosynthesis of type-C fractures, they use dynamic condylar screw (DCS, Dynamic Condylar Screw). Intramedullary locking shafts are used in treating A1-, C1-, C2- type fractures. In polytrauma as well as in compound fractures, osteosynthesis is performed with the help of external fixators. In conservative treatment of fractures, immobilization lasts for 8 weeks, full load on a limb is allowed in 2-3 months. Rehabilitation lasts for 6-10 weeks in conservative treatment and for 14-16 weeks in surgery. Vocational rehabilitation occurs in 4-5 months. 
Fractures of Patella. The frequency of the patellar fractures in the structure of traumas of musculoskeletal system comprises from 1,5% to 2%. 
The mechanism of trauma is direct. The character of injury depends on the degree of strength of traumatic agent (fig.8). There are fractures with injury and without injury to the patellar extensor mechanism. 
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	Fig. 8. Fractures of the patella:
a – the most widespread types of fractures; b,c – dislocation of fragments of the patella in direct and lateral projections


Clinical picture, diagnosis. The clinical picture is composed of the following symptoms: local pain, retraction of tissue between the fragments, inability to lift a straighten leg, hemarthrosis, dislocation of fragments in relation to one another, separation of fragments, crepitation on palpation. The diagnosis is confirmed by radiography.
Treatment. Pain relief in the place of fracture, puncture of the patella in presence of hemarthrosis. In undisplaced fracture and undamaged extensor apparatus, fixation of the limb with cylinder plaster cast for 3-4 weeks with subsequent physiofunctional treatment. Vocational rehabilitation occurs in 6-8 weeks.  
In fractures with displacement and injury of the extensor apparatus urgent surgery is indicated. The following types of surgical intervention are performed: Schultz operation – purse-string suture of the patella, Weber’s osteosynthesis (tension band wiring) or P-like transosseous vicryl suture with elaborate ligation of the extensor apparatus. Immobilization lasts for 4 weeks. Vocational rehabilitation occurs in 8-10 weeks. 
Tibia bone injury. The frequency of this type of injury in the system of musculoskeletal system traumas constitutes up to 14%. There are fractures of the upper third, the medial third and the lower third. 
Fractures of proximal metaepiphysis of tibia. Fractures of proximal metaepiphysis of tibia – are the disorders of one or two cortical layers or spongiosis of proximal tibial epiphysis, which leads to disorder of function of the lower limb. It is rarely met as an isolated trauma, more often it is combined with the trauma of the ligament apparatus of the knee joint, meniscus. They are attributed to intraarticular fractures, which causes severity and difficulties of treatment.   
More often the mechanism of trauma is direct – jumps from height on straighten legs, direct blow into the knee in an accident injury and etc. In excessive abduction of the tibia, fracture of the external condyle of the tibia occurs, in abnormal adduction – fracture of the medial condyle. If the traumatic force acts vertically in direction towards the axis of the tibia, V- or T- like fractures of the tibia bone plateau occur. 
Clinic picture, diagnosis. Complaints of the pain in the region of the knee joint, inability of active motion in the damaged knee joint, lower limb function disorder. On examination: the knee joint contour deformity, valgus or varus deformity of the limb axis (in dislocation of one of the condyles), shortening of the limb, passive position of the lower limb, restriction of active and passive movements in the damaged knee joint. On palpation local painfulness of proximal metaepiphysis of the tibia and the knee joint, signs of hemarthrosis, the “floating patella” symptom, abnormal mobility and fragments crepitation. It is necessary to identify whether there is the fibular injury or injury of the tibial arteries. In order to study the circulation of the tibia Doppler sonography and angiography are used. It is also necessary to exclude compartment syndrome. For this they sometimes perform the measurement of the intrahistic pressure. 

Treatment. Conservative treatment includes the following actions: puncture of the knee joint and removal of blood. If the fracture is without bone fragments dislocation, the lower limb is fixed with the help of plaster immobilization for up to 6-8 weeks; full exertion on the limb is allowed in 3 months. In dislocation of the condyles after local anaesthesia, the closed reposition is performed by the following method. The tibial axis traction is performed after that the tibia is abducted to the corner, opposite the damaged condyle (fig.9), the condyles are clenched by the hands, after that the plaster immobilization is applied for up to 6 weeks (fig.10) 
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	Fig. 9. The tibia condyles fractures reposition:
a – medial; b - lateral
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	Fig. 10. Reposition of fracture of both of the tibial condyles 


