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                                  Orthopedic surgery

Fracture:  are discontinuity of the bony framework , it is a highly complex injuries of bone (broken of the bone).

Cause and predisposing factors: 

1-Trauma – which is the most common cause of fracture ( is the immediate direct cause ) such as , compression, bending , and twisting of the long bones, struck by an automobile, stepping into a hole while running , catching a leg in gate or fence .
2-Heredity—animals with small round bones (metacarpal and metatarsal bones ) are thick edematous joint are considered weak and susceptible to fracture.

       Specific hereditary condition such as congenital porphyria in cattle and swine and double muscling in cattle ( prodigious ) predispose animals to fractures. 

3-Nutrition – calcium , and phosphorous , vitamin D, vitamin A, should be supplied to the nutrition. Fluorine poisoning , is weakening of the skeleton with increase susceptibility to fracture.

4-Age –young animals placed under stress –are susceptible for fracture, very old animals also have increased needs for calcium and vet. D. to maintain strong bones. (young bone bend and are predisposed to greenstick, or incomplete fractures , while old bones tend to sustain complete fractures) 

5-Sex –breeding males are the most susceptible for fracture.

6-Use –the athletic horse is more likely to sustain a fracture than other animals.

7-Management--  cohabitation of different species , sexes , and sizes of animals increase the chances of skeletal injury. Groups of animals forced through narrow openings.

Classification of fractures : 
1- According to the involvement of the skin ( or to their  cause)
     a-closed –or simple fracture –when the skin are not affected ( when there is no           communication between the fractured bone and the exterior of the body )

     b-opened –or compound fracture –when the skin are affected , when there is an opening through the skin and underlying soft tissues leading to the fracture. 

2-According to the axis of the bone .

    a-transverse (the bone is broken of a right angle to its long axis ) 

    b-oblique-( the line of fracture is diagonal to the axis of the bone ) 

    c-spiral –the line of fracture is curved 

    d-longitudinal.  With the longitudinal axis of the bone .
3- According to the involvement of the bone .
  a-complete 

  b- incomplete –a greenstick—in this fracture , the bone is partially broken and bent , these fractures occur primarily in young animals whose bones are resilient. Displacement is minimal and healing is rapid.( a-  star , b- fissure , and  d- chip ) . 
 in case of incomplete –there is no displacement of fragments. 

4- According to the numbers of the bone fragments.

  a- comminuted fracture- in which several fracture lines communicate at a common point ( with good  reduction and fixation their healing will not be delayed).

  b- multiple –in which the bone is splintered into 3 or more pieces , and the fracture lines do not meet.( reduction of these fracture are difficult to achieve and maintain ).
5- According to the position from the bone : 

   a- diaphyseal  fracture . in the mid shaft of the bone . 

   b-metaphyseal fracture . below or above the epiphyseal line .
   c- epiphyseal fracture .   at the epiphyseal line .
6-According to the muscle tension:  

    a-impacted ( or compressed ) the fragments of the bone are driven together, slight shortening and angulations may occur (Impact fracture mainly in vertebral column )(compressed –mainly in case of  accident in skull bone ) .
    b- Avulsion ( or dispacted ) –bone fragment are detached by forcible muscular contraction. .(avulsion– mainly in F.T. tuberosity due to over tension of gastrocaenimous m.).

7-According to the reduction.

    a-stable fracture –if the fragment remain in position after reduction ( such as greenstick, serrated and transverse ) . 

    b-unstable fracture –tend to unstable after reduction such as (multiple , oblique) which require firm   immobilization to maintain the alignment and length of bone. 

8-Pathological fracture –like the fractures associated with rickets, malnutrition, neoplasm, oesteomalacia, osteoporosis. 

9-Fatique fracture –mainly in horse and man who clamp the hill and mountain.
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1-greenstick, transverse, oblique , and spiral  

2-comminuted, multiple, impacted, and   avulsion fractures .
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Symptoms : ( clinical signs ) : 

The visible signs at the fracture area include. One or more of the following :

1-local swelling –is due to exudation or accumulation of blood.

2-deformity or change in angulations

3- abnormal mobility .

4- loss of function.

5-localized tenderness.

6-crepitus-sound produced due to fraction of the fractured bone fragment .
Diagnosis : 

1- by the history .

2- by the clinical signs .

3-by the clinical examination which should include :

    a- an assessment of the animals general health 

    b-determination of whether tissue or organs adjacent to the fracture or in other parts of the body have been damaged and to what extent.

    c-an examination to ascertain whether fractures or dislocations are present in other parts of the body .

4-by radiographic examination.( at least two views taken to the injured areas. )

Bone healing : ( healing of fractured bone )

Blood supply of the bone are very important in bone healing .The vascular supply of long bone consist from :

1- nutrient artery –usually enter a long bone through the nutrient foramen .

