Open fractures.

An open fracture can be defined as a broken bone that is in communication through the skin with the environment. The amount of communication can vary from a small puncture wound in the skin to a large avulsion of soft tissue that leaves bone exposed. In contrast, a closed fracture is one that is contained within the extremity without damaging the skin.
By definition, an open fracture involves exposure of fractured bone to the extracorporeal environment, thus increasing the risk of bone contamination from foreign debris and bacteria.
Open fractures are classified according to their severity.

Classification of open fracture by Gustilo-Anderson

	Gustilo type

	Definition


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


	II
	Open fracture, wound > 1 cm in length without extensive soft-tissue damage, flaps, 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 flap)


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



In a first degree open fracture, the bone fragment penetrates the skin. First degree open fractures have very small wounds and following surgical debridement can be treated in the same manner as a closed fracture.
Second-degree open fractures are more extensive than first degree open fractures, and there is usually a larger wound that communicates with the fracture. Soft tissue may be injured to greater extent, and these fractures represent a middle ground between first degree and third degree fractures.
Third-degree open fractures represent the most severe form of open fracture with combination of the fracture and massive soft tissue damage. Soft tissue and bony avulsion may be part of the fracture, and often these injuries are caused by outer forces. Most commonly third degree open fractures in the combat are the result of high-velocity bullet wounds.
Open fractures are considered operative emergencies and need to be taken to the operating room as soon as the patient is considered medically stable enough to tolerate surgical intervention. Wounds should not be explored in the emergency room as further soft tissue damage may be incurred. Active bleeding can almost always be controlled with local compression before surgical exploration. Reduction of severely contaminated fractures should be avoided in the emergency room to prevent the drawing of foreign debris into the wound. In addition, intravenous antibiotics should be given immediately upon admittance to the emergency room. A general rule with regard to antibiotic therapy is that first-generation cephalosporins are given for grade I and grade II fractures. For patients with grade III fractures, a first-generation cephalosporin is given in conjunction with an aminoglycoside.
Another important concept is "the zone of injury." which refers to the area around the wound that has been traumatized but can recover with appropriate management of the soft tissues and bone. Although an initial debridement should aggressively remove necrotic or devitalized tissues, marginal tissue may be preserved to permit potential recovery. Tissues that have demonstrated local recovery can be preserved, whereas other tissues that have continued to remain ischemic and demonstrate evidence of necrosis should be widely excised. One cardinal rule is to never close the soft tissue laceration of an open fracture. This procedure is potentially disastrous in that an open drainage system is converted to a closed cavity, with a greater susceptibility to develop an abscess or, in the worst case scenario, frank gangrene. All open fractures should be covered with moist sterile dressings that prevent bone and soft tissue desiccation.
The principles of wound management are undisputed when dealing with open fractures, with the majority of controversies surrounding when and what to use for bone stabilization. Early bone stabilization via intramedullary nailing, plate and screw fixation, or external fixation optimizes soft tissue healing and access to the extremity for examination and treatment. By preventing continued soft tissue shearing forces, with a resultant further devascularization of soft tissue, further extension of the zone of injury can be minimized. Options for soft tissue coverage should be individualized for the patient and the degree of injury.
Infection: Open fractures increase the risk of subsequent sepsis. Closed fractures that have been treated operatively are also at risk. The use of implants increases the risk of infection simply because they provide a substrate for the microcolonization of certain bacteria. The presence of necrotic bone also contributes to infection risk.

Transporting immobilization.
The goal of transportation casts is to immobilize a fracture along the evacuation chain. The cast must meet the dimensions of the standard litter.
Advantages of transportation casts are that they preserve the maximum number of options for the receiving surgeon; the soft tissues are well supported, and the casts are relatively low tech. Disadvantages are that casts cover soft tissues, may not be suitable for polytrauma patients, and are more labor-intensive than external fixators.