Skeletal traction of the calcaneus for 4-6 weeks allows to perform reposition and hold of fragments and is the most effective in conservative treatment of isolated fractures of the tibial condyles; after deinstallation of the skeletal traction system the limb is fixed with plaster cast up to 4 weeks.  
Surgery allows to perform the open reduction of the condyles fragments and to restore the congruence of the articular surfaces. In significant condyle depression they conduct reconstruction with the help of auto- or alloosseous plastic surgery. Arthroscopic methods, minimally invasive percutaneous fixation with screws is performed. In A1-type of fractures the fragments are fixed with screws, in A3-type of fractures – by pin through the lateral surface of the tibia. In B1-type of fractures of the condyles, osteosynthesis is performed with screws or with the help of locking plate. In B2-type of fractures the elevation of the damaged condyle is performed with the help of the bone grafting and fixation with screws. In B3-type of fractures osteosynthesis is performed by spongious screws and with the help of locking plate, L- and T- like plates can be used. In treatment of C-type traumas, first the medial fragment of tibial plateau is fixed with the help of LC-DCP plate, after that the lateral fragment of the tibial plateau with fixation with L- and T-like plates or with a locking plate, or with an LCP-plate is restored. In polytrauma as well as in compound fractures osteosynthesis is performed with the help of the external fixators.
The immobilization lasts for 4-8 weeks, partial exertion on the limb is allowed in 2 months after the trauma, full exertion on the limb is allowed in 3-4 months. Vocational rehabilitation occurs in 5-6 months. 
Diaphyseal fractures of the tibia. They distinguish fractures of the upper, the medial and the lower tibia (fig.11):
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	Fig. 11. Typical fractures of the tibial bones


Mostly the mechanism of trauma is direct as a result of a blow, less frequently – rotational, typical for spiral fractures. 
Clinical picture, diagnosis. Clinical manifestations of the diaphyseal fractures are typical for fractures of the long tubular bones. The complaints of the pain in the region of the tibial trauma, inability of active motion in the patellar and talocrural joint, disturbance of support ability of the lower limb. On examination local oedema, hematoma are characteristic. On palpation: pain, increasing on palpation, deformity, pathologic motion and crepitation in the region of the fracture. It is essential to assess the condition of the peripheral innervation and blood supply. Radiography in two projections clarifies the character, localization of the fracture and type of the fragments displacement. 
Treatment. Conservative treatment is performed by method of fixation in reducible transverse fractures, by method of extension in comminuted fractures. In surgical treatment of simple fractures they use perosseous osteosynthesis or osseous stable functional osteosynthesis, as minimally invasive method of osteosynthesis they use medullary osteosynthesis with blocking plate (fig. 12). In compound fractures perosseous osteosynthesis is the optimal method (fig.13). Vocational rehabilitation occurs in 4-6 months. 
Tibia malleolus fracture. The tibia malleolus fracture – is a disorder of integrity of distal anatomic formations of the tibial bones (ossicles), which form a “socket” of the talocrural joint. The fractures of both bones are met in 20–25% of observations. In 5–10% of cases the fractures of both bones are combined with the fracture of posterior edge of the tibular distal metaepiphysis. The localization of the tibia malleolus fractures is given in fig.14. 
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	Fig. 12. Tibia malleolus fracture. Intramedullary blocking and osseous osteosynthesis of the tibia
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	Fig.13. Comminuted fracture of the tibia. 

Perosseous osteosynthesis of the tibia with Ilizarov apparatus. 
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	Fig.14. Localization of the tibia malleolus fractures (according to R. Watson-Jones)


According to pic.14: 1 – detachment of the apex of the lateral bone together with supination dislocation; 2 – fracture of the lateral bone; 3 - detachment of the intermalleolar syndesmodesis; 4 – marginal fracture of the tibial notch; 5 – detachment of the axis of medial bone together with pronation dislocation;  6 – isolated medial bone fracture; 7 – perosseous Dupuytren-type fracture together with pronation dislocation; 8 – perosseous Dupuytren-type fracture together with supination dislocation; 9 – osseous Malgen-type fracture; 10 – epiphysiolysis of lateral bone together with supination dislocation; 11 – foot dislocation combined with fractures of several localizations; 12 – fracture of the posterior division of the tibial epiphysis (Desto-Pott’s fracture); 13 – fracture of the anterior division of the tibial bone together epiphysis with incomplete anterior dislocation; 14 – comminuted fracture of the distal tibial epiphysis. 
Fractures of the malleolus ossicles occur as a result of indirect trauma, more often in winter period on an ice-slick. Depending on the mechanism they distinguish: pronation-abductive, supination-adductive, rotational, flexor and extensor types of fractures; the combined mechanism of fracture is more common (fig.15).  
In 50–70% of fractures of one or two bones are not accompanied by fragments displacement. In other cases they are aggravated by displacement and rupture of the intertibial articulation, disjunction of socket of the talocrural joint, dislocation and the tarsus incomplete dislocation outwardly or medially. In fractures of the posterior tibial margin incomplete dislocation of the tarsus posteriorly is added to the mentioned types. 
Clinical picture, diagnosis. Complaints on the pain in the region of the injured ossicle or in talocrural joint, inability to move the talocrural joint actively, disturbance of support ability of the lower limb. On examination the presence of oedema and hematoma, increase of the injured joint in volume, smooth contour of the injured joint. Movements in the talocrural joint are painful, restrained. The foot is in varus or valgus position. On palpation on compression of both of the tibial bones the pain is marked in the medial third on the level of the ossicles (irradiation syndrome). The talocrural joint radiography in two projections clarifies the diagnosis. 
Treatment. Treatment of the tibial ossicles fracture must be directed towards the restoration of anatomically damaged balance of the talocrural elements. Without accurate fracture reduction, full elimination of dislocation and restoration of congruence of the articulated surfaces the normal function of the talocrural joint cannot be achieved. More often in recent fractures of the ossicles one-stage close reposition with subsequent immobilization of the limb up to the knee joint is performed. For the first three days the blood supply of the limb is taken under permanent control. In 7-10 days radiographic control is performed and in absence of recurrent displacement the plaster cast is changed into a circular bandage. Immobilization lasts from 4 to 10 weeks depending on the character of the injury (fig.16). 
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	Fig. 15. Types of the ossicles fractures according the mechanism of the injuring 