2-periosteal vessels—have two vessels either from the muscles which attached firmly or from neighboring soft tissue .

3- metaphyseal vessels .

4-epiphyseal vessels .

Two types of bone healing can occurred 
Primary fracture healing :

Occur when fracture ends are readily apposed , rigidly apposed , rigidly fixed , and no vascular disturbance 

Occur only when there is absolutely no motion at the fracture site ( no even micro movement) – under rigid fixation when only small gaps are present called gap healing , filled by primary bone formation ( mean neither connective tissue nor fibro cartilage present prior to new bone being laid down ).
Secondary fracture healing :

Have three phases:     1-Inflammatory Phase           2-Reparative Phase

    3-Remodeling Phase

Inflammatory phase:

After occur of fracture , damage of bone and adjacent soft tissue resulting in rupture of blood vessels and hematoma formation at the site of fracture , blood coagulation and formation of clot. Acute inflammatory response like wide spread of vasodilation , exudation , odema in the region of fresh fracture, and invasion with inflammatory cells (polymorphonuclear leukocyte followed by macrophage ) .The second phase begins when the acute response subside . 

Reparative phase:  
The hematoma is organized .  Pluripotential cells of mesenchymal origin from collagen , cartilage , periosteum , endosteum and  bone are invade the hematoma and begin rapidly to produce the tissue known as callus , which is made up of fibrous tissue , cartilage , and young immature fiber bone , which quickly envelopes the bone ends and lead to a gradual increase in stability of the fracture fragments. The variation in O2 tension control the formation of either bone or cartilage .Cartilage formed when less O2, and bone formed when more O2 .

                   Early in the repair process, cartilage formation and glycos- aminoglycans (mucopolysaccharides) in high concentration , later bone formation  (by the Osteoblast cell)  is more obvious . Third stage             ( Mineralization ) started by gradual increase in the concentration of collagen fibrils (produced by Osteoblasts) with accumulation of calcium hydoxyapatite crystals as aresult of an interaction between metastable solution of calcium and phosphate and the group of specific amino acid side chain within a hole zones (fibril spaces) in the collagen fibrils . The result of this series of organization (mineralization) within an around the collagen fibrils are clustered of crystals of calcium hydroxyapatite .

There are three types of callus 1- medullary callus (found within the medulla) 2- periosteal callus (external callus) which can be seen by radiographic examination the amount of this callus depend on the stability of bone fragments (more fixed = less callus , less fixed = more callus ) . 3-intercortical callus , found between the ends of cortex of bone fragment .

Remodeling phase:

Begins with resorption of unneeded or inefficient portions of the callus and laying down of trabecular bone along lines of stress . It take 1-9 years The cellular module that control remodeling is the resorption unit consisting of Osteoclast, which first resorb unwanted bone , followed by  Osteoblast , which lay down new haversian system . The end result of remodeling is a bone returned to original form . 

Factors affect on bone healing:(local factors, and systemic factors)
The Local factors:

1-The degree of local trauma

2-The degree of bone loss

3-The type of bone involved

4-The degree of immobilization

5-Infection

6-Local malignancy

7-Other local pathological conditions

8-Radiation necrosis of bone

9-Avascular necrosis

10-Intra-articular fracture

The Systemic factors :

1-Age of the patient

2-Hormones  ( corticosteroids )

3-Others  such as Thyroid hormone , calcitonin , insulin , vitamins A and D  normally enhance fracture healing , but with diabetes and castration hypervitaminosis A & D  retard fracture healing .

4-Exercise and local stress about the fracture .

Denervation retard fracture healing by diminish the stress across the fracture site . Exercise increase the rate of repair ( weight bearing techniques ) .  

Complications of fractures:

General complications:     1-Shock     2-Fat embolism         3-Hypostatic pneumonia

Local complications :

Early complications ( local ): 1-Injuries to soft tissue 2-Cutting of major arteries , veins, and nerves.  3- Joint involvement   4-Infection (Osteomyelitis)  if the fracture is compound. (occur in open fracture , comminuted fracture and with internal fixation).
Late complications ( local ) :

1-Delayed union : occur when the fracture has not united in the time normally expected. The normal time may vary according to age , species , breed, bone involved , level of fracture, and type of fracture . A firm clinical union may be evident by 3-4 wks in small young animal and 6-10 wks in large animals .

Causes :1- Inadequate immobilization ( movement ).

             2-Infection.

             3- Inadequate circulation.

             4- Foreign body reaction to internal fixation devices.

             5- Presence of soft tissue between the fracture fragment( presence of gaps between the fracture fragments ) .
  Radiographically characterized by , the fracture line is visible , there is minimal callus formation and fracture site has feathery or woolly appearance .