Posttraumatic chronic osteomyelitis
Generally, these bone infections are secondary to an open wound, most often an open injury to bone and surrounding soft tissue. Localized bone pain, erythema and drainage around the affected area are frequently present. The cardinal signs of chronic posttraumatic osteomyelitis include draining sinus tracts, deformity, instability and local signs of impaired vascularity, range of motion and neurologic status. Patient factors, such as altered neutrophil defense, humoral immunity and cell-mediated immunity, can increase the risk of osteomyelitis.
Staphylococcus epidermidis, S. aureus, Pseudomonas aeruginosa, Serratia marcescens and Escherichia coli are commonly isolated in patients with chronic osteomyelitis.
Diagnosis
The diagnosis of chronic posttraumatic osteomyelitis is based primarily on the clinical findings, with data from the initial history, physical examination and laboratory tests serving primarily as benchmarks against which treatment response is measured. Leukocytosis and elevations in the erythrocyte sedimentation rate and C-reactive protein level may be noted.
In chronic posttraumatic osteomyelitis of the extremities, plainfilm radiography and bone scintigraphy remain the primary investigative tools.
The radiographic sign`s of chronic posttraumatic osteomyelitis may reveal osteolysis, periosteal reaction and sequestra (segments of necrotic bone separated from living bone by granulation tissue) in the same time – so called “coral shaped” bone transformation. Radiographic evidence of bone destruction by osteomyelitis may not appear until approximately two weeks after the onset of infection.
For nuclear imaging, technetium Tc-99m methylene diphosphonate is the radiopharmaceutical agent of choice. CT scan can reveal small areas of osteolysis in cortical bone, small foci of gas and minute foreign bodies. Magnetic resonance imaging (MRI) can be extremely helpful in unclear situations. MRI also provides greater spatial resolution in delineating the anatomic extension of infection.
 The Cierny-Mader classification has been developed to assist surgeons in classifying and selecting various modalities of treatment and to assist in predicting outcomes. 

Cierny-Mader Staging System for Chronic Osteomyelitis
Anatomic type
Stage 1: medullary osteomyelitis
Stage 2: superficial osteomyelitis
Stage 3: localized osteomyelitis
Stage 4: diffuse osteomyelitis

Physiologic class (Factors affecting immune surveillance, metabolism and local vascularity).
A host: healthy
B host:
	Bs: systemic compromise. Systemic factors (Bs): malnutrition, renal or hepatic failure, diabetes mellitus, chronic hypoxia, immune disease, extremes of age, immunosuppression or immune deficiency
	Bl: local compromise. Local factors (Bl): chronic lymphedema, venous stasis, major vessel compromise, arteritis, extensive scarring, radiation fibrosis, small-vessel disease, neuropathy, tobacco abuse
	Bls: local and systemic compromise
C host: treatment worse than the disease

Treatment
Management of osteomyelitis involves consideration of several patient variables: physiologic, anatomic, and psychosocial. After the initial evaluation, staging and establishment of microbial etiology and susceptibilities, treatment includes antimicrobial therapy, debridement with management of resultant dead space and, if necessary, stabilization of bone. In most patients with osteomyelitis, early antibiotic therapy produces the best results. Antimicrobials must be administered for a minimum of four weeks (ideally, six weeks) to achieve an acceptable rate of cure.

Surgical treatment
Surgical treatment of osteomyelitis involves three main facets: 
1) extensive debridement (extensive debridement of necrotic tissue with adequate drainage)
2) vascular soft tissue coverage (adequate soft-tissue coverage with restoration of blood supply), and
3) bone stabilization (and management of dead space)

Surgical debridement in patients with chronic osteomyelitis can be technically demanding. The quality of the debridement is the most critical factor in successful management. An aggressive debridement is crucial to achieving successful eradication of osteomyelitis. All nonviable tissue must be removed to prevent residual bacteria from persistently reinfecting the bone. Removal of all adherent scar tissue and skin grafts should be undertaken. Hardware removal and debridement of avascular outer cortex (down to bleeding bone - "paprika sign") must be done.
Multiple cultures of all debrided material should be obtained before the initiation of antibiotic therapy. Intravenous antibiotics should be administered and directed toward isolated organisms for at least 6 weeks.
After debridement with excision of bone, it is necessary to obliterate the dead space created by the removal of tissue. Dead-space management includes local myoplasty, free-tissue transfers and the use of antibiotic-impregnated beads. Soft tissue reconstitution may involve a simple skin graft, but it often requires a local transposition of muscular tissue or vascularized free tissue transfers to effectively cover the debrided bone segment.
Loose implants should be removed and either replaced or substituted by another implant type (i.e., an external fixator replacing a loose plate and screws). Once a fracture has healed, the implant can be removed and further debridement performed as necessary.
Finally, bone stability must be achieved with bone grafting being undertaken when necessary to bridge osseous gaps. Cancellous and cortical autografts are commonly used, with vascularized bone transfer (vascularized free fibular, iliac, and rib grafts) being occasionally necessary. Although vascularized bone grafts provide a fresh source of blood flow into previously devascularized areas of bone. 
Technically demanding, application of a small pin (Ilizarov method) or half-pin external fixator with bone distraction following a cortical osteotomy can produce columns of bone that fill segmental defects. As distraction is carried out, the soft tissues regenerate along with the bone to cover the newly generated tissue. Recent results seem encouraging, as these patients appear to achieve greater success rates for limb-sparing methods as compared to patients undergoing more conventional bone replacement techniques.