action:

a – pronation-abductive; b – supination-adductive; c – rotational; d -; 
b – flexor; e – extensor 


In non-stable fracture and in one that is not reduced, or in fracture-incomplete dislocation of the talocrural joint open reposition is indicated as well as stable-functional internal osteosynthesis with early mobilization of the joint in 2 weeks after the operation. Vocational rehabilitation occurs in 4 months.
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	Fig. 16 .Close reposition of fractures of the ossicles


Fractures of foot
Talus fractures. The talus – is a link between the femur and tibia on one side and with foot – from the other. Thus, in functional respect its role is important. The mechanism of trauma is frequently indirect – fall from a height, fall from stairs, jumps from a car and etc. Depending on the mechanism of trauma they distinguish: fractures of the head of the talus; fractures of the neck of the talus; fractures of the posterior process of the talus; fractures of the body of the talus (fig.17).
Clinic picture, diagnosis of the fractures is rather complicated: local pain, oedema in the region of the talocrural joint, tenderness along the axis of the foot on exertion, on motion in the talocrural joint. Different types of deformity appear in the presence of displacement. The diagnosis is clarified with the help of radiography. 
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	Fig. 17. Localization of fractures of the talus:
а – fracture of the head; б – fracture of the neck; в – fracture of the body; 
г – fracture of the posterior process


Treatment. In fractures of the talus without displacement the treatment consists of the limb immobilization with a plaster boot for up to 6 weeks. In the presence of fragments displacement reposition of fragments under local anesthesia is performed, or better under general or block anesthesia, which involves great plantar flexion of the forefoot on a wood wedge (fig.18).
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	Fig. 18. The stages of talus fracture reposition


If the reposition fails, surgery is used, open fragments reduction with their reliable fixation in recent cases (fig.19).
In 1,5 months in case of absence of treatment the subtalar arthrodesis is indicated in the proper fragments fixation.
The duration of immobilization in conservative treatment is 8-10 weeks, in surgical treatment – 6-8 weeks. Vocational rehabilitation occurs in 4-5 months. 
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	Fig. 19. Options for surgical treatment of talus fractures


Fractures of the calcaneus. Fracture of the calcaneus – is a disturbance of the spongious structure and shape of the calcaneus. These fractures comprise 2% of all skeletal fractures. In most cases fractures of the calcaneus appear due to fall from a height on the legs, the planter surface contusion, the planter region depression.
Clinical picture, diagnosis. The calcaneus fractures are accompanied by the planter deformity, especially of the calcaneus, oedema of soft tissues in the region of the ossicles, which radiates to the Achilles tendon region, the calcaneus diameter increases (fig. 20). 
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	Fig. 20. Types of the calcaneus fractures (e – change of the talonavicular angle in comminuted compression fractures)