2-Malunion : in which although the fracture has healed satisfactorily but with imperfect positioning of the fragment may cause –deformities  and deviations.  presence of deformity and the joints proximal and distal to the fracture are not in normal anatomic relationship . causes – poor reduction and alignment , inadequate immobilization , and artificial fusion of epiphysis.

3-Nonunion : failure of firm callus formation lead to un-bridging of the bone fragment and presence of gaps between the fracture fragments , characterized   by rounding of the edge of bone fragment , in which there is complete cessation of fracture healing , and will not occur without surgical intervention.                Causes –infection , foreign body reaction, hyperemia , avascular necrosis , interpositioning of soft tissue .  
Radiographically characterized by fracture line is visible with no callus formation or union in inactive nonunion , whereas active  nonunion shows incomplete callus formation . 
4-Pressure sores –due to cast or splint .    
Economic and practical consideration affected and interfere with bone healing 
1-Species of the animals .  dog , horse , cattle.  ( Cattle are better orthopedic patient than horse ) .

2-Age –immature animal are better orthopedic patient and have faster fracture healing than mature heaving animals .

3-sex- castrated animal.

4-temperament of animal ( natural disposition ).

5-location of injury -----in large animal 

                                    *fore –leg injuries are usually easier than hind leg .

                                     *fractures below the carpal or tarsal are more practical to   repair than the fractures above these regions .

6- length of healing –in large animal 10-12 wks. In growing animals ( small animals 3-5 wks ) , the cast can be changed each 3-4 wks. 

7-time delay –between the time of fracture and the treatment be to repair ( delay especially without temporary splinting ).

8-Economic value.
Treatment of fracture:

I. -Reduction : replacement of bone fragments as nearly as possible to their original position. ( proper alignment and positioning of the fractured fragments, the alignment are more important than positioning ) .
Either closed reduction or open reduction  
Closed reduction is achieved by application of traction, counter traction, bending , levering while the fracture is closed (not opened) , mostly employed with external immobilization device .

Open reduction did under direct vision after making an appropriate exposure of the bone segments (by application of traction , counter traction ,rotation , levering with bone forceps, osteotomes and other equipment) .Mostly accompanied internal fixation device . 

II. -Immobilization ( fixation ) 

   A-External immobilization ..

 1-Splint –wooden splint, aluminum , and thermoplastic splints.

     Thermoplastic—is best –because its light weight , radiolucent, re-usable, additional molding and  repositioning can be done by reheating .

    (Splint are suitable for distal epiphyseal metacarpal and metatarsal fractures and fetlock dislocation.).

  2-Cast (cooptation cast )-plaster of Paris /(resin bonded fiberglass). It is the most valuable external fixation device available for large animals (LA) .

  To be effective : 
1-It  must immobilize the articulation (joints) proximal and distal to the fracture .                                                                                       
2-The amount of soft tissue between the cast and the injury site ( bone ) should be minimum.

  It is best suited for fractures below the carpal or tarsal joint or little above .

  It can be used in combination with internal fixation or transfixation. plaster cast can be padded or non-padded (non-padded cast is better) 

*aluminum walking bar –can be incorporated in the cast (the walking bar may transfer weight bearing from the ground surface to the proximal position of the cast above the injury ).

  -short cast ( extended just below the carpus or tarsus ) is useful in fetlock luxations, proximal sesamoid fracture and flexor tendon injuries. 

3-Modified Thomas splint. Are used for radial and tibial fracture. In large animal its used in combination with internal fixation or plaster casting. 

 4-Sling : 1-its is help in rest of large animal (LA) orthopedic patient .

           2-reduce stress to the sound legs. 

           3-it used with intermittent periods of rest (it cannot be tolerated by the patient for the length time of fracture healing). 

5-Small stall confinement as an alternative method to slings.

B- Internal immobilization : 

1-Intramedullary pinning ( Steinman pin, rush pins); for radius, tibia, humerus and femur fracture  in small animals .In LA not sufficient to fill the medullary cavity . 

2-Intramedullary nailing ( kuntschner nails (K-nail) ) for humerus and femur fractures. The smaller and younger animals are have the grater chance for success.
3-Plating and compression plating .used in bones have flat surfaces like tibia, mandible , 3rd metacarpal and metatarsal bones .    
4-Transfixation –by pin inserted transversely thought the fracture fragments ( proximal and distal ) with the protruding ends fixed by external bars and plaster. 

5-Kirschner –Ehmer splints. Have 4 pins ( two in each fragment) and external bars and connectors and protruding outside.( in large animal use with combination and support) , can be used in maxillary and mandibular fractures in large animals, and in femoral , humeral,  tibial, and mandibular fractures in small animals .

6- Wire ( stainless steel wire ) maxillary and mandibular fractures .

7- Screw –ulnar , third carpal stab fracture , longitudinal fracture of third phalanx.
Complications of internal fixation :

1-Bone necrosis .

2-Soft tissue infection .

3-Osteomylitis .