Subacute (primary chronic) osteomyelitis is one of the various clinical presentations of pediatric osteomyelitis. It is usually secondary to local inoculation by penetrating trauma and is not associated with systemic symptoms. Factors that may influence the behavior of a septic process in bone depend on the virulence of the infecting bacteria, the immune mechanism of the host and the adequacy of antibiotic therapy. Subacute osteomyelitis represents a favorable host-pathogen response. Any osseous infectious process lasting at least 2 weeks without acute symptomatology can be referred to as subacute osteomyelitis.

Primary chronic forms of osteomyelitis

Subacute (primary chronic, Non-suppurative osteomyelitis) osteomyelitis:
1. Garre`s (sclerosing osteomyelitis of Garré) – thickening (bulge) of the diaphisal cortical layer with or without bone canal obliteration;
2. Brodie's (Brodie abscess) – ovoid/spherical metaphisal bone abscess;
3. Ollie`s (subperiosteal/cortical abscess) – surface abnormalities of bone (e.g., periostitis) – small areas of osteolysis in cortical bone.
4. Chronic recurrent multifocal osteomyelitis (CRMO) – multifocal" because it can erupt in different sites, primarily bones.

Clinical manifestation of primary chronic osteomyelitis
Subacute osteomyelitis is characterized by mild to moderate pain, usually described as a persistent ache (localized pain, often nocturnal, alleviated by aspirin); intermittent symptoms; insidious onset; and, often, a long delay between the onset of pain (the most common presenting symptom) and the diagnosis.. Usually, symptoms are present for 2 weeks or longer. The course is generally marked by few or no constitutional symptoms and no known previous acute disease. A systemic reaction is absent, and supportive laboratory data are inconsistent. Subacute osteomyelitis may mimic various benign and malignant conditions, resulting in delayed diagnosis and treatment. The most frequently made incorrect diagnosis is that of tumor.

A Brodie abscess is a subacute osteomyelitis, which may persist for years before converting to a frank osteomyelitis. Classically, this may present after conversion as a draining abscess extending from the tibia out through the shin. Occasionally acute osteomyelitis may be contained to a localized area and walled off by fibrous and granulation tissue. This is termed Brodie's abscess.
Most frequent causative organism is Staphylococcus aureus.
Brodie's abscess - can also develop after acute osteomyelitis. It present with zone of osteolytic destruction with round (oval) shape with osteosclerotic borders, on the level of abscess - hyperostosys, or lamellar periostitis. Oval, elliptical, or serpentine radiolucency usually greater than 1 cm surrounded by a heavily reactive sclerosis, granulation tissue, and a nidus often less than 1 cm. Brodie's abscess is best visualized using Computed tomography (CT) scan.
Most frequent sites. Usually occurs at the metaphysis of long bones: distal tibia, proximal tibia, distal femur, proximal or distal fibula, and distal radius.
Mainly surgical approach has to be taken. If cavity is small then surgical evacuation & curettage is performed under antibiotic cover. If cavity is large then after evacuation, packing with cancellous bone chips.