In the presence of displacement they observe lowering of the ossicles towards the planta, flattening of the longitudinal arch of the planta, the Achilles tendon loses its normal contour. Acute pain appears in the calcaneal region on palpation. Support function is disturbed; the patient cannot stand on the planta. Diagnosis is clarified with radiogram, performed in 2 projections. 
Treatment. In fractures of the calcaneus without fragments displacement the planta and the tibia are fixed with a cylinder cast up to the patella with a thorough modeling of longitudinal arch for 4-6 weeks. After cease of fixation physiotherapeutic treatment, massage, therapeutic exercise is indicated. In fractures with fragments displacement and disturbance of the plantar arches it is necessary to restore the anatomic balance between the calcaneus and the arches. The latter is achieved through reposition under local or general anesthetics on a wedge or Schulze redressor. After reduction plaster cast is applied up to the patella for 8-10 weeks with the necessary thorough arches modeling. In the presence of significant displacement, which does not respond to reposition, they use the system of the skeletal traction to the distal fragment of the calcaneus, which in 5-6 weeks is substituted for a cylinder cast for 5-6 weeks more. 
Surgery is performed rarely and in general in avulsion fractures of the duck beak type. In all cases it necessary to indicate wearing of supinator for up to 1 year after the trauma (fig.21). Vocational rehabilitation occurs in 4-6 months.
Fractures of tarsus. Fractures of the navicular, the cuboid and the cuneiform bones are rarely met and, as a rule, are combined with the fractures of other plantar bones. 
The mechanism of trauma in most cases is direct due to fall of a weight on the back of the planta, or due to compression of the medial portion of the planta (fig. 22). 
Clinical picture, diagnosis. On examination extensive oedema, hematoma of the back of the planta, local pain on palpation, which is aggravated on load along the axis of the planta, pronation and supination are observed. The main significance is attributed to radiography, which should be performed in direct, lateral and oblique projections. 
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	Fig. 21. Options for treatment of the tarsus:
a – close reposition on a wedge; b – skeletal traction; 
c – osteosynthesis with the help of plates

	Fig. 22. Localization of the most frequent traumas of the tarsus: 
а – fracture of the navicular bone; б – fractures of the cuneiform bone;
в – fracture of the cuboid bone; 
г – Chopart’s joint injury; 
д – Lisfranc joint injury.
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Fractures of metatarsals. The mechanism of trauma is direct due to fall of a weight on the planta.
Clinical picture, diagnosis. For fractures of the metatarsals the most characteristic are: pain of diffuse character, significant oedema of soft tissues, hematoma, which extends to the back of the planta. Radiography in 2 projections complements the diagnosis.
Treatment of the metatarsals without fragments displacement is conservative, involves application of cylinder cast on the patella with thorough the arches modeling. The duration of the plantar fixation in isolated fractures of  the metatarsals is 3–3,5 weeks, in numerous fractures – up to 8 weeks. In the presence of displacement close reposition is used, in case of its failure surgery is indicated – open reposition, metal osteosynthesis of fragments (fig. 23).
In numerous fractures of the metatarsals transosseous osteosynthesis is the most effective. Vocational rehabilitation of the patient occurs in 2-3 months after operation.
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	Fig. 23. Options for metal osteosynthesis of the metatarsals:
a, b – external fixation with the help of plates; 

c – intramedullary with the help of a rod;
d – external T-like plate;

e – with the help of screw

	


Fractures of plantar phalanges. The mechanism of traumas of the plantar phalanges, as a rule, is direct, due to fall of a weight on the planta or blow of toes on a solid object. 
Clinical picture, diagnosis does not represent any difficulties. The presence of deformity of this or that toe, its oedema, local pain, abnormal motion and crepitation of fragments allow establishing a correct diagnosis, which is confirmed by radiography. 
Treatment. Treatment is frequently conservative. It is reasonable to apply adhesive bandage in several layers on a broken toe (fig. 24).
In the presence of displacement manual reposition is performed, or traction with the help of special devices (fig. 25). Vocational rehabilitation occurs in 4-6 weeks. 
	Fig. 24.

Fixation in fractures of the plantar phalanges 
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	Fig. 25. Stages of close reposition in fracture of the phalanx with fragments 
displacement


TEST QUESTIONS FOR FINAL ASSESSMENT OF THE 5th YEAR STUDENTS ON THE TOPIC “FRACTURES OF LOWER LIMB”
1. Anatomy of the lower limb. What is the cervico-diaphyseal angle?
2. What types of the femoral neck fractures according to the fracture location do they distinguish?
3. What are the accurate symptoms of the proximal femur fractures?
4. What is the period of the femoral neck consolidation?
5. What kind of fragments displacement is characteristic of the femoral diaphysis fractures according to the level?
6. Where are the places for passage of the pin in treatment by method of extension?
7. What kinds of plaster casts are used in treatment of the lower limb fractures?
8. What methods of osteosynthesis are used in treatment of the lower limb fractures?
9. What is the management of treating the patella fractures?
10. What is the management of treating the distal femur fractures? 
11. What is the management of treating the proximal tibia fractures?
12. What methods of treatment are used in fractures of the tibial diaphysis?
13. Which mechanism leads to fracture of the tibial diaphysis?
14. What methods of treatment are used in fractures of the tibial diaphysis? 
15. How are the fractures of the tibia classified according to the mechanism of trauma?
16. What is the management of treating fractures of the tibial ossicles?
17. What is the period of immobilization in treating fractures of the tibial ossicles?
18. What is the management of treating fractures of the tibial ossicles?
19. What is the management of treating fractures of the calcaneaus? 
20. What is the management of treating fractures of the tarsus?
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