Garre's sclerosing osteomyelitis is a type of chronic osteomyelitis also called proliferative periostitis, periostitis ossificans and Garré's sclerosing osteomyelitis.
Garre`s sclerosing osteomyelitis – mostly located in a middle part of diaphysis of tibia, femur or radius. It characterized by development of periostal reactions lead to hyperostosis, spindle-shape widening of diaphysis, absence of bone cavity, high opacity and swelling of muscles (displacing by connective tissue).
It often happened in 20-30 years old patient.
Mainly surgical approach has to be taken. Intramedullary canal must be open on full length with evacuation & curettage under antibiotic cover.

Cortical osteomyelitis (Ollie`s) - damage a cortical layer of bone from one side, sclerosis, asymmetric hyperostosis (half-spindle-shape widening of bone), longitudinal zone of osteolytic destruction with cortical sequestrum, formation of small (up to 2 cm) zone of osteolytic destruction mostly near the surface of bone
Mainly surgical approach has to be taken. Surgical evacuation & curettage is performed under antibiotic cover.

Chronic recurrent multifocal osteomyelitis (CRMO) - "multifocal" because it can erupt in different sites, primarily bones. Due to its inflammatory nature, its recurrent outbreaks, and its lack of any known pathogen, CRMO has been reclassified as an autoinflammatory disease. It often happened in child patient.
Goals of treatment of CRMO/CNO include: 
- Reduce inflammation.
- Prevent bone damage and bone deformities.
- Decrease pain.


TESTS: Chronic Osteomyelitis
222. An 8 year old boy presents with a gradually progressing swelling and pain since 6 months over the upper tibia. On X-ray, there is a lytic lesion with selerotic margins in the upper tibial metaphysis. The diagnosis is : A. Osteogenic sarcoma B. Osteoclastoma C. Brodie’s abscess D. Ewing’s sarcoma.
223. All of the following are associated with chronic osteomyelitis except: A. Sequestrum B. Amyloidosis C. Myositis-ossificans D. Metastatic abscess.
224. Acute Osteomylitis is most commonly caused by A. Staphylococcus aureas B. Actinomyces bovis C. Nocardia asteroids D. BorreliaVincentii.
225. Most common organism causing osteomyelitis in drug abusers: A. Staph. Aureus B. Klebsiella C. E.coli D. Pseudomonas.
229. True about HTV, Osteomyelitis is all EXCEPT : A. Necrosis absent B. Often bilateral C. Periosteal new bone formation D. Most common cause is staph. Aureus.
230. Which of the following statements about tubercular osteomyelitis is not true? A. It is a type of secondary osteomyelitis B. Seques-trum is uncommon C. Periosteal reaction is characteristic D. Inflammation is minimal.
232. About sequestrum all are true except: A. Dead piece of bone B. Lighter than live bone C. Heavier than live bone and trabeculated D. Surround an infected nidus.
ANSWERS
222). C 223). C 224). A 225). A 229). A 230). C 232). C

TESTS: Septic Arthritis
390. Most common cause of nongonococcal septic arthritis is A. Staph - aureus B. H. influenza C. Pseudomonas D. Streptococcus.
391. Septic arthritis of hip a 2 year old child is often caused by A. Hemophilous influenzae B. Staphylococcus aureus C. Gonococci D. Pneumococci. 
599. A 18 year old boy presented in OPD wiht Lt mono articular knee pain. Possible diagnosis is/ are: A. Gout B. Osteoarthitis C. RA. D. Reiter’s disease E. Gonococcal arthritis
ANSWERS
328. Usual site of Tubercular (TB) bursitis: A. Prepatellar B. Subdeltoid C. Subpatellar D. Trochanteric E. None F. Subacromial
331. Tubercular bursitis involve A. Prepatellar bursa B. Pretibial bursa C. Olecranon bursa D. Subdeltoid bursa E. Subpatellar bursa. 
528. Triple deformity of knee is classically seen in A. Fracture patella B. Tuberculosis C. Rheumatic arthritis D. Rheumatoid arthritis.
529. Triple deformity of knee is seen in A. Tuberculosis (TB) B. Septic arthritis C. Trauma D. Rheumatoid arthritis. E. Malignant tumour F. Sarcoidosis.
614. Psoas spasm is seen in following except: A. TB hip B. Ac. Appendicitis C. TB spine D. Mesentric iliac lymphadenitis.
ANSWERS
390). A  391). B  392). C  599). D  328). D  331). A  528). B  529). A  614). A
